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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
Numerical Model for the Computation of Radiance Distributions in Natural Waters with Wind-
Roughened Surfaces, by Curtis D. Mobley and Rudolph W. Preisendorfer, NOAA Technical
Memorandum ERL PMEL-75). The present report describes how to run the computer model and
therefore addresses questions such as which routines perform which calculations, what input is
required 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 hychoiol, such as a lake or

ocean, is a prerequisite for the solution of more specific problems in underwater visibility,
remote sensing, photosynthesif . 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 incentivcs. ', 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) is directionally isotropic,

(c) is laterally homogeneous, but is inhomogeneous with depth.

(2) The ipper bounc, ry is the random air-water interface, which is wind-ruffled,

laterally homogeneous, and azimuthally anisotropic.

(3) The lower boundary is a surface whose reflectance is azimuthally isotropic. This

boundary may be -,ther the physical bottom of an optically shallow water body, or a

plane in an op .;1 lly infinitely deep water body, below which the water is

homogeneous with depth.

(4) There is radint flux incident downward on the upper boundary. There is no radiant

flux incident up-ard on the lower boundary.

* Joint Institute for the Study of ihe Atmosphere and Ocean, University of Washington, AK-40, Seattle,
WA 98195.



§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 corn-

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 Wirid-Rouchened 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 ,:r-water surfaces and for tracing light rays as the rays interact with

the simulated water surface. This ray-tracing procedure is used in computing the surface bound-

ary conditions for the rndianc , computations (cf. assumption 2, above). The full reference is

Unpolarized lrradiince Reflectances and Glitter Patterns of Random Capillary
Waves on Lakes and Seas, by Monte Carlo Simulation, by Rudolph W. Preisen-
dorfer and Curtis D. Mubley, NOAA Tech. Memo. ERL PMEL-63, Pacific Marine
Environmental Laborat,,v, Seattle, WA 98115, Sept. 1985, 141 pages. (Available
from NTIS as report namber PB86-123577.)

Comments throughout 'ie computer code and in the descriptive sections of this report

make frequet reference to th, NEIM report (reference l, 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 "O3/3.20" refers to equation 3.20 in the ray-tracing report. To avoid

confusion in the present report, referenices to the NIM report, ERL PMEL-75, are prefaced by

.75/ ".

Fhe various computations performed by the NI IM are grouped into five separate programs,

which are run in ;zquence t,. obtain the solution of a given problem. The first three programs

compute the surface bounmi,:,v reflectance and tran;mittance functions. The fourth program

solves for the radiance aniiitudes 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 N[,M.

The following six sections of this report describe in turn the NHM programs. Each section

begins with a brief dcscriptio, of the proram. Then there are sections on the user-supplied input

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

2



§ 1. INTRODUCTION

named MAIN, which controls overall program flow, and a subroutine named INISHL, which
reads the user-supplied data and perfom s 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 (9th 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 NAGLIB2 , could be used after
minor rewriting of the code. Appendix A lists the required IMSL subroutines. The graphics
routines use standard "CalComp Basic Software3 '' for plotting data.

Acknowledgments. The -uthor was supported in this work by the Oceanic Biology Pro-
gram of the Office of Naval Research, under contract number N00014-87-K-0525. This is

Contribution No. 44 from the Joint Institute for the Study of the Atmosphere and Ocean and

Contribution No. 1047 from the Pacific Marine Environmental Laboratory/NOAA. Ryan
Whitney did the word piucessing. J

I .icen , d and distrihuted b-v
IMSL, Inc.
25(00 FarkWcs! Thvcr 9Tne
2500 Cit Wcst Boulevard
Ilouston, TX 77042-3020

2 .icetiscd and distributed by
Numerical Algorithms Group. Inc.
1101 31t Street, Suite 100
Downers Grove, IL 60515-1263

3 Licensed and distributed by
California Computer Products, Inc.
2411 West La Palma
Anaheim, CA 92901
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§2. PROGRAM I

22. PROGRAM
A. Program Descriptio"

This program does the ray tracing described in 75/§9a and charted in 75/Pig. 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 surfaces: 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 Qrs requires an independent realization of the random water
surface. However, the rays directed toward differen: input quads Qrs and QPq can use the same
set of surface realizations. Moreover, 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 0 = 180" in order to get
another independent surface realization. One can also turn a capillary wave surface "upside
dovn' and get yet another inucpendent 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 ,vmmetries so that if, say, 10000 rays are to be traced for each
input quad, only 2500 surface,, riced be generated and saved in the first run. Note, however, that
if a gravity-wvave spectrum is U-'d. one can no longer turn the surface upside down and get a new

gravity-wave surface realization. And if the wAave spectrum has different wave-slope statistics in

the downwind and upwind directions, then one cannot rotate the surface by 0 = ,0'. Thus for a

fully realistic, mixed gravity-capillary wave spectrum, one must generate i(W) surface realiza-
tions if 10000 rays are to be traced for each input quad Qs 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 I is then to repeatedly obtain a random surface realization.

raidorn!y select a direction iv Q,. and send a parent ray toward Qr1 and the realized surface. All
the reflected and refracted: d. ":hter rays are traced to completion, and the quads receiving the
final daughter rays are determined. One parent ray is sent toward each quad Qrs in the first

quadrant (of the vind-baseo ,,stem shown in 75/Fig. 1) for each surface realization, until the
desired number of surface re:lizations has been made. For each (parent ray)-(daugiuer ray) pair,
the program records the valucs of r. s. u, v, and the radiant flux of the daughter ray (u,v labels the

output quad Qu, receiving the final daughter ray). These ray-tracing computations can form a
significant part of the entire w, rk of the NHM.

Two versions of MAIN and INISHL are included in the code listing for Programs I and 2.

The regular version of these two routines (listed first) automatically loops over all first-quadrant
input quads Qr, sending rays toward each quad in turn (but using the same surface realizations

4



§2. PROGRAM 1

for each quad, as nuied aihove). and th, cfby generating all the ray data required to compute the

entire quad-averaged geometric reflectance and transmittance arrays. This version of Program I

is to be used for pro,' .ion runs.

The secoac version of MIAIN 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,

bekw). The ray data so generateki lead to the evaluation of only one row of the reflectance and

transmittance arrays. If the ra%,s are air-incident, one row of r(a,x) and t(a,x) is computed; if the

rays are water-incident, one row ot r(x.a) and t(x,a) is computed.

Thle one-quad versionS of Programs I arid 2 are useful for determining how many rays

must be traced to achieve a -I". cnl accuracy in the elements of the quad-averaged r and t arrays,

for a given quad resoIlution and %wind speed. This determination must be empirically made, and

the 1IndIV~ial elemients of the fir,d u,v) arrays approach their final values at differing rates as

more and miore rays are tabulateCd. (Here fr.s1iuxv represents r(a~x; r,slu,v), or any of the other

three r and t itrray.,. . or cn uput Ll (';Uad Q,, the output quads Qu which are near the

.,peCU!ar (still wAatcr) -ebt.r retraiction' dIrctiLOns of the parent rays in Qrs will receive far

more reflected or trainsnmted Khtrray :han tho,;e quiads which are in directions far from the

s pecul.ar directions. Thus 3tt yruonly a few hundred surface realizations, some elements of

f'(r.!U,V) TnV ha,'ve achie\ed !t cir final \,aluce, wt,,th great accuracy, whereas other elements may

not have had a single ray path .onnect the particular Qrs and QL,, quads. However, those ele-

mien tS n ich are largest in d ae(Iw n nunai the behavioi of the light field in thle sea, so it is

not neceSsary to kniosk all nixt! K elemients, to the same degree of iccuracy. The user of the NHM

IS !husN faCd \k I'l nakini2 a dc.: ion rgdigthe desired accuracy of the elements of the r and t

arrays. TUhe larger niatrix elenits can and must he determined with great accuracy, but the

smaller niatrix elements, whichi are many orders of magnitude ;nmaller than the larger elements,

can not he accurate lv estii. to: ( a teendtIR1SI V Large Number of rays is traced.

i'hn. using the one-ps \Ci1 :0'1. (4)L' can make it serieS of'runs with, say, 1000, 5000 and

It0000~t air aie r~t s Ie 111 aipt quad () The computed values of

Tl ix: r, .s A an-i ,ax r,,, i -- I. mn and % ...2n. caln then be studied to see how quickly

Ct I -<~c al '~ ( I in ht c. nomnic;Jl% pcrt ornuIC with the one-q]uad version. For

C 'XJinl!. b Ir a tlxc sWc w ih c , )n 0, - -rfac~ -- ti and a given quad Qr'one can

't'(1 ?I, mt ~~i! ,t :,cl'C''>'~' r. ii:'e ad refrajcted ray's, and so on.

It. Inlput

Fotir paanii~ i i;rtamxmsir,!av i is n .Must be set at compilation

timec. These parameters arec the t frst PA\R A NI TFR s~aitenient In the NI AIN program)

5



§2. PROGRAM 1

parameter value in listed code definition

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

MXPIl 24 the maximum number of quads in the
0-direction, 0 <_ 0 _ 21E

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

MXNHEX 7 the maximum order of the hexagonal grid used
for ray tracing

Refering to 75/§3a, MXMlU gives the maximum allowed value of m (- NMU, below), and

MXPHI gives the maximum value of N (- NPHI, below). Figures 75/4a, 75/4b and 75/4d show

quad partitions for which m = I) and N = 24. A run using the quad partitioning of 75/Fig. 4c has

m = 23 and N = 60, as so would require MXMU > 23 and MXPHI _> 60. For efficient use of

computer storage, one should pick MXMU and MXPHI to be the same as the actual number of g

and 0 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/Thi. 5 each show hexagonal grids of order two (NHEX = 2). Proper

resolution of mixed gravity-c<ipillary waves requires high-order hexagonal gnids (NHEX of 100

or more), and so MXNIHEX 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 1: IDBUG, IGENS. ',IIEX. WNDSPD, DSEFD

IDBG = 0 fo:" rininia] output (production nns)
= 1 to .reat er , utput
-- 2 fo- full debugging output

IGENSF = 0 i., tile of random surfaces already exists, and is to be used for ray

> 0 it this is an initial run for generating and saving a file of random
surlaces. The value of IGENSF gives the number of surfaces to be
generated (IGENSF = 2500, say).

NItEX gives the order of the hexagonal surface grid (NHEX = 7 is adequate for
capillary waves).

6



§2. PROGRAM 1

WNDSPD gives the wind speed for use in the wave spectrum, e.g. WNDSPD = 10.0 for
a 10 m s- 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.DO

If IGENSF > 0, only record I is required.

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

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

NPHI gives the number of 0-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 rt-partitioning of the unit sphere (see 75/page 22-24),
as follows:

= 1 if all quads are to have equal solid angles
= 2 if all quads are to have equal AO values

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

NREADO = 1 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 pt-band.

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

This record is read only if NU IRAY < 0 in record 2.

NRAYQD(1) gives the number of rays to be traced from each input quad in the
t-hb'nd nearest the equator (r = 1), and so on until

NRAYQD(NMU) gives the number of rays to be traced from the polar cap
(r = in = 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 t-bands. Or, if it is found in
preliminary studies (e.g. with the one-quad version) that more rays must be traced from quads

7



§2. PROGRAM I

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, JS, 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 TAPE5) and printout is written to unit 6 (OUTPUT, or TAPE6), in accordance with standard
FORTRAN conventions.

Program I creates the following five files:

symbolic external
filename filename description

NUSFC TAPE 15 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 TAPE 16 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 TAPE 18 ray data file for initial rays upward, final rays
downward; used to compute r(x,a7rsu,v)

NUUU TAPE19 ray data file for initial rays u , final rays up-
ward; used to compute t(x,a; r,slu,v)

Program 2 reads the four ray-data files and tallies the information to generate the quad-

averaged, geometric reflectance and transmittance arrays.

8



§2. PROGRAM 1

D. Code Listing

Each subroutine begins with a brief description of its purpose.

PROGRAM MAIN(INPuT,OUTPUT,TAPE5zINPtjT,TAPE6=OUTPUT.TAPE15.
I TAPE ITAPE 17 TAPE lB TAPE 19)

C

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

C + +

C ......... .+... .. .. .+ *

C
C ON NHM1/M1ALL
C
C THIS PROGRAM BEGINS COMPUTATION OF THE GEOMETRIC REFLECTANCE AND

C TRANSMITTANCE ARRAYS WHICH DESCRIBE THE AIR-WATER INTERFACE FOR
C A GIVEN WIND SPEED.
C
C THIS STANDARD VESION OF MAINI DOE' ALL INPUT QUADS IN IHE FIRST

C QUADRANT
C
C NOTE: THIS VERSjN OF THE CODE 'TRIvES TO MINIMIZE THE EXECUTION

C TIME, AT THE Exi-ENS' Cv MOb'LAPIlv AND READABIl ITY OF THE CODE.
C SOME SECTIONS OF -REO LENTLY EXECUTED CODE ARE WRITTEN AS STRAIGHT

C LINE CODE WITH S:MPLE VARIABLES, RATHER THAN BEING GROUPED IN

C SUBROUTINES OR DC LOOPS WITH ARRAN',. IN ORDER TO AVOID CALLING

C AND INDEXING OVEkriEAD. ALMOST ALL EFiKP4R CHEt.ING AND INTERMEDIATE
C OUTPUT HAS BEE-D REMOVED.
C
C THIS PROGRAM JSEl. THE MONTE LAk j RAY IRACING TECHNIJuE

C DESCRIBED IN NOA TECH MEM,) E, PF-Ei -. CUMMENTS REFERRING TO
C THIS REPORT ARE PREFACED BY b'. TH1uuS 63. /.12 REFERS rO

C EQUATION 2.12 1- 'ECh MEM , ci
C REFERENCES WITHUj, THE b:j/ -EFEk li r4kAA TELH MEMO ERL-PMEL-75.

C
C NUSFC : TAPEIS. CONTAINS THE kANDult S[JkFACE REALIZATIONS
C
C RESULTS OF COM _LTED RAY PATtUS AE. 6(ITTEN TO FILES AS FOLLOWS:
C
C NuDU = TAPE16... INITIAL RAY DOvjDwAFuD. FINAL RAY UPWARD: R- = R(AX)

C NUDD 
= 

TAPEI7... INITIAL RAY DOWNWARD. FINAL RAY DOWNWARD: T- = T(AX)

C NUuD = TAPEIB. .. INITIAL RAY UPWARD, FINAL RAY DOWNWARD: R = R(XA)

C NUUU = TAPE19... INITIAL PAY UPwARD. FINAL RAY UPWARD: T+ = T(X.A)
C
C PROGRAM 2 REAL) T>IESE FILES AND .AL [ES THE RESuLTS, TO kENERATE

THE ACTUAL P A', T ARRAYS.

PARAMETER(MXM' ', MXPHI =24 M AK- lu, MXNHEX=7)

PARAMETER(MXNOD _ 3-M;NHE 4,(MK '4EA4 1),I1. MXNTIP=4*MAN-iEA 1)

COMMON/ .MJP- lI, -l,,LMAJ(MXMU) ,Buj'tll ( Ml -li

COMMON/ CNCOE S/ 'NODE ,FNOE (2. M JLuE ) . ZNODE ( MXNODE)
COMMON CH-EXGR, ',-EX.RI(2).k2(2 ) .P IHATf,)R2HAT(2) RIRATTARGET(2)
COMMON/ 'IP/ '.1P'.SMIN.YIIP( 2,MAN' I: sMANI I P) ,KS(MXNTIP) ,ZMIN,

C0 MMON (.DTA( v '.STACK , STAC(.'(', T A I,,,

COMMON /CMISC/ iMISC(20),FMI .(.>,

DIMENSI JN I,'N: XI I ),N( 3-) ) , >xIR Fh3)
DIMENSI ON F A ,MXM) ,NBRNCt ( 1,1

LmUBLE PkECISICN DSEED

DATA RADEPS/lI.LE-10/, NUSFCNUL> I.:L,.NUU[,DUJ' .l b. I , 1. 1/
DATA NSTAU(I/O/, ATRACE/O!, NBPNC>,'I, NPFFL0,NR R:,.NTIR/3*0/

r INIT:ALIZE THE -RO:0GRAM

C
(,ALL INISH (NREAU,NRAYV[OJ,C tEDu

NMJ - IMItLu II

9
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NPHI zIMIS(21
Pi = FMISC(iJ
fwOPI =2.U*PI
JPI2 NPHI/4 ' I
DPrIINP BNDPr~i(2) - BNDPriI(l)
NuMDU 0
NUMDD =0
NuMUD =0
NOMUUz 0
NUMTP1 0

C
C*'*** BEGIN COMPUTATIONS *S*

C N.B. I AND J LABEL THE INPUT QUAD. WHICH IS THE QUAD RECEIVING
C THE PHOTONS (XI PRIME 1S THE DIRECTION OF PHOTON TRAVEL).
C
C LOOP OVER Mu PRIME CELLS (THETA = -P1/2 TO '-P1/2)

C
DO 1001 1z-NMU,NMU
IF(I.EO.O) GO TO IuOI

C
C GET Mu PRIME BOUNDARIES OF THE INCOMING QUAD

FMUMIN =0.

IA I ABS(I
IF(IA.GT.1) FMOMIN =BNDMU(IA-1)
OMO z NrDMU(IA) -- FMUMIN
NIJMRAV NRAVOU(IA)

I F(IA EQ. NMU) I'-EN
C IF I IS A POLAR CAP. DO ONLY J =I INDEX

iCOMP I
PHIMIN =0.
DPHI =TWOPI
ELSE

C FOR NON--POLAR URulS. DO ONLY Flk )l QUADRANT (0 .LE. PHI PRIME LE. P1/2)
JCUMP = PI?
PHIMIN =BNDPH-I NPHI)
OPHI =DPHINP
END IF

C LOOP OVER PHI PRIME CELLS (U .1- . Ptil PRIME LE. P112, UN 2*PI IF POLAR CAP)
C

DO 1000 J=1,jCOMP
C

IF( J(,T .1I) PiIMIN =BNDPHI ( j- 1)
C
C LOOP OVER THE RANDOM STARTING POINTS wI1tiIN THE QUAD
C NOTE THAT DIFFERENT QUADS MAY HAVE DIFFERENT NUMBERS OF RAYS TRACED
C

REWIND NUSFC
WEAU(NUSFC) "-EAbeR
READ(NUSFC) HEADIER
NREAD =NREADU
DO 1000 NRAV=1NtUMRAY

C SELECT A SURFAC.E REALIZATIONi

59 CONTINUE
IF(NREAD.EQ.1) T,EN

C PEAF) A SUiRFAC 'E PEALIZATION A', (.EJFAE[
F1EAUlr4LJSFC,END-50) N$F,ZM1N4,ZMvAX(ZNUU)E(IZ,,IZ=1.NNC~kDE)

t'iI(NEAD.E.-Z) TH-ENq

L RA)) THE SUPFA F AS ROTATLO HV IM~ LDElNE
REACNSRC*EN~~CIO NSF *ZMIN4,ZMIAX (Zr'i )CE( 12).IZ=NNIODE. 1* 1)

ELSEIF(NREAD.F )-i) THEN
C REAL) THE SURFACE AND INVERI

READ) NUSFCENDzlOO) NSF ,ZMI N4 ZMAX.( ZN~u[E (I Z I.I Z 1,.NNOD)E)
DO 502 Z121.NNCDE

502 ZNODE(IZ) =-ZNODE(IZ)
C

ELSEIF(NREAD. EO.O) THEN
L READ THE SURFACE AS ROTATED BY Itil DFUREES AND THEN INVERT

READ(NUSFC.END=50) NSF.ZMIN,ZMAX,(ZNO)DE(IZ) *IZ=NNODE, 1,-I)
DO 504 IZ1I.NNUD)E

504 ZNODE(IZ) -ZN4ODE(IZ)
ENDI F

10
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GO TO 506
C END OF FILE PROCESSING FO; THE STORED FILE OF CAPILLARY SURFACES

50 WRITE(b.514) NREAD.NUSFC
NREAD = NREAD + I
NREAD = MOD(NREAD.4)
REWIND NUSFC
READ(NUSFC) H-EADER
READ(NUSFC) HEADER
GO TO 55

506 CONTINUE
C
C CHOOSE A RANDOM MU PRIME VALUE
C I POSITIVE (NFGATIVE) GIVES uPvwARD (DOWNWARD) RAYS WITH MU PRIME
C XI PRIME(3) = IIN(3, POSITIvE (NEGATIVE)

777 RMU (FMOMIN O M& GGu8FS(DSEEO))s*SlGj(l.0,FLOAT(I))
C NO RAYS FROM THE POLE ITSELF

IF(ABS(RMU).GT.I.C-RADEPS) GO TO) 777
ROOT =SQPT(lO0 - RMU'RMU)

C
C CHOOSE A RANDOM PH, VALUE
C

SPHI =AMOD(PHilMiN - Gu8FSEDFrn)DPMI,TWOPI)
C
C DEFINE A TEMPORARY RAY AS -AI PRIME, AND FOLLOW THIS RAY TO
C THE BOUNDARY TO (,ET SMIN

XI IN( 1) =-ROOT'l.OSI SPHI I
XIIN(2) =-ROOT*SIN(SPHI)
XIIN(3) =-RMU

C
CALL TjP fAR6E.,lN,C)

C DEFINE THE INITIA- POINT ON THE HEAA~oN BOUJNDARY
TEMP = SMIN/FMIS"(2O)
PIN( I) =TARGET~l 1 TEMP*XI INI I
PIN(2) =TARGETk2) - TEMP$XIIN(2
PIN(3) = EMP*AllN(3l

C
C RES)Ef XIIN TO T-rt DESIRED INuLtyr kA,/ DIRE-CllON, Al PRIME
C (THE DIRECTION P,1 DHOTON IRA,/tL,

XIIN(2) - X I1N'2,'

RAD =1.0
INRAY z1

C PERFORM RAY TRACI:Nu COMPUTATIONS
C+- THIS IS THE H<RVETREE FOR A UI\'EN INITIAL RAY +++++

C
KBRNCH z0

999 CALL TRACE(INR4v.RAD,PlN, XItN, IOuT.PRREFL.XIREFL.RREFR.XIREFR)
KTRACE IUKRACE -I

KBQNCH = K(BRNCH4 -
INRAY

CHECK< F-OR RAY -jING LEFT THE "EXA(UON

IF(lOUT.EC. I) >'EN

RAY HAD NO F-A(s INTEkCEPIS.

C GET THE QUAD 1Nb!(.ES OF 'HE FINAL RAY DIRECTION
PHIFIN =AMICOD 4TAt2(XIIN(2) .XIIN 1))-TWOPI *TwOPI)
AMUFIN =XIIN(
CALL MPINDx(AMIN.PHlFI.vL)

C RECORD THE PE ,,[T FOR THE APPRCPIATE R OR T CONTRIBUTION

IF(I.LTO0) THErN

C DOWNWARD INITIAL RAY
IF(AMUFIN.GT.C.;,) THEN

C *JPWARD FINAL P4Ay
NUODU aNOMDJ I
WRITE(NUDU) -I LPA
ELSE

C DOWNWARD FINAL ZAY
NUMOD = NUMbD 1
WRITE(NUDD, i.,,$.L,AC)
ENDI F
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C
ELSE

C
c UPWARD INTIAL RAY

I F(AMUF I N.GT .0.0) THEN
C UPWARD FINAL RAY

IF(RAD.EQ.1.O) THEN
C ERROR RAY, DUE TO FINITE HEXAGON

NUMTP1 NUMTP1 +1
ELSE
NUMUUI NUMUU +1
WRITE(NUUU) I,J.K.L.RAD
END! F

ELSE
C DOWNWARD FINAL RAY

NUMUD =NUMUD +1
WRITEIINUUD) I ,J,X.L,RAD
END! F
END! F

ELSE

C RAY INTERSECTED A FACET. PUSH REF LTED AND REFRACTED RAYS INTO
C STACK FOR FURTHEk TRACIN,. (DI .LAkU HAYS WITrh RADIANCE .LE. RADEPS)
C

IF(RREFL.GT.RADEP,) THEN
CALL PUSH(RREF..P.XIREFL)
ELSE
NREFLO =NREFLO -~ I
END! F

IF (RREFR .GT,.RADEPS) THEN
CAL.L PUSH(RREFR .P,XIREFR)
ELSEIF (RREFR. LE .0.0) THEN
NTIR - NTIR + I

ELSE
NREFRO - NkEFRO Q
ENDI F

END IF

C HAVE ALL RAYS BEEN FOLLOWED TO TERMINATION
C

IF(NSTACK.GT.O) THEN
C
C READ A NEW RAY FROM THE STACK AND TRACE
C

CALL PULL(RAD,PIN,XI IN)
GO TO 999
END IF

C
C'-+4 THIS IS THE END OF THE RECURSIVE TREE FOR THE GIVEN INITIAL RAY .....+

C
IF(KORNCH.LT.1O) THEN
NBRNCH(KBRNCH) zNBRNCHU(KRNCH) + I

ELSE
N8RNCH( 10) =NOPNCH(ID +0)
END! F

100U CONTINUE
1001 CONTINUE

C
C***** END OF COMPUTATIONS
C

ENDFILE NUDU
ENDFILE NUDD
ENDFILE NjuW
ENOFILE NUOL,

C
NRAYTL = MISCfl7)
vWR!TE(6,600) NRAYTL.KTRACE
WRITE(6,601) NREFLO.RADEPS.NREFRU ,RAD)EPS.NTIR
WRITE(b.602) NuMDU.NUMDD.NUMUD.NULMUU.,NUMTPi
WRITE(6,604) ( ,K=2. 10), (NBRNCH(K) ,K=2, 10)
WRITE (6.605)

12
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C

C FORMATS
C

514 FORMAT(lH ,' NREAD = 12,3X,
1IFILE OF SURFACE REALIZAFIONS EXHAUSTED. UNIT'. 13.' REWOUND.')

600 FORMAT(lH0, ' END OF RAY TRACING COMPUTATIONS'!
21H 110,' TOTAL RAYS WERE STARTED IN THIS1 RUN'!
31H- .110,' TOTAL RAYS WERE TRACED To COMPLETION')

601 FORMAT(IH .15,' REFLECTED RAYS WITH RADIANCE .LT.,,IPE9.
1' WERE DISCARDED'/I6,' REFRACTED RAYS WITH RADIANCE .LT.',
2E9.1.* WERE DISCARDED /IH 10
3' TOTAL INTERNAL REFLECTIONS OCCURRED-

602 FORMAT(lH .110,' RAYS STARTED DOWNWARD AND FINISHED UPWARD'!
11H .110.' RAYS STARTED DOWNWARD AND FINISHED DOWNWARD'/
21H ,110.' RAYS STARTED UPWARD AND FINISHED DOWNWARD'!
31H .110,' RAYS STARTED UPWARD AND FINISHED UPWARD',
41H 110, ' RAYS STARTED UPWARD AND FINISHED UPWARD WITH RAD 1

5.0 (DISCARDED)')
604 FORMAT(1H0, ' BRANCH OCCURRENCE TALLY'//' NUM BRANCHES:

18110.17,' OR MORE!/' NUM OCCURRENCES:'.911O)
605 FORMAT(I-O. ' NORMAL EXIT FROM NHM, PROGRAM I.')

