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A Numerical Model for the Computation of Radiance Distributions
in Natural Waters with Wind-Roughened Surfaces, Part II:
Users’ Guide and Code Listing

Curtis D. Mobley*

ABSTRACT. This report is a users” guide for and listing of the FORTRAN V computer code that
implements a numerical procedure for computing radiance distributions in natural waters. The
mathematical details of the numerical radiance model are described in a companion report (A
Numecrical Model for the Computation of Radiance Distributions in Nawral Waters with Wind-
Roughened Surfaces, by Curtis D. Mobley and Rudolph W. Preiscndorfer, NOAA Technical
Memorandum ERL PMEL-75). The present report describes how to run the computer model and
thercfore addresses questions such as which routines perform which calculations, what input is
requircd by the various programs, and what is the file structure of the overall program.

1. INTRODUCTION

General knowledge of the radiance distribution in a natural hydiosol, such as a lake or
ocean, is a prerequisite for the solution of more specific problems in underwater visibility,
remote sensing, photosynthesis. or climatology. Moreover, since radiance is the fundamental
radiometric quantity, if the radiance distribution is known, then all other quantities of interest,
such as the irradiances and K-functions, are easily computed.

With the above incentives. + numerical model. called the Natural Hydrosol Model or NHM,

was developed, based on the following assumptions:

(1)  The water body is a plane-parallel medium which
(a)  has no internal light sources, and is non-fluorescent
(b) 1sdirectionaily isotropic,

{c) 1slaterally homogeneous, but is inhomogeneous with depth.

(2)  The upper boundary is the random air-water interface, which is wind-ruffled,
laterally homogencous, and azimuthally anisotropic.

(3) The lower boundary is a surface whose reflectance is azimuthally isotropic. This
boundary may be <ither the physical bottom of an optically shallow water body, or a
plane in an op:cally infinitely deep water body., below which the water is
homogeneous with depth.

(4)  There is radiont flux incident downward on the upper boundary. There is no radiant
flux incident upward on the lower boundary.

* Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, AK-40, Scattle,
WA 981905.




§1. INTRODUCTION

(5)  The radiance field is monochromatic and unpolarized.

The exact meaning of these assumptions and their mathematical consequences are de-
scribed in the following two reports

(1) "The NHM report." This technical memorandum is the companion to the present one,
and should be studied prior to reading this report. The NHM report describes the overall com-
putational structure of the Natural Hydrosol Model and contains all the mathematical details.
The full reference is

A Numerical Model for the Computation of Radiance Distributions in Natural
Waters with Wind-Roughened Surfaces, by Curtis D. Mobley and Rudolph W.
Preisendorfer, NOAA Tech. Memo. ERL PMEL-75, Pacific Marine Environmental
Laboratory, Seattle, WA 98115, January 1988, 195 pages. (Also available from the
National Technical Information Service, 5285 Port Royal Road, Sprinfield VA
22161, as report number PB88-192703.)

(2) "The ray-tracing report.” This technical memorandum describes mathematical algo-
rithms for simulating random a:r-water surfaces and for tracing light rays as the rays interact with
the simulated water surface. This ray-tracing procedure 1s used in computing the surface bound-
ary conditions for the radiance computations (cf. assumption 2, above). The full reference is

Unpolarized Irradiance Reflectances and Giitter Patterns of Random Capillary
Waves on Lakes and Scas, by Monte Carlo Simulation, by Rudolph W. Preisen-
dorfer and Curtis D. Mobley, NOAA Tech. Memo. ERL PMEL-63, Pacific Marine
Environmental Laboratory, Seattle, WA 981135, Sept. 1985, 141 pages. (Available
from NTIS as report nurmber PB86-123577.)

Comments throughout e computer code and in the descriptive sections of this report
make trequent reference to the NHM report (reference 1, just cited), enabling the user of the code
to trace in detail the implementation of the mathematical procedures. Thus, in the computer
code, the comment "compute forward scattering by 11.7" refers to equation 11.7 in report
ERL PMEL-75. Comments refering to the ray-tracing report, ERL. PMEL-63, are prefaced by
"63/". Thus a reference to "63/3.20" refers to equation 3.20 in the ray-tracing report. To avoid
confusion in the present repon, refereices to the NHM report, ERL PMEL-75, are prefaced by
"75/ "

The various computations performed by the NTM are grouped into five separate programs,
which are run in scguence U obtain the solution of a given problem. The first three programs
compute the surface boundcry reflectance and trunsmittance functions. The fourth program
solves for the radiance ampiitudes at all depths, and the fifth program then reconstitutes the
radiances and analyzes the results. A sixth set of programs for graphical analysis of the numeri-
cal results is included for convenience although, strictly speaking, these programs are not a part
of the NHM.

The following six sections of this report describe in turn the NHM programs. Each section
begins with a brief description of the program. Then there are sections on the user-supplied input

required to run the program, and on file management. Each program consists of a main program




§1. INTRODUCTION

named MAIN, which controls overall program flow, and a subroutine named INISHL, which
reads the user-supplied data and performs other initialization tasks. The reader wishing to see the
actual statements that read the user-supplied input can always find them in subroutine INISHL.
Each section ends with a listing of MAIN, INISHL, and then the other subroutines of that
program in alphabetical order. There are several subroutines (e.g. utility routines for printing
arrays) which are used in two or more of the NHM programs. These are listed with the program
in which they are first used.

The numerical computations make frequent use of the IMSL library (O™ edition)! of
FORTRAN-callable subroutines. These subroutines are used to perform standard mathematical
operations such as random number generation, matrix inversion, and solving ordinary differential
equations. The IMSL library is likely to be available at any scientific computing center.
However, any comparable mathematical software library, such as NAGLIBZ, could be used after
minor rewriting of the code. Appendix A lists the required IMSL subroutines. The graphics

3u

routines use standard "CalComp Rasic Software”" for plotting data.
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§2. PROGRAM 1

2. PROGRAM1
A.  Program Descriptiop

This program does the ray tracing described in 75/§9a and charted in 75/Fig. 9 (i.e. in §9a
and Fig. 9 of the NHM report).

It is convenient to run the program twice. The first run is used to generate and save a file
of random air-water surtaces: no ray tracing is performed. The second run then reads the file of
surface realizations and performs the ray tracing. This two-step procedure allows the same set of
realized surfaces to be repeatedly used in the ray tracing, as follows. Each initial ray directed
toward a particular input quad Q_ requires an independent realization of the random water
surface. However, the rays directed toward different input quads Q, and qu can use the same
set of surface realizations. Morcover, the symmetry of the water surface for capillary waves (see
75/§3f and 75/Fig. 5) allows a given surface realization to be rotated by ¢ = 180° in order to get
another independent surface rcalization. One can also turmn a capillary wave surface "upside
down" and get yet another indopendent surface realization.  Thus each generated and stored
capillary-wave surface can be used four times: two azimuthal orientations, each “right side up”
or "upside down.” The code. as listed in this report (see statements 55 to 506 in the MAIN
program), makes use of these svmmetries so that if, say. 10000 rays are to be traced for each
input quad, only 2500 surfaces niced be generated and saved in the first run. Note, however, that
if a gravity-wave spectrum is 1ised, one can no fonger turn the surface upside down and get a new
gravity-wave surface realization. And if the wave spectrum has different wave-slope statistics in
the downwind and upwind dircctions, then one cannot rotate the surface by ¢ = 180°. Thus for a
fully realistic, mixed gravity-capillary wave spectrum, one must generate 10000 surface realiza-
tions if 10000 rays are to be traced for each input quad Q. However, these surface realizations
(which can be very expensive to generate for a mixed gravity-capillary wave spectrum) can still
be recycled for different input quads.

The net result of Progicm 1 is then to repeatedly obtain a random surface realization,
rancomly select a direction in «Q, . ind send a parent ray toward Q_ and the realized surface. All
the retiected and refracted d-chter rays are traced to completion, and the quads receiving the
final daughter rays are determined. One parent ray is sent toward each quad Q,_ in the first
quadrant (of the wind-based svstem shown in 75/Fig. 1) for each surface realization, until the
desired number of surface realizations has been made. For each (parent rav)-(daughier ray) pair,
the prograimn records the values of ros u, v, and the radiant flux of the daughter ray (u,v labels the
output quad Q . receiving the final daughter ray). These ray-tracing computations can form a
significant part of the entire work of the NHM.

Two versions of MAIN und INISHL are included in the code listing for Programs 1 and 2.
The regular version of these two routines (listed first) automatically loops over all first-quadrant
input quads Q . sending rays toward cach quad in turn (but using the same surface realizations

rs*
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§2. PROGRAM 1

for each quad, us nowed above), and th: ¢by generating all the ray data required to compute the
entire quad-averaged geometric reflectance and transmittance arrays. This version of Program 1
is to be used for proc c.ion runs.

The secene version of MAIN and INISHL (listed last) is a "one-quad” version, which
sends rays toward only one input quad selected by the user (in the one-quad version of record 2,
below). The ray data so generated lead to the evaluation of only one row of the reflectance and
transmittance arrays. If the rayvs are air-incident, one row of r(a,x) and t(a,x) is computed; if the
rays are water-incident, one row of r(x.a) and t(x,a) is computed.

The one-quad versions of Programs 1 and 2 are useful for determining how many rays
must be traced to achieve a given accuracy in the elements of the quad-averaged r and t arrays,
for a given quad resolution and wind speed. This determination must be empirically made, and
the individual elements of the firsluv) arrays approach their final values at differing rates as
more and more rays are tabulated. (Here f(r.siu,v) represents r(a.x; rslu,v), or any of the other
three roand tarrays) For a _ven fnput guad QL the output quads Q, which are near the
specutar il water) reticction or retraction directions of the parent rays in Q, will receive far
more reflected or transmitted Gaoghter rave than those quads which are in directions far from the
specular directions. Thus atter only @ few hundred surface realizations, some elements of
ter.siuv) mav have achieved eir final values with great accuracy, whereas other elements may
not have had a single ray path connect the particular Q  and Q,, quads. However, those ele-
ments which are largest in musnnude dorinaie the behavior of the light field in the sea, so it is
not necessary to know all maecelements to the samme degree of accuracy. The user of the NHM
is thus faced with making a deciion regarding the desired accuracy of the elements of the r and t
arrays.  The larger matrix elements can and must be determined with great accuracy, but the
smaller matrix elements, which are many orders of magnitude smaller than the larger elements,
cannot be accurately estimuate.d unless a tremendously large number of rays is traced.

Thus. using the one-gu- - version. oie can make a series of runs with, say, 1000, 5000 and
[0000 airncidert rays beir o oced fer o paacalar mput quad Q. The computed values of
riaxsrsadand raxore e = 1o mand v= 1 2n can then be studied to see how quickly
these arras elements achiove oo v

Ciher specialized staed o can be economically pertormed with the one-quad version. For

cxample. for i fixed nambe D e ancrdent on the sarface toward a given quad Q , one can
stidv b cfiecrc ot wand oo ot e direetons of the retlecred ard refracted rays, and so on.

B. Input
Four parameters, which oernmne manvimuem array dinwensions, must be set at compilation

time. These parameters are ¢ e the tirnst PARAMETER <tatement in the MAIN program)




§2. PROGRAM 1

parameter value in listed code definition

MXMU 10 the maximum number of quads in the
p-direction in a hemisphere, including the
polar cap

MXPHil 24 the maximum number of quads in the

¢-direction, 0 < ¢ < 2x

MXSTAK 10 the maximum number of rays in the push-pull
stack at once

~J

MXNHEX the maximum order of the hexagonal grid used

for ray tracing

Refering to 75/§3a, MXMU gives the maximum allowed value of m (= NMU, below), and
MXPHI gives the maximum vilue of N (= NPHI, below). Figures 75/4a, 75/4b and 75/4d show
quad partitions for which m = 10 and N = 24. A run using the quad partitioning of 75/Fig. 4¢ has
m =23 and N =60, as so would require MXMU 223 and MXPHI =2 60. For efficient use of
computer storage, one should pick MXMU and MXPHI to be the same as the actual number of
and ¢ cells in the quad partitioning, NMU and NPHI, respectively, to be specified in record 2,
below. The value of MXSTAK = 10 should be sufficient for any problem (see 63/page 11, i.e.
page 11 in the ray-tracing report). MXNHEX =7 is sufficient for simulation of capillary wave
surfaces. 75/Fig. 8 and 63/Fig. 5 each show hexagonal grids of order two (NHEX = 2). Proper
resolution of mixed gravity-capillary waves requires high-order hexagonal grids (NHEX of 100
or more), and so MXNHEX must be increased accordingly if such studies are to be made.

Two or three free-format data records are read at execution time (see subroutine INISHL).
In essence, the first record specifies the water surface; the second (and optional third) specifies
the quad partitioning and the number of rays to be traced. The records are as follows:

Record 10 IDBUG, IGENSE. NHEX, WNDSPD, DSEED

IDBUG =0 forminimal output (preduction runs)
=1 tor areater output
=2 for tull debugging output
FSENSF =0 i ¢ tile of random surtuces already exists, and is to be used for ray
trucing
> 0 it this is an initial run for generating and saving a file of random
surfaces. The value of IGENSF gives the number of surfaces to be
generated (JIGENSF = 2500, say).
NHEX gives the order of the hexagonal surtace gnd (NHEX =7 is adequate for

capillary waves).
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WNDSPD  gives the wind sRced for use in the wave spectrum, e.g. WNDSPD = 10.0 for

a10ms™ wind at 12.5 m elevation (see 63/page 15).

DSEED is a double precision seed for the IMSL random number generators, e.g.

DSEED = 18762203.D0

If IGENSF > 0, only record 1 is required.

Record 2: NMU, NPHI, MUPART, NREADO, NUMRAY

NMU gives the number of p-cells in one hemisphere in the quad partitioning (the
value of m on 75/page 20).
NPHI gives the number of ¢-cells in the quad partitioning (the value of N on

75/page 20). NPHI must be a multiple of 4.

MUPART  selects the scheme for p-partitioning of the unit sphere (see 75/page 22-24),

[
N »—

NREADO =1

as follows:

if all quads are to have equal solid angles

if all quads are to have equal AB values

The user may write subroutines to define other quad partitions, using
other values of this variable to select the desired subroutine.

if the file of stored surface realizations is to be read from the start (the
usual case)

=2, 3 or 0 if the file is to be read starting with a rotation or inversion of the

stored surfaces (this can be useful if additional rays are to be traced
and complete use of the stored surfaces has not yet been made)

NUMRAY gives the number of rays to be traced from each input quad

if NUMRAY < 0, then a third record is used to give the number of rays to be

traced from quads in each p-band.

Record 2a: NRAYQD(1), -, NRAYQD (NMU)

This record is read only if NUMRAY < 0 in record 2.

NRAYQD(1)

NRAYQD(NMU)

gives the number of rays to be traced from each input quad in the
p-bund nearest the equator (r = 1), and so on until

gives the number of rays to be traced from the polar cap
(r =m=NMU)

Record 2a can be used if, for example, one wants to trace a certain number of initial rays per
steradian, but the quads have different solid angles in the various p-bands. Oir, if it is found in

preliminary studies (e.g. with the one-quad version) that more rays must be traced from quads
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near the equator than from quads near the polar caps, in order to achieve the desired accuracy,
then record 2a must be used.

Record 2, one-quad version: NMU, NPHI, MUPART, IR, J§, NUMRAY

NMU, NPHI, MUPART and NUMRAY are as above. IR and JS give the values of r and s,
respectively, specifying the input quad Q. If IR is positive, 1 < IR < NMU, the rays are air-
incident. If IR is negative, -NMU < IR < -1, the rays are water-incident. JS must be in the first
quadrant, i.e. 1 £JS < NPHI/4+1.

C. File Management

Throughout the NHM, files are given a symbolic (alphanumeric) filename beginning with
"NU" (e.g. NUSFC for the file containing the surface realizations), as well as an external
filename of the form "TAPEXX", where XX is a FORTRAN logical unit number (e.g. TAPE15
is the file NUSFC). This naming scheme is appropriate for CDC computers, but may require
minor modification on other machines. User-supplied input is always read from unit 5 (INPUT,
or TAPES) and printout is written to unit 6 (OUTPUT, or TAPES®), in accordance with standard
FORTRAN conventions.

Program 1 creates the following five files:

symbolic external

filename filename description

NUSFC TAPE1S the file of random surface realizations; created in the
initial run of Program 1, and read in the ray-tracing
run of Program 1

NUDU TAPE16 a ray-data file, containing initial and final ray direc-
tion and radiance information, for initial rays
downward and final rays upward. Created in the
second run of Program 1" and used to compute
r(a,x; r,slu,v)

NUDD TAPE17 ray data file for initial rays downward, final rays
downward; used to compute t(a,x; r,slu,v)

NUUD TAPE18 ray data file for initial rays upward, final rays
downward; used to compute r(x,a; T,sIU,V)

NUUU TAPE19 ray data file for initial rays upward, final rays up-
ward; used to compute t(x,a; r,siu,vi

Program 2 reads the four ray-data files and tallies the information to generate the quad-
averaged, geometric reflectance and transmittance arrays.
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Code Listing
Each subroutine begins with a bricf description of its purpose.

COoOOOO0NOOO0OOCOC OO0 nO00CO0OnO000On00000O0n0r

-

PROGRAM MAIN(INPUT QUTPUT , TAPES=INFPUT TAPE6=QUTPUT, K TAPELS,
1 TAPELlG , TAPEL7 ,TAPELIH , TAPELY)

R R R R R R R R R R R AR RS R I I I SR R LK R S IR R K 2K

+ *
+ THIS IS PROGRAM 1 QOF THE NATURAL HYDROSOL MODEL +
+ +

B R I R e R R T b X b e TR I R A R b b b = S SR S A S &
ON NHM1/M1ALL

THIS PROGRAM BEGINS COMPUTATION OF Trik GEUMETRIC REFLECTANCE AND
TRANSMITTANCE ARR&YS WHICH DESCRIBE THE AIR-WATER INTERFACE FOR
A GIVEN WIND SPIED.

THIS STANDARD VERSION OF MAINI DUES ALL INPUT QUADS IN THE FIRST
QUADRANT

NOTE : THIS VERS,0UN OF THE CODE STRIYES TO MINIMIZE THE EXECUTION
TIME, AT THE EXFHENST (OF MOUULARITY AND READABILITY OF THE CODE.
SOME SECTIONS OF FREQUENTLY EXECUTED CODE ARE WRITTEN AS STRAIGHT
LINE CODE wlTH SIMPLE VvARIABLES, KRaTHER TrAN BEING GROUPED IN
SUBROUTINES OR DC LOOPS WITH ARRAVS,, IN QRUER TO AvOID CALLING
AND INDEXING OVERHEAD. ALMOST AatL ExkRUK CHELRING AND INTERMEDIATE
QUTPUT HAS BEEN REMOVED.

THIS PROGRAM uUSE. THE MONTE CakiYy KRAY TRACING TECHNIQUE
DESCRIBED IN NOAA TECH MEM.L ERL FMEL - 3. CUMMENTS REFERRING TO
THIS REPORT ARE PREFACED BY €37, THUS 63/72.12 REFERS TO
EQUATION 2.12 I*n TECH MEMU ©3

REFERENCES WITHUUT THE b3/ REFER Ty HGLAA TE(H MEMU ERL-PMEL-75.

NUSFC = TAPEL1S. _CONTAINS THE KANDUM SUKFACE REALIZATIONS

RESULTS GF COMi _cTED RAY PATHS AnE whITTEN TO FILES AS FOLLOWS:

NUDU = TAPEL16...INITIAL RAY UUWHNWAKD, FINAL RAY UPWARD: R- = R(A,X)
NUDD = TAPEL7.. . INITIAL RAY DOWNWARD, FINAL RAY DOWNWARD: T- = T(A,6X)
NUUD = TAPEL18...INITIAL RAY UPWARD, FINAL RAY DOWNWARD: R+ = R(X,A)
NUUU = TAPE19. . . INITIAL RAY UPWARD, FINAL RAY UPWARD: T+ = T(x A)
PROGRAM 2 READS THESE FILES AND TACLIES THE RESULTS TU GENERATE

THE ACTuAL R A°

PARAMETER (MXM: -

COMMUN/ CMUPHL,
COMMON/ CNGOE S/
COMMON/ CHEXGR
COMMON, ZT 1P/ 7
1 o
CUMMON, (. 8Ta( ¥

LOLUBLE PRECISIO

DATA RADEPRPS/1.u
OATA NSTACK/O/,

INITIALIZE THE

L T ARRAYS.

DL MXPRI=Z4,
PARAMETER (MXNGUE = 3*MANHEX* (MANHER+ 1)+ ]|

ML TAR-1U,

SHUMU (MXMU ), Bt (MxEn] )
MNODE FNGDE (2 MXNOLE ) ZNGDE (MXNODE)
SHEX L, RLIL2)Y RZ(2) RIMATE ) R2HAT(2) RIRAT  TARGET(2)
I, SMIN YVTIRPEZ MANTTE T SIEMXNT LR KSIMXNTIP)  ZMIN,

Fapy

NOSTACK  STACK IMXSTan, )
COMMON/CMT ST iMISC(20) ,FMISO (ow e
OIMENSTON wIN: ¢ XLIIN(3) B{3), xlhketr,
DIMENSINN NRAVLT (MXMU)  NBRNCH{ 101

N DSEED

€-107 ., NUSFC , NuUu

KTRACE/D/,

FROGRAM

CALL INISHL (NREAUU  NRAVYQU ,OLSEED

NMU - IMISCtL)

Lo,
NBRNCH/ 10,80

udb  NLuuZlb | 1o
NKEFLD NREFRI NTIR/3%0/

MXNHEX=T)
MXKRTIP=4*MXNHEX+ 1)

1. X TREFR(3)

17,188,197/




IMISC(2)
FMISC(1)
2.0*p]
NPHI/4 + 1
BNDPHI(2)

NPHI
Pl
TWOPI
JrPI2
DPHINP
NUMDU
NUMDD
NUMUD
NUMUU
NUMTP 1

BNOPHI (

LTI I [ 1}

jsReloRe)

o]

Ce#ssss  BEGIN COMPUTATIONS *sx3%=»
.8. 1

THE PHOTONS (XI PRIME

N

OoOOO0O00

00 1001 I=-NMU,NMU
IF{1.EQ.0) GO TG 1u01

[eXe}

FMUMIN 0.

IA = 1ABS(I)

IF(TA.GT. 1) FMUMIN BNDMU (I
OMU = BNDMU(IA) FMUMIN
NUMRAY NRAYQU(1A)

[FLIA . EQ.NMU ) THEN
IF 1 1S A POLAR CaAP,
JCOMP = 1}

PHIMIN = 0.

0Pl TWOR]

ELSE

FOR NON-POLAR QUADS,
JCOMP JPl2

PHIMIN BNDPHI (NPHI )
DPHI DPHINP

ENDIF

LOOP OVER PHI PRIME CELLS

DO 1000 J=1,J{0OMP

(@)

IF(J.GT. 1) PHIMIN

OO O0

REWIND NUSFC
READ(NUSFC) HEADER
READ(NUSFC) HEADER
NREAD NREADU

DU 1000 NRAY=1, NUMRAY

—

55 CONTINUE
IF{NREAD.EQ. 1
. READ A SURFA(E

READINUSFC ,END-

THEN
REALIZATION
551 NSF,ZMIN,

tLSEIF(NKEAD . Ew. o) THEN
READ THE SURFA'E AS ROTATED
READ(INISFC,END=50, NSF,ZMIN,

ELSEIF(NREAD.F) . 3) THEN

C READ THE SURFACE AND INVERT
READ(NUSFC,END=50) NSF,ZMIN,
DO 502 1Z=1,NNGDUE
50¢ ZNODE(IZ) = -ZNODE(1Z)
C
ELSEIF(NREAD.EQ.O) THEN
C READ THE SURFACE AS ROTATED

READ(NUSFC ,END=50)
DO 504 1Z=1,NNUDE
ZNODE(12) -INODE(12Z)
ENDIF

NSF  ZMIN,

504

“

§2. PROGRAM 1

AND J LABEL THE INPUT QUAD,

LOOP OVER Mu PRIME CELLS (THETA

DO ONLY J

DO ONLY FIRST

(0

SELECT A SURFACE REALIZATION

Al

1)

WHICH IS THE QUAD RECEIVING
IS THE ODIRECTION OF PHOTON TRAVEL).

~P1/2 TO +P1/2)

GET MU PRIME BOUNUARIES OF THE INCUMING QUAD

A-1)

= 1 INDEX

GUADRANT (0 .LE. PHI1 PRIME .LE. P1/2)

LLEL Prel PRIME CLE, P72, OR 2*PI IF POLAR CAP)

BNDPHI(J-1)

LOOP OVER THE RANDOM STARTING PUINTS wlTrIN THE QUAD
NOTE THAT DIFFERENT QUADS MAY HAVE ODIFFERENT NUMBERS OF RAYS TRACED

GENEKATED
IMAX  (ZNGDE(TZ;,12=1 NNODE )

By 1nt LEGKEES
IMAX  (ZMNODE(TIZ),1Z=NNODE, 1, - 1)

IMA X  (ZHWUDE(T1Z),12=1,NNODE)

BY 18U UEGREES AND THEN INVERT
ZMAX , (ZNODE(IZ),1Z=NNODE 1,~1)

10
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GO TO S06

END OF FILE PROCESSING FOR THE STORED FILE OF CAPILLARY SURFACES
50 WRITE(6,514) NREAD,NUSFC

NREAD = NREAD + 1

NREAD = MOD(NREAD,4)

REWIND NUSFC

READ(NUSFC) HEADER

READ(NUSFC) HEADER

GO TO 5SS
506 CONTINUE

CHOOSE A RANDOM MU PRIME VALUE
1 POSITIVE (NEGATIVE) GIVES UPWARD (DOWNWARD) RAYS WITH MU PRIME =
X1 PRIME(3) = ALIN(3) POSITIVE (NEGATIVE)

777 RMU = (FMUMIN + OM*GGUBFS(DSEEDL))*SIGN(1.0,FLOAT(]))
NO RAYS FROM THE POLE ITSELF
IF(ABS(RMU) .GT.1.0-RADEPS)Y GG TO 777
ROOT = SQRT(1.0 - RMU®RMU)
CHOOSE A RANDOM FH. valLuE
SPHI = AMUOD(PHIMIN + GGUBFS(DSEED ) *OPHI  TWOPIT)

DEFINE A TEMPORARY RAY A5 -xX1 PRIME, AND FOLLOW THIS RAY TO
THE BOUNDARY TO GET SMIN

XIIN{1) = -ROOT*COS(SPHI)
XTIN(2) = -ROOT*SIN(SPHI)
X1IN(3) = -RMU

CALL TIP(TARGET . ~1IN, Q)
DEFINE THE INITiAL POINT ON THE HEXAGUN BOUNDARY
TEMP = SMIN/FMISC(20)

PIN(Ll) = TARGET! 1) + TEMPSXIIN(]}
PIN(2) = TARGET{Z) + TEMPEXIIN(2)
PIN(3) = TEMP*XIIN(])

RESET XIIN 10 T~t DESIRED INUIUENT KkAY DIRECTION, XI PRIME
(THE DIRECTION ©% P-OTON TRAvEL )

XIIN(L) = -XIIN{ D)
XIIN(2) = -x1Int2)
XIIN(3) = -XIIN(3])
RAD = 1.0
INRAY = 1

PERFIORM RAY TRACING COMPUTATIONS
rreee THIS> IS THE R-=CORSIVE TREE FOUR A& GIveN INITIAL RAY +++++

KBRNCH = 0
999 CALL TRACE(INRAY RAD,PIN XIIN, I0OUT.P RREFL ,XIREFL RREFR,XIREFR)

KTRACE = KTRACE + 1
KBRNCH = KBRN(CH + 1
INRAY = (

CHECK FOR RAY rmu ING LEFT THE HEXAGUN
LF(TOUT . EQ. 1) "rEN
RAY HAD NO FA(: INTERCEPTS.

GET THE QUAD INLICES QF "HE FINAL RAY DIRECTION
PHIFIN = AMCD!eTAN2(XIIN(2) XIIN{1))+TWOPI A TWOPI)
AMUFIN = XTINC .,

CaLe MPINDX(AMUFIN PHIFIN,K, )

RECORD THE RES LT FOR THE APPRUPRIATE R OR T CONTRIBUTION
[F(I.LT.0) THEN

DOWNWARD INITIAL RAY
[F(AMUFIN.GT.G.) THEN
UPWARD FINAL &av

NUMDU = NUMDU + 1
WRITE(NUDU) -1 . ,¥,L RAD
ELSE

OOWNWARD FINAL =AYV

NUMDD = NUMDD +
WRITE(NUDD) -1...K.,L,RAD
ENDIF

11
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ELSE

~o

UPWARD INTIAL RAY
IF(AMUFIN _ GT.0.0) THEN

UPWARD FINAL RAY

IF(RAD.EQ.1.0) THEN

C ERROR RAY, DUE TO FINITE HEXAGON
NUMTP1 = NUMTP1 + 1

ELSE

NUMUU = NUMUU + 1

WRITE(NUUU) 1,4 ,K,L.RAD

ENDIF

~

ELSE

DOWNWARD FINAL RAY
NUMUD = NUMUD + 1
WRITE(NUUD) I,J,K,L,RAD
ENDIF

ENDIF

(g

[}

ELSE

RAY INTERSECTED A FACET.
STACK FOR FURTHER TRACING.

PUSH REFLECTED AND REFRACTED RAYS INTO
(DISCARD RAYS WITH RADIANCE .LE. RADEPS)

o000

IF(RREFL.GT RADERS) THEN
CALL PUSH(RREFL P, XIREFL)
ELSE
NREFLO =
ENDIF

NREFLO + 1

IF(RREFR.GT.RADEPS) THEN
CAt.L PUSH{RREFR,F,XIREFR)
ELSEIF(RREFR.LE.D.0) THEN
NTIR = NTIR + 1

ELSE
NREFRO =
ENDIF

NREFRQ + 1

c

ENDIF

HAVE ALL RAYS BEEN FOLLOWED TO TERMINATION

ooe

[F(NSTACK.GT.0) THEN

READ A NEW RAY FROM THE STACK AND TRACE

OO0

CALL PULL(RAD,PIN,XIIN)
GO TO 999
ENDIF

C
Creves

c

TRIS IS THE END OF THE RECURSIVE TREE FOR THE GIVEN INITIAL RAY +++++

THEN
NBRNCH({KBRNCH) + )

[F{KBRNCH . LT, 10}
NBRNCH{KBRNCH} =
ELSE
NBRNCH(10) =
ENDIF

NBRNCH(1D) + 1

C
1000 CONTINUE
1001 CONTINUE

C
Cr*xxs  END OF COMPUTATIONS *s#%sx
C
ENDFILE NUDY
ENDFILE NUDOD
ENDFILE NUUD
ENDFILE NUUUL
C
NRAYTL = IMISCi17)

WRITE(6,600) NRAYTL KTRA(CE

WRITE(6,601)
WRITE(6.602)
WRITE(6.604)
WRITE(6.,609)

NREFLO,RADEPS ,NREFRO ,RADEPS,NTIR
MUMDU , NUMDD , NUMUD , NUMULU , NUMTP )
(K, K=2,10), (NBRNCH(K) ,K=2,10)

12
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FORMATS

514 FORMAT(1H ,° NREAD = ,12 31X,
1°FILE OF SURFACE REALIZATIONS EXHAUSTED. UNIT' I3, REWOUND. )
600 FORMAT(1HO,’' END OF RAY TRACING COMPUTATIONS‘/
21H 110, TOTAL RAYS WERE STARTED IN THIS RUN'/
314 ,110,° TOTAL RAYS WERE TRACED TO COMPLETION')
601 FORMAT(1lH ,I5,° REFLECTED RAYS wllH RADIANCE .LT. ,1PE9.1,
1° WERE DISCARDED‘/16,' REFRACTED RAYS wITH RADIANCE .LT.°,
2E9.1,  WERE DISCARDED /1H ,110,
3 TOTAL INTERNAL REFLECTIONS OCCURKED )
602 FORMAT(iH ,I10,’ RAYS STARTED OCWNWARD AND FINISHED UFWARD '/
11H , 110, RAYS STAKTED DOWNWARD ANU FINISHED DOWNWARD '/
211 ,110,° RAYS STARTED UPWARD AND FINISHED DOWNWARD /
31H ,110,° RAYS STARTED UPWARD AND FINISHED UPWARD 7
41H ,110,' RAYS STARTED UPWARD AND FINISHED UPWARD WITH RAD = 1
5.0 (DISCARDED) ")
604 FORMAT(1HO,  BRANCH OCCURRENCE TALLY //' NUM BRANCHES: ",
18110,17,° OR MORE" /" NUM OCCURRENCES: " ,9110)
605 FORMAT(1HO,  NORMAL EXIT FROM NHM, PROGRAM 1.°)
END

SUBROUTINE INISrtt \NREADU ,NRAYUDL , USEED)
ON NHML1/INTALL
THIS KOUTINE INITIALIZES NHM1/Mlag L

TWO INPUT RECORDS ARE READ:
RECORO 1 (DEFINES THE HEXAGON GRID AND THE WATER SURFACE):
10BUG 0 FOR MINIMAL QUTPLT
1 FOR GREATER QUTPUT
2 FOR FuilL DEBUGGING OuTePuT
IGENSF = 0 IF A FILE OF RANDOM SuURFA(ES ALREADY EXISTS (USUAL CASE)

L.GT.0 IF "~IS IS A SPECIAL kUN FOR GENERATING AND SAVING A

FILE OF RANDOM SURFALES. IGENSF SURFACES wlLL BE GENERATED.

NHEX = THE ORDER OF THE HEXAGONAL SURFACE GRID (= MXNHEX FOR EFFICIENCY)
WNDSPD = THE w{ .0 SPEED IN M/SEC aT 12.5 M ELEVATION
DSEED = THE SE&D FOR RANDOM NUMBEN GENERATION

RECORD 2 (DEFINES THE QUAD GRID AND SELE(TS RAY PARAMETERS):

NMU = THE NUMBER OF MU CELLS IN ONE HEMISPHERE (0 TO PI/2)
NPHT = THE NUMBER OF PHI CELLS (0 TO 2*p}) . MUST BE A MULTIPLE OF 4
MUPART = 1 [IF &L QUADS ARE TO mAvE ELUAL SULID ANGLES
< IF AC_ QUADS ARE TO HAVE EQUAL DELTA THETA VALUES
NREADO = 1, IF THE SURFACE REALIZATIUN FILE (NUSFC) IS TO BE READ
FROM THE BEGINNING
= 2, 3, QR U, IF NUSFL IS TQ BE READ STARTING WITH A ROTATION
OR INVERSION (SEE LQUF S5 IN MAIN)
NUMRAY : IF NGURAY . GT .0, NUMRAY IS THE NUMBER OF RAVYS
TG BE SENT FROM EACH INPUT QUAD (NRAYQU(IR) = NUMRAY)
IF NUMRAY LT .0, THE NEXT RECORD GIVES
NR&avQD(IR) ,IR=1,2 MU

13
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PARAMETER (MXMU=10, MXPH1=24)
PARAMETER (MXNHEX=7, MXNUDE=3*MXNHEX* (MXNHEX+1)+1)
COMMON/ CMUPHI/ BNDMU(MAMU) ,BNDPHI (MXPHI)
COMMON/CHEXGR/ NHEX ,R1(2) ,R2(2),RIHAT(2) RZHAT(2) RI1RAT, TARGET(2)
COMMON/CNQODES/ NNODE,FNODE (2 ,MANODE ), ZNOUE { MANQDE )
COMMON/CMISC/ IMISC(20),FMISC{20)
DIMENSION FMU(MXMU) ,PHI (MXPHI) ,OMEGA (MXMU) ,DELTMU{MXMU) ,
NRAYQD (MXMU )

DATA Pl ,DEGRAD,RADEG/3.141%9¢2054, u.ul745329252, 57.2957795/
DATA REFR/1.333333333/

DATA DELTA, EPS/1.0, 1.111/, TARGET/U.5, 0.370333335/

DATA NUSFC ,NUDU,NUDD ,NUUD NUUU/15,16,17,18,19/

READ THeE INPUT RECORDS

READ(S5.*) IDBUG, IGENSF NHEX wWNDSPD, DSEED
WRITE(6,300) NHEX ,WNDOSPD,DUSEED

IF(iGENSF _EQ.0) THEN
READ(bS,*) NMU ,NPHI ,MUPART NREADU, NUMKAY

IF(NUMRAY LT .0) THEN
READIS *) (NRAVQD(IR),IR=1,NMU)

ELSE

DO 40 IR=1,NMU
NRAYQUU IR} = NUMRAY
ENDIF

GET THE TOTAL N:MBER OF RAYS TU BE TRAUED
NUMRAY = (
DO liuu [=1,NM0 -]

1100 NUMRAY = NUMRAY + NRAVYQD(I)

NUMRAY 2% (NUMKAY* (NPHI/4 + 1) + NKAVQDINMU))

WRITE(8,301) NMu,NPHI,NREADO,NUMRAY
ENDIF

STORE THE NEEDED PARAMETERS

IMISC(1l) = NMuU
IMISC(2) = NPm}
IMISC(9) = IOBUG
IMISC(17) = NUMRAY
FMISC(1) = PI
FMISC(2) = DEGRAD
FMISC(3) = RADEG
FMISC(15) = wNDSPD
FMISC(16) = DELTA
FMISC(17) = EPS
FMISC(18) = REFK

RADAB IS THE JURITICAL ANGLE FOR TUTAL INTERNAL REFLECTION
RAD4AH = ASIN(1.0/REFR)
EMISC(19) = RADAB

[F{IGENSF GT.C* THEN

certeTHIS IS AN INTTTAL RUN FOR GENEWRATICN OF A FILE OF RANDOM SURFACES

SuU

WRITE(6,3C4)
REWIND NUSFC

CHECK TG SEE IF NUSFC IS EMPTY

READ NUSFC  END=50) DuMMY

STOF  SURFACE FILE ALREADY EXI>T>

REWIND NUSF{

DEFINZ GRID VECTORS AS IN 63/PAGES Ud-26

GAMMA L = 1.G/SJURT(0O.25*DELTA*DELTA + EFS*EPRS)

R1({1) = 0.5*DELTA*GAMMA]L
R1{(2) = EPS*AMMA]

R2(1) = -RL01;

R2(2) = RI(2)

RIHAT(1) = -RKR1(2)
RIHAT(2) = R1(1}

14
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R2HAT(1) = -R2(2)
R2rHAT(2) = R2(1)
RIRAT = -2 O*EP</DELTA

DEFINE THE HEXAGONAL SURFACE GRID NUDE LOCATIONS

FMISC(16) = DELTA
FMISC(17) = EPS
CALL TRIADS(NHEX)

1

WRITE THE HEADER RECORDS

WRITE(NUSFC) IGENSF NHEX NNODE,wKDSHO , DSEED
WRITE(NUSFC) R1,R2,R1HAT R2Z2HAT RI1RAT FNODE

DEFINE THE STANDARD DEVIATION FCR SUKRFACE HEIGHTS By 63/2.12

SIGSFC = .0397+SURTIWNDSPD)
WRITE(6,302) DELTA EPS,SIGSFC

GENERATE AND SAJVE THE CAPLIIARY wAuvE SURFACE REALIZATIONS,
63/SECTION 2C

DO 55 NSFC=1,IGENSF

DRAW N(0,1) RANDOM NUMBERS
TALL GGNML(DSEE S, NNODE, ZNODE)

CONVERT TO N(O. SIGSFC**2) RANDUM NUMBERS

ZMAX = -1 Q€30

ZMIN = 1.CE30

DO 99 IRAN=1,NNODE

ZN = SIGSFC*ZNODE (IRAN)

ZNODE(IRAN) = ZN

IF(ZN.GT.ZMAX) ZMAX

[F{ZN.LT.ZMIN) ZMIN
99 CONTINUE

ZN
ZH

55 WRITE(NUSFC) NS | ZMIN,ZMAX, (ZNODE(1),1=1,NNODE)
ENDFILE NUSF(
WRITE(6,60) IGENSF
5TOP
ENDIF
essssTHIS IS A PRODULTION RUN FOR RAY TRACING

READ THE EXISTING FILE OF SURFACE REALIZATIONS AND TEST FOR
COMPATABILITY wITH REQUESTED PARAMETERS

WRITE(6.308)

REWIND NUSFC

READ({NUSFC) NSF i NHEX1 ,NNODE WINGL
KEAD(NUSFC) R1 %2 RIMAT R2HAT RIRAT FNODE
IF(NHEX1.NE Nrir x _OR. WIND1.NE.WNDSPD) THEN
WRITE(6,70) NH--1 WIND1

STOP

ENDIF

DEFINE THE M : aND PHI VALUES WHICH FUKM THE QUAD BOUNDARIES FOR
GEOMETRIC O.>CKETIZATION (SECTION 3).

IF(MUPART [ EQ. 1 THEN

PARTITION THE UNIT SPHERE SO THAT ALL JUADS HAVE EQUAL SOLID ANGLES
CALL EQSANG(NM/ NPHI DELTMUY)

ELSEIF (MUPART £5.2) THEN

PARTITION THE urlT SPHERE INTO EQUALLY SPACED THETA VALUES

CALL EQTHET{NMO DELTMU)

ENDIF

15
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DEFINE THE BOUNDARY MU
BNDMU (1) = DELTMU(1)

DO 101 1=2,NMU-1

BNOMU (1) = BNDMU(I-1) +
BNOMU(NMU) = 1.

VALUES By SUMMING THE DELTA MU

101 DELTMU(IT

DEFINE
FMU(1l) =
DO 104 1
FMU(T) =

THE MU VALUES AT THE QUAD CLENTEKS
O0.5*DELTMU( L)
=2, NMU
0.5*(BNDMUL(T-1)

104 + BNOMU (1))

DEFINE THE BQUNDARY PHIS BY Prl - DPHI/2 TO PHI + DPHI/2
DELPHI = 2.0*PI/FLOAT(NPHI)

BNOPHI(1) = 0.5*DELPHI]

DO 102 J=2,NPHI

BNDPHI(J) = BNDPHI(J-1) =+

102 DELPHI]

DEFINE THE PHI VALUES AT THE QUAD CENTERS

DO 103 J=1,NPHI
103 PHI(J) = DELPHI®FLOAT(J-1)}
DETERMINE THE SOLID ANGLE OF ThHE QuADS

DO 400 I=1.NMU-1
OMEGA (1) = DELPHI*DELTMU(I)
OMEGA (NMU) = 2 . C*PI*DELTMU(NMU)

400

WRITE(6,310)

DO 312 I=1,NMU
THETAC = ACOS(FMU(I))*RADEG
THETAB = ACLUS{BNDMU(I))*RADEG

312 WRITE(6.314) I .FMU(1),THETAC,BNDMU(] ), THETAB,DELTMU(L) .
1 OMEGA(I) ,NRAYQD(T)
WRITE(6,316) UELFHI*RAOEG

WRITE HEADER REUCORDS FOR QUTPUT FILES

REWIND NUDU
REWIND NUDD
REWIND NUUD
REWIND NuUU
WRITE(NUDU)
wRITE(NUDU)

NUDL , "DOWN UP TLUNRAVQD

VALUES

WRITE(NUDD)
WRITE(NUDD)
WRITE (NUUD)
WRITE{(NUUD)
WRITE(NUUUY)
WRITE(NUUU)

RETURN

FORMATS

60 FORMAT(1HOD,110,

70 FORMAT (1RO,

1D PARAMETERS /~/

300 FORMAT(1H1, -

1 MONTE CARLEG

IMIST , FMISC, FMU,PHI ,BNDMU

L BNDPHI  OMEGA ,DELTMU

NUDD, "DOWN DOWN' ,NRAYQD
IMISC,FMISC,FMU,PHI  BNDMU ,BNDPHI ,OMEGA ,DELTMU
NUUD, "UP DOWN ' ,NRAYQD
IMISC ,FMISC,FMU,PH] ,BNDMU ,BNDPHI ,OMEGA ,DELTMU
NULU, "UP up " NRAVYQD
IMISU,FMISC,FMU, Pl [ BNDMU ,BNDPHI ,OMEGA ,DELTMU

SURFACE REALIZATIONS GENERATED')

SUrFACE REALIZATION FlLE NOT COMPATABLE WITH REQUESTE
NHEXY = I3 Sx,  wINDl =' F7.3)

N&LTORAL HYDROSOL MUDEL, PROGRAM 1°/7/

AIR-WATER SuURFA(F RAY TRA(LING'//

2 THE RHEXAGON ORID PARAMETERS FUK THIS RUN ARE //

35X, NHEX R S = ORDE~ F THE wAVE FACET HEXAGON /7

4% %, "WNDSPL = 77 .3, = THE WIND SPEED IN M/SEC AT 12.5 M //

SH%x, "DSEED = [ 18020.10,° = THE SEED FUOR RANDOM NUMBER GENERATION')

301 FORMAT(1n0, -

THif QUAD GRID PARAMETERS FOR THIS RUN ARE‘//

19%, "NMU =, 13, = NUMBER CF My CELLS IN (0.P1/72) 77/

25X, "NPHI = ME = NUMBER OF pPHI CELLS IN (0,2%P1) //

35X, 'NREADO = [, = PARAMETER FOR READING THE SFC. REAL. FILE ' //
45, "NUMRAY = 1L, = THE TOTAL NUMBER OF INPUT RAYS TO BE TRACED-
S )

302 FORMAT 110,
15%, "DELTA

WAVE FACET PARAMETERS ARE//

LIPELYL3//5X, ERS =", E10.3//5X, SIGSFC - E10.3)

16
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304 FORMAT(1HO,  THIS IS AN INITIAL RUN FOR GENERATING A FILE OF CAPIL
1LARY WAVE SURFACE REALIZATIONS')

308 FORMATUIHO,  THIS IS A PRODUCTION RUN FOR RAY TRACING')

310 FORMAT(LHO,  THE MU AND THETA VALUES DEFINING THE QUADS ARE " //
15x, "1 CNT MU THETA  ,8x,  'BND MU THETA ,7X,
2'DELTA MU SOLID ANGLE NRAYQD " /)

314 FORMAT(Llr ,I15,2(F9.4,F9.3,4X),F9.4,F12.4,110)

316 FORMAT(1HO,  THE QUADS HAVE A WIDTH OF DELTA PHI =" ,F7.3,
1' DEGREES')
END

SUBROUTINE EQSANG{NMU,NPHI ,DELTMU)
ON NHM1/EQSANG

THIS ROUTINE PARTITIONS THE UNIT SPHERE INTO MU BANDS WHICH HAVE
EQUAL SOLID ANGLES FOR ALL QUADS. INCLUDING THE POLAR (AP, AS
ON PAGE 22.

DIMENSION DELTMU(NMU)
WRITE(6,200)

DMU = FLOAT(NPHI)/FLOAT(NMU*NPHI - NPHL + 1)
DO 100 [=1,NMU-1
100 DELTMU(I) = DMU
DELTMU(NMU) = OMU/FLOAT(NPHI)
RETURN

200 FORMAT(1HO,  THE UNIT SPHERE IS PARTITIONED SO THAT ALL QUADS HAVE
1 EQUAL SOLID ANGLES')
END

SUBROUTINE EQTHE " iNMU,DELTMU)

ON NhM1/EQTHET

THIS ROUTINE PARTITIONS THE UNIT SPHERE INTO MU BANDS wHICH HAVE
EQUAL DELTA THET: SPACING>, PLUS A POLAR CAP OF HALF~ANGLE DTHETA/2,
AS ON PAGE 24.

COMMON/CMISC/ IMISCL20),FMISCI20)
DIMENSION DEL TMU {NMU)

wRITE(6,200)
PI2 = 0.5*FMISCI(1)

DTHETA = PI2/(FLOAT(NMU) - U.5)
DO 100 I=1,NMU-1
100 BELTMU(I) = COS(E12-FLOAT(])*DTHETA) ~ COS(PI2-FLOAT(1~1)*DTHETA)
DELTMU(NMU) = 1.0 - COS{(PI2 - FLOAT(NMU-1)*DTHETA)
RETURN

200 FORMAT(1HO, ' THE UNIT SPHERE IS PARTITIONED INTO MU BANDS wHICH HA
1VE EQUAL DELTA THETA SPACING)
END

17
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SUBROUTINE FINTCP{INRAY A B,C,PIN,XIIN, S5IM]1, S]

ON NHML1/FINTCP

THIS ROUTINE DETERMINES IF THE TRACK INTERCEPTS A PARTICULAR FACET.

., INTCP,P,UON)

INPUT IS
INRAY = 1 FOR AN INITIAL RAY, = 0 FOR A DAUGHTER RaY
A, B, C...THE 2-D TRIAD NODE LOCATIONS

PIN...THE INITIAL POINT OF THE CURRENT TRACK

XIIN. . .THE DIRECTION OF THE CURRENT TRACK

SIM) AND SI...THE DISTANCES S(I1-1) AND S{I)
MEASURED FROM PIN. SIMI

OUTPUT IS
INTCP = 0 IF THERE IS NO INTERCEPRT
1 IF THE TRACK DOES INTERCEPRT
UON = THE UNIT OUTWARD NORMAL TU TrtE FACET
P = THE 3-D FACET INTERCEPT POINT, IF INT(CP =

PARAMETER (MXNHEX=7,

ALONG THE TRACK,
LT.SI BY CONSTRUCTION.

THE FACET

1

MXNGDE=3¢MXNHEX® (MXNHEX+1)+1)

DIMENSION A(2).,B(2).C(2) . PIN(3),xLIN(3),P(3),UDN(3)
COMMON/CNODES/ NNODE ,FNODE (2 ,MXNODE ) . ZNODE (MXNODE)

COMMON/CMISC/ IMISC(20),FMISC(20)
XIDXIH = FMISC{.L)

GET THE NODES ASSUCIATED wlTm A, B AND C
CALL GETYTNOD(A, NA)

CALL GETNOD(B, ~B)

CALL GETNOD(C, N

IF((NA.EQ.NB) UK. (NA_EQ.NuU) .Om. (NB.EQ.NC)) THEN
WRITE(6,300. NA, A _NB,B ,NC,C

STOP

ENDIF

DEFINE THE FAULET VvERTICES BY 63/3.15

vil = A(1l]

viz = A(2)

w13 = ZINOUE(NA

v21 = B(1)

v22 = B(2}

v23 = INODE(NB)

v3l = C(1)

v32 = ((2)

v33 = INODE(NC)

GET THE UNIT O TwARD NURMAL . 63 Faub 4.

UONY = (V32 - +12)*(v23 /1) [IWRE vid)it(v2? v1z2)
UONZ2 = (vi33d - vI13)*(vZ2) = vil) - (vl - v11)4(v23 - v13)
UON3 = (V31 - wv11)%(v22 yvilz) (w32 v1i2)*(v21 - vi11l)
SGN = SIGN( 1.0, J0N3)/SQRT{UUNI*UONT ¢ UUNZ®SUON2 + UON3*UON3)
JON1 = SGN*UGN.

UONZ = SON*UONS

JON3 = SON*UONS

UON{ L) = uONI

UONL 23 = JON2

DON{3) = ulnNs

GWET S(U), €3/+ALE 43

5G > ((vaa FIx Y i®a0NL
LAl IHDLI®guUNT

I S S A ROV IR L EF 10 1T A
ATINCZI®gUNZ ¢ 21 INES)IPUONS )

(HELK FOR FACET [NTERCEFPT BY £4/74 1b

TF(SIML LT . SQ*xXIDXIH AND . SU*XTOXIR (E ST

HAVE A FA(ET INTERCEPT

(HECK INITIAL RAYS TO SEE IF THE RAY

18
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IOk = 1
IF(INRAY EQ.1) THEN

XPDOTN = XIIN(1)*UON(
IF(XIIN(3).LE.O0.0 .AN
IF(XIIN(3).G7.0.0 .AN

ENDIF

IF(IOK.EQ.1) THEN
FACET INTERCEPT IS OK

§2. PROGRAM 1

1) + XIIN(Z2)*UON(2) + XIIN(3)*UON(3)
D. XPODOTN.GT.0.0) 10K = 0O
D. XxPDOTN. LT . 0.0) 10K = O

INTCP = 1
P(1) = PIN(1) + SQ*xIIN(1)

P(2) = PIN(2) + SQ*XIIN(2)

P(3) = PIN(3) + SQ*x1IN(3)

ELSE

RAY IS UNDER THE GRID, LET IT PASS THROUGH THE SURFACE UNDETECTED
INTCP = O

ENDIF

ELSE

INTCP = O

ENDIF

RETURN

300 FORMAT (10,

SUB FINTCPR:

ILL-DEFINED FACET "/ /

310X, 'NODE, A =" 15, 1P2EL12.3//10Xx, NOUE, B = ,15,2E12.3//
210X, 'NODE, C =" . iy, 2E12.3)

END

SUBROVTINE GETa EYTIRL YTIR, k) kS2, A.B.C)

UN NHM 1T/ oF TAB!

GIVEN Two‘THIAL SNTERCEPT POINTS, vIIk1l AND YTIPZ2, AND THEIR K

VALUES, KL1 AND #SL, THIS ROUTINE RETURMS THE TRIAD VERTICES A, B AND C
NOTATION OSED: YUk = VY (K)

DIMENSION vTIPL. 03 VTIP2(2) ,A(2) . B(2).C(2)

LOMMON/ CHE XGR -

w*EK,Rll,RlZ,REL.Rz;,RNHAT(4)_RlRAT

COMMON/CMISC/ 1905C120, FMISCI 2L
DELTA = FMISC( i,

EPS = FMISCI17,

IF(RS LI HN2 EG. THEN

HAVE LASE Kiko L SEE B3/F1OuRE Th, sk 5>8/3.8-3.12
TFIRST EQ 10 Teerr,

LT ST A S A A &
vy1l = vy 1o,

v12 = vTlpYie,

vl = yTIpZ]

v22 2 vT1p2{(2;

EL SE

LIS YTIRZ2 . vo DL vTIE)
Y1l = ¥TIp2i1,

Y1ie = v11p2!g,

vil = ¥Tlpltly,

Y22 = YTIP1(2)

ENLLF

19
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D1 = V11*R1RAT + V12

D2 = -Y21%R1RAT + V22

Al = 0.25%(D2-D1)*DELTA/EPS

AZ = 0.5%(D1+D2)

A(l) = Al

A(2) = A2

SGN1 = SIGN(1.0, (Y11-Al)*R11 + (Y12-A2)}*R12)
SGN2 = SIGN(1.0, (Y21-A1)*R21 + (Y22-A2)%R22)
B(1) = Al + SGN1*DELTA*0.%

B(2) = A2 + SGN1*EPS

C(l) = Al ~ SGN2*DELTA*0.5

C(2) = A2 + SGN2*EPS

ELSEIF(KS1+KS2 . EC.1) THEN

HAVE CASE I-R1 {SEE B3/FIGURE 8), USE 63/3.13

IF{KS1.EQ.0) THEN

YO IS YTIPY1, Y1 IS ¥YTIP2

Yol = YTIPLI(L)

Y02 = YTIPRP1(2)

Y11 = YTIP2(1)

Y12 = ¥YT1P2(2)

ELSE

v IS YTIP2, V1 IS VvTIPI

vOol = YTIP2(1)

y02 = YTIP2(2)

vil = YT1P1(1)

Y12 = YTIP1(2)

ENDIF

Al = 0.5%(v¥D2 - v11*RIRAT -~ Y12)*DELTA/EPS
A(l) = Al

A(2) = Y02

SGN1 = SIGN(1.0, (v11-Al)*R1il + (Y12-Y02)*RiZ)
B(1) = Al + SGNL*DELTA*0.S

B(2) = Y02 + SGN1*EPS

C(1) = Al + SIGN(1.G, YOl - A1)*DELTA

C(2) = Y02

ELSEIF(KS1+x52.EQ.2) THEN

HAVE CASE I-R2 (SEE 63/FIGU?E B), USE b3/3.14

IF(KS1.EQ.D) TrHEN

YO IS YTIPL, v2 1S vTIp2

vyOol1 = yTIPLI(1)

v02 = ¥TIP1(2,

¥v21 = vTlP2(d

v2. = vTIR2(2)

EL>E

v LS YTlP2, ~2 IF VTIP1

YOl = vTle2(1,

vgz = yTIpz(2:

v21 = ¥T1pP1( 1}

vz = YTIRL1(2Z)

SENUIF

Al = 0 S%(-Y21%KIRAT + Y22 - VY(G2)1*DELTAVERS
A(1) = Al

A{z) = v02

SGNZ = STOGNUL. ., (YZ1-ALl)*k21 + (Y2 YUZ)I*RLZ)

20
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B(1) = Al - SGN2*DELTA*0.5

B(2) = Y02 + SGN2*EPS

C(1) = A1 + SIGN(1.0, YOl - ALl)*DELTA
€(2) = Y02

ELSE

ERROR IN INPUT

WRITE(6,100) YTIPY,YTIP2,KS1,KS2
STOP

ENDIF

RETURN

10 FORMAT(1HO, " ERROR IN SuUB GETABC //1H ., YTIP1 = 1P2E12.3,4Xx%,
L'YTIP2 = 2E12.3,4X, K(1), K(2) =",213)
END

SUBROUTINE GETHTT (A, NODE)
ON NHM1/GETNOD

GIVEN A VECTOR A, WHICH LOCATES ANY POINT IN THE HEXAGON, THIS
ROUTINE RETURNS THE INDEX, NODE, OF THE NEAREST TRIAO NODE.

PARAMETER (MXNHEX=T7, MXNODE=3*MXNHEX* (MXNHEX+1)+1)
COMMON/CHEXGR/ NHEX

COMMON/CNODES/ NNODES, FNODE (2 ,MXNODE)
COMMON/CMISC/ IMISC(20),FMISC(20)

DiMENSION A(2)

DELTA = FMISC(16)

EPS = FMISC(17)

CHECK Y VALUES OF THE LEFT HEXAGON BOUNDARY POINTS

AY = A(2) - 0.5*EPS

K = 1

IF(FNODE(2,K).GT.AY) GO TO 100

DO 200 J=1,NHEX-1

K = K + NHEX +

IF(FNODE(2.%x) LT AY) GO TO 1uo
200 CONTINUE

DO 202 U=NHEX,Z?,-1

K = K + NHEx +

IF(FNODE(2,K) . LY. AY) GO TO 140G
202 CONTINUE

NOW CHECK X VAL UES ALONG CONSTANT v ROW

106 AX = A(1l) - O.-*DELTA
DO 204 J=K_NNGLES
IF(FNODE(L,u) . GT . AX) GO TG 10z

204 CONTINUE

WRITE(6,206) A
STOP

102 NODE = U
RETURN

206 FORMAT(1HU, SuB GETNOD: POINT A = (°,1PE12.3,"'," ,E12.3,

1) NOT WITHIN HEXAGON')
END
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SUBROUTINE MPINDX(FMU,PHI,1,bJ)

C
C ON NHM1/MPINDX
C
C GIVEN A (MU,PHI} POINT, THIS ROUTINE RETURNS THE INDICES (1,J)
c OF THE QUAD QIJ WHICH CONTAINS THE POINT,.
C
C -1.0 .LE. FMU .LE. 1.0 AND 0.0 .LE. PHI .LE. 2*PIl
C
PARAMETER (MXMU=10, MXPHI=24)
COMMON/CMISC/ IMISC(20)
COMMON/CMUPHI/ BNDMU(MXMU) ,BNDPHI (MXPHI )
C
NMU = IMISC(1)
NPHI = IMISC(2)
ABSMU = ABS(FMU)
C
C SEARCH THE MU BOUNDARY VALUES
C
DO 400 IB=1, NMU
IF(ABSMU.LE . BNDMU(IB)) GO TO 402
400 CONTINUE
402 1 = 18
C
C SEARCH THE PHI BOUNDARY VALUES
C
DO 404 JB=1,NPHI
IF(PHI . LT.BNDPHI(UB)) GO TO 4Ub
404 CONTINUE
JB = 1
406 4 = JB
C
RETURN
END
SUBROUTINE P2ARAY(A ,NR,NC,IDIM,IDFMT TITLE)
C
C THIS ROUTINE PRINTS OUT AN ARRAY A OF NR ROWS AND NC COLUMNS ON ANY
C OF A NUMBER OF FORMATS. IDIM IS THE ROwW DIMENSION OF A IN THE
C CALLING PROGRAM. THE VALUE OF IDFMT SPECIFIES THE FORMAT:
C
c IDFMT = 1 FOR 10F12.4
C 2 FOR 1P10E12.4
C 3 FOR 10112
C 4 FOR 12A10
C 5 FOR 1P6BE20.8
C 6 FOR 20FS5.1
C 7 FOR 1P5E25.15
C
c THE ARRAY IS PARTITIONED BY COLUMNS INTO BLOCKS, AND ROUOWS AND
C COLUMNS ARE NUMBERED. THE CHARACTER STRING TITLE CONTAINS ANY
c DESIRED TITLE (UP TO 130 CHARACTERS FOR PRINTER OQUTPUT) .
C

DIMENSION A(IDIM,NC)
CHARACTER TITLE®*(*)
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SET UP THE PROPER FORMATS

KSIZE = 10

ASSIGN 910 TO IFMT1
IF(IDFMT _EQ.1) THEN
ASSIGN 11 TO IFMT2
ELSEIF(IDFMT.EQ.2) THEN
ASSIGN 21 TO IFMT2
ELSEIF(IDFMT.EQ.3) THEN
ASSIGN 31 TO IFMT?2
ELSEIF(IDFMT _EQ.4) THEN
KSIZE = 12

ASSIGN 912 TO IFMT]
ASSIGN 41 T0O IFMT2
ELSEIF(IDFMT .EQ.5) THEN
KSIZE= 6

ASSIGN 906 TO IFMT1
ASSIGN S1 TO IFMT2
ELSEIF{IDFMT . EQ.6) THEN
KSIZE = 20

ASSIGN 920 TO IFMT1
ASSIGN 61 TO IFMT2
ELSEIF(IDFMT.EQ.7) THEN
KSIZE = 5

ASSIGN 905 TO IFMT!
ASSIGN 71 TO I[FMT?