END

SUBROUT INE IN I!,,! , NRE ADO .NR A T0OOU)EEO(

C UN NHMI/INIALL

C THIS ROUTINE IN17IALIZES N"MI/MI4LL

C TWO INPUT RECORDS ARE READ:
C RECORD 1 (DEFINES THE HEXAGON GRID AND THE WATER SURFACE):
C
C IDBUG U FOR MINIMAL OUTPUT
C 1 FOR IREATER OUTPUT
C = 2 FOR FI',LL DEBUGGING OUTPUT
C IGENSF z0 IF A FILE OF 2kANDOM SoRFA(E- ALREADY EXISTS (USUAL CASE)
C .GT.0 IF -- IS IS A SPECIAL, kUN FOR GEN4EHATING AND SAVING A

c FIL.E OF RANDOM SURFALES. IGEN4SF SURFACES WILL BE GENERATED.
C NHEX =THE ORDER OF THE HEXAGONAL- sUIRFACE GRID (= MXNHEX FOR EFFICIENCY)
C WNDSPD THE .'4; D SPEED IN M/SEC AT 12.5 M ELEVATION
C OSEED THE SEEiD FOR RANDOM NUVEltq GENERAIION
C
17 RECORD 2 (DEFIN4ES THE QUAD GRID Af4D SELECTS RAY PARAMETERS):
C
C NMU THE NUMBER OF MU CELLS IN ONE HEMISPHERE (0 TO PI/2)
c NPHI THE NUMBER OF PHI CELLS (0 70 2*Pi . MUST BE A MULTIPLE OF 4
C MUPART 1 IF C L QUADS ARE TO 'At EljuAL SOLID ANGLES
C 2 IF A-- QUADS ARE TO HA4FE E'jUAL DELTA THETA VALUES
c NREADO =1. IF THE SURFACE REALIZATIOjN FILE (NUSFC) IS TO BE READ

t FROM THE BEGINNING
C 2, .3, OR U, IF NUSFC_ I, '0 BE READ STARTING WITH A ROTATION
t- OR INVERSION (SEE LOOP 55 IN MAIN)
C NIJMRA Y IF fNc'lPAV.GT.0, NUMRAY IS 7TnE NUMBER OF RAYS
C TCO eE SENT FROM EAC iH INPUT OuAD (NRAYQD(IR) =NUMRAY)
C IF NuMA.LT. THE NEXT RECORD GIVES

C NRCvU0(IR).IR l,2.UrMLI

13



§2. PROGRAM 1

PARAMETER(MXMu-10, MXPHi 24)
PARAMETER (MXNtiEx= 7, MXNODE=3*MXNm-Ex*jMXNH-EX.1)-1)

COMMON,'CMUPHII BNDMU(MAMU) ,BNDPriI(MXPHI)
COMMON/CHEXGR, NHEX,R1(2) *R2(2) *RrIHAT(2i *RZHAT(2) *RIRAT.TARGET(2)
COMMON/CNODES, NNODEFNODE(2.MAODE) .ZNODJE(MXNODE)
COMMON/CMISC/ IMISC(20) ,FMISC(.20)
DIMENSION FMU(MXMU),PHI(MXPHI),OMEGA(MXMU).DELTMU(MxMU).
I NRAVQD(MXMU)

c
DATA PI.DEGRAD.RADEGi/3.1415ljob4. U.U1745J29252. 57.2957795/
DATA REFR/1.333333333/
DATA DELTA. EPS/l. 1.111/. TARk~tT/0.5. 0.37033333j/
DATA NUSFC.NUDU,NUDD.NUJD.NLuU0/ IIEK6. 17. 18, 19/

C READ THE INPUT RECORDS
C

READ(5.*) IDBUG.1IGENSF.NHExWNC,,PD.DSEE0)
WRITE(6. 300) NmEXWNDSPDDSELC

c
IF(IGENSF.EQ.O) THEN
READ(b,*I NMU,NPHIMUPART.NREA1uJ.NUMkAV

c
IF(NOMRAY.LT.O) THIEN
READ(5.*) (NRAYQO(IR) .IR=l.NMU)
ELSE
DO 40 IR=1,NMU

40 NRAYQD( [R) zN,-i.IAY
FNDI F

GET THE TOTAL N IMBER OF RAYS TO BE TNALED
NUMRAY 0

DO0 iluL I -1 ,NNM - I
110U NUMRAY NUMRA'y - NRAYQD(1)

NUMRAY 2*(NUVMAY*(NPHI/4 +1) + NkAV0DINMtI))

wRITE(6,301) NMA'JNPHI *NREADO,NUklRAY
END IF

C
c STORE THE NEEDJED PARAMETERS
C

IMISC(1) = NMU
IMISC(2) = NPHI
Imisc(9) m BI1
I M I SC( 17)= NLUM,-Av
FMISC(1) = PI
FMZSC(2) =DEGRAD
PMISC(3) =RADEG
FMI SC( 15) = wNDSPD
FMISC(16) DELTA
FMISC(17) = CR5
FMISC(ld) = REF ,

c RAD48 IS THE CRIWICAL ANGLE FO TJTAL INTERNAL REFLECTION
RAD48 ASIN) I CR!EFR)

IF(I GENSF.GT.C 
T HEN

(**~
4
TISIS AN r~l1A RUN FOC GENEPATI(KN OF A FILE OF RANDOM SURFACES

wRITE (6. 304
REWIND NUSFC

c t,"FCK 73~ SEE If- '\jSFC IS EMP-v
PEA> NLJSFC ENCD-50 DUMMY
,ruL SJRFAC-E FILE ALREADY EAI ,V

5u REWIND NUSFC

C DEFIt.7 GRID vEC:ToRS AS IN 63/PA, ES 24-2b

GAMMA I I 1.OSjRT(0.25*DELTA*DELTA + EPR)-Ek!
R1(lj O.5*DE.TA*GAMMAI
R 1 (2 ) EPS*GAMMAl
R2(1) - l l
R2(2) RI(2i
RlHAT(i) = -P12)
RIHAT(2) = Rll 1

14
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R2HAT( 1) = -R2(2)
R2"AT(2) = R2(1)
RIRAT = 2.O*EPc/DELTA

C
C DEFINE THE HEXAGONAL SURFACE URID NUDE LOCATIONS
C

FmlbC(16J DELTA
P-MISC(17) =EPS
CALL TRIADS(NHEX)

C
C WRITE THE HEADER RECORDS

wRITE(NUSFC) IUENSF .NHEXNNODE,v NUSPu.DSEED
WRITE(INUSFC) R 1 R2,R tHAT. R2HAT .R (RAT ,FNCJDE

C DEFINE THE STANDARD DEvIATION FOR SURFACE HEIGHTS By 63/2.12

>[USFC z .O397* -ORTfWNDSPD)
wRI TEl 6. 302) D)ELTA. EPS .SIGSFC

GENERATE AND SA.'E THE CAPLIIARY wA.E SURFACE REALIZATIONS,

63/SECTION 2C

DO 55 NSFC=1,IGENSF

C DRAW N(O.1) RANDOM NUMBERS

CALL GGNML(DSE -.NNODE.ZNODE)

C
C CONVERT TO N(O SIGSFC**2) RANUUM NUMBERS

ZMAX = -!.OE30
ZMIN = 1.CE3n
DO 99 IRAN=1,NNOULE
ZN = SIGSFC*ZNODE(IRAN)
ZNODE(IRAN) =ZN

IF(ZN.GT.ZMAX) ZMAX =ZN

IF(ZN.LT.ZMIN) ZMIIN =ZN4
99 CONTINUE

55 WR ITE (NUSFC ) NS Z MI N. ZMAX. (ZNO)DE (I),I =1,NNODE)

C
ENOFILE NIISF&
wR ITE(6. 60) IUFEt4 F
',TOP
ENDI F

C*.**THIS IS A PRODULTION RUN FOR RAY' TRACING

C
C READ THE EXISTING FILE OF SURFACE REALIZA'10NS AND TEST FOR

C COMPATABILITY WITH REQUESTED PARAMETERS

C
WR ITE (6 .J0)
REWIND NUSFC
READ(NUSFC) t4S'-iNHE)'1,NNUDEWItUI
READ(NUSFC) R~I,2,R1HAT.R2t-A.PIRAI. NtOUE

IFtNHEXI.NE.Nri , OR. WINDI.NE.WNDSPD) THEN
wRITE(6.70) NNL,1.WIND1

STOP
END i r

C
C LDEFINE THE k- 4'D PHI VA[idES WHICH FORM THE QUAD BOUNDARIES FOR

c GEOMETRIC G.--CkETIZAlION (SECTION 3).

IF(MUPARTEl TtEN

C PARTITION THiE NIT SPHERE SO THAT ALL UUAD-' HAVE EQUAL SOLID ANGLES

C
CALL EQSANG(NM%,J.NAPHI.DELTM J)

C

ELSEIF(MUPART.El2) THEN

C

C PARTITION THE 01,IT SPHERE INTO EUUJALL V SPACED THETA VALUES

C

CALL EOTHET(NVMl' ELTMj)

C
END IF

C

15
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C DEFINE THE BOUNDARY MU VALUES B, S0MMINQ THE DELTA MU VALUES
BNDMU(I) DELTMU(I)
DO 101 I=2,NMUJ-1

101 8NDMU(1) zBNDMU(I-1J ' OELTMU(I)
BNDMU(NMU) =1.

L
C DEFINE THE MU VALUES AT THE QUAD CENTERS

FMU(1) = 0.5*DELTMU(l)
UO 104 1=2,NMU

104 FMU(I) = O.5*(BNDMU(I-1) +BNDMLJkl))

L DEFINE THE BOUNDARY PHIS BY Pr-II - OPHI/2 TO PHI DPHI/2
c

DELPHI =2.0*PI/FLOAT(NPHII
BNUPH 1( 1) =O.5*UELPHI
DO 102 J=2,NPHI

102 BNDPHI(J) =BNDPHI(J-1) -DELPH-I
C
C DEFINE THE PHI VALUES AT THE QUAD CENTERS
L

DO 103 J=1.NPHI
103 PHI(J) = DELPHI*FLOAT(J-1)

C DETERMINE THE SOLID ANGLE OF THE QUADS
C

DO 400 1=1.NMJ-l
400 OMEGAMI O ELPH.'DELTMU(I)

OMEGA(NMU) =2.C*PI*DELTMU(NMU)
C

WRITE (6.310)
DO 312 1=1,NMU
THETAC =ACOS(FML4I))*RADEG
THETAB =ALuS(BNDMu(I))*RADEG.

312 WRITE(6. 314) I. FMU( I). THETAC .BND)MuII). TriETAB. DELTMU( I).
I OMEGA(I).NRA'VQDCI)
WvRITE(6,316) DELPHI #RADEG

C WRITE HEADER RECORDS FOR OUTPUT FILES,

REWIND NUOL
REWIND NUDD

REWIND NLJUD
REWIND NuU
WRITE(NUDU) N001 , DOWN UP . NRAYQD
wRITE(NUDU) IMISYFMISC.FMU.PHf.BND)Mu.tNDPHI,UMEGA.0ELTMU
wRITE(NUDO) NU;DD, DOWN DOWN' ,NRAVQD
wRITE(NuDD) IMISc-,FMISC.FMO.PHI .BNDMU.BNDPHlI OMEGA,DELTMU
WRITE(NUUD) NUUD. 'UP DOWN' ,NRAVOD
WRITE(NUUD) IK4iSC.FMISC,FMU.PHI .BNDMU,BND)PHI ,OMEGA,DELTMU
wRITE(NUUU) NUO. 'UP UP ' .NRAVOD
WRITEINjUU) IMI5 .FMISC,FMu,PHilBNDMU,BNDPHI *UMEGA.DELTMU

C
RE TURN

C
c FORMArS
C

6D FORMAT( IHO1.1IlL SURFACE REALIZATIUN , GENERATED')
7L) FORMAT) iHO, S.,' FACE REALIZATION FILE NOT COMPATABLE WITH REQIJESTE

10 PARAMETERS'// NHEXI .135,WINDI ='.F7.3)
300 FORMAT(r11l. NtTJRAL HYDROSO, M .j0EL ,PROGRAM I'l

I ' MOJNTE C:ARLfL A IR-WATER SkuPEAE F AY TRACING //
21 TIE HEXACO')N ,I PARAME!' RS P(jR TtllS RUN ARE'//

35X, NHEx !, ()POE,~ .,F Tr-iF 4yA'E FACE' HEXAGON'f
45x, wNDSPU z -. 7.3. THE aIND SP~ELD IN M/SEC AT 12.5 M I

55x , USEED z 12 cJ20 . 10 , =
T
tHE SEED FUR RANDOM NUMBER GENERATION')

301 FURMAT(IHO,* TuIE OQAD GRID PARAMETERS FOR THIS RUN ARE'/,
I t,,, ' NM U .13 .=NLIMER UF M0 'LELLS IN (O0. PI/ 2) '/ /
25X.'NPt-iI =',~ NUMBER OF Phil CELLS IN (O.2*P)'//
J5X. NkEAO lz. PARAMETER FUR READING THE SF0. REAL. FILE'//
45X. NJMPAV ~ .rTHE TOTAL NUMBER OF INPUT RAYS TO BE TRACED'
b )

302 FORMAT IHOl. vA.,E FACET PARAMETER', ARE'//
15x. DEI~.A - TPEt)J//5X, EPS ='lO1.3//5X. S16SFC- - EIO.3)

16
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304 FORMATIiHO.' THIS IS AN INITIAL RUN FOR GENERATING A FILE OF CAPIL

ILARY WAVE SURFACE REALIZATIONS*)

308 FORMAT IHO.' THIS IS A PRODUCTION RUN FOR RAY TRACING')

310 FORMAT(IH0." THE MU AND THETA VALUES DEFINING THE QUADS ARE'//

15X.' I CNT MU THETA' ,x, 'BNU MU THETA' ,7x,
2'UELTA MU SOLID ANGLE NRAYQD /)

314 FORMAT(IH ,15.2(F9.4,F9.3.4X),F9.4,F12.4,110)

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

SUBROUTINE EQSANG(NMU,NPHI.DELTMU)

L
C ON NHM1/EQSANG

C
C THIS ROUTINE PARTITIONS THE UNIT SPHERE INTO MU BANDS WHICH HAVE

C EQUAL SOLID ANGLES FOR ALL QUADS. INCLUDING THE POLAR CAP, AS

C ON PAGE 22.

C
DIMENSION DELTMU(NMU)

C
WRITE(6.200)

C
DMU = FLOAT(NPHI)/FLOAT(NMU*NPHI - NPHI + 1)

00 100 I=1.NMU-I

100 DELTMU() = DMU

DELTMU(NMU) = DMUFLOAT(NPHI)

RETURN
C

200 FORMAT(1HO.' THE uNIT SPHERE IS PARlITIONED SO THAT ALL QUADS HAVE

I EQUAL SOLID ANGLES')

END

SUBROUTINE EQTHE',NMUDELTMU)
C

C ON NhMl/EQTHET
C

C THIS ROUTINE PARr:TION$ THE oNI; SPHERE INTO MU BANDS WHICH HAVE

C EQUAL DELTA THET% SPACINU, PLUS A POLAR CAP OF HALF-ANGLE DTHETA/2.

C AS ON PAGE 24.
C

COMMON/CMISC/ IMISC(20),FMI,L(20J

DIMENSION DELTMtj{MU)
C

aRITE(6,200)

P12 = 0.5*FMISC I)

C
DTHETA = P12/(FLJAT(NMj) - (J5))

DO 100 I=I,NMU-1
100 DELTMU(I) = COS P12-FLOAT(I)*DIHETA) - COS(PI2-FLOAT(I-I)*DTHETA)

DELTMU(NMU) = I. - COS(PI2 - FLOAT(r4MU-1)*DTHETA)
RETURN

C
200 FORMAT(IHO,' THE UNIT SPHERE IS PARTITIONED INTO MU BANDS WHICH HA

lyE EQUAL DELTA THETA SPACING')
END

17
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SUBROUTINE FINTCP(INRAVA,B.C,PINXIINSIMI.SI, INTCP.P.UON)

C

C ON NHMI/FINTCP

C

C THIS ROUTINE DETERMINES IF THE TRACK, INTERCEPTS A PARTICULAR FACET.

C

C INPUT IS

C INRAY = I FOR AN INITIAL RAY. = 0 FOR A DAUGHTER DAY

C A, B. C.. THE 2-0 TRIAD NODE LOCATIONS

C PIN... THE INITIAL POINT OF THE CURRENT TRACK

C XIIN... THE DIRECTION OF THE CURRENT TRACK

C SIMI AND SI.. .THE DISTANCES S(I-I) AND S(I) ALONG THE TRACK.

C MEASURED FROM PIN. SIMI tT.SI BY CONSTRUCTION.

C
C OUTPUT IS

C INTCP = 0 IF THERE IS NO INTERCEPT

C I IF THE TRACK DOES INTERCEPT Tt-E FACET

C UON = THE UNIT OUTWARD NORMAL TO THE FACET

C P = THE 3-D FACET INTERCEPT PUINT. IF INTCP = 1

C
PARAMETER(MXNHEX=7. MXNODE=J*MNHEX*( MXNHEX 1) 1)

DIMENSION A(2) .B(2) .C(2) .PIN(3) ,AIIN(3) ,P(3) .UON(3)

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

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

XIDXIH z FMI,(f.*I)

C

C GET THE NODES ASSuCIATED wI
T
ri A. 8 AND C

C

CALL 6ETNOU(A. NA)

CALL GETNOD(B. B)

CALL uETNOD(C ,

C
IF((NA.EQ. B) .6k., (NA. _LQ.NL ) .,' . NB.EQ.NC)) THLN

WRITE(6.300; NA,A.NB,B,NC.C

STOP

ENDIF

C

C DEFINE THE FA( FT vERTICES BY bi'i. 15

C
V 1 A) I)
V12 A(?)

413 ZNOJENA

V 1 B- B(1)

v2i B(2

V23 = ZNODE(NB,

v31 C 1)

v32 C(2)
V33 ZNODE(NC

C GET THE uNIT GTARD N RMAt . b i PA,,L 4i

UON1 (V32 - .12)*(V23 J1,1) .,ij v J)*tv22 V12)

uON2 = (v31 - vl3)*(v2I - V Il) v51 - vll *( V23 - v13)

uON3 (v31 - ,'11)*(v22 v12) f i32 v12)*(,/21 - vII)

SGN =SIGN( I., JON3)/SQRT( upUNit , N1 * UON2*UON2 * UON3*UONJ)

JONI = SGN*uONG!

uONz = SGN*,uON=

10N3 = SGN* ON3

UON( ) UNI

O. 0 ,JON2

jON( J :i C-

C uE 6 3. bA E 431

Q ON 1 . I1 ONu ( v- 13- I N (3 ) *UON ) /
I A I [N I JUN1 AI IN) i C uNZ I IN) 'UON1

C
C (HECK FOR FA( F INTE..aEpT Bv t-,3/ i It)

C
IF(SIMI.LT.'SO XIDXIH AN[. SO'*XIJl'I".L E.' I ) THEN

C

C HAVE A FACET INTERCEPT

C

C (HECK INITIAL PAYS TO SEE IF THE RAY IS COMING IN 'UNDER THE GRID

C

18
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IF(.INRA'Y.EQ.1) THEN
APDOTN =XIIN(1)*UON(1) -AIINI(2j*U0Nt2) + XIIN(3)*U0N(3)
IF(XIIN(3).LE.O.O AND. XPOOTN.GT.O.0) IOK< = 0
IF(XIIN(3).GT.O.O .AND. XPDOTN.LT.0) 10K =0
END! F

C
IF(IOK.EQ.1) THEN

C FALET INTERCEPT IS OK
INTCP 1
P(l) =PIN(1) + SQ*YI1N(1)
P(2) PIN(2) + SO*AIIN(2)
P(3) PIN(3) + SQ*XIIN(3)
ELSE
R AY IS UNDER THE GRID. LET IT PASS THROUGH THE SURFACE UNDETECTED
IN1'CP z0
ENDI F

C
EL SE
INTCP - 0
END! F

RETURN
C

30U FORMATIiO,' SUB I-INTCP; ILL-U F1NEb FACET'//
;10X,.NODE, A ='.!5,lF2E2.3//1x. NODuE, 8 =.15.2El2.3//
210X, NODE, C .E.J
END)

S'Rl'4~ G " TP. .,ITT;,, .0- j P, ABC

C N NT-IMl ',F'AB(

c (;IVEN Too TRIA[, NTaERUEPT P()IN-,. YTI AND YTIP2, AND THEIR K
C VALJES, KSI AND 1Sl, THIIS ROUTINE RETUO'?NS Tl-E TRIAD) VERTICES A, B AND C
c
C NOTATION USED: YjK 4 YJ114)
c

D IMENS IONv ' IP))A) B(?)C2
L.OMMON/C"EA, -~Ex.klR1R1 R2l.FqZ.,kKAT,4) RlRAT
COMMON! CMI!>C/ C2)F)S

DELTA =FMISC :
EPS zFMil5 C 1?,

7C-E

VIE

Y22 Y ] 2
El SE

V11 #'IP?(1I
'112 YTIVp2 2'

v22 YIP1(2)
ENE, I F.

19
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C
Dl =vll;RlRAT +Vy12
D2 =-Y2 * RIRAT - V22

Al = O.25*(D2-Dl)*DELTA/EPS
A2 = O.5*(Oi..02)

A ( 2 A 2
C

SGNI =SIGN(i.O, (Yll-Al)*RiI + (y12-A2)*RI2)

SGN2 =SIGN(l.O. (V21-Al)*R21 +(Y22-A2)*R22)

B(I) =Al + SGN1*DELTA*O.5

8(2) =A2 + SGNI*EPS
C(l) =Al - SGN2*DELTA*0.5
C(2) =A2 +SGN2*EPS

C
ELSEIF(KSl*KS2.EC. !) THEN

u;
C HAVE CASE I-Rl (SEE 63/FIGURE 8). USE 63/3.13

C
IF(KS1.E(O.0) THEN

C
C YO IS YTIPI, YI IS VTIP2

vGl = VTIP1(1)
Y02 = TIPI(2)
Yll V TIP2(l)
V12 = YT1P2(2)
ELSE

L

c VIo IS YTIP2. YI IS VTIPI

Yol = TIP2(l)
Y02 = TIP2(2)
vii = YTIPI(l)
Y12 = YTIP1(2)
ENDI F

C Al 0.5*(Y02 - vll*RIRAT -V12)*DELTA/EPS

AC I Al1

A(2) V02

C
B(1) Al + SGNI*DELTA*O.5
8(2) Y 02 - sGtN1*EPS

C(i) =Al +SIGNC 1.G. Y0l - A1)*DELTA

C (2) Y 02
C

ELSEIF(KI+K'S2. EQ.2) THEN

C
C HAVE CASE I-R2 (SEE 63/FIGV' E 8). uSE bi/3. 14

C
IF(KSI.EQ.O) 7HEN

C
c YO IS YTIPI, Y2 IS 'eT1P2

yol = (TIP1(1)
Y02 zvTIPI(2,

YTIP,1)2)

C l IS YTIP2, - IF YTIP1
Y01 YTIP2( 1,

V0 TIP2(2)
V21 YTIPI('.
y22 YTIPl( /

E NO I F

A I =~ 0 * v2l)'lRAT Y 22 -Y0j?)*[Et IA/EPS

A(l11 Al
A(2) v,0'2

L
SIUNi.. (Yi-A)N/l + ' 2YU)k2

L

20
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B(I) zAl - SGN2*DELTA*0.2.
B(2) =V02 *t SGN2*EPS
C(l) = Al +SIGN(l.O. V0l - AlJ*OELTA
C(2) = V02

C
ELSE

C ERROR IN INPUT
C RITE~b.lOO) VTIPI.VTIP2.KSl,14S2

STOP
END IF
RETURN

C
IOu FORMAT(lHO., ERROR IN SUB GETABC /IIH . TIP1 *'IP2El2.3,4X,

I'VTIP2 ='.2E12.3.4x,K(l), K4(2) '.213)
END

SUBROUTINE GETNhCL-(A, NODE)
C
C ON NHM1/GETNOD
C
C GIVEN A VECTOR A, WH-ICH LOCATES ANY POINT IN THE HEXAGON. THIS

C ROUTINE RETURNS THE INDEX, NODE. OF THE NEAREST TRIAD NODE.

C
PARAME.TER(MXN"-EXz7. MXNOOE=3*MXNH-EX(MXNHEX+Il+lI
COMMON/CHEXGR/ NHEX
COMMON/CNODES/ NNODES.FNODE(2.MXNUOE)
COMMON/CMISC/ IMISC(20) ,FMISC(20)
DiMENSION A(2)

DELTA =FMISC(16)
EPS = FMISC(17)

C

C CH-ECK( V VALUES OF THE LEFT HEXAGON BOUNDARY POINTS
C

AY A(2) - O.5*EPS
K 1

IF(FNODE(2,K).GT.AY) GO TO 100
D0 200 J=l,NHEA-1
K = K NHEX +
IF(FNODEI2.4).fCT.AV) GO TO lu!,

200 CONTINUE
00 202 jNHEX ',-l

K4 = K4 + NHEX(+

IF(FNOOE(2.141.& .AY) GO TO 100C

202 CONTINUE
c
C NOW CH"ECK X ')A[ U E! ALONG CON-,IANT V NOW
C

1O6 AX A(l) - O.-UEL
T
A

00 204 J=K.NNO! -S
IF(FNODE( 1.., ,T AX) GO 10) 10

204 CONTINUE
c

WRITE(6,206) A
STOP

c
102 NODE J

RETURN
C

20b FORMAT(IHO. SUB GETNOD: POINT A = lPE12.3,',',El2.3.
l') NOT WITHIN HEXAGON)
ENI)
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SUBROUTINE MPINDX(FMU,PHIIJ)
C
C ON NHMI/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*PI

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 18=1,NMU
IF(ABSMU.LE.BNOMU(IB)) GO TO 402

400 CONTINUE
402 I z IB

C
C SEARCH THE PHI BOUNDARY VALUES
C

DO 404 JB=I,NPHI
IF(PHI.LT.BNDPHI(JB)) GO TO 406

404 CONTINUE
JB 1

406 J JB

RETURN
END

SUBROUTINE P2ARAY(ANR.NC.IDIMIDFMTTITLE)
L

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 ROW DIMENSION OF A IN THE
C CALLING PROGRAM. THE VALUE OF IDFMT SPECIFIES THE FORMAT:

C
C IDFMT = I FOR 1OF12.4
C 2 FOR IPIOE12.4
C 3 FOR I1I12
C 4 FOR 12AI0

C 5 FOR lP6E20.8
C 6 FOR 20F5.1
C 7 FOR IP5E25.15
C
C THE ARRAY IS PARTITIONED BY COLUMNS INTO BLOCKS, AND ROWS AND

C COLUMNS ARE NUMBERED. THE CHARACTER STRING TITLE CONTAINS ANY
C DESIRED TITLE (UP TO 130 CHARACTERS FOR PRINTER OUTPUT)
C

DIMENSION A(IDIM.NC)

CHARACTER TITLE*(*)
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C
C SET UP THE PROPER FORMATS
C

KSIZE = 10
ASSIGN 910 TO IFMT1
IF(IDFMT.EQ.1) THEN
ASSIGN 11 TO IFMT2
ELSEIF( IDFMT.EQ. 2) THEN
ASSIGN 21 TO IFMT2
ELSE I F(I DFMT .EQ. 3) THEN
ASSIGN 31 TO IFMT2
ELSE IF (IDFMT. EQ.4) THEN
ASIZE =12
ASSIGN 912 TO IFMT1
ASSIGN 41 TO IFMT2
ELSEIF( IDFMT .EQ.5) THEN
I(SIZE= 6
ASSIGN 906 TO IFMT1
ASSIGN 51 TO IFMT2
ELSE IF (IDFMT.EQ. 6) THEN
KSIZE =20
ASSIGN 920 TO IFMTI
ASSIGN 61 TO IFMT2
ELSEIF( IDFMT .EQ. 7) THEN
KSIZE =5
ASSIGN 905 TO IFMTI
ASSIGN 71 TO IFMT2-
ELSE
WRITE(6,IOO) IDFMT
RETURN
ENDI F

C
C PARTITION ARRAY
C

KMANY (((NC-1)/VSIZE) + 1)*KSIZE
IB..OCK =0

NBLOCK< I
IF(NR.LE.25) NBIJ)CK = 6O/(NR+4)

C
C PRINT ARRAY
C

DO 210 L=KS1ZE,AiMANV,KS1ZE
Li L - (KSIZE -1

L2 =L
IF(L.GE.KMANY) LZ NC

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

C
IF(IBLOCM..EQ.D .OR.IBLOCK.GE.NBLOCK) THEN

C
C PRINT TITLE AND COLUMN HEADINGS IF NEW PAGE

IBLOCK 1
wRITE(6,110) TI-LE

ELSE
C
C PRINT COLUMN HEADINGS FOR A NEW BLOCK

IBLOCK 2IBLOCK + 1
WRITE(6. IFMT1) (K.K=L1.L2)
ENDI F

C
C WRITE A LINE OF LUATA

210 WRITE (6,!tFMT2 ) I (A (I.J) . J=L1 2)
C

RETURiPN
C
C FORMATS
C
C IFMT1 FOR COLUMN LABELS

YJU5 iORMAT(lH 11/lO-,,Ie5)
906 0ONMAT(1M //10X~n120)
910 FORMAT( 1H I/lOX. O0 12)
912 FORMAT(J iM I l0121 10)

920 FQRMAT(IH//D.l5
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C
C IFMT2 FOR DATA

11 FORMAT(1H ,I9,10F12.4)

21 FORMAT(lH I9.1P10E12.3)
31 FORMAT(IH .19.10112)
41 FORMAT(1IH .19.12A10)
51 FORMAT(1H 19,IP6E20.8)
61 FORMAT(1H .19,20F5.1)
71 FORMAT(1H I9,1P5E25.15)

C
100 FORMAT(1H0, 'INVALID FORMAT OPTION IN P2ARAY, IDFMT =' ,15)
110 FORMAT(IH1,A)

END

SUBROUTINE P3ARAY(ANRNC.NP,IDIM,JDIM,IDFMT,TITLE)
C
C THIS ROUTINE PRINTS OUT AN ARRAY A OF NR ROWS, NC COLUMNS AND
C NP PLANES ON ANY OF A NUMBER OF FORMATS. IDIM AND JDIM ARE THE
C ROW AND COLUMN DIMENSIONS OF A IN THE CALLING PROGRAM. THE VALUE
C OF IDFMT SPECIFIES THE FORMAT:

C
C IDFMT = 1 FOR IOF12.4
C 2 FOR 1P10E12.4
C 3 FOR 10112
C 4 FOR 12A10
C 5 FOR !P6E20.8
C 6 FOR 20F5.1
C 7 FOR lP5E25.15
C
C THE ARRAY IS PRINTED BY PLANES. FOR EACH PLANE
C THE ARRAY IS PARTITIONED BY COLUMNS INTO BLOCKS, AND ROWS AND
C COLUMNS ARE NUMBERED. THE CHARACTER STRING TITLE CONTAINS ANY
C DESIRED TITLE (UP TO 130 CHARACTERS FOR PRINTER OUTPUT).
C

DIMENSION A(IDIMJDIM.NP)
CHARACTER TITLE*(*)

C
C SET UP THE PROPER FORMATS
C

KSIZE = 10

ASSIGN 910 TO IFMTI
IF(IDFMT.EQ.1) HEN
ASSIGN 11 TO IFMT2
ELSEIF(IDFMT.EQ.2) THEN
ASSIGN 21 TO IFMT2

ELSEIF(IDFMT.EQ.3) THEN
ASSIGN 31 TO IFMT2

ELSEIF(IDFMT.Eo .4) THEN
KSIZE = 12
ASSIGN 912 TO IFMTI
ASSIGN 41 TO IFMT2
ELSEIF(IDFMT.EQ.5) THEN
KSIZEz 6
ASSIGN 906 TO IFMT1
ASSIGN 51 TO IFMT2
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ELSEIF(IDFMT.EQ.6) THEN

KSIZE = 20
ASSIGN 920 TO IFMTI
ASSIGN 61 TO IFMT2
ELSEIF(IOFMT.EQ.7) THEN
KSIZE z 5
ASSIGN 905 TO IFMT1
ASSIGN 71 TO IFMT2

ELSE
WRITE(6,100) IDFMT
RETURN
ENDIF

C
C PARTITION ARRAY

C
KMANY = (((NC-1)/KSIZE) + 1)*KSIZE
IBLOCK 0
NBLOCK 1
IF(NR.LE.25) NBLOCK = 60/(NR*4)

C
C PRINT ARRAY

C
DO 210 IP=I.NP

C
DO 210 L=KSIZEKMANV.KSIZE

Li 
= 

L - (KSIZE - 1)
L2 = L
IF(L.GE.KMANY) L2 

= 
NC

C
DO 210 I"1,NR
IF(MOD(I-1.50).NE.0) GO TO 210

C
IF(IBLOCK.EQ.0 .OR.IBLOCK.GE.NBLOCK) THEN

C
C PRINT TITLE AND COLUMN HEADINGS IF NEW PAGE

IBLOCK = 1
WRITE(6.110) TITLE,IP
WRITE(6.IFMTI) (K,K=L1,L2)
ELSE

C
C PRINT COLUMN HEADINGS FOR A NEW BLOCK

IBLOCK = IBLOCK + 1
WRITE(6,IFMT1) (K.Kz LIL2)
ENDIF

C
C WRITE A LINE OF DATA

210 WRITE(6,IFMT2) I.(A(I,JIP),J=LI,L2)

C
RETURN

C
C FORMATS
C

C IFMTI FOR COLUMb LABELS
905 FORMAT(IH //I0X.5125)
906 FORMAT(1H //10X.6120)
910 FORMAT(IH //i0×, oiI2)
912 FORMAT(lH //10X,121i0)
920 FORMAT(IH //10X,2015)

C
C IFMT2 FOR DATA

11 FORMAT(IH ,I9,10:12.4)
21 FORMAT(IH ,19,!Pi0E12.3)
31 FORMAT(IH ,19. 1I 12)
41 FORMAT(IH ,19,12AI0)
51 FORMAT(IH .19.IP6E20.8)
61 FORMAT(IH ,19,2GF5.1)
71 FORMAT(IH ,19.IP5E25.15)

C
100 FORMAT( IHO, 'INVAL ID FORMAT OPTION IN P2ARAY. IDFMT .15)
110 FORMAT(1H1,A//' THREE-DIMENSIONAL ARRAY, PLANE (THIRD INDEX)'.13)

END
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SUBROUTINE PULL(RP.XI)

C
C ON NHMI/PULL

C THE ROUTINE PULLS R. P AND XI OFF OF THE BOTTOM OF THE STACK

C AS DESCRIBED IN 63/PAGE 11.
C PARAMETER (MXSTAK=1O)

COMMON /CSTACK/ NSTACK.STACK(MXSTAK,7)

DIMENSION P(3).XI(3)

C
C GET THE BOTTOM ELEMENTS
C R = STACK(NSTACKI)

DO 200 1=1.3
P(1) = STACK(NSTACK,I 1)

200 xI(1) STACK(NSTACK.I 4)

NSTACK =NSTACK - I

c
RETURN
END

SUBROUTINE PUSH(R.PXI)

C
C ON NHMi/PUSH
C
C THIS ROUTINE PUSHES R. P AND XI ONTO THE BOTTOM OF THE STACK

C AS DESCRIBED IN 63/PAGE 11.

C
PARAMETER (MXSTAK=1O)
COMMON /CSTACK/ NSTACK.STACK(MXSTAK,7)

DIMENSION P(3).XI(3)

C
C TEST FOR OVERFLOW OF STACK

C
IF(NSTACK.GE.MXSTAK) THEN
WRITE(6.100) NSTACK

RETuRN
ENDIF

C

C ADD NEW ELEMENTS AT THE BODTTUM
C

NSTACK = NSTACK 1

STACK(NSTACK.1) R
DO 200 I=1.3

STACK(NSTACKI11) = P(I)

200 STACK(NSTACK,I
+
4) = xI(I)

RETURN

c
100 FORMAT( IHO,' STACK FULL, NSTA(. - l6 RAY DISCARDED')

END
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FUNCTION REFLF(THETAP,THETA)

C ON NHM1/REFLF
C
C THJS FUNCTION RETURNS THE REFLECTANCE, GIVEN THE REFLECTED AND
C REFRACTED ANGLES, THETA PRIME AND THETA
C

COMMON/CMISC/ IMISC(20),FMISC(20)
DATA EPSO/1.OE-5/

C
PI z FMISC(i)
REFR = FMISC(18)
TPMT = THETAP - THETA
TPPT = THETAP + THETA

C
C CHECK FOR NORMAL INCIDENCE
C

IOK 0
IF(ABS(TPMT).GT.EPSO .AND. ABS(TPMT-PI).GT.EPSO) IOK = IOK + 1
IF(ABS(TPPT).GT.EPSO .AND. ABS(TPPT-PI).GT.EPSO) IOK = IOK + 1
IF(IOK.EQ.2) THEN

C 63/3.20
REFLF 

= 
0.5*((SIN(TPMT)/SIN(TPPT))**2 + (TAN(TPMT)/TAN(TPPT))**2)

ELSE
C
C USE LIMITING CASE FOR NORMAL INCIDENCE

REFLF = ((REFR - 0)/(REFR + 1.0))*2
ENDIF

C
RETURN
END

SUBROUTINE RSPLIT(RIN,XIIN.UUN. RREFLXIREFLRREFR.XIREFR)
C
C NHMI/RSPLIT
C
C THIS ROUTINE DElERMINES THE REFLECTED AND REFRACTED DIRECTIONS
C AND THE ASSOCIA-ED RADIANCES AT THE INTERCEPTED FACET.
C
C FACTORS OF REFR**2 AND I/REFR**2 ARE NOT INCLUDED IN THE
C TRANSMITTED RADIANCES
C
C INPUT
C RIN... THE RAOIANCE OF THE INCOMING RAY
C XIIN... THE DIRECTION OF THE INCOMING RAY
C UON.. THE UNIT OUTWARD NORMAL OF THE INTERSECTED FACET
C
C OUTPUT
C RREFL .... THE RADIANCE OF THE REFLECTED RAY
C XIREFL...THE DIRECTION
C RREFR .... T-E RADIANCE REFRACTED
C XIREFR... THE DIRECTION
C

DIMENSION XIIN(3),UON(3),XIREFL(j),XIREFR(3)
COMMON/CMISC/ IMISC(20),FMISC(26)
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C
REFR = FMISC(18)

RA048 =FMISC(19)
X(PDOTN = IIN(1)*UON(11 XIINI2)UUNi2) +XIIN(3)*UON(3)

C
IFOXPDOTN.LT.O.0) THEN

C
C AIR-INCIDENT CASE

C
C REFLECTED AND REFRACTED DIRECTION 8Y biJ/3.18

C
C = XPDOTN +SQRT(XPDOTN*XPDOTN +REFR*REFR-1.0)

DO 100 j=1,3

XIREFL(J) =XIIN(.J) -2.0*XPDOTNPUON(J)

100 XIREFR(J) =(XIIN(J) -C*UON(J))/REFR

C
C ANGLES BY 63/3.18
0

THETAP ACOS(ABS(YPDOTN))
THETA =ASIN(SIN(THETAP)/REFR)

R =REFLF(THETAP.THETA)
C

C COMPUTE RADIANCES BY 63/3.30 AND 3.31A

RREFL = RIN*R

RREFR =RIN*(1.0-R)

ELSE
C

C WATER-INCIDENT CASE

C

C REFLECTED AND REFRACTED DIRECTIONS By 63/3.19

C
ARG = (REFR*XPDOTN)**2 - REFR*REFR - 1.0

IF(ARG.GE.O.O) THEN

C = REFR*XPDOTN - SQRT(ARG)

ELSE
C = 0.0
END IF
00 102 J=1,3

AIREFL(J.) =XIIN(.J) - 2.O*XPOOTN*UONVj)

102 XIREFR(J) =REFR*AIIN(J) - CSUON(J)

C
C ANGLES 8/ b3/3.19

C
THETAP =ACOS(ABS{.XPDOTN))

C
C CuMPUTE THE kEFLECTANCE

C
IF(THETAP.GT.RAD48) THEN

C
C HAVE TOTAL INTERNAL REFLECTION

R 1.0
ELSE

C
C REFLECTION AND REFRACTION

THETA =ASIN(REFR*SIN(THETAP))
R =REFLF(THETAP.THETA)
ENDI F

C
C RADIANCES BY 63/3.30 AND 3.315

C
RREFL =RIN*R

RREFR = RIN*k1.0 - R)

C
ENDI F

RETURN

END
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SUBROUTINE TIP(P.XIIAL.J
C

C ON NHM1/TIP
C

C GIVEN A POINT P AND A DIRECTION XI. THIS ROUTINE FIRST COMPUTES

C THE TRACK OF THE RAY P + S*XI AS IN 63/SECTION 30.

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

C SMIN IS RETURNED.

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

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

DIMENSION P(3),XI(3)

DIMENSION SO(-MXNHEX:MXNHEX) ,Sl(MXNHEX:MXNHEX) ,S2(-MXNHEX:MXNHEX)

DIMENSION IR(MXNTIP).WORK(MXNTIP).KwORK(MXNTIP)

COMMON/CHEXGR/ NH-EX.R1(2) .R2(2J ,RIHATI.RIHAT2,R2HATI,R2HAT2
COMMON/CTIP/ NTIP.SMIN.YTIP(2,MXNTIP) *S(MXNTIP) ,KS(MXNTIP)

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

C
DATA EPSOOT/1.OE-8/

C
EPS =FMISC(17)

C

C COMPUTE THE HORIZONTAL UNIT VECTOR, XIH, AND XI COT xIH

FMISC(20) = SQRTCXI(1)*XI(l) +xI(2)*XI(2))

XIHl XI(1)/FMISC(20)
X1H2 =XI(2)/FMISC(20)
P1 P(Ij
P2 =P(2)
DO 100 L=-NHEX,NHEA
SO(L) = I.E30
S1(L) =1.E30

100 S2(L) = 1.E30
C
C COMPUTE SO VALUES BY 63/3.5

C
IF(ABS(XIH2).GT.EPSOOT) THEN

SS -P2/X1H2
A EPS/XIH2
D0 110 L=-NHEX,NHEX

110 SO(L) =SS +FL6AT(L)*A
END IF

C
C COMPUTE 51 BY 63/3.5

C
O XlHl*RIHATI XIH2*RI-AT2

IF(ABS(D).GT.EPSDOT) THEN
SS -(P1*RIHATl P2*RIHATi)/D
A 2.0*EPS*RIHAT2/D

DO 112 L=-NHEX.NHEX
112 Sl(L) =SS +FLCAT(L)*A

ENDI F
C

c COMPUTE S2 BY 613/3.5
C

IF(ABS(XIHI).GT EPSOOT) THEN

DO XIHI*R2HATj XIH2*R2HAT2
IF(ABS(D).GT.EPSDOT) THEN
SS =-(Pl*R2HATI + P2*R2HAT2),O
A 2.0*EPS*R2HAT2!D
00 114 L=-NHEXNHiEX

114 S2(L) =SS + FLgAT(L)*A
ENDI F
ENDI F

c

C FIND THE MINIMUM POSITIVE END POINT BY 63/3.6

SMIN = AMINI(AMAX1(SO(-NHEX) ,SO(NHEX)) , AMAX1(S1(-NHEX) ,S1(NHEX)),

I AMAXI(S2(-NHEX).S2(NHEX)))
IF (IALL. EQ.0) P'ETURN

C
C SELECT THE NON-NEGATIVE S VALUES .LE. SMIN

C
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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) = 0
ENDIF

C
IF(SI(L).GT.-EPSDOT AND. Sl(L).LT.SMINIEPSDOT) THEN
NS = NS + 1
S(NS) : S (L)
KS(NS) = 1
ENDIF

C
IF(S2(L).GT.-EPSDOT .AND. S2(L).LT.SMIN.EPSDOT) THEN
NS = NS + 1
S(NS) S2(L)
KS(NS) = 2
ENDIF

200 CONTINUE
C

C ORDER THE S VALUES
C

DO 210 1=1,NS
210 IR(I) = I

CALL VSRTR(SNS.IR)
C
C CORRESPONDINGLY PERMUTE THE ASSOCIATED K VALUES
C

DO 212 IzI,NS
212 KWORK(I) = KS(I)

DO 214 1=1,NS
214 KS(I) = KWORK(IR(I))

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

DO 240 1=1,NS
wORK(I) S(I)

240 KWORK(I) = KS(I)
NTIP - 1
IF(S(1).LT.O.0) 5(1) = 0.0

C
DO 250 I=2,NS
IF(ABS(WORK(I)-WORK(I-1)).GT.EPSUOT) THEN

NTIP = NTIP + I
S(NTIP) = WORK(I)
KS(NTIP) KWORK(I)

C
ELSE

C MULTIPLE S VALUES FOUND, RELABEL KS
IF(ABS(XIH1).GT.EPSDOT) THEN
KS(NTIP) = 0
ELSE
KS(NTIP) = I
ENDIF
ENDIF

250 CONTINUE
C

C COMPUTE THE TRIAD INTERCEPT POINTS FROM THE NON-DEGENERATE S VALUES
C USING 63/3.7
C

DO 300 I=lNTIP
YTIP(1,I) = PI S(I)*XIHI

300 vTIP(2,I) = P2 + S(I)wXIH2
C

RETURN
C

END
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SUBROUTINE TRACE(INRAY.RIN,PIN.XIIN. IOUT,P,RREFLXIREFLRREFR.
1 XIREFR)

C
C ON NHMI/TRACE
C
C GIVEN AN INITIAL RADIANCE, RIN, STARTING POINT, PIN, AND
C D!RECT'ON, XIIN. 

T
HIS ROUTINE TRACES THE RAY UNTIL IT EITHER

C LEAVES THE HEXAGON REGION OR INTERCEPTS A FACET.
C

C IF THE RAY LEAVES THE HEXAGON BEFORE INTERSECTING A FACET,
C IOUT = 1 AND RETURN IS MADE.

C IF THE RAY INTERCEPTS A FACET BEFORE LEAVING THE HEXAGON.
C lOUT = 0 AND
C P = THE INTERCEPT POINT
C RREFL = THE REFLECTED RADIANCE
C XIREFL = THE DIRECTION OF THE REFLECTED RAY
C RREFR = THE REFRACTED RADIANCE
C XIREFR = THE DIRECTION OF THE REFRACTED RAY
C ARE RETURNED.
C

PARAMETER(MXNHEX=7, MXNTIP=4*MXNHEX+ )
COMMON/CTIP/ NTIP.SMIN.YTIP(2.MXNTIP),S(MXNTIP).KS(MXNTIP).ZMIN,
1 ZMAX
DIMENSION PIN(3),XIIN(3),P(3),XIREFL(3).XIREFR(3)
DIMENSION A(2),B(2),C(2),UON(3)

C

C COMPUTE THE TRIAD INTERCEPT POINTS FOR THE RAY
C

CALL TIP(PIN.XIIN,I)
C
C LOCATE THE TRIAD INDICES FOR WHICH AN INTERCEPT IS POSSIBLE
C

IF(XIIN(3).LE.U.O) THEN

C
C DOWNWARD RAY

TANTHP = TAN(ACOS(-XIIN(3)))
C
C GET FIRST FACET TO BE CHECKED

IF(PIN(3).GT.ZMAX) THEN
C
C INITIAL POINT ABOVE THE MAXIMUM SURFACE (INITIAL RAY)

Di = (PIN(3) - ZMAX)*TANTHP
DO 50 1=2.NTIP
IF(S(I).GE.D1) GO TO 55

50 CONTINUE
55 Ii = I

C
ELSE

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

II = 2
ENDIF

C GET THE LAST FA(' T TO BE CHECKED
D2 = (PIN(3) - ZIN)*TANTHP

DO 60 I=11,NTIP
IF(S(I).GE.02) GO TO 65

60 CONTINUE

65 12 I
C

ELSE
C

C UPWARD RAY
TANTHP = tAN(4L0S(XIIN(J)))

C GET FIRST FACET
IF(PIN(3).LT.ZMIN) THEN

C

C INITIAL POINT BELOW THE MINIMUM SURFACE (INITIAL RAY)
DI = (ZMIN - PIN(3))*TANTHP
DO 70 1=2,NTIP
IF(S(1).GE.DI) GO TO 75

70 CONTINUE
75 11 = I
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C
ELSE

C
C INITIAL POINT ABOVE THE MINIMUM SURFACE (DAUGHTER OR LOW-ANGLE RAV)

I i 2
ENDIF

C
C GET LAST FACET TO BE CHECKED

D2 z (ZMAX - PIN(3))*TANTHP
DO 80 I=11,NTIP
IF(S(I).GE.D2) GO TO 85

80 CONTINUE
85 12 = I

ENDI F

12 = MINO(12,NIIP)
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 I AND 1-I

C
CALL GETABL(YTIP(1,I-I),VTIP(I,),KS(I-1),KS(t), AB.C)

C
C SEE IF THE RAY TRACK INTERCEPTS THIS FACET
C

CALL FINTCP(INRAY,A.B,CPIN,XIIN.S(I-l),S(I), INTCPP,UON)
C

IF(INTCP.EQ.1) GO TO 200
C

100 CONTINUE

C
C IF HERE, NO INTERCEPT WAS FOUND

lOUT = I
RETURN

C
C IF HERE, AN INTERCEPT WAS FOUND. COMPUTE THE REFLECTED AND
C REFRACTED RAYS
C

200 lOUT = 0

CALL RSPLIT(RIN.xIINUON, RREFL,)'4REFl.RREFRXIREFR)
C

RETURN
C

END
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SUBROUTINE TRIADS(NrIEX)

c
c ON NHM1/TRIADS
C

C GIVEN THE ORDER OF THE HEXAGON, NI-iEX, THIS ROUTINE DEFINES THE

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

C EPSILON. AS IN 63/PAGE 26.

C
PARAMETER(MXNHEX=7, MXNODE=3*MXNHEx*(MXNHEX+I)+1)

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

COMMON/CMISC/ IMISC(2O),FMISC(20)

DELTA = FMISC(16)
EPS FMISC(17)
NF 0
IPRINT =0
DO 100 IC=-NHEX.NHE(

CEPS zFLOAT(IC)*EPS
IF (MOO (IC. 2).EQ.0) THEN

C C IS EVEN

MXB = NHEX - IABS(IC)/2
DO 200 IB=-MXB.MX3
NF =NF +1

FNODE(l.NF) =Fl-CAT(IB)*DE.TA
200 FNODE(2,NF) = CEP,

C
ELSE

C
C CIS ODD

MXB -NHEX - (IA8,(ICP1I)/2

DO 210 IB=-MXB.O)
NF zNF +~ 1

FNO0E( 1,NF) =(-0.5+FLOATI IBJ).DEFLTA

210 FNODE(2,NF) =CEPS
UO 212 !B0.,MAB
NF =NF -1

FNODE( 1,NF) =10.t,-FLUAT( Ib.,)*bE7A

212 FNODE(2,NF) = CEPS
END IF

C
100 CONTINUE

C
NNDDE z3*NHEX*(NtHEx~) + 1

IF(NF.EO.NNODE) TH4EN

IF(IPRINT.EQ. 1) VYRITE(6,300) NNUDE.NtiE(

ELSE
WRITE(6.302) NHE)(,NF .NNODE
STOP
ENDI F

IF(IPRINT.EO. 1) 'HEN
WRITE(6. 304)
DO 306 I=1,NNODr.5

JOt, WRIrE(b.3OBJ I 1 -4, (FNODE( 1,.I~j)F.ULE(2 I+J) J=0,
4
)

ENDI F
C

RE TtiRN

306 PORMAT( IHf,' 1- TPIAOS; IA-1 Nooi'L) DEFINED FOR AN ORDER'

112. HIEXAGONAL ',wID')

302 FORMAT( IHO. Ekf(,- IN SUB TkIAD', //I-1. NHEX - *12.4x, NF

114.4X, NNGDE = , 4)
304 FuRMAT( 10. THE "-EAAGUN (jPIC, NUDE' AkE LULATED AT'/)

3O8 FGRkMAIm NUDES'.13. .3 AT b(I172 F7.1)

END
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PROGRAM MAIN(INPUT.OuTPUT,TAPESiNPUT 
.TAPEebOUTPUTTAPE1lbTAPEI7.

I TAPE1BTAPEi9.TAPE15)

C

C ++
C + THIS IS PROGRAM I OF THE NATURAL HYDROSOL MODEL +

C ++
C .... ... ... ... ...

C

C ON NHMI/MlIQD FTN5/FTN200

C
C THIS PROGRAM BEGINS COMPUTATION OF 

THE QUAD-AVERAGED GEOMETRIC

C REFLECTANCE AND TRANSMITTANCE ARRAYS WHICH DESCRIBE 
THE AIR-WATER

C INTERFACE FOR A GIVEN WIND SPEED.

C
C THIS SPECIAL VERSION OF MAINI DOES ONLY ONE INPUT QUAD (ONE

C ROW OF R OR T).

C
C NOTE: THIS VERSION OF THE CODE STRIVES TO MINIMIZE THE EXECUTION

C TIME. AT THE EXPENSE OF MODULARITY AND READABILITY OF THE CODE.

C SOME SECTIONS OF FREQUENTLY EXECUTED CODE ARE WRITTEN 
AS STRAIGHT

L LINE CODE wITH SIMPLE VARIABLES. RATHER 
THAN BEING GROUPED IN

C SUBROUTINES OR DO LOOPS WITH ARRAYS. IN ORDER TO AVOID CALLING

C AND INDEXING OVERrEAD. ALMOST ALL ERROR CHECKING AND INTERMEDIATE

C OUTPUT HAS BEEN PEMOVED.