ELSE

WRITE(6,100) IDFMT
RETURN

ENDIF

PARTITION ARRAY

KMANY = (((NC-1)/KSIZE) + 1)*KSIZE
IBLOCK = 0

NBLOCK = 1

IF(NR.LE.25) NBLOCK = 60/(NR+4)

PRINT ARRAY

DO 210 L=KSIZE KMANY KSIZE
Ll = L - (KSIZE - 1)

L2 = L

[F(L.GE.KMANY) 2 = NC

DO 210 I=1,NR
IF(MOD(I-1,50).NE.O) GO TO 210

IF(IBLOCK.EQ.O0 .OR.IBLOCK.GE.NBLOCK) THEN

PRINT TITLE AND COLUMN HEADINGS IF NEw PAGE
IBLOCK = 1

WRITE(6,110) TITLE

WRITE(B6,IFMT1) (K ,K=L1,L2)

ELSE

PRINT COLUMN HEAZINGS FOR A NEW BLOCK
IBLOCK = IBLOCK + 1

WRITE(6,IFMT1) (K,K=L1,L2)

ENDIF

WRITE A LINE OF UATA
WRITE(G, IFMT2) T (A(I1,J0).,J=L1,L2)

RETURN
FORMATS

IFMT1 FOR COLUMN LABELS
FOKMAT (11 /710x ,1295)
FORMAT{1m //10x%x ,©120)
FORMAT(1H //10x . :10112)
FORMAT (1H //710x,12110)
FORMAT(1H /710X, :0315)

23
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IFMT2 FOR DATA

FORMAT(1H ,19,10F12.4)
FORMAT(1H ,1I9,1P10E12.3)
FORMAT(1H ,19,10112)
FORMAT(1H ,I9,12A10)
FORMAT(1H ,19,1P6E20.8)
FORMAT(1H ,19,20F5.1)
FORMAT(1H ,19,1P5E25.15)

FORMAT(1HO, "INVALID FORMAT OPTION IN P2ARAY, IDFMT =- 15)
FORMAT (1H1,A) '
END

SUBROUTINE P3ARAY(A ,NR,NC . NP ,IDIM,JUDIM, IDFMT TITLE)

THIS ROUTINE PRINTS OUT AN ARRAY A OF NR ROWS, NC COLUMNS AND

NP PLANES ON ANY OF A NUMBER OF FORMATS. IDIM AND JDIM ARE THE
ROW AND COLUMN DIMENSIONS OF A IN THE CALLING PROGRAM., THE VALUE
OF IDFMT SPECIFIES THE FORMAT:

IDFMT = 1 FOR 10F12.4

2 FOR 1P10E12.4
3 FOR 10112

4 FOR 12A10

5 FOR 1P6E20.8
6 FOR 20FS5.1

7 FOR 1PSE25.15

THE ARRAY IS PRINTED BY PLANES. FOR EACH PLANE

THE ARRAY IS PARTITIONED BY COLUMNS INTO BLOCKS, AND ROWS AND
COLUMNS ARE NUMBERED. THE CHARACTER STRING TITLE CONTAINS ANY
DESIRED TITLE (uUP TO 130 CHARACTERS FOR PRINTER OUTPUT).

DIMENSION A(IDIM, JODIM NP)
CHARACTER TITLE*(#*)

SET UP THE PROPEKR FORMATS

KSIZE = 10

ASSIGN 910 TO TFMT]
IF(IDFMT . EG. 1) THEN
ASSIGN 11 TO 1FMT?2
ELSEIF(IDFMT . EQ. 25 THEN
ASSIGN 21 TO TFMTZ
ELSEIF(IDFMT _EQ.3) THEN
ASSIGN 31 TO IFMTY
ELSEIF(IDFMT . Ew.4) THEN
KSIZE = 12

ASSIGN 912 TO IFMTI
ASSIGN 41 TO IFMTZ2
ELSEIF(IDFMT _EQ.5) THEN
KSIZE= &

ASSIGN 906 TO IFMT1
ASSIGN 51 TO [FMT2
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ELSEIF{IDFMT EQ.6)
KSIZE = 20

ASSIGN 920 TO IFMTIL
ASSIGN 61 YO IFMT2
ELSEIF(IDFMT.EQ.7) THEN
KSIZE = 5

ASSIGN 305 TO I1FMT1
ASSIGN 71 TO IFMT2

ELSE

WRITE(6,100) IDFMT
RETURN

ENDIF

THEN

PARTITION ARRAY

KMANY = (((NC-1)/KSIZE) + 1)*KSIZE
IBLOCK = O

NBLOCK = 1

IF(NR.LE.25) NBLOCK = 60/(NR+4)

PRINT ARRAY
DO 210 IP=1,NP

DO 210 L=KSIZE,KMANY KSIZE

L1 = v - (
L2 = o

IF(L.GE.KMANY) L2 =

DO 210 I=1
IF(MOD(I-1

IF(IBLOCK.

PRINT TITL
IBLOCK = 1
WRITE(6,11
WRITE(6,IF
ELSE

PRINT COLU
IBLOCK = 1
WRITE(6,IF
ENDIF

WRITE A LI
WRITE(6,1F

RETURN
FORMATS

IFMT1 FOR
FORMAT ( 1H
FORMAT ( 1H
FORMAT ( 1H
FORMAT (1H
FORMAT ( 1H

IFMT2 FOR
FORMAT ( 1H
FORMAT ( 1H
FORMAT ( 1H
FORMAT ( 1H
FORMAT( 1H
FORMAT ( 1H
FORMAT ( 1H

FORMAT ( 1HO
FORMAT (1H1
END

KSIZE - 1)

NC

.NR
.50) .NE.O) GO TO 210

EQ.0 .OR.IBLOCK.GE.NBLOCK) THEN

E AND COLUMN HEADINGS IF NEw PAGE

0) TITLE,IP
MT1) (K,K=L1,0L2)

MN HEADINGS FOR A NEW BLOCK
BLOCK + 1
MT1) (K.,K=L1,L2)

NE OF DATA
MT2) T1.(A(I,J,IP),J=L1,L2)

COLUMI: LABELS
//10X,512%)
//10%X.6120)
//10X,10112)
//710X,12110)
//10X,2015)

DATA
.19,10712.4a)
,19,1P10E12.3)
L19,10112)
,19,12410)
.19,1P6E20.8)
,19,26F5.1)
,19,1P5E25.15)

, INVALID FORMAT OPTION
ALY

IN PZARAY,
THREE-DIMENSIONAL ARRAY,

IDFMT =" 19%)
PLANE (THIRD INDEX) ,13)
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SUBROUTINE PULL(R,P,Xx1)
ON NHML1/PULL

THE ROUTINE PULLS R, P AND X1 OFF OF THE BOTTOM OF THE STACK
AS DESCRIBED IN 63/PAGE 11.

ooO00on

PARAMETER (MXSTAK=10)
COMMON /CSTACK/ NSTACK,STACK(MXSTAK,7)
DIMENSION P(3),x1(3)

GET THE BOTTOM ELEMENTS

OO0

R = STACK(NSTACK,1)

DO 200 1=1,3

P(I) = STACK(NSTACK,1+1)
200 XI(1) = STACK(NSTACK,I+4)

NSTACK =NSTACK -~ 1

RETURN
END

SUBROUTINE PUSH(R,P ,XI1)
ON NHM1/PUSH

THIS ROUTINE PUSHES R, P AND XI ONTO THE BOTTOM OF THE STACK
AS DESCRIBED IN 63/PAGE 11.

OO0 0O0

PARAMETER (MXSTAK=10)
COMMON /CSTACK/ NSTACK,STACK(MXSTAK,7)
DIMENSION P(3),XI(3)

TEST FOR OVERFLOW OF STACK

nooOO

IF(NSTACK.GE .MXSTAK) THEN
WRITE(6,100) NSTACK
RETURN

ENDIF

ADD NEw ELEMENTS AT THE BOTTOM

[N el

NSTACK = NSTACLK +
STACK(NSTACK, 1) =
DO 200 1=1,3
STACK(NSTACK,I+1)

200 STACK(NSTACK,I1+4)
RETURN

non D -
>x T
—~
——
~

100 FORMAT(1MO,  STACK FULL, NSTACLK - [ 1b,  RAY DISCARDEDL ")
END
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FUNCTION REFLF(THETAP,THETA)
ON NHMLl/REFLF

THIS FUNCTION RETURNS THE REFLECTANCE, GIVEN THE REFLECTED AND
REFRACTED ANGLES, THETA PRIME AND THETA

COMMON/CMISC/ IMISC(20),FMISC(20)
DATA EPSO/1.0E-5/

PI = FMISC(1)

REFR = FMISC(18)

TPMT = THETAP - THETA
TPPT = THETAP + THETA

CHECK FOR NORMAL INCIDENCE

IOK = 0
IF(ABS(TPMT) .GT.EPSO .AND. ABS(TPMT-PL1).GT.EPSO) IOK = IOK + 1
IF(ABS(TPPT) .GT.EPSO .AND. ABS{TPPT-PI).GT.EPSO) IOK = IOK + 1

IF(IOK.EQ.2) THEN

63/3.20

REFLF = O.5*((SIN(TPMT)/SIN(TPPT))}**2 + (TAN(TPMT)/TAN(TPPT))**2)
ELSE

USE LIMITING CASE FOR NORMAL INCIDENCE
REFLF = ((REFR ~ 1 0)/(REFR + 1.0))%%*2
ENDIF

RETURN
END

SUBROUTINE RSPUIT({RIN XIIN,UON, RREFL ,XIREFL RREFR 6 XIREFR)
NHM1/RSPLIT

THIS ROUTINE DETERMINES THE REFLECTED AND REFRACTED DIRECTIONS
AND THE ASSQCIA™ D RADIANCES AT THE INTERCEPTED FACET.

FACTORS OF REFR**2 AND 1/REFR*#*72 ARE NOT INCLUDED IN THE
TRANSMITTED RADIANCES

INPUT
RIN...THE RAODIANCE OF THE INCOMING RAY
XIIN,. THE DIRECTION OF THE INCOMING RAY
UON. . . THE UNIT OUTWARD NORMAL OF THE INTERSECTED FACET

QUTPUT
RREFL . ...THE RADIANCE OF THE REFLECTED RAY
XIREFL...THE DIRECTION ~ h : b
RREFR.,..THE RADIANCE ) " REFRACTED

XIREFR. ., .THE DIRECTION

DIMENSION XIIN(3),UON(3),XIREFL{3),XIREFR(3)
COMMON/CMISC/ IMISC(20),.FMISC(20)
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REFR = FMISC(18)
RAD48 = FMISC(19)
XPDOTN = XIIN(1)*UON{(1} + XIIN(2)®UONL2) + XIIN(3)*UON(3)

IF(XPDOTN.LT.0.0) THEN

AIR-INCIDENT CASE

REFLECTED AND REFRACTED DIRECTIUN 8Y 03/3.18

C = XPDOTN + SQRT(XPDOTN*XPDOTN + REFR*REFR-1.0)
Do 100 J=1,3

XIREFL(J)
XIREFR(J)

XIIN(J) - 2.0¢#XPDOTN*UON(J)
(XTIN(J) - C*UON(J))/REFR

wou

ANGLES BY 63/3.18

THETAP = ACOS(ABS(XPDOTN))
THETA = ASIN(SIN(THETAP)/REFR)
R = REFLF(THETAP,THETA)

COMPUTE RADIANCES BY 63/3.30 AND 3.31A
RREFL = RIN#*R
RREFR = RIN*{1.0-R)

ELSE

WATER-INCIDENT CASE

REFLECTED AND REFRACTED DIRECTIONS BY 63/3.19
ARG = (REFR*XPDOTN)#*%2 - REFR*REFR + 1.0
IF(ARG.GE.0.Q) THEN

C = REFR*XPDOTN ~ SQRT(ARG)

ELSE

C =0.0

ENDIF

po 102 U=1.3

XIREFL(J) = XIIN(J) - 2.0*XPDOTN*UON(Y)
XIREFR(J) = REFR*XIIN{J) - C*UON(J)
ANGLES B¢ 63/3.19

THETAP = ACOS(ABS{XPDOTN))
CUMPUTE THE REFLECTANCE
IF(THETAP . GT.RADA48) THEN

HAVE TOTAL INTERNAL REFLECTION
R = 1.0

ELSE

REFLECTION AND REFRACTION
THETA = ASIN(REFR*SIN(THETAP))
R = REFLF(THETAP THETA)

ENDIF

RADIANCES BY 63/3.30 AND 3.318B

RREFL =RIN*R
RREFR = RIN*(1.0 - R)

ENDIF

RETURN
END
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SUBROUTINE TIP(P XI,lAL.)
ON NHM1/TIP

GIVEN A POINT P AND A DIRECTION XI, THIS ROUTINE FIRST COMPUTES

THE TRACK OF THE RAY P + S*XI AS IN 63/SECTION 3B.

IF IALL = 0, THE COMPUTATIONS ARE CARRIED ONLY TO 63/3.6, AND
SMIN IS RETURNED.

IF IALL = 1, THE TRIAD INTERCEPT POINTS YTIP ARE ALS0 COMPUTED.

PARAMETER(MXNHEX=7, MXNTIP=4¥MXNHEX*+1)

DIMENSION P(3),XI(3)

DIMENSION SO(-MXNHEX :MXNHEX),S1{~MXNHEX:MXNHEX),S2(~MXNHEX: MXNHEX)
DIMENSION IR(MXNTIP), WORK(MXNTIP) K KWORK(MXNTIP)

COMMOMN/CHEXGR/ NHEX,R1(2),R2(2) ,RIHATI RIHAT2 RZHAT1 ,RZHAT2
COMMON/CTIP/ NTIP,SMIN,YTIP(2,MXNTIPF) S(MANTIP) KS(MXNTIP)
COMMON/CMISC/ IMISC(20),FMISC(20)

DATA EPSDOT/1.0E-8/
EPS = FMISC(17)

COMPUTE THE HORIZONTAL UNIT VECTOR, xIn, AND XI COT XIH
FMISC(20) = SQRT(XI(1)*XI(1) + XxI(2)*xI(2))

XIMl = XI(1)/FMISC(20)

X1H2 = XI(2)/FMISC(20)

PL = P(1)

P2 = P(2)

DO 100 L=~NHEX,6MNHEX

So(L) 1.€30

S1(L) 1.E30

S2(L) 1.E30

COMPUTE SO VALUES BY 63/3.5

IF(ABS(XIHZ) .GT.EPSDOT) THEN
SS = =P2/XIN2

A = EPS/XIHZ

DO 110 L=-NHEX NHEX

SO(L) = SS + FLCAT(L)*A
ENDIF

COMPUTE S1 BY 63/3.5

D = XIHL*R1HAT1 + XIH2*RI1HATZ
IF(ABS(D).GT.EPSDOT) THEN

SS = -(Pl*RIMHAT1 + P2*RINATZ)/D
A = 2 .0%*EPS*R1HAT2/D

DO 112 L=-NHEX NHEX

S1(L) = SS + FLOAT(L)*A

ENDIF

COMPUTE 52 BY €3/3.5

IF(ABS(XIH1).GT EPSDOT) THEN

O = XIH1*R2HAT. + XIH2*R2HATZ
IF(ABS(D).GT.ERPSDQT) THEN

SS = -(P1#*R2HAT1 + P2*¥R2MAT2)/0
A = 2.0*EPS*R2HAT2/D

DO 114 L=-NHEX NHEX

S2(L) = SS + FLOAT(L)*A

ENDIF

ENDIF

FIND THE MINIMUM POSITIVE END PUINT BY 63/3.6

SMIN = AMIN1(AMAX1(SO(-NHEX),SO(NHEX)), AMAX1{(S1{-NHEX) 6 S1(NHEX)),
AMAX1(SZ(~-NHEX) K S2(NHEX)))

IF(TALL.EQ.0Q0) FETURN

SELECT THE NON-NEGATIVE S VALUES .LE. SMIN
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NS = 0
DO 200 L=-NHEX,NHEX

IF(SO(L).GT . -EPSDOT .AND. SO(L).LT.SMIN+EPSDOT) THEN
NS = NS + 1

S(NS) = SO(L)

KS(NS) = O

ENDIF

IF(S1(L).GY,-EPSDOT .AND. S1(L).LT.SMIN+EPSDOT) THEN
NS = NS + 1

S(NS) = S1(L)

KS(NS) =1

ENDIF

IF(S2(L).GT.-EPSDOT .AND. S2(L).LT.SMIN+EPSDOT)} THEN
NS = NS + 1

S(NS) = S2(L)

KS(NS) = 2

ENOIF

CONTINUE

ORDER THE S VALUES

DO 210 1=1,NS
IR(I) =1
CALL VSRTR(S,NS,IR)

CORRESPONDINGLY PERMUTE THE ASSOCIATED K VALUES
DO 212 I=1,NS

KWORK(1) = KS(I)

DO 214 I=1,NS

KS(I) = KWORK(IR(I))

CHECK THE SORTED S VALUES FOR EQUAL ENTRIES. DISCARD DEGENERATE
VALUES AND RELABEL THE REMAINING S VALUE WITH AN APPROPRIATE KS VALUE.

DO 240 I=1,NS

WORK(I) = 5(I)

KWORK(TI) = KS(I)

NTIP = 1

IF(S(1).LT.0.0) s(1) = 0.0

DO 250 I=2,NS
IF(ABS(WORK(I)-WORK(I-1)).GT . EPSDOT) THEN
NTIP = NTIP + 1

S(NTIP) = WORK(I)

KS(NTIP) = KWORK(I)

ELSE

RELABEL KS
THEN

MULTIPLE S VALUES FOUND,
IF(ABS(XIH1) .GT.EPSDOT)
KS(NTIP) = 0

ELSE

KS(NTIP) = 1

ENDIF

ENDIF

CONTINUE

COMPUTE THE TRIAD INTERCEPT POINTS FRUM THE NON-DEGENERATE S VALUES
USING ©63/3.7

DO 300 I=1,NTIP

YTIP(L1,I) = P1 + S(I)#*+xIH1
YTIP(2.1) = P2 + S(1l)*xIn2
RETURN

END
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SUBROUTINE TRACE(INRAY RIN,PIN XIIN, IOUT,P,RREFL,XIREFL,RREFR,
1 XIREFR)

ON NHM1/TRACE

GIVEN AN INITIAL RADIANCE, RIN, STARTING POINY, PIN, AND
DIRECTION, XIIN, THIS RQUTINE TRACES THE RAY UNTIL IT EITHER
LEAVES THE HEXAGON REGION OR INTERCEPTS A FACET.

I1F THE RAY LEAVES THE HEXAGON BEFORE INTERSECTING A FACET,
IOUT = 1 AND RETURN IS MADE.
IF THE RAY INTERCEPTS A FACET BEFORE LEAVING THE HEXAGON,
IOUT = 0 AND
P = THE INTERCEPT POINT
RREFL = THE REFLECTED RADIANCE
XIREFL = THE DIRECTION OF THE REFLECTED RAY
RREFR = THE REFRACTED RADIANCE
XIREFR = THE DIRECTION OF THE REFRACTED RAY
ARE RETURNED.

PARAMETER(MXNHEX=7, MXNTIP=4*MXNHEX+1)

COMMON/CTIP/ NTIP,SMIN YTIP(2 ,MXNTIP),S(MXNTIP) KS(MXNTIP), K ZMIN,
1 ZMA X

DIMENSION PIN(3),XIIN(3),P(3),XIREFL(3),XIREFR(3)

DIMENSION A(2),B(2),C(2),UON(3)

COMPUTE THE TRIAZ INTERCEPT POINTS FOR THE RAY

CALL TIP(PIN,XIIN,1)

LOCATE THE TRIAD INDICES FOR WHICH AN INTERCEPT IS POSSIBLE
IF(XIIN(3).LE.U.0Q) THEN

DOWNWARD RAY
TANTHP = TAN(ACOS(-XIIN(3)})})

GET FIRST FACET 7O BE CHECKED
IF(PIN(3).GT.ZMAX) THEN

INITIAL POINT ABOVE THE MAXIMUM SURFACE (INITIAL RAY)
D1 = (PIN(3) - ZMAX)*TANTHP
DO 50 [=2,NTIP
IF(S(1).GE.D1)} GO TO %%
50 CONTINUE
55 Il = I

ELSE

INITIAL POINT BELOW THE MAXIMUM SUKFACE (DAUGHTER RAY OR LOW-ANGLE
INITIAL RAY)

11 = 2

ENDIF

GET THE LAST FA(CST T0O BE CHECKED
D2 = (PIN(3) -~ ZVIN)*TANTHP
DO 60 I=11,NTIP
IF(S(I).GE.D2) GU TO 65
60 CONTINUE
65 12 =1

ELSE

UPWARD RAY

TANTHP = TAN(ACUS(XIIN(3)))
GET FIRST FACET
IF{(PIN(3).LT.ZMIN) THEN

INITIAL POINT BELOW THE MINIMUM SURFACE (INITIAL RAY)
01 = (ZMIN - PIN(3))*TANTHP
DO 70 1=2,NTIF
IF(S(1).GE.D1} GO TO 75
70 CONTINUE
75 11 = 1
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C
ELSE
o
C INITIAL POINT ABOVE THE MINIMUM SURFACE (DAUGHTER OR LOW-ANGLE RAY)
11 = 2
ENDIF
C
o GET LAST FACET TO BE CHECKED
D2 = (ZMAX - PIN(3))*TANTHP
DO 80 I=11,NTIP
IF(S(1).GE.D2) GO TO 85
80 CONTINUE
85 12 =1
ENDIF
I2 = MINO(I2,NTIP)
C
C CHECK POSSIBLE PAIRS OF TRIAD INTERCEPT POINTS FOR A FACET INTERCEPT
C
DO 100 I=11,12
C
C GET THE TRIAD NODE VECTORS CORRESPONDING TO INTERCEPT POINTS [ AND [-1
C
CALL GETABC(YTIP(1,I~1),YTIP(1,1) ,KS(I-1),KS(I), A,B.C)
C
C SEE IF THE RAY TRACK INTERCEPTS THIS FACET
C
CALL FINTCP(INRAY, A B,C,PIN, XIIN,S(I-1),S(1), INTCP,P,UON)
C
IF(INTCP.EQ.L) GO TO 200
o
100 CONTINUE
C
C IF HERE, NO INTERCEPT WAS FQUND
IoUT = 1
RETURN
C
c IF HERE, AN INTERCEPT WAS FOUND. COMPUTE THE REFLECTED AND
C REFRACTED RAYS
C
200 I0UT = O
CALL RSPLIT(RIN,XIIN,UON, RREFL , XIREFI ,RREFR XIREFR)
C
RETURN
C
END
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SUBROUTINE TRIADS({NAREX)
ON NHM1/TRIADS

GIVEN THE ORDER OF THE HEXAGON, NREX, THIS ROUTINE DEFINES THE

VECTOR NODES, FNODE, OF THE HEXAGON TRIADS IN UNITS OF DELTA AND

EPSILON, AS IN 63/PAGE 26.

PARAMETER (MXNHEX=7, MXNODE=3%MXNHEX* (MXNHEX+1)+1)
COMMON/CNODES/ NNODE, FNODE (2, MXNODE)
COMMON/CMISC/ IMISC(20),FMISC(20)

DELTA = FMISC(16)

EPS = FMISC(17)

NF = 0

IPRINT = O

DO 100 IC=-NHEX A NHEX
CEPS = FLOAT(IC)*EPS
IF(MOD(IC,2).EQ.C) THEN

C IS EVEN

MXB = NHEX - [ABS(IC)/2

DO 200 IB=-MXB,MxB

NF = NF + 1

FNODE(1,NF)
200 FNODE{(2,NF)

FLCAT(IB)*DELTA
CEPRS

ELSE
¢ 1S 00D

MXxB = NHEX - (1AB.(IC)+11)/Z

DO 210 IB=-MxB.,U

NF = NF + 1

FNODE(1,NF) = (-0.5+FLOAT(IB))*DELTA
210 FNODE(2,NF) = CEPS

DO 212 1B=0,MXB

NF = NF + 1

FNODE( 1 NF )
212 FNODE({2,NF)

ENDIF

(U. 5+FLOAT(IBI}*DELTA
CEPS

o

100 CONTINUE

NNODE = 3*NHEX*(NHEX+1) + 1
IF(NF.EQ.NNODE) THEN

IF(IPRINT.EQ.1) WRITE(6,300) NNUDE NHEX
ELSE

WRITE(6,302) NHEX NF NNODE

STOP

ENCIF

IF(IPRINT . EQ. 1, THEN
WRITE(6,304)
DO 306 I=1,NNOLT.S
30b WRITE(6.308) I,1+4, (FNOUE(L,l+u) FNOLE(Z,1+J) J4=0,4)

ENDIF
RETURN

400 FORMAT(IHO, ©  Sub TRIADS: .13.° NGLES DEFINED FOR AN ORDER®,
112, HEXAGONAL LrPI1D")

302 FURMAT (IHO, EnRKOH IN SUB TRIADS //71H ' NHEX <7 12,4X, NF =7,
114,44, NNQGDE =" ,14)

304 FURMAT( [0, THE HMERAGUN GRI( NUUES AKE (UCATED AT /)

408 FURMAT(1H ., NODES I3, -".13, AT" . 5{ (" k7.2, , .F7.2.°)°))
END
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PROGRAM MAIN(INPUT,OUTPUT.TAPE5;XNPUT'TApﬁﬁzouTPUT.TAPEIS.TAPEL7,
1 TAPEL1B,.TAPEL9,TAPELD)

f-f?f'f??f"‘?"f'f"??va??”‘"1‘1’?'?'1‘*"fo?f?#?”"ff"‘f"f*’

+

-

+ THIS IS PROGRAM 1 OF THE NATURAL HYDROSOL MODEL ~+

*

+

+?+++¢'f***f?+f¢*¢f¢¢**+¢’¢*’07???#**t?**f*t*¢*+4§’+

ON NHM1/M11Q0

FTNS5/FTN200

THIS PROGRAM BEGINS COMPUTATION OF THE QUAD-AVERAGED GEOMETRIC
REFLECTANCE AND TRANSMITTANCE ARRAYS WHICH DESCRIBE THE AIR-WATER

INTERFACE FOR A GIVEN WIND SPEED.

THIS SPECIAL VERSION OF MAIN1 DOES ONLY ONE INPUT QUAD (ONE
ROW OF R OR T).

NOTE: THIS VERSION OF THE CODE STRIVES TO MINIMIZE THE EXECUTION
TIME, AT THE EXPENSE OF MODULARITY AND READABILITY OF TrE CODE.
SOME SECTIONS OF FREQUENTLY EXECUTED COOE ARE WRITTEN AS STRAIGHT
LINE CODE WITH SIMPLE VARIABLES, RATHER THAN BEING GROUFED IN
SUBROUTINES QR DO LOOPS WITH ARRAYS, IN ORDER TO AVOID CALLING

AND INDEXING OVERREAD. ALMOST ALL ERROR CHECKING AND INTERMEDIATE
OQUTPUT HAS BEEN REMOVED.

THIS PROGRAM USES THE MONTE CARLO KAY TRACING TECHNIQUE
DESCRIBED IN NGAA TECH MEMO ERL-PMEL-6J. COMMENTS REFERRING 10
THIS REPQORT ARE PREFACED BY 63/. THUS 63/2.12 REFERS TO
EQUATION 2.12 In TECH MEMO 63.

REFERENCES WITHOULT THE 63/ REFER TO NOAA TECH MEMQ ERL-PMEL-T75.

NUSFC = TAPELS...CONTAINS THE RANDOM SURFACE REALIZATIONS

RESULTS OF COMP:ETED RAY PATHS ARE WRITTEN TO FILES AS FOLLOWS:

NUDU = TAPE16...INITIAL RAY DOWNWARD, FINAL RAY UPWARD: R- = R(A,X)
NUDD = TAPEL7...INITIAL RAY DOWNWARD, FINAL RAY DOWNWARD: T- = T{A,X)
NUUD = TARELB...INITIAL RAY UPWARD ., FINAL RAY DOWNWARD: R+ = R(X.A)
NUUL: = TAPELG. . INITIAL RAY UPWARD, FINAL RAY UPWARD: T+ = T{X,A)

PROGRAM 2 READS THESE FILES AND Tat1 ITES THE RESULTS TO GENERATE
THE ACTUAL R ALD T ARRAYS.

CARAMETER (MXMU=10, MXPHI=24, MASTAn-10U, MXNHEX=7)
PANAMETER(MKNODE=3*MXNHEX*(MXNHEX*1)'l, MAXNTIP=4*MXNHEX* 1)

COMMON/ CMUPHIT /
COMMON/CNODES
COMMON/ CHEXGR /

COMMONCTIRY/ NTIPDLUSMIN,YTIP(2 MxNTIR

1 LMA A
COMMON/CSTALK Y
COMMON,CMISC

BNDMU (MXMU) , BNDFHT (MXPRT)
%NODE.FNODE(Z.MXNODE),ZNODE(MXNODE)
NHEX.RI(Z),RZ(Z}.RLHAI(Z).RZHAT(Z)'RIRAT,TARGET(Z)
CS(MXNTIP)  KSIMXNTIP) ZMIN,

NSTACK  STACKINMASTAK, 7))

TMISCL20)  FMISC(ZU)
DIMENSTON PIN( S

.xIINfJ),?(j),XIQtFl(3).XIREFR(3)

DIMENSTUN NRAYLDIMAMU)  NBRNUEITLG)
ODOLBLE PRECISTUN DSEED

UATA RADEPS/ 1.

DATA NSTATK/D. .

INITIALTZE ThE

E-107, NUSF(,NUDL.NHDD_NUUD,NJUU/IS,16_17,18‘19/
KTRACE 77, NBRNLH/1OHG/, NREFLO ,NREFRO ,NTIR/3%0/

FROGKAM

S NRAVQO  DSEED

CALG INTSHL(TK
NMo T IMISOCE])
NOZPT = IMISCUtS)

Pl = FMISCHL
TWGPL = 2. 0*F1

GET MU BOUNUDAKIES UF THE INCOUMIfGL wual

FMUMIN = D.
IA = TABS(IR)

IF(IA.GT 1) FMUMIN = BNDMU(IA- 1)

DMU = BNDMuU(I1A)

- FMUMIN
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IF(IA.EQ.NMU) TrEN

ALL PHI VALUES FOR A POLAR CAP
PHIMIN = 0.

DPHI = TwOPI

ELSE

PHIMIN = BNDPHI{NOZ2PI)
[F(JS.GT.1) PHIMIN = BNDPHI(JS-1)
DPHI = BNDPHI(2) - BNDPHI(1)
ENDIF

NUMDU
NUMDD
NUMUD
NUMUU
NUMTPL = O

[ IR TR TR ]

OO o0

BEGIN COMPUTAT!IUNS *E xRN

EACH RAY GETS A NEW SURFACE REALIZATION, BUT EACH STORED SURFACE
REALIZATION IS USED FOUR WAYS TO EXPLOIT SYMMETRY

NREAD = 1
NRAYTL = NRAYQDU(IA)
DO 1000 NRAY=1 NRAYTL

SELECT A SURFACE REALIZATION

CONTINUE

IF(NREAD.EQ.1) 7"1EN

READ A SURFACE ~EALIZATION AS GENERATED
READ(NUSFC,END=5C) NSF,ZMIN,ZMAX (ZNOGE(I1),I1=1,NNODE)

ELSEIF{NREAD.EQ.Z) THEN
READ THE SURFACE AS RCTATED BY lsu DEGKEES
READ(NUSFC,END=50) NSF,ZMIN ZMAx (ZNODE(I),I=NNODE,1,-1)

ELSEIF(NREAD.EQ.3) THEN

READ THE SURFACE AND INVERT

READI{NUSFC,END=50) NSF ZMIN ZMax (ZNODE(!),1=1,NNODE)
DO 502 I=1,NNODE

ZNODE(1) = ~ZNODE(I])

ELSEIF{NREAD.EW ) THEN

READ THE SURFACLE A3 ROTATED By 18U LbwREEL AND THEN INVERT
READINUSFC,END=R1) NSFLZMIN ZMAX | (ZNOL= (1) I=NNODE, 1, -1)
DO 504 I=1,HNNCDE

IZNODE(T) = -ZNCDE(I)

ENDIF

GO TO 506

END OF FILE PRCU ESSING FUK THE STuktbu FILE UF CAPILLAKY SURFACES
WRITE(G6,514) NKELD

NREAD = NREAD - 1

NREGD = MUDINKREAD , &)

REwWLIND nSFC

READINUSFL ) HMEADER
READ I NUSFC ) wE. ek
Gy TG 8y
CONTINUE

SELECT A RANDUM RAY DIRECTICH wITHIN ‘HE INPUT QUAD

CHOOSE A RANDOM MU VALUE

RMU = (FMUMIN + GGUBFS(DSEED)*UML)*SIGN(L1.0,FLOAT(IR))
NG RAYS FROM 7ot POLE ITSELF
IF{ABS(RML )} GT 1. L~-RADEPS) u3 TO 777

ROOT = SQRT(1.0L - RMU*RMU)

CHOOSE A RANDOM PHI WVALUE
SPHI = AMOD(PHIMIN + GGUBFS(DSEED)*0PHI, TWOPIT)

LOCATE THE INITIAL STARTING FOINT FUR THIS TARGET AND DIRECTION

FOLLOW THE TkALr BACKWARDS 70U THE BOUNDAKY TO GET SMIN
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DEFINE THE INITIAL RAY DIRECTION TG #E -xXI PRIME

XIIN(CL
XIIN(2
XIIN(3

)
)
)

ROOT*COS(SPHI)
ROOT*SIN(SPHI)
RMU

CALL TIP(TARGET, X! IN,Q)

DEFINE
TEMP =
PIN(CL)
PIN(2)
PIN(3)

THE INITIAL POINT ON THE HEXAGLUN BOUNDARY
SMIN/FMISC(20)

TARGET (1) + TEMP*XIIN(1])

TARGET(2) + TEMP*XIIN(2)

TEMP*XIIN(3)

RESET XIIN TO THE INCOMING DIRECTIUN, XI PRIME

XITINC1
XIIN{2
XTIN(3
RAD =
INRAY

PERFOR

)
)
)

0oy

M

-xTIN(1)
-XTIN(2)
-XTIN(3)

- n bou

RAY TRACING (OMPUTATION>

tee++  THIS IS THE RECURSIVE TREE FOR A GIVEN INITIAL RAY +++++

KBRNCH

=0

99y CALL TRACE(INRAY RAD,PIN,XIIN, 1UU1,P,RKEFL,XIREFL ,RREFR,XIREFR)

KTRACE
KBRNCH
INRAY

= KTRACE =+ 1
= KBRNCH + 1
0

CHECK FOR RAV HAVING LEFT THE HEXAGON

IF(IOUT.EQ.1) THEN

RAY HAD NO FACET INTERCEPTS.

GET THE QUAD INDICES OF THE FINAL RAY DIRECTION
PHIFIN = AMOD(ATAN2(XIIN(2),XIIN(1))+TWOPI,TwWwOPI)

AMUFIN

= XIIN(3)

CALL MPINDX(AMUFIN, PHIFIN, KU, ,LV)

RECORD THE RESULT FOR THE APPRUKFKIATE R OR T CONTRIBUTIUN

IF{IR.GT . 0) THEN

DOWNWARD INITlaL kay
IF(AMUFIN.GT . 0.0} THEN
UPWARD FINAL RAYV

NUMOU

NUMDU + 1

WRITEINUDU) IR, JS . nU,LV, RAD

ELSE

DOWNWARD FIMNAL RAY

NUMDD

NUMDD + 1

WRITE(NUDD) IR,JU5H ., KU,LV,RAD

ENDIF

ELSE

UPWARD

INTTIAL KAv

IF(AMUFIN.GT . U ) THEN
JPWARD FINAL RAV

IF(RAD . EQ. L. L0 Tefn
ERRQR RAY, DUk ~ " FINITE HEXAGON

NUMTE L
E.SE
oMU

= NUMT=-1 -« 1

NUMuY s

NRITEINLUG) ~IR, Ly, kU, LV, RAD

ENDIF

EoSE

DIwhwlARo FINAL KAV

NLMLD

ML D e L

WRITE(NGLL G S 1R US RU LY KAD

ENDGILF

ENOIF

€L SE
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C RAY INTERSECTED A FACET. PUSH REFLECTED AND REFRACTED RAYS INTO
C STACK FOR FURTHER TRACING. (DISCARD RAYS WITH RADIANCE .LE. RADEPS)
C

IF(RREFL.GT.RADEPS) THEN
CALL PUSH(RREFL,P,XIREFL,
ELSE

NREFLO = NREFLO + 1

ENDIF

IF(RREFR.GT.RADEPS) THEN
CALL PUSH(RREFR,P,XIREFR)
ELSEIF{RREFR.LE.0.0Y THEN
NTIR = NTIR + 1

ELSE

NREFRO = NREFRO + 1

ENDIF

(o

ENDIF

HAVE ALL RAYS BEEN FOLLOWED TO TERMINATION

aooo

IF(NSTACK.GT.0) THEN

READ A NEW RAY FROM THE STACK AND TRACE

[eNeNe]

CALL PULL(RAD,PIN,XTIN)

GO TO 999

ENDIF
C
C+rr++r  THIS IS THE END OF THE RECURSIVE TREE FOR THE GIVEN INITIAL RAY +++++
C

IF(KBRNCH.LT.10) THEN

NBRNCH(KBRNCH) = NBRNCH(KBRNCH; <« 1
ELSE

NBRNCH{ 10) = NBRNUH{10) + 1

ENDIF

100U CUNTINUE

C
Cttttt END OF (.OMPUTATIONS LERE XN J
C
ENDFLLE NUOU
ENDFILE NUDD
ENDFILE NUUD
ENDFILE NUUU
¢
WRITE(6,600) NRAVTL KTRACE
WRITE(6,601) NREFLO,RADEPS,NREFR0O,RADEPS,NTIR
WRITE(6,602) NUMD.J,NUMDD,NUMUD, NUMUU ,NUMTP 1
WRITE(6,604) (K,n=2,10), (NBRNCH(K) . K=2,10)
C
WRITE(6.1002)
C
C FORMATS
C
514 FORMAT(1HO,  NREAD =',12,3%,

1"FILE OF SURFACE WZALIZATIOUNS EXHALSTED. FILE REWOUND. ')
600 FORMAT(1HO,  END OF COMPUTATIONS //
114,110, TOTAL KAYS WERE STARTED FRUM THE SELECTED QUAD'//
21H , 110, TOTAL RAYS WERE TRACED TO COMPLETION')
601 FORMAT(1HO,I5,  KREFLECTED RAYS wITH RADIANCE .LT. ,[1PE9.1,
1’ WERE DISCARDED' /16, " REFRACTED RAVS wITH RADIANCE .LT.°,
2E9.1, ' WERE DISCAKDED //1H ,° THERE weRE ,I16,
3 TOTAL INTERNAL REFLECTIONS )
602 FORMAT(IHO, 110, ~AYS STARTED DUWNWARD AND FINISHED UPWARD //
11,110, RAYS STARTED DOWNWARD AND FINISHED DOWNWARD'//
2im 110G, RAVS STARTED JPWARD AND FINISHED DOWNWARD ' //
3in , 110, RAYL STARTED UPWARD AND FINISHED UPWARD "7/
4l , 110, RAYS STARTED UPWARD AND FINISHED UPWARD WITH RAD = 1
5.0 (DISCARDED) )
604 FORMAT{ 1H0,  BRANCH OCLCURRENCE TALLVY //~ NUM BRANCHES: .
18110.,17, OR MURE 7 NUM OCCURRENCES: " ,9110)
1002 FORMAT(1HO, HORMAL, EXIT FROM NHM1 ')
&END
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SUBROUTINE INISHL(IR,JS.,NRAYQD, OSEED)
ON NHM1/IN11QD
THIS ROUTINE INITIALIZES NHM1/M11QD

TwO INPUT RECQORDS ARE READ:
RECORD 1 (DEFINES THE HEXAGON GRID AND THE WATER SURFACE):
10BUG 0 FOR MINIMAL QUTPUT
1 FOR GREATER OUTPUT
2 FOR FuLL DEBUGGING QuTPUT
IGENSF = 0 IF A FILE OF RANDOM SURFACES ALREADY EXISTS (USUAL CASE)

.GT.0 IFf THIS IS A SPECIAL RUN FOR GENERATING AND SAVING A

FILE OF RANDOM SURFACES. IGENSF SURFACES wliLL BE GENERATED.

NHEX = THE ORDER OF THE HEXAGOMAL SURFACE GRID (= MXNHEX FOR EFFICIENCY)
WNDSPD = THE WIND SPEED IN M/SEC AT 12.5 M ELEVATION
DSEED = THE SEED FOR RANDOM NUMBER GENERATION

RECORD 2 (DEFINES THE QUAD GRID AND SELECTS THE INCOMING RAY QUAD):

NMU = THE NUMBER OF MU CELLS IN ONE HEMISPHERE (0 10 P1/2)
NPHI = THE NUMBERK OF PHI CELLS (0 TO 2+Pl). MUST BE A MULTIPLE OF 4
MUPART = 1 IF AL. QUADS ARE TO HAVE EQUAL SOLID ANGLES
2 1S ALL QUADS ARE TO nAvE EQUAL DELTA THETA VALUES
IR = THE INDEX OF THE INPUT MU QUAD (-NMU, ..., -1,1,...,NMU)
JS = THE INDEX CF THE INPUT PHI QUAD (1,...,NPHI/4 + 1)
NUMRAY = THE NUMBER OF RAYS TO 8BE TRACED FRUM THE [NPUT QUAD

OO0 O0O0O00NOCoO0O0OOO0 OO0 O0000n

PARAMETER (MXMU=10, MXPH]=24)

PARAMETER (MXNHEX=7 , MXNODE=3*MXtiHEX* (MXNHEX+ 1) +1])

COMMON/CMUPHL / BNDMU (MXMU ) , BNDPHI (MXPHT)

COMMON/CNODES/ NNODE ,FNODE( 2 ,MXNODE ), ZNODE ( MXNODE)

COMMON/CHEXGR/ NHEX,R1(2),R2(2),R1nAT(2),R2HAT(2),R1RAT TARGET(2)
COMMON/CMISC/ IMISC{(20) ,FMISCL2u1)

DIMENSION DELTMU{MXMU) , FMU(MXMU) , PHI {MXPHI ), OMEGA (MXMU)

DIMENSION NRAYQOD(MXMU)

DOUBLE PRECISION DSEED

C
DATA PI RADEG,REFR/3.141592654, 57.29%7795, 1.333333333/
DATA DELTA, EP5/71.0, 1.111/, TARGET/U.5, 0.370333333/
DATA NUSFC,NUDU,NUDD ,NUUD,NUUU/15,16,17,18,19/
C
C READ THE INPUT RECORDS
C
READ(S,*) 1D0BUG, IGENSF NHEX ,wWwNLSFD K DSEED
WRITE(6,300) NHEX ,WNDSPD,DSEED
IF(IGENSF . EQ.G; THEN
READ(S,*) NMU NPHI MUPART IR,JS, 6 NUMRAY
WRITE!(6,301) NMu ,NPHI,IR,JS NUMxAY
ENDIF
[
C STORE THE NEEDED PARAMETERS
C
IMISC(1) = NMi
IMISC(2) = NPHi
IMISC(9) = 1DBLG
IMISC(17) = NUMRAY
FMISCIE1) = PI
FMISC(3) = RADEG
FMISC(15) = wNOSPD
FMISC(16) = CELTA
FMISC(17) = EbS
EMISCLI8, = REFR
- RADAB IS THE CRITICAL ANGLE FOUK TolalL INTERNAL REFLECTION
RAMGAB = ASIN{ . 4/REFR)
FMISC(19) = RADA4S
«
IFLIGENSF  GT  0) THEN
C

CreserTHIS IS AN INITIAL RUN FUR GENERATION OF A FILE OF KRANDUM SURFACES
C
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§2. PROGRAM 1

WRITE(6,304)
REWIND NUSF(

CHECK TO SEE IF NUSFC IS EMPTY
READ(NUSFC,END=50) DuMMY
STOP 'SURFACE FILE ALREADY EXJISTS
50 REWIND NUSFC
DEFINE THE GRID VECTORS AS IN 63/PAGES 24-26

GAMMA1l = 1.0/SQRT(0.25S*DELTA*DELTA + EPS*EPS)

R1{1) = O.S5*DELTA*GAMMAL
R1(2) = EPS*GAMMA1L

R2(1) = ~R1(1)

R2(2) = R1(2)

RIMAT(1) = -R1(2)
RIHAT(2) = RI(1)
R2HAT(1) = -R2(2)
R2HAT(2) = R2(1)

RIRAT = -2.0*EPS/DELTA

DEFINE THE HEXAGONAL SURFACE GRID NODE LOCATIONS

FMISC(16) DELTA
FMISC(17) EPS
CALL TRIADS(NHEX)

WRITE THE HEADER RECORDS

WRITE(NUSFC) IGENSF,NHEX,NNOGE ,WNDSPD,DSEED
WRITE(NUSFC) R1,R2,RIHAT RZ2HAT ,R1RAT FNODE

DEFINE THE STANDARD DEVIATION FOR SURFACE HEIGHTS BY ©372.12

SIGSFC = 0.0397*SQRT(WNDSPD)
WRITE(6,302) DELTA,EPS,SIGSFC

GENERATE AND SAVE THE CAPILLARY WAVE SURFACE REALIZATIONS,
63/SECTION 2C

DO 5% NSFC=1,IGENSF

DRAW N(0O,1) RANLCM NUMBERS
CALL GGNML (DSEED,NNODE, ZNODE)

CONVERT TO N(QO, SIGSFC*#*2) RANDUM NUMBERS
ZMAX = -1.0E30

ZMIN = 1.0E30

00 99 IRAN=1 ,NNGODE

ZN = SIGSFC*ZNOGE(IRAN)

IZNODE(IRAN) = ZN

[F(ZN.GT.ZMAX) 2ZMAX = IN
[F(ZN.LT . ZMIN) IMIN = ZIN
99 CONTINUE
65 WRITE(NUSFC) NSFO,ZMIN,ZMAX  (ZNGDE(T), 1=1,NNODE)

ENDFILE NUSFC
WRITE(6,60) LGENSF
STOP
ENDIF
S
she ATHIS IS A PROGLCTION RUN FUK RAY TKAUING

READ THE EXISTInG FILE OF SURFACE KEALIZATIONS AND TEST FOR
COMPATABILITY w!TH REQUESTED PARAMETERS

WRITE(6,308)

REWIND NUSFC

READ(NUSFC) NSF1 NHEX1,NNODE ,wWIND1
READ(NUSFC) R1,R2,R1HAT R2HAT R1RAT, FHUDE

IF(NHEX1.NE NHMEX _OR. WIND1.NE WNDSPD) THEN
WRITE(6,70) NMHEXL1,WIND1

STOP

ENDIF
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DEFINE THE MU AND PHI VALUES wHI{Hn FORM THE QUAD BOUNDARIES FOR

GEOMETRIC D

ISCRETIZATION, SECTION 3.

1F(MUPART .EQ.1) THEN

PARTITION

CAP, HAVE E

THE UNIT SPHERE SO THAT AtL

QUADS, INCLUDING THE POLAR

QUAL SOLID ANGLES

CALL EQSANG(NMU,NPHI ,DELTMU)

ELSEIF(MUPART .EQ.2) THEN

PARTITION T

HE UNIT SPHERE INTO EQUALLY SPACED THETA VALUES

CALL EQTHET(NMU,KDEL.TMU)

ENDIF

DEFINE THE
BNDMU(1) =
DO 101 I=2,
BNDMU(T) =
BNDMU (NMU)

BOUNDARY MU VALUES Bv
DELTMU(1)

NMU -1

BNOMU(I-1) + DELTMU(I)
= 1.

SUMMING THE DELTA MU VALUES

DEFINE THE MU VALUES AT THE QUAL (ENTERS
FMU(1) = O.54DELTMU(1)

00 104 I=2,NMU

FMU(TI) = O.5%*(BNDMU(I=~1) + BNDMU(I)})

DEFINE THE PHI VALUES AT THE QUAD (ENTERS, AND
DEFINE THE BOUNDARY PHIS BY PHI - DPHI/Z TQ PHI + DPHI/Z
DELPHI = 2.0*PL/FLOAT(NPHI)

PHI(L1) = 0.

BNDPHI( 1) = 0.5*DELPHI

DO 102 J=2 ,NPHI

PHI(J) = PHI(J-1}) + DELPHI

BNDPHI(J) = BNOPRI(U-1) + DELPHI

DETERMINE T

DO 430 1=1,
OMEGA(]) =
OMEGA (NMU)
Ia = 1ABS(1
NRAYQD(IA)

HE SGLID ANGLE OF TrE Guabs
NMU -~ {

DELPHI*DELTMUI{ 1)

= 2.0*%*PI*DELTMU(NMU)

R}

= NUMRAY

WRITE(6,310)

w312
THETAC
THETAB

1=1,

312 WRITE(6.314)

NMU

ACOS(FMU(T))*RADEG
RADEG*ACOS(BNDMUILT))

IL.FMU(I), THETAC,BNDMU (1), THETAB ,DELTMU(L ),

1 OMEGA(1),NRAYQD(I)

WRITE(6.316

) DELPHI*RADEG

WRITE HEADER RECQORDS FOR QUTFUT FILES

REWIND NUDU

REWIND NUDD

REWIND NUUD

REWIND NuUU

WRITE (NUDU) NUDUL, 'DOWN UP VIR JS  NKAYQD

WRITE(NUDU)} IMISC,FMISC.FMU,FHI BNDMJ,BNDPHI ,OMEGA ,DELTMU
WRITE(NUDD) NuUDD, "'DOWN DOWN' IR, .S NRAV(QD

WRITE(NUDD) IMISC,FMISC,FMU, PRI , BNOMU ,BNDPHI OMEGA ,DEL TMU
WRITE(NUUD) NUUD, "UP DOWN' IR, JS NRAVQD

WRITE(NUUD) IMISC,FMISC,FMU,PHI (BNOMU  BNDRHIT ,OMEGA ,DELTMU
WRITE (NUUU) Nuuu, "UP up LIRS NRAYQD

WRITE(NUUU) IMISC,FMISC,FMU,PH] BNDMU ,BNDFHI ,OMEGA ,DELTMU

RETURN
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FORMATS

60 FORMAT(1HO,110,’ SURFACE REALIZATIONS GENERATED')
70 FORMAT(1HO, ® SURFACE REALIZATION FILE NUT COMPATABLE WITH REQUESTE
10 PARAMETERS ' // " NHEXY1 =°,I3.,5X, WIND1 =" F7.3)
300 FORMAT(1H1, ' NATURAL HYDROSOL MODEL, PROGRAM 1 (1-QUAD VERSION) ' //
1° MONTE CARLO AIR-WATER SURFACE RAY TRACING PROGRAM'//
2 THE HEXAGON GRID PARAMETERS FOR THIS RUN ARE’'//

35X, 'NHEX  =‘,12,' = ORDER OF THE SURFACE GRID HEXAGON'//

45X, "WNDSPD =’ F7.3,’ = THE WIND SPEED IN M/SEC AT 12.5 M'//

55X . 'DSEED =',1PD20.10, ' = THE SEED FOR RANDOM NUMBER GENERATION')
301 FORMAT(1HO, ' THE QUAD GRID PARAMETERS FOR THIS RUN ARE'//

15X, *NMU =',13,' = NUMBER OF MU CELLS IN (0,PI/2)°//

25X, 'NPHI =',I3,’ = NUMBER OF PHI CELLS IN (0,2%PI)‘//

2€x cTe . US z° 213, = THE INPUT QuaD Q(R SV

45X, *NUMRAY =' 110, ' = THE TOTAL NUMBER OF RAYS TO BE TRACED')
302 FORMAT(1HO,  THE WAVE FACET PARAMETERS ARE'//

15x, ‘DELTA ="', 1PE10.3//5X, 'EPS =" E10.3//5X, "SIGSFC =',E10.3)

304 FORMAT(1HO,  THIS IS AN INITIAL RUN FOR GENERATING A FILE OF CAPIL
1LARY WAVE SURFACE REALIZATIONS')
308 FORMAT(1HO, ' THIS IS A PRUODUCTION RUN FQOR RAY TRACING (1 QUAD) ")
310 FORMAT(1HO,’ THE MU VALUES DEFINING THE QUADS ARE'//
15%, "1 CNT MU THETA’ ,8X, "BND Mu THETA |, 7X,
2'DELTA MU SOLID ANGLE NRAYQD ' /)
314 FORMAT(1H ,I15,2(F9.4,F9.3,4X),F9.4 ,F12.4,110)
316 FORMAT(1H0,' THE QUADS HAVE A WIDTH UF DELTA PHI =" F7.3,
1' DEGREES')
ENO
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3. PROGRAM2
A.  Program Description

This program tallies the ray information from Program 1 and computes the four quad-
averaged geometric reflectance and transmittance arrays, using 75/9.1a-d and 75/9.7a-d. Once
again, there is an "all-quad” and a "one-quad” version of Program 2, to be run with the ray-data
files of the corresponding versions of Program 1.

Program 1 creates all four ray-data files (Tapes 16, 17, 18 and 19) in one run. Program 2
processes these fiies une at a time, in four separate runs, generating four scparate output files.

After running Programs 1 and 2 and studying the resultant quad-averaged geometric r and t
arrays, the user may decide that still more rays should be traced in order to increase the accuracy
of the computed array elements. In this case, Program 1 can be run again to generate a new batch
of rays. Program 2 can then read the new ray-data files from Program 1, read the output files
from the previous run of Program 2, and merge the new and old information to create an updated
set of r and t arrays. This repetition of Program 1 and 2 can be repeated until a satisfactory
number of rays has been traced and the r and t array elements have been declared sufficiently
accurate.

B. Input
Only one free-format data record is required:

Record 1: NEWRUN, IDBUG

NEWRUN =1 if this is the first run of Program 2
=0 if Program 2 has already been run, and new ray data are to be merged
with existing r and t files from the previous run of Program 2

IDBUG =0, 1 or 2, as in record 1 of Program 1

C. File Management

File management for Program 2 depends on whether this is an initial run (NEWRUN = 1)
or a continuation run to incorporate additional ray data (NEWRUN = 0). In either case, four
separate runs must be made in order to process the four output ray-data files from Program 1.
The file names are as follows:

Initial run (NEWRUN = 1)

There is one input file, always named TAPE20. This file is either of TAPE16, TAPE17,
TAPE18 or TAPE19 from Program 1, locally renamed as TAPE20. There is one output file with
symbolic filename of NUOUT. The external file name for NUQUT is
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TAPE22 TAPE16
TAPE23 | | . JTAPE 17
if TAPE20 is
TAPE24 LTAPE 18
TAPE25 TAPE19

These external filenames are generated automatically by Program 2. The user should save
NUOUT with an appropriate descriptive filename, to avoid confusion if more than one set of
runs of Programs [ and 2 is made.

Continuation run (NEWRUN = ()

There are now two input files, always named TAPE20 and TAPE21. As above, TAPE20 is
either of TAPE16,--,TAPE19 containing new ray data from a second run of Program 1. TAPE21
is the corresponding output file from the previous run of Program 2, i.e. TAPE21 is the renamed
TAPE22,- TAPE2S5 from the previous run. The output file, NUOUT, is corresponding
TAPE22,--, TAPE25 and contains the updated r or t array. In other words,

TAPE16 TAPE22
. . TAPE17 . ) TAPE23 )
if TAPE20 is the new TAPEIS ( then TAPE21 is TAPE24 from the previous run,
TAPE19 TAPE25
TAPE22
] TAPE23
and NUOUT is the updated TAPE24
TAPE25

The most convenient manner for keeping track of these files, if multiple runs of Programs 1 and
2 are made, depends on the particular computer system.
The final versions of TAPE22,--,TAPE2S contain the quad-averaged geometric arrays as

follows:
TAPE22 1(2,x)
TAPE23 t(a,x)
coniuins  —
TAPE24 1(x.)
TAPE25 -t(x,a)

All four of these files are read by Program 3. TAPE22 (r(a,x)) and TAPE2S (t(x,a)) also are read
by Program 3, if the contrast transmittance is computed.
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D. Code Listing

PROGRAM MAIN(INPUT ,OQUTPUT,TAPES=INPUT,TAPEG6=0UTPUT ,TAPEZ20,

1 TAPEZ21,TAPE22 TAPE23,TAPE24,TAPE2S)

PP P AP Pt L PPt PP PP PP PP T I P T T+ T T TP rr T+ttt

+
+
+

+

THIS IS PROGRAM 2 OF THE NATURAL HYDROSOL MODEL ~+

+

PR R R T R A R kR b Bk R e e R s
ON NAMZ/McALL
THIS PROGRAM READS AN OQUTPUT FILE WRITTEN BY NHM1/MI1ALL AND

TALLEYS THE SCATTERED RAYS TO COMPUTE THE CORRESPONDING
GEUMETRIC REFLECTANCE OR TRANSMITTANCE ARRAY, AS DESCRIBED IN

SECTION 9.
THIS PROGRAM COMPUTES AND STORES THE "TOP HALF" OF RTGEO.
SEE SECTION 128 FOR THE BueulK SYMMETRIES USED.
INPUT:
NEWRUN = 1, IF THIS RUN STARTS FROM SCRATCH
0, IF THIS IS A CONTINUATION RUN
TAPE20 = A FILE QF RAY DATA WRITTEN BY NHMI/M1ALL AS
TAPElG, 17, 18, OR 19
TAPE21, IF NEWRUN = 0, THE FILE <22, 23, 24, OR 25 WRITTEN BY THE
PREVIQUS RUN OF NHM2/M2A1 1, CONTAINING THE RTGEO ARRAY
QUTPUT
NUOUT TAPE22 IF TAPERQU l. TArELG OF NHML

= TAPE23 IF TAPE20 IS TAPE17 OF NHM1, ETC.

OGO O00O0O0O0DOO0O0O0NO00O000

PARAMETER (MXMU=10 ,MXPH1=¢4)

C MXROW AND MXCOL ARE FOR THE TOP HALF OF RTGEO
PARAMETER (MXROW=MXMUMMXPHI /2, MX(OL=MXMUAMXPHI)
COMMON/CMUPHI/ FMU(MXMU) ,PHI (MXPHI ), OMEGA (MXMU )
COMMON/CMISC/ IMISC(20),FMISC(20)
DIMENSION RTGEO(MXROW,MXCOL) ,NRAYQD (MXMU)
CHARACTER RTLABL*6
C
C INITIALIZE
C
CALL INISHL(RTGEC,RTLABL ,NUOUT ,NEWRUN NRAYQD)
C
NMU = IMISC(1)
NPHI = IMISC(2)
10BUG = IMISC(9)
RADEG = FMISCT(3)
NUMCOL = NMURNPHI
NUMROW = NUMCOL /2
NREC = 0O
C
C READ AND ACCUMULATE RAY CONTRIBUTIONS. THIS 1S THE SuM OVER OMEGA
C IN 9.1, BUT WITHQUT THE 1/S FACTOR. THE SUM OVER J IN 9.1
C WAS DONE AUTOMATICZALLY AS THE RAY wAS TRACED TO COMPLETION.
C THE INPUT QUAD Gix,S5) IS (I,J); THE CUTPUT QUAD Qiu,v) IS (K,L)
C
IOLD = 0
IF{NEWRUN .EQ. 1) WRITE(6,1U2)
NPNT = O
C
200 READL(20,END=250) 1,J,K,L,RAD
NREC = NREC + 1
C
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ANY FINAL RAYS GOING INTU A POLAR CAP ARE STORED IN COLUMN NMU
IF(K.EQ.NMU) THEN

JCOL = NMU

ELSE

JCOL = K + {(L-1)*NMU

ENDIF

ANY INITIAL RAYS XI PRIME GOING TOWARD A POLAR CAP ARE STORED IN
ROW NMU, COLUMNS 1, 2, ..., NUMCOL

IF(I.EQ.NMU} THEN

IROW = NMu

ELSE

IROW = 1 + (J-1)*NMU

ENDIF

IF(NEWRUN.EQ . Y “ND., I.NE.IOLD .AND. NPNT.LT.25) THEN
I0LD = 1

NPNT = NPNT + 1

WRITE(6,104) NREC,I,J,K,L,RAD,IRQwW, JCOL

ENDIF

RTGEQ(IROW,JCOL) = RTGEO(IROW,JCOL) + RAD
GO TO 200

WRITE(6,110) NREC
RTGEO IS NOW PROPORTIONAL TO 1HE RADIANT FLUX TRANSFER FUNCTION

CONVERT THE RAV~TALLY ARRAY INTO A GEOMETRIC R OR T ARRAY BY 9.7
(INPUT RAYS XI PRIME ARE IN TrHE FIRST QUADRANT ONLY)

JPI2 = NPHI/4 + 1

DO 252 JS=1,4PI2

MAXIR = NMU - 1

IF(JS.EQ.1) MAXIR = NMU

DO 252 IR=1,MAXIR

IROW = IR + (JS - 1)*NMuU

NRAVQD(IR) IS S CF 9.1

FACT!l = FMU(IR)"OMEGA(IR)/FLUAT (HRKAYQUILIR))

NUN POLAR QUADS

D0 253 wu-.  NMU-]

SACT2 CONTAINS THc MU' AND OMEGA ©SA(TORS OfF 9.7, AND 1/S OF 9.1
FACT2 = FACTL1/{FMU(KU)*OMEGA(XU))

DO 253 Lv=1,NPHI

JCOL = KU + (Lv-1)*NMU

RTGEQ(IROW, JCOL) = FACT2*RTGEQO(IROW, JCOL)

POLAR CAPS: KU NMU

RTGEQ{IROW,NMU) FACT1*RTGEQ{IROW,NMU ) /OMEGA (NMU)

"W

RIGLEU 1S NOwW THE QUAD-AVERAGED GEOMETRIC R OR T ARRAY

FILL OUT THE REMAINING ROWS (THE SECOND QUADRANT) OF THE "TOP HALF"
OF RTGEO BY SYMMETRY (SEE PAGE 190).