C

C THIS PROGRAM USES THE MONTE CARLO RAY TRACING TECHNIQUE

C DESCRIBED IN NGAA TECH MEMO ERL-PMEL-bJ. COMMENTS REFERRING 10

C THIS REPORT ARE PREFACED BY 63/- THUS 63/2.12 REFERS TO

C EQUATION 2.12 IN TECH MEMO b3.

C REFERENCES wITi-OLhl THE 63/ REFER TO NOAA TECH MEMO ERL-PMEL-75.

C NUSFC = TAPE1I.. CONTAINS THE RANDOM SURFACE REALIZATIONS

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

C
C NUOU TAPEIE... INITIAL RAY DOWNWARD, FINAL RAY UPWARD: R- = R(AX)

C NuDD 
= 
TAPE17... INITIAL RAY DOWNWARD, FINAL RAY DOWNWARD: T- = T(A,X)

C NUUD z TAPEiB... INITIAL RAY UPWYARD, FINAL RAY DOWNWARD: R = R(X.A)

C NUUL: = TAPEI ... INITIAL RAY UPwAD, FINAL RAY UPWARD: T- = T(X,A)

C, PROGRAM 2 READS THESE FILES AND TALL IES THE RESULTS TO GENERATE

L THE ACTUAL R At.0 T ARRAYS.

PARAMETER(MXMU=10, MXPHI 24. MASTAK-IU. MXNUEX
=

7)

PA ,AMETER(MXNODE=3#MXNHEX4(MXNHEX)1I 1, MXNTIP=4
*
MXNHEX'

I )

C
LOMMON/CMUPHI/ BNDMU(MXMU) .BNDPHI (MxPHI)

COMMON/CNODES.' NNODE.FNODE(2,MXNOOE)oZNODE(MXNODE)

LOMMON/CHEx R /  NEX.R1(2) *R2(2 .RlrMAI (2) *R2HAT(2) .RIRAT. ARGET(2)

COMMCN'CTIP', ' I>.SMIN.YTIP(2,MrNTIP .S (MXNTIP).KS(MXNTIP),ZMIN.
I ZMAA

COMMON/CS'ALK(' NSTA .-9,STALR(K1MSTAK,7)
COM.MON,;CMI SC, i MISC 20).FMI SC(I U)

,)DIM NSI)IN PIN( - ,I IN j), I).XIREFt (3),XIREFR(3)

E N IUN NRA ,bC'XM) .NbkN
'

( l
G

)

00,-BLE PRNECISI.N DEED

C
uATA RADEP,/ I. E- 101, NtJSFC ,Nu N: lOE.NU.D.N.(JU/l

5
. 16. 17. 18. 19/

DATA NSTrACK/a, . KTRACE.(j/, N4RA-l/ 'u/, N EFLO,NREFRO.NTIR/3*0/

IlNITIAL IZE tiF ROU RAM
t

,,A,. I N I (FL . S ,NRAYQO,SFEb

N',M: IMI SC I)

NO2PI IMISC

PI FMI( 2.

TwGPI : 2.0*PI

(,ET MU BOUNDAP<IL- OF THE INLUIM

FMUMIN z 0.

IA z IABS(IR)

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

DMU z BNDMU(IAJ - FMuMIN
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IF(IA.EQ.NMU) TH-EN

C ALL PHI VALUES FOR A POLAR CAP
PH-IMIN =0.
OPHI =TWOPI
ELSE
PHIMIN =BNDPHI(NO2P!)
IF(.jS.GT.l) PHIMIN = BNDPHI(JS-1)
DPHI BNDPHI(2) - BNDPHI(l)
ENDI F

C
NUMDU 0
NUMOD 0
NUMUD =0
NUMLUU 0
NUMTPI 0

C*** BEGIN COMPUTA1i1JNS **

L
C EACH- RAY GETS A NEW SURFACE REALIZATION, BUT EACH STORED SURFACE
c REAL.IZATION IS ulED FOUR vvAYS TO EXPLOIT SYMMETRY

NREAD 1
NRAYTL NRAYQD IA)

00 1000 NRAY=1.NRAYTL

C SELECT A SURFACE REAL-IZATION

55 CONTINUE
IF(NREAD.EO.1) '-EN

C READ A SURFACE A-LZATION A, UENERA'EL)
REAO(NUSFC.END-53-C) NSF.ZMIN4,ZMAA.(ZNOOE(I) ,I=1.NNODE)

C
ELSEIF(NREAD.EQ.2) THEN

c READ THE SURFACE AS ROTATED BY Iju L;EukLE>
READ(NUSFC.END=5O) NSF.ZMIN.ZMA,, ,ZrOE(I),IzNNODE,1.-l)

C
ELSEIF(NREAD. EQ.3) THEN

C READ THE SURFACE AND INVERT
PEAD(NUSFC.END=5) NSF.ZMIIN,ZMA ,(ZN(LE(l).I1lNNODE)
DO 502 I11.NNODE

502 ZNODE(I) =-ZNOC.,"E(I)
C

ELSEIF(NREAD.EOl :,) TH-EN
C READ THE SURFAC'E AS ROTATLJ BY lbo UIL,,HEL AND THEN INVERT

READ( NuSi-C ENl)=".!) NSP:.ZMINZMAX (ZN01,h: IL IzNNUDE, 1.-i)
DO 504 Ial,NNO E

5u
4 

ZNODEkl IL -ZNC)LLE( I)
ENDI F

GO TO 506
END Oh- FILL Pk-. E )'ING i-Ok THE 1 1-,Ku F-ILE Uh CAPILLARY SURL-ACES

EuWPIrE(6,514) t4dE.D
NREAD - NREAD

NkPE 4lJ =M()DW N P LD . 4
* Lev INU O J'

READ( NljNFC HE, ER

nh C.O NTO 1 i

C SELECT A R~DMRAY, DIREC TjOf4 WI THIN H"E INqPUT QUAD
C
C CHlOOSE A RANUC V4AwUE

7 7 FqMu = FMuMIN ('GLBS(DSEED) *CMw,SINI. C.FLOAT( IR))
C rNC RAYS FROM -LPOLE ITSELFr

[FL ABSL(RMtu) (.77 -R;ADEPSL , To 777
ROOT zSQRT(I.u RMU*RMU)

C CHOOSE A RANDOM PHI VALUE
SPHI zAMOOLPHIMIN +GGUBFS(DSEEDL*DPHI,TWOPI)

C
C LOCATE THE INITIAL STARTING PUINT f-UR THIS TARGET AND DIRECTION
C
C FOLLOW THE TkA'-K BACIKWARD, T(_ IHE BOUNDARY TO GET SMIN
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C DEFINE THE INITIAL RAY DIRECTION TO 8E -XI PRIME
XIIN(1) =ROOT*COS(SPHI)
XlIN(2) =ROOT*SIN(SPHI)
XIIN(3) = RMU
CALL TIP(TARGET.X: LN.O)

C DEFINE THE INITIAL POINT ON THE HEXAUUN BOUNDARY
TEMP = SMIN/FMISC(.20)
PIN(i) = TARGET~l) * TEMP*,(IINHl
PIN(2) =TARGET(2) - TEMP*XIIN(2)
PIN(3) z TEMP*XIIN(3)

C
C RESET XIIN TO THE INCOMING DIRECTIuN, XI PRIME

XIIN(l) =-XIIN(l)
XIIN(2) -XIIN(2)
XIIN(3) = -xIIN(3)
RAD =1.0
INRAY =I

C PERFORM RAY TRACIN, LONIPUTATION ,
C-,-++ THIS IS THE RECURSIVE TREE FOR A GIVEN INITIAL RAY ++.+4-

C
KBRNCH 0

999 CALL TRACt(INRAY.RAD.P!NAIIN. Iu1tI.,RREIL.XIR<EFL,RRErR,XIREFR)
KTRACE =KTRACE + I
KBRNCH = KBRNCH I
INRAY =0

C CHECK FOR RAY HAVING LEFT THE HEXAGO14

IF(IOUT.EQ~l) THEN

C RAY HAD NO FACET INTERCEPTS.

C GET THE QUAD INDICES OF THE FINAL RAY DIRECTION
PHIFIN =AMOD(ATAN2(XIIN(2),XII\(1))i TwOP1,TwDPI)
AMUFIN z IIN(13)
CALL MPINDX(AMUFIN .PHIFIN,KU,LV)

C
C RECORD THE RESULT FOR THE APPRCjRRIAFE k OR T CONTRIBUTION

IF(IR.GT.U)) THEN

C
DOWNWARD INITIAL kAY
IF (AMUF IN. GT .D.0) T-,HEN
UPWARD FINAL RAY
NUMDU NUMDU I
wRIIE) NUDU) IRP.JS. KU,LV. RAC
ELSE

C DOWNWARD FINAL RAY
NUMDD NUMDD I
wRITE(NUDD) IR .,u.L-V,PAD
END IF

E.SE

C UPWARD INTIAL. kA*

IF(AMUiFIN.GT .j.!,-) Tv-tEN
C .PwARD FINAL RAv

C EPROR RAY. DuE NI'.1E -EXAGUN
NUMTPJ NUM'-! 1

N'pN... NU ~
.vPTE(NAI -PL.J.V.A
ENO IF

C JiAP~FINAt 1,4

owR I T N,, P iP U. , L,) . kALy

F~L F
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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(RREFLP,XIREFL;

ELSE

NREFLO = NREFLO I

ENDIF

IF(RREFR.GT.RADEPS) THEN

CALL PUSH(RREFR,P,XIREFR)

ELSEIF(RREFR.LE.D.0) THEN

NTIR = NTIR + 1

ELSE

NREFRO = NREFRO + I

ENDIF

C
ENDIF

C

C HAVE ALL RAYS BEEN FOLLOWED TO TERMINATION
c

IF(NSTACK.GT.0) THEN

C

C READ A NEW RAY FROM THE STACK AND TRACE

C

CALL PULL(RADPINXIIN)

GO TO 999

ENDIF
C

C ..... THIS IS THE END OF THE RECURSIVE TREE FOR THE GIVEN INITIAL RAY +++++
C

IF(KBRNCH.LT.10) IHEN
NBRNCH(KBRNCH) = NBRNCH(KBRNCt i)

ELSE
NBRNCH(10) = NBRNLvi 10) + 1

END IF

001u CONTINUE

C

C***# END OF COMPUTATIONS
C

ENDFILE NUDU

ENDFILE NUDD

ENDFILE NuuD

ENDFILE NUUU

WRITE(6,600) NRAVTLKTRACE

WRITE(6,601) NREFL.0,RADEPS,NREFRDRADEPS.NTIR

WRITE(6,602) NUMDJ,NUMDDNUMUDNUMUU.NUMTPl
wRITE(6,604) (K,K=2,10),(NBRNCH(K).K=- , 10)

C
WRITE(6.1002)

C

C FORMATS

C
514 FORMAT(IHO.' NREAD =',12.3,.

I'FILE OF SURFACE -ALIZATIONS EXHAISTED. FILE REWOUND.')

600 FORMAT(lHO,' END OF COMPUTATIONS'//

11H 110,' TOTAL RAYS WERE STARTED FROM THE SELECTED QUAD'//

21H .0,' TOTAL RAyS WERE TRACED TO COMPLETION')

601 FORMAT(IH0.I5.' REFLECTED RAYS WITH RADIANCE .LT. lPE9.1,

I' WERE DISCARDED' .16,' REFRACTED RAYS WITH RADIANCE .LT.',

2E9.1,' WERE D!SCA ')ED'//IH .' THERE wERE',16,

3' IOTAL INTERNAL LEuLECTION )

602 FORMAT(IHO.I10.' kAVS STARTED DOWNWARD AND FINISHED UPWARD'//
IIH .110.' RAYS STARTED DOWNWARL) AND FINISHED DOWNWARD'//

21 ,.110, ' RAYS StAP-ED JPWARD AND FINISED DOWNWARD'//

310 ,110.' RAY'. STARTED uPwARD AND FINISHED UPWARD'//
41H 10. RAYS S'AP"ED UPF'VARD AND FINISHED UPWARD WITH RAD = I

5., (DISCARDED) )

604 FORMAT(IHU,' BRANCH OCCURRENCE TALLY'//' NLJM BRANCHES:

18110.17, OR MURE / NuM OCCURRENCES:'.9110)

1002 FOPMAT( IHD, rORMA. EXIT FROM NHMl')

END
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SUBROUTINE INISHL(IR,JS,NRAYOD,DSEED)

C

C ON NHMI/INIIQD
C
C THIS ROUTINE INITIALIZES NHMI/MlQD
C
C TWO INPUT RECORDS ARE READ:
C RECORD I (DEFINES THE HEXAGON GRID AND THE WATER SURFACE):
C
C IDBUG = 0 FOR MINIMAL OUTPUT
C = 1 FOR GREATER OUTPUT
C = 2 FOR FULL DEBUGGING OUTPUT

C IGENSF = 0 IF A FILE OF RANDOM SURFACES ALREADY EXISTS (USUAL CASE)
C .GT.0 IF THIS IS A SPECIAL RUN FOR GENERATING AND SAVING A
c FILE OF RANDOM SURFACES. IGENSF SURFACES WILL BE GENERATED.

C NHEX = THE ORDER OF THE HEXAGONAL SURFACE GRID (= MXNHEX FOR EFFICIENCY)
C WNDSPD THE WIND SPEED IN M/SEC AT 12.5 M ELEVATION
C DSEED = THE SEED FOR RANDOM NUMBER GENERATION
C
C RECORD 2 (DEFINES THE QUAD GRID AND SELECTS THE INCOMING RAY QUAD):
C
C NMU THE NUMBER OF MU CELLS IN ONE HEMISPHERE (0 10 PI/2)

C NPHI = THE NUMBER OF PHI CELLS (0 TO 2+PI), MUST BE A MULTIPLE OF 4
C MUPART = 1 IF ALL QUADS ARE TO MAVE EQUAL SOLID ANGLES
C 2 IS ALL QUADS ARE TO HAvE EQUAL DELTA THETA VALUES
C IR = THE INDEX OF THE INPUT MU QUAD '-NMU..-I,1..NMU)
C JS = THE INDEX CF THE INPUT PHI QUAD (1....NPHI/4 + 1)
C NuMRAY = THE NUMBER OF RAYS TO BE TRACED FROM THE INPUT QUAD
C

PARAMETER(MXMU=1O, MAPHI=24)
PARAMETER(MXNHEX=7, MXNODE=34MxN1EX-(MANHEA+I)+I)

COMMON/CMUPHIi BNDMU(MXMU),BNDPt-II(MAP-I)
COMMON/CNODES/ NNODE.FNODE(2.MXNOI)E),ZNODEIMXIODE)
COMMON/CHEXGR/ NHEXRI(2),R2(2) Rl-AT(2),R2HAT(2),R1RAT,TARGET(2)
COMMON/CMISC/ IMISC(20),FMISCV2u)
DIMENSION DELTMU(MXMU),FMU(MXMU).PNtI(MXPHI),OMEGA(MXMU)
DIMENSION NRAYQD(MXMU)
DOUBLE PRECISION DSEED

C
DATA P[.RADEGREFR/3.141592654, 57.2957795, 1.333333333/

DATA DELTA, EPF'1 .0, 1.111/, TARGETi0.5, 0.370333333/
DATA NUSFC,NUDNUDD,NUUD,NUUU/15,16,17,18,19/

C
C READ THE INPUT RECORDS
C

READ(5,*j IDBuG.IGENSFNHEX,wNUPD,DSEED
WRITE(6.300) NHEX,WNDSPDDSEED
IFC IUENSF.EU.0; THEN
READ(5,*) NMUNPHI ,MUPARTIR,JS, UfMRA/
WRITEtb.3U1) NMu,NP I, IR.JS,NUMAY
ENDIF

C STORE THE NEEDED PARAMETERS
C

IMI SC( 1) =
IMISC(2) = NPHI
IMISC(9) = IDB G
IMISC(17) NUMRAY
FMISC(I-i = PI
FMISC(3) = RADED
FMISC(I5) = WNDSP
FMI C(16) = C'- TA

IMI=C(1 l = E
-MISCI 1L = RE-R

AU48 IS THE C:ITICAL ANULE FOI l4L INTERNAL REFLECTIuN
kAD4H = ASINI .'/REFR)
FMISC(19) = RAD48

IF(IGENSF.GT.uj) THEN

("*****THIS IS AN IN:IAL RUN FUR GENERATION OF A FILE OF RANDOM SURFACES
C
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WRITE (6. 304)

REWIND NUSFC
C
C CHECK TO SEE IF NUSFC IS EMPTY

REAO(NUSFC,ENDz5O) DUMMY

STOP 'SURFACE FILE ALREADY EXISTS'

50 REWIND NUSFC
C
C DEFINE THE GRID VECTORS AS IN 63/PAGES 24-26

C
GAMMAl 1.O/SQRT(O.25*DELTA*DELTA +EPS*EPS)
RI(I) D.5*DELTA*GAMMAl
R1(2) EPSOGAMMA1
R2(1) =-R1(l)

R2(2) R 1(2)
RlHAT(l) =-R1(2)
RlHAT(2) = R(1)
R2HAT(l) =-R2(2)
R2HAT(2) =R2(1)
RIRAT = -2.0*EPS/DELTA

C
C DEFINE THE HEXAGONAL SURFACE GRID NODE LOCATIONS

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

C
C WRITE THE HEADER RECORDS
C

WRITE(NUSFC) IGENSPNHEXNNO0E.WNDSPO.DSEED
WRITE(NUSFC) RIR2 .RlHAT.R2HAT.RlRAT ,FNODE

C

C DEFINE THE STANDARD DEVIATION FOR SURFACE HEIGHTS BY 63/2.12

SIGSFC =O.O397*SORT(WNDSPD)
wRITE(6,302) DEL7A ,EPS.SIGSFC

C
C GENERATE AND SAVE TH-E CAPILLARY wAvE SURFACE REALIZATIONS.

c 63/SECTION 2C
C

DO 55 NSFC=I,IGEN4SF

C
C DRAW N(O.1) RANCDOM NUMBERS

CALL GGNML(OSEED,NNODE,ZNODE)
C

C CONVERT TO N(O. SIGSFC**2) RANDOM NUM8ERS
ZMAX =-L0OE30
ZMIN = .0E30
DO 99 IRAN=I.NNODE
ZN =SIGSFC*ZNOCE(IRAN)
ZNODE(IRAN) =ZN
LF(ZN.GT.ZMAX) ZMAX =ZN

IF(ZN.-LT.ZMIN) ZMiN =ZN
99 CONTINUE

55 wRITE(NIJSFC) NS F>ZMINZMA.(tZ4uU)E~ ) 1-INNODE)

ENOFILE NUJSFC
WRITE(6,60) 1GENSf-
STOP
ENDI F

CS$**TMIS IS A PRODI!,(TIlON RUN Fk~k RAY TkA ,IlNG

c READ THE EXJSTu, FILE OF SURFACE kEALIZATIONS AND TEST FOR

c COMPA'ABILITY 11,17 REQUESTED PARAMETERS

c
WR ITE (6. 308)
REWIND NUSFC
READ( NUSFC) NSFI1. NHEX 1,.NNODE WI ND 1

READ(NUSFC) R1,R2,RlHAT,R2HAT.R1RAFnUDE

C
IF(NHEX1.NE.NHEX OR. WINDI.NE.WNUSPJ) THEN

wRI fE(6,7U) NHExi,wINO1
STOP
END IF
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C DEFINE THE MU AND PHI VALUES WHI(r-o FORM THE QUAD BOUNDARIES FOR
C GEOMETRIC DISCRETIZATION, SECTION 3.
C

IF(MUPART.EQ.1) THEN
C
c PARTITION THE UNIT SPHERE SO THAT ALL QUADS, INCLUDING THE POLAR
C CAP. HAVE EQUAL SOLID ANGLES
C

CALL EQSANG(NMU.NPHI .DELTMu)
c

ELSE IF(MUPART. EQ. 2) THEN
c
C PARTITION THE UNIT SPHERE INTO EQUALLY SPACED THETA VALUES
C

CALL EQTHET(NMU,DELTMU)

ENDI F

C DEFINE THE BOUNDARY MU VALUES Bv SUMMINU THE DELTA MU VALUES
BNDMu(l) =DELTMO(1)
DO 101 I=2,NMU-1

101 BNDMU(I) mBNDMU(I-1) + DELTMUUI)
BNDMU(NMU) =1

c
C DEFINE THE MO VALuES AT THE QUAD CENTERS

FMU(1) = 0.5*DELTMU(1)
DO 104 lz2,NMU

104 FMOI.I) =0.5*(BNDNIU(I-1) , BNDMU(A))

C DEFINE THE PHI VALUES AT THE QUAD CENTERS, AND
C DEFINE THE BOUNDARY PHIS BY PHI - DPriI/2 TO PHI + DP~1i/z
C

DELPHI =2,0*P1/FLOAT(NPHI)
PHI(l) =0,
BNDPHI(l) zO05*DELPH~I
DO 102 :3=2,NPHI
PHI(J) =PHI(J-1) +DELPHI

102 BNDPHI(J) zBNDP":(j-l) -' DELPHI

C DETERMINE THE SOL I D ANGLE OF Ttit UU0ADS
C

DO 40-,0 I=1,NMU-i
400 OMEGAtI) = DELPHI*DELTMU(!)

OMEGA(NMO) = 2.0*PI*DELTMU(NMIU)
IA IABS(IR)
NRAYQD(IA) NuMIRAY

WRITE 6. .31)
DO 312 I=1.NMU
THETAC = ACOS(FMU( I))*AE
THETAB = RADEG*ACOS(BNDMu I))

J12 WRITE(6,314) I,FMU(I) ,THETAC.BND)MU~I),THETABDELTMU(I),
1 OMEGA(I),NRAYQC,(I)
WRI TE) 6.316) DELPHI *RADEG

C
C WRITE HEADER RECORDS FOR OUTPUT FILES
C

REWIND NODO
REWIND NUD
REWIND NUUD
REWIND NUuO
wRITE(NUDU) NUD6, DOWNt UP I I,JJRmAYQD
wRITE('NUOU) IMISC,FMISC.FMU.PlI.BNDMJ.BNDPHI ,OMEGA,DELTMO
WRITE(NUDD) NuDD'DOWN DOwN',IR,.l,.NRAVQD
wRITE(NuDD) IMI C .FMISC,FMLJ,PHIENULOj ,BNIDPHIOMEGA ,DELTMUj
WRITE(NoUD) NJCDUP DOWN',IRj.NRAvQD
WR IT E (NUUD ) IrMISCl,FMlSC,FfvUL,PMI 8N,,mijBNDPriI .OMEGA,DELTMU
WP ITE CNUUU) NOUuj, UP UP ', I R ,.SoPAYQD
WRITE(NUUU) IMI SC FMISC,FMLJ.PHI ,BNU1MLJ ,BNDP-I ,OMEGA,DELTMO

C
RETURN
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C FORMATS

60 FORMAT(lHO.IlO.' SURFACE REALIZATIONS GENERATED')
70 FORMAT(lH0,' SURFACE REALIZATION FILE NUT COMPATABLE WITH REQUESTE

10 PARAMETERS'//' NHEXI =' ,13.5x, WINDI =',F7.3)
300 FORMAT(lHI, ' NATURAL HYDROSOL MODEL. PROGRAM 1 (1-QUAD VERSION)'//

1' MONTE CARLO AIR-WATER SURFACE RAY TRACING PROGRAM'/I
2' THE HEXAGON GRID PARAMETERS FUR THIS RUN ARE,//
3SX. 'NHEX =' .12.' = ORDER OF THE SURFACE GRID HEXAGON'//
4SX. 'WNDSPD =',*F7.3,' THE WIND SPEED IN M/SEC AT 12.5 M'/
55x. 'OSEED =' *PD2O.1O, ' = THE SEED FOR RANDOM NUMBER GENERATION')

301 FORMAT(IHO. ' THE QUAD GRID PARAMETERS FOR THIS RUN ARE'//
15X.'NMU =' .13,' =NUMBER OF Mul CELLS IN (O.PlI2)'II
25X. 'NPHI z' .13,' NUMBER OF PHI CELLS IN (D.2*PI)',/

JS ' .?13. THE TNO11T o'an Q(w'.r- it
45X, 'NUMRAY =' .I10.' = THE TOTAL NUMBER OF RAYS TO BE TRACED')

J302 FORMAT(1H0. ' THE WAVE FACET PARAMETERS ARE'/I
15X,*DELTA ='.lPE1D.3//5X,'EPS ='.ElD.3//5X.'SIGSFC =',ElO.3)

304 FORMAT(1H0. ' THIS IS AN INITIAL RUN FOR GENERATING A FILE OF CAPIL
ILARY WAVE SURFACE REALIZATIONS')

30B FORMAT(1H0,' THIS IS A PRODUCTION RUN FOR RAY TRACING (I QUAD)')
310 FORMAT(1H0. ' THE MU VALUES DEFINING THE QUADS ARE'//

15X,''I CNT MU THETA' .BX. 'BND MU THETA ,7X,
2'DELTA MU SOLID ANGLE NRAYQD'/)

314 FORMAT(1H 1I5,2(F9.4,F9,4X) .F9.4.F12.4,1 10)
316 FORMAT(1H0. ' THE QUADS HAVE A WIDT"- UF DELTA PHI ='.F7.3.

1' DEGREES')
END
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3. PROGRAM 2
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 fles une at a time, in four separate runs, generating fo,,r separate 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 I 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 I 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,

TAPE 18 or TAPE 19 from Program 1, locally renamed as TAPE20. There is one output file with

symbolic filename of NUOUT. The external file name for NUOUT is
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rTAPE22 rTAPE16-
,JTAPE23 , jTAPE 17TAPE2n5 if TAPE20 is f TAPE17

TAPE24 TAPE 18fTAPE25 .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 I and 2 is made.

Continuation run (NEWRUN = 0)

There are now two input files, always named TAPE20 and TAPE21. As above, TAPE20 is
either of TAPE 16,...,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,-.-,TAPF25 from the previous run. The output file, NUOUT, is corresponding

TAPE22,...,TAPE25 and contains the updated r or t array. In other words,
TAPE161 fTAPE221
TAPE 17 JTAPE23

if TAPE20 is the new TAPE18 , then TAPE21 is TAPE24 from the previous run,

TAPE 19J LTAPE25J
rTAPE22

and NUOUT is the updated TAPE23

LTAPE24}
TAPE25f

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,...,TAPE25 contain the quad-averaged geometric arrays as

follows: {"TAPE22 rr(a,x)'
TAPE23 I cot(a,x)

containsTAPE24 Ir(x,a)

TAPE25f t(x,a))

All four of these files are read by Program 3. TAPE22 (r(a,x)) and TAPE25 (t(x,a)) also are read
by Program 5, if the contrast transmittance is computed.
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D. Code Listing

PROGRAM MAIN(INPUTOUTPUT.TAPE5 INPUTTAPE6=OUTPUT.TAPE20,

I TAPE21,TAPE22,TAPE23,TAPE24,TAPE25)
C
C ...... *+ ..... +....*-............................+

C + +

C + THIS IS PROGRAM 2 OF THE NATURAL HYDROSOL MODEL *
C + +
C ...... .............................................
C

C ON NtM2/MZALL

C
C THIS PROGRAM READS AN OUTPUT FILE WRITTEN BY NHMI/MIALL AND
C TALLEYS THE SCATTERED RAYS TO COMPUTE THE CORRESPONDING
C GEOMETRIC REFLECTANCE OR TRANSMITTANCE ARRAY. AS DESCRIBED IN
C SECTION 9.

C
C THIS PROGRAM COMPUTES AND STORES THE "TOP HALF" OF RTGEO.
C SEE SECTION 128 FOR THE BLUCA SYMMETRIES USED.
C
C INPUT:
C NEWRUN = 1, IF THIS RUN STARTS FROM SCRATCH
C 0. IF T-IS IS A CONTINUATION RUN
C
C TAPE20 = A FILE OF RAY DATA WRITTEN BY NHMI/MIALL AS
C TAPEI6, 17. 18, OR 19
C
C TAPE21, IF NEWRUN = 0, THE FILE 12. 23, 24, OR 25 WRITTEN BY THE

C PREVIOUS RUN OF NHM2/M2A L. CONTAINING THE RTGEO ARRAY
C

C OUTPUT:
C NuOUT z TAPE22 IF TAPE2U I- i OF NHMl
C = TAPE23 IF TAPE20 IS TAPE17 OF NHMI, ETC.
C

PARAMETER (MXMU=IO,MXPHI=24)

C MXROW AND MXCOL ARE FOR THE TOP HALF OF RTGEO
PARAMETER (MXROW=MXMU*MXPHI/2, M,KCOLzMAMU*MAPHI)

COMMON/CMUPHI/ FMU(MXMU),PHI(MXPiI),OMEGA(MXMU)
COMMON/CMISC/ IMISC(20),FMISC(2U)
DIMENSION RTGEO(MXROW.MXCOL),NRAVQD(MXMU)
CHARACTER RTLABL*6

C
C INITIALIZE
C

CALL INISHL(RTGEC,RTLABLNUO'T,NEWR)N.NRAYOD)
C

NMU IMISC(1)
NPHI = IMISC(2)
IDBuG = IMISC(9)
RADEG = FMISC(3)
NUJMCOL = NMU*NPHI
NuMROW = NUMCOL/2

NREC = 0

C
C READ AND ACCUMULATE RAY CONTRIBUTIONS. THIS IS THE SUM UVER OMEGA
C IN 9.1, BUT WIThiuuT THE I/S FACTOR. TilE SUM OvER J IN 9.1
C WAS DONE AUTOMATIAILY AS THE PAY AS TRACED TO COMPLETION.

C TIE INPUT QUAD Q l.S) IS (IJ); THE OUTPUT QUAD Q(u,v) IS (K.L)
C

IOLD = 0

IF(NEWRUN.E.1) wRITE(b,1U2)
NPNT = 0

C
200 PEAU(20,END=250) I,J,K,.LRAD

NREC = NREC I I

C
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C ANY FINAL RAYS GOING It'U A POLAR CAP ARE STORED IN COLUMN NMU

IF(K.EQ.NMU) THEN
JCOL = NMU
ELSE
JCOL = K + (L-I)*NMU

ENDIF
C
C ANY INITIAL RAYS XI PRIME GOING TOWARD A POLAR CAP ARE STORED IN

C ROW NMU, COLUMNS 1. 2...... NUMCOL
IF(I.EQ.NMU) THEN

IROW = NMU
ELSE
IROW 

= 
I + (J-1)*NMU

ENDIF
C

IF(I EWRUN.EQ.' IND. I.NE.IOLD AND. NPNT.LT.25) THEN

IOLD = I
NPNT = NPNT + 1

WRITE(6,104) NREC,I,J,K,L,RAD.IROW,JCOL
ENDIF

C
RTGEO(IROW.JCOL) = RTGEO(IROWJCUL) + RAD

GO TO 200
C

250 wRITE(6.110) NREC
C

C RTGEO IS NOW PROPORTIONAL TO t-lE RADIANT FLUX TRANSFER FUNCTION

c
C CONVERT THE RAY-TALLY ARRAY INTO A GEOMETRIC R OR T ARRAY BY 9.7

C (INPUT RAYS XI PRIME ARE IN THE FIRST QUADRANT ONLY)
C

JP12 = NPHI/4 + I
DO 252 JS=lJP12
MAXIR = NMU - I

IF(JS.EO.1) MAAIQ = NMU

DO 252 IR=1,MAKIR
IROW z IR * (JS - 1)*NMU

C NRAYQD(IR) IS S OF 9.1

FACT1 = FMU(IR),OMEGA(IR)/FLUAI(rAVULY IR))

C NUN POLAR QUADS

DO 253 Ku-.NAu-

C ACT2 CONTAINS Tr- MY' AND OMEGA FALCTORS OF 9.7, AND 1/S OF 9.1

FACT2 = FACTj'-FMU(KU)*UME6A(KU))
DO 253 LV=1,NPHI
JCOL 

= 
KU + (LJ-I)*NMU

253 RTGEO(IROW.JCOL) = FACT2*RTGEO(IROWJCOL)
C POLAR CAPS: KU NMU

252 RTGEO(IROWNMU) FACTI*RTGEO(IRUW.NMU)/UMEGA(NMU)
C
C Rlutu IS NOW THE QUAD-AVERAGED GEOMETRIC R OR T ARRAY

C
C FILL OUT THE REMAINING ROWS (THE SECOND QUADRANT) OF THE "TOP HALF"

C OF RTGEO BY SYMMETRY (SEE PAGE 190),
C

C (IP,I) ARE THE 'ROW,COLuMN) BLOCK INDICES OF THE KNOWN BLOCK

(IBP,IB) ARE T.iE BLOCK INDICES OF THE BLOCK TO BE DEFINED
C

N34 (NPHI - 3)/4

NOPI NPHI/2
DO 300 IP-2,N,3
IBP NOPI + 2 - IP

IRTP NMU*(IP -
IRTBP = NMU*(IRD - 1)

DO 300 IlINP"I
1B = NuPI + 2 - I

IF(IB.LE.0) I8 = 18 + NPHI

IRT NMu*(I - 1)
IRTB NMU*(IB - I)

C COPY THE NMU BY NMU BLOCK

DO 300 K1I,NM.
DO 300 KP=INMU

300 RTGEO(IRTBP KPIRTB K) = RTGEO(IRTP.KP,IRT+K)
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C
C RESET THE INPUT SECOND QUADRANT. OUTPUT POLAR CAP DIRECTION
C (COLUMN NMU). WHICH HAS PICKED UP ZERO VALUES FROM THE INPUT

C FIRST QUADRANT, PHI = 180 BLOCKS
C

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

310 RTGEO(IRTBP+K,NMU) = RTGEO(IRTP K,NMU)
C
C RE-ZERO THE INPUT SECOND QUADRANT, OUTPUT PHI = 180 COLUMN. WHICH

C HAS PICKED UP NON-ZERO VALUES FROM THE INPUT FIRST QUADRANT.
C OUTPUT POLAR CAP (PHI = 0) COLUMN
C

JCOL =NMU*(NUPI 1)
DO 312 I=I.NUMROw

312 RTGEO(I.JCOL) U .
C

C WRITE THE FINAL ARRAY TO THE UjTP.UT FILE. ONLY THE "TOP HALF" IS

C STORED (SEE PAGE 190).
C

DO 270 JCOL=1.NUMCOL
270 WRITE(NUOUT) (RTGEO(IR,JCOl_).IR=1,NUMROW)

ENOFILE NUOUT
WRITE(6,271) NUOUT

C
C PRINT SELECTED PARTS OF THE NEW RTUEU
C
C THE SPECULAR BLOCK FOR PHI PRI ! 0

IS = I
wRITE(6. 113) IS .RADEG*PHI( IS),.IS, RADEG

4
PHI( IS) ,RTLABL. (J.J=1, NMU)

DO 114 I=1,NMU
THET =RADEGOACOS(FMU(I))

114 WRITE(6,115) I,ITHET,(RTGEO(I,J),J1,NMUJ)
C
C THE SPECULAR BLOCK FOR PHI PRIME = 90

IS =NPHI/4 +- 1
IR1 NMU*(IS - 1) + 1
IR2 - IRI + NMUj -1
wRITE(6.113)IS.RADEG*PHI(IS),ISRADEG*PHI(IS),RTLABL4.Jj=lRl.IR2)
O 116 lzlRl,1R2
IR = MOD(I.NMU)
IF(IR.EQ.O) IR = NMU
THET = RADEG*ACUS(FMU(IR))

116 WRITE(6,115) I.IR.THET,(RTUiEO(i,j)*JzIRI.1R2)
IF(IDBUG.EO. 1) CALL P2ARAY(RTGEU,2*NMU.2*NMU.MXROW,2.

1' THE lJPPER LEFT BLOCKS OF THE NEW RTGEO ARRAY'

IF(IOBuGEQ-j4 'ALL P2ARAY(RTGEO,NuMRUW.NUMCOLMXRUW.2,
1' THE TOP HALF OF THE FULL RTGEU ARRAY'
WRITE (6.605)

c FORMATS

102 FOiRMAT(ltIO, ' SELECTED RAY DATA:. NREC IR is KU.,
I LV FRESNEL- RT ROW COL'/)

!04 FORMAr(H 110,lO415.FIO 5, 18, 16)
JJU UfkMAT(1H I110, DATA RECORDS kEAD h-kiM ONIT 20)
113 FO)R;.'AT(1HO. ' (SPECuLAR) BLOCK FOk Pril PRIME) ,12.4) =Fb.

I' AND PrUU '12.4 ) .F6. I OF THE NEW 'Ab , ARRAY'//
217x,.COLUMN: .10110/
J13X, 'MU(lJ 11(2) MUIO) M0(4) MU(5) Mu(6) M
4L,( 7) muiB) Mu (9) Mu( ID) 1/)

115 FORMAr( ROW' .14,' MU('.12,') =',Fb.I,4X,1O(2X.F8.5),(,24X.
1 1O(2x.F8.51)))

271 FORMAT(IHO,' EOF WRITTEN ON FILE filOUT = TAPE'.12)
605 FORMAr(1H0,' NORMAL EXIT FRUM NHM, PR6UDRAM ll.')

END
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C SUBROUTINE INISHL(RTGEO,RTLABL.NUOIJT.NEWRUN.NRAVQD))

C ON NHM2/IN2ALL
C
C THIS ROUTINE INITIALIZES PROGRAM NH-M2/M2ALL
C

PARAMETER (MXMU=1O. MXPHI=24)

PARAMETER(MXROW=MXMU*MXPHI/2, MXCOL=MXMU*MXPHI)
DIMENSION RTGEO(MXROhV.MXCOL)
DIMENSION NRAYQD(MXMU),BNDMU(MXMU),BNDPHI(MXPHI),DELTMU(MXMU)
DIMENSION IMISC2(20),FMISC2(20).NRAQD2(MXMU)
COMMON/CMUPHI/ FMU(MXMU),Pt-I(MXPHI),OMEGA(MXMU)
COMMON/CMlSC/ IMISCI,20) .FMISC(2O)
CHiARACTER UPDOWN*9,RTLABL*6.UPDN2.9,RTLAB2*6

C
READ(5.

4
) NEWRUN,IDBUG

C
C READ HEADER RECORD OF RAY DATA FILE (TAPE16. 17, 18, OR 19)

REWIND 20
REAO(20) NU2O,UPDOWN.NRAYQD
READ(20) IMISC,FMISC.FMU.PHI.BNDMU.BNDPHI.OMEGADELTMU

C
NMU =IMISC(l)
NPHI IMISC(2)
NUMRAV = IMISC(17 '
RADEG =FMISC(3)
WNDSPD =FMISC(ib)
REFR = FMISC(18)
IMISC(9) =IOBUG

C
NUOUT NU20O 6
IP12 NPHI/4 +1

C
IF( JPDOWN.EQ. 'COWN DOWN') THEN
RTLA8L = TAX
ELSEIF(UPDOWN.EQ.'uP UP )THEN

RTLABL = '(,)
ELSEIF(UPDOWN.EQ. 'DOWN UP ')THEN

RTLABL = '(,)
ELSEIF(UPDOWN.EQ. UP DOWN') THEN
RT ABL ='R(XAY'
ELSE
wRITE(6.118) UPDOWN
STOP
END! F

NUMCOL =NMU*NPH-I
NUMROW =NUM(:UL/2-

C
WRITE(6.100) RILA8LUOWN.NMU,NPHI~wNDSPD,REFR
wR I TE (6,110) N'.MRAY

C
IF(NEWRUJN.EQ.I) THEN

C THIS IS A NEW R,34, ZERO R76EO

c ZERO ONLY THOS. ARRAY ELEMENTS WH1ICH ARE ACTUALLY USED FOR STORAGE,

C AS AN AID TO DEBUGGING ON THE 855
C DO) 98 JCOL=I,NUMCOL
C DO 98 IROW=1,NUMROW
C 98 RTGEO(IROwJCOL' = 0.
C NON POLAR OUTPUT QOADS

D0 98 Ivzl,NPHI
DO 98 IU1l,NMu-i

JCOL 1= I* (1 -I)*NMU

C NON POLAR INPUT QUADS

DO 99 ISsl.1P12
D0 99 IR1I.NMU-1
IROW =IR + (1I;-IJ*NMU

99 RTGEU(IROW,jCUL) =0.
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L POLAR CAP INPUT QUAD

98 RTGEO(NMUJCL) =0.
C NON POLAR INPUT QUADS. POLAR CAP JuTPOT QUAD

00 97 IS=l1P12
0O 97 IRzl,NMu-I
IROW =IR + (IS-1)*NMO

97 RTGEO(IROW,NMU) =0.

C' POLE TO POLE QUADS
RTGEO(NMU,NMU) = 0.

C
EL SE

C
C THIS IS A CONTINUATION RON, REAL) EXISTING RTGEO (TAPE2I NUOT OF PREVIOUS RUN)

REwIND 21
READ( 21) NU2 1.NRAQO2, IMI 5C2 ,FMI ;C2

C
NMO2 IMISC2(1)
NPH12 IMISC2(2)
NuMRA2 = MISC2(17)

WNOSP2 =FMISC2( 15)
C
C CHECK FOR COMPATIBLE FILES

IF(NUUUJT.NE.N021 OR. NMU.NE.NMU2 OR.
I NPHI.NE.NPtuI2 i3R. WNDSPD.NEWNOSP2) THEN
wR ITE (6. 200)
wRITE(6,202) NU2J3.NPMU,NPHI ,WNDSPD

wRITE(bZ02) Nu2i .Nmu2.NPH12,WNDSP2
STOP
ENDI F

C
C THE 'TOP HALF' OF RTGEO IS STORED

DO 130 JCOL1.,NUMCOL
130 READ(21J X) lC~.R.URw

wRITE(6.112) RTLABL,NUMRA2
C
c PRINT SELECTED PARTS OF THE EXISTING RTGD
C
C THE SPECULAR BL0C2K FOR PHI PRIME z0

IV =IS+ NPHI/2'
JCI NMU*(IV - 1) I

JC2 = CI1 NMLJ -1
t6RTE(6,113)IS.RAD)ED

4
PrIIS),I.HAEUPHI(IV),RLABL.(JJ=JCI,JC2)

0O 114 1=1,NMU
THET RADEG*ACjJS)FMu(I))

114 wRITE(6. 115) ITuiET, (R1GO( I,j *j=JCl .jC2)

C THE SPECULAR BLOCK FOR PHI PRIME = 90
IS =NPHI/4 +I
IV= IS + NPHI/2
IRI= NMU*(IS - 1) + 1

IR2 =I R I + NMU -1I

JCl NMU*(IV - 1) -1

JC2 = C '-l NM[ -1

WRITE(6. 113)IS. RAUEG*PHI( IS) , v .RADE ,PHI( IV),RTLABL. (J, =JC1, JC2)

IR =MOD(I.NMO)
IF(IR.EO.O) IR -- tMU
THET =RADEO *A('LS(FMu( IR

116 vRITE(6,115) !IR.T-iET, (RTQEO( I j) ,j-JC1,JC2)
IFHIDBUG.GjT.1j CALL P'2ARAV(RTGEu.NMU,NUMCOL,MXRUW.2.

I' THE (-HI P;RI%,. U B OCKS UF 1>iE FXI TING RTGEO ARRAY

C
C CONVERT THE (OE'JMETRIC R OR T ARRAY~ BACK INTO A RAY-TALLY ARRAY,
C7 I.E. uNDO 9.7
C

48



§V. PROGRAM 2

DO 120 IROW=1,NUMROW
1R =MOD(IROW,NMU)
IF(IR.EQ.O) ZR zNMU
F1 FLOAT (NRAQD2 (IR) ) /(FMU (IR) OMEGA (IR))

C NON-POLAR QUADS
DO 121 KU=1,NMU-1
F2 = Fl*FMU(KU)

4
OMEGA(KU)

DO 121 LV=1,NPHI
JCOL =KU -' (LV-1)*NMU

121 RTGEO(IROW.JCOL) =F2*RTGEO(IROWJCOL)

C POLAR CAPS: KU NNMu
120 RTGEO( IROW,NMU) FI*OMEGA(NMu)*RTGEO(.IROW.NMU)

NUMRAY = NUMPAY +NiJMRA2
IMISC(17) =NUMPAY
DO 122 1=1,NMU

122 NRAYQD(I) mNRAYQD(I) + NRAQD2(I)
END IF

C
C WRITE "-EADEP ON OujTPUT FILE
C

REWIND NUOUT
WRITE(NJOUT) NUOL JINRAYOD.IMIS(..MILFMU.PHI.BNDMU,BNDPHI.OMEGA,
1 DEL TMU

C
RETURN

C FORMATS
C

100 FORMAT(1I, ' NATURAL HYOROSOL MODEL, PROGRAM 2'/!
I' RAY TALLY AND COMPUTATION OF '.A6, ' FROM 'A9/

IIH ' FOR NMU =',13,' NPHI =',13,' wNDSPD =',F8.3,
2' M/SEC'//1H .' REFR =',.F7.4)

110 FORMAT(IHO. ' FOR 1H-E CURRENT RUN. NUMHAY =' .10,
1' TOTAL RAYS TRACED')

112 FURMAT(IHO,' IH_ rAISiING GEUMEIkIL ',Ab.
I' ARRAY WAS ACCUMULATED FROM' /110.' RAYS'

1li FOPMAT(IHU,' (!SPECULAR) BLOCK F-OR Pt-il PRIME(' .12,' 1 ' *Fb.l,
1' AND PH-IC' 12, =' .F6.1,' OF THE EXISTING ',A6,' ARRAY'//

217X,' C OLUMN: ,0 lIil U
333X,'Mo(1) 2L () MLJ(3) M(1I(4) MU(S) MU(6) M
4UM7 MUIB) MULJ( 9 MO(lO;'/)

115 FORMAT('R~',4 Mu(,12.') ='.F6.1,4X1O(2XF8.5),(/24X,
I 10(24,FB 51))

118 FORMAT(1H0,' UPCfx)WN ='*A9. ERROJR STOP')
200 FORMAT~lHO,' FILFS 20 AND 21 INCOMPATIBLE: '/)
202 FORMAT(lH-O. ' F!,F 13,': NMU. NPH-I. WNDSPD

l//it- 12X,2I4,Fl:,.3)
END
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PROGRAM MAIN(INPUT,OUTPUTTAPE5=INPUTTAPE6=OUTPUTTAPE2O,

1 TAPE2ITAPE22.TAPE23.TAPE24,TAPE25)

C ++t++*-.............................. ........ + .....

C + +

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

C .. .
C 4.++++**4++++ *+ + ++++-++ +1'1 - ,- .- + ++

C
C ON NHM2/M21QD

C
C THIS PROGRAM READS AN OUTPUT FILE WRITTEN BY NHMI/MlIQD AND

C TALLEYS THE SCATTERED RAYS TO COMPUTE THE CORRESPONDING ROW

C OF THE GEOMETRIC REFLECTANCE OR TRANSMITTANCE ARRAY, AS

C DESCRIBED IN SECTION 9.

C

C THIS SPECIAL VERSION OF MAIN2 DOES ONLY ONE INPUT QUAD (ONE ROW

C OF R OR T).

C

C INPUT:

C NEWRUN = 1, IF THIS RUN STARTS FROM SCRATCH

C 0, IF IHIS IS A CONTINUATION RUN

C

C TAPE20 A FILE OF RAY DATA WRITTEN BY NHMI/MIIQD AS

C TAPE16, 17, 18, OR 19

c
C TAPE21, IF NEWRJN = 0, THE FILE 22, 2J. 24, UR 25 WRITIEN BY THE

C PREVIOUC RUN OF NHM2/M21QD, CONTAINING THE RTGEU ARRAY

C

C OUTPUT:

C NUOUT = THE FILE WITH THE COMPUIED RTGEO ARRAY

C NUOUT = TAPE22 IF TAPE20 IS TAPEI6 OF NHM1/MlIID

C = TAPE23 IAPE17 , EIC.

C

PARAMETER(MXMu I iMXPHI24, MXLOL-MXMU*MXPHI)

COMMON/CMUPHI/ FMU(MXMU).PHI(MXPH ).OMEGA(MXMU)

COMMON/CMISC/ IMISC(20) ,FMISC(26)

DIMENSION RTGEO(MXCOL),KNTRAY(MXCOI)

CHARACTER RTLAB_.6

C

C INITIALIZE

CALL I NI SHL (R T'E,.KNTRAY, I ROV,. N I LABL, NUUUT)
NMU IMISC(I)

NPHI IMISC(2)

NUMHAY - IMIS.(17)

RADEG z FMISC(3)

NUMCOL z NMLJ*NP-I
NREC = 0

C

C READ AND ACCUMIi ATE RAY (_ONTkRl BT IONS THI IS THE SUM OvER OMEGA

C IN 9.1, BUT wltIOUT THE I/S FACTOR. THE bUM OVER J IN 9.1 WAS

C DONE AUTOMATICALLY AS THE RAY WAS TRACED TO COMPLETION.

C
wRITEU6. 102)

2UU READ(20,LND 25) I,J,V.,L,RAD
NREC = NREC + I

C ANY RAYS GOIN, lNTO A POLAR LAP ARE AORED IN COLUMN NMU

LL - L

IF(v.EQ.NMU) 1 1
JCO, : , + (,L- 1)*N(Olu

IF(NPFC.iLE.2c3) e'kITE(6. 104) NQE( .I.J ,I RAD,JCOL
KNT AV(J.)L ) - ,NTRAV(J(..)L) - I

RTGE()J('OJL i = TGEO( JCOL ) + RAT)

,) TO 200

25u WRITE(E.11(j) NRE(,

C RIQEU 15 NOW PRUPORTIONAL TG TH_ RADIANT FULA TRANSFER FUN(,TION
C

C CONVENT THE RAY-TALLY ARRAY INTO A GEUMETRIC R OR T ARRAY BY 9.7

C
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IR MOD(IROW.NMU)
IF(IR.EQ.O) IR z NMU

C NUMRAV IS S OF 9.1
FACTI = FMU( IR) *OMEGA( IR) /FLOAT(NUMARAY)

DO 252 KUzl,NMU-1

C FACT2 CONTAINS TH-E MU AND OMEGA FACTOR OF 9.7, AND 1/S OF 9.1

FACT2 = FACTI/(FMU(b(U)OOMEGA(KU))
DO 252 LV=I.NPHI

JCOL =KU +- (Lv-1)*NMU

252 RTGEO(JCOL) = FACT2*RTGEO(JCOL)
C POLAR CAP: KU =NMU

RTGEO( NMU) =FACT14RTGEO(NMU) /OMEGA(NMU)

C
C RTGEO IS NOW THE QUAD-AVERAGED GEOMETRIC R OR T ARRAY

C

C PRINTOUT OF SELECTED COLUMNS NEAR THE SPECULAR DIRECTION

C
wRITE(6. 112) IROW,RTLABL.NUMRAV
IV = I
WRITE(6.262) IV,RAOEG*PHI(IV)(RTGEO(.JCOL),JCOLzl,NMU)
IS (IROW - 1),'NMij + I

IV= IS +NPHI/2
Ivi = MAXO(2,IV-3)
IV2 =MINO(NPHIlV+3)
DO 260 IV=IVI,IV2
JCI = 1 + (IV-1)*NMU
JC2 = IV*NMU

260 vWRITE(6,262) IV.RADEG*PHI(IV).(RTGEO(JCOL),JCOL=JC1.JC2)
C
C PRINT COUNTS OF RAYS CONNECTING THE QUADS

wRITE(6.112) IROw,.KNTRAY',NUMRAY
IV = 1
WRITE(6,272) IV.RADEG*PHI(IV).(KTAY~.JCOL).JCOL=I,NMU)
IS =(IROw - 1)/NMU + I

IV= IS 1 NPHI/2
IVI =MAXO(2,IV-3)
1V2 = MINO(NPHIlV.-3)
DO0270 IV=Ivl.Ivi
Ui= 1 +(1v-1)*NMlJ
JC2 =IV*NMU

270 WRITE(6,272) IV.RADEG*PHI(IV),LKNTkAV(jCOI-),COL-.I(1~j('2)

c COMPUTE SUM OVER ',V FOR IRRAD CHECK

C
SUM =RTGEO,(NMU)*OMEGA(NMU)

DO 300 lv1l,NPhi
0O 300 IU=1,NMU-1

300 SuM =SUM + RTGE0tlu + (IV-IP*NMUJ)*FMU(IU)*OMEGA(lU)

SUM =SUM/(FMU(IR)*OMEGA(IR))
WRITE(6.302) SUM

302 FORMAT(///' (SLJMWU.V) OF RltMU(U))*uME0A(U))/(MU(R)*OMEUA(R))
I IPRAD PEFL/TRArNS =',F8,6I

C
C WRITE FINAL APRA, TO OUTPuT FI;E

C
w&RITE (NUOUT ) ( RTGEO( UCOL ),_UCOtl I.tlUM( (a

wR ITE ( Nj~T; ( KrA A Y( JCOL) .JCCL 1 ,N..MACOL)

ENDFILE NJOJT

c F uRMA T.

102 FORMAT(I HO.' SEECTED RAY DATA:!!/ NREC IR Us KU'

I' L\v FRESNEL PT COL'/)

104 FCUkMAT( lH .1 10,.!15. FO.5.18)

1 10 FORMAT( IHO~. L TA RECOPDs READ FkkJM UNI T 20'

112 FOPMATf 1"0,. SELECTED COLUMNS OF R0.' ,14, ' OF THE 46

I' ARRAY'/I' (ACCUMULATED FROM.1I8. INITIAL RAYS: //

325x.'MU(1) NMi (2) MJ (3) Mo ( 4) MU (5) Mu (6) M

4U(7) Mu(8) MU(9) MU(1U1 /)

262 FORMAT(' pHt('.I,) ='.F6.1,4X.10(2A,F8.5),(/24X.10(2XF8S))

END
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SUBROUTINE INISHL(RTGEO,KNTRAY, IROW.RrLABL.NUOUT)

C ON NHM2'IN21QD

C
C THIS ROUTINE INITIALIZES PROGRAM NtHMZIM2IQD

C
PARAMETER(MXMU=10 .MXPHIz24)

COMMON/CMUPHI/ FMU(MXMU).PHI(MXPHI).OM.EGA(MXMU)

COMMON/CMISC/ IMISC(20) ,FMISC(2O)

DIMENS1ON RTGEO)11).KNTRAY(1)

DIMENSION BNDMUCMXMU),BNDPHI(MXPHI).DELTMLJ(MXMU).NRAYQO)(MXMU)

DIMENSION IMISC2(20).FMISC2(20),NRAQD2(MXMU)
CHARACTER UPDOWN*9 ,RTLABL*6.UON2*9.RTLAB2*6

C
READ(5.