(1P,1} ARE THE ‘ROW,COLUMN) BLOCK INDICES OF THE KNOWN BLOCK
(18P ,1B) ARE T.1E BLOCK INDICES OF THE BLOCK TO BE DEFINED

N34 = (NPHI + 3)/4

NOPI = NPHI/2
DO 3GC IP=2,N32
IBP = NUPI + 2 -

IRTP = NMU*(Ip -
IRTBP = NMu*{IRP
0O 300 I=1,NPHI
IB = NUPL + 2 - 1
IF(IB.LE.O) IB = I8 + NPHI
IRT = NMu*({(I - 1)

IRTB = NMU*(IB - 1)

§or
- T

1)

COPY THE NMU BY NMU BLOCK
DO 300 K=1,NMy
DO 300 KP=1,NMU

300 RTGEOQ(IRTBP+KkP IRTB+K) = RTGEO(IRTP+KP IRT+K)
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RESET THE INPUT SECOND QUADRANT, QUTPUT POLAR CAP DIRECTION
(COLUMN NMU), WHICH HAS PICKED UP ZERO VALUES FROM THE INPUT
FIRST QUADRANT, PHI = 180 BLOCKS

DO 310 IP=2,N34
I8P = NOPI + 2 - [P
IRTP = NMU*(IP - 1)
IRTBP = NMU*(IBP - 1)
DO 310 K=1,NMU
310 RTGEO(IRTBP+K ,NMU) = RTGEO(IRTP+K NMU)

RE-ZERQ THE INPUT SECOND QUADRANT, QuUTPUT PHI = 180 COLUMN, wWHICH
HAS PICKED UP NON-ZERO VALUES FROM THE INPUT FIRST QUADRANT,
QUTPUT POLAR CAP (PHI = Q) CCLUMN

JCOL = NMU*(NUPL + 1)
DO 312 I=1,NUMROwW
312 RTGEO(I,JCOL) = O.

WRITE THE FINAL ARRAY T0O THE OufhkuTl FILE. ONLY THE "TOP HALF" IS
STORED (SEE PAGE 190).

DO 270 JCOL=1,NUMCOL

270 WRITE(NUOUT) (RTGEO(IR,JCOL),IR=1,NUMROW)
ENDFILE NUOUT
WRITE(6,271) NUOUT

PRINT SELECTED PARTS OF TrHE NEw RTGEOL

THE SPECULAR BLOCK FOR PHI PRIME = (O
IS =1
WRITE(6,113)IS,RADEG*PHI(IS) IS, RADEG*PHI(IS) ,RTLABL,(J,J=1,NMU)
DO 114 I=1,NMU
THET = RADEG*ACOS(FMU(I))

114 WRITE(6,115) I, I, THET,(RTGEO(I,J),J=1,NMU)

THE SPECULAR BLOCK FOR PHI PRIME = 90
1S = NPHI/4 + 1
IR1 = NMU*(IS - 1) + 1
IR2 = IRl + NMu -1
WRITE(6,113)1S,RADEG*PHI{1S),IS RADEG*PHI(IS) RTLABL,(J,J=IR1 IR2)
DO 116 I=IR1,IR2
IR = MOD(I,NMU)
IF(IR.EQ.O0) IR = NMU
THET = RADEG*ACOS(FMU(IR))

116 WRITE(6,115) I ,IR,THET, (RTGEQ(IL,J),J=IR1,IR2)
IF(IDBUG.EQ.1) CALL P2ARAY(RTGEQ,Z2*5NMU,2*NMU MXROW, 2,
1' THE UPPER LEFT BLOCKS OF THE NEw RTGEO ARRAY')
{F(I0BUG.EQ.c) CALL P2ARAY(RTGEQD, NUMROW,NUMCOL MXROW, 2,
1 THE TOP HALF OF THE FULL RTGEQO ARRAY ")
WRITE(6,605)

FORMATS
10z FORMAT(1HO,  SELECTED RAY DATA,; ,/ NREC IR JS KU’
1 LV  FRESNEL RT ROW (ST

104 FORMAT(IH ,I10.,4I5,F10.5,18,16)
L1u SORMAT (1M 110, DATA RECORDS KEAD FKROM UNIT 20°)

113 FORMAT(IHO, " (SFECULAR) BLOCK FOKR Prl PRIMEC,12,') =° F6.1,
1 AND PiI(" 12,7 ) ="' ,F6.1,  OF THE NEw ’,A6, ARRAY'//
217X, COLUMN: ©.10110/
133X, "MU( 1) Wl (2) MU(3) Mu(4) MU(S) MU(6) M
aul?7) MU(B) ML (9) MU(10) /)
115 FORMAT (" ROw' 14, MU(",12,') =’ F6.1,4X,10(2X,FB.5),(/24X,

1 10(2X,FB.S)))
271 FORMAT(1HO,  EOF WRITTEN ON FILE 1JOUT = TAPE' ,12)
605 FORMAT(1HO,  NORMAL EXIT FROM NHM, PROGRAM I1.°)
END
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SUBROUTINE INISHL(RTGEO,RTLABL,NUQOUT NEWRUN,6NRAYQD)
ON NHM2/IN2ALL
THIS ROUTINE INITIALIZES PROGRAM NHMZ/M2ALL

PARAMETER (MXMU=10, MxPHI=24)

PARAMETER (MXROW=MXMU*MXPHI /2, MXCOL=MXMU®MXPHI)

DIMENSION RTGEO(MXROW,MXCOL)

DIMENSION NRAYQD(MXMU) ,BNDMU(MXMU) ,BNDPHI (MXPHI ) , DELTMU{MXMU)
DIMENSION IMISC2(20),FMISC2(20),NRAQD2(MXMU )

COMMON/CMUPHI/ FMU(MXMU) ,PHI (MXPHI ) , OMEGA (MXMU)

COMMON/CMISC/ IMISC(20),FMISC(20)

CiHARACTER UPDOWN*Q RTLABL*6,UPDN2+*Q RTLAB2+6

READ(S,*) NEWRUN,IDBUG

READ HEADER RECORD OF RAY DATA FILE (TAPE16, 17, 18, OR 19)
REWIND 20

READ(20) NU20,UPDOWN, NRAYQD

READ(20) IMISC,FMISC,FMU,PHI ,BNDMU K BNDPHI ,OMEGA,DELTMU

NMU = IMISC(1)
NPHI = IMISC(2)
NUMRAY = IMISC(17)}
RADEG = FMISC(3)
WNDSPD = FMISC(15)
REFR = FMISC(18)
IMISC(9) = IDBUG

NUQUT = NY20 + 6
IPI2 = NPHI/4 + 1

1F(UPDOWN . EQ. "'CCwN DOWN' ) THEN

RTLABL = 'T(A,X)~

ELSEIF(UPDOWN EQ. "UP upP ) THEN
RTLABL = "T(X,A)"
ELSEIF(UPDOWN .EG. 'O0OWN UP ) THEN
RTLABL = ‘R(A,X)"
ELSEIF(UPDOWN.EQ. UP DOWN ')} THEN
RT.ABL = "R(X,A)"

ELSE

WRITE(6,118) UPDOWN

STOP

ENDIF

NUMCOL NMU*NPH1

NUMROW = NUMCOL/Z

WRITE(6,100) RTLABL ,UPDOWN,NMU NPHI ,wNDSPO,REFR
WRITE(6,110) NUMRAY

IF(NEWRUN_EQ. 1) THEN

THIS IS A NEw RN, ZERO RTGEC
ZERO ONLY THOS.. ARRAY ELEMENTS wHICH ARE ACTUALLY USED FOR STORAGE,
AS AN AID TO OEBUGGING ON THE 85%
DO 98 JCOL=1,nMNUMCOL

DO 98 IROW=1,NUMROW

RTGEO{IROW, JCOL)Y = 0.

NON PGLAR QUTPUT QUADS

DO 98B Iv=1,NPHI

DO 98 Iu=1,NMu-.

JCOL = Iu + (Iv-1)*NMu

NON POLAR INPUT QUADS

DO 99 1S5=1,1PIZ

00 99 IR=1,NMU-1I

IROW = IR + (I5-1)*NMU

99 RTGEOQ(IROwW,JCluL) = 0.
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§3. PROGRAM 2

POLAR CAP INPUT
RTGEO{NMU, UCOL)
NON POLAR INPUT
DO 97 1S=1,1PI12
DO 97 IR=1,NMU-1
IROW = IR + (IS-1)*NMU
RTYGEQ(IROW,NMU) = 0.
POLE TO POLE QUADS
RTGEQO(NMU,NMU) = 0.

QUAD
= 0.
QUADS, POLAR CAF UUTPUT QUAD

ELSE

THIS IS A CONTINUATION RUN, READ EXISTING RTGEQ (TAPE21 = NUQUT OF PREVIOUS RUN)
REWIND 21

READ(21) NU21,NRAQD2,IMISC2,FMISC2

NMU2 = IMISC2(1)

NPHL2 = IMISC2(2)

NUMRA2 = IMISC2(17)

WNDSP2 = FMISC2(15)

CHECK FUR COMPATIBLE FICLES
TF{NUQUT .NE . NU21 .OR. NMU.NE.NMU2Z . OR.
1 NPHI NE . NPHI2 .OR. WNDSPD. NE.wWNDSP2)
WRITE(6,200)
WRITE(6,202)
WRITE(6,202)
STQP

ENDIF

THEN

NU2d ,NMU ,NPHL ,WNDSPD
NU21 ,NMUZ NPHEZ2 wWNDSP2

THE "TOP HALF" OF RTGEO 1S STORED

DO 130 JCOL=1,NUMCOL

READ(21) (~TCIZI{IR,UCO:I ), IR=1 NUMROW)
WRITE(6,112) RTLABL,NUMRAZ2

PRINT SELECTED PAKTS OF THE EXISTING RTGEO

THE SPECULAR BLUOCK FOR PHI PRIME = O

1S = 1

Iv = IS + NPHI/2

JC1 = NMU*(Iv - 1) + 1

JC2 = JCl + NMU -1

WRITE(6,113)1S RADEG*PHI(IS) , v RADEGH*PHI(IV) ,RTLABL, (J,J=4C1,4C2)
00 114 I=1,NMU

THET = RADEG*ALOUS(FMU(T))

WRITE(6,115) I, THET (RTGEO(I,u),J =4C1,0C2)
THE SPECULAR BLOCK FOR PHI PRIME = 90

IS = NPHI/4 + 1

Iv = IS + NPHI/?

IRl = NMU*(IS - 1) + 1

IR2 = IR1 + NMy -1

JC1 = NMU*(Iv - 1) + 1

JC2 = JC1 + NMu -1

WRITE(6,113)1S KADEG*PHI(1S),1v RADEG*PHI(IV) RTLABL , (J,J=JC1,4C2)
DO 116 1=IR1,IRZ

IR = MOD(I,NML)

IF(IR.EQ.Q0) IR = nNMU

THET = RADEG*ACOS(FMU(IK))

WRITE(6,115) I, ,IR,THET (RTGEO(I,0),0=2JC1,uC2)
IF(IDBUG.GT . 1) CALL P2ARAY(KTIGEU,NML , NUMCOL ,MXROW, 2.

1 THE FHI PRIME = 0 BLOCWRS OF TmE EXISTING RTGEO ARRAY ')

CONVERT
1. E.

THE GEUMETRIC R Ok T ARKAY BACK

INTO A RAY-TALLY ARRAY,
UNDO 9. 7
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DO 120 TROwW=1 K NUMROW
iR = MOD(IROW,NMU)
IF(IR.EQ.0) IR = NMU
F1 = FLOAT(NRAQDZ2(IR))/(FMU(IR}*OMEGA(IR))
NON-POLAR QUADS
DO 121 KU=1,NMU-1
F2 = F1%FMU(KU)*OMEGA(KU)
00 121 LV=1,NPHI
JCOL = KU + (LV-1)*NMU
121 RTGEO(IROW,JCOL) = F2*RTGEO(IROW,JCOL)
POLAR CAPS: KU NNU
120 RTGEO(IROW,NMU) F1*OMEGA(NMU)*RTGEO(IROW , NMU)
NUMRAY = NUMRAY + NUMRA2
IMISC(17) = NUMRAY
DO 122 1=1,NMU
122 NRAYQD(I) = NRAYQD(I) + NRAQDZ2(I)
ENDIF

"wou

WRITE HEAUDER ON OUTPUT FILE

REWIND NuOUT

WRITE(NUOUT ) NUQUT NRAYQD,IMISC FMISC,FMU,PHI ,BNDMU, BNDPHI ,OMEGA ,
1 DELTMU

RETURN

FORMATS

100 FORMAT(1H1,' NATURA!. HYDROSOL MOODEL, PROGRAM 2°//
1 RAY TALLY AND COMPUTATION GF *  A6,' FROM ' A9, //

1tH ,° FOR NMU =° 13~ NPHI =',13," WNDSPD = F8.3,
2° M/SEC //1H .- REFR = ,F7.4)
110 FORMAT(1HO,  FOR THE CURRENT RUN, NUMRAV =- 110,

1’ TOTAL RAYS TRACED’)
112 FORMAT(1HO, " THE c©XISIING GEOMETRIC ° ,Ab,
1° ARRAY WAS ACCUMULATED FROM /110, KRAYS')

113 FORMAT(IHU, " (SPECULAR) BLOCK FOR PHL PRIME(',12,') = ,F6.1,
1 AND PHI(' , 12,3 =’ F6.1,° OF THE EXISTING ' ,A6,' ARRAY'//
217X, COLUMN: CLIning
333X, "MU(1) MU(2) MU(3) MU (4) MU(S) MU(6)
4u(7) MU(8) MU(9) MU(L1U; 7))

115 FORMAT(® KOw',!4,  MU( ,12,°) =’ F6.1,4X,10(2X,FB.5),(/24X,
1 10(2Xx,FB 5i))

118 FORMAT(1HQO, ™ UPLOWN =' A9 ERROR STOQP )

200 FORMAT({IHG,  FILFS 20 AND 2! INCOMPATIBLE: ' '/}

202 FORMAT(1HO, " FI_CF I3, : NMU, NPHI, WNDSPD ="

\//71H ,12X,214 ,F1..3)
END
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§3. PROGRAM 2

PROGRAM MAIN(INPUT,QUTPUT ,TAPES=INPUT, TAPE6=0UTPUT, TAPE20,
TAPE21,TAPEZ22, TAPE23,TAPE24, TAPEZ2S )

(PR EE AL SRR R R LR R R R AR SR AR R R RSl R AE R SR EEREEEREIE S SRS

+ +
+ THIS IS PROGRAM 2 OF THE NATURAL HYDROSOL MODEL +
+ +

B b R e e e R R ko e R s

ON NHM2/M21QD

THIS PROGRAM READS AN OUTPUT FILE WRITTEN BY NHM1/M11QD AND
TALLEYS THE SCATTERED RAYS TO COMPUTE THE CORRESPONDING ROW
Of THE GEOMETRIC REFLECTANCE OR TRANSMITTANCE ARRAY, AS
DESCRIBED IN SECTION 9.

THIS SPECIAL VERSION OF MAIN2 DOES ONLY ONE INPUT QUAD (ONE ROW
Of R OR T).

INPUT:
NEWRUN = 1, IF THIS RUN STARTS FROM SCRATCH
O, IF THIS 1S A CONTINUATION RUN

TAPE20 = A FILE OF RAY DATA WRITTEN BY NHMI/M11QD AS
TAPE16, 17, 18, OR 19

TAPE21, IF NEWRUN = 0, THE FILE 22, 234, 24, OR 25 WRIT1EN BY THE
PREVIOUS RUN OF NHM2/M21QD, CONTAINING THE RTGEO ARRAY

QUTPUT :
NUOUT = THE FILE WITH THE COMPUTED RTGEO ARRAY
NUQUT = TAPEZ2 TIF TAPE2( 1S TAPELIG OF NHM1/M11QD
TAPE23 - < e 1APELT “ L RIC.

PARAMETER (MXMU=10 MXPHI =24, MXLUOL-MXMU*MXPHI)
COMMON/CMUPHI / FMU(MXMU) , PHI (MXPHIT } ,OMEGA (MXMU )
COMMON/CMISC/ IMISC(20),FMISC(2G)

DIMENSION RTGEO(MXCOL) ,KNTRAY (MXCOL )

CHARACTER RTLABL*6

INITIALIZE

CALL INISHL(RTOES,KNTRAY,IROW,RTLABL,NUQUT)
NMU = IMISC(1)

NPHI = IMISC(2)

NUMRAY = IMISC(17)

RADEG = FMISC(3)

NUMCOL = NMU*NPrH]
NREC = O

READ AND ACCUMI ATE RAY CONTKIBUTIONS THls IS THE SUM OVER OMEGA
IN 9.1, BUT WITHOUT THE 1/5 FACTOR. THE 5UM OVER J IN 9.1 WAS
DONE AUTOMATICALLY AS THE RAY wAS TRACED TO COMPLETION.

WRITEU(B, 10327)

READ(20,END=252) I ,0,K,L ,RAD

NREC = NREC + |

ANY RAYS GOING INTO A POLAK CAR ARE STURED IN COLUMN NMJ

L = L

IF(® . EQ.NMU) | =1

JCUL = r v (o - 1)eNMy

IF(NREC . LE.29) wRITELG,104) NKREC, 1,3, n L, RAD, JCOL
KHTRAY (J00L) - WNTRAY(JLOL)Y + 1

RTGEQ(JCOL ) = KTGEO(JCOL) + KAU

Ll TO 290

WHITElB,110U) NREC
RTGEO IS NOwW PROPORTIONAL TGO THE RADIANT FULX TKRANSFER FUNCTION

CONVERT THE RAY-TALLY ARRAY INTO A GEUMETRIC R OR T ARRAY BY 9.7
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IR = MOD{IROW,NMU)
IF(IR.EQ.0) IR = NMU
NUMRAY IS S OF 9.1
FACT1 = FMU(IR)*OMEGA(IR)/FLOAT(NUMRAY)
DO 252 KU=1,NMU-1
FACT2 CONTAINS THE MU AND OMEGA FACTOR OF 9.7, AND 1/$ OF 9.1
FACT2 = FACT1/{(FMU{KU)*OMEGA(KU})
DO 252 Lv=1,NPHI
JCOL = KU + (LV~-1)*NMU
252 RTGEO(JCOL) = FACT2*RTGEO(JCOL)
POLAR CAP: KU = NMY
RTGEO(NMU) = FACT1*RTGEQO(NMU)/OMEGA (NMU)

RTGEO 1S NOW THE QUAD-~AVERAGED GECMETRIC R OR T ARRAY
PRINTOUT OF SELECTED COLUMNS NEAR THE SPECULAR DIRECTION

WRITE(6,112) IROW,RTLABL,NUMRAY
Iv = 1
WRITE(6,262) IV, ,RADEG*PHI(Iv),(RTGEO(JCOL),JCOL=1,NMU)
IS = (IROW - 1)/NMu + 1
Iv = IS + NPHI/2
IVl = MAX0(2,1Iv-3)
IV2 = MINO(NPHI fIV+3)
DO 260 Iv=Ivl, K Iv2
JC1 = 1 + (Iv-1)*NMU
JC2 = IV*NMU
260 WRITE(6,262) IV,RADEG*PHI(Iv),(RTGEQO(JCOL),JCOL=UC1,UC2)

PRINT COUNTS OF RAYS CONNECTING THE QUADS
WRITE(6,112) IROW, KNTRAY' ' NUMRAY
Iv = 1
WRITE(6.272) 1V ,RADEG*PHI(IV), (KNTRAY{JCOL),JCOL=1,NMU)
1S = (IROW - 1)/NMu + 1
Iv = IS + NPHI/2
Ivl = MAX0(2,Iv-3)
IV2 = MINO(NPHI, IV+3)
DO 270 lv=Ivl,Ive
JC1 = 1 + (I1V-1)*NMU
JC2Z = IVENMU
270 WRITE(6,272) 1V RADEG*PHI(Iv), (KNTKAY(JCOL),JCOL=0CT,C2)

COMPUTE SUM OVER U.v FOR IRRAD CHECHK

SUM = RTGEQ(NMU)*UMEGA (NMU)
DO 300 Iv=1,NPHI
DO 300 Iu=1,NMu-1
300 SUM = SUM + RTGEO(IU + (IV-1)*NMUJ*FMU(IU)I*OMEGA(LU)
SUM = SUM/(FMU(IR)*OMEGA(IR))
WRITE(6,302) SuMm
302 FORMAT(///° (SUMIU.V) OF RT*MU(U}*UMEGA(U) )/ (MU(R)*OMEGA(R)) =",
1 IRRAD REFL/TRANS =" FB.6})

WRITE FINAL ARRA. TO OUTPUT FILiE
WRITE(NUGHT) (RTGEO{JCOLY, JCGL =1 . MUMLOL )

WRITE(NUOUT, (%Kt %Ay (JCOL),JCOL=1,NUMCOL)
ENOFILE NUQUT

FURMAT S

107 FORMAT(1HO, ® SE.ECTED RAY DaTA: "/ /"~ NREC IR JS KU ",
17 LV FRESNEL RT coL’ /)

104 FORMAT{1IH 110,415 ,F10.5.18)

110 FCRMAT(1H0O, I8, GATA RECORDS READ FRUM UNIT 207)

112 FORMAT( 110,  SELECTED COLUMNS OF ROw' .14, OF THE L ARG,
1° ARRAY //' (ACCUMULATED FROM' , 18,  INITIAL RAYS: //

3251, "MU(]) Mu(2) M3 MU 4) MU(S) MU(6) M
au(7) Mu(8) MU(9) MU(10) /)
262 FORMAT(  PHI( .1<.7) =',F6A1,4X.10(2x.F8_5),(/24X.10(ZX.F8.5)))
272 FORMAT(® PHI( .12, ='.Fb.1,4K.10(2X,18).(/24K.10(2X,18)))
END
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SUBROUTINE INISHL(RTGEO,KNTRAY, IKOW,RTLABL NUOUT)
ON NHM2/IN21QD
THIS ROUTINE INITIALIZES PROGRAM NHMZ/M21QD

PARAMETER (MXMU=10 ,MXPHI=24)

COMMON/CMUPHI/ FMU(MXMU) ,PHI (MXPHI ) ,OMEGA (MXMU)

COMMON/CMISC/ IMISC(20),FMISC(20)

DIMENSION RTGEO(1),KNTRAY(1)

DIMENSION BNDMU(MXMU)-BNDPHI(MXPHI).DELTMU(MXMU).NRAVQD(MXMU)
DIMENSION IMISC2(20),FMISC2(20),NRAQD2(MXMU)

CHARACTER UPDOWN*9 RTLABL*6,UPDN2*9 RTLAB2%6

READ(S.*) NEWRUN

KREAD HEADER RECORDS OF RAY DATA FILE

REWIND 20

READ(20) NUZ20,UPDOWN,IR,JS,NRAYQD

READ(20) I{MISC.FMISC,FMU,PHI ,BNOMU ,BNDPHI ,OMEGA ,DELTMU

NMU = IMISC(1)

NPHI = IMISC(2)

NUMRAY = IMISC(17)
WNDSPD = FMISC(15)
REFR = FMISC(18)

NUOUT = NU20 + 6

1A = 1ABS(IR)
IF(IA.EQ.NMU) JS = 1
IROW = IA + (JS-1)*NMU

DETERMINE THE TYPE OF ARRAY BEING PROCESSED

1F(UPDOWN.EQ. DOwWN DOWN') THEN

RTLABL = "T(A,X)

ELSEIF(UPDOWN.EQ. "UP uP ') THEN
RTLABL = "T(X,A)"
ELSETIF(UPDOWN.EQ. 'DOWN UP ) THEN
RTLABL = ‘R{A,%)

EILSEIF(UPDOWN.EQ. "UP DOWN' ) THEN
RTLABL = "R(X,A}’

ELSE

WRITE(6,118) UPUDOWN

STOP

ENDIF

NUMCOL = NMU*NPHI

WRITE(6,100) IROW, RTLABL ,UPDOWN, NMU  NPHIT ,WwhOSPD REFR IR, JS
NRAQDT = NRAVGD(IA)

WRITE(b, 11U} NRAQOT

IF(NEWRUN.EQ.1) THEN

THIS IS A NEw KUN, ZERQO RTGEU AND KNTRAY

ONLY THOSE ELEMENTS ACTUALLY USED FUK STURAGE ARE SET TUL ZERQ,
AS AN AID TO DLBUGGING

DO 48 J4=1,NPHI
00 98 I=1,NMU L
JCul = 1 ¢+ (.- 1)*My
KNTRAV(JCOL) = U
RTGEOQ(UCOL) - 0.
POLAR (AP

KNTRAY (NMU) = &t
RTGEO(INMI) = 0

£ SE

THIS IS A CONTINUATION RuN, READ ExILTING RTGEO
REWIND 21

READ(21) NUGCUT2,UPDN2 , RTLABZ, Ike, 452 NRAQD2
READ(21) IMISC2,FMISC2

NMU2 = IMISC2(1)

NPHIZ = IMISCZ2(2)

NUMRAZ2 = IMISC2(17)

WHNDSP2 = FMISC2(15)
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CHECK FOR COMPATABLE FILES

IF (UPDOWN .NE . UPDN2 .OR. RTLABL .NE RTLABZ2 .0OR. IR.NE.IRZ2 .OR.
1 JS.NE.JS2 .OR. NMU.NE.NMU2 .OR. NPHI . NE.NPHIZ2 .OR.
2 WNDSPD . NE.WNDSP2 _OR. NUOUT.NE.NUOUTZ) THEN

WRITE(6,200)

IFILE = 20

WRITE(6,202) 1FILE,UPDOWN,IR,JS,NMU,NPHI ,WNDSPD,NUQUT
IFILE = 21

WRITE(6,202) IFILE,UPDN2,IR2,JS2,NMU2 NPHIZ2 WNDSP2 NUOUT2
STOP

ENDIF

READ(21) (RTGEO(JCOL),JCOL=1,NUMCOL)
READ(21) (KNTRAY(.COL),JCOL=1,NUMCOL)
WRITE(6,112) IROW,RTLABL ,NUMRAZ
DO 114 JCOL=1,NUMCOL,10

114 WRITE(6,116) JCOL,JCOL+9, (RTGEO(JCOL+*M) ,M=0,9)
WRITE(6,112) IROW, "KNTRAY ', NUMRA?2
DO 113 JUCOL=1,NUMCOL, 10

113 WRITE(6,119) JCOL,JCOL+9,(KNTRAY(JCOL +M) ,M=0,9)

CONVERT THE GEOMETRIC R OR T ARKAy BACK INTQO A RAY-TALLY ARRAY,
I.E. UNDO 9.7

F1 = FLOAT(NUMRA:  /{FMU{IA)J*UMEGA(TIAy)
DO 120 KU=1,NMU-1
F2 = FL*FMU(KU)*UMEGA(KU)
DO 120 LV=1,NPHI
JCOL = KU + (LV 1)*NMU
120 RTGEO(JCOL) = F2*RTGEO(JCOL)
POLAR CAP: Ku - NMU

RTGEO(NMU} = F1*OMEGA(NMU)*RTGEGINMU)
NRAQDT = NRAQDT + ™M'IMRA?

IMISC(17) = NRAQODT

ENDIF

WRITE HEADER ON LUTPUT FILE

REWIND NUOUT

WRITE(NUOUT) NUGLT ,UPDOWN RTLABL IR, J5,NRAQDT

WRITE(NUQUT) IMISC,FMISC,FMU,PRI BNDML ,BNDPHI ,OMEGA ,DEL TMU
RETURN

FORMATS

100 FORMAT(1H1, NATURAL HYDROSOL MOULEL, PROGRAM 2 (1-QUAD VERSION) " //
1’ RAY TALLY FOR COMPUTATION OF /¢

114 ,° ROW',14,  OF * A6,  (FROGM _AS, ) FUR'//1H ,  NMU =',13,
2° NPHI =’ .17, WNDSPD =" ,FB.3, ' M/SEC REFR ="', F7.4//
314 . THE FIXED INPUT QUAD Q(R,S) wWAS (.12, ,°.12.°)")

110 FORMAT(1HO,  FOR THE CURRENT RUN, NRAQDT = 16)

112 FORMAT(IHQ,  ROW’' ,I4,’ OF THE EXISTING ' ,A6, ' ARRAY
17711 0 (ACCUMUY ATED FROM I8, INITIAL RAVS) /)

116 FORMAT(1H ,  CC. :MNS 14, TO',!14,10(2%X,FB.5))

119 FORMAT (1M ,° COLUMNS .14,  TO ,14,10(2%x,FB.S))

118 FORMAT(1HO, ™ UPDOWN = A9,  ERKOR STup')

200 FORMAT(1HO,’® FILES 23 AND 21 INCOMPATABLE: /)

202 FORMAT(IHO, " FI_E I3, : UPDUWN, Ik, J, NMuU, NPHI., WNDSPD, NU
1OUT ='//1H 12X .A9,414,V10.3,15)
END
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4. PROGRAM3
A.  Program Description

This program reads the four quad-averaged geometric reflectance and transmittance arrays
computed by Program 2 (r(a,x) on TAPE22, etc.). The corresponding spectral arrays f,(a,x),
T,(a,x), etc. are computed using 75/5.31c, 75/5.32, 75/5.34, and 75/5.36. All arrays are processed
in one run of Program 3.

Recall that Programs 1, 2 and 3 are concerned only with the air-water surface boundary
conditions. We have so far specified only the quad partitioning and the wind speed. The surface
boundary condition computations are thus completely independent of the inherent optical proper-
ties of the water body, of the incident lighting, etc. (all to be specified in Program 4). The output
from Program 3 can therefore be run with many different versions of Program 4, i.e. with many
different water bodies. Only a few runs of Programs 1-3 are necessary (say at two or three
different wind speeds) in order to study a wide range of ocean optics problems in which the
water type, bottom boundary condition, or incident lighting are varied.

B. Input
Only one user-supplied input record is required:

Record 1: IDBUG
where IDBUG = 0,1, or 2 as in Program 1.

C. File Management
Program 3 reads the four output files from Program 2 and creates one output file, as

follows:
symbolic name  external name description
NURAX TAPE22 the quad-averaged geometric r(a,x) array
NUTAX TAPE23 the t(a,x) array
NURXA TAPE24 the r(x,a) array
NUTXA TAPE25 the t(x,a) array
NUOUT TAPE30 the four spectral £ and t arrays, written in the order in

which they are needed in Program 4, namely t(a,x),
i(x,a), t(x,a), and i(a,x)

TAPE30 contains all of the surface boundary condition information needed by Program 4.

54




§4. PROGRAM 3

D. Code Listing

PROGRAM MAIN(INPUT ,OUTPUT ,TAFPES=INPUT,TAPE6=QUTPUT,
1 TAPE22,TAPEZ23,TAPEZ24,TAPE2S5,TAPEJU)

B R R R R i ik b R T o e R e A b B b T A S A R R R s

+ +
+ THIS IS PROGRAM 3 OF THE NATURAL HYDROSOL MODEL +
+ +

P s R R R e LR R R T TR RS
ON NHM3/MAIN3
THIS PROGRAM COMPUTES THE UPPER BOUNDARY SPECTRAL REFLECTANCE AND
TRANSMITTANCE ARRAYS WHICH DESCRIBE THE AIR-WATER INTERFACE.
THE GOVERNING EQUATIONS ARE 5.31C TO 5.36. ’
THE ARRAYS ARE COMPUTED IN THE ORDER IN WHICH THE SPECTRAL ARRAYS
ARE NEEDED BY PROGRAM 4, NAMELY
THAT(A,X), RHAT(X,A), THAT(X,A), RHAT(A,X)

THE GEOMETRIC ARKAVYS ARE READ FROM THE OUTPUT FILES WHICH
WERE WRITTFN BY PROGRAM 2 (TAPES 22, 23, 24, AND 25)

THE SPECTRAL ARRAYS ARE WRITTEN TO NUOUT (TAPE30)

RTHAT1 AND RTHAT2 ARE EACH NMU*(NL+1) BY NMU*INT((NL+2)/2) WORDS
THE STORED RT ARRAY IS NMU*NPHI/2 BY NMU*NPHI WORDS (THE TOP HALF)

COOOO0OOOOOOO0O0O0OO0NO0OO0O0O0On

PARAMETER (MXMU= 11, MXxPHI=24)

PARAMETER(IDRT=NxMU*MAPHL , MANL=MXPHI/2)
PARAMETER{(IDIHMAT=MXMU* (MXNL+1), ID2HAT=MXMU* ( (MXNL+2)/2))
OIMENSION RY(IDKT IDRT}

DIMENSION RTHAT1 ' IDIHAT [ ID2HAT) RTHAT2(IDIHAT, ID2HAT)
COMMON/CPHI/ PHI(MXPHI)

COMMON/CMISC/ IMISC{20) . FMISCE200

DATA NURAX , NUTAX NURXA NUTXA/ZZ,23,24,25/, NUQUT/30/

C
C INITIALIZE THE #*0GKAM
o
CALL INISHL
C
NMU = IMISC(1)
NPH]I = 1IMISC(2)
IDBUG = IMISC(9)
C
NROWRT = NMU*NPHI/2
NCOLRT = NMU*NEM]
NRHAT = IMISC(17)
NCHAT = IMISC(11)
IPRRT = MINO(20,NROWRT)
IPCRT = MINQ(20.%COLKRT)
IPRHAT = MINO(4_ ,NRHAT)
IPCHAT = MINO(Z0,NCHAT)
IF(IDBUG.GE.2) LU TO BBSB
C

Ce++++DOWNWARD TRANSM ITANCE T(A,X)

RT CONTAINS THE GEOMETRIC T(A,X;R,S;u,V)

RTHATL CONTATNS THE SPECTRAL THAT!I (A xR, L/U,K)
RTHAT2 CONTAINS THE SPECTRAL THATZ2(A X:R L/U,K)

READ THE GEOMETRIC T(A,X)

OO O0O0Nn

READ(NUTAX ) NUNIT
TFINUNIT EQ.NUTAX) THEN

WRITE(6,700) THATLI(A X)) " THAYZiAa X)) " THA x)°
ELSE

WRITE(6,702) NIUNIT, "NUTAX' ' NuTAX

STOP

ENGIF
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DO 710 J=1,NCOLRT
710 READ(NUTAX) (RT(1,4).1=1,NROWRT)

E DEFINE A FULL RT ARRAY TO AVOID SPECIAL INDEXING IN RTSPEC
¢ CALL FULLRT(RT,NMU,NPHI , IDRT)
¢ CALL P2ARAY(RT,IPRRT,IPCRT,IDRT,2, GEOMETRIC TAX(R,S/U,V)*)
é COMPUTE THAT(A,X)

CALL RTSPEC(PHI,RT,IDRT, RTHAT1.RTHAT2, ID1HAT)
E WRITE THE SPECTRAL ARRAYS TO FILE NUOUT

DO 221 J=1,NCHAT
221 WRITE(NUOUT) (RTHATI1(I,J),1=1,NRHAT)
DO 222 J=1,NCHAT
222 WRITE(NUOUT) (RTHAT2(I,Ju),1=1,NRHAT)
CALL P2ARAY(RTHAT1,IPRHAT ,IPCHAT  IDIHAT,2, AMP ARRAY THATI(A,X))
CALL P2ARAY(RTHATZ, IPRHAT IPCHAT IDIHAT, 2, AMP ARRAY THAT2(A, X))

+++++UPWARD REFLECTANCE R(X, A}
RT CONTAINS THE GEOMETRIC R(X,A;R,S5;U,V)
RTHATL CUNTAINS THE SPECTKAL RHATI(X,A;R,L/U,K)
RTHAT2 CONTAINS THE SPECTRAL RHATZ2(X,A;R,L/U,K)

OO0

READ THE GEOMETRIC R(X,A)
READ(NURXA ) NUNIT
IF(NUNIT EQ.NUKRXA) THEN
WRITE(6,700) "RHATLIIX,A) ", 'RHATZ(X,A) , "R(Xx,A)"
ELSE
WRITE(6,702) NUNIT, 'NURXA' ' ,NURKA
STOP
ENDIF
DO 720 J=1,NCOLRI
720 READ(NURXA) (RT(I.J),I=1,NROWRT)
CALL FULLRT(RT NMuU,NPHI IDRT)
CALL P2ARAY(RT,IPRRT,IPCRT,IDRT,2, GLOMETRIC RXA(R,S/U,V)")

(o Re

COMPUTE RHAT(X, A)
CALL RTSPEC{Ph.,~i,IURT, RTHATL RIMAT, THIHAT)

DO 211 J=1,NCHAT
211 WRITE(NUOUT) (RIHATI(I , J), =1 NRH4AT)
DO 212 J=1,NLHAT
212 WRITE(NUOUT) {(RTHAT2(I,0).1=1 NKHAT)
CALL P2ARAY(RTHAT1, IPRHAT,IPCHAT IDI1HAT 2, AMP AKRAY RHATL1(X,A) )
CALL P2ARAY(RTHATZ2 , IPRHAT IPCHAT [ 1DIHAT 2, " AMP ARRAY RHAT2(X,A) ")

C
CtrereUPWARD TRANSMITTANCE T(A A}
c RT CONTAINS THE GEOMETRIC T(X,A;R,S;U, V)
C RTHAT1 CONTAINS THE SPECTRAL THATI{(X,A;R,L/U,K)
C RTHAT2 CONTAINS THE SPECTRAL THATZ(X,A;R,L/U,K)
C
C READ THE GEOMETRIC T(X,A)
READ(NUTXA) NUNIT
IF{INUNIT . EQ.NUTXA) THEN
WRITE(6,700) "THATI(X,A) , "THATZ2(X,A) ", T(x,A)’
ELSE
wriite(b,702) NUNIT, "NUTXA NUTxXA
STUR
ENDIF
DO 730 J4=1 ,NLOLRT
730 READ(NUTXA) (RT(I,0).1=1 NROWKRT)
(
CALL FULIRTIKRT LMU NPHT TDRT)
CACL PZARAY(RT VIPRRY VIPCRT JTDRY 0, GEOMETRIC TXA(R,S/U,v) ")
C
C COMPLITE THAT (X 4
CALL RTSPEC(PH]I KT, IDRT, RTHAT] RIMAT,  TDLIHAT)
C
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DO 231 J=1,NCHAT
231 WRITE(NUOUT) (RTHATI1([,J),1=1,NRHAT)
DO 232 J=1,NCHAT
232 WRITE(NUQUT) (RTHAT2(I,4),131,NKRHAT)
CALL PZARAV(RTHATI,IPQHAT.IPLHAT,!DIHAT,Z,‘AMP ARRAY THATILI(X,A)')
CALL P2ARAY(RTHATZ,IPRAAT,IPCHAT ID1HAT,2, AMP ARRAY THAT2(X,A)")

C

C***'*DOWNWARD REFLECTANCE R(A,X)

RT CONTAINS THE GEOMETRIC R{(A,X;R,5;U.,V)

RTHAT1 CONTAINS THE SPECTRAL RHATI(A X:R,L/U,K)
RTHAT2 CONTAINS THE SPECTRAL RHATZ2(A X;R,.L/U,K)

888 CONTINUE

o0 o000

READ THE GEOMETRIC R(A,X)
READ(NURAX} NUNIT
IF(NUNIT . EQ.NURAX) THEN

WRITE(6,700) "RHAT1(A,X) ', 'RHATZ(A,X) ", "R(A,X)"
ELSE

WRITE(6,702) NUNIT, ‘NURAX' ' ,NURAX

STOP

ENDIF

DO 740 J=1,NCOLRT
740 READ(NURAX) (RT(I,J),I=1,NROWRT)

C
CALL FULLRT(RT,NMU,NPHI,IDRT)
CALL P2ARAY(RT,IPRRT,IPCRT,IDRT,2. GEOMETRIC RAX(R,S/U,V)’)
C
C COMPUTE RHAT(A,X)
CALL RTSPEC(PHI,RT,IDRT, RTHATL . RTHATZ.ID1HA1)
C

DO 201 J=1,NCHAT
201 WRITE(NUQUT) (RTHAT1(l,J),I=1.NRHAT)
DO 202 J=1,NCHAT
202 WRITE(NUOUT) (RTHATZ2(I,4),1=1 ,NRHAT)
CALL P2ARAY(RTHAT1, IPRHAT IPCRAT [01HAT,Z, AMP ARRAY RHAT1(A,X) ')
CALL P2ARAY(RTHATZ2 IPRHAT,IPCHAT [OL1HAT, 2, AMP ARRAY RHAT2(A,X)')

C
ENDFILE NUOUT
WRITE(6,750) NULUT
C
C FORMATS
C
700 FORMAT{1H1, ' NOw COMPUTING *,A10,  AND ’,A10,’' FROM ' A6)
702 FORMAT(1HO,  ERROR: NUNIT =° 13, AND ',A6,‘ =',13)
750 FORMAT{1HQO, ' ~NORMAL EXIT FROM PROGRAM 3, TAPE' ,I13,' WRITTEN')
END
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SUBROUTINE INISHL
ON NHM3/INISHL3
THIS ROUIINE INITIALIZES PROGRAM 3

PARAMETER (MXMU=10, MXPHI=24)

DIMENSION FMU(MXMU) ,BNDMU(MXMU) ,BNDPHI (MXPHI),
1 OMEGA (MXMU) , DEL TMU (MXMU }
COMMON/CPHI/ PHI(MXPHL)

COMMON/CMISC/ IMISC(20),FMISC(20)

DATA NURAX/22/, NuOUT/30/

READ(5,*) IDBUG
READ HEADER RECORD OF ONE OF TrfE GEOMETRIC ARRAYS

REWIND NURAX

READ(NURAX) NUNIT NRAYQD,IMISC,FMISC,FMU,PH] ,BNDMU, BNDPHI ,OMEGA,
1 DELTMU

REWIND NURAX

NMU = IMISC(1)
NPHI = IMISC(2)

NL = NPHI/2
IMISC(3) = NL
IMI5C(9) - iDBUG
NRHAT = NMU*(NL*1)
IMISC(10) = NRHAT
NCHAT = NMU*({(NL*2)/2)
IMISC(11) = NCHAT
WNDSPD = FMISC(IH)
REFR = FMISC(18)

WRITE(6,300) NMU, NPHI,NL,WNDSPD REFR
WRITE HEADER RECORDS ON QUTPUT FILE

REWIND NUOUT
WRITE{NUOQUT) NUOuUT,IMISC,FMISC,FMU,PH1l,BNDMU,BNDPHI ,OMEGA ,DELTMU

FORMATS

300 FORMAT(1H1, ' PROGRAM 3 OF THE NATURAL HYDROSOL MODEL"//
1140 . COMPUTATION OF URPPER BCUNDARY SPECTRAL REFLECTANCE AND TRANS
2MITTANCE ARRAVYS'///1H |7 NMU =" 13//1H , ' NPHI = ,13//1H
3 NL =°,13/71H ,° WNDSPD =" F7.3//1H [~ REFR = ,F6.3)
END
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SUBROUTINE FULLRT(RT,NMU,NPHIL , IDRT)
ON NHM3/FULLRT

THIS ROUTINE CREATES A FULL (SQUARE) GEOMETRIC R OR T ARRAY FROM
THE "TOP HALF" DESCRIBED IN SECTION 12B. USE OF THE FULL ARRAY

MEANS THAT NO SPECIAL INDEXING CALCULATIONS (SEE PAGE 191) NEED

TO BE DONE

DIMENSION RT(IDRT,1)

NFULL = NMU*NPHI
NHALF = NFULL/2

D0 100 IROW=NHALF+1 NFULL

DO 102 JUCOL=1,NHALF

RT(IROW,JCOL) = RT(IROW-NHALF ,6 JCOL+NHALF)
DO 100 JCOL=NHALF+1 NFULL

RT(IROW,JCOL) = RT(IROW-NMHALF,6 JCOL -NHALF)

RESET THE POLAR CAP QUTPUY FOR THE BOTTOM HALF (ZERO VALUES
CAME FROM THE B-BLOCK, SEE PAGE 190)

DO 110 IROW=NHALF+1 K NFULL
RT(IROW , NMU) = RT{IROW-NHALF K NMU)

RE~ZERO THE POLAKR CAP OUTPRUT COLUMN AT PHI = 180, WHICH HAS
PICKED UP NON-ZExUL VALUES FRUM THE A-BLOCK

JCOL = NMU + NHALF
00 104 IROw=1,NFULL
RT(IROW,JCOL) = 0.

RETURN
END

SUBROUTINE RTSPLC(PHI ,RT,IURT, RTHAT] RTHAT2 IDIHAT)

ON NHM3/RTSPEC

THIS ROUTINE FIRST COMPUTES THE SPECTRAL AMPLITUDES FROM THE
VARIOUS SPECTAL CASES, 5.31C TO 5.3€, GIVEN RT = R OR T 1IN
GEOMETRIC FORM.

THE AMPLITUDES. RTHAT1 = RHAT! OR THAT1 AND RTHAT2 = RHAT2 OR THAT2,
ARE STORED ON THE COMPRESSED SPECTRAL ARRAY FORMAT OF (12.4).

THE SPECTRAL AMPLITUDES ARE THEN CHECKED USING RAYLEIGH'S EQUALITY 4.17

FINALLY, THE MATRIX ELEMENTS UEFINED BY (5.41) AND (5.43) ARE
COMPUTED FROM THE ARRAYS QF AMPLITUDES.

N.B. IN THIS RUUTINE, K AND L ARE REVERSED FROM THE NOTATION
USED IN THE TECH REPORT ERL-PMEL-75.

OIMENSION PHIC1), RT(IDRT, 1), RTHATI(IDIHAT, 1), RTHAT2(IDIHAT, 1)
COMMON/CMISC/ IMISC(20)
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NMU = IMISC(1)
NPHI = IMISC(2)
NL = IMISC(3)

I1DBUG = IMISC(9)
NRHAT = IMISC{(10)
NCHAT = IMISC(11)

DO 100 K=0,NL

AK = FLOAT(K)

IF(K.EQ.O0 .OR. K.EQ.NL) THEN
EPSK = FLOAT(NPHI)

ELSE

EPSK = FLOAT(NL)

ENDIF

DO 100 L=0,NL

SKIP THE COMPUTATION IF (K + L) IS ODD
1F(MOD(K+L,2).NE.Q) GO TO 100

AL = FLOAT(L)

IF(L.EQ.0 .OR. L.EQ.NL) THEN
EPSL = FLOAT(NPHI)

ELSE
EPSL
ENDIF

i

FLOAT(NL)

DO 102 IR=1,NMu

DO 102 Iu=1,NMU

STORAGE INDICES FOR SPECTRAL ARRAYS
IUS = NMU*L + IR

IVS = NMU*K + U - NMU*((K+L)}/2 - L/2)

IF(IR.LT.NMU _AND. IU.LT . NMU) THEN

GENERAL CASE: INPUT QUAD IS NONPOLAR, OUTPUT QUAD IS NONPOLAR;
SuM!l = 0.

Sumz = 0.

D0 204 IS=1,NPHI

COSLPS = COS{AL*PHI(IS))

SINLPS = SIN(AL*PHI(IS))

IROW = NMU*(IS-1) + IR

DO 204 [v=1,NPHI

SUM1 = SUM1 + RT(IROW,NMU*(IV-1)+IU)*COSLPS*COS(AK*PHI(IV))
SUM2 = SUM2 + RT(IROW,NMU* (IVv-1)+IU)*SINLPS*SIN(AK*PHI(IV))
RTHATI(IUS,IVS) = SUM1/(EPSL*EPSK)

IF(L.EQ.0 .OR. L.EQ.NL .OR. K.EQ.0 .OR. K.EQ.NL) THEN
RTHAT2(IUS,IVS) = 0.

ELSE

RTHAT2(IUS,IVS) = SUM2/(EPSL*EPSK)

ENDIF

SPECIAL CASES FOR THE POLAR CAPS
ELSEIF(IR.EQ.NMU _AND. TJTU.LT.NMU) THEN

INPUT QUAD IS THE POLAR QUAD, OQUTFUT IS NONPOLAR; USE 5.32

IRT = NMU
1F(L.EQ.0) THEN
SUMl = 0.

DO 200 Iv=1,NPHI
SUML = SUMI + RT(IRT NMU*{(IV-1)+1u)*COS{AK*PHI(IV))

RTHAT1(IUS,IvS) = SUML1/EPSK
RTHATZ2(IUS.IvS) = O.

ELSE

RTHATLI(IUS,IVS) = 0.
RTHAT2(IuS,IvS) = 0.

ENDIF
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ELSEIF(IR.LT . iWMU _AND. [J.EQ.NMU) THEN

INPUT QUAD IN NONPOLAR, OUTPUT QUAD IN THE POLAR CAP; USE 5,34

JRT = NMU
IF(K.EQ.OQ) THEN
SuMl1l = 0.

DO 202 IS=1,NPHI
SUM1 = SUM1 + RT(NMU*(IS-1)+IR,URT)*COS(AL*PHI(IS))
RTHAT1(IUS,1VvS) = SUM1/EPSL

RTHAT2(IuS,IvS) = C.
ELSE

RTHAT1(IJS,IvS) = O.
RTHAT2(IUS,IVS) = 0.

ENOIF
ELSEIF({IR.EQ.NMJ _AND. TU.EQ.NMuU; THEN

INPUT QUAD IS ThHE POLAR CAP, QuTPUT QuAD 1S THE POLAR CAP; USE 5.36

IF{K.EQ.O .AND. L.EQ.O) THEN
RTHATLI(IUS,IVS) = RT(NMU,NMU)
RTHAT2(IUS,IVvS) = 0.

ELSE

RTHAT1(IUS,IVS) = 0.
RTHAT2(IUS.,1IVS) = 0.

ENDIF

ENDIF

CONTINUE

CONTINUE

CHECK "HE COMPUTED SPECTRAL AMPL [ TUDES

IF(IDBUG.NE.Q) THEN

IPRHAT = 40

IPLHAT = 20

CALL P2ARAY (RTHAT L, IPRHAT  IPCHRAT TLIHAT, 2,
THE SPECTRAL AMPLITUDES RTHATI )

CALL PZARAV(RTHAT?,IPRHAT_IPCHA‘,IUIHAT,Z,
THE SPECTRA. AMPLITUDES RTHATZ )

CALL SPECHK(RT,IDRT ,RTHAT1 ,RTHATZ  IDIHAT)
ENDIF

CONVERT THE SPECTRAL AMPLITUDES TO THE SPECTRAL ARRAYS CEFINED 8Y
5.41 AND 5.43. THE ARRAY ELEMENTS ARE THE AMPLITUDES

MULTIPLIED Bv FACTORS OF 1, NL OR NPHI, AS SEEN IN TABLES 1 AND 2
ON PAGES 90 AND 91.

EPSL = FLOAT(NPHI)

DO 300 IROwW=1 ,NMU-1

00 300 JCOL=1,NLHAT

RTHATI(IROW, 7 0L) = EPSULARTRATICIROW, JCOL)

EPSL = FLOAT(~:.)

DO 302 I[ROW=NA)+1 NRHAT-NMY

DO 302 JCOL=1,nCHAT

RTHATLI{IROW, JT0OL) = EPSL*WTHATI{IKUW,JLUL)
RTHAT2(IROW, oCOL) = EPSLARTHAT:[ROw, JLOL)

EPSL = FLOAT N&HD)

DO 304 IROW=NRAAT-NMU<+ 1 NRHAT -]

00 304 JCOL= 1 NOmaTd

RTHATI(IROW, JOCwL s = EPSL#ARTHATL L IR0w, su{s)

RETURN
EMND
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SUBROUTINE SPECHK(RT, IDRT RTHAT1,RTHATZ,IDIHAT)
ON NHM3/SPECHK

THIS ROUTINE CHECKS THE COMPUTED SPECTRAL R AND T AMPLITUDES
By SEEING IF THE WEIGHTED SUM OF THE SPECTRAL AMPLITUDES SQUARED EQUALS
THE SUM OF THE GEOMETRIC ELEMENTS SQUARED (RAYLEIGH'S EQUALITY, 4.17)

THIS CHECK HOLDS ONLY FOR NON-POLAR QUADS.

PARAMETER (MXMU=10)

DIMENSION RT(IDRT,1).RTHAT1(IDIHAT,1).RTHATZ(IDlHAT,l)
DIMENSION GEOSUM(MXMU,MXMU).SPCSUM(MXMU,MXMU)
COMMON/CMISC/ IMISC(20)

NMU = IMISC(1L)
NPHI = IMISC(2)
NL = IMISC(3)
NRTGED = NMU*NPHI]

DO 100 1=1,NMU-1
00 100 J=1,NMU-1

COMPUTE THE SUM OF SQUARES OF THE GEOMETRIC ARRAY ELEMENTS

SuM = 0.

0O 110 IROW=1 ,NRTGEO, NMU

DO 110 ICOL=J,NRTGEO,NMU
110 SUM = SuM + RT(IROW,ICOL)**Z

GEOSUM(I,J) = SUM

IF(I.EQ.NMU .AND. J.EQ.NMU) wWRITE(6,333) RT(1,J)
333 FORMAT(1H ., RT(NMU,NMU) =',F10.5)

COMPUTE THE WEIGHTED SUM OF SQUARES OF THE SPECTRAL AMPLITUDES.
THE AMPLITUDES ARE STORED ON THE ARKAY FORMAT OF (12.4).

SuM = 0.
DO 120 K=0,NL
IF(K.EQ.0 .OR. K.EQ.NL) THEN

EPSK = FLOAT(NFHI)
GAMK = 0.

ELSE

EPSK = FLOAT(NL)
GAMK = FLOAT(NL)
ENDIF

DO 120 L=0,NL
1F(MOD(K+L,2).NE.QO) GO TO 120

IF(L.EQ.0 .OR. C.EQ.NL} THEN

EPSL = FLOAT(NPHI)
GAML = 0.

ELSE

EPSL = FLOAT{NL)
GAML = FLOAT(NL)
ENDIF

COMPUTE ROW AND COLUMN INDICES OF THE COMPRESSED AMPLITUDE ARRAYS,
ARRAYS, BY (12.9)

+ NMUTR
+ NMu*L - NMU*((K+L)/2 - w/Z)

—
o
o
=
nou
o

SUM = SUM + EPSK*EPSL*RTHATL(IRGw, ICCLI**0 +
i GAMR*GAMLARTHAT 2 (IROW, ICOL)**2
120 CONTINUE

SPLSUM(I , J) = SUM
100 CONTINUE

CALL P2ARAYI(GENSUM, NMU-1 NMU-1 MxMU, 2,

1 SUMS OF SQUARES OF THE NON-POLAR GEOMETRIC /T ARRAY ELEMENTS')
CALL P2ARAY(SPCSUM,NMU-1,NMU-1 MXMU, 2,

1 RAYLEIGH SUMS OF 3QUARES OF THE NON-POCLAR SPECTRAL R/T AMPLITUDES
2

ETURN

END
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5. PROGRAM 4
A.  Program Description

This program performs the remaining initialization steps of 75/7a.3-7a.5 and then as-
sembles the solution amplitudes as described in 75/§7b. The internal structure of Program 4 is
essentially that shown in 75/Fig. 7. This program is the other main consumer of computer power
in the NHM, owing to the discretization of the phase function.

It is usually convenient to run Program 4 in two different modes. In the first mode
(ICPHAS # () in record 3, below), the program computes and stores the quad-averaged phase
function as described in 75/§11. These calculations can be very expensive if the phase function
is highly peaked in the forward direction, as is the case in natural waters. However, these
calculations need be done only once for a given phase function (and a given quad partition). In
the second mode (ICPHAS =0 in record 3), it is assumed that the phase function has already
been discretized; the file containing this information is read and the radiance amplitudes are then
computed. In the case of a spherically symmetric phase function, which may be of interest for
comparison purposes, the discretization calculations are trivial. In this case, it may be convenient
to run Program 4 to completion each time (i.c. both modes 1 and 2); the discretized spherical

phase function is not worth saving.

B. Input
Two more parameters, wiich determine maximum array dimensions, must be set at com-
pilation time. These parameters ire (see the tirst PARAMETER statement in MAIN).

parameter value in listed code definition

MXY 30 the maximum number of optical depths Yip
j=1,--YOUT, at which the final output is
desired (see 75/Fig. 6)

MXSIGY 2 the maximum number of optical depths vy,
1=1,-,YOP, at which the inherent optical
properties are specified (see 75/Fig. 6)

Referring to 75/pages 132-135, MXY gives the maximum allowed value of YOUT and
MXSIGY gives the maximum silowed value of YOP.

Six free-format data records are read at execution time, as follows.
Record 1: ITITLE

This is an alphanumeric title for the run, used to identify the printout. Up to 80 characters

are allowed.
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Record 2: IDBUG, WAVENM, ABSORB
IDBUG =0, 1, or 2, as in Program 1

WAVENM is the wavelength in nanometers of the monochromatic radiance. This
wavelength is used in subroutine PHASEF (see the version for the
Pelagos Sea in the code listing) to select the correct wavelength depend-
ent absorption and scattering functions.
In the listed code, WAVENM must be one of the 13 wavelengths 400.0,
425.0,,675.0, 700.0, although this is not a restriction of the NHM
algorithms.

ABSORB If ABSORB < 0.0, then the value of the absorption coefficient returned by
PHASEF is used.
If ABSORB 2 0.0, then the absorption coefficient is set to ABSORB. This
overrides the value returned by PHASEF. (This is useful for studies in
which only the scattering-to-absorption ratio changes.)

Record 3: ICPHAS, NUQB, NVQB, INCBAS
This record gives information for the discretization of the phase function.

ICPHAS =0  if the phase function has already been discretized in a previous run of
Program 4. File NUPHAS will be read.

#0  if this run is to discretize the phase function.
If ICPHAS < 0, the run stops after file NUPHAS has been written.
If ICPHAS > 0, the run discretizes the phase function, writes file
NUPHAS, and continues with the amplitude computations.

NUQB the value of ny in 75/11.3. A value of 1 can be used for a spherically
symmetric phase function. Use NUQB = 3 or 4 for the quad resolu-
tion of 75/Fig. 4a or 4b and phase functions typical of natural waters.

NVQB the value of ng, in 75/11.3. Use values like those for NUQB.
INCBAS the factor for increasing the base numbers of subcells (n,, and ny) in
75/11.3, for quad pairs which involve forward (or nélar forward)

scattering. A value of 10 is reasonable for natural waters (use 1 if the
phase function is spherically symmetric). If NUQB =3 and
INCBAS = 10, say, then in 75/11.3, n, is increased to 30 for quads
involving forward scattering. This gives a more accurate evaluation
of 75/11.1.

Record 4: IBOTM, RFLBOT
This record specifies the bottom boundary condition.

IBOTM = (0 if the bottom is to be a matte surface at a finite depth. The surface
has a reflectance of r_ = RFLBOT (see 75/3.26)
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if the bottom is infinitely deep, and the water is homogeneous below
depth z (see 75/§10).

The bottom reflectance (used only if IBOTM =0). 0.0 <RFLBOT <
1.0.

Record 5: IYOP, NY, YOUT(1),--,YOUT(NY)
This record specifies the depths at which output is desired.

IYOP

NY

YOUT(1)

YOUT(NY)

if the YOUT values as read are geometric depths in meters (in the
listed code, this option is available only for attenuation functions
which are independent of depth).

if the YOUT values as read are optical depths (this option is valid for
inhomogeneous waters).

the number of y-levels where output is required (NY is YOUT in
75/Fig. 6. NY < MXY).

the depths where output is desired. Always set YOUT(1) = 0.0 =x.
The -alue of YOUT(NY) is z (see 75/Fig. 6).

A convenient set of optical depths for printout in infinitely deep water, homogeneous
below z = 20.0 optical depths, mizht be

0.0,0.5,1.0.2.0,5.0, 10.0, 15.0, and 20.0.

Here YOUT(1)=x =0.0, YOUT(2) = 0.5, ,YOUT(NY) =z =20.0, with NY =8. See input
records 2 and 5 of Program 5 for special choices of y; = YOUT(j) which are often convenient for

checking the results, computing K-functions, etc.

Record 6: RSKY, CARD, SHTOTL, THETAS, PHIS
This record specifies the incident (sky + sun) radiance distribution, using the model

described in Appendix B.

RSKY

CARD

SHTOTL

THETAS

The ranio of sky to total (sky + sun) input scalar irradiance; 0.0 <
RSXY £ 1.0. RSKY = 0.0 for a black sky (sun only); RSKY = 1.0
for 1 background sky only (no sun).

The cardioidal parameter for the sky radiance distribution (see
Anpendix B of this report): CARD = 0.0 for a uniform sky; CARD =
2.0 tor a cardioidal sky.

The total (sky + sun) spectral scalarlirradiance on the water surface at
the given wavelength, in Wm™ nm’.

The polar angle, 8, in degrees of the sun’s location in the sky.

THETAS = 0.0 for the sun at the zenith, THETAS = 90.0 for the sun
at the horizon.
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PHIS The azimuthal angle, ¢, in degrees of the sun’s location, measured
counterclockwise from' ¢, = 0.0 in the downwind direction (e.g.
PHIS = 90.0 places the sun in the crosswind direction).

In addition to the above data records, the user must make sure that the desired version of
subroutine PHASEEF is being used. This routine specifies the inherent optical properties of the
water body. Four versions of PHASEF are listed in this report. Two of these define absorption
and scattering functions typical of natural waters: "Lake Limne" and "the Pelagos Sea"” which
are, respectively, typical of lakes and open ocean waters. The other two examples of PHASEF
are for a spherical scattering function: one is depth independent and one is for depth dependent
absorption and scattering. The user wishing to make runs with his own absorption and scattering
functions must write a corresponding version of PHASEF, mimicking the listed examples.

Likewise, a user wishing to specify an input radiance distribution other than the ones
obtainable from the formulas in Appendix B must write a corresponding version of subroutine
QASKY. This would be the case if, for example, the user had measured the sky radiance distri-
bution with a few cumulus clouds present in an otherwise clear sky, and wished to include the
cloud effects in the computed radiances.