4
) NEWRUN

C
C READ HEADER RECORDS OF RAY DATA FILE

REWIND 20
READ(20) NU20,UPDOWN. IR.JSNRAVQ0

READ(20) IMISC.FMISC.FMU.PHI.8NDMU,BNC)PHI.OMEGA.DELTMU
C

NMU IMI5CII)
NPHI IMISC(2)

NUMRAY =IMISC(17)
WNDSPD =FMISC(15)
REFR FMISC(1d)
NUOUT zNU20 - 6

IA IAaS(IR)
IF(IA.EO.NMU) J35 1

IROW IA -(JS-2)NMU

C

IF(UPDOWN.EQ. DOWN DOWN') THEN

kTLABL - TA~)
ELSEIF(UPDOWN.EQ. 'UP UP 7)tHEN

RTLABL = ' ( . )

ELSEIF(UPDOWN.EQ. DOWN UP ')THEN

RTLABLz (A,)

ELSEIF(UPDOWN.EO. 'JP DOWN) THIEN
RTLABL = '( . )

ELSE
wRITE(b,il0) UPDOWN

,T1OP

ENDI F

NUMCOL NMU*NPHI

WR ITE (6, 100) IHOW, RT LABL, UPOWN, NMIU.NPH[ I, NUsPO. REFR, IR. iS

NRAQD1-= NPAYQ14 IA)

wRITE(6. 1110, NRAQO1-

C
IF(NEWRJN.EQ.1I) TH-ErN

C

C THIS IS A NEW kuN. ZERO kT(,t0 AN4D KNTHAY

C ONLY THOSE ELEMfENTS ACTUAL LY LI',EO FOP S TORAGE ARE SET ToL ZEPO.

C AS AN AID TO DL0UjG6IN6
DO 48t J=1NPHI
DO 98 11I,NMu 1,

J('UL- I + ( - I r. t

KNTRAV')JCOL) 0

98i RTUEO(4COIA- 0.

PD AR CAP
KNTN AYINMLj) o

-LTfIA)(NMlU )

C
F, 'F

C

C THIS IS A CONTINUATION RJN. REAL Ei'I T IN(, PTGEO

REWIND el

READ(21) NUCUtj2,UPDN2.RTLAe2. 1P,.jS,2IiRAQD2
READ( 21) IMISL2,F MI 5C2
NMU2 IMISC2( 1)
NPHIZ IMISC2(2)
NuMRA2 = IMISC2( 17)

wNDSP2 zFMI SC2 (15)
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C
C CHECK FOR COMPATABLE FILES

IF(UPDOWN.NE.UPDN2 OR. RTLABL.NE.RTIAB2 OR. IR-NE.1R2 OR.

1 JS.NE.JS2 .OR. NMU.NE.NMU2 .OR. NPHI.NE.NPHI2 OR.
2 WNDSPD.NE.WNDSP2 .OR. NUOUT.NE.NUOUT2) THEN
WRITE(6, 200)
IFILE = 20
WRITE(6,202) IFILE,UPDOWN, IR.JS.NMUNPHI ,WNDSPD.NUOUT
IFILE = 21
WRITE(6,202) IFILE,UPDN2. IR2.JS2.NMU2.NPH2.WNDSP2,NuOuT2
STOP
ENDI F

C
READ(21) (RTGEO(JCOL) .JCOL=1.NUMCOL)
READ(21) (KNTRAV(-'COL) .JCOL=1.NoMCOL)
WRITE(6,112) IROW,RTLABL.NUMRA2
DO 114 JCOL=1.NUMCOL,10

114 WRITE(6,116) JCOL.JCOL+9,(TGEO(JCOLI'M),M-O,9)
WRITE(6,112) IROw,'KNTRAY.,NUMRA2
DO 113 JCOL=1,NUMCOL,10

113 WRITE(6,119) JCOL,~JCOL9.(KNTRAY(jCO1'.M),M0.9)

C CONVERT THE GEOMETRIC P OR T ARRAY BACK INTO A RAY-TALLY ARRAY,
C I.E. UNDO 9.7
C

Fl =FLOAT(NUMRA, f(FMO(IAJ*OMEUAA(IAj)
DO 120 KU=1,NMU-1
F2 Fl*FMU(KU)* .lME6A(Ku)
DO 120 LV=1,NPHI
JCOL = KU + (LV-!)NMO

120 RTGEO(JCOL) =F2*PTGEO(JCOL)
C POLAR CAP: KU - NMU

RTGEO(NM~i zFl*0MEGA(NMU)*RTGE(;dNMU)
NRAQDT =NRAQDT , .'1MRA2
IMISC(17) = NRAUDT
ENDIF

C
C WRITE HEADER ON J)UTPtJT FILE
C

REWIND NUOUT
WRITE(NJUT) NUbji,OPDOWN.RILAbL.IR., .,NRAQDT
WRITE(NUOOI) IMIS(,FMISCJ-ML.,PHI ,BNDMLI.BNDPI1.OMEC.A.OELIMU

C
RE TURN

c
C FORMATS
C

100 FORMAT( 1Hl. NATURAL HYDROSOL MOUEL, PRU6RAM 2 (1-QUAD VERSION)'//
I' RAY TALLY FOR COMPUTATION OF'//
IHr- .' ROW' .14,' OF ' ,A6,' (FROM .A9, iFOR'//ll NMU ='.13,
2' NPHI =1. WNOSPO =',F8.3,' M/SEC REFR =',F7,4//
31H .' THE FIXED INPUT QUAD Q(R.S) WAS V.2

11U FORMAT(IHO, FOR THE CURRENT RUN, NRAQDT .'16)
112 FORMAT(IHO.' ROW',14.' OF THE EXISTING ' *A6, ' ARRAY

1//IH ' (ACCOMOIATED FROMI8,' INITIAL RAYS)'!)
116 FORMAT(JH CC *MNS .14,' TO'.!4,1O.,2XFB.5))
119 FORMAT~iM , COLUMNS'.I4.' TO.1I4,IUJ(2XFb5))
118B FORMAT ( HO . UP'OWN .,A9,. ERROR STP,)
200 FORMAT( IHO. ' FliES 20 AND 21 INCC')MPATAOB F 'I)
202 FORMAT(lHO,' F>-L .13. : UPOWN, Ik. J, NMLJ, NPHI, WNDSPD, NO

1OOT -'//1I ,12A.A9,414,F10.3,I5)
END
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4. PROGRAM 3
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 _ (a,x),

(a,x), etc. are computed using 75/5.3 lc, 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 TAIPE30 the four spectral i" and i arrays, written in the order in
which they are needed in Program 4, namely t(a,x),
_( x,a), i(x,a), and i(a,x)

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

PROGRAM MAIN(INPUT.OUTPUT.TAPE5=INPLJT.TAPE6=OUTPUT.
1 TAPE22,TAPE23,TAPE24,TAPE25,TAPE3u)

L
C .....-.... .............

C ++

C + THIS IS PROGRAM 3 OF THE NATURAL HYDROSOL MODEL +
C+
C ........ ...... +* ........

C
C ON NHM3/MAIN3
C
C THIS PROGRAM COMPUTES THE UPPER BOUNDARY SPECTRAL REFLECTANCE AND

C TRANSMITTANCE ARRAYS WHICH DESCRIBE THE AIR-WATER INTERFACE.
C THE GOVERNING EQUATIONS ARE 5.31C TO 5.36.
C
C THE ARRAYS ARE COMPUTED IN THE ORDER IN WHICH THE SPECTRAL ARRAYS
C ARE NEEDED BY PROGRAM 4, NAMELY

C THAT(A,X), RH-AT(A,A), THAT(A,A), RHAT(A,x))
C

C THE GEOMETRIC ARRAYS ARE READ FROM THE OUTPUT FILES WHICH
C WERE WRITTFN BY PROGRAM 2 (TAPES 22, 23, 24, AND 25)
C
C THE SPECTRAL ARRAYS ARE WRITTEN TO NUOUT (TAPE3D)
C
C RTHAT1 AND RTHAT2 ARE EACH NMU*(NLI-I) BY NMU*INTU(NL+2)/2) WORDS
C THE STORED RT ARRAY IS NMU-NPHI/2' BY NMU*NPH-I WORDS (THE TOP HALF)
c

PARAMETER(MXMU .1CQ M) PHI=24)
PARAMETER(lDRT'V-MuMPHl MxN..~MPHI/2)
PARAMETER(ID1HATM ,XMU*(MXNL-1). ID2HAT=MXMU*((MXNL±2)/2))
DIMENSION RT(IORT.IDRT)
DIMENSION RTHAT1'IDlHAT.IO2riAT.RT-iAT2(IDlHAT,ID2HAT)
COMMON/CPHI/ PHI(MXPHI)
COMMON/CMISC/ lMI C(2U) *FMIS((,',
DATA NURAX NUTAX. N!JRXA NUTAA/Z,' 2j, 24 ,25/, NOOUT/3U/

C
C INITIALIZE THE - OGRAM
C

CALL INISHL
C

NMU = IMISC(l)
NPHI = IMISC(2
IDGUG = IMISC(9)

C
NROWRT = NMU*NPtHI/2
NCOLRT =NMU*N~ll
NRHAT =IMISC(!7)
NCHAT =IMISC(1l)
PPRT = MINO(20,NROWRT)

IPCRT MINO(2C. .CO:LRT)
IPRH-AT = MINGl4-,NRHAT)
IPCHAT = MINO(20,NCHAT)
IF(lDBUG.GE.2) uu TO 888

C1+1-.+[OwNwAPO TRANSIM11TANCE T(A,.AJ,
C PT CONTAINS THE GEOMETRIC T(A,X;RS;V;,)

C RTHAT2 CONTAINS THE SPECTRAL TtiAT2(Ax:R, LIU,K.)

C READ THE GEOMETPIC T(A,X)

READI NLTAX ) NJtI T

I P 1NUN IT.EQ. NuTAA) THEN
wR ITrEl 6 700 ) T-AT1( A X ) , I IAlziA, I(A.,X)
ELSE
WPITE(b.702) NjlT.'NUTAX.NTA.
STOP
ENDI F
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D0 710 J=1.NCOLRT
/10 READ(NUTAX) (RT(I *J).I=1,NRUOvRT)

C
C DEFINE A FULL RT ARRAY TO AVOID SPECIAL INDEXING IN RTSPEC
C

CALL FULLRT(RTNMU,NPHI,IDRT)
C

C CALL P2ARAY(RT.IPRRT.IPCRT.IDRT.2,'GEOMETRIC TAX(R.S/U.V)')

C COMPUTE THAT(A.X)
CALL RTSPEC(PHI.RTIDRT, RTHATI.RTHAT2,ID1HAT)

C
C WRITE THE SPECTRAL ARRAYS TO FILE NUOLJT

DO 221 J=1.NCHAT
221 WRITE(NUOUT) (RTHAT1(I *J).IzI.NRHAT)

DO 222 JzlNCHAT
222 WRITE(NUOUT) (RTHAT2(I,JLI=I.NRHAT)

CALL P2ARAY(RTHAT1.IPRHAT.IPCHAT.IDlHAr,2,'AMP ARRAY THAT1(A.X)')
CALL P2ARAY(RTHAT2,IPRHAT.IPCHA1.IO1HAT.2 'AMP ARRAY THAT2(A,X)')

L
C ..... UPWARD REF-LECTANCE R(X,A)
C RT CONTAINS THE GEOMETRI:' R(XA;R,.S;U,V)
C RIHAT1 CUNTAINS THE SPECTRAL RHiAIl(X.A;k,LIU.K)
C RTHATZ CONTAINS THE SPECTRAL RHAl2(X.A;R.L/U,K)
C
C READ THE GEOMEtrIC R(X.A)

REAO(NuRXA) NUNIT
IF (NJN IT. EQ. NtiXA I THEN
WRIfE(b,700) FRAT-1X.A)-,RllAT2()K.A)'k(X,A)'
ELSE
WRITE(6.7U2) NUNII NURXA *NURAA
STOUP
END! F
DO 7/20 J= 1 .NcL. kI

720 READ(NURXA) (RU I *J) *I 1,NROWRT)
CALL FULLRT (RT .NMu , NPH I, IDRT )
CALL P2ARAY(RT,IPRRT,IPCRT,IDRT.2. GEOMETRIC RXA(R.SuL) V)

C
C COMPUTE RHAT(XA)

CALL RTSPEC(Ph± *ki [URT, RlIII~-A IIA

C
DO 211l J=1.NLHAI

21 1 WR ITE( NUOJT) (PRIHAT1 (Ij ) I= 1 ,Nk1A I)
00 212 J=1,NLHAr

212 WRITE(NUOUT) (RTtiAT2(I ,J) I I *NklAT)
CALL P2ARAY(RTHAI I.IPRHAT ,Ifl-HAT .IU1tAl , zAMP ARRAY RH1AT1(X,A)'
CALL P2ARAY(RTHAT2,IPRHATIPCIHAJ.IDIHAT,2.,AMP ARRAY RHAT2(X,A)')

C
C--,toPWAR0j TRANSMITTANCE T(A.A)
C RT CONTAINS THE (GEOMETPIC T(X.A;R.s;(J,\)
C RIHATI CONTAINS THEi SPECTRAL IHATI(XAAR.L/J,K)
C RTHAT2 CONTAINS THE SPECTRAL THAT2(X,A;R,LIO,K<)
C
C READ THE GEOMETRIC T(XA)

READ(NuTXA) NUNIT
IF( NLINIT. .EQ.NUJTXA) THEN
WRITE(6,700) TH1~.)TA2xAT(X,A)'
E LSE
6ki i (b. 7U2 ) NUN IT,'NU IXA jT/.A

s rop
END IF
DO) 1.30 )-1 ,NCO[ P

7,30 REAM( NUTXeA T ( I , 1 11, NROAR T

CAL L JL IRT fRI, r MU. NP'HI ,C I k
( A,.L P.2ARAY ( H11 kkRTI PCPT ,ICDR I A ME IRk I TXA(R S/U V)

C
C C:MPHTE THAT) (X A

CALL RTSPEC(PHi ,T , IURT , RTtiAT I ktAT,',.D1HAT)

C
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DO 231 JzlNC"-AT

231 WRITE(NUOUT) (RTHAT1(I *jjI=1.NRtiAT)
DO 232 J=1,NCHAT

232 WR!TE(NUOUT) (RTHAT2(I~j),IzlNRHAl)
CALL P2ARAY(RTHAT1.IP;t 1AT.Ipt-HATtO1lHAT,2.'AMP ARRAY THATI(X,A)*)
CALL P2ARAY(RTHAT2,IPRr-AT.IPCHAT,lDlrAT2,.AMP ARRAY THAT2(X.A)')

C
C* .... DOWNWARD REFLECTANCE R(A.X)

C RT CONTAINS THE GEOMETRIC R(A.X;R.S;U.V)
C RTHATI CONTAINS THE SPECTRAL RHATI(A.X;R.L/U.K)
C RTHAT2 CONTAINS THE SPECTRAL RHAT2(AJ(;R.L/U,K)
C

888 CONrINUE

C READ) THE GEOMETRIC R(A.X)
REAO(NURAX) NUNIT
IF(NUNIT.EQ.NURAX) THEN
wRITE(6,700) 'RHATI(A.X).,'RHAT2AX)',R(A,X)'
ELSE
WRITE(6,702) NUNIT,'NURAX',NURAX
STOP
ENDI F
00 740 J=1.NCOLRT

740 READ(NURAX) (RT( I.J) Iz1 .NROWRT)

C
CALL FULLRT(PT,NMU.,NPH-I.IL)RT)
CALL P2ARA(RTIPRRT,IPCRT.IDHT,2, GEOMETRIC RAX(R,S/UV)')

C
C COMPUTE RHAT(AX)

CALL RTSPEC(PHI,RTIDRT, RTHATI.RTHsAT2,IDlHAl)
C

00 201 J=1,NCHAT
201 WRITE(NUOUT) (RTHAT1(I ,J) . =1.NR-1AT)

DO 202 J=1,NCHAT
202 WRITE(NUOIJT) (RT1AT2(I,j),I=2,NR"AT)

CALL P2ARA1(RT-<AT1.IPR!IATIPCr~AT,1t1iHAT,2,'AMP ARRAY RHATI(AX)')
CALL P2ARAV RTHAT2.IPRHATIPCHIAT,ID~hIAT,2.'AMP ARRAY RHAT2(A,X)')

ENOFILE NUOUT
yWRITE(6,750) NUCOJT

C
C FORMATS
C

700 FORMAT(IHI,' N')V. ComPuTINO',10 AND 'A10,' FROM '.A6)
702 FORMATtIHO.' ERROR: NUNIT ' 1,AND ',Ab ' =',I3)
750 FORMAT~ iHO, ' 140RMAL EXIT FROM PR0GPAM 3. TAPE', 13,' WRITTEN')

END
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SUBROUTINE INISHIL

C
C ON NHM3/INISHL3
C
C THIS ROU-INF INITIALIZES PROGRAM 3

C
PARAMETER (MXMO=1O. MXPHI=24)
DIMENSION FMU(MXMU).BNDMU(MXMU).BNDPHI(MXPHI).

1 OMEGA(MXMU) .OELTMU(MXMU)
COMMON/CPII/ PHI(MAPHI)
COMMON/CMISC/ IMISC(20) *FMISC(20)
DATA NURA)(/22/, NuOuT/30/

C
REAO(5.*) IOBUG

C

C READ HEADER RECORD OF ONE OF TiE. GEOMETRIC ARRAYS

C
REWIND NORAX

READ(NURAX) NUNIT.NRAYQD,IMISC.F MISC.FMU.PHIBNDMU.BNDPHI.OMEGA.

I DELTMU
REWIND NURAX

C
NMU =IMISC(1I
NPHI zIMISC(2)
NL NPHI/2
IMISC(3) NC
IMISCk9 - iDBUG
NRHAT =NMU*(NL-1)

IMISC(10) zNRHAT
NCHAT = NMU*((NL'2)/2)

IMISC(11) zNCHAT
WND* PO FM ISC ( 11
REFR =FMISC(18)

C
WRITE (6,300) NMJ, NPHL NL WNOSPO. REFR

C WRITE HEADER RECORDS ON OUTPUT FILE

REWIND NUOuT

WRITE(NOT) NU~uT,IMISC.FMII)C.FMU.PUil,BNEJMU.BNDPHI.UMEGUA.DELTMU
C
C rC PMATS
c

300 FORMAT(lHl,' PROGRAM 3 OF THE NATURAL HYDROSOL MODEL'//

IIHO. 'COMPIITA'!C)N OF UPPER BOUNDARY SPECTRAL REFLECTANCE AND TRANS

2MITTANCE ARRAVS'///IH ' NMU *'13//IH , NPHI =*13//H

3' NL .'13//IH 'WNDSPD 'F7.3//IH REFR .-Fb.3)

END

58



§4. PROGRAM 3

SUBROUTINE FULLRT(RTNMUNPHI,IDRT)
C
C ON NHM3/FULLRT
C
C THIS ROUTINE CREATES A FULL (SQUARE) GEOMETRIC R OR T ARRAY FROM
C THE "TOP HALF" DESCRIBED IN SECTION 12B. USE OF THE FULL ARRAY
C MEANS THAT NO SPECIAL INDEXING CALCULATIONS (SEE PAGE 191) NEED
C TO BE DONE
C

DIMENSION RT(IDRT,1)
C

NFULL = NMU*NPHI
NHALF = NFULL/2
DO 100 IROW=NHALF+1,NFULL
DO 102 JCOL=I.NHALF

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

100 RT(IROW,JCOL) = RT(IROW-NHALF,JCOL-NHIALF)
C
C RESET THE POLAR CAP OUTPUT FOR THE BOTTOM HALF (ZERO VALUES
c CAME FROM THE B-BLOCK, SEE PAGE 190)

DO 110 IROW=NHALF'INFULL

110 RT(IROW,NMU) HT(IROW-NHALFNMU)
C

L RE-ZERO THE POLAR CAP OUTPUT COLUMN AT PHI 180. WHICH HAS
C PICKED UP NON-ZE.U VALUES FRUM IHE A-BLOCK
C

JCOL = NMU + NHALF
DO 104 IROW=I.NFULL

104 RT(IROW.JCOL) = 0.

RETURN
END

SUBROUTINE RTSPLC PHIRTIDRI RTHATI.RTHAT2.1DIHAI)
C

C ON NHM3/RTSPEC

C
C THIS ROUTINE FIPST COMPUTES THE SPECTRAL AMPLITUDES FROM THE
C VARIOUS SPECIAL CASES, 5.31C TO 5.36, GIVEN RT = R OR T IN
C GEOMETRIC FORM.
C
C THE AMPLITUDES RTHAT1 = RHATI OR THATI AND RTHA12 z RHAT2 OR THAT2.
C ARE STORED ON THE COMPRESSED SPECTRAL ARRAY FORMAT OF (12.4).
C
C THE SPECTRAL AMPLITUDES ARE IHEN CHECKED USING RAYLEIGH'S EQUALITY 4.17
C
C FINALLY, THE MA7RIx ELEMENTS DEFINED BY (5.41) AND (5.43) ARE
C COMPUTED FROM THE ARRAYS OF AMPLITUDES.
C
C N.B. IN THIlS ROUTINE. K AND L AFE REVERSED FROM THE NOTATION
C USED IN THE TECH REPORT ERL-PMEL-75.
C

DIMENSION PHI(1). RT(IDRTI), RTHATI(IDIHAT.1).RTHAT2(IDlHAT,I)
COMMON/CMISC/ IMISC(20)

C
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NMU =IMISCC1)
NPH-I = IMISC(2)
NL =IMISC(3)
IDBUG = IMISC(9)
NRHAT = IMISC(1O)
NCHAT = IMISC(11)

C
0O 100 K0O.NL
AK = FLOAT(K)
IF(K.EQ.O OR. K.EQ.NL) THEN
EPSK =FLOAT(NPHI)
ELSE
EPSK =FLOAT(NL)
ENDIF

C
00 100 L=ONL

C SKIP THE COMPUTATION IF (K +- L) IS 0DD

lF(MOO(K-L.2).NE.O) GO TO 100
C

AL =FLOAT(L)
IF(L.EQ.O .OR. L.EQ.NL) THEN

EPSL =FLOAT(NPHI)
ELSE
EPSL = FLOAT(NL)
ENDI F

C
00 102 1R=1,NMU

C
D0 102 IU=1.NMU

C

C STORAGE INDICES FOR SPECTRAL ARRAYS
IUS =NMU*L + IR
IVS =NMU*K + IU - NMU*((K+L)/2 - L12)

C
IF(IR.LT.NMU AND. IU.LTNMU) THEN

C
C GENERAL CASE: INPUT QUAD IS NONPOLAR, OUTPUT QUAD IS NONPOLAR; USE 5.31C
C

SUM! 0.
SUM2 =0.
00 204 IS=1,NPHI

COSLPS aCOS(AU'PHI(IS))
SINLPS = SIN(At-*PHI(I$S))

IROW =NMU*(IS-1) + I
00 204 IV=1,NPHI
SUMI = SUM1 RT(IROW.NMU*(IV-1)+IU)*COSLPS*COS(AK*PHI(IV))

204 SUM2 = UM2 +RT(IROW.NMU*(IV-1).IU)*SINLPS*SIN(AK*PHI(IV))
RTHATI(I105.IVS) =SUMI/(EPSL*EPSK)
IF(L.EQ.O .OR. L.EQ.NL .OR. K.EQ.O OR. K.EQ.NL) THEN

RTHAT2(IUS.IVS) 0.
ELSE
RTHAT2(IUS. IVS) = SUM2/(EPSL*EPSK)
END IF

C, SPECIAL CASES FOR THE POLAR CAPS
C

ELSEIF(IR.EQ.NMU .AND. IU.LT.NMU) THEN
C
C INPUT QUAD IS THE POLAR QUAD, OUTPUT IS NONPOLAR; USE 5.J2

C
IRT =NMU
IF(L.EO.O) THEN
SUMi =0.
00 200 IVzl,NP1I

200 SUMI =SUMI P T(IRT.NMU*(Iv 1)+Iu)*(US(A<*PHI(]V))
RTHAT1(IUS.IvS) =SUMI/EPSK
RTtMAT2(IUS.IvS) 0.
EL SE
RTHAT1(IUSIVS) z0.
RTHAT2(1UThI.)S) U .
END IF

60



§4. PROGRAM 3

ELSEIF(IR.LT.N4MU AND. Ij.EQ.NMU) THEN

C

C INPUT QUAD IN NONPOLAR. OUTPUT QUAD IN THE POLAR CAP; USE 5.34

C
JRT =NMU
IF(K.EQ.O) THEN
SUMI =0.
00 202 IS=INPHI

202 SUMi = SUMi + RT(NMUJ*(IS-l)+IRJR12*COS(AL*PHI(IS))
RTHAT1(IUS,IVS) =SUMl/EPSL
RTHAT2(IUSIVS) =C.
ELSE
RTHAT1(IJS.IVS) 0.O

RTHAT2(IUS,IVS) = 0.
ENDI F

C
ELSEIF(IR.EQ.NM. AND. IU.EQ.NMtu, THEN

C

C INPUT QUAD IS THiE POLAR CAP, OUTPUT UAD IS THE POLAR CAP; USE 5.36

C
IF(K.EQ.O .AND. L.EQ.0) THEN
RTHAT1(IUS,IVS) = RT(NMU,NMU)
RTHAT2(IUSIVS) = 0
ELSE
RTHATI(IUS,IVS') 0.
RTHAT2UIUS.IVS) =0.
END IF

ENDI F
C

102 CONTINUE
100 CONTINiE

C
C CHECK( "E COMPUTED SPECTRAL~~ UE
C

IF(IDBUG.NE.0) T"EN
IPRHAT =40

IPUHAT 20

CALL P2ARAY(RTAT,IPRHAT,IPCHAT.IU1IHAT,
2 .

I' THE SPECTRAL AMPLITUDES RT"AT!

CALL P2ARAV(krHAT2.IPRHAT.IPCHA
T 

I1lt-iAT.2.

1 THE SPECTRA-~ AMAPLITUDES RTHAT-2
CALL SP[ICHK(RTIDRT.RTHAT1.RTHA'2. IDIHAT)

END IF
C
C CONVERT THE SPECTRAL AMPLITUDES TO THE SPECTRAL ARRAYS CEFINED BY

C 5.41 AND 5.43. THE ARRAY ELEMENTS ARE THE AMPLITUDES

C MULTIPLIED BY FACTORS OF 1, NL OR NPHI, AS SEEN IN TABLES 1 AND 2

C ON PAGES 90 AND 91.
C

EPSL F LUAT ( NPH I
00 300 IROW=1.NMU-1
DO 300 JCDL=I.ILHAT

300 RTt-AT( I ROW~- EPSL *kTHA T I P(Jvv -COL)

EPSL = FLOAT(IrJ
DO 302 IRCO.-N7A ;+ 1NR,IAT-NM.J
DO 302 JCDL J.F4CHAT
RTHAT1(IROW.JC-OL) EPSL-;PTtATIlR0'V.,JLUL)

30)2 RTmAT2IROw.,C.-) PerH1,uw(.)