C. File Management
Three permanent files are either read or written by Program 4; an additional three tempo-
rary files are used for scratch storage.

internal name external name description

NUSRT TAPE30 The file of spectral f and t arrays for the air-water
surface, from Program 3.

NUPHAS TAPE39 The file containing the quad-averaged phase func-
tion. It is written if ICPHAS #0 and read if
ICPHAS =0.

NUOUT TAPE40 The file containing the radiance amplitudes (and
other information) generated by Program 4.

NUSCRI1 TAPE45 Temporary scratch files used in integrating the

NUSCR2 TAPE46 Riccati equations. NUSCRI1 holds R(y,x;€);

NUSCR3 TAPF47 NUSCR2 holds T(x,y;€); NUSCR3 holds R,(y,b;€)

and R,(y,b;0).
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Code Listing

PROGRAM MAIN(INPUT OUTPUT  TAFES=INPUT TAPEG=0UTPUT , TAPE30,TAPE3Y,
1 TAPE40O ,TAPEAS , TAPEADH, TAPEAT)

ON NHM4/MAING

B R kb o e e R e s

+ +
+ THIS IS PROGRAM 4 OF THE NATURAL HYDROSOL MODEL +
+ +

R R R R R R A R A AR L

PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)

PARAMETER (MXL=MXPHI/2, MXALGP=MXMU*{(MXL+1), MXAMP=2*MXMU*(MXL+1))
PARAMETER (MXRRTH=MAMU* (MXL+1), MXCRTH=MXMU*((MXL+2)/2))

PARAMETER (MXWERK=MXMU*MXMU* (1 + 3*(MXL+1)*(1 + (MXL+2)/2)))

COMMON/CAMP/ AAM(MXAMP) AAP(MXAMP) AYM{MXAMP MXV) AYP(MXAMP MXY)
COMMON/CSIGY/ YSIG(MXSIGY) ,ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CRADG/ JMUO(MXSRC) ,KPHIO(MXSKRC) ,RADO(MXSRC)

COMMON/CRTR/ RYX(NXMU ,MXMU ,MXY ), TXY{MXMU MXMU MXY]),

1 R1YB({MXMU , MXMU ,MXY , R2YB{MXMU A MXMU A MXY)
COMMON/CGRIO/ FMUIMXMU) ,PHI(MXPHL ), v(MXY ) BNDMU(MXMU) ,

1 BNDPHI (MXPHI) , CMEGA (MXMU) ,LELTMUIMXMU) , ZGEU(MXY )

COMMON/CRTSIG/ RRAOHAT (MXMU ,MXMU MXSIGY) , TAUHAT (MXMU ,MXMU ,MXSIGY ),
1 ALGPP(MXMU MAALGP MXSIGY) ,ALGPMIMXMU MXALGLP MXSIGY)
COMMON/CBOTBC/ RHATZB(MXMU MXMUI)
COMMON/CRTHAT/ TiHuT1L(MARRTH MACKTt)
1 RHATL(MXRRTH MX Rt
COMMON/CMISC/ IMIS {207 ,FMISC 2y
COMMON/CWORK/ WERK MXWERK )

CTHAT 2 (MARRTH ,MXCRTH) |
CRHET2 (MXRRTH MXCRTH)

DATA NUSRT/20/, NoUUT/Z40U/, HUSULKL HuSURZ HUSCR3/745,46.,47/

IR R EEE R E NN INITIA: [ZATION R R

READ THE INPUT uaa

CALL INISHL

NSIGY =
IMISC(18)
IMISC(19)
IMISC(20)

NMU =
NL =
NY = IMISC
i0BLG2 = 1
NHHAT =
NCHAT
NRAMP = 2%
INITIAL
THATI(A

THATZ (A,

RHAT 1( x

LT (R

[STORNS
READ(NUSKT
00 101 J=1
READ (NutSRT
GO 1oz u=1
WEADCHNUSRYT
ity 10s u=1
HEAD(NUSLKT

[

LOAD G~

J= 1.

IMISC(5)

NUSTRL
NUSChZ
NJSORD

1o oH

IMISU(L)
IMISC{3)

(43
MTISCty

IMISCLI0)
IMUST LT

MNRHAT

TrHE SPECZTHAL >likauE G&KRAYS
i ThAT)
THAT .
REAT]
Ra T2

‘}‘ ;“'J
)L
VA Tt

LA DT

PRt
) (THAT
CNCHAT
) (U ThiA "¢
CNCHAT
jootRrA ]
CNCHAT
ool REA T o D

LoNKRHA T
CMNRMA T
CHREAT

CNRRA T

67



OOO0O0

OCN

150

[sEoReNg e

[aKe]

e

OO0

§5. PROGRAM 4

IF(1DBUG2.GT.0) THEN

CALL P2ARAY(THATL,2%NMU,NMU ,MXRRTH, 2, "THAT1(A,X) AS LOADED')
CALL P2ARAY(THATZ,2*NMU,NMU MXRRTH,2, 'THAT2(A,X) AS LOADED')
CALL P2ARAY(RHAT1,2¢NMU,NMU,MXRRTH, 2, 'RHAT1(X,A) AS LOADED')
CALL P2ARAY(RHAT2,2*NMU, NMU,MXRRTH, 2, 'RHAT2(X,A) AS LOADED')
ENDIF

sssssss238 BEGIN COMPUTATIONS *sssssssss

COMPUTE THE OIRECT BEAM AMPLITUDES AQ(Y,-) AT ApLL LEVELS v = A, X,
FROM THE QUAD-AVERAGED SKY RADIANCES (wHICH ARE STORED IN /CWORK/)

CALL AMPAQ
/CWORK/ IS NOwW ENTIRELY FREE

SAVE AO(VY,-) (STORED IN AAM) AT ALL ¥ LEVELS
WRITE(NUQUT) (AAM(I),I=1,NRAMP)

DO 150 J=1,NY

WRITE(NUOUT) (AYM(I,J),I=1,NRAMP)
IF(IDBUGZ.NE.Q) THEN

WRITE(6,1038)

CALL PNTAMP(Y AAM_AYM, MXAMP)

ENDIF

COMPUTE THE INTERIOR TRANSFER FUNCTIONS BY INTEGRATION OF THE
RICATTI EQUATIOUNS

EACH L MODE IS INTEGRATED SEPARATELY

DO 200 L=0,NL

SET OEBUGGING OUTPUT FOR SELEUTED ¢ VALUES
IF(IDBUG2.GT.0) THEN

Irte.Le.l JOR. L.GE.NL-1) TiEN
IDBUG = 10BUG2
ELSE
IDBUG = 0O
ENDIF
ELSE
I0BUG = 10BUGLZ
ENDIF

IMISC(9) = 1DBUG

SOLUTION STEP 1 (SEE PAGE 133 ANU FIGURE 7 ON PAGE 140)
COMPUTE RHOHAT AND TAUHMAT AT EBALH v LEVEL WHERE SIGMA AND ALPHA
ARE GIVEN

CALL RHOTAU(L)

IF(IUBUG.GT.0) THEN

WRITE(6,202) L

CALL P3IARAY (RACHAT  NMU NMU N3 TGY MaAMU MAMU 2, "RHOHAT(L) ")
CALL P3ARAY(TAUMAT NMU,NMUJ NSIGY MXMU MXMU, 2, "TAUHAT(L) ")
ENDIF

SOLUTION STEPRP 2
COMPUTE RHATL1(Z,8) FOR THE DESIKED BUTTUM BOUNDARY CONDITION

CaLL BOTMBC (L)
IF(IDBUG.GT.0) JALL P2ARAY(RHATZB NMU ,NMU MXMU,2, 'RHATL1(Z.8,L) ")

SOLUTION STERPS 3 AND 4
INTEGRATE THE RICATTI EQUATIONS TG GET R(Y, X}, T(X,v), AND RP(VY,B)

CALL RICATI(UL)

WRITE R{(v ,X), T/x,¥Y) AND RP({Y ,B) FOR THIS L vALUE TO SCRATCH FILES

00 220 Iv=1,Nv

WRITE(NUSCR1) (IRYX(T 0, 1¥) . T=1 8MU),u=1,NMU)
WRITE(NUSCRZ) (CTXY (D, U, Iy ) I=21 NMY) LU= 1, NMU)
WRITE(NUSCR3) ((R1VB(I,J,1VY), I=1,HMU), J=1,NMU)
WRITE(NUSCR3) ((R2YB(I1,0,1Iv),I=1.,NMU),J=1, 6 NMU)
IF(IDBUG.EQ.2) THEN

CALL P3ARAY(RYX,NMU,NMU,NY ,MXMU MXMU,2, "R(Y,X,L) ")
CALL P3ARAY(TXV NMU,NMU, NY MXMU MXMU, 2, 'T{X,¥Y,L)")
CALL P3ARAY(R1VYB,NMU,NMU, NY MXMU MXMU,2Z, ‘R1(Y,B.L) ")
CALL P3ARAY(RZVB,NMU,NMU, NY MXMU MXMU, 2, 'R2(¥,B.L)" )

ENDIF
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CONTINUE

SOLUTION STEPS § AND 6
COMPUTE THE AMPLITUDES A(X,-) AND A(X, K +)

CALL AMPX

SOLUTION STEPS 7 AND 8
COMPUTE THE INTERIOR AMPLITUDES A(VY.-) AND A(Y,+), X .LT. Y .LE.

CALL AMPINT

FINAL LOAD OF SPECTRAL STORAGE ARRAYS
THAT1(X,A) INTO THAT1
THAT2(X,A) INTO THAT2
RHATL1(A ,X) INTO RHAT1
RHAT2(A,X) INTO RHATZ2

DO 400 J=1,NCHAT
READ(NUSRT) (THATI(I,J),I=1, NRHAT)
DO 401 J=1,NCHAT
READ(NUSRT) (THAT2(T1,J).1=1,NRHAT)
DO 402 J=1,NCHAT
READ(NUSRT) (RHAT1(1,J),1=1 ,NRHAT)
DO 403 J=1,NCHAT
READ{NUSRT) (RHATZ2(1,J).I=1,NRHAT)

IF(IDBUG2.5T.0) ThEN

CALL P2ARAY(THATI1 Z*NMU,NMU,MXRRTH 2, "THAT1(X,A) AS LOADED')
CALL P2ARAY{THAT2, K 2*NMU,NMU MARRTH 2, THAT2(X,A) AS LOADED')
CALL P2ARAY{RMAT 2*NMU,NMU ,MXRRTH, 2, RHAT1(A .X) AS LOADED')
CALL P2ARAY(RHATZ, 2*NMU,NMU MXRRTM~ 2z, RHAAT2(A,X) AS LOADED')
ENDIF

SOLUTION STEP S
COMPUTE THE AMPLITUDE A(A.,+)

CALL AMPAP
WERK(1) NOW CONTAINS AO(A,+), THt KREF.ECTED DIRECT BEAM

c«sxxssxxxs END OF COMPUTATIONS +%4sx2 483
SAVE THE COMPUTED AMP( [ TUDES

WRITE(NUOUT ) (WERK(IL),I=1,NKAMP)
WRITE(NUCUT) (AAM(I),1=1, NRAMP)
WRITE(NUQUT) (AAP(I),I=1,NRAMP)
DO 450 J=1,NY

WRITE(NUQUT) (AYM(I1,J),I1=1, NRAMP)
(U 451 J=1,Nv

WRITE(NUOUT) (AYO([,u),I=1 NKAMP)
ENDFILE NUOUT

1IF(1DBUG2.NE .U THEN
WRITE(6,1039)

CALL PNTAMP({vY +FR3k 1 E201 MXAMP)
WRITE(E,1040)

CALL ONTAMP(V ,AAM,AYM,MAAMF )
WRITE(6, 1042

CALL PNTAMP(Y AAP, AVP MXAMP)
ENDIF

WRITE(6,500) N.OUT

FORMAT(1HL,  +++++ BEGINNING THE L = ,13,° LOOP +++++ ")

FORMAT (1HO, ' NORMAL EXIT FROM PRUGKAM 4, TAPE',I12,” WRITTEN. )

FORMAT (1M1, THE DOWNWARD DIKECT BEAM RADIANCE AMPLITUDES ARE'//
Llx, MU', 7X, AJ(A,-) .8X, AGIY,-)")

FORMAT{1H1,  THE UPWARD DIRECT BEAM RADIANCE AMPLITUDES ARE'//
11X, MU, 7x, AQ{A,+) ")

FORMAT{ 1H1, THE JOOWNWARD TOTAL RADIANCE AMPLITUDES ARE‘//
11X, MU', 77X, A(A,-) 9%, A(Y, ) )

FORMAT (111, THE UPWARD TOTAI RADIANCE AMPLITUDES ARE”

J/LLIX, MU TR ALA ) 9, ALY )

END
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SUBROUTINE INISHL
ON NHM4/INISHL4
THIS ROUTINE INITIALIZES PROGRAM 4 OF THE NHM.

PARAMETER (MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)
PARAMETER (MXGEOP=MXMU* (MXPHI/2+1))

CCMMON/CMISC/ IMISC(20),FMISC(20)

COMMON/CRTSIG/ RHOHAT (MXMU,MXMU ,MXSIGY) , TAUHAT (MXMU, MXMU ,MXSIGY) ,
1 GEOPP(MXMU ,MXGEOP ,MXSIGY) ,GEOPM(MXMU ,MXGEOP ,MXSIGY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI) , YOUT(MXY) ,h BNDMU(MXMU) ,

1 BNDPHI (MXPHI) ,OMEGA (MXMU) ,DELTMU(MXMU) , ZGEQ(MXY)

COMMON/CSIGY/ YSIG(MXSIGY) , ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CWORK/ RADSKY (MXMU ,MXPHI) PHASE(2701,MXSIGY) PSITAB(2701)

DIMENSION ITITLE(10)

DATA NUSRT NUPHAS NUGCUT/30,39,40/
KINV...... THE NUMBER OF TERMS IN THE SUM (7.4)

TOL....... THE TOLERANCE FOR THE RICCATI EQUATION SOLVER (IMSL ROUTINE DVERK)

DATA KINV/3/, TOL/1.0E-8/ .

READ INPUT RECOROS

RECORD 1:
ITITLE....A RUN TITLE, UP TO B0 CHARACTERS
RECORD 2:
IDBUG. .. .. 0 FOR NO INTERMEDIATE OuTPUT (PRODUCTION RUNS)
1 FOR MINIMAL QUTPUT FOR CHECKING (RECOMMENDED)
2 FOR FuttL DEBUGGING QuUTPUT
WAVENM. .. THE WAVELENGTH IN NANQOMETERS, ONE OF THE 13 VALUES 400.,425.

675.,700. (SEE PHASEF FOR THE PELAGOS SEA)
ABSORB....IF.GE.Q., THEN THE ABSORBTION COEF A IS RESET TO THIS VALUE
(USED FOR LAKE LIMNE RUNS TO VARY A WITH WAVELENGTH)

RECORD 3:
ICPHAS....0 IF THE QUAD-AVERAGED PHASE FUNCTIONS ARE TO BE READ
FROM JUNIT NUPHAS
.NE.O IF THE QUAD-AVERAGED PHASE FUNCTIONS ARE TO BE COMPUTED
(BY SUBROUTINE QAPHAS) AND STORED ON UNIT NUPHAS
IF 1ICPHAS . LT.0, THE RUN STOPS AFTER NUPHAS IS WRITTEN
IF ICPHAS.GT.0, THE RUN CONTINUES, AND COMPUTES
AMPLITUDES
NUQB ,NVQB.THE BASE NUMBERS OF SUBCELLS (IN THE MU AND PHI DIRECTIONS)
USED TO DISCRETIZE THE PHASE FUNCTION VvIA EQ. 11.3
(USED ONLY IF ICPHAS.NE.O)
INCBAS....THE FACTOR FOR INCREASING THE BASE NUMBER OF SUBCELLS
FOR QUAD PAIRS WHICH INCLUDE FORWARD SCATTERING

RECORD 4:
I180TM. . ... 0O FOR A MATTE BOTTOM aT v = 7z, OF REFLECTANCE R- = RFLBOT
1 FOR AN INFINITELY DEEP BOTTOM, WITH HOMOGENEOUS WATER
BELOW DEPTH Y = Z
RFLBOT. ... THE BOTTOM REFLECTANCE, (USED ONLY IF 1BOTM = 0)
0.0 .LE. RFLBOT .LE. 1.0

RECORD 5

IvyoP ... ... 0 IF YOUuT AS READ CUNTAINS GEUOMETRIC DEPTHS IN METERS

(USE FOR UNIFORM WATER ONLY, AS OF 30 JUNE B6)
1 IF vQUT AS READ CONTAINS OPTI(AL DERPTHS

NY .. .. THE NUMBER OF v LEVELS wHERE QuTPUT IS DESIRED

YOouT (1), ..., YOUT(NY) ... THE DEPTHS wHERE CUTPUT IS DESIRED
RECORD 6

RSKY . ... .. THE RATIO OF SKY TG TOTAL INPUT SCALAR IRRADIANCE

RSKY = 0. FOR A BLACK SKVY (SUN UNLY), RSKY = 1.0 FOR A
BACKGROUND SKY ONLY (NO SUN)

CARD . ... .. THE CARDIOQIDAL PARAMETER FOR THE SKY RADIANCE
DISTRIBUTION. CARD = Q. FOR A UNIFORM SKY, CARD = 2. FOR A
CARDIOIDAL SKY
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SHTOTL....THE TOTAL (SKY + SUN)} SCALAR IRRADIANCE ON THE WATER
SURFACE, WATTS PER SQUARE METER

THETAS, PHIS...THE SKY (SJOURCE) LOCATION OF THE SUN, IN DEGREES.
THETAS IS 0. AT THE ZENITH, 90. AT THE HORIZON. PHI IS
MEASURED COUNTERCLOCKWISE FROM PHI = 0. IN THE
DOWNWIND DIRECTION

READ(5,1004) ITITLE

READ(S5,*) IDBUG,WAVENM,ABSORB
READ(S5,%) ICPHAS,NUQB,NVQB,INCBAS
READ(5,*) IBOTM,RFLBOT

READ(5,*) IYOP,NY,(YOUT(IY),1v=1,6NY)
READ(S,*) RSKY,CARD.SHTOTL,THETAS,PHIS

READ HEADER RECORDS FROM THE SPECTRAL DATA FILE, NUSRT

REWIND NUSRT
READ(NUSRT) NUNIT,IMISC,FMISC,FMU,PHI BNDMU,BNDPHI ,OMEGA ,DELTMU

NMU = IMISC(1)

NPHI = IMISC(2)

NL = IMISC(3)

TWOP1 = 2.0%FMISC(1)
DEGRAD = FMISC(2)
RADEG = FMISC(3)
WNDSPD = FMISC(15)
KCOL = NMU*(NL + 1)

WRITE(6,1000)

wRITE(6,1008) ITITLE

WRITE(6,1010) NMU,NPHI NY NL,WwNUSFD,WAVENM, KINV,TOL
1IF(ICPHAS.NE.Q) WRITE(6,1014) NUQB,NvQB,INCBAS
IF(IBOTM.EQ.0) WRITE(6,1030) RF.BOT

IF(IBOTM.EQ.1) WKITE(6,1031)

IMISC(4) = Nv
IMISC(B) = KINvV
I'I1SC(9) = 1DBUG

IMISC(12) = 1BOT™M
FMISC(7) = TOu

FMISC(13) = WAVENM
FMISC(14) = RF_87

COMPUTE THE {(IND?L 7 QUAD-AVERAGED RADIANCES FOR THE SKY

CALL QASKY(RSKY CARD,SHTCTL,THETAS,K PHIS)
RADSKY IS IN /CwWORK/ AND MUST BE SAVED UNTIL AMPAQ IS CALLED IN MAIN

IF(ICPHAS.NE.O) THEN
COMPUTE AND SAVE THE QUAD-AVERAGED PHASE FUNCTIONS
INITIALIZE THE 27 INT GEOMETRIC SCATTERING FUNCTION

+++ NOTE: MAKE SURE "=E LESIRED VvERSION OF PHASEF HAS BEEN LOADED
INTO THE EXECUTABLE ELEMENT (ABSOLUTE RUN FILE)

XX = PHASEFR{O. ., )
NSIGY = [MISC(®:

GENERATE A TABLE UF PHASE FUNUTION VALUES FUR LOUKUP IN UQAPHAS
sowORK/ IS USED 75 HGLD THE TABLE OF PHASE VALUES

DO 100 ITY=1 ,NSIGY
v = ¢ySIGOIY)

0 .LE. PSI .LE. .3 DEGREES, BY 0.01 DEGREE STEPS
OPSI = DEGRAD*D .G
DO 102 1=1,1001
PSITAB(l) = FLOAT(I-1)*DPSI*RADEG
COSPSI = COS(FLUATII-1)%*DPST)
102 PHASE{(I,IY) = PHASEF{Y,COSPSI1)
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10 .LT. PSI .LE. 180 DEGREES, BY 0.1 DEGREE STEPS
DPSI = DEGRAD*D.1

PSIO = DEGRAD*10.0

DO 100 1=1002,2701

PSIO = PSIO + DPSI

PSITAB(I) = PSIOI*RADEG

COSPSI = COSIPcIQ)

PHASE(I,IY) = PHASEF(Y,COSPSI)

IF(IDBUG.GE. 1) THEN
WRITE(6,1050)

DO 110 I=1,20

12 = 1 + 990

13 = 1 + 2681

110 WRITE(6,1052) I,PSITAB(1),PHASE(],1),12,PSITAB(12),PHASE(I2,1),

120

122

1

I13,PSITAB(I3),.PHASE(I3,1)

CHECK INTEGRAL OF PHASE FUNCTION BY SUM OF TABULATED VALUES
SEE PAGE 11, EQ 2.7.

DPSI = DEGRAD*0.01

SUM = PHASE(2,1)*SIN(PSITAB(2)*DEGRAD)*0.5*DPSI

DO 120 I=3,1000

PSI = 0.01 T0 0.1

IF(I.EQ.11) SUMO1=SUM + PHASE(I,1)*SIN(PSITAB(1)*DEGRAD)*0.5*DPSI
PSI = 0.01 10 1.0

IF(I.€Q.101) SUM1=SUM + PHASE(1,1)*SIN(PSITAB(I)*DEGRAD)*0.5%DPS]

SUM = SUM + PHASE(I,1)*SIN(PSITAB(1)*DEGRAD)*DPSI
SUM = SUM + PHASE(1001,1)*SIN(PSITAB(1001)*DEGRAD)*0.5*DPSI
PSI = 0.01 7O 10.0

SUM10 = SUM

DPSI = DEGRAD*0.1

SUM = SUM + PHASE(1001,1)*SIN(PSITAB(1001)*DEGRAD)*0.5*0PSI
DO 122 1=1002,2700
PSI = 0.01 TO 20.
IF(I.EQ.1101) SUM20
PSI = 0.01 7O 90.0
1F(1.EQ.1801) SUMOD = SUM + PHASE(1801!,1)*0.5*DPSI
SUM = SUM + PHASE(I 1)*SIN(PSITAB(I)*DEGRAD)*DPSI
SUMO1l = TwOPI#SUMOL

SUM1 = TwOPI*SuMl

SUM + PHASE(1101,1)*0.5%0DPSI

SUM10 = TWOPI#SUM1O
SUM20 = TwWOPI*SuM20
SUM30 = TwOPI+SUM30

SUM = TWOPI*SUM

SUM980 = SuM - SuUMSO

WRITE(6,1054) SUMOL,SUML,SUM10, SUM20,SUM90, SUMSB0, SUM
ENDIF

COMPUTE THE QUAD-AVERAGED GEUMETRIC PHASE FUNCTION AS IN SECTION 11

CALL QAPHAS(NUQB NVQB, INCBAS)

STORE THE COMPUTED PHASE FUNCTIONS FUR LATER USE

REWIND NUPHAS

WRITE(NUPHAS) NSIGY,YSIG,ALBESS,TOTALS

WRITE(NUPHAS) (((GEOPP(I,J,K}),I=1,NMU), J=1,KCOL) K=1,NSIGY)
WRITE(NUPHAS) ((IGEOPM(I,J,K),I=1 NMU}, J=1,KCOL),K=1,NSIGY)
ENDFILE NUPHAS

WRITE(6,1060) NUPHAS

IF({ICPHAS.LT.0) STOP

ELSE
READ EXISTING GQUAD-AVERAGED PHASE FUNCTIONS FROM NUPHAS

REWIND NUPHAS

READ(NUPHAS) NSIGY,YSIG,ALBESS,TOTALS

READ(NUPHAS) (((GEQPP(I,J,K),I1=1 ,NMU), J=1,KCOL), ,K=1,NSIGY)
READ(NUPHAS ) (((GEOPM(I,JU,K),I=1 NMU), J=1,KCOL),K=1,NSIGY)
IMISC(5) = NSIGY

RESET THE ALBEDC OF SINGLE SCATTERING (THE SCATTERING TO ATTENUATION
RATIO) IF DESIRED

[F(ABSORB.GE.O.) THEN

ALBESS(1) = TOTALS(1)/(TOTALS(1) + ABSORB)

ENDIF

72




(@) OO0 00n (@}

lsNaNeXel

[aXaNe]

o

OO0

§5. PROGRAM 4

ABSORB

TOTALS(1)*(1.0/ALBESS(1)

1.0)

WRITE(6,1070) ABSORB,TOTALS(1),ALBESS(1)

IF(IDBUG.GT.0) THEN

CALL P3ARAY{(GEOPP,NMU,NMU,NSIGY,
1" QUAD-AVERAGED P+(Y ,R,1/U,V) AS
CALL P3ARAY(GEOPM, NMU,NMU,6NSIGY,
1'QUAD-AVERAGED P~(Y,R,17U,V) AS

MXMU , MXGEQP , 2,
LUADED ")
MXMU . MXGEQP , 2,
LOADED ")

ENDIF

ENDIF

IF(IYOP.EQ.1) THEN

YOUT AS READ CONTAINS ThE OPTICAL DEPTHS

COMPUTE THE GEOMETRIC DEPTHS CORRESPUNDING TO THE OPTICAL DEPTHS
WHERE OUTPUT IS REQUESTED

CALL Y2ZGEO

ELSE

YOUT AS READ CONTAINS THE GEOMETRIC DEPTHS IN METERS.
THE CORRESPUNDIN:G OPTICAL DEPTHS (UNIFORM WATER ONLY)

COMPUTE

ALFA ABSORB ~+
DO 200 Iv=1,NY
2GEO(1Y) YOUT(1Y)

YOUT({1V) ALFA*ZGEQO({1Y)

ENDIF

TOTALS(1)

200

WRITE(6,1020)
WRITE(6,1025)

YOUT(1) ,YOUT(NY)
(LY, YOUT(LIY),ZGEGLLIY ), 1Y=1,NY)

WRITE HEADER RECLORDS ONTO THE AMPLITUDE DATA FILE

REWINDG NUOQUT

WRITE(NLOUTY IMISO FMISC,FMU, Pl
YSIG,ALBESS, T i TALS,ZGEC

WRITE(NUOUT) ((/GEOPP(I,J,K),I=1,NMU},J=1 KCOL) , K=1 NSIGLY)

WRITE{NUQUT) («{GEOPMIT ,J,K),I=1 NMU), U=1 KCOL),K=1,NSIGY)

L YaOUT  BNDMU, BNDPHI [ GMEGA ,DELTMU,
1

RETURN
NGOwW DONE WITH -WORK/
FORMAT STATEMENTS

1000 FORMAT(1H!,' PROGRAM 4 OF THE NATURAL HYDROSOL MODEL"//
1° SOLUTION OF THE RADIATIVE TRANSFER EQUATION IN A PLANE-PARALLEL
2 MEDIUM’)

1004 FORMAT(10A8)

1005 FORMAT(//' RUN TIT_Z: ©,10A8B)

1010 FORMAT(//,  Trmr GRIDC PARAMETERS ARE //TB, NMU

L 137/

1T7,'NPHL =’ 1:,/79,'NY =',13//" OTHER PARAMETERS ARE'//
279, 'NL = I3, = HIGHEST WAVENUMBER L IN FOURIER ANALYSIS OF PHI "/
3/75, "WNDSPD =' 5.2, M/SEC " //
7TS, 'LAMBDA ="+ 6.1, NANOMETERS [/
477, KINV = T3, = HIGHEST POWER OF TIHE SLERIES EXPANSION USED FOR
EMATRIX INVERST ‘N //T3, TOL = ,1PEB. 1,
6 = ERROK TOL “ANCE FOR RICCATI EQ. INTEGRATIONS )

1314 FORMAT(//  Tre PrASE FUNCTION IS QUAU-AVERAGED USING NUQB =°,13,
17, NVQB =" 123 " AND INCBAS = ,13)

1020 FORMAT [/ /' THE SiAB THICKNESS IS x = F6.2,° .LE. Vv .LE.",
1 F6.2, = 2 CeTICAL DEPTHS )

1025 FORMAT(//° Cu #uT IS AT THE FOLLOWING DEPTHS: ©//
1 ¥ INDEX OFT DEFTH GEG DEPTHM (M) //(15,F12.3,F16.3))

1630 FORMAT(//° Tht S8OTTOM BLuNJHARY 15 A MATTE SURFACE wITH REFLECTANCE
1 R- =" F6.2)

1031 FORMAT( /7' ThE BOTTCM BOUNDARY !S5 INFINITELY DEEP')

1050 FORMAT(IH1, SELECTED VALUES OF THE TABULATED PHASE FUNCTION'//
14X, " INDEX PH I PHASE ", 7x, I1NDEX PHI PHASE ", 7X,
2 INDEX PHI PHASE /)

1052 FURMAT{3xX ,3(1%,uPFQ 2, 1PEL1Y .5, 3x))
1054 FORMAT (1HO, ' INTEGRALS OF 2*PI*PHASE(PST)*SIN(PSI)*OPSI: "//

1 1¢0.01-0.1 =" | 1PEL13.6//" 1(0.01-1.4) =" E13.6//

2 1(0.01-10., =" E13.6//" 1(0.01-20.) = ,E13.6//

3 1(0.C1-90., =" ,E13.6//" I(9u.-180.) =" ,E13.6//

a’ 1(n.01-180) =" ,€13.6)
1060 FORMAT(1H0O, TAPE " |12, OF QUAD-AVERAGEL PHASE FUNCTIONS WRITTEN')
1070 FORMAT(/7/° FOR THIS RUN, A =" F6 3 ,3X,°S = F6.3,3x,

1 A BEDY =7 [ FS 3,

e
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SUBROUTINE ADIPAK(X,Y,IROW,NMU,L)

THIS ROUTINE COMPUTES I + X = Y, WHERE I IS THE IDENTITY MATRIX AND
X AND Y ARE BLOCK MATRICES STORED ON THE PACKED FORMAT OF 12.4.

DIMENSION X(IROW,1),Y(IROW,1)

MLR NMU*(L+1)

MLC NMU* ((L+2)/2)
DO 99 I=1,MLR

DO 99 J=1,MLC
y(1,J) = X(I1,J)

ADD 1.0 TO THE DIAGONAL ELEMENTS

LP1 = L+1

DO 100 IXB=1,LP1

JXB = (IXB+1)/2

I1 = (IXB-1)#*NMU

J1 = (JXB-1)*NMU

DO 100 I=1,NMU

Y(T1+T,01+1) = X(I1+1,01+1) + 1.

RETURN
END

SUBROUTINE AMPAQ
ON NHM4/AMPAD

THIS ROUTINE FOURIER ANALYZES THE QUAD-AVERAGED SKY RADIANCES
RADSKY = NO(A,-) TO GENERATE THE DIRECT BEAM SPECTRAL AMPLITUDE
AQO(A,-). AQ(A,-) IS THEN TRANSMITTED

THROUGH THE UPPER BOUNDARY TO GET AO(X,-). AO0(X,-) IS THEN
ATTENUATED EXPONENTIALLY TO GET AQ(V,-) AT ALL DEPTHS.

COSINE AMPLITULDES ARE IN AQAM(I), I=1,2,...,NRHAT
SINE AMPLITUDES ARE IN AOQAM(I + NRHAT)

SPECTRAL STORAGE ARRAYS MUST BE LOADED WITH
THATI1(A,X) IN THATI1
THAT2(A,X) IN THATZ2

IN THIS ROUTINE, /CAMP/ IS USED TO STORE AQ(Y,-), A.LE.Y.LE.Z

PARAMETER(MXMU =10, MXPHI=24, Mxvy=30)
PARAMETER (MXL=MXPHI/2, MXRRTH=MXMU* (MXL*+1),
1 MXCRTH=MXMU*((MXL+2)/2), MXAMP=2*MXRRTH)

COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI ), Y (MXVY)

COMMON/CAMP/ AOAM(MXAMP) , DUMMY (MXAMP )  ACYM(MXAMP ,MXY)
COMMON/CRTHAT/ THATI(MXRRTH MXCRTH) ,THAT2 (MXRRTH MXCRTH)
COMMON/CMISC/ IMISC(20)

COMMON/CWORK/ KADSKY (MXMU ,MXFH] )
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NMU = IMISC(1)

NPHI = IMISC(2)

NL = IMISC(3)

NY = IMISC(4)

10BUG = IMISC(9)

NRHAT = IMISC(1Q)

IF(IDBUG.EQ.2) THEN

CALL P2ARAY(THAT1, 2%NMU,NMU MXRRTH, 2, 'THAT1{A,X) IN AMPAOQ')
CALL P2ARAY(THAT2,2*NMU,NMU ,MXRRTH 2, " THAT2(A,X) IN AMPAQ")
CALL P2ARAY{(RADSKY,NMU,NPHI ,MXMU, 2, 'RADSKY IN AMPAO’)

ENDIF

LOOP OVER L AND MU TO DEFINE AQ(A,-) VIA (4.8) AND (4.9)
LOOP OVER THE MU BANDS OTHER THAN THE POLAR CAP

DO 100 I=1,NMu-1

DEFINE THE AMPLITUDES FOR EACH L VALUE FROM (4.8) AND (4.9)

L = 0 SPECIAL CASE

SUM = (.

DO 310 J=1,NPHI

SUM = SUM + RADSKY(I,J)
AQAM(I) = SUM/FLOAT(NPHI)
AODAM(I+NRHAT) = 0.

L = NL SPECIAL CASE

SuM = 0.

NO 320 J=1,NPHI

SUM = SUM + RADSKY(I,J0)*COS{FLOATINLJ*PHI(J))
ACAM(NMU*NL+T) = SUM/FLOAT(NPHI)
AGAM{NMU*NL+I+NKRHAT) = 0.

O LT, L .LT. NL GENERAL CASE

00O 330 L=1.NL-1L
SuM1l = 0.
SuMZ = 0

DO 332 J=1,NPHI

SUML1 = SUM1 + RADSKY(I,J)*COS(FLSAT(L)*PHI(J))
SUMZ = SUM2 + RAUSKY (I, Ju)*SilviFeORT(L4FPnI{J))
AQAM{NMU*L+1) = SUML/FLOAT(NL)

AQAM(NMU*L+]1 + NRHAT) = SUM2/FLOAT(NL)

CONTINUE
POLAR CAP SPECIAL CASE

THE COSINE AMP IS JUST THE VALUE OF THE PFOLAR CAP QUAD-AVERAGED
RADIANCE, EQ. (5.4)

AOAM(NMU) = RADSKY(NMU, 1)
AQAM(NMU + NRHAT) = 0.

DO 340 L=1,NL
ACAM(NMU*L+NMG; = 0.
AOAM(NMU*L+NMU+NRHAT) = 0.

TRANSMIT AO{(A. ' THROUGH THE uUFPER BOUNDARY VIA 6.55 TO GET
AQ(X,-) = AOYML*, 1) (NOTE IN ©.55 THAT AO(X,+) = 0. SEE PAGE 137)

CALL RFMPAK{AUAM, THAT L, AQYM MXRRTH NMU,NL)
CALL RFMPAK(AGAM(NRHAT+1) , THAT2 AUYM(NRHAT+1,1) MXRRTH,NMU, NL)

TRANGMIT Au{x, ) TO ALL LOWER Y LEVELS, ®x .GT. v .GE. Z, VIA 8.22

DG 479
LO 400
IROW = IROW =+ 1
LO 400 Iv=2, Ny

iROwWw = O
.
J

TEMP = EXP{(V(1) - Y(IV))/FMU!J)}
AGYM{IROW,Iv) = TEMP*ADYM(IRCW, 1)
AOYM(TROWHNRIHAT [V ] = TEMP*AUYMI{ IROW>NKHAT 1)
RETURN

END
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SUBROUTINE AMPAP
ON NHM4/AMPAP
THIS ROUTINE DEFINES A(A,+) USING 6.56

SPECTRAL STORAGE ARRAYS MUST BE LOADED WITH
THAT1(X,A) IN THAT1
THAT2(X,A) IN THAT2
RHAT1(A,X) IN RHAT1
RHAT2(A,X) IN RHAT2

PARAMETER(MXMU=10, MXPHI=24, MXY=30)
PARAMETER (MXL=MXPHI/2, MXRRTH=MXMU* (MXL+1)},
1 MXCRTH=MXMU* ( (MXL+2)/2), MXAMP=2%MXRRTH)

COMMON/CAMP/ AQAM(MXAMP) ,AAP(MXAMP )} , AYM{MXAMP MXY) AYP{(MXAMP MXY)
COMMON/CRTHAT/ THATL(MXRRTH ,MXCRTH) , THAT2(MXRRTH MXCRTH) ,

1 RHAT1{(MXRRTH ,MXCRTH) ,RHAT L (MXRRTH MXCRTH)

COMMON/CMISC/ IMISC(20)

COMMON/CWORK/ AGCAP(MXAMP) , TEMP1(MXRRTH) , TEMP2(MXRRTH) ,

1 RHAT(MXRRTH ,MXCRTH) , THAT (MXRRTH MXCRTH)

DIMENSION AXP(MXAMP)
EQUIVALENCE (AXP(1),AYP(1,1))

NMU = IMISC(1)

NL = IMISC(3)
IDBUG = IMISC(9)
NRIHAT IMISC(10)
NCHAT IMISC(11)

noHi

P = 1 (COSINE AMPLITUDES)
IP =

CONTINUE
IPOFF = IRHAT*(1P-1)

LOAD THATP(X,A) INTO THAT
LOAD RHATP(A,x: INTO RHAT

IF(IP.EQ.1) THEN
DO B00O J=1,NCHAT
0O 800 I=1,NRHAT

RHAT(I,J) = RHATI(I, 4)
THAT(I,J) = THATI1(I,J)
ELSE

D0 802 J=1,NCHAT

DO 802 I=1,NCHAT
RHAT(I,J) = RHAT2(1,4)
THAT (I ,J) = THAT2(1,4)
ENDIF

IF(IDBUG.GE.2) THEN

WRITE{(6,310) IP

CALL P2ARAY(THAT 2*%NMU NMU MXRRTH, K2, 'THATP(X,A) IN AMPAP')
CALCL PRARAY(RrAT 25¥NMU,NMU MXRRTH,2, "RHATP(A,X) IN AMPAP ")
ENDIF

EVALUATE 6.56 aAND SAVE AOAP FOR WRITING ONTO NUQUT

CALL RFMPAK{ AP {IPOFF+1) THAT TEMPL MXKKTIH, NMU, NL)
CALL RFMPAK{ADAM(IPOFF+1) RHAT TEMP2Z MXRRTH NMU, NL)
0O 10U =1, NRHAT

AQAP(T+IPOFF) = TEMP2(I)

AAP(I+IPOFF) = TEMPI(I1) + TEMPZ(1)

IF(IP.GT.1) RETURN

REPEAT FOR P = 2 (SINE AMPLITUDES)

Ip = 2

GO TO 999

FORMAT (1H1, ' SUBRGUTINE AMPAP, ¢ =" 12)

END
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SUBROUTINE AMPINT

ON NHMA4/AMPINT

THIS ROUTINE FINDS THE AMPLITUDES A(Y,~-) AND A{(Y,+} AT ALL INTERIOR
DEPTHS X .iT. ¥ .LE. Z USING 7.6 AND 7.7

PARAMETER(MXMU=10, MXPHI=24, MXY=30)
PARAMETER (MXL=MXPHI /2, MXAMP=2*MXMU* (MXL+1))

COMMON/CAMP/ AAM(MXAMP )  AAP{MXAMP) , AYM(MXAMP ,MXY) AYP (MXAMP MXY)
COMMON/CRTR/ RYX{(MXMU,MXMU ,MXY) K TXy{MXMU, MXMU,AMXY ),

1 R1YB (MXMU ,MXMU.MXY) R2YB(MXMU, MXMU ,MXY )
COMMON/CMISC/ IMISC(20)

COMMON/CWORK/ TXYB(MXMU,MXMU ), TEMP L (MXMU , MXMU ) , TEMP2 (MXMU , MXMU } ,
1 RPVYB (MXMU , MXMU  MX V)

DIMENSION AAM(MXAaMP)
EQUIVALENCE (AXM{1) AYM(1,1))

DATA 10GT/10/, NUSCRI,NUSCRZ,NUSLRJI/4D . 46,47/

NMU = IMISC(1)

NL = IMISC(3)

NY = IMISC(4)
IDBUGZ2 = IMISC9,
NRHAT = IMISC(10)

REWIND MNUSUKL
REWIND NUSCR?2
REWIND NJUSCR3

00 100 L=0,NL

IF{I0BUL2 . EQ.2
IF(L.CE, L .JR. L.GE NL-1) THEN
I1DBUG = 2
ELSE
108UG - U
ENDIF
EL>E
1oBJG = 10BuUGLY
ENCIF
CUFSET = NMI#

READ IN RYX =

Riv, A, Try = Tia, v, 1) AND RPYB = RP(Y,B.,L) FOR ALL
v LEVELS, FOR TrIS

L),
L VALUE
D3 3u0 Iv=1,Nv
READ(NUSCKRI) tovrva (L, J, Ivi, I~1,NMUI, =1, K NMU)
READINUSTR?Z, (" Txyol 2, 1YY T=1 KW, . =1, NML)
READ(NUSURS ) (o k1vBII,u,1v),
KEAD(HUSCRY, SvBlI s 1Y

JNMU) L J- 1, ML)
TLOHMUY =1 NN

[P

TECIDBYG . GE . 2y THEN
WwRITELE 319

CALL B LARATY e M NME, Y M N e ROY X L)
CALL FOARAY I TA 5N My ey RNy e 2 TOX vy L))
AL B3ANAY TR Lo N L NMU Ny MY MU e T RLLY BLoL) )
LA L PRARA IR Iy B L NN, by NMARY L XM 2, CRE(v .8, L) )
ENGIF
NS I RS S b AL Lk
eoos

'vv' ‘Jr
LORD REBEVYB Of R IRRENT O AL

IFEIP Su. 1y Tt

- [P PR
30 I R S U T
19} TE LV MR
WS laa M
Wheovb O B A DR A
Eout
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[OFSET = LOFSET + NRHAT

00 206 Ivy=1,NY

DO 206 J=1,NMU

DO 206 I1=1,NMU

RPYB(I,u,1V¥) = R2vB(1,4,1VY)
ENDIF

COMPUTE THE AMPLITUDES AT EACH Y LEVEL

DO 102 Iv¥=2,NY
IF(IDBUG.EQ.2) WRITE(6,311) Iy IP

COMPUTE TXYB = TP(X,Y,B,L) USING 6.33

COMPUTE TEMP1 = I - RP(Y.B) * R(Y,X)

DO 210 1=1,NMU

DO 210 J=1,NMU

SuUM = 0.

0O 211 w=1 NMU

SUM = SUM + RFYB(I ,K,IV)*RYX(K,uy,IV)

DELT = O.

IF(I.EQ.J) DELT = 1.

TEMPL(I,J) = DELT - Sum

IF(IDBUG.EQ.2) CALL P2ARAY(TEMP1, 6 NMU,NMU, 6 MXMU, 2,
‘I - RP(Y,B) * R(vY,X)")

INVERT I - RP(V,B) * R(Y,X)

CALL LINVIF({TEMP1,(NMU.MXMU,K TEMP2. IDGT,TXVYB,IER)

IF(IDBUG.EQ.2) CALL P2ARAY(TEMP2.NMU K NMU,MXMU, 2,
‘(1 - RP(Y,B) * R{Y,X)) INVERSE")

COMPUTE SCRIPT TP(X,Y.B,L)

DO 220 I=1,NMU

DO 220 J=1,NMU

SuM = 0.

DO 221 K=1,NMU

SUM = SUM + TXY(I K, IY)*TEMPZ(K,J)

TXxyB(1,J) = SUM

IF{IDBUG.EQ.2) CALL PZ2ARAY(TAYB K NMU, K NMU,KMXMU, 2,
"SCRIPT TP(Xx,vY.B,L)")

COMPUTE AP(Y,-) USING 7.6

DO 230 u=1,LMU
SuM = 0.

DO 231 K=1,NMU

SUM = SUM + AXM(K+IOFSET)*TAYB(n, K J)
AYM(J+IOFSET IV) = SuM

COMPUTE A(VY,+) USING 7.7

DO 240 .1=1,NMU
SUM = U,

DO 241 K=1,NML
SUM = SUM + AVMIK+TUOFSET Iy )4RPYB(K, U, Y]
AYP(J+10FSET  Iv) = SUM

CONTINUE
REPEAT FOR THE SINE AMPLITUDES, Ik = 2

T R
IF(1FP.LT.3) GC TO 399

CUNTINUE

[F(I0BUG.EQ.2) THEN

CALL P2ARAY(AVM, 25NRHAT NV MXAMF 2. "A(Y,-) ")
CALL P2ARAY{(AYP Z*NRHAT , NY MxAMP 2. A(Y,+)")
ENDIF

FORMAT(1H1, " SUBRGUTINE AMPINT, © =" ,13)
FORMAT (1HO, " Iv =',12 3x, 1P =" 12)
RETURN
END
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SUBROUTINE AMPX
ON NHM4/AMPX
THIS ROUTINE COMPUTES A(X,-) AND A{X,+) USING 7.3 AND 7.58

SPECTRAL STORAGE ARRAYS MUST BE LUADED WITH
THATL1I(A ., X) IN THATIL
THAT2(A,X) IN THAT2
RHATL1(X,A) IN RHATL
RHAT2(X,A) IN RHAT2

PARAMETER (MXMU=10, MXPHI=24, MXxY=30)
PARAMETER (MXL=MXPHI/2, MXRRTH=MXMU*{MXL+1),
1 MXCRTH=MXMU®* ( (MXi_+2)/2), MXAMP=2*MXRRTH)

COMMON/CAMP/ ACAM(MXAMP) AAP(MXAMP)  AYM(MXAMP MXY) AYP(MXAMP MXY)
COMMON/CRTHAT/ TrATI(MXRRTH MXCRTH), THAT2(MXRRTH,MXCRTH) ,

1 RHATI1(MXRRTH,MXCRTH) ,RHAT2(MXRRTH ,MXCRTH)

COMMON/CMISC/ IMISC(20)

COMMON/ CWORK/ WORK{MXMU ,MXMU ) , TEMF (MXRRTH MXCRTH) ,

1 RHAT(MXRRTH,MXCKRTH) , THAT (MXRRTH ,MXCRTH) ,R1XBL (MXMU, A6 MXMU, 0 :MXL),
2 R2XBL{MXMU,MXMU  0:MXL) .RXBL (MXMy , MXMU, 0 :MXL)

DIMENSION AXM(MXAMP) AXP(MXAMP)
EQUIVALENCE (AXM{1),AYM(1,1)}).(AxP(1),AYP(1,1))

NMU = IMISC{1)
Nie = IMISC(3)

NY = IMISC(4)

KINV = IMISC(8}
10BUG = [IMISC(9:
NRHAT = IMISC(iG)
NCHAT = IMISC{:.1
NUSCR3 =~ IMISC! 7}

IEVEN = (NL*+2)/2
IQ0DD = (hu+1l)/e

READ R1I(¥ .8 . L AND RZ(X,B.,L) FKIM SCRATCH FILE NUSCR3

REWIND NUSCKD
D3 100 L=0.,MNC

READ v = X LEVE.
READ(NUSCR3) (1RIXBL(l,J,. L), 121 HNMUI, =1 ,NMU)
READ(NUSCR3) ((R2XBL(I,9,L).I=1 NMU),u=1,NMU)

SKIP OTHER V _2,ELS FOR THIS o vALUE

DO 100 Iv=2, 6NY

READ(NUSCR3) DiI!MREC

READ(NUSCR3) LUMREC

IF(I0OBUG.EQ. 2} THEN

CALL P3ARAY{RLABL ,NMJ NMJ NL*L1 MaMU ,MxMU, ./, "R1I(X,B, L) IN AMPX")
CALL P3ARAY(RZ*BL,NMU, NMU, ,NL*+ 1 MxMU ,MXMU, 2, "R2(X,B,L) IN AMPX')
ENDIF

INITIALIZE FUr » = 1 (CGSINE AMEUTITULES)

P =1
IOFSET = ©

CONTINUE
LOAD RHATR(A L& INTU KRHAT AND RKFEx,B,u) INTO RXBL

TROTIPLEQG. 1 Trty

DO 800 u=1,HIMLT

00 80 =1 ,NRHAT

RHAT(I ,J) = R-AT1(I,0)

00U BUY L=0,NL

DO BO1 u=1,NMU

DO BGLU =1, NMu

RxBL(I,u,L) = RIXBL(I.,J.L)
ELSE
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DO 802 J=1,NCHAT
DO 802 I=1,NRHAT
802 RHAT(1,J) = RHAT2(1,J)
DO 803 L=0,NL
DO 803 J=1,NMU
DO 803 1=1,NMU
803 RXBL(I,u,L) = R2xBL{1,J.L)
ENDIF
IF(IDBUG.EQ.2) THEN
WRITE(6,901) 1P
CALL PZ2ARAY(RHAT 2%NMU,NMU MXRRTH 2, RHATP(X,A) IN AMPX‘)

ENDIF
[
C COMPUTE TEMP = RP(X,B) * RHATP(X,A) AS NMu BY NMU BLOCKS
C
DO 200 L=0,NL
IROFF = NMU*L
NCOL = 100D
IF(MOD(L,2).EQ.Q) NCOL = TEVEN
DO 200 IR=1,NCOL
C
C EXTRACT AN NMU BY NMU BLOCK FRUM RHATP
ICOFF = NMU*(IR-1)
DO 210 I=1i,NMU
DO 210 J=1,NMU
210 WORK(I,J) = RHAT(I+IROFF,u+ICOFF)
C
C MULTIPLY RP(X,B,L) TIMES THIS BLUOCK AND STORE THE RESULT IN RHAT
C
DO 212 1=1,NMU
DO 212 4=1,NMU
SUM = 0.
DC 214 K=1,NMu
214 SUM = SUM +» RXBL(I,K,L)*WORK({X, J)
212 RHAT(I+IROFF ,J+ICOFF) = SuM
200 CONTINUE
C
C RHAT NOW CONTAINGS RP(X,B) * RHATP
C
C COMPUTE THE INVERSE FOR (7.3) USING THE APPROXIMATION (7.4)
C (I + X) INVERSE = [ + X + X*%2 +  + X**KINV
C
IF(IDBUG.EQ.2) TZALL P2ARAY(RHMAT, 6 Z+NMU,NMU MXRRTH, 2,
1’RP(X,B) * KRATP")
CALL ADIPAK(RHAT,TEMP,MXRRTH,NMU , HL)
DO 250 K=2 ,KIN/
CALL FFMPAK{TEMP RHAT, THAT ,MXRRTH,NMU, L, WORK)
250 CALL ADIPAK{THAT,TEMP ,MXRRTH, NMU, NL)
[
C TEMP NOW CONTAINS THE INVERSE
IF(IDBUG.GE. 1) THEN
DO 804 1=1,NRHAT
DO 804 J=1 NCHAT
804 RHAT(I,J) = -RRAT(I1,J)
CALL ADIPAK(RHAT , THAT MXRRTH, NMU NL)
CALL FFMPAK(TEMP, THAT RHAT MXRRTH, K NMuU,NL K WORK)
CALL P2ARAY{(RHAT 2*NMU, NMU MXRRTH,6 /2,6 "TDENTITY CHECK IN AMPX ')
ENDIF
C
C LOAD THATP(A ,Xx) INTCQ THAT AND CUMPUTE SCRIRPT T(A,X,B) BY 6.33
C

IF(IP.EQ.1) THEN
DO B10 J=1,NCHAT
DG 810 I=1,NRrAT
810 THATI(I J) = THATI(I, J)
ELSE
DO B1l2 J=1,NCHAT
DO B12 I=1,NRHAT
B12 THAT(I,J) = TRAT2(I.J)
ENDIF
IF(IDBUG.EQ.2) THEN
CALL P2ARAY(THAT, 2*NMU ,NMU , MXRRTH 2 "THATP(A ,X) IN AMPX ')
CALL FPZ2ARAY(TEMP 6 2*NMU ,NMU MXKRRTH, 2, {1 - RP*RHATRF) I[NVEKSE )
ENDIF
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CALL FFMPAK(THAT TEMP,RHAT , MXRRTH, A NMU,NL,WORK)
IF(IDBUG.EQ.2) CALL P2ARAY(RHAT,K 2*NMU,NMU ,MXRRTH, 2,
1 ‘SCRIPT T(A,Xx,B)")

RHAT NOW CONTAINS SCRIPT T(A,X,B)

COMPUTE AP(X,-) BY (7.3)

CALL RFMPAK(ACAM(IOFSET+1) ,RHAT AXM{IOFSET+1) ,MXRRTH,NMU, NL)
COMPUTE AP(X,+) BY 7.58B

DO 400 L=0,NL

LOFSET = NMU=*L

DO 400 I=1,NMu

SUM = 0.

DO 402 K=1,NMU

SUM = SUM + AXM(K+LOFSET+IOFSET)*RXBL(K, I, L)
AXP(I+LOFSET+IOFSET) = SuUM

IF(IDBUG.GE.2) THEN

CALL P2ARAY(AQAM(IOFSET+1),1,NRHAT 1,2, AO(A,-)")
CALL P2ARAY(AXM{IOFSET+1),1 NRHAT 1,2, 'A(X,-)")
CALL PZ2ARAY(AXP({lOFSET+1)},1 ,NRHAT 1,2, A(X,+)")
ENDIF

IF(IP.GT.1) RETURN

REPEAT FOR P = 2 (SINE AMPLITUDES)

Ip = 2

IOFSET = NRHAT

GO TO 999

FORMAT (1H1,’' SUBROUTINE AMPX: P12
END

SUBROYUTINE BOTMBC (L)
ON NHM4/BOTMBC

THIS ROUTINE CUMPUTES THE DISCRETE SPECTRAL RHATZB = RHAT1(Z,B,L)
FOR THE DESIRED BOTTOM BOUNDARY CONDITION.

IF IBOTM
IF IBOTM

JSE 3.26, 5.47, 5.50, 5.51 AND 5.53
SET UP AND SOLVE THE EIGENVALUE PROBLEM 10.2
AND THEN USE 10.8 AND 10.9 FOR RHAT(Z,INFINITY)

- O

PARAMETER (MXMu=10, MXPHI=24, MXvy=30)

COMMON/CBOTBC/ RHATZB(MXMU, 6 MXMU)

COMMON/CGRID/ FMU(MXMU) ,PHI(MXPHI )}, Y (MXY ) K BNDMU{MXMU) ,
1 BNDPHI (MXPHI )}, OMEGA (MXMUL;)

COMMON/CMISC/ IMISC(20),FMISC(20)

NMU = IMISC(1)

NPHI = IMISC(2z:

IBOT™M = IMISC(12)
RMINUS = FMISCL(14)
CONST = RMINUS/FMISC(1}
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IF(IBOTM.EQ.0) THEN

1IF(L.EQ.0) THEN
FOR A MATTE BOTTOM AND L.EQ.U, GET THE GEUMETRIC R(Z,B) BY 3.26,
RHAT ELEMENT BY 5.53, RHAT ARRAY BY 5.50

DO 100 IR=1,NMU

VAL = FLOAT(NPHI)*CONST*FMU(IR)*OMEGA(IR)
SPECIAL CASE FOR POLAR CAP QUAD

IF(IR.EQ.NMU) VAL = CONST*FMU{NMU)*OMEGA (NMU)
DO 100 Iu=1,NMU

RHATZB(IR,IU) = VAL

ELSE

FOR MATTE BOTTOM AND L.GT.(0, RHAT1(Z.B) = 0 BY 5.53B
DO 102 IR=1,NMy

DO 102 IU=1,NMU

RHATZB(IR,IU) = O.

ENDIF

ELSE

SET UP AND SOLVE THE EIGENVALUE PROBLEM FOR R(INFINITY, L)
EIGENR SETS RHATZB = R(INF,L)

IF RUNS ARE BEING MADE WITH A MATTE BOTTOM ONLY, THE CALL TO EIGENR
CAN BE COMMENTED OUT TO PREVENT LOADING THE LARGE IMSL ROUTINES IT CALLS

CALL EIGENR(L)
ENDIF
RETURN

END

SUBROUTINE DRTAB(NRTAB,YNOW,RT ,DERIV)
ON NHM4/DRTAB

THIS SUBROUTINE EVALUATES DERIV = D(RT)/DY AT ¥ = YNOW (THE RIGHT

HAND SIDE OF 6 43, 6.44 AND 6.48) FOR USE BY THE IMSL ROUTINE DVERK

RECALL THA., RYX AND TXY ARE STORED IN RT:

RYX(I,J)
TXY(I,J)

RT(I + (J-1)*NIJ)
T(I + (J-1)*NIJ + NIJ*NIJ)

PARAMETER (MXMU=10, MXSIGy=3)

REAL RT(NRTAB),DERIV(NRTAB)

DIMENSION WORK (MXMU ,MXMU) , RHGY (MXMU , MXMU ) , TAUY (MXMU , MXMU )
COMMON/CRTSIG/ RHOHAT (MXMU,MXMU,MXSIGY), TAUHAT (MXMU , MXMU  MXSIGY)
COMMON/CSIGY/ YSIG(MXSIGY)

COMMON/CMISC/ IMISC(20)

NMU = IMISC(1)
NSIGY = IMISCI(5)
IDE = IMISC(13)
NSQ = NMY*NMU

82




o0

OO0 OO0 0

o

Oooon

o

oy o

[aNeNe]

OO0

50

52

55

56

58

100

201
200

301
300

700

§5. PROGRAM 4

DETERM.:NE RHOHAT AND TAUHAT AT THE CURRENT ¥ VALUE
IF(NSIGY.EQ.1 .OR. YNOW.LE.YSIG(1)) THEN

THE WATER IS UNIFORM, OR YNOW IS5 AT OR ABOVE THE FIRST DEPTH
WHERE SIGMA 1S KNOWN

DO 50 J4=1,NMU
DO 50 I=1,NMU
RHOY(1,J) = RHOHAT(I,J,1)
TAUY(I,J) = TAUMAT(I,J,1)

ELSEIF(YNOW.GE.YSIG(NSIGY)}) THEN

YNOW IS AT OR BELOW THE LAST DEPTH WHERE SIGMA IS KNOWN
DO 52 J=1,NMU

DO 52 I=1,NMU

RHOY(I,J) = RHORAT(I,J,NSIGY)

TAUY(I,J) = TAURAT(I,J,NSIGY)

ELSE

DEFINE RHOHAT AND TAUHAT BY LINEAR INTERPOLATION OF THE VALUES FROM
THOSE DEPTHS WHERE SIGMA IS KNOWN

DO 55 JY=2,NSILY
IF(YNOW.LT . YSIG(JY)) GO TO 586
CONTINUE

DY = (YNOW - ¥YSIG(JY-1))/(Y¥YSIG(JY) = ¥SIG(JVY-1})
DO 58 J=1,NMU

DO 58 I=1,NMuU
RHOY(1,J) = (1.0 ~ DY)*RHOHAT(I.u,JY-1) + DY*RHUHAT(I,J,JY)
1.3 -

TAUY(1,4) ( DY) *TAUHAT (I ,0,JY-1) + DY*TAUHAT(I,6.,6JY)
ENDIF
COMPUTE K = TAUY + RHOY*RYX

00 16U I=1,NMu

DO 100 J=1, NMy

WORK (T ,u) = Tauv(l, J)

DO 100 K=1,NMU

WORK(T,J) = WURK{I J) + RHOY(] K)*RT(K + (J-1)*NMU)

COMPUTE D(RYX)/DvY By EQ. 6.43

DO 200 I=1,NMy
DO 200 J=1,NMu

TEMP 1 0.

TEMP2 0.

DO 201 K=1i, NMy

TEMP1 = TEMP1 + RT(1 + (K-1)*NMU)*WORK(K,J)
TEMP2 = TEMPZ + TAUY(I.K)*RT(K + (J-1)*NMU)
DERIV(I + {s-1)*NMU) = RHOY(I,J) + TEMPL + TEMP2

IF(IDE.NE.2) T+EN
COMPUTE D(Txv)/0Dv BY EQ. 6. 44

DO 300 I=1,NMy

DO 300 J=1.,NMy

TEMPL = 0.

DO 301 K=1,NMu

TEMPL = TEMPL1 + RT{I + (K-1})*NMU + NSUQ)*WORK(K, K J)
DERIVIIL + (,-1)%NMJ + NSQ) = TEMP1

ELSE

CHANGE OF SIGN T GET EQ. 6.48
DO 700 I=1,NRTAB

DERIV(I) = -DEFRIV(I)

ENDIF

RETURN
END
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SUBROUTINE EIGENR(L)
ON NHM4/EIGENR

TH1IS ROUTINE SETS UP AND SOLVES THE EIGENMATRIX PROBLEM KE = EL
AS DESCRIBED IN SECTION 10.

THE SUBMATRICES EP = E(+) AND EM = E(-) ARE EXTRACTED, AND
R{INFINITY, L) = -E(-) * E(+)INVERSE 1S COMPUTED.