EPSL =FLOA7:N;'H1
DO 304 IROWNR-AT-NMU.I.NPHiAT-i
DO 104 JC()-- A

304 RTHAT 1 ( I POW. ,L EPSL TAI

RETUJRN

END
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SUBROUTINE SPECHK(RT,IDRT,RTHAT1,RTHAT2.IDIHAT)
C

C ON NH-M3/SPECHK
c

C THIS ROUTINE CHECKS THE COMPUTED SPECTRAL R AND T AMPLITUDES

c BY SEEING IF THE WEIGHTED SUM OF THE SPECTRAL AMPLITUDES SQJARED EQUALS

C THE SUM OF THE GEOMETRIC ELEMENTS SQUARED (RAYLEIGH'S EQUALITY, 4.17)

c

C THIS CHECK HOLDS ONLY FOR NON-POLAR QUADS.

C
PARAMETER (MXMU= 10)

DIMENSION RT(IDRT,1).RTHATI(ID1HIAT.1).RTHAT2(IDlMAT,I)
DIMENSION GEOSUM(MXMU.MXMU).SPCSUM(MXMU.MXMU)
COMMON/CMISC/ IMISC(.20)

NMU IMISC(l)
NPHI =IMISC(2)

NL =IMISC(3)
NRTGEO NMU*NPHI

00 10D I1.,NMU-l
00 100 Jzl.NMU-1

c

C COMPUTE THE SUM OF SQUARES UF THE GEOMETRIC ARRAY ELEMENTS

C
SUM =0.

DO 110 IROWzlNPTG'EONMU
00 110 ICOL.J.NRTGEONMU

110 SUM =SUM + RT(IROWICOL)#*2

GEOSUM(I.3) =SUM

IF(I.EQ.NMU AND. j.EO.NMU) WRIIE(6,333) RT(I,j)

33FORMAT(1F1 .' RT(NMU.NMU) z',-10.5)

C COMPUTE THE WEIGHTED SUM OF SQUARES OF THE SPECTRAL AMPLITUDES.

L THE AMPLITUDES ARE STORED ON THE ARRAY FORMAT OF (12.4).

C
SUM =0.

DO 120 K O,NL
IF(K(.EQ.0 OR. K.EQ.NL) TuiEN

EPSK =FLOAT(N~r1I)
GAMK U.
EL~SE

EPSK =FLOAT(NL)
GAMK =FLOAT(NL)
END) F

C
DO 120 L0O,NL

C
IF(MOD(K+L.2L.NE.0) GO TO 120

C
IF(L.EQ.0 OR. L.EQ.NLJ TthEN

EPSL = LOAT(NPHI)
CAML =0.
EL SE
EPSL =FLOAT(NL)
(,AMIL = FLOAT(NL)

ENDI F
L

C COMPUIE ROW AND COLUMN INDICES OF !HE COMPRESSED AMPLITUDE ARRAYS,

C ARRAYS. By (12.5)

IROW I + N --

ICOL J +- NMu ,' - NMU*( (,(.L)/2 -

SUM SUM +EPSK*EPSL*RTHATI( IRL,,.I(CL )**. +~

GAMkOAML*RTHAT2(1INO j,ICJ)L)**2

12D CODNTINUE

SPCSJ)M( I.J) z S -

100O CONTINtuE

CALL P2ARAY(GEoSU(M,NMtJ-1,NMU-1,M-MU.Z.,

I'SUMS OF SQUARES OF THE NON-POLAR GEOMETRIC k.T ARRAY ELEMENTS')

CALL P2ARAY(SPCSJiM,NMOi-,NMU-1.MxMj, 2,

1IRAVLEIGH SUMS OF SQUARES OF ThE NON-POLAR SPECTRAL R/T AMPLITUDES

kEITURN

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 # 0 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.,. both modes I and 2); the discretized spherical

phase function is not worth saving.

B. Input

Two more parameters, wvic h determine maximum array dimensions, must be set at com-

pilation time. These parameters :ire (see the first PARAMETER statement in MAIN).

parameter value in listed code definition

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

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

Referring to 75/pages 132-1i.5, MXY gives the maximum allowed value of YOUT and

%IXSIGY _,ivcs the r-na\imunLi ,ih!,"ed '..Adte of YOP.

Six tree-format dataa rec :, are rcdt 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 > 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 n in 75/11.3. A value of I can be used for a spherically
symmetric ph~tse 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 no in 75/11.3. Use values like those for NUQB.

INCBAS the factor for increasing the base numbers of subcells (n and n ) in
75/11.3, for quad pairs which involve forward (or nar forvTard)
scattering. A value of 10 is reasonable for natural waters (use I 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 giLs 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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= 1 if the bottom is infinitely deep, and the water is homogeneous below
depth z (see 75/§ 10).

RFLBOT 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 = 0 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).

= 1 if the YOUT values as read are optical depths (this option is valid for
inhomogeneous waters).

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

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

YOUT(NY)

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

0.0, 0.5, 1.0. 2.0, 5.0, 10.0, 15.0, and 20.0.
He,-# YOUT(l) = 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 yj = YOUTj) which are often convenient for

checking the results, computing K-functions, etc.

Record 6: RSKY, CARD, SttTOTL, THETAS, PHIS

This record specifies the Incident (sky + sun) radiance distribution, using the model
described in Appendix B.

RSKY The ratio of sky to total (sky + sun) input scalar irradiance; 0.0 <
RS' XY ! 10. RSKY = 0.0 for a black sky (sun only); RSKY = 1.0
for a background sky only (no sun).

CARD The cardioidal parameter for the sky radiance distribution (see
Annendix B of this report): CARD = 0.0 for a uniform sky; CARD =
2.0 tor a cardioidal sky.

SHTOTL The total (sky + sun) spectral scalar irradiance on the water surface at
the given wavelength, in W m-2 nm'.

THETAS The polar angle, 0. , in degrees of the sun's location in the sky.
TtItETAS = 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, 0., 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 PHASEF 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 i 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
ICPI-IAS = 0.

NUOUT TAPE40 The file containing the radiance amplitudes (and
other information) generated by Program 4.

NUSCRI TAPE45 Temporary scratch files used in integrating the
NUSCR2 TAPE46 Riccati equations. NUSCRI holds R(y,x;t);
NUSCR3 TAPP47 N'JSCR2 holds T(x,y;e); NUSCR3 holds R1(y,b;()

and R2(y,b;).
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D. Code Listing

PROGRAM MA1N(INPuT.OuTr'UT.TAP E5,=INpUT.TAPE6=OUTPUT.TAPE3O.TAPE39.
I IAPE4O,TAPE45,TAPE46,TAPE471

C
C ON NI-M4/MAIN4
C

C .........t+t+~t~ +............ .... t+**t..............t

C ++
C + THIS 1S PROGRAM 4 OF THE NATURAL HYOROSOL MODEL +

C I +

C .......................... t ................. tttt

C
PARAMETER(MXMU1iO, MXPHI=24. MX~z3O. MXSIGV=3)
PARAMETER(MXL:MXPHI/2. MXALGP=MXMU*(MAL-1). MXAMP:2*MXMU*(MXLt1))

PARAMETER(MXRRTH=MAMU*(MXL+1), MXCRTr-i-MXMU((MXL'2)/2))

c PARAMETER(MXWERK=MXMU*MXMU*(1 + 3*(MXL+l)
4
(1 + CMXL+2)/2)))

COMMON/CAMP/ AAM(MXAMP) ,AAP(MXAMPJ .A9M(MXAMP.MXV) *AVP(MXAMP,MXV)
COMMON/CSIGY/ VSIG(MXSIGV).ALBESS(MXSIGY) *TOTALS(MXSIGY)
COMMON/CRADO/ JMUO(MXSRC).KP-IO(MXSRC),RAOO(MXSRC)
COMMON/CRTR/ RYXyP%XMU.MXMu.&xv),TXv(MxMiJ.mxmU.mxV).

1 R1V3(MX~MU,MXMLJ,MXV) .2VSIMAMUj.MXMu.MXV)
COMMON/CGRIO/ FMWjMXMU),P-I(MAPrI),v(MFlX)BNOMU(MXMu).

1 BNOPHI(MXPHI).CM&A- GA(MXMU).DELTMuI(MXMu).ZGE0(MAV)
COMMON/CRTSIG/ RrOHAT(MXMU.MXMu.MXSIuV),TAUHAT(MXMU.MxMU,MXSIGV),
1 ALGr'P(MAMD.MAALGPM(SIGY) .ALGPMlMY(MU.MXALUP.MXSIGV)
COMMVON/CBOTBC/ RH-ATZB(MXMU.MlXMCII
COMMON/ CRTHAT/ {-.T(ARRTHMA(F11rI;!"'A((ARTHMACRTH)

I RHA1(MxR~h.xH .it1r2(MyxRTrH.MXCRTH)
COMMON/OMI Sc /I &(2)MSC
COMMON/CWOR$/ WEkr.MXWERMJ

OATA NUSRtf2O/ . N ,2UT/40/ . rW'jLP 1 Nt Iu iZNUCR3/45.46, 47/

C *4*t. INtl IA. [ZATION ~.4 .
C
C READ THE INPUJT uA'A
C

CALL INIS-L
C

NSIGY = IMISC(b;
IMISC(18) =NU'S$RI
IMISC(19 ,j NjS(Rkz
IMISC(20) = WS.

NMU =IMISUC(1)

NC IMISC(3)
NY =IMISC(4)

;DBUG2 IMISCIj
NRHA' zIMISCI!;

rCHAl ' . .
NRAMPz2*MA

C
c :NIT:AC LOAD S- 7,-.F SPEI--.kAL A,k= ANRAYS

TtiATIAX '<7 TA T1I

C ' iAT2C(A,/ :%T2iAT
Pt-AT I XA)' PHA A 1

C

lfu RFAD)(tUSkT ) I TrIA 11.1.1

00J 101 j=1,N&HAT
10~1 PEAD INFSkr (I l AlA I, ) 1 . ,

010 12'2 < . NCHA -

102 AbU WiSPy ri 1,, .1 *,NrIA
T
i

[, 10i u 1 ~rI t
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IF(IDBUG2.GT.O) THEN
CALL P2ARAY(THIATI,2*NMU,NMU,MXRRTH,2.'THAT1(A,X) AS LOADED-)
CALL P2ARAY(THAT2,2*NMU,NMU.MXRRTH.2.'THAT2(A.X) AS LOADED')
CALL P2ARAY(RHAT1,2*NMU,NMU.MXRRTH,.'RHAT1(X,A) AS LOADED')
CALL P2ARAY(RHAT2.2'NMU,NMU.MXRRTH,2.'RHAT2(X.A) AS LOADED-)
ENOIF

C
C ******BEGIN COMPUTATIONS *****

C
C COMPUTE THE DIRECT BEAM AMPLITUDES AO(Y,-) AT ALL LEVELS Y = A, X......Z
C FROM THE QUAD-AVERAGED SKY RADIANCLS (WHICH ARE STORED IN /CWORK/)
C

CALL AMPAO
C /CWORKI IS NOW ENTIRELY FREE

C SAVE AO(Y,-) (STORED IN AAM) AT ALL Y LEVELS
WRITE(NOUT) (AAM(I).I=1,NRAMP)
00 150 J=1.NV

150 WRITE(NUOUT) (AYM(I .J) ,I11,NRAMP)
IF(IDBLJG2.NE.0) THIEN
WRITEC6. 1038)
CALL PNTAMP(Y,AAMAYM,MXAMP)
ENDI F

C COMPUTE THE INTERIOR TRANSFER FUNCTIONS BY INTEGRATION OF THE

C RICATTI EQUATIONS
C EACH L MODE IS IN

T
EGRATED SEPARATELY

C
DO 200 L0O.NL

C
C SET DEBUGGING OUTPUT FOR SELECTED L vALuES

IF(IOBUG2,GT.O) THEN

IDBUG =IDBoG(2
ELSE
IOBUG = 0
ENDI F

ELSE
IOBUG =10B62
ENDI F

IMISC(9) =IDBuU,
C'
C .. SOLUTION STEP I (SEE PAGE 133 ANDI Fl(,(RE 7 ON PAGE 140)
C COMPOTE PRHOHAT AND TAUHAT AT EAt_" v L EVEL WHERE SIGMA AND ALPHA
C ARE GIVEN
C

CALL RHOTAU(L)
IF(IDBoG.GT.0) THEN
WRITE(6.202) L
CALL P3ARAV(RHlG-AT,NMUO.NMu.Nriukj JAMLIMAMIJ. 2. RHOHAT(L))
CALL P3ARAY(TAO-IAT.NMU,NMIJNSIG',MXMhJMXMU,2,'TAUHAT(-)')
END IF

C
C.. S)OLUTION STEP 2
C COMPOTE RHATI(Z,B) FOR THE DE!SIkED BOTTOM bOJUNDARY CONDITION
C

CALL BOTMBC(L)
IF(IOBUJG.GT.() <,ALL P2ARAV(RHATZBj4MLI,NMoJ,MXMU,.'RHATI(Z,B,L))

Cl.. SOLUTION STEPS 3 AND 4
C INTEGRATE THE P ICATTI EOOATIOtS TO (,ET R(VX), T(X,V). AND RP(Y.B)

CALL FIIIATI(L)

C vYPITE R(V,Xj. -AV) AND RPfy,B) FOR TfuIS L VALUE TO SCRATCH FILES

DO 22CJ IV=I.Ny
WRITE (NUSCR 1) y(I IYJIIMu.lrMO
wRITE (NOSCR2 ) ((CTXY (I , I) . I=I NMJ ) J= I .NMU)

220 WyRITE(NOSCR3) (CA2yB(I .J.IV).I=l.NMO) ,Jzl,NMU)
IF(IOB[uG.EQ.?) THEN
CALL P3ARAY(RXNMUNMUNVMXMU.MXMU,2 'R(YX,L) ')
CALL P3ARAY(TXVNMU,NMU.NY,MXMIJMXI,4Ji2 'TIXYVL))
CALL P3ARAY(R1VB,N4MU,NMU.NVMMUMNAMU,2 R1(Y.B,L)'
CAL. P3ARAY(2V,NMUNMUNYMXMU.MXMUO2 'R2(Y,B.L))
END I 
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C
200 CONTINUE

C
C .... SOLUTION STEPS 5 AND 6
C COMPUTE THE AMPLITUDES A(X,-j AND A(X, )
C

CALL AMPX
C
C1.... SOLUTION STEPS 7 AND 8
C COMPUTE THE INTERIOR AMPLITUDES A(V,-) AND A(V,.), X .LT. V .LE. Z
C

CALL AMPINT
C
C FINAL LOAD OF SPECTRAL STORAGE ARRAYV,

C THAT1(X,A) INTO THATI
C THAT2(XA) INTO THAT2
C RHATI(A.X) INTO RHATI
C RHAT2(A.A) INTO RHAT2
C

DO 400 J=1,NCHAT
400 READ(NUSRT) (THATI) ,J) ,I=i ,NRHAT)

DO 401 J=I,NCHAT
401 READ (NUSRT) (THAT2 (I ,j) , II NRHAT)

DO 402 J=1.NCHAT
402 READ(NUSRT) (RHATI(I,JJ,l=1.NRH-AT)

DO 403 .J1,NCHAT
403 READ(NUSRT) (RHAT2(I.j),I=1,NRHAT)

C
IF(IDBUG2.riT.0) Tm-EN

CALL P2ARAV(Th1M1.O*NMUNMU,MXRRTi.2.'THATI(X.A) AS LOADED')
CALL P2ARAY(THAT2.2*NMU.NMU.MXRRTH,2, THAT2(X,A) AS LOADED')
CALL P2ARAV(RH-ATI.2*NMU,NMU,MXRRT-,2.'RHAT1(AX) AS LOADED')
CALL P2ARAV(RHAT2,?*NMU,NMU.MXRRTH,2, RHAT2(4,X) AS LOADED')
END IF

C..... SOLUTION STEP 9
C COMPUTE THE AMPLITUDE A(A.')
C

CALL AMPAP
c WERKY1) NOW COtJ1AINS ACCA,'). THE kF.,ELTED DIRECT BEAM
C
C END OF COMPUTATIONS
C
C SAVE THE COMPuILO AMP' ITubES
C

WRITE(NUOUT) (WERK(I) ,I I,NRAMP)
WRITE(NUOUT) (AAM) I), I1 ,NRAMP)
WRITE (NUOUT) (AAP (I) .I=1. NRAMP)
DO 450 J=1,NY

450 wRITE(NuOUT) (A\'M(I ,.),Iz.1,NRAMP)
00 451 j=l.Ny

451 vyRITE NjOUT) (AYPL(I .j),I 1,NkAMP)
ENDFILE NUOUT

IF(IDBUG2.NE.(ni T,-EN
WRITE(6, 10391)
CALL PNTAMP( .?FPK(,l.E201,MXAMP)
WRITE(6, 1040)

CALL 0NTAMP(Y,AAM,AYMMAM')
WRITE(6. 1042)
CAL PNTAMP(Y.AAP,AvP.MXAMP)
END IF

C
wRITE(6,500) r,Qf,(T

202 FOPMAT(IH!, ' -- '- BEGINNING THE L ', 13,' LOOP ~'.....
50 U FORMATIrO, ' NORMAL EXIT FROM PRUGHAM 4. TAPE' .12,' WRITTEN,')

10383 FORMAT(IHI,' Tt-E DOWNWARD DIR ELT BEAM RADIANCE AMPLITUDES ARE*//
1 11A. Muj' *7X,A(A- .8 'tv

1039 FORMAT)(IHI.' THE UPWARD DIRECT BEAM RADIANCE AMPLITUDES ARE'//
I 11,K, MU',7X, A0(A,+)')

1040 FORMAT) l. THE DOWNWARD TOTAL RADIANCE AMPLITUDES ARE'//
1 1IIX,'MU',.7X , I (A, -) 9X, 'A(Y ) V

1042 FORMAT)(IHI.' THE UPWARD) TOTAI RA[OIAI,vF AMPLITUDES ARE'
11111X, 'MU',7X. AA,)' ,9X. A(W.>'
END)
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SUBROUTINE INISHL
C
C ON NHM4/INISHL4

C
C THIS ROUTINE INITIALIZES PROGRAM 4 OF THE NHM.
C

PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGY=3)

PARAMETER(MXGEOP=MXMU*(MXPHI/2+1))
C

COMMON/CMISC/ IMISC(20),FMISC(20)
COMMON/CRTSIG/ RHOHAT(MXMU,MXMU.MXSIGY),TAUHAT(MXMU,MXMU.MXSIGY),
1 GEOPP(MXMU.MXGEOP,MXSIGY),GEOPM(MXMU,MXGEOP,MXSIGV)
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI),YOUT(MXY).BNDMU(MXMu).

1 BNDPHI(MXPHI),OMEGA(MXMU),OELTMU(MXMU),ZGEO(MXY)
COMMON/CSIGY/ YSIG(MXSIGY),ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CWORK/ RADSKY(MXMU,MXPHI).PHASE(2701,MXSIGY).PSITAB(2701)

C
DIMENSION ITITLE(10)

C
DATA NUSRT,NUPHAS,NUOUT/30,39,40/

C KINV ...... THE NUMBER OF TERMS IN THE SUM (7.4)

C TOL ....... THE TOLERANCE FOR THE RICCATI EQUATION SOLVER (IMSL ROUTINE OVERK)
DATA KINV/3/. TOL/I.OE-8/

C

C READ INPUT RECORDS
C
C RECORD I:

C ITITLE .... A RUN TITLE, UP TO 80 CHARACTERS
C
C RECORD 2:

C IDBUG ..... 0 FOR NO INTERMEDIATE OUTPUT (PRODUCTION RUNS)
C 1 FOR MINIMAL OUTPUT FOR CHECKING (RECOMMENDED)
C 2 FOR FULL DEBUGGING OUTPUT

C WAVENM .... THE WAVELENGTH IN NANOMETERS, ONE OF THE 13 VALUES 400.,425....,
C 675.,700. (SEE PHASEF FOR THE PELAGOS SEA)

C ABSORB .... IF.GE.O. , THEN THE ABSORBTION COEF A IS RESET TO THIS VALUE
C (USED FOR LAKE LIMNE RUNS TO VARY A WITH WAVELENGTH)
C
C RECORD 3:

C ICPHAS .... 0 IF THE QUAD-AVERAGED PHASE FUNCTIONS ARE TO BE READ

C FROM JNIT NUPHAS
C .NE.O IF ToE QUAD-AVERAGED PHASE FUNCTIONS ARE TO BE COMPUTED

C (BY SUBROUTINE QAPHAS) AND STORED ON UNIT NUPHAS

C IF ICPHAS.LT.0, THE RUN STOPS AFTER NUPHAS IS WRITTEN

C IF ICPHAS.GT.0, THE RUN CONTINUES, AND COMPUTES

C AMPLITUDES
C NUQBNVQB.THE BASE NUMBERS OF SUBCELLS (IN THE MU AND PHI DIRECTIONS)
C USED TO DISCRETIZE THE PHASE FUNCTION VIA EQ. 11.3

C (USED ONLY IF ICPHAS.NE.0)

C INCBAS .... THE FACTOR FOR INCREASING THE BASE NUMBER OF SUBCELLS
C FOR QUAD PAIRS WHICH INCLUDE FORWARD SCATTERING
C
C RECORD 4:

C IBOTM ..... 0 FOR A MATTE BOTTOM AT Y = Z, OF REFLECTANCE R- = RFLBOT
C I FOR AN INFINITELY DEEP BOTTOM, WITH HOMOGENEOUS WATER

C BELOW DEPTH Y = Z
C RFLBOT .... THE BOTTOM REFLECTANCE, (USED ONLY IF IBOTM = 0)

C 0.0 LE, RFLBOT LE. 1.0
C
C RECORD 5:

C IYOP ...... 0 IF vOuT AS READ CONTAINS uEOMETRIC DEPTHS IN METERS
C (uSE FOR UNIFORM WATER ONLY, AS OF 30 JUNE 86)

I [r OUT AS READ CONTAINtS OPTICAL DEPTHS

C N4y ... ..... THE NMBER OF Y LEVELS *iEkE OUTPUT IS DESIRED

C vOuT()......YOJT(NY) ... THE DEPTHS WHENE OUTPUT IS DESIRED
C

C RECORD 6:

C RSKY ...... THE RATIO OF SKY TO TOTAL INPUT SCALAR IRRADIANCE
C RSKY = 0. FOR A BLACK SKY (SUN ONLY), RSKV = 1.0 FOR A

C BACKGROUND SKY ONLY (NO SUN)

C CARD ...... THE CARDIOIDAL PARAMETER FUR THE SKY RADIANCE

C DISTRIBUTION. CARD 0 0. FOR A UNIFORM SKY, CARD = 2. FOR A

C CARDIOIDAL SKY
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C SH-TOTL.. .THE TOTAL (SKY- SUN) SCALAR IRRADIANCE ON THE WATER
C SURFACE, WATTS PER SQUARE METER
C THETAS. PHIS. .. THE SKY (SOURCE) LOCATION OF THE SUN, IN DEGREES.
C THETAS IS 0. AT THE ZENITH. 90. AT THE HORIZON. PHI IS
C MEASURED COUNTERCLOCKWISE FROM PHI = 0. IN THE
C DOWNWIND DIREC71ON
C

READ(5,1004) ITITLE
READ(5.*) IDBUGWAVENM.ABSORB
READ(5.

4
) ICPHAS,NUQBNVQB, INCBAS

READ(5,O) IBOTM,RFLBOT
READ(5,O) IYOP,NY, (YOUT(1Y) ,IY=1,NY)
READC5. *) RSKV CARD.SHTOTL .TFIETAS, PHI S

C
C READ HEADER RECORDS FROM Tm-E SPECTRAL DATA FILE. NUSRT
C

REWIND NUSRT
READ(NUSRT) NUNIT,IMISC,FMISCFMUI,PHI.BNDMU.BNDPHI,OMEGA.DELTMU

C
NMU IMISC(l)

NPHI IMISC(2)
NL = IMISC(3)
TWOPI =2.0*FMISC(i)
DEGRAD = FMISC(2)
RADEG =FMISCC3)
WNDSPD = FMISC(15)
KCOL =NMU*(NL + 1)

C
WRITE(6, 1000)
wRITE(6, 1005) ITITLE
WRITE(6,1O1O) NMUJ,NPHI..N L,NSPD,WAVENM,KINV,TOL
IF(ICPHAS.NE.O) WRITE(6. 1014) NUQBNVQB. INCBAS
IF(IBOTM.EQ.O) WRTT(6, 1030) PFLBOT
IF(IBOTM.EQ. 1) wRITE(6. 1031)

C
IMISC(4) =NY
IMISC(8) =KINV
T"ISC(9) = IDBUG
IMlSC(12) = IBOTM
FMISC(7 = TOt-
FMISC(13) = WAVENM
FMISC(14) = kFREA

C
C COMPUTE THE IWQUAD-AVERAGED RADIANCES FOR THE SKY
C

CALL QASKV(RS'V,(jARO, SHTOTL,THETAS,PHIS)
C RADSKY IS IN /CWORK/ AND MUST BE SAVED UNTIL AMPAO IS CALLED IN MAIN
C

IF(ICPHAS.NE.O) TIlEN
C
C COMPUTE AND SAVE THE QUAD-AVERAGED PHASE FUNCTIONS
C
C INITIALIZE THE 'INT GEOMETRIC SCATTERING FUNCTION
C

C---- NOTE; MAKE SJPE 'IlE L)ESIRED iEPSION OF PHASEF HAS BEEN LOADED
u INTO THE EAECUTAB E ELEMENT (ABSOLUFE RUN FILE)
C

N ,IGV kiMIsc(

C, UENERATE A TABLE UF' PHASE F.jN _lluf .ALUES FUR LOOKUP IN QAPHAS
C /;_w0RK/ IS USEDI '2HOLD TH-E TABLE OF PHASE VALUES

DO 100 TVY-1.NSIC',

C 0 L~E. PSI LE. lu DEGREES, BY 0.01 DEGREE STEPS
OPSI z DEGRAD*0J.(A
DO 102 1=1,1001
PSITAB(I) = FLOAT(I-1)*DPSI*RADEG
COSPSI = COS(FL,AjI-1)*DPSI)

102 PHASEIIY) =PHASEF Y.COSPSI)
C
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C 3.0 .LT. PSI .LE. 180 DEGREES. BY 0.1 DEGREE STEPS
OPSI = DEGRAD'O.1
PSIO =DEGRAD*1O.0
D0 100 1=1002,2701
PSI10 PSI0 + DPSI
PSITAB(I) =PSIO*RADEG

COSPSI = COSplio)
100 PHASE(I,IY) =PHASEF(V.COSPSI)

C
IF(IDBUG.GE.1) THEN
WRITE(6. 1050)
DO 110 1=1.20
12 = I + 990
13 = I + 2681

110 WRITE(6.1052) IPSITAB(I) PHASEI .1) .12.PSITAB(I2).PHASE(12,1),
1 13,PSITAB(13) .PHASE(13,I1)

C
C CHECK INTEGRAL OF PHASE FUNCTION BY SuM OF TABULATED VALUES
C SEE PAGE 11, EQ 2.7.
C

DPSI =DEGRAD*0.O1

SUM =PHASE(2,1)*SIN(PSITAB(2)*DEGRAD)*0.5*DPSI

DO 120 I=3.1000
C PSI =0.01 TO 0.1

IF(I.EQ.11) SUMO1=SUM +- PHASE(I,1)4SIN(PSITAB(I)*DEGRAD)*O.5*DPSI
C PSI = 0.01 TO 1.0

IF(I.EQ.101) SUM1=SUM + PHASE(1,1)*SIN(PSITAB(I)*DEGRAD)*0.5*DPSI
120 SUM = SUM + PHASE(1,1)*SIN(PSITAB(I)*DEGRAD)*OPSI

SUM = SUM + PHASE(1001.1)*SIN(PSITAB(1001)*DEGRAD)*O.5*DPSI
C PSI = 0.01 TU 10.0

SUMIO =SUM

DPSI DEGRAD*O.l
SUM =SUM + PHASE(1001.1)*SIN(PSITAB(1001)*DEGRAD)*O.5*DPSI
00 122 I=102,2700

C PSI = 0.01 TO 20.
IF(I.EQ.II01) SL'M20 = SUM +PHASE(l111,1)*0.5*DPSI

C PSI = 0.01 TO 90.0
IF(t.EQ.1O3.) SUM90 = SUM + PHASE(1801.1)*0.5*OPSI

122 SUM = SUM + PI.ASE(1,1*SIN(PSITAB(I)*DEGRADI*D)PSI
SUM01 = TwOPI*SUMOI
SUMi = rwofli*sumi
SUMlO TWOPI*SUMIO
SUM20 TWOPI*SUM20
SUM90 = TWOPT*SUM90
SUM z TWOPI*SUM
SUM980 = SUM - SUM90
WRITE(6, 1054) SUMOISUMI,SUM1O.SUM2O,SUM9O.SUM9BO.SUM
ENDI F

C
C COMPUTE THE UUAU--AvERAGED GEOMETRIC- PHASE FUNCTION AS IN SECTION 11
C

CALL QAPHAS(NUUbNVU6,INCbA >)

C.