THE ASYMPTOTIC RADIANCE OISTRIBUTION AND ASSOCIATED QUANTITIES
ARE ALSO FOUND USING FROMULAS FROM TECH MEMO ERL~PMEL-76.

IF L = 0, THE FULL RHO AND TAU MATRICES ARE USED TO DEFINE K
IF L.GT.0, ROW NMU AND COLUMN NMU OF RHO AND TAU IS ZERO, AND
THUS IS OMITTED FROM K (SEE PAGE 174)

PARAMETER(MXMU=10, MXPHI=24, MXY = 30, MXSIGY=3)
PARAMETER (MXMUZ2=2*MXMU, MXMUSQ=MXMU*MxMU)

DIMENSION IP(MXMUZ),EVALS(MXMUZ)  EIGV(MXMU)
COMPLEX WEV(MXMU2)

COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI) , YOUT(MXY ) K BNDMU(MXMU ),

1  BNDPHI(MXPHI ) ,OMEGA (MXMU) ,DELTMU(MXMU)

COMMON/CRTSIG/ RHOHAT (MXMU ,MXMU ,MXSIGY ), TAUHAT (MXMU,MXMU ,MXSIGY)
COMMON/CSIGY/ YSIG(MXSIGY) , ALBESS(MXSIGY)  TOTALS(MXSIGY)
COMMON/CBOTBC/ RHATZB(MXMU,MXMU )

COMMON/CMISC/ IMISC(20)

COMMON/CWORK/ WERK(MXMUSQ, 12) ,RPINF{(MXMU) ,RMINF (MXMU) ,WORK{ 1)
ARRAY WORK{1) MUST HAVE 4*NMU*(NMU+1) WORDS AVAILABLE

DIMENSION FP({MXMU,MXMU) , FM{MXMU MXML ) TEMP 1 {MXMU , MXMU ) |
1 TEMP2{MXMU MXMU) , EMNV {MXMyU , MXMU )

DIMENSION AK(MXMUZ2 MXMUZ) ,EMK{MXMU2 ,MXMUZ)  EP (MXMU,MXMU} ,
1 EM(MXMU ,MXMU ), EPNV (MXMU , MXMU )
COMPLEX ZEV(MXML2 ,MXMUZ)

EQUIVALENCE (WERK(1,1),AK(1,1)),(WERK(1,5),2ZEV(1,1))
EQUIVALENCE (WERK(1,1) ,EMK(L1,1)},(WERK(1,5) ,EP(1,1)},
1 (WERK(1,6),EM{1,1)),(WERK(1,7) . EPNV(1,1))

NMU = IMISC(1)

NSIGY = IMISC(S)
IDBUG = IMISC(9)
ALPHA = TOTALS(NSIGY)/ALBESS{NSIGY)

DETERMINE THE ARRAY SIZES
IF(L.EQ.Q) THEN

M = NMU

ELSE

M = NMu - 1

ENDIF

M2 = 2*M

INJTIALIZE THE ® MATRIX, USING 5.21 UK 5.24 IN 6.8

DO 100 I-1,M2

DO 100 J=1,M2
IF(TI . LE. M) THEn
IF(J.LE. MY Ax(l J)
TF{(M. LT 5y ARTT, J)

STAUHAT (L, 5  NSTIGY)
RHORAT (I, u-M P STLY)

ELSE

IF(o.LE.M) AK(I,0) = -RHOHAT(I-M,J, N51GY)
IFM. LT ) Ar{l,u) = TAUHAT(I-M, J-M NSIGY?
ENDIF

CONTINUE

[FIOBUG.GT. 1) CALL PZARAY(AK MZ MZ ,MXMUZ, ¢,
1 ‘K MATRIX FKROM SUB EIGENR )

FIND EIGENVALUES AND EIGENVECTORS OF &

CALL EIGRF(AK,M2 MXMU2,2,WEV,ZEv K MXMUZ WORK,IER)
IF(IDBUG.GT .1} THEN

WRITE(6,301) (wWEV(I),1=1,M2)

WRITE(6,304) WORK(1)

ENDIF
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SORT POSITIVE EIGENVALUES

KPOS = 0
DO 600 I=1,m2
TMP = WEV(I)
IF(TMP.LT.0.) GO TO 600
KPOS = KPOS + 1
EVALS(KPOS) = TMP

600 CONTINUE

CALL VSRTA(EVALS,KPQOS)
DEFINE ORDERED EIGENVALUES
DO 601 I=1,KPOS
EIGV(I) = EVALS(I)

601 EVALS{I+KPOS) = -EVALS(I)

CONSTRUCT PERMUTATION MATRIX IP BY COMPARING WEV AND EVALS
DO 610 I=1,M2
TMP = WEV(I)
DO 610 J=1,M¢
IF(ABS(EVALS(J) - TMP).LT.1.E-8) IP(1) = J
610 CONTINUE
IF(IDBUG.GT.1) WRITE(6,681) (J,IP(J),Ju=1,M2)
IF(L.EQ.0 .OR, IDBUG.GT.0) WRITE(6,680) L, (EIGV(I), ALPHA*EIGV(I),
1 I=1.M)

DEFINE REAL, ORDERED EIGENVECTOR MATRIX EMK

DO €20 J=1,M2
JJ = IP(J)
DO 620 I=1,M2
620 EMK(I , JJ) = ZEV(1,J)
IF{IDBUG.GT .1} (ALL P2ARAY(EMK M2 M2 MAMUZ,Z,
1 "SORTED EIGENVECTORS )

EXTRACT THE SUBMATRICES EP = E(+) AND EM = -E(-)

DO 630 1
DO 630 J=1,
EP(I. W) EMKLT, J)

€30 EM(I, ) —EMK(T+M, )
IF{LOBUG.GT 1 THEN
CALL P2ARAY(EP M, M MXMU,2, E(*) )
CALL PZARAY(EM,M,M MXMU,2, -E(-)")

M
M
M

-

[ ER TR |

ENDIF
INVERT E(+) AND ODEFINE R({INFINITy), USING 10.8 OR 10.9
IDGT = 6
CALL LINVZ2F(EP M MXMU,EPNYV,IDGT , wORK,TER)
CALL VMULFF(EM, EPNV M M M MXMU MXMIJ RHATZB MXMU,TER)
FILL THE LAST =~03w AND LAST (OLUMN OF RHAT(Z.,B) wlTH ZEROS IF
L.GT.0
IF(L.GLGT.0) THEN
U0 649 I=1,NM |
RHATZB(NMU , 1) = O.
649 RHATZB(I ,NMU) = O.
ENDIF
CONSTRULT THE Fi+) AND F{-} MATIRICES AND GET THE ASYMRTOTIC
RADIANCE OIST&IBUTION USING 76/18.2., HNOTE THAT RADINF({+) IS OBTAINED
FROM F(-) ANU HAT RADINF(-) IS OBTAINED FROM F(+).
IF(L.EQ.0) THEN
EM IS -E(-)
DO 652 J=1,NMU
DO 652 I=1,NMU
652 EM(I,5; = -EM(I,J)
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IDGT = 6
CALL LINV2F(EM,NMU,MXMU,EMNV, IDGT , WORK, IER)
IF(IDBUG.GT.1) THEN
CALL P2ARAY(EPNV,NMU,NMU,MXMU,2, E(+)-1")
CALL P2ARAY (EMNV,NMU,NMU ,MXMU,2,"E(-)=-1")
ENDIF
CALL VMULFF (EM,EPNV,NMU,NMU,NMU , MXMU , MXMU , TEMP 1, MXMU , TER)
CALL VMULFF(TEMP1,EM,NMU,NMU,NMU, MXMU ,MXMU , TEMP2 ,MXMU , IER)
00 650 I1=1,NMU
DO 650 J=1,NMU
650 TEMPL(I,J) = EP(I1,J) - TEMP2(I,J)

IDGT = 6
CALL LINVZF(TEMP1, NMU MXMU,FP,IDGT WORK,TER)
CALL VMULFF(EP,EMNV,NMU, NMU, NMU , MXMU , MXMU , TEMP 1 ,MXMU , IER)
CALL VMULFF(TEMPL1,EP,NMU,NMU, NMU ,MXMU MXMU, K TEMP2 ,MXMU , IER)
DO 651 I=1,NMU
DO 651 J=1,NMU
651 TEMP1(I,J) = EM(1,J) - TEMP2(1.,J)
IDGT = 6
CALL LINV2F(TEMP1 NMU,MXMU,FM,IDGT , WORK,IER)

NORMALIZE THE NADIR ASYMPTOTIC RADIANCE TO ONE
ANORM = 1.0/FP(1,NMU)
WRITE(6,655)
0O 656 1=1,NMU
RPINF(I) = ANORM*FM(1,1)
RMINF(I) = ANORM*FP(1,1)
656 WRITE(6,657) I.RMINF(I), RPINF(I)

USE THE ASYMPTOTIC RADIANCE DISTRIBUTION TO GET THE ASYMPTOTIC
D+, D-, R-, EPS+ AND EPS-

ACCUMULATE IRRADIANCE SUMS

SHP = 0.

SHM = 0.

CHP = 0,

CHM = 0.

DO 670 I=1,NMU

DMy = DELTMUL(T)

SHP = SHP + RPINF(1)*DMU

SHM = SHM + RMINF(1)*DMU

CHP = CHP + RPINF(I1)*FMU(1)*DMU

670 CHM = CHM + RMINF(1)*FMU(I)*DMU
DPINF = SHP/CHP
DMINF = SHM/CHM
K(INFINITY) BY 76/19.2
FKINF = ALPHA*EIGV(L)
R{INFINITY) BY 76/19.5
ABSORB = ALPHA - TOTALS(1)
RINF = (FKINF ~ ABSQORB*DMINF)/{FRINF + ABSORB*DPINF)
CALL EPSINF(RPINF RMINF, EPSP,EPSM)
WRITE(6,672) OFINF,DMINF RINF EPSP EFSM

ENDIF
RETURN
FORMATS
301 FORMAT(//° THE (UMPLEX EIGENVALUES OF K ARE " //(1P2E25.15))

304 FORMAT(//‘ THE PERFORMANCE INDEX 1S E15.5)
655 FORMATI(//° THE SHAPE OF THE ASYMPTOTIC RAODIANCE DISTRIBUTION IS GI

1VEN BY ' //° 1 RADINF (-) RADINF(+) /)
657 FORMAT(1H ,[4,1P2E15.4)
672 FORMAT(//° OTHER ASYMPTOTIC VALUES ARE"//° D+ (INFINITY) =",
1 F7.4/7° D~(INFINITY) = ,F7.4/" R-(INFINITY) =" ,1PEL11.4/
2 EPS+(INFINITY) =°,0PF8.5/ " EPS-(INFINITY) =" ,FB8.5)
680 FORMAT(//' THE ORDERED POSITIVE EIGENVALUES OF k(L= .12,
1) ARE " //° NONDIMEN PER METEK //(1P2E15.6))
681 FORMAT(/~ J 1P /7/{215%))
END
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SUBROUTINE EPSINF(RPINF,RMINF, EPSP,EPSM)
ON NHM4/EPSINF

THIS ROUTINE COMPUTES THE ASYMPTOTIC BACKSCATTER ECCENTRICITIES
EPSILONB(+) AND EPSILONB(-) USING (8.15A) AND THE NORMALIZED
ASYMPTOTIC RADIANCE DISTRIBUTION.

PARAMETER (MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)
PARAMETER (MXL=MXPHI/2, MXGEOP=MXMU*(MXL+1))

DIMENSION RPINF{MXMU) RMINF(MXMU)

COMMON/CGRID/ FMU(MXMU) , PHT (MXPHT ) , Y (MXY} , BNDMU(MXMU) ,

1  BNDOPHI(MXPHI) ,OMEGA (MXMU) ,DEL TMU (MXMU) , ZGEO (MXY )

COMMON/CRTSIG/ RAOHAT (MXMU , MXMU ,MXSIGY ), TAUHAT (MXMU , MXMU , MXSIGY ) ,
1 GEOPP(MXMU.MXGEOP.MXSIGV).GEOPM(MXMU.MXGEOP,MXSIGV)
COMMON/CMISC/ IMISC(20),FMISC(20)

NMU = IMISC(1)

NPHI = IMISC(2)
NSIGY = IMISC(5)
NOPI = NPHI/2

TWOPI = 2.0*FMISC(1)

SHRINF = (0.
SHMINF = 0.
EPSP - Q.
EPSM = (.

DO 100 Iu=1,NMy

ACCUMULATE SCALAR IRRADIANCE SuUMS
SHPINF = SHPINF + RPINF{IU)*DELTMU{IU)
SHMINF = SHMINF + RMINF(IU)*DELTMy; 1)

QUV = OMEGA(LU,

IVMAX =~ NPHI
IF(IU.EQ.NMU) [.MAX = 1
DO 100 Iv=1,IvMAax

DO 100 tR=1,NMU

RP = RPINF(IR)

"M = RMINF(IR)

ISMAX = NPHI
IF(IR.EQ.NMUJ [3MAA < |
DO 100 IS=1,I5MAX

COMPUTE THE STORAGE INDEX FOR F-(K,u..) BvY 12.7

Ivs = TABS(1v-1%)
IF(IR.EGQ.NML, THEN

KOO = Ty
ELSE
TFCluLEL "Ny THEN
KROODL = NAY
Et.SE
IF 1 /S LE . NOPI) THEN
Koo = U + NMU*IvsS
E: >
KODe = TU + NMU*(NUFI Mub(lvs ,NUPT))
ENDTF
ENDIF

ENUIF

FM = GEOFM IR, nLOL . NSIGY)

EPSP = ERSP + QUV*RP*PM
EPSM = EPSM + QUVARM*PM
EPSP = EPSFE/(TWOPI*SHPINF)
EPSM = EPSM/({TwWOPI*SHMINF)
RETURN

END
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FUNCTION FALPHA(Y)

ON NHM4/FALPHA

GIVEN AN OPTICAL DEPTH V¥V, THIS FUNCTION RETURNS THE VALUE CF
1.0/ALPHA(Y), WHERE ALPHA IS THE ATTENUATION COEFFICIENT, FOR
USE IN INTEGRATING DVY/ALPHA(Y) TO GET GEOMETRIC DEPTHS (SEE
SUBROUTINE Y2ZGEQ).

PARAMETER(MXSIGY=3)

COMMON/CSIGY/ YSIG(MXSIGY),ALBESS(MXSIGY),TOTALS{MXSIGY)
COMMON/CMISC/ IMISC(20)

NSIGY = IMISC(5)

IF(NSIGY .EQ.1 .OR. Y.LE.YSIG(1l)) THEN

ALPHALl = TOTALS(1)/ALBESS(1)

ELSEIF(Y.GT.YSIG(NSIGY)) THEN

ALPHALl = TOTALS{NSIGY}/ALBESS(NSIGY)

ELSE

DO 5% JY=2,NSIGY

IF(Y.LT.YSIG(JY)) GO TO 56

CONTINUE

DY = (¥ ~ ¥YSIG(uvy~-1))/(v¥STGLuY) - ¥Sluldvy-1))

ALPHAL = (1.0 - DY)*TOUTALS(JY-1)/ALBESS(UY-1) +
DY*TOTALS(JY)/ALBESS(JY)

ENDIF

FALPHA = ALPHAIL

RETURN
END

SUBROUTINE FFMPAK(X,vY,Z,IROW,NMU L ,WORK)

ON NHM4/FFMPAK

THIS ROUTINE FURMS THE MATRIX PRODUCT X #* v = Z, WHERE x, v, AND Z

ARE BLOCK MATRICES STORED ON THE PACKED FORMAT QF 12.4.

INDEXING IS SOMEWHAT COMPLICATED, DUE TO THE PACKING FORMAT.
THE VARIOUS INDICES USED ARE

IXB...BLOCK RPUW INDEX OF X

I1....ELEMENT ROw OFFSET OF BLOCLK ROwW 1XB OF X
Jl....ELEMENT COLUMN OFFSET OF BLOCK COLUMN KX OF X
JyB. . . BLOCK COLUMN INDEX OF Vv

12....ELEMENT ROW OFFSET OF BLOCK RUW KY OF VY

J2... .ELEMENT COLUMN OFFSET GF BLOCK JvYB OF v
KX....BLOCK COLUMN INDEX OF X

KY .BLOCK ROw INDEX OF V¥

I1,0,K,ELEMENT INDICES WITHIN AN NMU By NMU BLOCK

WORK MUST HAVE AT LEAST NMU*NMU wORDS
DIMENSION X{IROW,1) Y{(IROW,1) 6 Z{IROW, 1), wORK(NMU, 1)
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LPL = L + 1

DO 100 IXB=1,LP1

I1 = (IXB-1)*NMu

JXB82 = Ls2 + 1

IF(MOD(IXB,2).EG.0) JxB2 = (L*r1)/2

DO .00 u¥YB = 1,uxB2
J2 = (JYB-1)*NMU

ZERO THE ACCUMULATION BLOCK
DO 110 I=1,NMU
DO 110 J=1,NMU
WORK(I,J) = O.

MULTIPLY BLOCK ROW IXB OF X Y BLOCK COLUMN JUYB OF VY

DO 300 KXx=1,JXx82

KY = 2%*KX - 1
IF(MOD(1IXB,2) . EQ.0) KY = 2%KXx
J1 = (KX - 1)*NMU

12 = (KY - 1)*NMU

MULTIPLY BLOCK (IXB,KX) OF x BY BLUULK (KvY,JuvyB) OF Y
DC 300 I1=1,NMUL

0C 300 JU=1,NMuU

SUM = 0.

DO 301 K=1,NMu

SUM = SUM + X({I11+1,J1+K)*Y(I2+n, J2+1)

WORK(I,J) = WORK(I1,J) + SUM

STORE THE BLOCK IN THE PACKED Z ARRAY AS BLOCK (IXxB,JYB)

DO 400 I1=1,NMuU

DO 400 J=1,NMU
Z(I1+1,02+J) = WORK(I,J)
CONTINUE

RE TURN
END

FUNCTION FHASEF(V,COSPST)
ON NHM4/PF L ITMILE

THIS FUNCTIMN RETURNS THE vAL_UE OF THE HPHASE FUNCTION AS DEFINED

FOR LAKE LIMHE, (SEE RAUIATIVE TRANSFER IN NATURAL WATERS, CHAPTER S,
TABLE 5.3, w-ot PUBLISHED. MEANWHILE, REGARD THIS PHASE FUNCTION

AS TYPICAL UF MOCERATELY TURBID LAKE WATER.)

SINCE THE PHALE FUNCTION IS

NEARLY LINEAR ON A LOG-.0G PLUT, LINEAR INTERPOLATION IS
PERFORMED IN LOG(PHASE)-LOGIPSI) .

PARAMETER (MXFTS=22, MXSIGY=43)

DIMENSION SIGMA(MXPTS) PST(MxPTS) , PLUGIMXPTS ) PSILOGIMXETS)

COMMON/CSIGY/ YSIG(MXSIGY) ,ALBCSSIMXSIGY) , TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20) ,FMISC(20)
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DATA PSI1/0.0,0.01,0.1,1.0,

1 10.,20.,30.,40.,50.,60.,70.,80.,90.,100.,110.,120.,130.
2 140.,150.,160.,170.,180./

DATA SIGMA/7 .9¢00YE6,/.92609E6,315543.,12562.,315.55,90.62,
1 30.89,13.2,6.41,3.47,2.08,1.37,1.0,0.811,0.716,0.691,

2 0.693,0.707,0.741,0.766,0.782,0.789/

DATA WKALL/0O/, NSIGY/1/, S,ALPHA/D.5, 0.8/

DATA SI1G90/s0.0021401/, PSI10/0.01/, APS1/43.4197/, PPSI/1.4/

IF(KALL .EQ.0) THEN

THE FIRST CALL IS USED FOR INITIALIZATION
Pl = FMISCL(1)

DEGRAD = FMISC(2)

RADEG = FMISI(3)
IMISC(5) = NSIGV

YSIG(L1) = 0.
TOTALS(1) = S
ALBESS(1l) = S/ALPHA

CONVERT TABULATED VALUES TO iL0GS
S1 = SIG90/S

DO 100 I=2,MXPTS

PLOG(T) = ALOGIC(SLI*SIGMA(I}))
PSILOG(I) = ALOGIO(PSI(I1))
PLOG(1) = PLOG(Z)

PSILOG(1) = -1.0E200

WRITE(6,200)

WRITE(6,202) ALPRA,S

WRITE(6,204)

DO 102 1=1,MXPTS

PHASE = 10.0**¢L0G(T1)

WRITE(6,206) PSI(1),SIGMA(I),PHASE
WRITE(6,207) SIL90

WRITE(6,208)

GET THE ANALYTIL INTEGRAL FRCM PSI = 0O 10 PSI = PSIO

APST = APSI*SILUU/S
SOPSIG = 2.0*PI*APSI/ (2.0 - BP>I1)

SOPSIO SOPSIO*(PSIO*DEGRAD)** (2.0 - PPSI)
WKITE(6,210) PSIO,SORSIQ ARSI PRSI

KALL = 1

PHASEL = 4.

ELSE

CONVERT COS(PSI) TO LOG(PSI) AND INTERPOLATE

IF(ABS(COSPSI).GT.1.0) THEN
COSPSI = SIGN{1.0,COSPSI)
ENDIF

PSTIDEG = RADEG*ACOS(COSPSI)
IF(PSIDEG.LT.1.0E-8) THEN
pPSIit = -8.0

ELSEIF(PSIDEG GT.180.) THEN
PSIL = ALOGLU(18UL.)

ELSE

PSI = ALOGIL . =»STDEG)

ENDIF

IF(OSIL.LE.PSILOG(2)) THEN

PHASEL = PLOLIZ)

EL3E

LO 300 22 MapTy

IF(PSTL LT . PSILOGITIY GO TU s

LONRTINUE

PHASEL - Biouyl-1) + (PLOGODY - wioogel 1))
LS Te - o RSTouGil 11/ iRSTewet i) - vLin0Gel-1))
ENOITF

ENGIH
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C
PHASEF = 10.0#*PRASEL
KALL = KALL + |
RETURN

C

200 FORMAT(1H1, ' THE VOLUME SCATTERING FUNCTION FOrn LAKE LIMNE IS USED
1 AT ALL DEPTHS )

202 FORMAT{1HO, ' THE VOLUME ATTENUATION COEFFICIENT ALPHA IS°,
1F6.3,  PER METER'//° THE TOTAL vOLUME SCATTERING FUNCTION S 157,
2F6.3,  PER METER')

204 FORMAT(1HO,  THE TABULATED VALUES DEFINING SIGMA(PSI) ARE //

1 PSI SIGMA/SIGYO0 " 99X, "PRASE " /)
206 FORMAT(1IH ,F7.2,F15.3,F18.6)
207 FORMAT (im0, SIGMA(90) = ,1PE13.0)

208 FORMAT(1HO, ' LINEAR INTERPOLATION IS DONE IN LOG(PSI)-LOG(PHASE) ")
210 FORMAT(1HQO,  THE ANALYTIC INTEGKAL OF 2*PI*PHASE(PSI)*SIN(PSI) //
1’ FROM PSI = 0 TO £S! =" ,F5.3, " IS’ ,1PE14.6," FOR A =" ,E14.6€
2 AND P =’ (0PFS5.2)
END

FUNCTION PHASE- (Y ,COSPST)
ON NHM4/PFPREL AL

THIS FUNCTION <ETURNS THE vALUE OF THE PHASE FUMCTION AS DEFINED
FOR THE PELAGOS SEA. (SEE KADIATIVE TRANSFER IN NATURAL WATERS,
CHAPTER 5, TABLE 5.5, wHEN PUBLISHED. MEANWHILE, REGARD THIS
SCATTERING FuUNCTION AS TYPICAL oF CLEAN, OPEN OCEAN WATERS.)

GIVEN THE WAVELENSTH IN NANOMETERS, WAVENM, THE FIRST CALL TO

THE ROUTINE LINEARLY INTERPULATES IN LOG(NORM SIGMA) TO GET A NORMALIZED
SIGMA FUNCTION FUOR THE DESIHED wAVELENGTH AT EACH TABULATED SCATTERING
ANGLE, PSI. JAECUES OF THE ABSGRBTION AND TOTAL SCATTERING ARE

ALSO DETERMINED FOR THE REULZISTED wWAVELENGTH.

N.B.: THE REGQUESTED WAVELENGTH, wavENM, 5SHOULD BE ONE OF THE
DISCRETE NHM wWAJELENGTHS (NAMELY, 400., 425., ..., 675. OR 700. NM).
THIS IS BECAUSE THE SIGMA({YU) VALUES CANNDT BE OBTAJINED BY
INTERPOLATION LF THE TABULATED VALUES.

SINCE THE PraSE FUNUTION IS NEARLY LINEAR ON A LOG-LOG PLOT,
LINEAR INTERTGLATION IS FERFCRMEU 1IN LOG(PHASE)-LOG(PSI) IN ORDER
TO DEFINE vALuEsSs OF THE PHANSE FONUTIUON AT ARBITRARY PSI VALUES,

OO COOOOOO00O0N OO0 00 0

DARAMETER(MXETN=22, MXSTuvy=3)

C
DIMENSTION STOGMLIMXPTS) BSTIMXET 5  »t JGIMXETS )  PSILOG(MXPTS)
OIMENSION S40  iMxPTS) S2LL(MXETS )  SIGLEGIMXPTS)
UDIMENSTUN wvo 7AB(14) ABSORB(LS, T3LATL13),590(13)
COMMON/CSTGY  vYSTIGIMYXSTGY ) LACBESSIMYSTIGY )  TOTALS(MXSIGY)
COMMON, CMISC, IMISCi20) ,FMISCLel)
(
DATA BSI/0.0, . ul,0.1,1.0,
110 20.,3G..4,..80.,6u.,7u. &y, Yy, ,100.,110.,120.,130.
2 140G, ,150. ,lew. 170,180/
DATA S4UU/ B’4nkd. ., K74689. . 34sc¢l.. 1386 29, 34.822., 10., 5.,
1 2.8, 2.0, : %, 1.2%, 1.1, 1.0, .96, .98, 1.05, 1.22, 1.5,
2 1.9, 2.25, ¢.%5., 2.7/
DATA S700/ 3.93clE6, 3.9361E6, 1507U0.., 623B.3, 156.7, 45.,
1 20., <., 4.4 2.65, 1.72. 1.¢2¢, V.G, .94, .94, 1.0, 1.12,
2 1.33, 1.6, 1 8, 1.9, 2.0/
C
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DATA wviLTAB/400., 425., 450., 475., 500
1t 600., 625., 650., 675., 700./

DATA ABSORB/ .05, .05, .05, .05, .08, .06, .08, .14, .25, .30,
1 .37, .43, .60/

DATA TSCAaT/ .04, .0325, .0275, .0234, .02, .0175. .0152, .0136.
1 .0122, .0115, .0108, .01C2, .01/

DATA 590/9.9834BE-4, 7.45989E-4, 5.78771€-4, 4.50275€E-4,

1 3.50922€-4, 2.79280E-4, 2.201076E-4, 1.78304E-4, 1.44547E-4,
2 1.22848E-4, 1.03858E~4, 8.815764E-5, 7.75634E~-5/

., 525., 550., 575.,

DATA KALL/0/, NSIGY/1/
DATA APSIA00,APSI700/4.791616, 21.5622e8/, PS10/0.01/, PPSI/1.4/

IF{KALL .EQ.D) THEN

THE FIRST CALL IS USED FOR INITIALIZATION

o RaNel

PI = FMISC(1)
DEGRAD = FMISC(2)
RADEG = FMISC(3)
WAVENM = FMISC(13)
IMISC(5) = NSIGvY

LINEARLY INTERPOLATE IN LOG(NORMALIZED SIGMA)-wAVELENGTH TO

DEFINE A NORMALIZED SIGMA AT THE REQUESTED WAVELENGTH, AT EACH
TABULATED PSI VALUE

onn OO0

IF(WAVENM LE . 400.) THEN
WAVEF = 0.

ELOEIF{NAVENM GE./UU. ) IREN
WAVEF = 1,

ELSE

WAVEF = (WAVENM - 400.)/300.
ENDIF

DO 400 [=1,MXPTS
SIGLOG(I) = (1.0 - WAVEF)*ALOGLU(S5400(1)) +
1 WAVEF*ALOG10(S700(1))

400 SIGMA(I) = 10.0#%*SIGLOG(I])

LOOK UP THE ABSORBTION, TOTAL SCATTERING, AND SIGMA(90) VALUES
FOR THE REQUESTED WAVELENGTH

COO0

IWAVE = IFIX(1.5 + AMOD(WAVENM,k4u0.)/25.)
ABSR = ABSORB(IwAVE)

5 = TSCAT(IwAVE)

SIGY0 = S9O0(IwAVE)

ALPHA = ABSR + S

¥YSIG(1l) =
TOTALS(1)
ALBESS(1)

S
S/7ALPHA

non o

C CONVERT THE DEFINED SIGMA TO LOuS OF THE PHASE FUNCTION
S1 = SIGYN/S
DO 100 I=2,MXPTS
PLOG(I) = ALOGIO(S1*SIGMA(]))
100 PSILOG(I) = ALOGIO(PSI(I))
PLOG(1) = PLOG(Z)
PSILOG(1) = -1.0E2u0

WRITE(6,200)
WRITE(6,202) wWAVENM,ABSR S, ALPHA , &I BESS()
wRITE(6, 2C4)
00 102 [=2 ,MxPTS
PHASE = 10.0**PLOG(I)
102 WRITE(6,206) =SI(1},SIGMA(I), FHASE
WRITE(6,207) SIG90
WRITE(6,208)
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GET THE ANALYTIC INTEGRAL FROM P51 = 0 TO PSI = PSID

APSI = (1.0 - WAVEF)*ALOGL0(APSI400) + WAVEF*ALOG10(APSE?
APSI = 10.0*#%APSI1 ( 0o)

APSI = APSI*SIGO0O/S

SOPSIO = 2.0%PI%APSI/(2.0 - PPSI)

SOPSIO = SOPSIO*(PSIO*DEGRAD)**(2 . y - PPSI)
WRITE(6,210) PSIO,SOPSIC,APSI PPSI

KALL = ]

PHASEL = 0.

ELSE

CONVERT COS(PSI) TO LOG(PSI) AND INTERPOLATE

[F(ABS(COSPSI).GT.1.0) THEN
COSPSY = SIGN(1.0,COSPSI)
ENDIF

PSIDEG = RADEG*ACOS(COSPSI)
IF(PSIDEG.LT.1.0E-B) THEN
PSIL = -8.0
ELSEIF(PSIDEG.GT.180.) THEN
PSIL = ALOG10(180.)

ELSE

PSIL = ALOCIC{Tsauel?

ENDIF

IF(PSIL.LE.PSILOG(2)) THEN

PHASEL = PLOG(2)

ELSE

DO 300 I=2 MXPTS

IF(PSIL.LT.PSILOG(I)) GO TO 302
300 CONTINUE

302 PHASEL = PLOG(I-1) + (PLOG(I) - PLOG(I-1))*
1 (PSIL ~ PSILOG(I-1))/7(PSILOG(I) - PSILOG(I-1))
ENDIF
ENDIF

PHASEF = 10.0**FHASEL
KALL = KALL + 1
RETURN

200 FORMAT (1M1, THE VOLUMNE SCATTERING FUNCTION DEFINED FOR THE PELAG
10S SEA IS USED AT ALL DEPTHS )

202 FORMAT(IMO, " THE WAVELENGTH IS LAMBDA ="' FB6.1,' NANOMETERS'//
1 THE VOLUME ABSORBTION FUNCTION IS A =’ ,F7.4,° PER METER'//
2’ THE TOTAL VvOLUME SCATTERING FUNCTION 1S S =' F7.4,° PER METER'/
3/ THE VOLUME ATTENUATION FUNCTION IS ALPHA ‘VF7.4,° PER METER'/
4/ THE ALBEODQ OF SINGLE SCATTERING I5 OMEGA 'L F7.4)

204 FORMATY(1H0, ' THE TABULATED VALUES DEFINING SIGMA(PSI) ARE'//

E LI B T

1 PS1 SIGMA/SIGY0 " ,9X, "PHASE " /)
206 FURMAT (1M ,F7.2 F15.3.F18.6)
207 FORMAT(1HQ, " SIGMA(90) =' 1PELI3. 6)

208 FORMAT(1H0, " LINEAR INTERPOLATION IS DONE IN LOG(PSI)-LOG(PHASE) ‘)
210 FORMAT {140, THE ANALVYTIC INTEGRAL OF 2%PI*PHASE(PSI)*SIN(PSI)'//
1* FROM PSI = 0 TO PSI =" F5.3,  IS',1PE14.6.,° FOR A ="' El4.6,

2' AND P =’ (OPFS 2}
END
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FUNCTION PHASEF(VY,COSPSI)

ON NHMA4/PFSPHER

THIS FUNCTION RETURNS A VALUE OF THE CONTINUOUS, POINT GEOMETRIC

PHASE FUNCTION P(Y, MU PRIME, PHI PRIME/ MU, PHI) = P(COSPSI,Y) =

SIGMA(COSPSI.Y)/S(Y) FOR ANY CGS(PSI) AND Vv VALUES.

PHASEF IS FOR USE IN THE COMPUTATION CF THE QUAD-AVERAGED,

GEOMETRIC SCATTERING FUNCTIONS P(Y, R,S/ U,V) = P(V, R/ u,v") VIA
11.3.

THIS VERSION FOR FOR ISOTROPIC SCATTERING: SIGMA = S/(4*P1)
INDEPENDENT OF SCATTERING ANGLE AND DEPTH

OoOoOO0OONOO0O0O0O00n

PARAMETER(MXSIGY=3)

COMMON/CSIGY/ YSIG(MXSIGY) .ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20),FMISC(20)

DATA KALL/0/, NSIGY/1l/, S,ALPHA/0.125, 0.736/

IF(KALL.EQ.QO) THEN

THE FIRST CALL TO PHASEF 15 USED FUR INITIALIZATION ONLY

OO0

PI = FMISCI(1)
SIG = 0.25*S/P1
IMISC(5) = NSIGY
vySIG(1) =
TOTALS{(1) S
ALBESS(1) S/ALPHA
WRITE(6,100) SIG
WRITE(6,102) ALPHA,S
SIG = 0.25/P1

KALL = 1

PHASEF
RETURN

[N -]

it

0.

ELSE
PHASEF
RETURN
ENDIF

it
w
—
o

C

100 FORMAT(1H1, ' A SPHERICALLY SYMMETRICUC VOLUME SCATTERING FUNCTION IS
1 USED:’
2//' SIGMA = S/(4*Pl) =’ ,FB.5, " FOR ALL ANGLES AND DEPTHS")

102 FORMAT(1HO, 'THE VOLUME ATTENUATION COEFFICIENT ALPHA 1S ,F6.3,
1° PER METER’//‘ THE TOTAL VOLUME SCATTERING FUNCTION S IS¢
2F6.3,  PER METER’)
END
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FUNCTION PHASEF (Y, COSPSI)
ON NHM4/PFSPY

THIS FUNCTION RETURNS A VALUE OF THE CONTINUOUS, POINT GEOMETRIC
PHASE FUNCTION P(VY, MU PRIME, PHI PRIME/ MU, PHI) = P(Y,COSPSI) =
SIGMA(Y ,COSPSI)/S(Y) FOR ANY Y AND COS(PS1) VALUES.

PHASEF IS FQR USE IN THE COMPUTATION OF THE QUAD-AVERAGED,
GEOMETRIC SCATTERING FUNCTIONS P(Y, R,S/ U,V) = P(Y, R/ U,v") VIA
(11.3)

THIS VERSION 1S FOR DEPTH DEPENDENT SPHERICAL SCATTERING:
SIGMA(Y) = S(Y)/(4+#P1), INDEPENDENT OF SCATTERING ANGLE
BUT DEPENDENT ON DEPTH V.

PARAMETER(MXSIGY=3)

DIMENSION ALPHA(MXSIGY)

COMMON/CSIGY/ YSIG(MXSIGY) ,ACBESS{MXSIGY), TOTALS{MXSIGY)
COMMON/CMISC/ IMISC(20),FMISC(20)

DATA KALL/0/, NSIGv/3/

DATA YSIG/1.,5.,10./7, TOTALS/0.1,0.0%,0.3/, ALPHA/0.2,0.6,0.4/

IF(KALL.EQ.D) THEN
THE FIRST CALL TG PHASEF IS USED FOR INITIALIZATION ONLY

PI = FMISC(1)

IMISC(5) = NSIGY

WRITE(6,100)

DO 50 Iv=1,NSIGY

ALBESS(IY) = TOTALS(IVY)/ALPRALIY)

WRITE(6,102) Iv vSTG(lvy),TOTALS({IY) ALPHA(IY),ALBESS(1Y)
P = 0.25/PI

KALL = 1

PHASEF = 0.

ELSE
PHASEF
ENDIF
RETURN

1]
A}

FORMAT(///* A DEPTH DEPENDENT, SPHERI{AL VOIUME SCATTERING FUNCTIO
N 1S USED;"//  SIGMA(Y,COS(PSI)) = S(vY)/(4*P1) WHERE //

Iv v S(Y) ALPRHA(Y) S/ALPHA /)
FORMAT(1H ,14,F8.1,F8.3,F10.3,F11.3)
END
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SUBROUTINE PNTAMP(Y,AMPA L AMPY IROwW)
ON NHM4/PNTAMP

THIS ROUTINE PRINTS THE AMPLITUDES AT VY = A, X,..., Z.

A TITLE GIVING THE APPROPRIATE COLUMN HEADINGS SHOULD BE WRITTEN
BEFORE CALLING PNTAMP.

IF ONLY AMPA IS TO BE PRINTED (THE CASE OF AMPA = AO(A,+)). GIVE
AMPY(1,1) A VALUE .GT. 1.0E200

DIMENSION Y(1),AMPA{1),AMPY (IROW, 1)
COMMON/CMISC/ IMISC(20)

NMU = IMISC(1)
NY = IMISC(4)
1DBUG = IMISC(9)
NRHAT = IMISC(10)

IL = 0

IAGP = 1 IF PRINTOUT IS FOR AMPA ONLY
1A0P = 0 QOTHERWISE

1a0P = O

IF(AMPY(1,1).GT.1.E200) IAQP = 1

IF(IAQP.EQ.1) WRITE(6,1599)

IF(IAOP.EQ.O0) WRITE(6,1600) (Y{(IvY),Ivy=1,6NY)
DO 1602 1=51,2%NRHAT

IF(1.EQ.NRHAT+1) THEN

WRITE(6,1610)

iL =0

ENDIF

IMOD = MOD(I,NMU)

IF(IMOD.EQ.1) THEN

WRITE(6,1606) 1L

It = I + 1
IMu = 0
ENDIF

IMU = IMU + 1

SELECT FULL OR PARTIAL PRINTOUT

IF(IDBUG.EQ.1 .AND. IL.GT.2} GO 10 leu

IF(IAOP.EQ.Q) THEN

IF(IMOD.EQ.1) WRITE(6,1612) IMU, aMRA(]L), (AMPY(I J),J=1,NY)
IF(IMOD.NE.1) WRITE(6,1614) IMy,AMPA(I),(AMPY(1,0),J=1,NY)
ELSE

IF(IMOD.EQ.1) WRITE(6,1612) IMuU,AMPA(I])

IF(IMOD.NE.1) WRITE(6,1614) IMuU,AMPA(])

ENDIF

CONTINUE

RETURN

FORMATS

FORMAT (1HO,2X, "COSINES ")

FORMAT (1HOD,2X, 'COSINES’ ,23X,5( 'y =’ ,F7.3,5%x)/33X,5('Y =" ,F7.3,5X))
FORMAT(1HO, L =°,13)

FORMAT ( 1HO, 2X, *SINES')

FORMAT ( 1M+ 10X ,12,1P6EL1S.4/28X SE15.4)

FORMAT{1H ,10x.12,1P6E15.4/28X,5€15.4)

END
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SUBROUTINE QAPHAS(NUQB,NVQB,INCBAS)

ON NHM4/QAPHAS

THIS ROUTINE COMPUTES THE QUAD-AVERAGED GEOMETRIL PHASE

FUNCTIONS GEOPP

= P+(Y;R,U,v) AND GEOPM = P-(Y;R,U,V) USING 11.3.

VALUES ARE COMPUTED AT EACH Y LEVEL WHERE THE POINT GEOMETRIC
PHASE FUNCTION IS GIVEN (BY FUNCTION PHASEF)

NUQB AND NVQB ARE THE BASE NUMBER OF QUAD SUBDIVISIONS IN THE MU AND PHI
DIRECTIONS, USED FOR NUMERICAL INTEGRATION OF THE CONTINUOUS

PHASE FUNCTION.

THE NUMBER OF QUAD SUBDIVISIONS IS INCREASED

BY A FACTOR OF INCBAS IN THE FORWARD SCATTERING QUADS AND IN
THE ADJACENT QUADS.

THE ARRAY PHASE(I,1Y) CONTAINS THE TABULATED VALUES OF
PHASEF(Y(IV),COS(PSI(I))

PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)
PARAMETER(MXGEOP=MXMU* (MXPHI/2 + 1))

COMMON/CRTSIG/ RHOHAT(MXMU MXMU MXSIGY) ,K TAUHAT (MAMU ,MXMIJ ,MXSIGY ),
1 GEOPP(MXMU ,MXGEOP ,MXSIGY) ,GEOPM(MXMU ,MXGEOP ,MXSIGY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI ), YOUY(MXY)  BNDMU(MXMU) ,

1 BNDPHI (MXPHI) ,OMEGA (MXMU} ,DEL TMU(MXMU )

COMMON/CMISC/ IMISC(20),FMISC(20)

COMMON/CWORK/ RADSKY (MXMU MXPHI) PHASE(2701 ,MXSIGY),

1 CKSUM(MXMU , MXY )

NMU = IMISC(1)
NPHI = IMISC(2)
NL = IMISC(3)

NSIGY = IMISC(5)
IDBUG = IMISC(9)
TWOPI = 2.0*FMISC(1)
RADEG = FMISC(3)

DELPHI = TWOPI/FLOAT(NPHI)

NOPI = NPHI/2
NOPI1 = NOPI +

1

DO %0 1v=1,MXSTuvy
D0 50 Jy=1,MXGEG?

DO 50 I=1,MxMU
GEOPP(I,J,1V)
GEQPM(1,4.1VY)

([l

0.
G.

LOCF OVER THE DEPTHS (Y INDEX) wHERE THE COPRPTICAL PROPERTIES OF

THE WATER ARE D

TFINED.

DO 100 Iv=1,NSIGY

LOOP OVER THE R
00 100 lu=1, NMU
DO 100 IR=1,NMy

NCOMPV = NOPI1

., U, AND V QUAD INDI(ES

IF(IU . EQ.NMU .GR, IR.EQ.HM) NOLUMPY = 1
D0 100 lv=1,NlOMPY

SELECT THE SUBQUAD RESOLLTIUN. IDENTICLAL UR ADUACENT QuADS INVOLVE
FORWARD SCATTERING, AND NEED HIGHER RESULUTION TO RESOLVE THE

PHASE FUNCTION ACCURATELY

IF(IV.LE.2) THEN
IF(IR.EQ.IL .OR. IR.EQ.IU+1 _UR. IR.EQ.IU-1) THEN
INPUT AND JuUTPUT QUADS ARE IDENTICAL OR ADJACENT
INCBAS*NUQB
INCBASH*NVQB

NUQ
NVQ
ELSE
NUQ =
NvQ = NVQB
ENDIF

o

NUQB
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ELSE
NUQ = NuQB
NVQ = NvQB
ENDIF
C
C BOUNDARITES OF THE MU (= IU) QUAD

UMUMIN = 0,
IF(IU.GT.1) UMUMIN = BNDMU(IU-1)
DMU = DELTMU(IU)/FLOAT(NUQ)
Up = UMUMIN + 0.5*0OMU

C SIZE OF THE PHI-J SUBQUADS
IF(IU.EQ.NMU) THEN
DPHI = TWOPI/FLOAT(NVQ)

ELSE
DPHI = DELPHI/FLOAT({NVQ)
ENDIF
C
C BOUNDARIES OF THE MU PRIME (= 1R) QUAD

RMUMIN = 0.
IF(IR.GT.1) RMUMIN = BNDMU(IR-1)
DMUP = DELTMU(IR)/FLOAT(NUQ)
UOP = RMUMIN + (0.5*DMUP

C SIZE OF THE PHI PRIME-L SUBQUADS
IF(IR.EQ.NMU) THEN
DPHIP = TwWOPI/FLOAT(NVQ)

ELSE
DPHIP = DELPHI/FLOAT(NVQ)
ENDIF
C
FACT = OMU*DPHRI*DOMUP*DPHIP/OMEGA(IU)
C
C BOUNDARIES OF THE PHI (= Iv) QUAD
PHIMIN = BNDPHI (NPHI)
IF(IV.GT.1) PHIMIN = BNDPHI(IV-1)
PHIO = PHIMIN + 0.5*DPHI
C
C COMPUTE THE STORAGE INDEX 8¥(l2.7)
C
IF(IR.EQ.NMU) THEN
KCOL = IU
ELSE
IF{(ITU.EQ.NMu) THEN
KCOL = NMU
ELSE
IF(iv.LE . NL+1) THEN
KCOL = 14U + NMU*(Iv-1)
ELSE
KCOL = IU + NMU*(NL - MOD(Iv-1.NL))
ENDIF
ENDIF
ENDIF
[
C INTEGRATE OVER PHI PRIME ONLY FOR THE PH] PRIME = 0 QUADS (IS = 1)
PHIOP = BNDPHI(NPHI) + 0.5*DPHIP
C
C COMPUTE THE QUADRUPLE INTEGRAL (11.3) OVER THE SELECTED QUADS
v
SUMP = (.
SUMM = (.
DO 110 Ju=1,NUQ
C
C DEFINE A MU VALUE
UMU = UG + FLOAT(JU~-1)*DMU
ROOTJUU = SQRT(1.0 - UMU*UMU)
C
DO 110 JR=1,NUQ
C
o DEFINE A MU PRIME VALUE
RMUP = UDP + FLOAT(JR-1)*DMuUP
ROOTJR = SQRT(1.0 - RMUP*RMUP)
Al = UMU*RMUP
A2 = ROOTJU*ROOTUR
C
DO 110 Jv=1,NVQ
C
C DEFINE A PHI VALUE
VPHI = PHIO + FLOAT(JV-1)*DPHI
C
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DO 110 JS=1,NVQ

DEFINE A Pril PRIME VALUE
SPHIF = PHIOP + FLOAT(JS-1)*Lbkrlp

COMPUTE CONTRIBUTIONS TO INTEGRALS
COSPFP = COS(VPHI - SPHIP)

COSPSI = Al + A2*CQOSPPP
1F(ABS(COSPSI).GT.1.0) COSPSI = SIGN(1.0,COSPSI)
GET PSJ] IN DEGREES AND DO A TABLE LOOKUP FOR PHASEF({Y,COSPSI)

PSI = RADEG*ACOS(COSPSI)
IF{(PSI.LE.10.0) THEN

IPSI - IFIX(PSI*#100. + 1.5}
ELSE

IPSI = IFIX{(PSI*10. + 901.5)
ENDIF

SUMP = SUMP + PHASE(IPSI,IY)

COSPSI = -Al + AZ*COSPPP

IF(ABS(COSPSI).GT.1.0) COSPSI = SIGN(1.0,COSPSI)
PSI = RADEG*ACOS{COSPSI)

IF{PSI . LE.10.0) THEN

IPSI = IFIX(PSI*100. +» 1.9)

ELSE

IPST = IFIX(PSI*10. + 901.5)
ENDIF

SUMM = SUMM + PHASE(IPSI, IV)
CONTINUE

GEQPP(IR,KCUL,Iv) = GEQPP(IR,ALUL.1Y) + SUMP*FA(T
GEQPM(IR . KCOL,Iv) = GEOPM(IR,K(COuL.lv) + SUMM*FACT

COMPUTE THE CHECK ON THE TOTAL SCATTERING, (11.58)

WRITE(6,208)

DO 200 Iv=1,NSIGY
WRITE(6,212)

DO 200 IR=1,NMU

POLAR CAP OUTPUT QUAD

SUMP = (GEOPP(IR,NMU,IV) + GEOPM(IR, tMMuU,TV))*OMEGA(NMU)/OMEGA(IR)

DO 202 lu=1,NMu-1

FACTR = OMEGA(IU)/OMEGA(IR)

Pl = 0 VALUES

SUME = SUMP + (GEUre(IR,1U,I1Y) *+ GEOPM{IR,IU,LY))*FACTR

PHL = PI VALUES

KCOL = NMU*NOPI + U

IF(IR.EQ.NMU) KCOL = U

SUMF = SUMP + (GEOPP(IR,KCOL,IY) + GEUFPM{ IR ,KCOL,IV))*FACTR
U .LT. PHI .LT. PL VALUES

DO 202 Iv=2,NOPI

KCOL = NMU*(Iv-1) + TU

IF(IR.EQ.NMU} ®IOL = T4y

QUMP= SUMP + 2.0%(GEOPP(IR,KCOL,IV) + GEUPM{IR,KCOL,I1VY))*FACTR
CKSUM(IR,1v¥) = Sump

WRITE(6,210) IY.IR,SUMP ,GEOPP(IR, IR 1Y)

USE THE CHECKSUMS TO REDEFINE THE FGRWARD SCATTERING QUADS By 11.7

DO 300 Iv=1,NSIGY
DO 300 IR=1,NMU
GEGPP(IR,IR,IVY = 1.0 - CKSUM(Ik . Tv) GEOUPPUIR,IR, 1Y)

IF{IDBUG.GE. 1)} TrEN

CALL PJARAV(GEUPP,NMU,4‘NMU.N>Iuv.MxMu.quEOP,2.
"QUAD-AVERAGED P+ (Vv R, 1/u v} ]}

CALL pJARAV(GEQPM'NMU,d‘NML'Nblhv_Mth,MKhtUP,Z,
"QUAD-AVERAGED P-{v R 1/u,v) ")

ENDIF

FORMAT{1HU, "ULHELRSUMS ON QuAb-A tRauED GEOMETRIC P+ AND P- FUNCTIO

NS /711 [2X,'Y R SuM (=1) CUMPUTED FWD SCATY’)
FORMAT(1H ,13,i5,F11.5,1PE2V.3)
FORMAT (1H

RETURN
END
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SUBROUTINE QASKY{RSKY,CARD,SHTOTL ,THETAS,PHIS)
ON NHM4/QASKY

THIS ROUTINE COMPUTES THE INPUT SkY QUAD-AVERAGED RADIANCE
DISTRIBUTION, USING 3.3 EVALUATED AS IN APPENDIX B OF THIS TECH
MEMO . SEE ALSO STEP 7A4 ON PAGE 130.

RSKY IS THE RATIO OF SkY TO TOTAL SCALAR IRRAODIANCE.
RSKY = 0.0 FOR A BLACK SKY (SUN ONLY), RSKY = 1.0 +OR
NO SUN

CARD 1S THE CARDICUIDAL PARAMETER. CARD = U. FOR A UNIFURM SKY,
CARD = 2. FOR A CARDIOIDAL SKv

SHYOTL IS THE TOTAL (SKY + SUN) SCALAK 1IRRADIANCE ON THE
WATER SURFACE FROM ABOVE

THETAS, PHIS ARE THE SUN SOQURCE ANGLES (IN DEGREES, RELATIVE TO
PHI = 0. IN THE DOWNWIND DIRECTION)

UPON RETURN, RADSKY *N ‘CWORK/ HOLDS THE QUAD-AVERAGED Skry
RADIANCES FOR USE IN AMPAO IN MA[N.

PARAMETER (MXMU=10, MXPHI=24, MxXy=34)

COMMON/CGRIO/ FMUIMAMU ) ,PHI(MXPrH] ), Y {MXY) BNOMU(MXMU) ,

1 BNDPHI {MXPHI )}, OMEGA (MXMU)

COMMON/CMISC/ IMISC(20),FMISCL20)

COMMON/CWORK/ RADSKY (MXMU MXPHI)  THETAB(MXMU) ,PHIB{MXPHI

NMU = IMISC(1)
NPH1 = IMISC(2)
IDBUG = IMISC(9)
PI = FMISC(1)
RADEG = FMISC(3)

SET UP THE BACKGROUND SHY QUAD-AVERAGED RADIANCES USING B.7

WRITE(6,500) SHTQTL,RSKY,CARD

FNO = RSKY*SHTOTL/(2.0*PI*(1.0 + U.9*CARD))
DO 100 I=1,NMU-1

RAD = FNO*(1.0 + CARD*FMU(1)}))

DO 100 J=1,NPHI

RADSKY (I ,J) = RAD

FOLAR CAP

RADSKY(NMU, 1) = ENO*(L.0U * CARLAFMUINMU))

ADD IN THE SUN TO THE APPROPRIATE QUAD USING B.8

WRITE(6,502) THETAS,PHIS

CONVERT THE BOUNDARY MU AND FHI wvALUES TO DEGREES

DO 101 I=1,NMU

THETAB(I) = RADEG*ACOS(BNOMUC(I })

DO 103 u=1,NPHI

PHIB(J) = RADEG*BNOPHI(J)

DETERMINE THE (MU ,PHI) INDICES UF THE QUAD CONTAINING THE SUN

PH = AMOD(PIHIS + 360., 360.)
DO 201 I=1,NMu 1

[F(THETAS LT . THETAB(I) _AND. THETAS . GE.THETAB(I+1)) IMUS = [ + 1
CONTINUE
LF(THETAS GT . THETAB(1)) IMus = 1

DO 202 J=1 NPr |
[F(PH LT .PHIB(J)) GO TO 206
CONTINUE

J 1

JPHIS = U

CONTINUE

THE = RADEG*ACUS(FMU{IMUS))
WRITE(6,510) IMUS,JPHIS THE RADEULAPHI(UPHIS)
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CHANGE PHI INDEX FROM SQURCE LOCATION TO BEAM OIRECTIOUN

JPHIS = MOD(JPHIS + NPHI/2, NPHI)
IF(JPHIS.EQ.Q) JPHIS = NPHI
IF(IMUS.EQ.NMU) JPHIS = 1

RADSKY(IMUS, JPHIS) = RADSKY{IMUS,JPHIS) +
1 (1.0 - RSKY)*SHTOTL/OMEGA(IMUS)

IF(IDBUG.NE.O) CALL PZARAYV(RAUSKY NMU, NPH] MXMU, 2,
1 ‘QUAD-AVERAGED SKY RADIANCES ')

RETURN
FORIMATS
500 FORMAT(1lH1,  THE INPUT RADIANCE UDISIRIBUTION HAS //
15X, 'TOTAL SCALAR IRRADIANCE (Sun + Swky) = 1PE1D.3,
2° WATTS PER SQUARE METER /-
35X, "RATIO OF SKY TO TOTAL SCaLAR [RRADIANCE., R =’ ,0PF6.3//
45X, ‘CARDIOIDAL PAKRAMETER, ¢ =2  Fo.3)
502 FORMAT(//' THE SUN IS REQUESTED AT Skv LOCATION (THETA, PHI)Y = (-,
1 Fa.1. , ,FS5.1,") }
510 FORMAT(//° THE SUN IS PLACED IN QUAD GIR,S) = Q(’,12, ., ,12,
1) CENTERED AT (THETA, PHI) = ( ,Fo.s, ., F7.3,°)")
END

SUBKOUTINE RFMEAK(X,Y Z ITROW.NMU. L)
ON NHMA4/RFMPAR

THIS ROUTINE FORMS THE MATRIX FRODUCT X & v = Z, wHERE X AND Z ARE
ROw VECTORS AND VY 1S A BLOCK MATRIX STORED ON THE PACKED FORMAT
OF 12.4.

DIMENSION X(1),v(IROwW,1).Z{1)

LP1 = L + 1

DO 100 4ZB=1,LP1

J282 = /2 v 1

1F(MOD(J2B,2).E2. D) JZIB2 = (L+1)/2
J2 = (J72B-1) KMy

Jv ((uZB+1) 72 - 1)*NMU

o

Gy 200 1<1,NMC
SUM = U

DO 301 KX=1,:I8.

Ky = 2%KX - 1
TF(MOD! 2ZB,2) EQ.0J KY = d*nx
12 - (Ky - 1)*WMo

DO 301 k=1,NM
301 SUM = SUM ¢ rliucrri*v{l2sn, vl
200 Z(uz+1) = 5SuM
100 CONTINUE

RETURN
END

101




OO0

[aEeKe

100

300

302

§5. PROGRAM 4

SUBROUTINE RHOTAU(L)
ON NHM4/RHOTAU

THIS ROUTINE COMPUTES THE DISCRETIZED SPECTRAL PHASE FUNCTIONS
RHOHMAT AND TAUHAT FROM THE QUAD-AVERAGED GECMETRIC SCATTERING
FUNCTIONS. THE GOVERNING EQUATIONS ARE 5.6 AND 5.208 710 5.20E.

PARAMETER (MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)

PARAMETER (MXGEOP=MXMU* (MXPHI/2 + 1))

COMMON/CSIGY/ YSIG(MXSIGY) ALBESS(MXSIGY)

COMMON/CGRID/ FMU/MXMU) ,PHI (MXPHI )

COMMON/CRTSIG/ RHOHAT (MXMU,MXMu MXSIGY) , TAUHAT (MXMU , MXMU  MXSI1GY) ,
1 GEOPP(MXMU ,MXGEQOP ,MXSIGY) K GEOPM{MXMU ,MXGEOP ,MXSIGY )
COMMON/CMISC/s IMISC(20)

COMMON/CWORK/ COSLPV(MXPHI)

NMU = IMISC(1)
NPHI = IMISC(2)
NL = IMISC(3)
NSIGY = IMISC(5)

DO 100 Tv=1,NPHI
COSLPVIIV) = COS(FLOATLIL)*PHI(IvV))

IF(L.EQ.U .OR., L.EQ.NL) THEN
EPSL = FLOAT{(NPHI)

ELSE

EPSL = FLOAT({NL)}

ENDIF

LOOP OVER THE DERPTHS WHERE THE INHERENT OPTICAL PRUPERTIES ARE GIVEN

D0 200 IY=1,NSIGY
ALBEDO = ALBESS{IvV)

POLAR CAP QuTPUT, Tu = NMU
IF(L.EQ.0) THEN

FMUL = 1.0/FMUINNMYY
QUAD INPUT: UsE 5,240, PrAT 5 GIVEN By 5.6C
DO 300 IR=1,NMU- 1

RHOHAT (IR NMU, i v) ALBEDO*ERSL*GEUPMI IR NMU, IV ) *FMUL

TAUHAT (IR NMU, TV ALBEDO*EPSL*GEOPH (IR, NMU,IY)*FMUL
POLAR CAP INPUT:. USE 5.20E€E. PHAT [S GIVE By 5.60D
RHOHAT INMU ,NMU , Iv) = ALBEDU*GEOPMINMU ,NMy 1V )*FMUL
TAUHAT(NMU NMU  TVv) = (ALBEDO*GEOQPP(NMU NMU IVY) - 1 0J*FMUL
ELSE

DO 302 IR=1,NMy
RHOHAT (IR ,NMU, v
TAURHAT{ IR NMU, IV
ENDIF

o
oo

QUAD (MNUN-RQOLAK CAP) QuUTPRPUT

00 31U lu=1,NMo
FMUL = L G/7FMuc U

FULAR CAPR INP 7 TR=NWMU, USE 5. 200 . P=AT IS GIVEN BY 5.06B

[F{L . EQ O) THEN

RHOHAT ONMY  Tu Dy = ALBEDOU*LECRM oMU T TY Y *FMUL
TAUHATENMU  TU T V) T ALBEDO*LECRE NN, Ty, IV )*FMUL
ELSE

RHUAAT(NMU, TuU, 1V = 0.

TALHAT(NMU, IU, TV} = 0.

ENDIF
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C QUAD (NON-POLAR CAP) INPUT; USE 5.20B. PHAT MUST NOw BE
C COMPUTED BY 5.6A
C
DO 310 IR=1 ,NMU-1
SUMP = 0.
SuMm = 0.
DO 400 IV=1,NPHI
C
o COMPUTE STORAGE INDICES BY (12.7)
C
IF(IV.LE.NL+1) THEN
J = 1y + NMUs(IV-1)
ELSE
J = IU + NMU*(NL - MOD(IV-1,NL))
ENDIF
C
SUMP = SUMP + GEOPP(IR,J,IY)*COSLPV{IV)
400 SUMM = SUMM + GEOPM{IR,J, IY)*COSLPV(IV)
C
RHOHAT(IR,1U,Iv) = ALBEDO*SUMM*FMU]
IF(IR.EQ.TU) THEN
DELT = 1.
ELSE
DELT = 0.
ENDIF
310 TAUHAT(IR,Iu,1v¥) = (ALBEDO*SUMP - DELT)I*FMUL
C
200 CONTINUE
A
RETURN
L
END
SUBROUTINE RICATI (L)
L
Il ON NHMA/RICATI
C
C THIS ROUTINE SO.vES FOR THE ARKAYS RYAXK = R(Y X} AND TXy = T(X,Y)
. BY INTEGRATING ©.43 AND 6.44 [N A DUWNWARD
C SWEEP WITH INITIA.L VALUES OF RIx x} -~ 0O AND T(X,Xx) = 1, By 6.47.
8 RyB = RIV,B' [> FCOUND BY INTEGRATING 6.48 IN AN UPWARD SWEEP
N Wl ve INITIAL CONOITION R12,B) = RsaT(2,B), BY 6.58.
C irie ARRAYS RYx AND TXY ARE STOREL It THE VvECTOR RT AS FOLLOWS
8 {FOR A GIVEN Y LAaLUE):
¢ RyX(1.3) 1S RTCL » (u-11%KNMU)
[ TXY(D,0) IS RYOD ¢ (U-1)YENMg + HMAHR)
[«

PARAMETER (MXMyU =10, MXPHI=z24, MAavz3o)
PARAMETER (MXEGH= 2¢MXMU*MXML )

DIMEPSTON (OvERr {24
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COMMON/CRTR/ RYX(MXMU,MXMU ,MXY )}  Txy (MXMU, MXMU,MXY ),
1 RI1YB({MAMU,MXMU ,MX¥Y) R2VB{MXMU K MXMU MXY)
COMMON/CBOTBC/ RHATZB(MXMU ,MXMY)

COMMCN/CGRID/ FMu (MAMU) . PHI(MXPHI ) Y (MXY)
COMMON/CMISC/ IMISC(20).,.FMISC(20)

COMMON/CWORK/ WERK(MXEQN,9)  RT(MXEQN)

(@]

SUBROUTINE DRTAB EVALUATES THE RHS OF 6.43, 6.44 AND 6.48
EXTERNAL DRTAB

NMU = IMISC(1)

Ny = IMISC(4)

108uG = IMISC(9)

IBOTM = IMISC(12)

NMU2 = NMU*NMU

NEQNS = 2*NMU2

TOL = FMISC(7)

IF({IDBUG.GE.1) WRITE(6,3002) TOL

INITIALIZE THE ARRAYS AT v = X USING &.47

[aEeNg!

DO 500 I=1,NMU
DO 500 Ju=1,NMy
RYX(1,u,1) = 0.
RY(I+(J-L1YenMu) = 0.
DELT = O.
IF(I.EQ.J) DELT = 1,
TXy(l.J.1) = DELT
500 RT(I+{U-1)*NMU+*NMU2) = DELT

C
YSTART = v(1)
CDPREV = 0.
IMISC(13) = 1
IND = &
C
C INTEGRATE 6.43 AND 6.44 TQ FIND K{v,x1 AND TU(X.,Y) AT EACM Y LEVEL
C
DO 520 IY=2,NY
YEND = YSTART + v{IV) -~ v{Ivy - 1}
IF{IDBUG.GE. 1) wWRITE(6,3000) YSTART , YEND
«
CA_L OVERK{NEQNS URTAB YSTAR'T AT vl ,TOL.IND, K TDVERW MxEQN,
1 WERK | 1EK)
¢
10Ev = (DVERK({.4) - CDPREV
COPREV = (DVEkKr(Z4)
[F(IDBUG.GE. 1) WRITE(®6,3001) 1DEv
IF(IND.LE.O .OR. IER.GT.Q) THEN
WRITE(6,1060) IMISCI13),IND, IER
STOP
ENDIF
C
C SAVE THE SOLUTIUN AT v = vEND

DO 520 J=1,NMy
DO 520 I=1,NMU
RYX(I,J,1v) = RT(I+{Ju-1)*NMU)
5§20 TXY{(1,J,1¥) = RT(I + (J-1)*NMU + NMUZ)

INTEGRATE 6.48 FROM 2 TO x Tu FIND R1fv B3 AT EACH vV LEVEL

INITIALIZE AT Vv = 2 WITH RI(Z.,8) = Rr1AT1(Z.B)., USING 6.58

[N NN G

DO BS0 J=1 ,NM

DO 550 I=1 NMy

RIVB(I,J,NY) = R=ATZB(I, J)
550 RT(1+(J=1)*NMu = RHATZB(I,J)

YSTART = Y({NVY)
NEUNS = NMOZ
COPREV = 0.
IND = 1
IMISC(13) = 2
L INTEGRATE
U0 570 Iv¥=1,NvY-1
IYREvV = Ny - Iv
YEND = YSTART - Y(IYREV+]l) + VIIVvKEYV)
IF{IDBUG.GE. 1) WRITE(H,3000) YLTART vEND
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CALL DVERK({NEQNS,DRTAB,vSTART ,RT . YEND,TOL,IND,CDVERK,MXEQN.
1 WERK,IER)

IDEV = COVERK(24) - COPREV

CDOPREV = COVERK{(24)
IF(IDBUG.GE.1) WRITE(6,3001) IDEv
IF(IND.LE.O .OR. IER.GT.0Q) TREN
WRITE(6,1060) IMISC(13),IND,lEK
STOP

ENDIF

SAVE THE SOLUTION AT YEND
DO S70 J=1,NMU
DO 570 I=1,NMU
570 R1YB(1,U,IYREV) = RT(I+(JU-1)*NMU]

USE R2(Y,B) = RL1(v,B) OR INTEGRATE 6.48 AGAIN, ACCORDING TO THE
BOTTOM TYPE

IF(IBOTM.EQ.0 .AND. L.EQ.0) THEN

MATTE BOTTOM WITH L = 0. INTEGRATE AGAIN WITH INITIAL CONDITION
R2(Z,B) =0

NOTE ADDED IN PROOFING: 1 DO NUT THIMKR THIS INTEGRATION IS
NECESSARY: JUST SET R2(Z,.,B) = 0., SINCE AMP2 = (0. HOWEVER, THIS
HAS NOT BEEN CHEUKED BY COMPARING EALH COMPUTATION., Su 1 MAY BE
MISSING SUMETHING. CM, 2 JUNE 88.

DO 595 J=1,NMuy

00 595 [=1,NMu

R2vBI T, NY) = 0
H9% HT Ul -1)eNMy Y =

YSTART = Y(NVY,

NEQNS = NMUZ2

CDPREV = 0.

IND = 1

IMISC(13) = ¢

INTEGRATE

DL 597 IY=1,NYy 1

IVREV = NY - 1V

YEND = YSTART - Y(IVYREV+1l) + Y(IVYREV)
I[F(IDBUG.GE.1) wRITE(6,3000) YSTART,YEND

CALL DVERK(NEQNS,DRTAB,YSTART RT YEND,TGL,IND,CDVERK MXEQN,
1  WERK,IER)

IDEv = CDVERK(24) - CDPREV

CDPREV = CDVERK(24)
IF(IDBUG.GE. 1) WRITE(6,3001) IDEV
IF(INOD.LE.Q .OR. IER.GT.0) THEN
WRITE(6,1060) IMISC(13),IND, IER
STOP

ENDIF

SAVE THE SOLUTION AT VEND
DO 597 J=1,NMy
DO 597 I=1,NMU
597 R2Y¥d i,J, IYREVE = RTI-{2 1)*umy

IR ReNe

Ry

L

«

C

ELSE

MATTE BOTTOM wlTH L.GT.0 Ok INFINITELr DEEP, HOMOGENEQOUS LAYER.
JSE R2(¥,B) = R1l(v.B)

DO €ul0 Ivy=1,Nv
D0 600 J=1,NMu
00 600 I=1,NWMy
600 R2YB(I,u,1v) = RIYB(I, J,1v)

ENDIF
RETURN

1060 FORMAT(/ SUB RICATI . ERROR IN (&0t T0O UVvERK: IDE =" ,15.5X,
I "IND = ,I5,5x, IER =",15)

3000 FORMAT( YVSTART = FB.4 Sx, YENDU -° Fb.4)

3001 FORMAT(Im+ T40 .14, DERIVATIVE EVALUATIONS )

3002 FORMAT(// /77 VUTPUT FROM INTELRATION ROUTINE OVERK (TOL = |
1 1RELT2.3, "}
END
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SUBROUTINE Y2ZGEO

ON NHMA4/vY22GEQO

THIS ROUTINE COMPUTES THE GEOMETRICAL DERPTHS ZETA (IN METERS) wWHICH
CORRESPOND TO THE OPTICAL DEPTHS ¥ (NONDIMENSIONAL) WHEKE

QUTPUT IS REQUESTED.

EQUATION 7.1 IS INTEGRATED, WHEREIN ALPHA IS A FUNCTION OF OPTICAL
DEPTH VY

PARAMETER (MXMU=10, MXPHI=24, MXvy=30, MXSIGY=3)

COMMON/CGRID/ FMU(MXMU ), PHI{(MXPHI ), YOUT{MXY )} A BNOMU (MXMU ) ,

1 BNDPHI(MXPHI ), OMEGA(MXMU) ,DELTMU(MXMU) ,ZGEO(MXY)

COMMON/CSIGY/ YSIG(MXSIGY),ALBESS(MXSIGY)  TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20)

EXTERNAL FALPHA

DATA AERR,RERR/0.0, 1.0E-8/

NY = IMISC(4)

N5S1GY = IMISC(S)

ALPHAL = ALBESS(1)/TOTALS(1)

IF(NSIGY.EQ.1) THEN

WATER COLUMN IS5 UNIFORM WITH DEEPTH

DO 100 I1v=1,NY
ZGEO(IY) = ALPHALI*YOUT(IVY)
ELSE

WATER COLUMN HAS VARIABLE OPTICAr PROPERTIES WITH DEPTH: INTEGRATE
DZETA = OY/ALPHA{Y)

ZGEQ(1) = ALPHALI*YQUT(1)
D0 200 1v¥=2,NY

200 ZGEQ(1Y) = ZGEO(Iv-1) + DCADRE(FALPHA YOUT(IV-1),Y0OUT(Iv),
1 AERR ,RERR ,ERROR,IERK)
ENDIF
RETURN
END
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6. PROGRAMS
A. Program Description
This program first synthesizes the radiances from the amplitudes found in Program 4.

Then the results are analyzed and derived quantities are computed. as detailed in 75/§8. Multiple
runs of Program 5 can be made for a given set of output from Program 4. For example, one run
can be made to check the balance of the radiative transfer equation, another run to compute the
irradiances and other derived quantities, etc.

We note again, as discussed in 75/§7a, that the expensive computations for the quad-
averaged upper boundary r and t arrays need be done only once for a given wind speed and quad
resolution. Likewise. the expensive discretization of the phase function is a one-time comput-
ation for a given phase function. The actual solution of the radiative transfer equation in
Programs 4 and 5 is relatively inexpensive. Therefore, holding the wind speed and phase func-
tion fixed, it is possible to make many runs of Programs 4 and 5 in order to study the effects of
varying the incident radiance distribution, the scattering-to-absorbtion ratio s/a = w/(1-w), the
bottom boundary type, etc. It is often convenient to make a run of Programs 4 and 5 with
radiance output (see record 5 of Program 4 and records 2, 4 and 5, below) at some standard set of
depths, say at y values of 0.0, 0.5, 1.0, 2.0, 50, 10.0, and 20.0 optical depths (here
YOUT(1) = x =0.0 and YOUT(NY) =z =20.0, with NY = 7). If inspection of this run indicates
a "region of interest” (e.g. large changes in the radiance field with depth, or "kinks" in the
K-function curves) between v = 2.0 and y = 5.0, say, then another run of Programs 4 and 5 can
be made to give greater resolution in the region of interest. The second run could save the output
aty values of 0.0, 1.0, 2.0, 2.5. 2.0, 3.5, 4.0, 4.5, 5.0, 10.0 and 20.0 (now NY =11).

In addition to the specific analyses selected by the input records below, a basic "skeleton”
of radiance values is always printed (e.g. upward, downward and horizontal radiances in the
alongwind and crosswind directions at selected depths, cf. subroutine RADY).

Other useful quantities automatically computed and printed are the contrast transmittance
(cf. 75/$8k and subroutine CONTRM), and the backward and forward scattering functions (cf.
75/8&d and subroutine BFSC.4T). If desired, this output can be removed by deleting the calls to
the appropriate subroutines.

Additional output is included where convenient in many of the subroutines. For example,
path functions (cf. 75/§8g) are computed along with the radiance K-functions (subroutine
KRAD). Distribution functions (75/8.11) and reflectance functions (75/8.14) are computed along
with the irradiances (subroutine IRRAD). Eccentricities (75/8.16b) are included with the back-
ward and forward scattering functions.

B. Input
From five to nine free-tormat records are read to specify the tvpe of analysis desired.
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Record 1: ITITLE
This is an alphanumeric title for the run, used to identify the printout. Up to 80 characters
are allowed.

Record 2. IPRAD, IPRADI1, IPRAD2, IPRAD3, JPRADI, JPRAD2, JPRAD3
This record (along with record 2a, if required) specifies the extent of printout of the
radiance distribution by subroutine PRINT.

IPRAD < 0 if a printout of the radiance distribution is desired at every y level
where the radiance was computed: y=a, YOUT()=
X, -, YOUT(NY) =z

IPRAD =(0  if no printout of the radiances is desired

IPRAD >0  if printout is desired only at certain y levels, IPRAD in number, to be
specified in record 2a

IPRADI, are DO-LOOP indices of the form

IPRAD?2, DO 302 I=IPRADI, IPRAD2, IPRAD3

IPRAD3 which select the p-bands of quads for which printout is desired. For
example, consider the m = 10 by 2n = 24 quad partmon of 75/F1g 4a.
There are m = 10 y-bands in each hemisphere (4 , u=1,-m). If

(IPRADI1, IPRAD2, IPRAD3) = (1, 10, I) then all’ u—bands will be
printed. If (IPRADI1, IPRAD2, IPRAD3) = (1, 10, 3) then only bands
u=1,4,7 and 10 are printed out (the polar cap values, u = m, are
always printed). See DO-LOOPs 302 and 103 in subrouting PRINT
(where index I is u).

JPRADI, are DO-LOOP indices which select the ¢-bands to be printed, ¢
JPRAD?2, =1,-,2n. Referring again to 75/Fig. 4a, if JPRAD]I, JPRADﬁ
JPRAD3 JPRAD3) = (1, 24, 1) then all ¢-bands would be printed. If

(JPRADI, JPRAD2, JPRAD3) = (1, 24, 6) then only the ¢-bands at
v=1,7, 13, 19 (corresponding to ¢ = 0°, 90°, 180°, 270° in 75/Fig.
4a) are printed. See DO-LOOPS 302 and 103 in PRINT (where
index Jis v).

Record 2a: ITYPRAD(1),-,]YPRAD(IPRAD)

This record is read only if IPRAD > 0. The values of IYPRAD are the j indices of Y
j=1,-,YOUT, at which printout is desired. (See 75/Fig. 6 and input record 5 of Program 4,
where Y is YOUT({).)

Record 3: IRTECK, NIC, NJC

This record specifies whether or not the balance of the radiative transfer equation (RTE) is
to be checked; see 75/§8a and pay special attention to 75/8.3 and the requirement of closely
spaced Y values.
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if the balance of the RTE is to be computed at all possible interior
y-levels, YOUT(2),-, YOUT(NY-1)

if no RTE balance check is to be made

if record 3a gives the indices of the y-levels where the RTE check is
to be made. Normally, the RTE is checked only at the center y-level
of three closely spaced y-levels (see 75/8.3). Thus if the user plans to
check the RTE, foresight must be shown in specifying the y-levels in
record 5 of Program 4. "Closely spaced” y-levels are separated by,
say, 0.01 optical depths. Thus a choice of y-levels in record 5 of
Program 4 might be 0.0, 0.99, 1.00, 1.01, 499, 5.00, 5.01,-. The
balance of the RTE could then be checked at levels 1.00 and 5.00.

NIC, NJC are DO-LOOP increments used to select particular p and ¢ values where the

RTE balance is to be checked. See DO-LOOPs 300 in subroutine
RTECK, which are of the form
DO 300J =1, NPH], NJC
DO 3001=1, 2*NMU, NIC
where p(I)is in =_if I < NMU
and p(Disin Z, if NMU <1 <2*NMU

Record 3a: IYRTE(1), -, IYRTE(IRTECK)
This record is read only if IR-TECK > 0. IYRTE(QJ) is the index j in 75/8.3. It is assumed
that Y1 Y and Yje1 Ar€ closely spaced. Note that IYRTE(1) 2 2 and IYRTE(IRTECK) < NY-1.

Record 4: IPIRAD

This record (and record 4a if required) specifies the y levels at which irradiances, distribu-
tion functions, and reflectances are printed out. (Irradiances, etc. are automatically computed at
all y-levels, e.g. for use in computing K-functions, but are printed out only at desired levels.)

IPIRAD <0
=0

>0

if the irradiances, etc. are to be printed out for all y-levels

if irradiances are to be printed out only at levels y,,j=1, 2, 4, 6, §,---.
This is convenient when YOUT (Record 5 in Prégram 4) has speci-
fied closely spaced pairs of depths, as is convenient for computing
K-functions (see subroutines KFCN and KRAD)

if the irradiances are to be printed out only at selected y-levels,
[PIRAD in number, to be specified in record 4a

Record 4a: IYIRAD(1),--,IYIRAD(IPIRAD)
This record is read only if IPIRAD > 0. IYIRAD(), j = 1, JPIRAD, are the indices of the
yj~levels whose irradiance data is to be printed out; 1 < IYIRAD() < NY.
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Record 5: IPKFCN, ISTART, ISTOP, ISTEP, JSTART, JSTOP, JSTEP

This record (and record 5a if required) specifies the computation and printout of K-
functions for irradiance and radiance, using 75/8.12 and 75/8.26. The y-derivatives are estimated
by using consecutive pairs of depths, i.e. dy = Yier = Y5 = YOUT(+1) - YOUT() if the K-
function is requested at level j. These derivative estimates will be inaccurate if Yj1 and y; are not
closely spaced — say, 0.01 optical depths apart. Thus foresight must be shown when specifiying
output depths in record 5 of Program 4 if K-functions are to be computed.

IPKFCN < 0  if irradiance (and optionally radiance) K-functions are to be com-
puted at all possible depths YOUT(1),--,YOUT(NY-1)

Il
)

IPKFCN if the K-functions are to be computed at levels y,, j = 1, 3, 5, 7,
This is convenient if record 5 of Program 4 hat selected closely
spaced pairs of output depths, i.e. y, and y, are closely spaced, y, and
y, are closely spaced, etc. An example of record 5 of Program 4
following this scheme is

0.0, 0.01, 0.50, 0.51, 1.00, 1.01, 2.00, 2.01,---.
One could then accurately compute K-functions at levels

0.005, 0.505, 1.005, 2.00S,
by using IPKFCN =0

IPKFCN >0 if K-functions are to be computed only at selected y-levels, IPKFCN
in number, to be specified in record Sa

ISTART, are DO-LOOP indices which select the p-bands of quads for which
ISTOP, radiance K-functions are to be computed, if ISTART > 0. (ISTART,
ISTEP ISTOP, ISTEP) are identical in form to (JPRAD1, IPRAD?2,

IPRAD?3) in record 2. See DO-LOOQOP 200 in subroutine KRAD.

ISTART <0 ifradiance K-functions are not to be computed

JSTART, are DO-LOOP indices which select ¢-bands of quads for which
JSTOP, radiance K-functions are to be computed. See (JPRADI1, JPRAD2,
JSTEP JPRAD?3) in record 2 and DO-LOOP 200 in subroutine KRAD.

Record 5a: IYKFCN(1),--, IYKFCN (IPKFCN)
This record is read only if IPKFCN > 0. IYKFCN()), j = 1,---,IPKFCN, are the indices of
the yj-levels where the K-functions are to be computed; 1 STYKFCN() < NY-1.

C. File Management
Three files are read by Program $, and one is written.
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symbolic name  external name description

NURAX TAPE22 the quad-averaged geometric r(a,x) array from
Program 2

NUTXA TAPE25 the quad-averaged geometrix t(x,a) array from
Program 2

NUIN TAPE40 the radiance amplitudes and other information,
generated by Program 4

NUOUT TAPESO a file containing discretized phase functions,
radiances, and other information, for use by the
graphics routines

Files NURAX and NUTXA are used only by subroutine CONTRM, which computes the contrast
transmittance.
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D. Code Listing

PROGRAM MAIN(INPUT ,QUTPUT ,TAPES=INPUT , TAPEG=QUTPUT,
1 TAPEA4O,TAPES0,TAPE22 ,TAPE2S)

ON NHM5/MAINS

R R b o R b b ok s S o S R 'S

+ +
* THIS IS PROGRAM S5 OF THE NATURAL HYDROSOL MODEL +
+ +

IR IS AL A S RS AR R SRR L R R LR AR SRR R R E R R R R L LR KX X

THIS PROGRAM TAKES THE SPECTRAL AMPLITUDES GENERATED BY PROGRAM 4
AND SYNTHESIZES THE GEOMETRIC, QUAD-AVERAGED RADIANCE FIELDS.
VARIQOUS OERIVEO QUANTITIES ARE ALSQO COMPUTED, IF DESIRED

RAXGEO (TAPE22) AND TXAGEO (TAPE25), THE QUAD-AVERAGED GEOMETRIC
R(A,X) AND T(X,A) ARRAYS, ARE REQUIKRED IF THE CONTRAST
TRANSMITTANCE IS 70O BE COMPUTED

PARAMETER(MXMU=10, MXPHI=24, MxY=30, MXSIGY=3)
PARAMETER (MXL =MXPHI /2, MXGEOP=MXMU®* (MXL+1), MXAMP=2*MXMU* (MXL+1))
PARAMETER (MXRRTH=MXMU* (MXL+1), MXCRTH=MXMUS®( (MXL+2)/2))

PARAMETER (MXWERK =MXMU® (MXL*1)*(1+2*MXMU)+5%MXY)

DIMENSION IVYRTE(MXY),IVYPRAD(MXY) IVIRAD(MXY), IVKFCN{MAY)
COMMON/CSIGY/ YSIGIMXSIGY),ALBESS(MXSIGY), TOTALS(MXSIGY)
COMMON/CAMPO/ ADAM(MXAMP) AQOYM(MXAMP ,MXY) , K AQAP(MXAMP)
COMMON/CGEQP/ GEQPP(MXMU MXGEOP ,MXSIGY),GEOPM(MXMU K MXGEQP MXSIGY)
COMMON/CAMP/ AAM({MXAMP) ,AAP (MXAMP) AYM(MXAMP MXY) AYP(MXAMP MXY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI ), Y (MXY) L BNDMU{(MXMU) ,

1 BNOPHI{MXPHI ; ,OMEGA{MXMU) ,DELTMU(MXMU) , ZGEO (MXY)

COMMON/CRADIF/ RADAP(MXMU ,MXPHI) RADP(MXMU ,MXPHI ,MXY) ,

1 RADAM(MXMU MXPHI) RADM{MXMU ,MXPHI MXY)

COMMON/CRADIR/ RADQAP(MXMU ,MXPHI ) RADUAM(MXMU ,MXPHI) ,

1 RADUM(MXMU ,MXPHI MXY)

COMMON/CIRRAD/ SHP(D:MXY) ,SHM(D:MXY) 6 SCAPHP(0O:MXY),SCAPHM{ O :MXY) ,
1 DPY (O :MXY) ,DMY (O:MXVY)

COMMON/CKRAD/ ISTART,ISTOP,ISTEP,LJUSTART,JSTOP,JSTEP

COMMON/CMISC/ IMISC(20),FMISC(20)

COMMON/CWORK/ WERK(MXWERK)

DATA NUOUT/S50/

INITIALIZE THE PROGRAM

CALL INISHUL(IRTECK,IVRTE,IPRAD IVPRAD IRPIRAD,IYIRAD,IPKFCN,IVYKFCN)
AAM AND AYM NOW CONTAIN DIFFUSE AMPLITUDES (SAME FOR AAP AND AYP)
COMPUTE IRRADIANCE QUANTITIES FRUOM THE L = Q AMPLITUDES

CALL IRRAD(IPIRAD,IYIRAD)

NY = IMISC(4)

COMPUTE THE DIFFUSE RADIANCES AT v = A, X,..., 2

CALL SYNRAD(AAM, RADAM,MXMU)

DO 100 K=1,NV

CALL SYNRAD(AYM({1,K},RADM(1,1,K) . MAMU)

CALL SYNRAD{AAP RADAP MXMU)

DO 110 K=1,NY

CALL SYNRAD(AYP(1,K),RADP(:,1,K) MXMU)

COMPUTE THE DOWNWARD DIRECT RAGIANCE AT v = A, X,...,

~
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CALL SYNRAD(AQAM,RADOAM, MXMU)
DO 120 K=1,NY
120 CALL SYNRAD(AOQOYM(1,K),RADUM(1,1.K),MXMU)}

COMPUTE THE UPWARD DIRECT RADIANCE AT ¥ = A. THE UPWARD DIRECT
RADIANCE IS ZERO FOR Y = X,..., Z.

CALL SYNRAD(AQOAP,RADOAP, MXMU)

PRINT SELECTED RADIANCES ANO COMPUTE THE RADIANCE-IRRADIANCE RATIOS
CALL RADY(IPIRAD,IVIRAD)

COMPUTE THE CONTRAST TRANSMITTANCE

CALL CONTRM

COMPUTE THE K FUNCTIONS FOR IRRADIANLE

CALL KFCN(IPKFCN,IYKFCN)

COMPUTE THE K-FUNCTIONS FOR RADIANCE

IF(ISTART . GT.0) CALL KRAD(IPKFUN,6IYKFCN)

COMPUTE THE BACKSCATTER AND FORWARD SCATTER FUNCTIONS
CALL BFSCAT(IPIRAD,IVYIRAD)

PRINT OUT THE RADIANCES

IF(IPRAD.GT .0} CALL FRINT{IPRAD,IYPRAD)

CHECK THE BALANCE OF THE RTE AT INTERIOR VYV VALUES
1F(IRTECK.NE . U) CALL RTECK(IRTECK,IYRTE)

SAVE THE RADIANCE I[NFORMATION FOR ANALYSIS BY THE PLOTTING PROGRAM
NMU = IMISC(1)

NPHI = IMISC(2)

NY = IMISC(4)

NSIGY = IMISC(5)

KCOL = IMISC(10)

REWIND NUOUT

WRITE(NUOUT) IMISC,FMISC, FMU,PHI Y BNDMU, BNDPHI ,OMEGA , DELTMU,
1 VSIG,ALBESS,TOTALS,ZGEO

WRITE(NUOUT) (((GEOPP(I,J,K).I=1 NMU),k J=1,KCOL),K=1,NSIGY)
WRITE(NUOUT) (((GEOPM(T,u,k),I=1 NMU), J=1,KCOL),K=1,NSIGY)
WRITE(NUOUT ) ((KADAP(I ,J). 121, NMU).J=1 NPHI)

WRITE(NUQUT) (((RADP{I,J,K),I=1,NMU}, =1 ,NPHI) K=1 NV}
WRITE(NUOUT) ((RADAM(I,J),1=1,NMU), J=1,NPHI}
WRITE(NUOUT) (¢ iRADM(I,JU ,K) ,I=1,NMJ), J=3 NPHI} K=1 NV)
WRITE{(NUOUT) [ tRADOAP(L1,0),1=1,NMU),0=1,NPHL)
WRITE(NUOUT) { (RADOAM{I, J), I=1 _NMU), J=1 NPHIT)
WRITE(NUOUT) (((RADUM(I,J.K) 121 NMU) J=1 NPRI) K21, NY)
ZERO-MODE AMPL I TUDES

WRITE(NUOUT) (AQUAM{T ), I=1 ,NMU),(AQAR(L) , I=1 NMU]),

1 ((AQYM({I . K) [=1,NMU} K=1 NV)
WRITE(NUOUT) (AAM(I),I=1 ,KMU), {AAPL]1),I=1,NMU),
1 {{AYM(I,K),I-31,NMU) ., K=1,NY), {lTAYPL] K),1=1 ,NMU) K=1 ,NY)

ENDFILE NUOUT
WRITE(6,200]) nUOUT

200 FORMAT(1HO,' TAPE',I12.° WRITTEN. )
END
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SUBROQUTINE INISHUL(IRTECK,IVYRTE,L IPRAD,IVYPRAD, IPIRAD IYIRAD,
1 IPKFCN, IYKFCN)

ON NHMS/ INISHLS
THIS ROUTINE INITIALIZES PROGRAM 5 OF THE NHM

PARAMETER (MXMU=10, MXPHI=24, MXvY=30, MXSIGY=3)
PARAMETER (MXL=MXPHI /2, MXGEOP=MXMU*(MXL+1), MXAMP=2*MXMU+ (MXL+1))
PARAMETER (MXRRTH=MXMU® (MXL+1), MXCRTH=MXMU*( (MXL+2)/2))

DIMENSION IYRTE(MXY),IYPRAD(MXY) L IYIRAD(MXY) K IYKFCN(MXY )
DIMENSION ITITLE(10)

COMMON/CGEQOP/ GEOPP(MXMU ,MXGEOP ,MXSIGY) ,GEOPM(MXMU ,MXGEOP ,MXSIGY)
COMMON/CAMPQO/ AOAM(MXAMP) AOYM(MXAMP MXY) , L AOAP(MXAMP)
COMMON/CAMP/ AAM(MXAMP) ,AAP(MXAMP) ,AYM{MXAMP MXY) AYP{MXAMP MXY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI ), V(MXY) K BNDMU(MXMU) ,

1  BNDPHI(MXPHI) ,OMEGA (MXMU) ,0EL TMU{MXMU) , ZGED(MXY)

COMMON/CSIGY/ YSIG(MXSIGY) ,ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CKRAD/ ISTART,ISTOP,ISTEP,JSTART, JSTOP, JSTEP
COMMON/CPRAD/ IPRAD1,IPRAD2,IPRAD3,UPRADL,JPRADZ, JPRAD3
COMMON/CMISC/ IMISC(20),FMISC(20)

DATA NUIN/4O/, 1DBUG/O/

READ HEADER RECORDS FROM THE AMPLITUDE FILE

REWIND NUIN

READ(NUIN) IMISC,FMISC,FMU, PH] v BNCUMU,BNDPHI ,OMEGA ,DELTMU,
1 YSIG,ALBESS,TOQTALS,2GEO

NMU = IMISC(1)

NPHI = IMISC(2Z)
NY = IMISC(4)

NSIGY = IMISC(S)

NRHAT = IMISC(10)

NRAMP = 2%NRHA

RADEG = FMISC(3)

KCOL = NMU* (NPHI/2 + 1)

READ(NUIN) (({(GEOPP(1,J,w),1=1 NMuU),J=1,KLOL),K=1 ,NSIGY)
READ(NUIN) (((GEOPM(I ,u, k), 121 KMu),J=1 KCOL) ,K=1 NSIGY)

READ IN PARAMETERS FOR RADIANCE ANALYSIS

READ(5,50) ITITLE
WRITE(6,1000) ITITLE

READ SPECIFICATIONS FOR RADIANCE PRINTOUT

READ(S . *} IPRAD,IPRAD1,[PHRAUC, R4S, JPRADL, JPRADZ, JPRADS
IF(IPRAD.LT.0) THEN

DO 106 [Y=1,NY

IVPRAD(IV) = 1v

IPRAD = Ny

ELSEIF(IPRAD.GT.0) THEN

READ(S ,*) (IYPRAD(IY),1v=1 IkRrRAUL)

ENDIF

READ SPECIFICATIONS FOR RTE (HE(K

READ(S . .*) IRTECK NIC,NJUC
IF(IRTECK LT .0} THEN

DO 1uB Iv=1 Nv

[YRTEILY) = Iv
EVSETIFOIRTECK LT . UJ) THEN
READ(S,*) (IVRTE(IVY),Iv=1 IRTEC(K]
ENDIF
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C READ SPECIFICATIONS FOR IRRADIANCE OuTPUT
READ(S5.*) IPIRAD

[F(IPIRAD.LT.0) THEN
D0 110 IVY=1,NY
110 IVIRAD(IY) = 1v
1PIRAD = NY
ELSELIF(IPIRAD.EQ.O) THEN
IYIRAD(1) = 1
IPIRAD = 1
DO 112 1v¥=2 NvY,2
IPIRAD = IPIRAD + 1
112 IYIRAD(IPIRAD) = 1V

ELSE
READ(S5,*) (IYIRAD(IV),Iv=1 IPIRAD)
ENDIF
C
C READ SPECIFICATIONS FOR K-FUNCTION OUTPUT AND RADIANCE K-FUNCTION DIRECTIONS
C
READ(S,*) IPKFCN, ISTART ISTOP,ISTER,JSTART JUSTOQP,JSTEP
C

IF(IPKFCN.LT.O) THEN
DO 114 [v=}1 ,Nv-1

114 IVKFCN(IVY) = 1v
IPKFCN = NY - 1
ELSEIF(IPKFCN.EQ.Q) THEN
[PKFCN = Q
DO 116 Iv=1,NV-1,62
IPKFCN = IPKFCN + 1

116 IVRFCN(IPKFCN) = 1V
ELSE
READ(5,%) (IYKFUN{IV), 1lvy=1 IPKFUN]
ENDIF

IMISC(9) = 1DBULG
IMISC(15) NIC
IMISC(16) NJC

C RECORDS WRITTEN BY MAINA (DIRECT BEAM)
READ(NUIN} (AUuAMiL ), I=]1 NRAMFP)
(i) 18 y=1 NV
15 READ(NUIN) (AQOYM{]I,u),I=1,NKAMP
READINUIN) (AQALCT ), 121 NRAMP)

C (TOTAL BEAM)
READ(NUIN)Y (AAM(I[) I=1,NRAMP)
READ(NUIN) (AAP(I),I=1,NRAMP)
DO 16 J=1_NV
1o READINUIN) (AYMII 01,121 NRAMF,
DO 17 J=1 NV
17 READINUIN) (AYP(I,J), 121, NRAMF)

C PRINTOUT

~

IFLIDLBUG.GT. G THEN

WRITEI(B, 1018}

wRITE(G,1622;

DY 1120 121 ,NMg

THETA = RADEG*ALOS(FMULIT)))
il WRITE(B, 1,24 [, "HETA FMUL(I])

whlTEio, 10z0,
D 1H28 =1 teerd]
1028 WRITE(L,1030) J , RADEG*PHIIJ)

WRITE(H,1032)
LU 1034 K=1 Ny

tgd whlTE7(6, JU36) v Y(K)
ENDIF

115




s

[sEeNeNsN AR

Oo0Oc

600

50
1000
1018
1022
1024
1026
1030
1032
1036
1038
1039
1040
1042
1044

1046

§6. PROGRAM 5

IF({IDBUG.GE.2) THEN
WRITE(6,1038)

CALL PNTAMP(V,6AOAM,AOYM,MXAMP)
WRLTE(6,1039)

CALL PNTAMP(Y ADAP,1.E201,MXAMP)
WRITE(6, 1040)

CALL PNTAMP(Y AAM, AYM, K MXAMP)
WRITE(6,1042)

CALL PNTAMP(Y,AAP,AYP K MXAMP)
ENDIF

CONVERT THE DOWNWARD TOTAL AMPLITUDES TO DIFFUSE AMPLITUDES
AT ¥ = A, X,..., Z BY 8.23

CONVERT THE UPWARD TOTAL AMPLITUDES TO DIFFUSE AMPLITUDES AT Y = A,
THE UPWARD TOTAL = THE UPWARD DIFFUSE FOR Y = X,..., Z.

DO 600 I=1,NRAMP

AAM(I) = AAM(1) - ADAM(I)

AAP(1) AAP(I) - AQAP(I)

DO 600 K=1,NY

AYM(I ,K) = AYM(I,K) - AOYM(I,K)

IF(IDBUG.GE.2) THEN

WRITE(6,1044)

CALL PNTAMP (Y AAM_ AYM MXAMP)

WRITE(6,1046)

CALL PNTAMP(Y, AAP AYP MXAMP)

ENDIF

[

RETURN
FORMATS

FORMAT( 10AB)

FORMAT(1H1, ' PROGRAM S OF THE NATURAL HYDROSOL MODEL ' //

1°  SYNTHESIS AND ANALYSIS OF frhE RADIANCE FIELDS //

2° RUN TITLE: -,10A8)

FORMAT(1HO, ' THE RADIANCE FIELOS APE CUMPUTED AT THE FJLLUWING GRI
1D VALUES: ')

FORMAT (1RH0O,© THE THETA VALUES ARE // - 1 THETA  ,bX, MU'/)
FORMAT{1H 1S5 ,F10.3,F10.4)

FORMAT(1HU, * THE PHI VALUES ARE //° J PHI /)

FORMAT(1H IS5 ,F10.3)

FORMAT(1HO,  THE Y VALUES AKE //° K OPT DEPTH' /)

FORMAT! IH IS5 4X . F7.4)

FORMAT (1H1,  THE DOWNWARD DIRECT BEAM RAOIANCE AMPLITUDES ARE'//
1 11X, "MU’ 7%, "A0(A,-)" ,BX, AQ(Y.-)")

FORMAT (1H1, " THE UPWARD DIRECT BEAM RADIANCE AMPLITUDES ARE'//
111X, "MU’ 7%, "AQLA +) ")

FORMAT (1H1, " THE DOWNWARD TOTAL RAUIANCE AMPLITUDES ARE'//

1 11X, "MU- 7X, "ACA,-) " ,9X, "A(Y . -) )

FORMAT (1K1,  THE UPWARD TOTAL RAUDIANCE AMPLITUDES ARE"
/711X, "My [ 7X, CALA +) " 99X, A(vY, *+, )

FORMAT (1M1,  THE DOWNWARD DIFFUSE RADIANCE AMPLITUDES ARE'//

L 1lx, MU ,7X, A*(A,-) BX, A*{y, ;)

FORMAT(1H1,  THE yPWARD DIFFUSE RAUJANCE AMPLITUDES ARE'//

1 11X, MU' [ 7X, A*{A, +) ,Bx, A*(vy )"}

END
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SUBROUTINE BFSCAT(IPIRAD,IVYIRAD)
ON NHMS/B8FSCAT
THIS ROUTINE COMPUTES THE BACKSCATTER FUNCTIONS B(Z,+)

USING 8.15. FORWARD SCATTER
FUNCTIONS F(Z,+) AND F(Z.,-) ARE COMPUTED FROM EQ. 8.

AND B(Z,-)

16.

COMPUTED VALUES ARE CHECKED USING EQ. 8.17.
THE ECCENTRICITIES ARE ALSO COMPUTED.
PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)

PARAMETER (MXL=MXPHI /2, MXGEOP=MAMU* (MXL+1))

OIMENSION IYIRAD(MXY)

COMMON/CGRID/ FMU{MXMU) ,PHI (MXPHI) K Y(MXY) BNDMU(MXMU) ,

1 BNDPHI (MXPHI ) , OMEGA(MXMU ) ,DELTMU(MXMU) , ZGEQ(MXY)
COMMON/CRADIF/ RADAP(MXMU,MXPHI) K RADP (MXMU ,MXPHI ,MXVY ),

1 RADAM(MXMU ,MXPHT1) ,RADPM(MXMU ,MXPHI ,MXY)

COMMON/CRADIR/ RADOAP (MXMU,MXPHI ) RADOAM(MXMU ,MXPHI ) ,

1 RADOM{(MXMU ,MXPHI ,MXY)

COMMON/CGEQP/ GEOPP(MXMU ,MXGEOP ,MXSIGY) ,GEOPM(MXMU ,MXGEQP MXSIGY)
COMMON/CIRRAD/ HP(Q:MXY)  HM(O:MXY ) CAPHP(D:MXY),CAPHM(O :MXY),

1 OPY(O:MXY) OMY (O :MXY)

COMMON/CSIGY/ YSIG(MXSIQGY) , ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20),FMISC(20)

COMMON/CWORK/ GEOPPY (MXMU ,MXGECP ) ,GEQOPMY (MXMU ,MXGEQOP) ,BZPY{MXY)},
1 BZMY (MXY) FZPY{MXY) , FZMY{MXY)},6 SY{MXY)

DATA EPS/1.E-12/

NMU = IMISC(1)
NPHI = IMISC(2)
NSIGY = IMISC(*}
NRHAT = IMISC{ !
NOPI = NPHI/2

WRITE(6,300)

DO 99

IIv=1,IPIkAD
Iv = [vlI

RAD(ITvV)
SumMBE 0.
SuUMBM
SUMF P
SUMFM
BZP = -1.
BZM = -1
FZP -1.
FZM ~1.
SMFMBP =
BBARP =
BBAKM =
SMFMBM =

ottt

-1.
-1,
-1.

-1,

YNCAN = Y(IVY)

COMPUTE THE QUALD-AVERAGED GECMETKIC Pr{ASE FUNCTION AT THE NEEDED

Y VALUE BY LINmar INEkFOLATIGN OF THE KNOWN VALUES
IF(NSIGLY BEQ. 1 UK. YNOW,.LE.VYDIG(1)) TrEn
S = TOTALS(1)

00 50 J-1 ,NRHET

Of) 50 1=1, NML

GEOvPBY LI, u) = GEGRE(L,U,.1)

GECGPMY LD, L) = GEGPMIOT  u, 1)

ELSETF yNUw,. GE YSTGINSTIGY ) ) TAEN

S = TOTALS(NSILY)

00 52 Uu=1,NRHAT

UG 52 [=1,nM

SEOPPY (T L) = BESPPIL, U . NHiuY)
GEGPMY {1 ,0) = GECEM(L, 0, ,hSIGY)
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ELSE
DO 55 JV=2,NSIGY
IF(YNOW.LT.YSIG(JY)) GO TO 56
55 CONTINUE
56 DY = (YNQW - YSIG(JY-1))/(¥YSIG(JY) - ¥SIG(JY-1})

C
S = (1.0 ~ DY)*TOTALS(JY-1) + DY*TOTALS(JY)
DO 58 J=1,NRHAT
00 58 I=1,NMy
GEOPPY(1,4) = (1.0 ~ OY)*GEOPP(I,J,JY-1) + DY*GEQOPP(I1,J,JY)
58 GEOPMY(I1,J) = (1.0 - DY)*GEOPM(I,J,JY-1) + DYSGEOPM(I K J,6JVY)
C
ENDIF
C
SY(IYy) =S
00 100 lu=1,NMU
QuUV = OMEGA(IU)
IVMAX = NPHI
IF(IU.EQ.NMU) IVMAX = 1
DO 100 1vV=1,IVMAX
SUMBPZ = (.
SUMBM2 = 0.
SUMFP2 = 0.
SUMFM2 = 0.
C
DO 200 IR=1,NMU
ISMAX = NPHI
IF(IR.EQ.NMU) ISMAX = 1
DO 200 IS=1,1SMAX
C
C COMPUTE THE STORAGE INDEX FOR P-(R,U,V) AND P+(R,U,V) BY 12.7
C
IVvS = [ABS(IV-1S)
IF(IR.EQ.NMU) THEN
KCOL = 11U
ELSE
IF(TU.EQ.NMU) THEN
KCOL = NMuU
ELSE
IF(IVS.LE.NOPI) THEN
KCOL = Iu + NMU*IVS
ELSE
KCOL = IU + NMU*(NOPI - MOD(IVS,NOPIL))
ENDIF
ENDIF
ENDIF
C
PP = GEOPPVY(IR,KCOL)
PM = GEOPMY (IR KCOL)
C
RPTOTL = RADP(IR,IS,IVY)
RMTQOTL = RADM(IR,IS,IVY) + RADOM{IR, IS.1VY)
C
SUMBP2 = SUMBP?2 + RPTOTL*PM
SUMBM2 = SUMBM2 + RMTOTL*PM
SUMFP2 = SUMFPZ + RPTOTL*PF
200 SUMFM2 = SUMFM2 + RMTOTL®*PP
C
SUMBP = SUMBP + QUV*SUMBP2
SUMBM = SUMBM + QUV*SUMBM2
SUMFP = SUMFP + QUV*SUMFP?Z
100 SUMFM = SUMFM + QUV*SUMFM2
C

IF(CARPHP{IY) . GE EPS*S*SUMBP) THEN

CAP = S/CAPHP(I1/)
FZP = SUMFP*( AP
BZP = SUMBP*CAP
SDP = HP{LlVY)*CAP

SMFMBR = SDP - FZP - BZP
BBARP = BZP/DPVY(I1Y)
ENDIF
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IF(CAPHM({IY) . GE.EPS*S*SUMBM)} THEN

CAP = S/CAPHM(1VY)
FZM = SUMFM*CAP
82ZM = SUMBM*CAP
SDM = HM(I1Y)*CAP

SMFMBM = SDM - FZM - BZM
BBARM = BZM/DMY(1IvV)

ENDIF

BZPY(IVY) = BZP
BZMY (1Y) = BZM
FZPY(IY) = rZP
FZMY (1Y) = FZIM

99 WRITE(6,302) Iv,v(IV),ZGEO(I1Y) BZP BZM FZP,FZM,K SMFMBP,K SMFMBM,
1 BBARP,BBARM

ECCENTRICITIES

WRITE(6,400)
DO 402 I1v=1,1PIRAD
Iy = IYIRAD(IIV)})
DPS1 = 1.0/(DPY(IY)*SY(IV))
DMS1 = 1.0/(DMY(Iv)*SY(1Vv))
402 WRITE(6,410) Iv,v(1v),ZGEO(1Y) BZPY(1VY)*DPS1,BZMY(1Y)*DMS],
1 FZPY(1lvY)*DPS1,FZMY{(IVY)*DMS]

RETURN
FORMATS

300 FORMAT({1m1,//° BACKWARD AND FORWARD SCATTERING FUNCTIONS
1 (DIMENSIONS OF 1/METER)'//
P Iv N ZGEQ' ,6X,'B(Y.+) . 8Xx, 'B(Y,-) ,8BX, F{v,+) 8x,
3 F(v,-)" 86X, (S-F-B)(+) ', 4%,  (S~F-B)(-)',6X, BBAR(+) ', 7x,
4 "BBAR(-)°'/)
302 FOKMAT(1S,2F7.2,1PBE14 3)
400G FORMAT (/7 ECCENTRICITIES //- 1y Y ZGEOQ ",

1 EPSB(vY,+) EPSB(VY,-) EPSF(V,+) EPSF(v, -)"/)

410 FORMAT(I5,2F7.2,F13.4,3F15.4)
END

SUBROUTINE CONTRM
ON NHMS /CONTARM

THiS ROJTINE COMBPUTES THE CONTResT TrRAaNSMITTANCE VIA 8.32.

THE QUAD-AVERAGED GLEOMETRIC avkavs wax(E) AND TXAGEQ ARE REQUIRED.

PARAMETER(MXMII- 1, MXPHI=24, Msv=:4)
PARAMETER (MXRCwW-MAMU*MXPHI )

COMMON/CRADIF/ FRADAP(MXMU MXPH] KALr ({MXMU , MXPHI MXV),
1 RADAM(MXMU Mxinl)

COMMON/CRADIR/ RADDAP(MXMU ,MXPHI ) RADJAM(MXMU A MXPHI )
COMMOMN/CMISC/ 1MIS((20)

COMMON/ CWERK/ REAXGEOIMXROW) , TXAGEQO(MXML)

DATA 10BUG/O/, NURAX/22/7, NUTXA/Z 5/
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NMU = IMISC(1)
NPHI = IMISC(2)

READ THE FIRST NMU COLUMNS OF THE STURED TOP HALF OF RAXGEO,
BUT SAVE ONLY COLUMN NMU (THE POLAR CAP QUTPUT DIRECTION)

NROW = NMU*NPH]

NROWZ = NROw/2

REWIND NURAX

READ(NURAX) NUNIT
IF{NUNIT . NE _NURAX) THEN
WRITE(6,102) NUNIT, ‘NURAX' ,NURAX
STOP

ENDIF

DO 710 u=1,NMU

READ(NURAX) (RAXGEO(I),I=1,NROW2)

DEFINE THE BOTTOM HALF OF THE POLAR CAP QUTPUT DIRECTION FROM
THE TOP HALF

DO 712 I=NROW2+1,6NROW
RAXGEO(I) = RAXGEQ(I-NROWZ)

READ THE FIRST NMU ROWS OF THE rIRST NMU COLUMNS, TO GET TXA(M,./M

REWIND NUTXA

READ(NUTXA) NUNIT
IF(NUNIT . NE.NI'TAA) THEN
WRITE(6,102, NUNIT, 'NUTXA‘ ,NUTXA
STOP

ENDIF

DO 720 J=1,NMU

READ(NUTXA) (TXAGEO(I).I1=1,NMU)

EQUATION 8.33
RADOT = RADP(NMU,1,1)*TXAGEO(NMU)

RADOR = (RADUAM(NMU,1) + RADAM(NMU, 1) )*RAXGEQ(NMU)
DO BUO JS=1,NPHI

00O BOO IR=1,NMu-1

RADOR = RADOR + (RADOAM(IR,JS) + RADAM(IR,JS))*

1 RAXGEU(IR+NMUX{(JS-1))

IF(IDBUG.NE.0O) THEN

WRITE(6,400) (RAXGEO(I),I=1,NROW)
WRITE(6.402) (TXAGEQ(I),1=1,NMU)
WRITE(6,404) RADOT,RADOR

ENDLILF

CTRANS = RADGTI/(RACOT + RADOR)

WRITE(6,100) (TRANS

RETURN
FORMAT(////  THE _ONTRAST TRANSMITTANCE 1S T = F6.3//)
FORMAT (1HG, " LRROR IN SuUB CONTKM: NUNIT =- 13, AND -, A6,  =',13)

FORMAT (1HO, * Sub CONTRM: R{A M:R,S/M,.) VALUES'/(2X,1F10E12.4))
FORMAT (1RO, " T{X,A:R,1/M,.) VALUES'/(2X,1P10E12.4))
FORMAT (1HO, " RADOT =',1PE12.4,8X, RADOR =" ,£12.4)
END
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SUBROUTINE IRRAD(IPIRAD,IVIRAD)
ON NHM5/IRRAD

THIS ROUTINE COMPUTES VARIOUS IRRADIANCE QUANTITIES FROM THE L = 0O
TOTAL RADIANCE AMPLITUDES, USING 8.5 AND 8.8.

IRRADIANCES ARE COMPUTED AT ALL Y LEVELS, FOR POSSIBLE uSE IN
COMPUTING K-FUNCTIONS, ETC., BUT PRINTOUT 1S ONLY AT SELECTED Y
LEVELS.

THE ZERO ELEMENT OF IRRADIANCE ARRAYS HOLDS THE VALUES FOR v = A

OOOO0O0ONOO000e

PARAMETER(MXMU=10, MXPHI=24, MXY=30)
PARAMETER (MXAMP=2*MXMU* (MXPHI/2 + 1))

DIMENSION TYIRAD(ItYY)

COMMON/CAMPO/ AGAM(MXAMP) AOYM(MXAMP ,MXY) AQAP(MXAMP)
COMMON/CAMP/ AAM(MXAMP ) ,AAP (MXAMP ) AYM{MXAMP MXY) AYP{MXAMP MXY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI) Y (MXY), K BNDMU({MXMU) ,

1  BNDPHI (MXPHI ), OMEGA (MXMU) ,DELTMU(MXMU )}, ZGEO(MXY)

COMMON/CIRRAD/ SHP(Q:MXV) ,SHM{O:MxXY ), K SCAPHP (0 :MXY) , SCAPHM(0:MXY),
1 OPY{O:MXY) DMY(O:MXY)

COMMON/CMISC/ IMISC(20) ,FMISC(2U)

DATA EPS/1.E-12/, FTOTAL/1./

SET FTOTAL 1. 1F TOTAL RADIANCLES ARE TO BE USED

SET FTOTAL 0. IF DIFFUSE RADIANCES ARE TO BE USED

ooO0n

NMU = IMISC(1)
Ny = IMISC(4)
TWOPI = 2.*FMISC(1)

COMPUTE QUANTITIES AT Y = A

[N aKel

HP
HM
CAPHP = 0.

CAPHM = 0.

DO 140 1=1,NMU

AMPP = ADAP(1) - AAP(I)

AMPM = AO0AM(1)

DMU = DELTMU(I)

HP = HP + AMPP*0OMY

HM = HM + AMPM*OMU

CAPHP = CAPHP + AMPP*FMU(I)*DMu
140 CAPHM = CAPHM + AMPM*FMU(I)*DMU

0.
0.

SHP(0) = TWORI*HP
SHM(O) = TWOP] *HM
SCAPHP(0Q) = TWORI*CAPHP
SCAPHM(0) = TwWOPI*CAPHM

[}

TOTH = SHP(Q) + SHM(Q)

= -1.0E20%¢
DM = -1.0E202

= -1.0€202
TF(SCAPHP(Q) .GT EPS*SHP(0)) DP =SHP(0)/SCAPHP(O)
IF(SCAPHM(Q) .GT . EPS*SHM(0)) DM = Shm(U)/SCAPHMID)
IF(SCAPHM(0D) .GT.EPS*SCAPHP(0)) RM = SCAPHP(0)/SCAPHM(O0)
LPY{(0) DpP
DMY (D) DM

non

WRITE(6,200)
WRITE(6,203) 2 0),SHM{0) , TOTH, SCAFHP(U), SCAPHM(0) ,0P, DM, RM
IF{FTOTAL NE.1.) WRITE(b,201

DO 100 [y¥y=1,NY
P o= 0.
HM = 0.
CAPHP

= GU.
CAPHM = 0.
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C COMPUTE 1RRADIANCES FROM AMPLITUDES

DO 150 I=1,NMU
C DEFINE THE TOTAL AMPLITUDES (OIFFUSE + DIRECT) FOR L = O
AMPP = AYP(I,1V)
AMPM = AYM(I,IV) + FTOTAL®AQOYM(1,61vV)
DMU = DELTMU(I)

HP = HP + AMPP*DMU
HM = HM + AMPM*DMU
CAPHP = CAPHP + AMPP*FMU(1)*DMU
150 CAPHM = CAPHM + AMPM*FMU(I)*DMuU
C
SHP(1IY) = TWOPI*HpP
SHM(IV) = TWOPI *#HM
SCAPHP (1Y) = TWOPI*CAPHP
SCAPHM(IY) = TWOPI*CAPHM
C
TOTH = SHP({IY) + SHM{IvV)
pp = ~1.0E202
DM = ~-1,0E202
RM = ~1,0E202
IF(SCAPHP (1Y) .GT . EPS*SHP(IY)) DF = SHP(1Y)/SCAPHP(IY)
IF(SCAPHM(IY) .GT.EPS*SHM(IVY)) OM = SHM(1Y)}/SCAPHM(IY)
IF(SCAPHM(IY) .GT.EPS*SCAPHP(IY})) RM = SCAPHP(IY)/SCAPHM(1Y)
OoPY(1IY) = DP
DMY (1Y) = DM
C
C CHECK FOR PRINTOUT
IPRINT = 0O
DO 300 IIvy=1,IPIRAD
IF(IV.EQ.IVYIRAD(IIV)) 1PRINT = 1
300 CONTINUE
IF(IPRINT._NE.O) WRITE(6,202) Iv,Y(1Y), ZGEO(IY),SHP(IY) SHM(IV),
1 TOTH,SCAPHP(IY),SCAPHM(IY),DP, DM, RM
100 CONTINUE
C
RETURN
C
200 FORMAT(1HL,// ' IRRADIANCE QUANTITIES COMPUTED FROM THE L = 0 AMKLI
1TUDES / /" 1v N ZGEO" ,4%, "SCALAR H(+) , 4%, SCALAR H(-)"',
2 66X, SCALAR H’' ,7Xx, CAP H(+)',7x, CAP H(-) ,5X, 'D(+) ,5x%x, D(-)",8X,
1 'R(-)"/)
201 FORMAT(’® ONLY THE DIFFUSE AMPLITUDES ARE USED FOR X.LE.Y.LE.2')
202 FORMAT{15,2F7.2,1P5E15.4 0P2F9.4,1PE15.4)
203 FORMAT (10X, ‘A A’ ,1X,1PSE15.4,0P2F9.4,1PE15.4/)
C
END
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SUBROQUTINE KFCN(IPKFCN,IYRFCN)
ON NHMS/KFCN

THIS ROUTINE COMPUTES THE K-FUNCTIONS ASSOCIATED WITH THE SCALAR
AND PLANE IRRADIANCES. THE FUNCTIONS ARE COMPUTED AS RATES

OF CHANGE WITH RESPECT TO 80TH OPTICAL AND GEOMETRICAL DEPTH.
SEE B8.12 AND 8.13.

WARNING: EACH PAIR OF DEPTHS Y(Iv) ANU Y(IVY+1l) IS USED TO ESTIMATE
THE K'S AT THE MIDPUINT, BUT THESE ESTIMATES MAY BE QUITE
INACCURATE IF THE Y'S ARE NOT CLOSELY SPACED.

PARAMETER (MXMU=10, MXPHI=24, Mxvy=30)

DIMENSION IVYKFCN(MXY)

COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI )} Y (MXvY} BNOMU(MXMU) ,

1 BNDPHI (MXPHI ) ,OMEGA (MXMU) ,DELTMU(MXMU ), ZGEQO(MXY)
COMMON/CIRRAD/ HP{O:MXY) ,AM(O:MXY) CAPHP(D:MXY )} CAPHM(U:MXY)
WRITE(6,300)

DO 100 Ilv=1,IPKFCN

1Y = IYKFCN(ILVY)

C = -2./(v¥({Ivy+1) - Y(1lv))
YMID = 0.5%(Vv(Iv+1l) + VY(1V))

AKP = C*(HP(IY+1l) = HP(IY))/(HP(IV+1l) + HP(IV)})
AKM = C*(HM{IVY+1) - HM(IV))/(HM(Iv+1) + HM(IV))
CAPKP C*(CAPHP(1V+1) - CAPHP(IY))/(CAPHR(IY+1) + CAPHP(IVY))

CAPKM = C*(CAPHM{IVY+1) - CAPHM(IV))/(CAPHAM(IV+1) + CAPHM(IV))
100 WRITE(6,302) Y(IY),Y(1Y+1),YMID,ARP AKM,CAFPKP,CAPKM

WRITE(6,400)

DO 500 I1v=1,IPKFCN

Iy = IVKFCN(IIVY)

C = -2./(2GEO(Ivy+r1) - ZGEO(Ilv))

ZMID = U.S5*(ZGEO(Iv+1) + ZGEO({lv))

AKP = C*¥{(HP(IVY+1) ~ HP(IVY))/(HP(I¥+1) + HP(IVY))

AKM = C*(HM{IV+1) — HM(IV))/(HAM(IvY+i) + HM(IY))

CAPKP = C*#{(CAPHPI{IV+1l) - CAPHP{IV))/(UCAPHP(IVY+1) + CAPHF(IY))

CAPKM = C*{(CAPHM(IV*! CAPHM{TIVY) )/ (CAPHM(IY+1) + CAPHM(IY))
S00 WRITE(6,302) Z2GEQO(LY),ZGED(IY+1) 2ZMID.AKP, L AKM,CAPKP , CAPKM

RETURN

300 FORMAT(1HL,//° OPTICAL DEPTH X -FUNCTIONS (NONDIMENSIONAL) FOR IRRA
IDIANCES (VALID ONLY WHEN YUPFER AND YLOWER ARE CLOSELY SPACED)‘//
2° YUPPER V.OWER | 7X,'v',7x,
3K(+) K~ CAP K{+) (AP K(-)'/)

302 FORMAT(3F10.3,4Fi0.5)

400 FORMAT(/// ' GEOMETRIC DEPTH K-FUNCTIONS (UNITS OF 1/METEK) FOR IRR
1ALIANCES (vALID ONLY WHEN ZUPPER AND ZLOWER ARE CLOSELY SPACED)‘//

2 ZUPPER I_QWER  ,6X, ZGEO' .54,
3 K(+) K(-) CAP K(+) CAP K{(-) /)
END

123




§6. PROGRAM 5

SUBROUTINE KRAD(IPKFCN, IYKFCN)

C
C ON NHMS/KRAD
c
o THIS ROUTINE COMPUTES THE K-FUNCTIONS FOR RADIANCES, USING 8.268,
C FOR A SELECTED SET OF DIRECTIONS. THE FUNCTIONS ARE COMPUTED AS
C RATES OF CHANGE WITH RESPECT TO BOTH OPTICAL AND GEOMETRIC DEPTHS.
C THE PATH FUNCTION IS ALSO COMPUTED, USING 2.2 AND THE SAME DEPTH
C DERIVATIVES.
C
C WARNING: A SELECTED PAIR OF DEPTHS v(IV) AMD Y(Iv+1l) IS USED TO
C ESTIMATE DERIVATIVES OF THE RADIANCE AT THE MIOPOINT,
c THESE ESTIMATES MAY BE QUITE INACCURATE 1F THE Y LEVELS ARE
C NOT CLOSELY SPACED (E.G. 0.01 OPTICAL DEPTHS APART)
o
PARAMETER (MXMU=10, MXPHI=24, MXY=3u, MXSIGY=3)
C
DIMENSION IVYKFCN(MXY)
C
COMMON/CGRID/ FMU(MXMU) ,PHI(MXPHI ), Y (MXY) BNDMU(MXMU) ,

1 BNDPHI (MXPHI ) ,OMEGA (MXMU) ,DELTMU(MXMU) , ZGEQO(MXY)
COMMON/CSIGY/ YSIG(MXSIGY),ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CRADIF/ RADAP(MXMU ,MXPHI) RADP(MXMU,MXPHI ,MXY),

1 RADAM(MXMU ,MXPHI) , RADM(MXMU , MXPHI ,MXY)

COMMON/CRADIR/ RADCAP(MXMU,MXPH] ) RADUAM{MXMU K MXPHI ),
1 RADOM(MXMU ,MXPH] ,MXY)
COMMON/CKRAD/ ISTART,ISTOP,ISTEP, K USTART , JSTOP,JSTEP
COMMON/CMISC/ IMISC(20),FMISC(20)
C
NMU = IMISC(1)
NSIGY = IMISC(5)
RADEG = FMISC(3)
WRITE(6,300)
LINE = 5
C
DO 200 J=JSTART,JSTOP,JSTEP
PHIDEG = RADEG*PHI(J)
C
C NON-POLAR QUADS
DO 200 I=ISTART , ISTOP,ISTEP
THEDEG = RADEG*ACOS(FMU(I1))
C
WRITE(6,301)
LINE = LINE + 1}
DO 200 I1v=1,IPKFCN
IY = IVYKFCON(ILv)
C = 1.0/7(v(1v+1} - v(1v))
YMID = 0.5*(Y(Iv+1) + v(Iv))
D = (Y(Iv+1l) ~ V(IY))/(2GEQ(IV+1) - ZGEO(IVY))
ZMID = 0.5*(2ZGEO(IY+1) + ZGEO(Iv))
C
[o GET RADIANCES, RADIANCE DERIVATIVES, AND ATTENUATION FUNCTION
C AT YMID
C
RPMID = O0.5*(RADP{I J,IVv+1) + RADP(], J,1VY})
RMMID = 0. .5*(RADM(I1,U,Iv+1) + RADM(I,J,IvY) + RADOM(I, J, lv+1) +
1 RADOM(I,J,Iv))
C
DNPDY = C*(RACPIT1,J,1IY¥Y+1) - RADP(TI,0,1V))
DNMDY = C*(RADM(I,J,Iv+1) ~ RAOM(I ., J,Iv) + RADOM(I ,J,lv+1) -

1 RADOGM(I,u,1lv1)

C
IF(NSIGY.EQ.1 .CR. YMID.LE.YSIGi{1)) THEN
ALPHA = TOTALS(1)/ALBESS(1)
ELSEIF(YMID.GE.YSIG(NSIGY)) THEN
ALPHA = TOTALS(NSIGY)/ALBESS(NSIGY)
ELSE

00 55 JY=2,NSIGY

IF(YMID.LT.VYSIG(J¥)) GO TO 56
55 CONTINUE
56 DY = (YMID - YSIG(JY-1))/(YSIG(UY) - Y¥YSIG(uv¥-1))
ALPHA = (1.0 - DY)*TOTALS(JUY~1)/ALBESS(JY-1) +
1 OY*TOTALS(JY}/ALBESS(JY)
ENOIF
C
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THE PATH FUNCTION AT YMID, USING 2.2

PATHFP = -FMU(I)*ALPHA*DNPDY + ALPHA*RPMID
PATHFM = —-FMU(I)*ALPHASDNMDY + ALPHA*RMMID

THE K-FUNCTIONS AT YMID, USING 8.2b68
FKP = -DNPDY/RPMID
FAKM = -DNMODY/RMMID

WRITE(6,302) 1.J.THEDEG,PHIDEG,Y(1Y),y(1Y+1), K YMID RPMID,RMMID,

1 PATHFP,PATHFM,FKP,FKM,ZMID D4FKP D4FKM
LINE = LINE + 1

IF(LINE.GT.S58) THEN

WRITE(6,300)

LINE = 5

ENDIF

CONTINUE

PO AR CAP

WRITE(6,301)

LINE = LINE + 1

DO 100 IIy=1,IPKFCN

Iy = IVYKFCN(IIVY)

C = 1.0/7(vily+1) - Y(Iv))
YMID = 0.5*%(VY(Iv+1) + V(IV))

D = (Y{Ivy+1l) - v(Iv¥))/(2GEO(IvY+1} - ZuEO(IV))

ZMID = 0.5*(ZGEO(IvV+1) + ZGEOLIVY))

GET RADIANCES. WKADIANCE DERIVATIVES, AND ATTENUATION FUNCTION

AT YMIOD

RPMID = 0.5*(RADP(KMU,1,1¥+1) + RAUP(NMU,1,1V))
RMMID = 0.5#(RADM(NMU,1,Iv+1) + RAUM(NMU,1,1V)

1 + RADOM(NMU,1,1v))

DNPDY = C*(RADP(NMU,1,[¥+1}) - RALDP(NMU,1,1V))
DNMDY = C*(RADM(NMU,1,I¥+1l} - KADM(NMU,1,1V)

1 RADOM(NMU, 1.1Vv}))

IFINSIGY.EQ. 1 .Uk. YMID.LE.v¥SIGI1)) THEN
ALPHA = TOTALS(1)/ALBESS(1)
ELSEIF{YMID GE VYSIGINSIGY)) THEN

ALPHA = TOTALS(NSIGY)/ALBESS(NSIGY)

ELSE

0O 57 J¥y=2,NSIGY

IF(YMID.LT.YSIG(JY)) GO TO 58

CONTINUE

+ RADUM(NMU,1,1Y+1)

DY = (YMID - vYSIG(JY-1))/7(¥YSIG(Jy) - vSIG(uY-1))

ALPHA = (1.0 - DY)*TOTALS(JY-1)/ALBESS(JY-1)

1 DY*TOTALS(UY)/ALBESS(UY)

ENDIF

THE PATH FUNCTION AT YMID, USING 2.2
PATHFP = -FMU(]1)*ALPHA*DNRPDUY + ALPHA*KPMID
PATHFM = -FMU(1)*ALPHA*DNMDY + ALPHA*RMMIO

THE W-FUNCTIONS AT YMID, USING B.268

Fub = -UNPDY/&EPMID
FKM = -DNMDY/RMMIO
I = NMy

J = N

TmEobkG = U.
PHIDEG - 0.

+

WRITE(6,302) i{.J, HEDEG,PHIUEG,Y(1lvY),vy(IY*+1),YMIO RPMIC RMMID,

1 PATHFP PATHFEM FKP FKM,ZMIOD ,0*FKP U*FKM
LINE = LINE + 1

IF(LINE . GT.58; THEN

wRITE(6,300)

LINE = 5

ENDIF

100 CONTINUE

RETURN
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300 FORMAT(1H1,//° RADIANCES, PATH FUNCTIUNS, AND RADIANCE K-FUNCTIONS
1 FOR SELECTED DIRECTIONS (VALID ONLY WHEN YUPPER AND YLOWER ARE CL
20SELY SPACED)'//T90, 'NONDIMENSIONAL ', 11X, DIMENSIONAL (1/M)°/

3 I J THETA PH1 YUPPER YLOWER Y RAD+(v) ",
4 4x, RAD-(VY) PATHF+(Y) PATHF~(VY) K(+) K(-)'.6X,
5 *2GEO K(+) K{-)")

301 FORMAT(1lrH )
302 FORMAT(213,F6.1,F7.1,2F7.3,F8.4,1P4E11.3,0P2F9.4,F9.3,2F9.4)
END

SUBROUTINE PRINT(IPRAD,IYPRAD)

C
C ON NHMS5/PRINT
C
C THIS ROUTINE PRINTS OUT THE FINAL RADIANCE FIELDS AT SELECTED Y LEVELS
C
PARAMETER (MXMU=10, MXPHI=24, MXY=30)
C
DIMENSION IVYPRAD(MXY)
COMMON/CRADIF/ RADAP(MXMU,MXPHI ) RADP(MXMU,MXPHI ,MXY},
1 RADAM (MXMU ,MXPHI } , RAOM (MXMU , MXPHI ,MXY)
COMMON/CRADIR/ RADOAP(MXMU ,MXPHI ) RADOAM(MXMU, MXPHI ),
1 RADOM(MXMU,MXPHI ,MXY)
COMMON/CGRID/ FMU(MXMU) ,PHI (MXPHI1) ,Y(MXY) BNDMU(MXMU) ,
1 BNDPHI (MXPHI )}, OMEGA (MXMU) ,DELTMU(MXMU) , ZGEQ(MXY)
COMMON/CPRAD/ IPRAD1,1PRADZ2,IPRAD3,UPRAD1,JPRAD2, JPRADS
COMMON/CMISC/ IMISC(20),FMISC(20)
COMMON/CWORK/ THEDEG(MXMU) ,PHIDEG(MXPHI)
C
NMU = IMISC(1)
NPHI = IMISC{(2)
RADEG = FMISC(3)
C
o CONVERT MU AND PHI TO DEGREES
C
DO 50 I=1,NMU
50 THEDEG(I) = RADEG*ACOS(FMU(I))
DO 51 J=1,NPHI
51 PHIDEG(J) = RADEG*PHI(J)
C
C WRITE RADIANCES AT v = A
C
WRITE(6,300)
DO 302 [=1PRADI1,IPRAD2,IPRAD3
WRITE(B,102)
DO 302 JU=JPRADL,JPRAD2,JUPRAD3
302 WRITE(6,304) I,J,THEDEG(1 ) ,PHIDEG( J) ,RADAP(I,J) RADDAP(I K J),
1 RADODAM(I,J)
WRITE(6,102)
1=NMU
J =1
WRITE(6,304) I,J,THEDEG(1),PHIDEG(J) ,RADAP(1,J),RADDAP(I J),
1 RADUAM(I,J)
C
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C WRITE RADIANCES AT v = Xx,...,2
WRITE(6,100)
DO 101 IYY=1,IPRAD
Iy = IYPRAD(IVY)
WRITE(6,110)
00 103 I1=IPRADO1L1,IPRADZ2,I1PRAD3
WRITE(6,102)
DO 103 J=JPRADL,JPRADZ2, JPRAD3
103 WRITE(6,104)1,J,1V, THEDEG(1) ,PHIDEG(J).Y(IY) K ZGEO(IY),
1 RADP(I,J,IY)},RADM(I,J,IY), RADOM(1,u,1V)
WRITE(6,102)
I = NMY
J =1
WRITE(6,104) I,0,1V,THEDEG(I),PHIDEG(J),Y(1Y),6ZGEO(IY),
1 RADP(I1,J,1vY),RADM(I , J, 1Y) RADUM(I 0, 1Y)
101 CONTINUE

RETURN

100 FORMAT(1H1, " THE FINAL DIFFUSE AND DIRECT RADIANCES AT INTERIOR VY
LVALUES ARE‘/)

102 FORMAT(1H )

104 FORMAT(314,2F9.3,2F8.3,1P3E15.5)

110 FORMAT(1HO, I J K’ ,8X, 'THETA  ,4X, "PHI " 7X, ¥ ZGEQ ", 6X,
1 7HRAD#(+),8x,7HRAD*(-) ,8X,7HRADU(-))

300 FORMAT(1H1,' THE FINAL DIFFUSE AND DIRECT RADIANCES AT v = A ARE'/
1/ 1 J’,4X, 'THETA ,4x, ‘PHI' B8X,7HRAD*(+) ,B8X,7HRADO(+) ,8BX,
2 THRADO(-))

304 FORMAT(214,2F9.3,1P3E15.5)

END
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SUBROUTINE RADY(IPIRAD,IVIRAD)
ON NHMS/RADY

THIS ROUTINE PRINTS SELECTED RADIANCES (UP, DOWN, AND HORIZONTAL
ALONG-WIND AND CROSS-WIND). RADIANCE-IRRADIANCE RATIOS ARE ALSO
COMPUTED.

PARAMETER (MXMU=10, MXPHI=24, MXY=30)
DIMENSION IYIRAD(MXY)

COMMON/CRADIF/ RADAP(MXMU ,MXPHI) RADP(MXMU 6 MXPHI ,MXY ),

1 RADAM(MXMU ,MXPHI ) ,RADM{MXMU ,MXPHI MXY)

COMMON/CRADIR/ RADOAP{MXMU,MXPHI) RADOAM(MXMU MXPHI) ,

1 RADOM(MXMU ,MXPHI ,MXY)

COMMON/CGRID/ FMU(MXMU) PRI (MXPHI ) Y (MXY ] K BNOMU(MXMU) ,

1 BNDPHI (MXPHI ) ,OMEGA (MXMU) ,DELTMU{MXMU) , ZGEO (MXY)

COMMON/CIRRAD/ SHP(O:MXY),SHM(0:MXY) SCAPHP (O :MXY) L SCAPHM(O:MXY)
COMMON/CMISC/ IMISC(20)

NMU = IMISC(1)
NPHI = IMISC(2)

Y = A

RAQUP = RADOAP(NMU,1) + RADAP(NMU,1)

RADDN = RADOAM(NMU,1) + RADAM(NMU, 1)

RHO = 0.5*(RADOAP(1,1) + RADAP(1,1) + RADUAM(1,1) + RADAM{1,1))

J90 = NPHI1/4 + 1

RHO0 = 0.5%(RADOAP(1,J90) + RADAP(1,J80) + RADOAM(1,6U90) +

1 RADAM(1,J90))

JI1B0 = NPHI/2 + 1

RH1B0 = 0.5*(RADOAP(1,J180) + RADAP(1,J180) + RADOAM(1,0180) +
1 RADAM(1,J180))

RN = RADUP/SCAPHM(D)

QM = SCAPHP(Q)/RADUP

WRITE(6,100)

WRITE(6,102) RADUP,RADDN,RHO,RHYU,RH180,RN, QM

ODEPTHS X .LE. v .LE. Z

00 200 I1Iv=1,IPIRAD
Iv = IVIRAD(IIY)
RADUP = RADP(NMU,1,1V)
RADDN = RADOM(NMU,1,1Y) + RADM(NMU,1,1VY)
RHO = 0.5*(RADP(1,1,IY¥) + RADOM(1,1,1Y¥) + RADM(1,1,1V))
RH90 = 0.5*%(RADP(1.J90,1Y) + RADOM(1,U90,1Y) + RAOM(1,480,1v)}))
RM1B0 = O.5%(RADP(1,0180,1Y) + RADOM(1,J1B0,1Y) + RADM{1,0180,1Vv))
RN = RADUP/SCAPHM(IV)
QM = SCAPHP(1VY)/RADUP
200 WRITE(6,104) I1v,Y(Iv), ZGEO(Iv),RADUP,RADDN , RHO,RH90 ,RH1B80,RN,QM

RETURN
100 FORMAT(////‘ SELECTED RADIANCES AND RADIANCE-IRRADIANCE RATIOS //
1’ Iv Y 2GED N+ (Y., ,M,.) N-(Y.,M, ) NH(Y,0) ",
27X, "NH(Y,90) NH(Y, 180) RN(Y,-) Q(+)' /)
102 FORMAT(10x, A A ' L,1PTEL1S . 4/)
104 FORMAT(IS,2F7.2,1P7E15.4)
END
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SUBROUTINE KTEC

ON NHMS/RTECK

THIS ROUTINE (HECKS THE FINAL Tu'Ay
SATISFY THE QUAD-AVERAGED RADIATIvE
INTERIQOR v VALUES,

IRTECK.LT.O IF
POS

IRTECK.EQ.OQ IF

§6. PROGRAM 5

rn(IRTELR  TyRTL

X LT v . LT.2

THE BALANCE OF Irtk RTE
SI8LE INTERIOR ¥ LEvVELS,
NC RTE BALANCE C(HECK

KAUIANCES BY SEEING IF
TRANSFER EQUATION 3.12

IS YO BE COMPUTED AT

Y{(2j),...,

1S TO BE MADE
IRTECK.GT .0 IF THE RTE BALANCE IS (UMPUTED Al

Y{IVRTE(1)),...,Y{IVYRTE(IRTECK})

WHERE THE RTE BALANCE (RECk IS TO BE MADE,

NIC, NUC. ..
MU (]
AND
WARNING: DN/DY

VALUES ARE NOT
ESTIMATE OF THE

) AND PHI(J) ARE ChHECKED,

DO J=1,NPHI NJC
DO I=1,2*NMU NIC

Aufl) IS IN X1Q-)
Mull) IS IN RI(+)

IF 1
Ir

1S COMPUTED
EVENLY SPACED OR IF
CERIVATIVE MAY BE QUITE

ARE USED TO SELECT PARTICULAR MU AND PHI

WHERE

. E.NMU
1.GT.NMU

.AND .

USING A (ENTERED DIFFERENCE.
THEY AKE FAR APART,

INACCURATE,

THEY
AT
AL L
Y{NY-1)
THE Y LEVELS GIVEN BY

VALUES
IF IRTECK.NE.O

1.8 2Z4NMU

IF THE VY
THIS
CAUSING A POOR

BALANCE OF THE K7€ EVEN THOUGH THE CUMPUTEU RADIANCES ARE CORRECT.

PARAME TER (MXMU =

PARAMETER (MXL=MxPHI/2,

13, MxPHI=Z4, MxXY=340,

MXGEOF =MAMU* (MXL +

MXSI1GY=3)

1))

COMMON/CRADIF/ KADAP (MXMU ,MXPHI )  RADP (MXMU ,MXPH]L /MXY)
RADAM(MXMU ,MXPHI ), RADMIMAMU ,MXPHT [ MXY)
RADOAP (MXMU ,MXPHT )  RADOAM{MXMU ,MXPHI ),

COMMON/CRADIR/

RADUM (MXMU |, N
FRAU(MXMU ) PHI (MXPHT ) | vV (MXY)

COMMON/CGRID/

APHI MXY)

COMMON/CGEOP/ ULUPP(MXMU.MXG&UP‘MASIGV),GEUPM(MXMU,MKQEOP,MX)IGY)

COMMON/CSIGY/
COMMON/CMISC/
COMMUN/ CWORK/

WS IGI(MXSIGY ) ALBE S IMAXSIGY)
IMISC(20),FMIvi(2u)
LLOPPY (MXMU, MAGEOR I, GEGPMY (MXMU ,MXGEOP)

DIMENSION IVYRTE{MXY)

NMU = IMISC(1L)

NPRT = IMISC(2)

NY = IMISC(4)

NsTGY = IMISOES)

NRHAT = IMISCOIG)

Nl{Ce = IMISCULAY

NJC = IMISCi e,

NMJZ = hMo*2

NOPT = NPHI/2
IF(IRTECK LT .0, THEN

IYMIN = 2

IYMAX = NY-1

E_SEIF(IRTECK T .u) THEN
IymIin = 1

IvMax = THTE =

ELsE

RETURN

ENDIF

wiITEtD, JUu)

Tu, Jn. ANO el o ABel TaE A K S TVIN
s BELAL ATED

Vool L fr ke e wea s o waDb Ao
1C.LT. U FUR LuntanARU RAD At E
OU 300 Iv=TlyMid, I¥YMAX

vl = 1vkTE(LIY,

vhOw = Y (1YL,
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DEFINE THE ALBEDQO AND PHASE FUNCTION AT THE NEEDED v VALUE BY
LINEAR INTERPOLATION OF THE KNGWN VALUES

[sEeNe]

IF(NSIGY.EQ.! .OR. YNOW.LE.YSIG(1)) THEN
ALBEDO = ALBESS(1)
DO 50 J=1,NRHAT
DO 50 I=1,NMU
GEOPPY(1,4) = GEOPP(I,J,1)
S0 GEOPMY(I,J) = GEOPM(I,J.1)

ELSEIF(YNOW.GE.YSIG(NSIGY)) THEN

ALBEDO = ALBESS(NS3IGY)

DO 52 J=1,NRHAT

DO 52 I=1,NMU

GEOPPY (I ,J)
5. GEOPMY(I,6J)

GEOPP(I1,J NSIGY)
GEOPM(I,J,NSIGY)

[

ELSE
L0 5% JY=2 NSIGY
IF(YNOW.LT YSIG(JY)) GO TO 56
55 CONTINUE
56 DY = (YNOW - YSIG(JY-1))/7{(¥SIG(JY) - VYSIG(JY~-1))

ALBEDO = (1.0 - DY)*ALBESS(JY-1) + DY*ALBESS{JY)

00 58 J=1,NRHAT

DO 58 I=1,Nmu

GEOPPY(1,U)
58 GEOPMY(1,J)

ENDIF

- DY)*GEOPP(I1,u,JY~1) + DY*GEGPP(I,J,JY)

(1.0
(1.0 - DY)*GEOPM(1,0,4Y~1) + DY*GEOPM(I,0,uVY)

"o

DO 300 J4C=1,NPHI NJUC
DO 300 Ic2=1,NMUZ NIC
IF{IC2.LE.NMU) THEN
IC = -1C2
ELSEIF(IC2.GT .NMU .AND. 1C2.LE.NMUZ) THEN
IC = IC2 - NMU
ELSE
C IC = 0 NOT VALID
GO TO 300
ENDIF
ICA = IABS{IC)
IF(ICA.EQ.NMU .AND. JC.NE.1) GO TO 300
IF(IC.GT. Q) THEN
FMUIC = FMuU(ICA)
ELSE
FMUIC = -FMU(ICA)
ENDIF

EVALUATE THE TERMS OF THE RTE

TERM1 = MU*DN/DY

OO0

IF(IC.GT.0) THEN

TERMI = RADP(ICA,JC,IYC*+1) ~ RAULP(ICA,uC,IYC-1)

ELSE

TERML = RACMI{ICA,JC.IYC+1) - RADM{ICA,uC,1YC-1) +

1 RADOM(1CA, 4C,IvC+1) - RADOM(ICA uC,1VYC-1)
ENDIF

TERML = FMULC*TERML/(Y(IYC+1l) - v(Iv(-1))

-~

TERM2 = - N

aXe]

IF(IC.GT.0) THEN

TERM2 = -RADF{I(A,uC,1YC)

ELSE

TERM2 = -RADM(ICA,JC,I¥C) - RADOM(ICA ,JC,1YC)
ENDIF

O
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TERM3 = (ALBEDO OF SINGLE SCATTERING) * INTEGRAL OF (RADIANCE =
PHASE FUNCTION)
ALBEDO * PATH FUNCTION

TERM3 = 0.

DO 700 IR=1,NMU

ISMAX = NPMHI
IF(IR.EQ.NMU) ISMAX = 1
DO 700 1S=1,ISMAX

RP
RM

RADP(IR,IS,I1VYC)
RADM(IR,IS,IVC) + RAOUM(Ik,IS,1vC)

[{IR14

COMPUTE STORAGE INDEX FOR GEOQOPP ANO GEUPM

IvS = 1ABS(JC-1S)

IVINDX = IvS + 1

IF(IVS.GT.NDPL) IVINDX = NOPI + 1 - MODC(CIVS,NOPIL)

KCOL = NMU#*(IVINOX - 1) + ICA

IF(ICA.EQ.NMU) KCOL = NMu

IF(IR.EQ.NMYU) K(LOL = I(A

pp = GEOPPY(IR,KCOL)

PM = GECOPMY({IR,KCOL)

IF(IC.GT.V) THEN

TERM3 = TERM3 + =RM*PM + RP*PP

ELSE

TERM3

ENDIF
700 CONTINUE

TERM3 = ALBEDU*TERM3

TERM3 + KM*PP + RP*PM

ouTPUT

SUM = TERML + TERMZ + TERM3
WRITE(6,201) IC,JC,IVC,TERM1, TERM2  1TERM3, SUM
300 CONTLINUE

FORMATS
200 FORMAT(1lH1l, " FI~aL (HECK ON COMRUTED TOTAL RADIANCES: '/
16X, EVALUATION % THE RADIATIVE TRANSFER EQUATION FOR SELECTED MU,
2 PRI AND Y VALUEL /77
3 MU PHI ¥ OUBX L CMUMON/ZUY S MX, = N ,BX, + INT(N*SIGMA)/A ",
4 5x, = ZERQ'/)
201 FORMAT(315,1F4EL1S5 b))
RETURN
END
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SUBROUTINE SYNRAD(AMP,RAD,IROW)

C
C ON NHMS/SYNRAD
C
C THIS ROUTINE SYNTHESIZES THE RADIANCE FIELD R(MU,PHI) (FOR A
C GIVEN Y VALUE) USING 5.3 AND 5.4,
C
PARAMETER(MXMU=10, MXPHI=24)
PARAMETER (MXL=MXPHI /2)
c
DIMENSION AMP (1) ,RAD(IROW, 1)
DIMENSION COSLP(O:MXL ,MXPHI),SINLP(O:MXL ,MXPHI)
COMMON/CGRID/ FMU(MXMU) , PHI{MXPHI)
COMMON/CMISC/ IMISC(20)
[
DATA KALL/O/
C
IF(KALL.EQ.O0) THEN
C
C THE FIRST CALL DOES INITIALIZATION
C
NMU = [IMISC(1)
NPHI = IMISC(2)
NL = IMISC(3)
NRHAT = IMISC(10)
C
DO 50 L=0,NL
DO 50 J=1,NPHI
COSLP(L,J) = COS(FLOAT(L)}*PHI(V))
50 SINLP(L,J) = SIN(FLOAT(L)*PHI(J))
KALL = 1
ENDIF
C
C LOOP OVER ALL MU AND PHI VALUES
C
DO 100 I=1,N¥uU-1
DO 100 J=1 Nb]
C
C SuM OVER t vALUESN, EQ §. 3
C

Suv¥ = Q.

00 200 L=0,NL
200 SUM = SUM + AMP(NMU*L*T)*COSLF(L ., J)

1 v AMPINRHAT-NMUS L+ T *SINLP(L, J)
100 RAD(I,JU) = Suu

C

C POLAR CAP TERM BvY & .4
RAD(NMU 1) = AMP{NMU)
DO 102 J9=2 ,NPHI

102 RAD(NMU, U} = o

C
RETURN
END
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§7A. PLOTTING RADIANCES

7. GRAPHICS PROGRAMS

The running of the Natural Hydrosol Model is completed with the computations of
Program 5. TAPESO, written by Program §, contains the computed radiances and other informa-
tion. However, the most convenient form for the output is often graphical. We therefore include
in this report a few programs for plotting radiance distributions, caromaticity diagrams, and the
like.

Each of the iisicd programs uses standard CalComp Basic Software, as implemented on the
author’s CDC Cyber 855 computer. This implementation uses both TAPE98 and TAPE99 in
order io generate output files for both videoterminal and hardcopy plot devices. This is non-
standard, but only minor rewriting will be required to use the programs on other computer
systems.

A. Plotting Radiance Distributions

Program MPRAD reads the radiance data from TAPESO and plots radiance distributions,
as a function of depth and direction, on a variety of formats.

1. Input
Each plot is generated by two to four free-format records.

Record 1: ITYPE, NTIT, NYPLT

ITYPE specifies the type of plot to be made, as described in record 2, below.
NTIT <0 if notitle is desired at the top of the plot
>0  if an alphanumerical title for the top of the plot is to be read in record
la

NYPLT <0 if all y-levels are to be plotted
>0  if only selected y-levels, NYPLT in number, are to be plotted, as
specified in record 1b

Record la: ITITLE
This record is read only if ITIT > 0. ITITLE is an alphanumeric title for the top of the plot.

Up to 80 characters are allowed.

Record 1b: IYPLT(1),-- IJYPLT(NYPLT)
This record is read only if NYPLT > 0. The values of IYPLT are the J indices of
YOUT@), } = 1,---NY at which plots are to be made (cf. record 5 of Program 4).
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Record 2: depends on ITYPE
This record is the specification record. It gives the values of the parameters needed to
specify the details of the plot, as follows:

IFITYPE =1, make polar plots of the logarithm of the diffuse radiance as a function
of 6. The specification record gives JPHI and JPI, which are the
¢-indices of nwo half-planes. Normally ¢(JPI) = ¢(JPHI) + =, so that
a planar cross section of the radiance is plotted.

A separate plot is made for each depth.

IfITYPE =2, make polar plots of the logarithm of the total radiance as a function of
6. Otherwise as for ITYPE = 1.

If ITYPE =3, plot the logarithm of the diffuse radiance as a function of 8. The
specification record gives JPHI and JPI as for ITYPE = 1.
All depths are on the same plot.

IfITYPE =4, ploithe logarithm of the total radiance as a function of 0, otherwise
as for ITYPE = 3.
All depths are on the same plot.

IfITYPE =5, make a polar plot of the diffuse radiances as a function of ¢. The
specification record gives ITHETA, the index defining a particular
0-cone:

If ITHETA > 0, upward radiances are plotted
If ITHETA < 0, downward radiances are plotted
A separate plot is made for each depth.

If ITYPE =6, make a polar plot of the total radiances as a function of ¢, otherwise
as for ITYPE =5.

If ITYPE =7, plot the logarithm of the diffuse radiances as a function of ¢. The
specification record gives ITHETA as for ITYPE =S.
All depths are on the same plot.

IFITYPE =38, plotthe logarithm of the total radiances as a function of ¢, otherwise
as for ITYPE=17.

If ITYPE =9, plot the logarithm of the total path function as a function of 6. The
specification record gives JPHI and JPI as for ITYPE = 1.
All depths are on the same plot.

Note: ITYPE =5, 6, or 9 cannot be used in the listed code, since the required subroutines
PPHIPLR and PPATH have not been written as of the date of compilation of this report.
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2.  Code Listing

PROGRAM MPRAD(INPUT ,QUTPUT  TAPES=INPUT , TAPEG=QUTPUT TARESQO,
1 TAPESB,TAPEQ9)

ON NHMG/MPRAD

THIS PROGRAM CONTROLS THE PLOTTING OF THE RADIANCES, USING THE
FILE OF RADIANCE DATA WRITTEN BY PROGRAM 5 (TAPESQ).

ALL PLOTTING IS DONE USING STANGDARD CALCOMP CALLS
(TAPE98 AND TAPESQS ARE USED 8. THE (CALCOMP ROUTINES, AS
IMPLEMENTED ON THE AUTHOR S (CDC CYBER 855 COMPUTER.)

EACH PLOT IS GENERATED BY TwD TO FOUR FREE-FORMAT DATA RECORDS.

THE FIRST RECORD GIVES ITYPE NTIT NYPLT WHERE
ITYPE SPECIFIES THE TYPE OF PLOT TO BE MADE, AS DESCRIBED BELOW.
NTIT.LE.O IF NO TITLE FOR THE TOP OF THE PLOT IS DESIRED
.GT.0 IF A TITLE FCR THE T0UP OF THE FLOT IS TO Bt READU IN
NYPLT . LE.O IF ALL Vv LEVELS ARE TQO BE PLOTTED
.GT.0 IF NYPLT VvV LEVELS Akt TO BE PLOTTED

IF NTIT.G7.0, THE NEXT RECORDL GLIVES Tht DESIRED TITLE

IF NYPLT.GT.0, THE NEXT RECORD ulvEs THE INDICES OF THE VvV
LEVELS FOR THE PLOTS

THE (LAST RECORD, THE SPECIFICA!'IUN KELORD, GIVES THE valLUES OF
THE PARAMETERS NEEDED 70 SFEUCIryY ThiE DETAILS OF THE PLUT

IF ITYPE.EQ.1, MAKE POLAR PLUTS OF Tik LOGARITHM OF THE DIFFUSE
RADIANCE AS A FUNCTIUGN OF THETA. THE SPECIFICATION
KECORD GIVES JUPHI ANL P, WHIUH ARE THE
PHI INUDICES OF TwJ rAcF -RLANES., NORMALLY PHI(UPL1) =
PRI(JPHI) + PI, L0 THAT A PLANAR CROSS SECTION OF THE
RADIANCE 1S PLUTIEDL.
A SEPARATE PLOT 1S MADE FUR EACH DEPTH.

skl sEaNeNalaleNaRalaloloNoNelolaReReloloNo NN oo oo loNaNaNsNaoRoN ol

IF ITYPE EQ.2, MAKE POLAR PLCTS OF THE LOGAKITHM OF THE TOTAL
RAGCGIANCE AS A FUNCTION UF THETA, OTHERWISE AS FOR
ITYPE = 1.

-~ - -

IF ITYPE.EQ.3, PLUT THE LOGARITHM OF THE DIFFUSE RADIANCE AS A FUNCTION OF
THETA. THE SPECIFICATION RECORD GIVES JPHI AND JPI
&> FOR ITYPE = 1.
Aoe DEPTHS ARE ON Tt SAME PLOT.

IF ITVPE . EQ.4, PLOT THE LOGARITHM (¢ TiHE TOTAL RADUIANCE AS A FUNCTION OF
THETA, OTHERWISE AN FUR ITYFE = 3.
AL DEPTHS ARE ON THE SAME FLOT.

IF ITYPE . EQ.5, MAKE A POLAR PLUT OF THE DIFFUSE RADIANCES AS A
FUNCTION OF PHI. THe SPECIFICATION RECORD GIVES
ITHETA, THE INDEx DEFINING A PARTICULAR THETA CONE:
IF ITHETA.GT .U, UFWARD KADIANCES ARE PLOTTED
IF ITHETA.LT .0, DUwWNWARD RADIANCES ARE PLOTTED
A SEPARATE PLOT IS Malt +OR EACH DEPTH.

[alo ool aleoNaRaleReNeNaEalel o NN N

IF ITYPE.EQ . 6. MAKE A POLAR FLUT UF TiiE TOTAL RADIANCES AS A
FONCTION OF PHI, OTHbExwlSE AS FOR ITYPE = 5.

ITYRPE EQ. 7. FLOT THE LOGAKITHM Ur THE DIFFUSE RADIANCES AS A
FONCTION OF Pl TrE SPEC REC GIVES ITHETA AS
FUR ITYPE =~ G.
ay DEFPTHS ARE OGN THFE SAME BLOT .

N N el oW
—
-

[

IF TTYPE EQ. B, »Lul THE LUGAKRITHM OF Tt TOTAL RADIANCES AS A
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C FUNCTION OF PHI, OTHERWISE AS FOR ITYPE = 7.
C
C IF ITYPE.EQ.9, PLOT THE LOGARITHM OF THE TOTAL PATH FUNCTION AS A
C FUNCTION OF THETA. THE SPEC REC GIVES JPHI AND
c JPI AS FOR ITYPE = 1.
C ALL DEPTHS ARE ON THE SAME PLOT.
C
C++++ WARNING: ITYPE = 5, 6 OR 9 CANNDT BE USED, SINCE THE REQUIRED
o SUBROUTINES PPHIPLR AND PPATH HAVE NOT YET BEEN WRITTEN (CM, 3 JUNE 88).
C
PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)
PARAMETER (MXL sMXPHI /2, MXGEOP=MXMU* (MXL+1))
o
COMMON/CSIGY/ YSIG(MXSIGY) ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CGEOQOP/ GEOQOPP(MXMU,MXGEQOP ,MXSIGY) ,GEOPM(MXMU ,MXGEOP ,MXSIGY)
COMMON/CGRID/ THETA(MXMU) ,PHI (MXPHI ), Y(MXY),6 BNDMU{MXMU) .
1  BNDPHI(MXPHI) K OMEGA(MXMU) DELTMU(MXMU) ,6 ZGEQ(MXY)
COMMON/CRADIF/ RADAP(MXMU MXPHI) RADP(MXMU ,MXPHI ,MXY) ,
1 RADAM(MXMU ,MXPHI ) RADM(MXMU ,MXPHI ,MXY)
COMMON/CRADIR/ RADOAP(MXMU,MXPHI) RADOAM(MXMU ,MXPHI ),
1 RADOM(MXMU MXPHI MXY)
COMMON/CMISC/ IMISC(20),FMISC(2U, NTIT,ITITLE(8)
COMMON/CWORK/ WORK({5000)
C
DIMENSION FMU(MXMU) , IVPLT (MXY)
C
DATA NUIN/S0O/, EPS/1.0E-10/
C
C INITIALIZE THE CALCOMP PLOTTING ROUTINES
CALL PLOTS
C
C READ THE RADIANCE DATA WRITTEN By PROGRAM §
C
REWIND NUIN
READ(NUIN) IMISC.FMISC,FMU,PHI,Y BNDMU,BNDPHI ,OMEGA ,DELTNU,
1 YSIG,ALBESS,TQOTALS,ZGEO
C
NMU = IMISC(1)
NPHI = IMISC(2)
NY = IMISC(4)
NSIGY = IMISC(5)
KCOL = IMISC({10)
C
READ(NUIN) (((GEOPP(I1,J,K),I=1,NMU),J=1,KCOL),K=1,NSIGY)
READ(NUIN) (((GEGPM(I,J,K),I=1,NMU),J=1,KCOL), K=1,NSIGY)
READ(NUIN) ((RADAP(I,J),1=1,NMU) K J=1,NPHI)
READ(NUIN) (((RADP(I,u, %" =1 NMU),J=1,NPHI) K=1,6NY)
READ(NUIN) ((RADAM({I u)},I=1,NMU),Ju=1,NPHI)
READ(NUIN) (((RADM{I,JU.K),I1=1,NMU)},J=]1,NPHI) K=1,NVY)
READ(NUIN) {(RADDOAP(I,J),I=1,NMU),J=1 ,NPHI)
READ(NUIN) ((RADUAM(L ,J),I=1,NMyU), J=1 ,NPHIL)
READ(NUIN) (((RADOM(I,U,K),I=1 NMu),J=1,NPHI) K=1,NY)
C
C DIRECT RADIANCES WHICH SHOULD BE ZERO ARE SOMETIMES NEGATIVE
C DUE TO ROUNDOFF ERROR: RESET TO ZERO
DO B0 K=1,NV
DO 60 J=1,NPHI
DO 60 I=1,NMU
IF(RADOM(I ., 5,K) . LT.EPS) RADOM(I ,J,n) =~ O.
60 CONTINUE
C
C CONVERT FMU T( THETA
DO 53 I=1,NMU
S3 THETA(I) = ACOS(FMU(IL)})
C
C READ RECORDS DES(RIBING THE Fiuly
C
C THE FIRST RECOKOD:
100 READ(5,*,END=200) ITYPE,NYPLT HTIT
C
C THE TITLE RECORD, IF REQUESTED
[F(NTIT.GT.Q} THEN
READ(5,70) ITITLE
NTIT = NCHAR(ITITLE,B)
ENDIF
C

136
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IF(NYPLT .LE.O) THEN
DO 300 Iv=1,NY
300 IvyPLT(Iv) = 1Iv
ELSE
C THE Y-INDEX RECORD, IF REQUESTED
READ(S,.*) (IVPLT(IY),IY=1,NYPLT)
ENDIF

THE SPECIFICATION RECORD

OnNnoD

IF(ITYPE.GE.1 .AND. ITYPE.LE.4) THEN
READ(5,*) JPHI, 6 JPI

ELSEIF(ITYPE.GE.S5 .AND. ITYPE.LE.B) THEN
READ(5,*) ITHETA

ELSEIF(ITYPE.EQ.Q) THEN

READ(S,%) JPHI,JUPIL

ENDIF

CALL THE APPROPRIATE PLOT SUBRUUTINE

[aEREW]

IF(ITYPE.EQ.1 .OR. ITYPE.EQ.Z) THEN

CALL PTHEPLR(LTYPE ,NYPLT IVYPLT UPHL JPI)
ELSEIF(ITYPE.EQ.3 .OR. ITYPE.EQ.4) THEN
CALL PTHELOG(ITYPE NYRPLT IVYPLT JUPHI UPI)
ELSEIF(ITYPE.EQ.S5 .OR. ITYPE.EQ.6) THEN
CALL PPHIPLR

ELSEIF(ITYPE.EQ.7 .OR. ITYPE.EQ.8) THEN
CALL PPHILOG(ITYPE ,NYPLT ,IYPLT ITHETA)
ELSEIF(ITYPE.EQ.9) THEN

CALL PPATH

ENDIF

GO Tu 100

200 CALL PLOT(C.,U.,-98)

70 FORMAT(B8A10)
END

FUNCTION NCHAR({ITITLE,NWORDS)

GIVEN AN ALPHANUMERIC TITLE, ITITLE, OF NWORDS (MAX 12), THIS
FUNCTION RETURNS THE NUMBER OF NON-BLANK CHARACTERS. (FOR USE IN
PLOTTING CENTERED TITLES)

coOoOOoon

DIMENSION ITITLE{NWORDS),ICHAR(12G)
DATA IBLANK/10H /

MAXCHR = 10%NWORDS
ENCODE(7,200,1FMT) MAXCHR

o

DECODE (MAXCHR , IFMT  ITITLE) ICHAK

DO 110 I=1,MAXCHR

NCHAR = MAXCHR - 1 + 1

IF(ICHAR(NCHAR) .ME . IBLANK) RETUKN
110 CONTINUE

NCHAR = O

RETURN

200 FORMAT(1IH{,I3,3rA1))
END
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SUBROUTINE PPHILOG(ITYPE NYPLT IVPLT,ITHETA)
ON NHMG6/PPHILOG
THIS ROUTINE PLOTS THE LOGARITHM OF THE DIFFUSE OR TOTAL RADIANCE

AS A FUNCTION OF PHI FOR A GIVEN THETA VALUE.
ALL Y VALUES ARE DISPLAYED ON THE SAME GRAPH.

IF ITYPE.EQ.7, THE DIFFUSE RADIANCES ARE PLOTTED
IF ITYPE.EQ.8, THE TOTAL RADIANCES ARE PLOTTED

IF ITHETA .GT. O, PLOT UPWARD RADIANCES N(+THETA,PHI,Y) = RADP
IF ITHETA .L.T. 0. PLOT DOWNWARD RADIANCES N(-THETA,PHI,Y) = RADM

OOODOOOOOO0O00

PARAMETER (MXMU=10, MXPHI=24, MXv=30)
PARAMETER (MXPTS=MXPHI+3)

COMMON/CGRID/ THETA(MXMU) ,PHI (MXPHI) ,Y(MXY)
COMMON/CRADIF/ RADAP(MXMU ,MXPHI) RADP (MXMU, K MXPHI MXY),
1 RADAM(MXMU ,MXPHI ) ,RADM(MXMU ,MXPHI ,MXY)
COMMON/CRADIR/ RADOAP (MXMU ,MXPHI) , RADOAM(MXMU ,MXPHI) ,
1 RADOM(MXMU, MXPHI MXY)

COMMON/CMISC/ IMISC(20),FMISC(20) ,NTIT, ITITLE(B)
COMMON/CWORK/ XPLT(MXPTS ,MXY) ,YPLT(MXPTS, ,MXY) BCD(5)

DIMENSION IYPLT(MXY)

DATA XINCH,YINCH/4.0,5.0/, H,BOX/0.15,1.0/, EPS/1.E-12/
DATA 1SYMBL/O/

IT = JTABS(ITHETA}
NPHI = IMISC(2)
NY = IMISC(4)
NPHI1 = NPHI + 1
PI = FMISC(1)
RADEG = FMISC(3)
TWOPI = 2.*Pl

P12 = 0.5*PI

HBOX = H*BOX
IYMAX = NY
IF(NYPLT . GT.0) IYMAX = NYPLT

IF(ITYPE.EQ.7) THEN
FACT = 0.
ELSEIF(ITYPE.EQ.B) THEN
FACT = 1.

ELSE

WRITE(6,800) ITYPE
RETURN

ENDIF

CALL PLOT(1..2.,-3)

DETERMINE THE ALLOWED RANGE OF v VALUES

OO0

IvT 1
Ive NY
IF(ITHETA . EQ.0) GO TO 99

0N

C CHECK FOR ZERD UPWARD RADIANCE AT THE BOTTOM (NAKED SLAB CASE)
IF(ITHETA.LT .0} GO TO 98
IvB = Ny - 1
DO 90 J=1 ,NPHI
IF(RADP{IT.J.,NY).GT . EPS*RADM(IT J nvy)} 1YB = Ny
90 CONTINUE
GO0 TO 99

C CHECK FNR ZERO DOWNWARD RADIANCE AT THE TOP (NAKED SLAB CASE)
98 IYT = 2
DO 91 J=1,NPHI
IF(RADM(IT J,1).GT EPS) I¥T = 1
91 CONTINUE
99 CONTINUE
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C DEFINE ARRAYS FOR PLOTTING

DO 100 K=1,IVYMAX

Iy = IYPLT(K)

IF(IY.EQ.1 .AND. IVT_.NE.1) GO TO 100

IF(IY.EQ.NY _AND. IVYB.NE.NY) GO TO 100

DO 101 JU=1,NPHI

XPLT(J,1Y) = PHI(J)

IF(ITHETA.GT.0) THEN

YPLT(J,1Y) = ALOGLO(RADP(IT,u,1v))

ELSE

YPLT(J,IY) = ALOGIO(RADM(IT,J ,1v) + FACT*RADOM(IT,J,1v))

ENDIF
101 CONTINUE

XPLT(NPHIL1,IV)
100 YPLT(NPHI1,I1V)

TwOPI
YPLT(1,1V¥)

C
C FIND THE MAXIMUM AND MINIMUM VALUES TO BE PLOTTED
C

RADMAX = -1,E30

RADMIN = 1,E30

DO 110 K=1,IvMaXx
Iy = IVPLT(K)
IF(IY.EQ.1 .AND. IVT.NE.1) GO TU 110
IF(IV.EQ.NY _AND. IYB.NE.NY) GO TO 110
DO 111 J=1,NPHI1
RAD = VYPLT(J,1v])
IF(RAD.GT.RADMAX) RADMA» - RAD
IF(RAD.LT RADMIN) RADMIN = RAD

111 CONTINUE

110 CONTINUE

LABEL THE VERTICAL AXIS FUR A LUG PLOT

[pEeNe]

MINH = IFIX(RADMIN)
IF(RADMIN.LT O0.) MINH = MINH - 1
MAXH = IFIX(RADMAR)
1F(RADMAX .GT .U} MAXH = MAXH + 1
MRANGE = MINH - MAXH
IDIVv = IABS{MRANGLE)
302 IF(S5.LE.IDIV ._AND. IDIV.LE.1UQ) GU TU $UU
IF(IDIV.GT.10) GO TO 301
IDIV = IDIve*2
GO TO 302
301 IDIv = (1DIv + 1)/s2
GO TO 3UuZ
300 DbLABL = FLOAT(TABS(MRANGE) ) /FLOAT(IDIV)
IF(DLABL.LE.1.) GO TO 303
IF(FLOAT(IFIX(GLABL)).EQ.DILABL) GO TO 303
MRANGE = TOIV*IFIX(DLABL + 1.}
GO TO 300
303 DINCH = YINCH/FLCAT(IDIV)
IDIVI = IDlv + 1

CALL PLOT(O. ,YIN(H,2)
XX = =7.6*HBOX
DO 310 I=1,1D1v1
YY = YINCH - (.45%H - FLOAT(1-1)+D1INUH
FLABL = FLOAT(MAXH) - FLOAT(I-1)*0CLABL
ENCODE(8.,311,800) FLABL
310 CALL SyMBOL(xx,vy H,BCD,0.0,8)
XX = -1,2
Yy = 0.5*YINCH - 6.5%*MBOX
CALL SYMBOL(XX.¥YY,H, 13HLOG(RADIANCE) ,90.0,13)

DEFINE SCALE FACTORS CONSISTENT wiTtt THE LABELS

[eReXe

D0 200 K=1,lvyMax
IV = 1IYPLT(K)
IF(IV.EQ.1l .AND. IVT.NE.1) GO TO 200
IF(IYV.EQ.NY .AND. IVB.NE.NY) GO TO 2u0
XPLT(NPHI1+1,1V) 0.
XPLT{NPHIL1+2, 1Y) P12
YPLT(NPHI1+1,1V) FLOAT(MINR)

200 YPLT(NPHI1+2,1VY) FLOAT(MAXH ~ MINH)/YINCH

LI T TR 1}
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C LABEL THE HORIZONYAL AXIS IN DEGREES
C

CALL PLOT(0.,0.,2)

CALL PLOT(XINCH,J.,2)

Y1 = -0.45%H

Y2 = ~2.35*H

CALL SYMBOL(O.,v¥1,H,13,0.,-1)

CALL SYMBOL(0.-0.5*HBOX,Y2,H,1H0U,0.,1)

CALL SYMBOL(O.25#XINCH,Y1,H,13,0. ,-1)

CALL SYMBOL(0.25*XINCH-HBOX,¥2,M,2H90.0.,2)

CALL SYMBOL{O.5*XINCH,Y1,H,13,0.,~1)

CALL SYMBOL(O.S5*XINCH-1.5*HBOX,Y2,H,3H180.0.,3)
CALL SYMBOL(O0.75*XINCH,Y1,H,13,0.,-1)

CALL SVMBOL(0.75‘x1NCH—1.5'n80x,v2,H_3H270,0.,3)
CALL SYMBOL(XINCH,Y1,H,13.,0..-1)

CALL SYMBOL(XINCH-1.5%*HBOX,Y2,H,3n36C,0.,3)

CALL SVMBOL(O.S‘KINCH-7.'HBOX.‘A,‘H,H,14HPHI IN DEGREES,0.,14)

C
IF(ITYPE.EQ.7) THEN
IF(ITHETA.GT.0) THEN
ENCODE(41,210,BCD) THETA(IT)*RADEG
NCHAR = 41
ELSE
ENCODE(43,212,BCD) THETA(IT)*RADEG
NCHAR = 43
ENDIF
ELSE
IF(ITHETA.GT.0) THEN
ENCODE(39,214,BCD) THETA(IT)*RADEG
NCHAR = 34
ELSE
ENCODE(41,216,BCD) THETA(IT)*RADEG
NCHAR = 41
ENDIF
ENDIF
XX = O.S*XINCH - O0.S5*FLOAT(NCHAR ) *HBOX
CALL SYMBOL(XX,-0.9,H,8CD,0.0,NCHAR)
C
IF(NTIT.GT.0) THEN
XX = 0.5*XINCH - O.5%FLOAT(NTIT)*HBOX
CALL SYMBOL (XX . YINCH+3.0%H H,ITITLE,U. NTIT)
ENDIF
C
C PLOT THE RADIANCES
C

DO 400 K=1,IYMAX

Iv = IVPLT(K)

IF(IY.EQ.1 .AND. IVT.NE.1) GO TO 400

IF(IY.EQ.NY _AND. IYB.NE.NY) GO TO 400

ENCODE(10,401,BCD) Y(1lv)

CALL LINE(XPLT(1,IVY),YPLT(1,1V) ,NPHI1, 1, ISYMBL,1)

YY = (YPLT(NPHI1,IY) ~ YPLT(NPHI1+1,1Y))/YPLT(NPHI1+2,IV) - 0.5*H
400 CALL SYMBOL(XINCH,YY,H,BCD,0.0,10)

C
CALL PLOT(-1.,-2.,-3)
CALL PLOT(10.0,0.0.-3)
WRITE(6,802)
RETURN

C

c FORMATS

C

210 FORMAT(35HDIFFUSE UPWARD RADIANCE FOR THETA =,F6.2)
212 FORMAT(37HDIFFJUSE DOWNWARD RADIANCE FOR THETA =,F6.2)
214 FORMAT(33HTOTAL UPWARD RADIANCE FOR THETA =,F6.2)

216 FORMAT(35HTOTAL DOWNWARD RADIANCE FOR THETA =,F6.2)
311 FORMAT(F§.2,2H =)

401 FORMAT(4H Vv = F6.2)

800 FORMAT( ' ERROR: SUB PPHILOG CALLED WITH ITYPE = 13)
802 FORMAT(1H ,’ END OF PPHILOG")
ENO
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SUBROUTINE PTHELOG(ITYPE ,NYPLT ,IYPLT, K JPHI JUPI)
ON NHM6/PTHELOG

THIS ROUTINE PLOTS THE LOGARITHM OF THE DIFFUSE OR TOTAL RADIANCE
AS A FUNCTION OF THETA FOR HALF PLANES DEFINED BY JPHI AND JPI.
ALL Y VALUES ARE DISPLAYED ON THE SAME PLOT.

IF(ITYPE.EQ.3, THE DOIFFUSE RADIANCE IS PLOTTED
IF(ITYPE.EQ.4, THE TOTAL RADIANCE 1S PLOTTED

PARAMETER (MXMU=10, MXPHI=24, MXVY=30)
PARAMETER (MXPTS=4sMXMU+1, MXY1=MXY+1)

COMMON/CGRID/ THETA(MXMU) , PHI (MXPHI ),V (MXY)

COMMON/CRAGIF/ RADAP (MXMU,MXPAI) , RADP (MXMU, MXPHI ,MXY ) ,

1 RADAM(MXMU,MXPHI ), RADM(MXMU , MXPHI , MXY)

COMMON/CRADIR/ RADOAP (MXMU,MXPHI) , RADOAM(MXMU , MXPHI ) ,

1 RADOM(MXMU,MXPHI ,MXY)

COMMON/CMISC/ IMISC(20),FMISC(20) ,NTIT,ITITLE(B)

COMMON/CWORK/ XPLT(MXPTS ,MXY1),YPLT(MXPTS MXY1)},BCD(4),NPLT{MXV1)

DIMENSION IYPLT{MXY)

DATA XINCH,YINCH/4.0,5.0/, H,BOX/0.1%,1.0/, EPS/1.E~-12/
DATA ISYMBL/O/

NMU = IMISC(1)

NY = IMISC(4)

PI = FMISC(1)

RADEG = FMISCI(3)

PI2 = 0.5*P1

IYMAX = NY
IF(NYPLT.GT.0) IYMAX = NYPLT
HBOX = H*BOX
IF(ITYPE.EQ.3) THEN
FACT = 0.
ELSEIF(ITYPE.EQ.4) THEN
FACT = 1.

ELSE

WRITE(6,800) ITYPE
RETURN

ENDIF

CALL PLOT(1.,2.,-3)

DETERMINE THE RANGE OF THETA AT THE FIRST AND LAST IY VALUES.
DO NOT PLOT ZERO RADIANCES. CHECK FOR ZERO DOWNWARD RADIANCE AT THE
TOP AND FOR ZERO UPWARD RADIANCE AT THE BOTTOM (NAKED SLAB CASES).

IYTP = IVYBP = U

EPSREL = EPS*RADM(1,JPHI , IYPLT(IVYMAX))

DO 700 I=1,NMU

IF(RADM(I,JPHI ,IvPLT(1)).GT.EPS) IVYTP = 1
IF(RADM(I,JPI,IYPLT(1)).GT.EPS) IVTP = 1
1F(RADP(1,JPHI , IYPLT(IYMAX)).GT.EPSREL) IVYBP = |
IF(RADP(I,JPI,ivPLT(IYMAX)).GT EPSREL) 1YBP = 1
CONTINUE

DEFINE THE ARRAYS TO BE PLOTTED
POLAR CAPS ALwAYS HAVE A PHI INDEX QOF 1

LY =0
IF(IYTP.EQ.1) GU TO 200
IF(IYPLT(1).NE. 1) GO TO 200

SPECIAL CASE: THE TOP BOUNDARY REQUIRES TWO PLOTS FOR A NAKED UPPER BOUNDARY

§]
L o+ 1
XPLT(L,LY)
YeLT(L,LY)

rroe
won )

THETA(NMU) - PI
ALOGI10O(RADP(NMU,1,1))
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NMU

+ 1
THETA(II)

PI

[T T ]

100 YPLT(L,LY) ALOGLO(RADP(I1,0PHI 1))
C
NPLT(LY) = L
C
LY = LY + 1
L =1
DO 110 I=1,NMU-1
L =L + 1
XPLT(L,LY) = PI - THETA(I)
110 YPLT(L,LY) = ALOG1O(RADP(I1,uPI 1))
L =L + 1
XPLT(L,LY) = Pl - THETA(NMU)
YPLT(L,LY) = ALOGLlO(RADP(NMU,1,1))
NPLT(LY) = L
C
200 DO 150 K=1,IVYMAX
Iv = 1IVPLT(K)
IF(IY.EQ.1 .AND. LY.GT.0) GO T0O 150
LY = LY + 1
L =0
IF(IY.EQ.NY _AND., IVYBP.EQ.O0) GO TO 169
C
L =bL+ 1
XPLT(L,LY) = THETA(NMU) - PI
YPLT(L,LY) = ALOGLlO(RADP(NMU,1,1VY))
00 160 I=2,NMU
L =tL+1
II = NMU - 1 + 1
XPLT(L,LY) = THETA(II) -~ PI
160 YPLT(L,LY) = ALOGIO(RADP(II JUPHI, 1VY))
C
163 DO 170 I=1,NMU-1
L =L+ 1
XPLT(L,LY) = -THETA(I)
170 YPLT(L,LY) = ALOGI1O0(RADM(I,JPHI Iv) + FACT#RACOM(I,JPHI 1V))
C
L= L + 1
XPLT(L,LY) = -THETA(NMU)
YPLT(L,LY) = ALOGLO(RADM(NMU,1 ,1v) + FACT*RADOM(NMU,1,IVv))}
DO 180 I=1,NMU-1
L =L + 1
I1 = NMU ~ 1
XPLT(L,LY) = THETA(II)
180 YPLT(L,LY) = ALOG10(RADM(II,JPl,1Y) + FACT*RADOM(II , JPI , IY))
C
IF(IY.EQ.NY _AND. 1YBP.EQ.D0) GO TO 149
C
B0 190 I=1,NMU-1
L= Lo+ 1
XPLT(L,LY) = PI - THETA(I)
190 YPLT(L,LY) = ALOGLO(RADP(I,J4PI.1VY))
L =L+ 1
XPLT(L,LY) = BI - THETA(NMU]
YPLT{L,LY) = ALOGIO(RADP(NMyU,1,1V¥))
C
149 NPLT(LY) = o
150 CONTINUE
NUMPLT = LY
C
C FIND THE MAXIMUM AND MINIMUM VALUES TO BE PLOTTED
C
RADMAX = -1, E30
RADMIN = 1.E30
DO 500 LVY=1,NUMPLT
NPTS = NPLT(LY)
DO 500 J=1,NPTS
RAD = YPLT(J,LY)
IF(RAD.GT.RADMAX) RADMAX = RAD
IF(RAD.LT.RADMIN) RADMIN = RAD

500 CONTINUE
C
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LABEL THE VERTICAL AXIS FUR A LOG PLOT

MINH = IFIX(RADMIN)

IF(RADMIN.LT.0.) MINH = MINH - 1

MAXH = IFIX{RADMAX)

IF(RADMAX.GT.D) MAXH = MAXH + 1

MRANGE = MINH - MAXH

IDIv = IABS(MRANGE)

IF(5.LE.IDIV .AND. IDIV.LE.10) GO TO 300
IF(IDIV.GT.10) GO TO 301

IDIv = IDIv®*2

GO TO 302

IDIv = (IDIV + 1)/2

GO TO 302

DLABL = FLOAT(IABS{MRANGE))/FLOAT(IDIV)
IF(DLABL.LE.1.) GO TO 303
IF(FLOAT(IFIX(DLABL)).EQ.DLABL) GO TO 303
MRANGE = IDIV*IFIX{(DLABL + 1.)

GO TO 300

DINCH = YINCH/FLOAT(IDIV)

IDIvVl = IDIV + 1

caLL PLOT(O.,0.,3)

CALL PLOT(OQ.,YINCH,2)

XX = -7.6%80X*H

0O 310 I1=1,1DIv1

YY = YINCH - 0.45%*H - FLOAT(I-1)*DINCH
FLABL = FLOAT(MAXH) - FLOAT(I-1)*DLABL
ENCODE(8,311,BCD) FLABL

CALL SYMBOL(XX,YY,H,BCD,0.0,8)

XX = -1.2

YY = D.5*YINCH - 6.5*BOX*H

CALL SYMBOL(XX,YY,H,13HLOG(RADIANCE) ,90.0,13)

LABEL THE HORIZOHTAL AXIS

CALL PLOT(0.,0.,3)
CALL PLOT(XINCH,0..2)

Y1 = -0.45%:.

¥2 = -2.35%H

CALL SYMBOL(O..v1.+,13,0.,-1)

CALL SYMBOL(0.-2.*HBOX,Y2,H,4H-180,0.,4)

CALL SYMBOL(UG.25*XINCH,Y1,H,13,0.,-1)

CALL SYMBOL(0.25*XINCH-1.5+HBOX,Y2.H,3H-90,0..,3)
CALL SYMBOL(O.S*XINCH,Y1,H,13,0..-1)

CALL SYMBOL(O.S*XINCH-0.5%*HBOX,¥2,H,1H0,0.,1)
CALL SYMBOL(O.75*XINCH,Y1,H,13,0.,-1)

CALL SYMBOL (0.75¢XINCH-HBOX,Y2,H,2H90,0.,2)
CALL SYMBOL(XINCH,Y1,H,13,0.,.-1)

CALL SYMBOL (XINCH-1.5%MBOX,Y¥2,H,3H180,0..3)
CALL SYMBOL(O.S5*XINCH=-15.%HBOX -4 *H H,

1 30HVIEWING ANG.¥ THETA IN DEGREES,CG.,30)

Hl = 0.7%H

H1B0OX = 0.7*HBO~

ENCODE(11,210,8(D) RADEG*PHI(JPI)

CALL SYMBOL(0.25*#XINCH-5.5*H1BOX,-0.95,H1,8C0,0.,11)
ENCODE(11,210,BC0) RADEG*PHI( JPHI)

CALL SYMBOL(D.75*XINCH-5.5*H1BOX,-0.95,H1,8CD,0.,11)

IF(ITYPE . EQ.3) 7TrEN

CALL SYMBOL{O.5*XINCH-22.5+HBOX, 1.4 11,

1 A4SHDIFFUSE FTELD RADIANCE AS A FUNCTION OF THETA ,0.,45)
ELSEIF(ITYPE.EU.4) THEN

CALL SYMBOL(O.S*XINC .-21.5*HBOX, -1.3.H,

1 43HTOTAL FIELD ~ADI NCE AS A FUNCTION OF THETA,0.,43)
ENDIF

PLOT THE REFERENCE LINE AT THETA = 0 AND THE TITLE
CALL PLOT(D.S5*XxINCH,0.,3)

CALL DASHPT(O.5*XINCH,YINLH U.1)

IF(NTIT.GY.O) THEN

XK = 0.9*XINCH - U.5*FLOAT(NTIT)*HBUX

CALL SYMBOL (XX YINCH+3 O*r,H, ITITLE,O. NTIT)

ENDIF
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PLOT THE RADIANCES

Iy = ¢

DO 40D LY=1,NUMPLT

NPTS = NPLT(LY)
XPLT{NPTS+1, ,LV)
XPLT(NPTS+2,LY)
YPLT(NPTS+1,LY)
YPLT(NPTS+2,LY)

-P1

P12

FLOAT (MINH)

FLOAT(MAXH - MINH)}/VYINCH

CALL LINE(XPLT(1,0Y),¥YPLT(2,LY), NPTS 1,1SYMBL,1)

IF(LY.EQ.1 .AND.

Iy = 1y + 1

NUMPLT . GT.NYPLT) GO TO 400

ENCODE(10,401,BCD) Y(IYPLT(IV))
YY = (YPLT(NPTS,LY) =~ YPLT(NPTS+1 ,LY))/YPLT(NPTS+2,LY) - 0.5¢H
CALL SYMBOL(XINCH,YY,H,BCD,0.0,10)

CONTINUE

CALL PLOT(-1.,-2.

,—3)

CALL PLOT(10.0.0.0,-3)

WRITE(6,802)
RETURN

FORMATS

FORMAT (S5HPHI = Fb6.1)

FORMAT(F6.2,2H

<)

FORMAT(4H Y = ,F6.2)

FORMAT(* ERROR:

SUB PTHELOG CALLED WITH ITYRE =',13)

FORMAT (" END OF PTHELOG')

END

SUBROUTINE FTHEPLR(ITYPE NYPLT ,IVFELT, JPHI , JPI)

ON NHMG6/PTHERR

THIS ROUTINE MAKES A POLAR PLOT OF THE LOGARITHM OF THE DIFFUSE
OR TOTAL RADIANCE AS A FUNCTION OF THETA FOR HALF-PLANES DEFINED
BY JPHI AND JPI. A SEPARATE PLOT 1S MADE FOR EACH DEPTH.

IF ITYPE.EQ.1,
IF 1TVvPE . EQ. 2,

THE DIFFUSE RADIANCE IS PLOTTED
THE TOTAL RAOIANCE IS PLOTTED

PARAMETER (MxMU=10, MXPHI=Z24, Mxvy=30)
PARAMETER(MXPTS=4%MXMU+ 1)

COMMON/CGRI '/

THETA(MXMU ) , PHI(MXPHI )}, YUD(MXY)

COMMON/CRADIF/ RADAP(MXMU ,MxPHI ) RADF(MXMU,MXPHI ,MxXY) .
1 KRADAM(MXMU MXPHI } RADM(MAMU ,MXPH] MXY)

COMMON/CRADIR /

RADUAP (MXMU  MXPHIT ) , RAUUAM{MXMU ,MXPHI } |

1 RADOM(MXM , MXPH] Mxvy)

COMMON/CMISC/

IMISCO20)  FMISCIZU0)  NTIT  ITITLE(B)

COMMON/CWORK/ X(MXPTS) Y{MXPTs) RLIZ0)
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DIMENSION TITLE(6),IYPLT(MXY)
DATA 1SYMBL/1/, RINCH/3.0/, DICIRC/0.5/, H,B0X/0.15,1.0/
CALL PLOT(4.,5.,-3)

NMU = IMISC(1)

NY = IMISC(4)

PI = FMISC(1)

DEGRAD = FMISC(2)

RADEG = FMISC(3)

PI2 = 0.5*PI

PI32 = 1.5%P]

HBOX = H*BOX
IF(ITYPE.EQ.1) THEN
FACT = 0.
ELSEIF{ITYPE.EQ.2) THEN
FACT = 1.

ELSE

WRITE(6,300) ITYPE
RETURN

ENDIF

IYMAX = NY
IF(NYPLT.GT.0) IYMAX = NYPLT

DO 888 K=1,1YMAX
Iy = IYPLT(K)

CONVERT RADIANCES AND NHM THETA VALUES (MEASURED FROM THE +VY
AXIS) TO X = LOG(RADIANCE) ANU ¥ = CALCOMP THETA (MEASURED FROM
THE +X AXIS)

POLAR CAPS ALWAYS HAVE A PHI INLDEX OF 1

OOOOO0ON

I=1,NMU-1
1
ALOGIORADP(I ,JPHL ,IV))
PI2 - THETA(1)
+ 1
ALOGIGC(RADP(NMU,1,1Y))

12

—~— o

r O wrron
[ ~
~roo
Hon o

+

200

< x T < xXr Qfr
—_——
~—

—

non

DO Z01 =1 ,NMU-1

=+ + 1

NMU - 1
ALOGLO(RADP(II,JPI , 1Y))
PI2 + THETA(II)

"on

201

DO 202 [=1,NMU-1

L =L+ 1

X{L) = ALOGIO(KAOM(I JPI,1Y) + FACT#RADOM(I1,JPI,1lVY))
202 Y(u) = PI32 - THETA(I)

t =L + 1
ALOGID(RADM(NMU,1,1V) + FACT*RADOM(NMU,1,1V))
PI132

<

—~

-
[[IT)

L =L + 1

NMu ~ 1

ALOGIO(RADM(II ,UPHI IV} + FACT*RADOM(II,JUPHI, IV))
P132 + THETA(II)

— o~ W
now

203

L= Lo+
(1j
(1)

<
—
-
H BN
< x

C FIND THE MAXIMUM AND MINIMUM LO0G vALUES TO BE PLOTTED

RADMA X -1.0e30

RADMIN 1.0€E30

D0 250 L=1,NPTS

RAD = X(L)

[F(RAD.GT .RADMAX) RAUMAX

1F(RAD.LT.RAOMIN) RADMIN
250 CUNTINUE

non

RAD
RAD

n o1
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LABEL THE RADIAL (VERTICaL) AXIS FOR A LOG PeOT

MINF = IFIX{(RADMIN)
IF(RADMIN LT . 0. ) MINH = MINH - ¢
MAXH = IFIX{RADMAX)
IF(RADMAX . GT.0) MAXH = MAXH + 1
MRANGE = MINH - MAXH

IDIvV = TABS(MRANGE)

1F(3.LE.IDIV .AND. IDIV.LE.6) GO TQ 300
IF(IDIV.GT.6) GO TO 3Q1

10Iv = 1DIv*2

GO TO 302

10Iv = (IDIv + 1)/%

GO TO 302

DLABL = FLOAT(IABS{MRANGE))/FLOAT{IDI V)

IF(DLABL.LE.1.) GC TO 303
IF(FLOAT{IFIX(DLABL)) . EQ.DLABL) WO TG 3U3
MRANGE = IDIV#IFIx{DLABL + 1.)

GO TO 300

DINCH = RINCH/FLUAT{IDIV)

CALL PLOT(O.,-RINCH,3)
CALL PLOT(O.,RINCH,2)
CALL PLOT(-RINCH O, 3)
CALL PLOT(-1.1,0..,2)
CALL PLOT(O. .U, 2

CALL PLOT(RINCAH.C.,2)

XX = -7 .06%*BOx*H

DO 310 I=1,IDlv:

vy = RINCH - 0.45*Hn — FLOAT(I-1:+0INLR

RC(I) = RINCH - FLCAT{I-1)*DINCH

FLABL = FLOAT{MAAM) - FLUAT(L-11*0U0ABL
ENCODE(RE A1 BUL. FLABL

CALL SYMBOL{XX.vV + BCD,0.0,6)

XX = -1.,1

YV = (.5*¢¥RINCH - ©.5*BOX*r

CALL S¥YMBOL(Xx, -~ . R, 12HLOG(RADIANTE) . OU.0,13)

DRAW MASNITUDE TIFCLES

DO 260 1
R = RLUI
IF(R.GT.1.3%) Trim

THO - 90.0 + RADUGFASINGL.3D/KR)
ELSEIF(R.LE.1.35 AND. R.GT.0.1} THEN
THO = 180. + RAJEG*ASIN(Q.1/R)

ELSE

THGC = 180.0

ENDIF

XS = R*COS{DEGRAL* T L)

vS = R*SIN(DEDSR2D*T=,

1,100y 2

)
i

CAL. CIRCLE{AS, /5, TR, 360 . % R, LTCIKO)
CaLe CImZuBE(R P IV SR S VD A U S R
CONVERT _UGIRS AtvlE; AND CA_UUME THETA TU X AND ¥
Cl = RIGCH/ZRwSs (MAXED = MINb,

C2 = -FILOATIMI Nyl ]

00 5ud o=l T

RIN = (1*xii ) - Z

ALy = RIN*¥LU, ~ Lo

YL = wIN®ESTre v g

SCALY TrkE kAl -y

X{NPTS+1) = @

Y(NPTS+1) =

X(tNPTS+2) = 1. .

YINPTS+2) = 1.9

P37 RADTANIES
CALL LINECX V R-7S 1  TSYMBL 1)

LABE. THE PLOT
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LF(ITYPE.EQ.1) THEN

ENCODE(52,400,TITLE) YOD(1Y)

CALL SYMBOL(-26.0*HBOX,~-4.,A,TITLE,OQ.,S52)
ELSE

ENCODE(50,402,TITLE) YOD(1lY)

CALL SYMBOL(-25.0*HBOX,~4. ,H,TITLE,D.,50)
ENDIF

CALL PLOT(O0.,-3.6,3)

CALL PLOT(O0.,-3.2,2)

ENCODE (26,404, TITLE) RADEG*PHI(JPI) , RADEG*PHI (JPHI)
CALL SYMBOL(-13.*HBOX,-3.5,H,TITLE,0.,26)
IF(NTIT.GT.0) THEN

XX = ~0.5*FLOAT(NTIT)*HBOX

CALL SYMBOL(XX,RINCH+3.0#*H ,H,ITITLE,O. NTIT)
ENDIF

CALL PLOT(10.0,0.0,-3)

CALL PLOT(-4.,-5.,-3)
WRITE(6,802)
RETURN

FORMAT (46HDIFFUSE RADIANCE AS A FUNCTION OF THETA AT
FORMAT (44HTOTAL RADIANCE AS A FUNCTION OF THETA AT V
FORMAT(5HPHI = F6.1,4X,5HPHI = ,F6.1)

FORMAT(F6.2,2H -)

FORMAT(1H ,’ ERROR: SUB PTHEPLR CALLED WITH ITYPE =
FORMAT(1H ,° END OF PTHEPLR")
END
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B. Plotting Chromaticity Diagrams
The Natural Hydrosol Model computes monochromatic radiances. However, independent
runs of the NHM can be made ar various wavelengths, using wavelength-dependent input

radiances and inherent optical properties, and the results can be combined to generate
wavelength-dependent output.

It is often of interest, e.g. 1n remote sensing, to plot the ocean color on a standard C.LE.
chromaticity diagram.  Program MPCHRO reads 13 data values corresponding to 13
wavelengths (400 nm, 425 nm,-+,675 nm, and 700 nm). Each datum is obtained from a run of
Programs 4 and S, 13 runs in all. The data are processed using standard tristimulus functions, as
described in Appendix C, and plots of the resultant color point are made on a 1931 C.ILE.
chromaticity diagram.

In order to compute a crrrect color (e.g. for the upward radiance), the incident radiance on
the water surface must have the correct color, 1.e. wavelength dependence (corresponding, say, to
the solar spectrum). The prog o~ wavelength dependence of the incident lighting can be achieved
by adjusting the value of St{TOTL (input record 6 in Program 4) in each of the 13 NHM
wavelength ruas. However, it is generally more convenient to make all NHM runs with
SHTOTL equal to some nominal value, say 1.OW m 2 nm'l. In this case, the output values of the
13 NHM runs must be adjusted betore computing the chromaticity. Subroutine ATMOS uses a
simple model atmosphere unc solar spectrum (described in Appendix D) to weight the 13 data
values according to wavelenzin and solar zenith angle before proceeding with the chromaticity

calculations.

1. Input
Two records are read to specify the details of the plot, and then repeated pairs of records

are read (o specify the wave.sisth data o he piotted.

Record 11 LABPNT, IPLBL./ | IATMOS

LABPNT =4 11 the plotted pomts are not iabeled.

cach plotred point is numbercd on the chromaticity diagram, and a
! ";)urule teble of numbers 1s plotted, along with a label for each
ramber to identify the plotied points.

i
—_

IPLBILU =N i ey the tull chrom m@m diagram 1s to be drawn,
=] if only the "blue corner” of the chromaticity diagram is to be drawn.
“hisis often usclul for plotting ocean color, which usually lies in
the blue region.
=2 1t hoth the full diagram and the blue corner are to be drawn.
JATMOS =0 f the raw data values. PC(LAMBDA), are to be used in computing the

cojor.
= | it the raw data values. PALAMBDA), are to be transformed by the
simospherie model ot Appendix D before use.
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Record 2: ITOP
This record gives a title for the top of the plot. Up to 80 alphanumeric characters are
allowed.

Record 3: ITITLE
This record gives a label for the plotted point. Up to 80 characters are allowed.

Record 4: THETPS, P(1), P(2),-+,P(13)

THETPS is the zenith angle, in degrees, of the sun in the run of Program 4 which
generated the data. If IATMOS = 1, this value is used in the atmos-
pheric model of Appendix D to correct the raw data values P(I),

I=1,-,13.
P(1) are the 13 data values to be used in computing the color. P(1) corresponds to
: wavelength 400 nm, P(2) to 425 nm,--,P(13) to 700 nm.
P(13) Typically, P(I) is the radiance in a given direction at a given depth, or

an irradiance at a given depth.

Records 5 and 6, 7 and 8,
Pairs of records of the same form as 3 and 4 are repeated for each point to be plotted. Up to 50

points are allowed by the dimensions in the listed code (see parameter MXPTS in program
MPCHRO).
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2. Code Listing

PROGRAM MPCHRO(INPUT ,QUTPUT [ TAPES=INPUT , TAPEG=QUTPUT , TAPEYSH,

1 TAPES9)
C
C ON NHMG6/MPLHRO
C
C THIS PROGRAM COMPUTES AND PLOTS CHROMATICITIES ON A STANDARD CIE
C 1931 CHROMATICITY DIAGRAM, GIVEN RADIANCES OR IRRADIANCES AT 13
C WAVELENGTHS: 400. NM, 425. NM, 45uU. NM, ., 675. NM, 700. NM
C
o ALL PLOTTING IS UONE USING STANUARD CALCOMP CALLS
C (TAPE98 AND TAPES9 ARE USED BY THE CALCOMP ROUTINES, AS
C IMPLEMENTED ON THE AUTHOR'S (0C CYBER B5% COMPUTER,)
C
PARAMETER(NWAVEL =13, MXPTS=50)
C
DIMENSION P(NWAVEL),IWAVEL (NWAVEL ) , RAWP(NWAVEL)
DIMENSION XCHR{(MXPTS) ,YCHR(MXPTS) JTTUP(B),ITITLE(B,MXHTS)
C
DATA IWAVEL/400.425,450,475.500U,525,5%0,575,600,625,650,675,700/
C
C READ THE OVERAL FLOT SPECS, ANL A VITLE FOR THE TQP OF THE PLOT
C
C LABPNT = 0, [F ©LINTS ARE NU! Tu BE LABELLED
C 1, IF EACH POINT IS NUMBERED AND LABELLED
C IPLBLU = 0, IF 7Y THE FuLlL CHROMATICITY DIAGRAM IS TS BE DRAWN
C 1. IF _NLY THE BLUE CGantR TS TO BE DRAWN
C 2, IF 2,TH FULL AND Bunr COKNER ARE TO BE DRAWN
C IATMOS = G, IF imk RAW RP(LAMBUA, ARE 70U BE USED
C 1, IF THE RAwW P(LAMBODA) ARE TO BE SCALED BY THE ATMOSPHERIC MODEL
C 1TOP...A T1lLE #OK THE TOP OF Thk PLUT (Bu CHAR MAX)
C
NPTS = 0
READ(S5, %) LABPH! 1PLBLU ., TATMIY
READ(S . 10UD) I7Tuw
WRITE(,90)
-
g9 NPTS = NOTS 4
C
C READ A LABEL ANO A SET OF vALUES TuU BE PRULESSED
C
READ(S, 1UC,END=C00) (ITITLELLD Neiy) 1=21,8)
READ(S,* ,END=90_) THETPS, (P(T1}) ., 121 NwAVEL)
DO 150 I=1,MNWAVE
150 RAWP({I) = ¥l |,
C
C SCALE THE Bl ACCORDING Too ThmE 2 "MOoNEHERTO MDODEL
~
IF(TATMOS . NE G T ALL ATMOSETRETE Y «)
C
‘. COMPL T THE G d MATIOT Ty L cidmit [ A T,
i
CALL (HEMXY(FE | R (NRTS ), ViR 85 ) o Mwee Uk TV
C
WRITE(O . Zuu) te 2SS {ITIT el NPT 11 )
[FITATMGS  NE WRITL 6, G Tt Ty
wRITE{b, 204
U0 202 1 1 . Nwa
2ud WRITZE(O,ctddy Twiott oLy, Y00 nbaw (it
WRITE(H,206) X 4R{NPTS) VIHR I NETL) 0CMwY L PURTTY
«
GU YO 99
C
( DRAW A CHRUOMATT 1Ty O6ALRAM Aty kg ROINTS ON T
C
G0 NPTS = NRPITS - 0
150
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CALL PLOTS

CALL PLOT(2.,2.,-3)

IF(IPLBLU.NE.O) CALL PLTBLU(XCHR,YCHR,NPTS LABPNT,ITOP,ITITLE)
CALL PLOT(10.,0.,-3)

IF(IPLBLU.NE.1) CALL PLTCHR(XCHR ,YCHR ,NPTS,LABPNT ,ITOP ITITLE)
CALL PLOT(O0..0.,-98)

FORMATS

Oo00

90 FORMAT(1H1)
100 FORMAT(B8A10)

200 FORMAT(///’ POINT NUMBER’ ,I3, " : ‘,BA10/)
201 FORMAT(’' THE ATMOSPHERIC MODEL WITH THETPS =',F6.2,° 1S USED'/)
203 FORMAT(‘ THE FUNCTION OF WAVELENGTH GIVEN BY‘//

1 LAMBDA P(LAMBDA) (RAW P) /)

204 FORMAT(I6,1P2E16.4)

206 FORMAT(/‘ HAS CHROMATICITY COORDINATES (X,Y) = (' ,F5.4,°',",
1 F6.4.') OR (DOMINANT WAVELENGTH, PURITY) =(’',F5.1, , .F6.4,')")
END

SUBROUTINE ATMOS(THETPS,P)

C
C NHM6 / ATMOS
C
C GIVEN: A SET OF VALUES P(I), 1=1....,NWAVEL, WHICH ARE THE
C QUTPUT OF 13 NAM RUNS AT THE 13 NHM WAVELENGTHS, WHERE EACH
C RUN WAS INITIACIZED WITH UNIT SCALAR IRRADIANCE. THIS ROUTINE
C SCALES THE P(l) VALUES TO REFLECT THE WAVELENGTH AND SOLAR ANGLE
C DEPENDENCE QOF THE INITIAILLIZING SCALAR IRKRADIANCES, ACCORDING
C TO THE MODEL ATMOSPHERE AND SOLAR SPECTRUM DESCRIBED IN
C APPENDIX D OF THIS REPORT.
C
PARAMETER(NWAVEL=13)
DIMENSION P(NWAVEL) ,ALPHAL(NWAVEL ), SOLARC{(NWAVEL)
DATA SOLAR(C/1.5%4,1.89,2.20,2.20,1.98,1.92,1.95,1.8?7,1.81,1.72,
1 1.62,1.53,1.44/
DATA ALPHAL/.566, .428, .364, . 293, .217, .210, .220, .206,
1 .192, .165, .134, .114, .104/
DATA DEGRAD/U.717453293/
C
SECTH = 1.0/CUS(DEGRAD*THETPS)
DO 10L I=1,NWAVEL
100 P(I) = PII)*SOLARC({I)*EXP(-ALPHAL{I)*SECTH)
o
RETURN
END
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SUBROUTINE CHRMXY({F A, v DOMWvL  PURITY

C
(o ON NHMB/CHRMXY
C
C GIVEN A SET OF RADIANCES OR IRRAUIANCES, P, AT THE NHM WAVELENGTHS,
C THIS ROUTINE COMPUTES THE CHROMATICITY COORDINATES (X,v) FOR
C PLOTTING ON A CHROMATICITY DIAGRAM. THE CORRESPONDING DOMINANT
c WAVELENGTH AND PURITY ARE ALSO COMPUTED. SEE APPENDIX C OF THIS
c REPORT FOR DETAILS.
C
PARAMETER (NWAVEL=13, MXPURE=37)
DIMENSION P(NWAVEL),XBAR(NWAVEL),YBAR(NWAVEL) ,6 ZBAR(NWAVEL)
DIMENSION WAVEL (MXPURE) ,XPURE(MXPURE) , YPURE (MXPURE) , SLOPUR(MXPURE)
C
C THE 13 TRISTIMULUS FUNCTION VALUES
DATA XBAR/.0143,.2148,.3362..1421,.0049, .109b,.4334, .8425,
1 1.0622,.7514,.2835,.0636,.0114/
DATA YBAR/.0004,.0073,.0380,.1126,.32340,.7832,.9950,.9154,
1 .6310,.3210,.1070,.0232,.0041/
DATA ZBAR/.0679,1.0391,1.7721,1.0419,.2720,.0573,.0087,.0018,
1 .0008,.0001,0 ,0.,0./
C
C THE 37 SPECTRUM LOCUS VALUES
DATA WAVEL/400.,450.,460.,470.,475.,480.,485.,490.,
1495.,500.,505%.,510.,515.,520.,52%.,,530..,535.,540.,545.,
2550.,555.,560.,565.,570.,575%.,580.,585%.,590.,595.,600.,
3605.,610.,620. .n30..€40.,650.,700./
DATA XPURE/,1733,.1566,.1440,.1741,.1096, .0913,.0687,
1 .0454,.0235,.3082,.0039, .0139, 0389, .0743,.1142,.1547,
2 .1929,.2296,.2658,.3016,.3373,.3731,.4087, .4441, .4788,
3 .5125,.5448, .5752,.6029,.6270, .6482, .6658, .6915,.7079,
4 .7190,.7260,.7347/
DATA YPURE/ . 0Q4H, . C177,.0297,.0578, .0868,.1327,.2007,
1 .295%0,.4127,.' 'v4,.6548, .75C2, .8120,.8338, .8262, .8059,
2 .7816,.7543,.7:.43,.6923, .6589,.6245, .5896, .5547,.5202,
3 .48B66, .4544, .42, .3965,.3725,.3514,.3340, .3083,.2920,
4 .280v9,.2740,.2853/
DATA wALL/U/
o
C COMPUTE INTEGUKAD S BY SIMPSON'S RULE, C.¢
C
CAPx = F(1)*ABAR{1) + P(N&NAVEL)*XxBARI(NWAVEL)
CAPY = P(1)*vHat (1) + P{NWAVEL)Y*YBAR(HWAVEL )
CAPZ = P{1)*2BAR{1) + P(NWAVEL)*ZBAR(NWAVEL}
C
DO 100 I1=2 ,NwWAVEL-1,2
CAPX = (APX + 4 0O%P(])*XBAR(]I)
CAPY = CAPY + 4 0O*P(I)*YBAR(I]
100 CAPZ = CAPZ + 4 (*P(1)*ZBAR(T)
C
0O 110 I=3 . NwA. tL-2,2
CAPX = CaAPX + . 0*P{1)*XBAR(I];
CAPY = CAPY <+ . 0*P(1)*¥BAk(l)
110 CAPZ = CAPZ + . (O*P(I)*ZBARTII)
C
F = 6BGO. /FLOAT  NWAVEL- 1
CAPX = F+CAPAx
CAPY = F*CAPY
CAPZ = F*CAP/
&
C NORMALITZE THE INTEGRALS Tou GET THL (HRUMATICITY COORDINATES, BY C.3
L
X = CAPA/(LAF S + LAPY + (A7)
Y = CAPY/(CAbx + (CAPRPY + (CawZ,
C
IF{KALL EQ.UY "riEN
C
C COMPUTE THE SL0FES NEEDED FOK FinNU NG THE UUMINANT WAVELENGTH
C AND PURITY
C
xw = 1.G6/3.0
Yw = 1.0/3.0
DO 50 I=1,MXPURE
50 SLOPUR(I) = (vwWw - VPURE(I))/{xw ~ xPURE(]]}
KALL = 1
ENDIF
C
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COMPUTE THE DOMINANT WAVELENGTH AND PURITY OF THE CHROMATICITY
COORDINATES (X,Y)

DYy Yw - ¥
DX xXw - X
SLOPE = DY/DX

IF(DY.GE.O. .AND. DX.GE.O0.) THEN

SEARCH LOWER LEFT OF SPECTRUM LOCUS, POINTS 2 YO 9

DO 200 I1=2,9

IF(SLOPE.LT.SLOPUR(1) .AND. SLOPE.GE.SLOPUR(I)) GO TO 250
CONTINUE

ELSEIF(OY.LE. Q. .AND. OX.GE.QJ} THEN

SEARCH UPPER LEFT QF SPECTRUM LOCUS, POINTS 9-22
DO 202 [=9,22

IF(SLOPE.GE.SLOPUR(I)) GO TO 250

CONTINUE

ELSEIF(DY.LE.O. .AND. DX.LE.O.) THEN

SEARCH UPPER RIGHT OF SPECTRUM LOCUS, POINTS 22-33
DO 204 1=22,33

IF(SLOPE.GE.SLOPUR(I)) GO TO 250

CONTINUE

ELSEIF(DY.GE.O. .AND. DX.LE.Q.) THEN

SEARCH LOWER RIGHT OF SPECTURM LOCUS, POINTS 33-37
DO 206 1=33,37

IF(SLOPE.GE.SLOPUR(I)) GO TO 250

CONTINUE

ENDIF

POINT IS IN PURPLE REGION, REVEKRSE (Xx,Y) AND THE WHITE PUINT AND
SEARCH AGAIN

DX = - DX
Dy = - DYy
GO TO 99

COMPUTE INTERSECTION POINT OF CHROMATICITY LINE AND SPECTRUM LOCUS

XP1 = XPURE(I)

YPl = YPURE(I)

XPIM1 = XPURE(I-1)

YPIM1 = YPURE(I-1)

S1 = (X = Xw)/(Y - vw)

$S2 = {XPI - XPIM1)/(YPI - YPIM1)

X1
A

(S2*XW - S1#XPIMI ~ S1%S2%(vw - YPIM1))/(82 -~ 51)
(XwW - XPIM1 - S1*Yw + S2*YPIM1)/(S2 - S1)

o

GET DOMINANT WAVELENGTH 8Y INTERPOLATIUN

DT = SQRT({XPI - XPIML1)**2 + (VYP] - YPIMl)**2)
DI = SQRT((XI - XPIM1)*#*2 + (YI - YPIMLl)**2)

F = DI/DT

DOMWVL = (1.0 - F)*WAVEL(I-1) + F*wAvEL(I)
EQ = SQRT{(Xw - X)**2 + (YW - V;**2)

EW = SQRT((XW - XI)**2 + (Yw - vI}*#%2)
PURITY = EQ/EW

RETURN

END
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SUBROUTINE PLTBLU(XPLT YPLT NPTS LABPNT ITOP, ITITLE)

C
C ON NHM6/PLTBLU
o
C THIS ROUTINE DRAWS THE *BLUE CORNER® UF A CHROMATICITY DIAGRAM
o AND PLOTS POINTS ON IT
C
o STANDARDO CALCOMP PLOTTING ROUTINES ARE USED
C

PARAMETER (MXPURE=Y)

DIMENSION IWAVEL (MXPURE) ,XPURE (MXPURE) ,YPURE(MXPURE)

DIMENSION XPLT(NPTS),YPLT(NPTS),ITOP(8),ITITLE(B,NPTS)
C

DATA IWAVEL/400,450,460,470.475,480,485,490,494/

DATA XPURE/.1733,.1566,.1440,.1241,.1096,.0913,.0687,.0454,.0259/

DATA YPURE/.(QD4B..0177,.0297,.0578, .0868,.1327,.2007,.2950, .4/
[o

DATA XINCH,YINCHi-4.0,4.0/, HTIC/0.1/

DATA RADEG/57.295779513/
C
c INITIALIZE AND URAW AXES
C

CALL AXIS(0.0,0.0,1HX,-1,XINCH,0.0,0.0,0.1)

CALL AXIS(0.0.0.0.1HY,1.YINCH,90.0,0.0.0.1)

CALL PLOT(Q. . ,YINCH,K3)

CALL PLOT(XINCH.YINCH 2)

CALL PLOT{XINCH, 0. ,2)

NC = NCHAR(1TOFr.8B)

IF(NC.NE.D) THEMN

CALL SYMBOL(O.S5*XINCH - O.S5#FLUGAT (NCJ*HTIC, VINCH+2.0*HTIC, HTIC,

1 ITOP. 0.0 NC)

ENDIF
C
C DRAwW THE SPECTRuM LOCUS
c

XSCALE = XINCH/U. 4

YSCALE = YINCH/0.4

CALL PLOT(XSCALE*XPURE(1),YSCALE*YPURE(1),3)

DO 100 I=2 MXFURE-~1

CALL PLOT(XSCAL 5*XPURE(1),YSCALE*YPURE(T),2)
C
C ADD TIC MARKS

SLOPE = - (XPURE(I+1) - XPURE(I 1))/ (YPURE(I+1) - YPURE(I-1))

THETA = RADEG*ATAN(SLOPE) - 90.

CALL SYMBOL (XSCALE#XPURE(I),YSCALE*VPURE(I) ,HTIC,13,THETA,~1)

100 CONTINUE

CALL PLOT(XSCA. E*XPURE(MXPURE),vSCALE*YPURE(MXPURE),K 2)

CALL PLOT(XSCALE*0.4,¥YSCALE*D.1100,.4)

CA_L PLOT(XSZA: “*XPURE(1),YSCALE*YPURES1),2)
C
C ADD WAVELENGTH LABELS TO SELECTED Yiis
o

0N 110 1=1.8

ENCODE {4,120 .8{D) IwAVEL(I)

110 CALL SYMBUOL(X . ALE*XPURE(T -5 0*HT10 , v50ALE*YPURE(L)-0.5*HTIC,

1 HTICZ,BCD,0.0,4)
C
C PLOT THE wWiITE POINT
C

CALL SYMANL(ASCALE/3. O, VSCALE/ 4, 0w, 00,3, 0.0,-1)
C
o PLOT CHROMATI: 1Ty CUQRDINATES ( =+ LT, vkLT) ON THE DIAGRAM
C

TF(NPTS GT . 0) THEN
DO 200 I=1,NFT,
X = xSCALE*XPL T(I)

v o= YSUALE=*YDL )
CALL SYMBOUL({® , v, 0.5*HnTIC,1,J.u, 1)
IF(LABPNT NE .t} THEN

FPN = FUDAT(I)
CALL NUMBER( Xy . S*HTIC v~ S*HT IO HITC FPN,U.O,-1)
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ENDIF

ENDIF
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X = XINCH + 1.0
= YINCH - FPN*2.0#HTIC
CALL NUMBER(X,Y HTIC,FPN,0.0,-1)
NS = NCHAR(ITITLE(1.,1),8)
CALL SYMBOL(X+2.5%HTIC,V,ATIC,ITITLE(1,1),0.0,NS)

20D CONTINUE

CALL PLOT(0.,0.,-3)

RETURN

120 FORMAT(1H ,13)

END

SUBROUTINE PLTCHR(XPLT YPLT NPTS,LABPNT ITOP,ITITLE)

[elsNeEaNaoNe N

ON NHMB6/PLTCHR

STANDARD CALCOMP PLOTTING ROUTINES ARE USED

PARAMETER (MXPURE=37)
DIMENSION IWAVEL(MXPURE) ,XPURE(MXPURE ), YPURE (MXPURE)
DIMENSION XPLT(NPTS),YPLT(NPTS), ITOP(8),ITITLE(B,NPTS)

DATA

IWAVEL/400.450,460,470,475,480,485,490,

1495,500,505,510,515,520,525,530,535,540,545,
2550,555,560,565,570,575,580,585,590,595, 600,
3605,610,620,630,640,650,700/

DATA

XPURE/.1733,.1566,.1440,.1241,.1096,.0913, .0687,

1 .04%4,.0235,.0082,.0039,.0139,.0389,.0743,.1142,.1547,
2 .1929,.2296,.2658,.3016,.3373,.3731, .4087, .4441, .4788,
3 .5125,.5448,.5752,.6029,.6270, .6482, .6658, .6915, .7079,
4 7190, .7260,.7347/

DATA

YPURE/.0048,.0177,.0297,.0578,.0868,.1327,.2007,

1 .2950,.4127,.5384, .6548,.7502, .8120, .8338, .8262, .8059,
2 .7B16,.7543,.7:43,.6923,.6589,.6245, .5896, .5547,.5202,
3 .4866,.4544, .4742,.3965,.3725, .3514, .3340, .3083,.2920,
4 . 2B09,.2740,.2653/

DATA
DATA

INITI

[aleRe]

CALL
CacLlL
CALC
CALL
CALL
NC =

XINCH, YINCH/4.0,4.5/, HTIC/0.1/
RADEG/57.295779513/

ALIZE AND GRAW AXES

AXIS{0.0,0.0.1HX, -1 ,XINCH,0.0,.0.0,0.2
AXIS(O.0,0.0,1RY, 1 VINCH,90.0,0.0,0.2
PLOT{(O.,vINCH,3)

PLOT(XINCH,YINCH, K 2)

PLOT(XINCH,O.,2)

NCHAR(ITOH , 8

}
)

IF(NC.NE.O) THEN

CALL

SYMBOL(O.5*XINCH = O.5*FLOAT(NC)I*HTIC, YINCH+2.0¢HTIC,

1 ITOP,0.0,NC)

ENDIF
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DRAW THE SPECTRUM LOCUS
XSCALE = XINCH/0.B
YSCALE = YINCH/0.9

CALL PLOT(XSCALE*XPURE!1),YSCALE*VPURE(1),3)
DO 100 [=2 ,MXPURE-1
CALL PLOT(XSCALE*XPURE(I),YSCALE*YPURE(I),2)

ADD TIC MARKS

SLOFE = —{(XPURE(I+1) - XPUKE(I-11)/{YPURE(I+1) -
THETA = RADEG*ATAN(SLOPE) ~ 90.

CALL SYMBOL (XSCALE*XPURE(I1),YSCALE*YPURE(1) ,HTIC,13,THETA,-1)
CONTINUE

CALL PLOT(XSCALE*XPURE (MXPURE),vSCALE*YPURE (MXPURE),2)

CALL PLOT(XSCALE*( 2463 ,YSCALE*(].0387,2)

CALL PLOT(XSCALE*0.1845,YSCALE*(0.0100,3)

CALL PLOT(XSCALE*XPURE(1l),YSCALE*YPURE(L),2)

YPURE(I-1))

ADD WAVELENGTH LABELS TO SELECTED TICUS

ENCODE(4,120,BCD) IWAVEL(1)

CALL SYMBOL{XSCALE*XPURE(1) ,YSCALE*YPURE(1)-0.25%HTIC,HTIC(C,BCD,
1 20.0,4)

ENCODE(4,120,8U0) TWAVEL(3)
CALL SYMBOL(XSCALE*XPURE(3)~4.U*HTIC,

1 HTIC,BCD,20.0,4)

ENCODEf4 120,BC0) IWAVEL(4)

CALL SYMBOL(XSCALE*XPURE(4)~4.0*HTIC,
1 HTIC.BCD,20.0,4)

ENCODE(4,120,BCU) IWAVEL(6)

CALL SYMBOL(XSCALE#*XPURE(6)-4.0*nTIC,
1 HTIC,BCD,20.0,4)

DO 110 1=8,34.”

ENCODE(4,120,8C0h) IWAVEL(I)

CALL SYMBOL(XSCALE‘XPURE(I),VSCALE*YPURE(I)"O.ZS*HT[L,HTIC,BCD_
1 20.0.3)

ENCODE({4,120,Bl0C) IWAVEL(37)

CALL SVMBOL(XS"LE*XPURE(37),VS(ALE*VPURE(37)~U.ZS*HTIC,HTIC.BCD,
1 20.0.,4)

PLOT THE WHITE “HOINT

CALL SYMBOL(X>{ALE/3.0,YSCALE/3.U,U.2,3,0.0,-1)

PLOT CHROMATICITY COORDINATES (XPLT YPLT) ON THE DIAGRAM
IF(NPTS.GT.Q) "HEN

DO 200 I=1,NFT"

X = XSCALE*XPL (1)

Y = YSCALE*YPL (1)

SALL SYMBOL (X . v, 0.5*RTIC,1.,0.0, -1)

IF(LABPNT _NE.G: THEN

FPN = F.OAT(I)

CALL NUMBER(X' 3 . S*HTIC,Y-0.5*HT1e HTIC FPEN,0.0,-1)

X = XINCH + 100

Y = YINCH FENE2 Q*HTIC

CALL NUMBER(X. v HTIL Flii, 0.0, -1}

NS = NCHARCIT! "LB(L1,1),3)

CALL SYMBOLIX* > S4RTIC Y HAT1O TilTeECY, 1), 0.0,NS)
ENDTF

CONTINIE

ENDIF

CALL PLOT(O., ,-3)

RETURMN

FORMAT (it
END

L 130
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C. Plotting Data as a Function of Wavelength

If data have been generated for each of the 13 wavelengths described in paragraph B
above, it is often desirable to plot the data as a function of wavelength. Program MPWAVE
generates such plots.

1. Input
Three or four records are read to specify the details of the plot, and the pairs of records
containing the wavelength-dependent data are read.

Record 1: ITITLE
This is a title for the top of the plot. Up to 80 alphanumeric characters are allowed.

Record 2: LABYAX
This is a label for the y-axis (the ordinate) of the plot. Up to 80 characters are allowed.

Record 3: NTRACE, ILOG, IAUTOY, IPLABL, IATMOS

NTRACE  gives the number of data curves (traces) to be drawn on a given set of axes
(i.e. on the same plot). (Up to 20 traces are allowed in the listed
code; see parameter MXTRAC in program MPWAVE.)

ILOG =0  if the actual data values are to be plotted
=1  if the logarithm (base 10) of the data is to be plotted
IAUTOY =0 if Record 3a specifies the y-axis scaling
=1  if the plot program examines the data to determine convenient y-axis
scaling
IPLABL =(  if the plotted curves are not numbered or labeled
=1 if the plotted curves are to be numbered and labeled
IATMOS

0 if the raw data values, P(I), are to be used
1 if the raw data values are to be transformed by the atmospheric model

Record 3a: YINCH, YMAX, YMIN, IDIV, NCODE
This record is read only if IYAUTO =0. If IYAUTO = 1, the default values shown below
are used.

YINCH (default value: 6.0). The length y of the y-axis in inches. The x-axis is
always 6.0 inches long and is labeled with wavelength values.

YMAX (default: internally generated). The maximum y value, used to label the
y-axis and scale the data
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YMIN (default: internally generated). The minimum y value, used to label the
y-axis and scale the data

IDIV (default: 5 to 10, internally generated). The number of divisions in the
y-axis labeling.

NCODE (default: 8, see record 3b). The number of characters to be transferred in the
FORTRAN ENCODE statement. See record 3b.

Record 3b: YFMT
This record is read only if IYAUTO = 0.

YFMT 1s an execution-time format used to generate data values for labeling the tic
marks on the y-axis. It should end with ",2HA-)", which draws tic
marks with the "-" in the 2HA-. The "A" symbol indicates a blank.
The default is

(F6.2, 2HA-)
This generates tic mark labels of the form

123.45 J
«y-axis vertical line

where the "-" from the "2HA-" in the format is the plotted tic mark.
The default value of NCODE = 8 is the total of 6 (from the F6.2) plus
2 (from the 2HA-).
The format

(F3.0, 2HA-)
would generate tic mark labels of the form

2]

Now, NCODE = 5§

Record 4: LABTRC
This is a label for the plotted trace. Up te 80 alphanumeric characters are allowed.

Record 5: THETPS, P(1), P(2),,P(13)
This record has the same form as record 4 of Program MPCHRO: THETPS is the solar

zenith angle and P(I), I = 1,---,13 is the data value for wavelength 1.

Records 6 and 7, 8 and 9,
Pairs of records of the same form as 4 and 5 are repeated for each trace to be plotted. Up to

20 traces are allowed on the same plot.
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2.  Code Listing

PROGRAM MPWAVE (INPUT ,OQUTPUT ,TAPES=INPUT , TAPE6=0UTPUT,TAPESS,
1 TAPEYY)

ON NHMS/MPWAVE
THIS PROGRAM PLOTS CATA AS A FUNCTION OF WAVELENGTH.
ALL PLOTTING IS DONE USING STANDARD CALCOMP CALLS

(TAPESQ8 AND TAPESY ARE USED BY THE CALCOMP ROUTINES, AS
IMPLEMENTED ON THE AUTHOR'S CDC CYBER 855 COMPUTER.)

OO0 O0O0o0

PARAMETER (MXWAVE=13, MXTRAC=20)

PARAMETER (MXPLT=MXWAVE+2)

DIMENSION DATA(MXWAVE ,MXTRAC) ,LABTRC(B,MXTRAC)
DIMENSION LABYAX(B),ITITLE(B)

COMMON/CSCALE/ YINCH,YMAX K YMIN, K I1DIV ,NCODE,YFMT(2)
COMMON/CWORK/ X(MXPLT) ,Y{MXPLT), TRACE(MXPLT MXTRAC)

DATA NWAVEL/13/

CALL PLOTS
CALL PLOT(2.0,¢.G,-3)

(@}

READ THE TITLE FOR THE TOP OF THE PLOT
998 READ(5,100,END=100Q) ITITLE

[aNe

TITLE FOR THE Y AXIS
READ(%,100) LABvAxX

READ PLOT SPECIFLERS

NTRACE
I1L0G =

THE NUMBER OF TRACES (CURVES) TO BE DRAWN

. 1F LOG(BASE 10) OF THE DATA IS TO BE PLOTTED

, IF ACTUAL DATA VALUES ARE TU BE PLOTTED

1, IF THE PLOT PROGRAM EXAMINES THE DATA TO DETERMINE

CONVENIENT Y AXIS (ORDINATE) SCALING

IF TrHE PLOTTED CURVES ARE TO BE NUMBERED AND LABELLED

0, 1f THE CURVES ARE NOT NUMBERED AND LABELLED

IATMOS = 1, IF THE RAW DATA VALUES ARE TO BE SCALED BY THE
WAVELENGTH~SOLAR ANGLE DEPENDENT ATMOSPHERIC MODEL

G, 1IF THE RAW DATA ARE NOT SCALED

WO

1AuTOY

[PLABL

OO0 OO0
n
—

READ(S,*) NTRALE,ILOG, IAUTOY ., IPLABL | TATMOUS
READ THE SPECIFICATIONS FOR SCALINU THE v (VERTICAL) AXIS, IF DESIRED

YINCH, . . THE LENCGTH QF THE v Axls., IN INCHES
YMAX, YMIN.. Tr+E MAXIMUM AND MINIMUM Vv VALUES TO BE USED FOR
TreZ Y AXIS LABELS

101v...THE NUMBER OF DIVISIONS OF THE ¥ AXIS, FOR LABELLING TIC MARKS

NCODE. .. THE NUMBER OF CHARACTE S IN TrE TOTAL WIDTH OF THE Y-AXIS
TIC MA®Y LABELS (USED IN ENLODE STATEMENTS). E.G. IF THE
NEXT UDATA RECORD HAS (F6.2,2t4 ) AS THE FORMAT, THEN
NCODE = & + 2 = 8

YFMT .. . A FORMA™ FOR LABELLING THE v-AXIS TICS. IT SHOULD END

WITH 2r ) WHICH DRAwS THE TI{ MARKS WITH THE MINUS SIGN

IF(IAUTOY . EQ.G) THEN

READIS , %) YINCH YMAX YMIN IDIv , NCODE

READ(S,100) vyFMT

ENDIF

OO OOO0O0On0O0n

KREAD THE TRA(CE LABELS AND THE LATA TG BE PLOTTED, ON STANOARD
WAJELENGTH FORMAT

~ o~~~

00 200 NTR=1,NTRA{E
READ(S,100) (LABTRC(I ,NTR) ,I=1,8/
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READ(5,#%) THETPS, (DATA(I,NTR),1=1,NWAVEL)
IF(IATMOS.NE.QO) THEN
SCALE THE RAW DATA ACCGRODING TC THE ATMOSPHERIC MODEL
CALL ATMOS(THETPS DATA(L1,NTR))
ENDIF

200 CONTINUE
PLOT THE UATA
CALL PLTWVL(DATA ,NTRACE,ILOG,IAUTOY,LABTRC,1PLABL,LABYAX,ITITLE)
CALL PLOT(18.0,0.0,-3)
GO TO 998

1000 CALL PLOT(s.,0.,-98)
WRITE(6,99)3)

100 FORMAT(BA10)

999 FORMAT(1H ,* WAVELENGTH PLOTS COMPLETED )
END

!

ODC OO OO00OGOO0OCOa 000N

SO e

SoBR YITINE
ITITLE)

PoTw LIDATA NTRACE , TL GG,

ON NHMB/PLTWVL

THIS ROUTINE P.OTS DATA AL A FUNCTION OF THE 13

THE INPJT 1Y

DATATLI3 , TRALE LTmE ARNAES LR LATA LaLilEs

TO BE PLOTTED.
COLUMN HGOLDS ONE FUNCTION OF WAVELENGTH,

LTALTOY  LABTRC ,IPLABL ,LABYAX,

NHM WAVELENGTHS,

EACH
TO BE

CLOTTED

IS PREDETERMINED IN

PLOTTED AS ONE TRACE ON THE GRAPH.
LG o= D0 IF T ACTUAL DATA AL LS ARE Ty BE
= 1, If LGG(BASE () (F THE DATA 15 10 BE PLOTTED

TALTGY . .= U, IF THE Y (VvERTICAL) SCAL ING

Tt MA TN SR OGRAM (LOMMOG BLO(K (SCALE)

= 1. 1F THE UATA VALUES SHOULD BE EAAMINED TO DETERMINE

VHRROSSTATE v SOALING JAL LES

LABTROOD UNTRACEY . . . iABELS USED TO IDENTIFY THE TRACES,

CHARBCTERS
iFoaBr o hE U

EACH . THE

CABYAX(B) | A Lani. For ThmE JERTICAL (DATA) AXTS,

ITITLE(B, . . A FOR Tetl TUR CF THE PLOT,

160
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uP 10 80

uP TO 80

LABELS ARE PLOTTED IF

CHAR

CHAR




L,

§7C. PLOTTING WAVELENGTH DATA

PARAMETER (MXWAVE=13, MXPLT=MXWAVE+2, MXTRAC=20)

DIMENSION DATA(MXWAVE ,NTRACE), LABTRC(B,NTRACE),LABYAX(8)
DIMENSION ITITLE(B),FMT(2)

COMMON/CSCALE/ YINCH,YMAX,YMIN,IDIV,NCODE,YFMT(2)
COMMON/CWORK/ XPLT(MXPLT) YPLT(MXPLT), TRACE (MXPLT ,MXTRAC)

DATA JSYMB/1/, LSYMB/1/, NWAVEL/13/
DATA XINCH/6./,YINCH/6./ ,H/0.15/
DATA FMT/10H(F6.2,2H -, 10H) /

SELECT ACTUAL OR LOG VALUES

[oNeNe!

IF(ILOG.EQ.D) THEN
DO 100 J4=1,NTRACE
DO 100 I=1,NWAVEL
100 TRACE(1,J) = DATA(1.J)

ELSEIF(ILOG.EQ.1) THEN
DO 102 J=1,NTRACE
DO 102 I=1,NWAVEL
102 TRACE(I,J) = ALOG1O(DATA(I,J))

IF(TAUTOY.EQ.O) THEN
YMAX = ALOG1O(YMAX)
YMIN = ALOGIO0(YMIN)
ENDIF

ENDIF

SET UP Y-AXIS SCALING

OO0

IF(IAUTOY.EQ.0) THEN

USE PREDETERMINED SCALING VALUES

[aNaNe!

DINCH YINCH/FLOAT(IDIV)

DLABL {YMAX - YMIN)/FLOAT(IDIV)
FLABLO = YMAX

YZERO = YMIN

YPINCH = (YMAX - YMIN)/YINCH

ELSE

Hon

EXAMINE THE VALUES TO BE PLOTTED TO DETERMINE THE VERTICAL SCALING

con

= 1.0E200
YMAX = -1.0E200

DO 110 4=1,NTRACE

DO 110 I=1,NWAVEL

YMIN = AMIN1(YMIN,TRACE(I,J))
110 YMAX = AMAX1(YMAX,TRACE(I,J))

MINV = IFIX(YMIN)
IF(YMIN.LT.0.) MINV = MINV - 1
MAXV = IFIX{YMAX)
IF(YMAX . GT . 0) MAXV = MAXV + 1
MRANGE = MINV - MAXV
IDIV = TABS(MRANGE)

302 IF(S.LE.IDIV ,AND. IDIV.LE.10) GO TO 300
IF(IDIV.GT.10) GO TO 301
IDIVv = IDIv*2
GO TO 302

301 IDIV = (IDIV + 1)/2
GO TO 302

300 DLABL = FLOAT(IABS(MRANGE))/FLOAT(1IDIV;
IF(OLABL.LE.1.) GO TO 303
IF{(FLOAT(IFIX(DLABL)).EQ.DLABL) GO TO 303
MRANGE = IDIV*IFIX(DLABL + 1.)
GO TO 300

303 DINCH = YINCH/FLOAT(IDIV)
FLABLO = FLOAT(MAXV)
YZERDO = FLOAT(MINV)
YPINCH = FLOAT(MAXV - MINV)/YINCH
NCODE =
YFMT (1)
VFMT (2)
ENDIF

FMT(1)
FMT(2)

n oo
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[ eXe)

DYOYO [aRoNe!

s ¥nia)

S

120

212

210

ORAW BORDER AND LABEL Y AXIS

CALL
CALL
CALL
CALL
CALL

PLOT(0.,0..,3)
PLOT(3. ,YINCH 2)
PLOT(XINCH,YINCH,2)
PLOT(XINCH,0.,2)
PLOT(0.,0..2)

XX = ~(FLOUAT(NCOUDE} -
DO 310 1=1,1DIv+)

YY = YINCH - 0.45%H - F_OAT(I~1)¢0INCH
FLABL = FLABLO - FLOAT(I-1)*0LABL
ENCODE (NCODE , vFMT ,BCD) FLABL

.4)

CALL SYMBOUL(XX,vY ,H,BCD,0.0,NCULE )

XX = -1.2

NC = NCHAR(LABYAX .B)

YY = C.5*%YINCH - O.5*FLOAT(NC ) 41y

CALL SYMBUL(XK,VY,H.LABVAX,QO.U.NL)

DRAW HORIZONTAL AXIS

Yi = -0.45%*n

Y2 = -2.35%H

0O 120 I=1,NwaivCi

XA 2 XINCHEFLOATE =1 )/ Q8T ipavey - ) -
CALL SYMBOL(Xx,¥Y!l m, 13,0 ,~1)
IF(MODLT 2 .NE . O) THEN

LAMBODA = 400 + 29+(1-1)

ENCODE(3,122,8C0) _AMBDA

CALL SYMBOL(AX-1.5%m,¥v2Z ., BLU Uy, 1y

ENDIF

CONTINUE

CALL SYMBOLIU . S5*XINCH - & C*H, -4 %t M, 1omwAVELENGTH
Dkaw TITLE AT TOF

NC = NCHAR(LITITLE 8)

XX = (3 SEXINCH - 5. .5%#FLOAT(NC)*~

Yy = YINUH + 2.0%9

CALL SYMBOL(Xxx ¢y M ITITLE, C. ML,

PLOT THE TRACES

SET UP THE X COOKRDINATES, wlTr SCALING FALTORS
DC 200 I=1,NWAVEL

XPLY{1) = 400.C + 25 .C0%F AT (11,
XPLT{NWAVEL*+1) = 40C.0

XPLTINWAVEL+Z) = 350,

SET UP ¥ LOUKLNATES ANL PLUS
YPLUTINWAVEL+L) = vZcky

YPLTINWAVEL+Z)Y = vRINC-

G210 4R NTRACE

DO 212 I=1,nwAVEL

YRPLT(i) = TRACE(T, J;

CALL LINBECXPLOT vl RNAGEL L. sSva L mBe
NUMBER THE TwATE

VY = a2 TINWAVE ) VR TIHWAYE v Ly vy T wa
nhel Lokl dl4 BLL,

POt Ny

CACC SYMBOULI XTI Nmer UL % vy v BUL 0 L)
BLUT O FGL L L edE S TR O DESTRED
IF(IPLABL LEQ. 0 GU Tu «1U
FRN = FLOAT( 4}
XK o= X{NCH o+ 1 C
YY = YINCH - BRtie) (%p
CAL. MNUMBER{ XX v M FoN O O 1
G 2 NOHAR(LABIRC(L,J) .8,
CALL SYMBOL(XX+2 5% vV st LAHYN 0 50,
CONTINUE
162
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RETURN
C
122 FORMAT(I13)
214 FORMAT(12)
END

163




APPENDICES

APPENDIX A. IMSL Routines Used by the NHM
The following IMSL subroutines are used by the NHM.

IMSL where called,
routine program/subroutine description of IMSL routine
DCADRE 4/Y2ZGEO numerically integrates a function of one
variable
DVERK 4/RICATI solves systems of ordinary differential equa-
tions using a high-order Runge-Kutta scheme
EIGRF 4/EIGENR finds eigenvalues and eigenvectors of a real-
valued matrix
GGNML 1/INISHL generates pseudo-random numbers from a
Gaussian distribution
GGUBFS 1/MAIN generates pseudo-random numbers from a
uniform distribution
LINVIF 4/AMPINT inverts a matrix
LINV2F 4/EIGENR inverts a matrix (high-accuracy version)
YMULFF 4/EIGENR multiplies two matrices
VSRTA 4/EIGENR sorts an array by algebraic value
VSRTR 1/TIP sorts an array by algebraic value and returns

the permutations

APPENDIX B. A Simple Model for Incident Radiance Distributions
For some purposes, the input radiance distribution on the water surface can be ap-
proximated by a continuous sky radiance distribution plus a point sun.
For the continuous sky distribution we use a cardioidal radiance distribution given by
N(8,9) = Ny(1 + C cosb)
or
N(w,9) = No(1 + Cp) (B.1)
where N and C are constants to be chosen. Note that this sky radiance distribution is independ-
ent of azimuthal angle ¢ or wavelength A. The form (B.1) yields the quad-averaged radiances
N(u,v) =Ny(1+C u,) (B.2)
where, as always, p_is the average p-value of quad Q..
The scalar irradiance h(sky) of the radiance distribution (2) is given by 75/8.4:
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m-1 2n
h(sky) = 2, 2, N@u,v) Quw +N(m,) O
u=1 v=l1
m-1 2n
=YY N +cuu)Auu(%)+No(1 + Clln) 27AUm
u=1 v=1
m
=21No D, (1 + Ci) Apta
u=1

m m
=27tNo[: Y A +C X uuAuu:l

u=1 u=l1

1

= 27No (1 ¥ %—) (B.3)

For a uniform sky, C =0, and we get h(sky) = 2rxN,,, as expected.
The plane irradiance H(sky) is given by 75/8.7, which reduces to

N

H(sky) = 2nNp (—;: + %—) (B.4)

m
after using z uﬁ Ap, = % For a uniform sky, C = 0, we get H(sky) = nN,,, as expected.
u=1

The well-known cardioidal radiance distribution, which approximates a heavy overcast
with no discernible sun, corresponds to C = 2.

Subroutine QASKY uses (B.2) as background for a point sun. Using this model, we can
study the effects of going from all direct beam (the sun in a black sky) to all diffuse light (heavy
overcast), while keeping the total scalar irradiance constant.

Let h(sun) + h(sky) = h(total), and define the ratio of sky scalar irradiance to total scalar
irradiance as

R = h(sky) _ h(sky)

= h(sun) + h(sky) ~ h(total) (B.5)

Using (B.3) and (B.5) and solving for N, gives
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- R - h(total) (B.6)

No —————C
2n(l + -2—)

and h(sun) = h(total)-(1-R).
Subroutine QASKY computes the quad-averaged input radiances by

N(u,v) = M h(total) B.7)
Zn(l + %)

for "sky only" quads, and

N(u,v) = RUI+CW) | ER
C uv
27:(1 + 7)

for the "sky + sun" quad. Note that for R = 1 (no sun) and C = 0 (uniform sky), each quad gets a
quad-averaged radiance of magnitude N(u,v) = h(total)/2x.

h(total) (B.8)

APPENDIX C. Computation of Chromaticity Coordinates
The standard way of displaying water color is the chromaticity diagram*. The
chromaticity coordinates X, Y, Z are given by
700
X =680 | POUX(h)dh (C.1)
400
with corresponding equations for Y and Z. Here A is wavelength in nanometers, P(A) is a
radiance or irradiance, and x(A) is the tristimulus (color matching) function for red.

This integrai can be approximated by Simpson’s rule if the 400-700 nm interval is divided
into an even number of subintervals. For runs with the NHM we choose 12 subintervals of width
AA=25nm, and run the monochromatic NHM at the 13 wavelengths of A, =400 nm,
A, =425 nm, - ,\,; =700 nm. Then X is computed by

X =680 AT}'[PMOO) X (400) +4P(425) x(425) + 2P(450) X (450) +
-+ 2P(650) X (650) + 4P(675) x(675) + P(700) x (700)] (C.2)

* See, for example, Hydrologic Optics, Vol. 1, Introduction, by R.W. Preisendorfer, Pacific Marine
Environmental Laboratory/NOAA, Honolulu, HI, pages 142-151. Available from NTIS as document
no. PB-259793/8ST.
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The normalized chromaticity coordinates are given by

- X . =L
XEXNZ * YSXaY+Z (T Xav+Z-

(C3)

The (x,y) normalized coordinates can be used to plot a point on a 1931 C.LE. chromaticity

diagram.

The table below gives the values of X(A), y(X), z(A) for the 13 A-values used in the NHM.

Tristimulus (color matching) functions X, y and z*

weight for Simpson’s

A x(A) y(A) z(\) rule integrations

400 0143 .0004 0679 1

425 2148 0073 1.0391 4

450 3362 0380 1.7721 2

475 1421 1126 1.0419 4

500 .0049 .3230 2720 2

525 .1096 7932 0573 4

550 4334 9950 0N87 2

575 8425 9154 0018 4

600 1.0622 6310 0008 2

625 514 3210 0001 4

650 2835 1070 0 2

675 0636 0232 0 4

700 0l14 0041 0 1
sums 4.2699 42712 42617

Integrals
for P(A) = 1 72319. 73005. 72170.
700

Note that the integrals 680 J X (A)dA = 72319, etc., agree to within 1%, which is the same

400

order of accuracy as the output of the NHM.

Converting (x,y) into (dominant wavelength, purity)

Subroutine CHRMXY draws the spectrum locus of the chromaticity diagram by connect-
ing 37 tabulated pure-color coordinates [xp(I), yp(I)], I = 1,--,37 to make a closed curve. The

* Taken from Color Science (2nd edition) by G. Wyszecki and W. Stiles, John Wyley & Sons, New

York, 1982, Table II (3.31), pages 736-7.
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computed (x,y) point is then plotted on this diagram. For the plotted point (x,y) we can compute
a dominant wavelength (or dominant color), A, and a purity, p. For a point (x,y) on the diagram
drawn by CHRMXY this is a simple exercise in analytic geometry, and proceeds as follows.

1) First compute the slope of the line between the white point (x,,, y,,) and each of the 37
plotted spectrum locus points [x M, yp(I)] I1=1,-,37.

2)  Then compute the slope of the line between the white point (x,, y,,) and the plotted point
(x,y).

3)  Then search through LLhe set of "'s spectrum locus slopes” from 1) until the slope from 2) is
located between the 1™ and (I+1)* spectrum locus slopes. We now know that the dominant
wavelength A will be somewhere between A; and A, ,, where A, is the wavelength of the I
plotted spectrum locus point.

Since different pairs of points (x;, y,), (Xy, ¥y) and (xz, ¥o)» (X, ¥,,) can have the same
slope, it is necessary to note if x < x, orx > x, and if y <y, ory>y,. The slopes in the
corresponding quadrant of the chromauclty dxagram (lower left etc.) can then be searched.

4)  Compute the intersection point (x;, y;) between the line connecting the ™ and (I+1)%
spectrum lows points and the line determined by the white point and the plotted point. The
point (x,, y;) is computed from the solution of

“Xw _ X" Xw S the line determined by (x,y) and (x,,, y,,)
Yi-Yw Y- V¥w
Xi - x,(I-1) %, () - x5 (I-1) the line determined by

e D T ;;L(I) Yoe) = %2 [x,(D, y,(D] and [x (1+1), y (+1)]

which gives

$2 Xw - S1 Xp(I-1) - 81 82 [yw - yp(-1)]
S2 - §4

X =

(C4)

Xw - % (I-1) =51 yw + 82 ¥ (I-1)
S2 -8

5) Given the intersection point (x;, ), compute the distance d, from [x_(I), Yp (D] o (x‘, VA
and the distance d, from (x,, y;) totx (I+1), yp(l+1)J Then the domindnt wavelength is

(- ()

6) Compute the distance d, tfrom (x,y) to (x, y,,) and the distance d, from (x;, y;) to (x,,, ¥,,)-
Then the purity is
d
P=q (C.6)
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APPENDIX D. A Simple Model Atmosphere and Solar Spectrum

The input required by the NHM is the incident radiance ar sea level. If the NHM is being
used at only one wavelength, then the input spectral scalar irradiance can be set to some conven-
ient value, say 1.0 W m?Znm’. However, if runs are being made at various wavelengths and the
results are being combined, e.g. to compute colors, then the radiance on the water surface should
account for atmospheric effects and for the wavelength dependence of the solar spectrum. It is
usually most convenient to make all NHM runs with the same input, and then to correct the
output when computing colors, etc. This is allowed by the linearity of the radiative transfer
equation.

Subroutine ATMOS uses a crude model atmosphere which depends only on the solar
zenith angle, @, to incorporate atmospheric path length effects on the sun’s direct beam. This
routine also uses tabulated solar spectrum values to incorporate the wavelength dependence of
the solar spectrum. The model is based on tabulated values of the scalar irradiance at sea level*
for atmospheric conditions of

pressure = 760 mm Hg
2.0 cm of precipitable water vapor per unit of optical air mass

3

300 dust particles per cm” in the air

0.28 cm of ozone per unit of optical air mass

The optical air mass is 1 when 6_ = 0° (the sun is at the zenith); it is 2 = sec 60" when Gs = 60°,
and so on. The scalar irradiance at sea level, h; (A, 6,), is given by

hse (A, 85) = hy (h) e 50 (D.1)
where h(A) is the solar scalar irradiance at wavelength A, outside the atmosphere, and oy in-

cludes all scattering and absorption effects of the model atmosphere. The table below gives the
values of h, (L) and oy .

* Taken from the Handbook of Geophysics and Space Environments, ed. by S.L. Valley, Air Force
Cambridge Research Lab, 1965, page 16-19.

' These values are taken from Hydroiogic Optics, Vol. I, page 23. The associated solar constant is
1396 W m'2, which is somewhat too large.

* From the Handbook of Geophysics and Space Environments. The associated solar constant is
1322 W m™%, which is somewhat too low. The o, are rescaled to be consistent with 1396 W m™,
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A h (R) oy,

nm W m? nm’!

400 1.54 .566
425 1.89 428
450 2.20 364
475 2.20 293
500 1.98 217
525 1.92 210
550 1.95 220
575 1.87 206
600 1.81 192
625 1.72 165
650 1.62 134
675 1.53 114
700 1.44 104

170 ¢ U.S. Government Printing Office: 1988- 573-002/92,001