C SFORE THE COMPUFED PHASE FUNCTIONS FOR LATER USE
C

REWIND NLIPHAS
WRITE(NUPHAS) t4 IGY.YSIG,ALBESS, TOTALS
wRITE(NUPHAS) ( ((GEOPP(I.J,K),I=1.NMU) .J=1,KCOL) ,Kzl,NSIGY)
vwR1TE(NUPHAS) V ,GEOPM(I,J,K),I=1.NMU),J=1.KCOL),K=1.NS1GV)
ENOFILE NUPHAS
WRITE(6,1060) NUPHAS
IF) ICPHAS.LT.O) STOP

C
ELSE

C
C READ EXISTING Q6AD-AVERAGED PHASE FUN4CTIONS FROM NUPHAS
C

REWIND NUPHAS
REAO(NUPHAS) NSIGY, VSIG.ALBESS. TOTALS
READ(NUPHAS) (( (GEOPP(IJ,K) .I-1.NMU) *J-1.KCOL)jK 1,NSIGY)
READ(NUPHAS) (((GEOPM(I,J,K) .I=I.NMU).J=1.KCOL),K=1,NSIGY)
IMISC(5) =NSIGY'

C
C RESET THE ALBEDO OF SINGLE SCATTERING (THE SCATTERING TO ATTENUATION
C RATIO) IF DESIRED

IF(ABSORB.GE.O. ) THEN
ALBESS(I) =TG)TALS(1)/(TOTALS(1) ,ABSORB)
END IF
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C
ABSORB =TOTALS(1)*(1.O/ALBESS(1) - 1.0)
WRITE(6,1070) ABSORB,TOTALS(1),ALBESS(1)

C
IF(IDBUG.GT.0) THEN
CALL P3ARAY(GEOPP.NMUNN'U.NSIGV.MXMUJ.MXGEOP,2,
1'OUAD-AVERAGED Pt(YR,1'U.V) AS LOADED')
CALL P3ARAY(GEOPM.NMU.NMU,NSIGV,MXMU.MXGEOP.2,
1'QUAD-AVERAGED P-(Y,R.1/U,v) AS LOADED')
ENDI F

C
END IF

C
IF(IYOP.EQ.1) THEN

C
C YOUr AS READ CONTAINrS T-iE OPTICAL DEPTHS
C COMPUTE THE GEOMETRIC DEPTHS CORRESPONDING TO THE OPTICAL DEPTHS

C WHERE OUTPUT IS RE~uESTED
C

CALL Y2ZGEO
C

ELSE
C
C YOUT AS READ CONTAINS THE GEOMETRIL DEPTHS IN METERS. COMPUTE
C THE CORRESPONOIN-1 OPTICAL DEPTHS (UNIFORM WATER ONLY)
C

ALFA = ABSORB TOTALS(1)

DO 200 IY=1,NY
ZGEO(IY) =YOUT(IY)

200 YOUT(IV) =ALFA*ZGEO(IY)
END IF

C
WRITE(6,1020) ',CuT(1),YOUT(N0)
WRITE(6. 1025) ( IVvOUT(IY) .ZuELj( Y) iY=1.Nv)

C
C WRITE HEADER REU.DRDS ONTO THE AMPi-ITuDE DATA FILE
C

REWIND NUOUT
wPTTE(NUOtT) !AI S&,FMISC.FMu,P?-.vIUIT.BNDM(J.NDPHI,.OMEGA.DELTMU,

1 YSIG,ALBESS,-TALS.ZGE0
WRITE(NUOUT) (1 'GEOPP(IJ,KJ,I=1.NNMJ).J=1.KCOL).K=A,NS1UY)
WRITENUOUT) U TSOPMI1.J,Ki,I-1.NMUKJl.KCOL).K-1.NSIGV)

C
RETURN

C NOW DONE vwIfi -w!DR K
C

C FORMAT STATEME,'JTS
C
1000 FORMAT(lH1,' PROGRAM 4 OF THE NATURAL HYDROSOL MODEL'//

I' SOLUTION OF THE RADIATIVE TRANSFER EQUATION IN A PLANE-PARALLEL
2 MEDIUM')

1004 FORMAT(IDAS)
1005 FORMAT(// RUN TIT§-L 'IOAB)
1010 FORMAT(//.' Tit GRID PARAMETERS ARE //T8B.NMU ='.3//

1T, NHI='.:='','N ,13//' OTHER PARAMETERS ARE'//
2T9. NL =.13.' HL.,rIEST vvA\ENJMBER L IN FOURIER ANALYSIS OF PHI*/
31T5. 'WNDSPU ' Z5 .2.' M/SEC:'II
7T5, LAMPDA 1' (., NANOMETERS,
4T7, 'K:INv = > HIGHEST P~wEk OF ru-E ERIES EXPANSION USED FOR
5MATRI)e INVER'>,N'/T3, TOL =, iPE8. 1.
6 =EPKk T(-), -r4CE FOR klI(.ATI EU. IrTEGRATIONS')

1314 FORMAT(//' 7Ht P-'ASE PuhCTION. iS Ql AD-AVERAGED USING NUQB =',13,
1,NVQB =.13. AND INCBAS z~ .13)

102(h PORMAT//'T"E ',A3 THICKNESS IS x .F6.2,' L.E. V .LE.'
1 F6.2, = Z (, -,T CA, DEPr"V

1025 FORMAT (//' 't ,T IS AT 7HlE FOn .GWING, DEPTHS:'//
I1' V INDEX 0P7 DEPT-' GEtuUEPTH (M) //(15,F12.3,F16.3))

1(.30 FORMAT( //' T"[f 5!VtT-OM 6,, JNOARY 1' A MATTE SURFACE WITH REFLECTANCE
J-=6.2)

1031 FORMAT(W II' : 1'FEOTTC'M BO'Jr4DAHRy U. INFINITELY DEEP')
1050 FOPMAT(1Fil, cE ECTED VAL.,Ez OF THlE TABULATED PHASE FUNCTION'//

14X,',INDEX PHI PrIASE ,7x, INUL , PHI PHASE' *7X,
2 1INDEX PHI PHASE /

1052 UMT33i:PY2 1.~
1054 FORMAT(IH0.' INTEGRALS OF 2*PI*P"ASL(P ))*SIN(PSI)4DPSI;I

I1 1(0.01-0.11 I.PE13.6//, 1(0.01-1.0) = E13.b//
2 1 0.0 1 -10 . F.13 .6/l 1(0.01-20'.) .E13.6//

4 ' (r 1- I RD -E 13, 6)
lU60 FORMAT(IuD, TAPE',12,' OF OUAD-AvEkAbEu PHASE FUNCTIONS WRITTEN')
1070 FORMAT( / /' POP 7"HIS RUJN, A '.F6 3.. , 3X F6.3.3X ,

I A.3A BE Do
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SUBROUTINE AD! PAK (X V I ROW, NMUL)

C
C THIS ROUTINE COMPUTES I + X( =V, WHERE I IS THE IDENTITY MATRIX AND

C X AND V ARE BLOCK MATRICES STORED ON THE PACKED FORMAT OF 12.4.

C
DIMENSION X(IROW.1),Y(IROW.1)

C
MLR =NMU*(LI)
MLC = NMU*((L+2)/2)
DO 99 lzl,MLR
DO 99 J=1.MLC

99 v(Ij) = X(I.J)
C
C ADD 1.0 TO THE DIAGONAL ELEMENTS

C
LPI =L+1
DO 100 IXB=1.LPI
JXB (IXB+1)/2
Il (IXB-1)*NMU
Jl (JXB-1)*NMU
DO 100 I=1,NMU

100 Y(I1iI,J1+I) =X(11+I.Jl-I) + 1.

C
RETURN
END

SUBROUTINE AMPAO
C
C ON NHM4/AMPAO
C
C THIS ROUTINE FOURIER ANALYZES THE QUAD--AVERAGED SKY RADIANCES
C RADSKY =NO(A,-) TO GENERATE THE DIRECT BEAM SPECTRAL AMPLITUDE
C AO(A.-). AO(A.-) IS THEN TRANSMITTED
C THROUGH THE UPPER BOUNDARY TO GET AO(X.-). AO(X.-) IS THEN
C ATTENUATED EXPONENTIALLY TO GET AO(Y.-) AT ALL DtPTHS.
C
C COSINE AMPLITUDES ARE IN ADAM(I), 1=1,2,.NRHAT
C SINE AMPLITUDES ARE IN AOAM(I * NRHAT)
C
C SPECTRAL STORAGE ARRAYS MUST BE LOADED WITH
C THATI(A.X) IN THATI
C THAT2(A,X) IN THAT2
C
C IN THIS ROUTINE, /CAMP/ IS uSED TO STORE AO(Y,-), A.LE.Y.LE.Z
C

PARAMETER(MXMIU-lO. MXPHI=24, MXy-30)
PARAMETER(MXL=MXPHI/2, MXRRTH-=MxMU

4
(MXL+1).

1 MXCRTH=MXMU*((MXL*2)/2), MXAMP=2*MXRRTti)

COMMON/CGRID/ FMu(MxMu),PHI(MXPHI),Y(MXY)
COMMON/CAMP/ AOAM(MXAMP).OUMMY(MXAMP),AOYM(MXAMP,MXY)
COMMON/CRTHAT/ THATI(MXRRTHMX(RTH),THAT2(MXRRTHMXCRTH)
COMMON/CMI SC/ IMI SC( 20)
COMMON/CWORK/ RADSKY(MXMUMXt-HI)
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NMU = MISC(l)
NPHI zIMISC(2)
NL = MISC(3)
NY = IMISC(4)
IOBUG = IMISC(9)
NRHAT =IMISC(1OJ
IF(IDBUG.EQ.2) THEN
CALL P2ARAV(THATI,2*NMU,NMU.MXRRTH.2.'THAT1(A.X) IN AMPAD')
CALL P2ARAV(THAT2,2'NMU,NMU.MXRRTh-,2.'THAT2(A.X) IN AMPAO')
CALL P2ARAV(RADSKV,NMU,NPHI,MXMU.2,'RADSKY IN AMPAD')
ENDI F

C
C LOOP OVER L AND MU TO DEFINE AO(A,-) VIA (4.8) AND (4.9)
C
C LOOP OVER THE MU BANDS OTHER THAN THE POLAR CAP
C

DO 100 Izl,NMU-1
C
C DEFINE THE AMPLITUDES FOR EACH L VALUE FROM (4,8) AND (4.9)
C
C L = 0 SPECIAL CASE

sum = U.
00 310 J=1.NPHI

310 SUM =SUM + RADSKY(I.J)
AOAM(I) = SUM/FLOAT(NPHI)
AOAM(I+NRH-AT) = 0.

C L =NL SPECIAL CASE
sum= 0.
no 320 J=1,NPH!

320 SUM =SUM + RADSr(Y(I.J)*COS,(r-LO)AT(NL)+PHI J))
AOAM(NMU*NL+I) SUM/FLOAT(NPHI)
AOAM(NMU*NL+I+NkmAT) =0.

C
C 0 .LT. L .LT. NC GENERAL CASE
C

DO 330 L-I.NL-l
suml = 0.
50M2 = 0.
DO 332 j=1.NPHI
SUM1 = SUMI ± RADS((I,JJ4 CUS(FLU4T(L)*PLI(J))

332 SUM2 = SUM2 +
AOAM(NMUL+Ij = SUM1/FL0AT(NL)

330 AOAM(NMU*L-.I + NRHAT) = SUM2/FLOAT(NL)
C

100 CONTINUE
C
C POLAR CAP SPECIAL CASE
C
C THE COSINE AMP IS JUST THE VALUE OF THE POLAR CAP QUAD-AVERAGED
C RADIANCE, EQ. (5.4)
C

AOAM(NMU) RADSiKV(NMU.1)
AOAM(NMU NRrlAT) =0.
00 340 L=1.NL
AOAM(NMJ*L.NMu; 0.

340 AOAM(NMU*L-NMU*NRHAT) =0.

C TRANSMIT AO(A. THROUGH THE .jPPER BOUNDARY VIA 6.55 TO GET
C AO(X,-) =A0~Mt,(-) (NOTE IN t).5 ThAT AC.-) 0. S EE PAGE 137)

C
CALL RFMPAK(AUAM.T HAT1,AOMMSRRT1,fMLJ.NL)
CALL RFMPAK(AOAI(NRHATI1JTHAT2.AUvMLNkR"AT11)MXRRTH.NMUNL)

C.
c TRANSMIT Au(X. ) TO ALL LOWEH Y L.IELS, )l GT. V GE. Z, VIA 8.22
C

iRUw 0
D ( 4 L = C ,'4L
0O 400 J~I . NNMU
IROW =IROVY ,
DO 400 IY VNY
TEMP = ExP((v(I) - V(IV))/FMH'J)
AO,'M( IROW. IY' - 7'EMP*AOY~M(iRCW. 1)

400 AO#M(IROW±NRHA7'fyJz TEMP*AUJ'M~iP0W NkHAT.1)
C

RE I URN
END
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SUBROUTINE AMPAP
C
C ON NHM4/AMPAP
C
C THIS ROUTINE DEFINES A(A,+) USING 6.56

C
C SPECTRAL STORAGE ARRAYS MUST BE LOADED WITH
C THATI(X,A) IN THATI.
C THAT2(X,A) IN THAT2
C RHAT1(A,X) IN RHATI
C RHAT2(A,X) IN RHAT2
C

PARAMETER(MXMU=10, MXPHI=24, MXY=30)
PARAMETER(MXL=MXPHI/2. MXRRTH=MXMU*(MXL+1).

1 MXCRTH=MXMU*((MXL12)/2), MXAMP=2*MXRRTH)
C

COMMON/CAMP/ AOAMCMXAMP) ,AAP(MXAMP) ,AYM(MXAMP,MXY) ,AYP(MXAMP.MXV)
COMMON/CRTHAT/ THAT1(MXRRTH,MXCRIH),THAT2(MXRRTH.MXCRTH),

1 RHAT1(MXRRTH.MXCRTH).RHAT.(MARRTH,MXCRTH)
COMMON/CMISC/ IMISC(20)
COMMON/CWORK/ AOAP(MXAMP),TEMP1(MXRRTH),TEMP2(MXRRTH),

1 RHAT(MXRRTH.MXCRTH),THAT(MXRRTH,MXCRTH)
C

DIMENSION AXP(MXAMP)
EQUIVALENCE (AXP(1),AYP(1,l))

C
NMU IMISC(l)
NL IMISC(3)
IDBUG =IMISC(9)
N9HAT =IMISC(1O)
NCHAT = IMISC(11)

C
C P I (COSINE AMPLITUDES)
C

'P
C

999 CONTINUE
IPOFF = .RHAT*(IP-1)

C
C LOAD THATP(KXA) INTO THAT
C LOAD RHATP(AA; INTO RHAT
C

IF(IP.EQ.1J THEN
DO 800 J=1.NCHAT
DO 800 11I,NRHAT
RHAT(IJ) = RHA71(1,J)

800 THAT(I,J) =THAT1(1,j)
EL SE
DO 802 J=1,NCHAT
DO 802 I=1.NCHAT
RHAT(I,J) =RHAT2(I,j)

802 TrIAT(I,j) THAT2(l,.J)
ENDI F

C
IF(IDBUG.GE.2) THEN
WRITEt6.310) :P
CALL P2ARAY(T-iAT,2*NMU.NMUJ,MXRRTt-i2.'THATP(X.A) IN AMPAP')
CALL P2ARAY(R-AT,2*NMU.NMu,MARRTH.2.'RHATP(A.X) IN AMPAP')
ENDI F

C
C EVALU ATE 6. 5b aND SAvE AQ0A P FOR WR IT 1NG; ONTO NUOUT

LALL RFMPAiKA-[POFF±1LTHAT,iEMPIMXRR1TH,NMU.,NL)
(-ALL RFMPA fAIlAM) IPO)FF 1) .RHAT,TEM P2,MRRT-,NMU,NL)

DU ILJU 1=1,NR"-Al
AOAP(I-IPGFF) TEMP2'(I)

100 AAP(U'IPOFF) TEMPI(I) + TEMP2(I)

IF) IP.GT. 1) RETURN
C
C REPEAT FOR P = 2 (SINE AMPLITUDES)

IP =2
GO TO 999

310 FORMAT(1H1. ' SIJBRUUTINE AMPAP, P =' ,12)

END
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SUBROUTINE AMPINT
C
C ON NHM4/AMPINT
C
C THIS ROUTINE FINDS THE AMPLIJUDES AIY,-) ANU AJY,.-j AT ALL INTERIOR
C DEPTHS X .LT, Y .1-E. Z USING 7.6 AND 7.7
C

PARAMETER(MXMU=1O. MXPHI=24. MXY-30)
PARAMETER(MXL -MAPHI/2. MXAMP=2*MA(MU4(M)(L+1))

C
COMMON/CAMP! AAM(MXAMP)*AAP(MXAMPJ *AYM(MXAMP,MXY) ,AYP(MXAMP.MXY)
COMMON/CRTR/ RYX(MXMUMXMU.MXY).TXV(MXMU.MXMU.MXV).

1 RlVB(MXMU.MXMU.MAXV) R2VB(MXMU,MXMUMXY)
COMMON/CMI SC! IMI SC (20)
COMMON/CvWORK/ TXVB(MXMU.,MXAlu),TEMPIUMXMU.MXMU),TEMP2(MXMU,MXMU),
I RPVB(MXMUM<MU,mxy)

C
DIMENSION AXM(MXAMP)
EQuIVALENCE (AX!A(1),AVM(1,1))

C
DATA IDGT/ 10/, NuSCRi .NUSCR2,NUSRJ/4b .46.47/

C
NMU IMISC(1)
NL IMISC(31
NY IMISC(4)
IDBUG2 IMISr. 9,
NR&IAT I IM ISC( 10

C
REWIND NL.
REwIND NuSCR2
RE'4INC NJSCR3

DO) OUb L=U,NL
c

IF(IDBUo2.E~j.2' -'I

I F(L -. 1 .- ,R, L .GE NL- TI j r

ELSE

!DbEjG - S
FND IF

EL .E

I Dt J(, I UBIula

EN C 1F

C READ IN PYX AL.TAv TiY ArND FPYB RPkY E.L) FOR ALL
C V L-EVELS. FOR 7H1.S L VALUE

00 3U0 Y1N

REAL) N,,SCN ) r-,( I .J, I', WOOi ~ -NMU)
PEAD(NoLSCR2) ( , IV.I= N*A ,..i*M

R< E AD ( N~u SC P 1 7 T rBM 7 ., 1 , 1,U

I1F (I OBIJ'- ,F 2j T'EN
vvP I TE 6 3 1-

I AL A14P A , -' .*'.P, *NMI, tNV * a I.1M *..'*l- - V X.>L

yA,. L<IA.A ',N! NM- V (0 A1' M I ~ k I Y B, Li

EFID IF

A k -, IN: E4 A- T 0 A

P1- j' 7t

I 77



§5. PROGRAM 4

IOFSET =LOFSET * NRHAT
rD0 206 IV-1,NY

DO 206 J=1.NMU
00 206 1=1,NMU

206 RPYB(1.JIY) =R2Y8(l,jIV)
ENDI F

C
C COMPUTE THE AMPLITUDES AT EACH V LEVEL
C

DO 102 IY=2,NY
IF(IDBUG.EQ.2) WRITE(6,311) IY.IP

C
C COMPUTE TAYB TP(A,Y,B,L) USING b.3
C
C COMPUTE TEMPI I - RP(Y.6) * R(Y,x)

DO 210 I1,.NMU
DO 210 J=1,NMU
sum= 0.
DO 211 K=1,NMU

211 SUM SUM' RPYB(IK(,IV)*RYX(KJ.IY)
DEL.T 0.
IF(.I.EQ.J) DELT =1.

210 TEMPI(IJ) =DELT - SUM

I F(I 080G. EQ. 2) CALL P2ARAY (TEMP 1 ,NMUNMU MAMU,2.

1 '1 - RP(YB) * R(YX)J)
C

C INvERT I - RP(Y,8) * R(V,X)
CALL LINV1F(TEMP1,NMU.MXMU,TEMP2,IDG1 *TxVB,IER)
IF (190G. EQ. 2) CALL P2ARA ( TEMP2,NMUNMU .MXMU.2,

1 '(1 - RP(Y.B) * R(V,X)) INVERSE')
C

C COMPUTE SCRIPT TP(X.,B.L)
DO 220 1=1,NMO
DO 220 J=1,NMU
Sum = 0 .
DO 221 K1I,NMU

221 SuM = SUM + TXY(IK,IY)*TEMP2(K,J)
220 TXYB(I,J) = SUM

IF( IDBUGEQ.2) CALL P2ARAY(TXVE3NMU,NMU.MXMU,2,

I 'SCRIPT TP(XV.BL)')
C

C COMPUTE AP(Y.-) USING 7.6
C

D0 230 j1lN.MU
sum = 0.

DO 231 KIN1NMU
231 SUM = SUM + AA,(MK*IOFSET)*TAVb(KJJ
230 AYM(J'IOFSET,IY) = SUM

C
C COMPUTE A(Y,+) ''SING 7.7
C

DO 240 '=1,NMJ
Sum U

C
00 241 K=~t,

241 'LM =SUM IAYMt ,1OFSET.I~I*RPvb(K.j Iv)
240 AYP(J+IOFSET,lv) SUM

C
102 CONTINUE

C

C REPEAT FOR TH-E CINE AMPLITUDES, IF- - 2
C

1P z IP 1
IF(IP.LT.3) GC -10 999

L
IOU CONTINUE

C
IF(IDBUG.EQ.Z) TMEN

CALL P2ARAv(AYM.2*NRHAT.NV.MXAMP.2, A(Y,-))

CALL P2ARAY(AYPK2*NRHATNYMAMP.2. A)','')
ENDI F

310 FORMAT(lH1.' SUBR0ITINE AMP-INT. L ='.13)
311 FORMAT(ItlHO - Iv z .12,3x, I P =',12)

C
RETURN
END
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SUBROUTINE AMPX
C

C ON NH-M4/AMPX
C
C THIS ROUTINE COMPUTES A(X,-) AND A(X.') USING 7.3 AND 7.5B
C
C SPECTRAL STORAGE ARRAYS MUST BE LOJADED WITH

C THAT1(A.X) IN THATI

C THAT2(A.X) IN THAT2
C RHAT1(X.A) IN RHAT1
C RHAT2(XA) IN RHAT2

PARAMETER(MXMUIO., MXPHI=24. MXV=30)
PARAMETER(MXL=MXPHI/2, MXRRTH=MXMU*(MXL+1),
1 MXCRTH=MXMU*((MxL1?2)/2). MXAMP=2*MRRT,i)

C
COMMON/CAMP! AOAM(MXAMP) .AAP(MXAMP) *AYM(MXAMP.MXV) ,AVP(MXAMP.MXV)
COMMON/CRTH-AT/ T IAT1(MXRRTH,MXCRTH-).THAT2(MXRRTH,MXCRTH),
1 RHATI(MXRRTH,MXCRTH) ,RHAT2(MXRRT.,MXCRTH)
COMMON/CMISC/ IMII>C(20)
COMMON/CWORK/ WORK(MXMU,MXMU).TEMP(MXRRTHMXCRTH).
1 RHAT(MXRRTHi.MXCRTH),THAT(MXRRT-'MXCRTH-),RlXBL(MXMUMXMU.D:MXL),
2 R2XBL(MXMU.MXMU.O:MXL) .RXBLIMXMU.MXMU,O:MXL)

C
DIMENSION AXM(MXAMP),AAP(MAAMP)
EQUIV/ALENCE (X,1 AM ).(A(1 AP .)

NMU IMISC~ 1)
NL IMISC(3)
NV IMISC(4)
KINV IMISL(8)
IOBUG IMIS(9,
NRHAT !MISC(IG)
NCHAT IMISC(. -
NuSlCR3 !MISC:-
IEvEN (NL 2),'2

C READ R1()e.BL AN45 R2(X.B.L Fkr,(jM ',CRATCH FILE NUSCR3

REwINJ NCPJ

03 lU0 LZN

C READ E.
READkNoSLRP 3) (t k XBL( I1 J*L ) , 1= tWOJ I J 1 NMij)

kEAD(Niu&CR3) <XB( JL I4M)*.1MU
C
C SKIP OTHER v -EES FOR THIS L VfALuE

DO 1U0 IV=2,Nv
REAO(NUSCI3) D'mREC

100 READINuSCR3) [UMkEC
IF(IDBUG.EO,2) THEN
CALL P3ARAY(Ri XLMJNMIrJ,L-.M,MU.MAMU,2, 'R1(X.B,L) IN AMPX'
CALL P3ARAV(R2 2L,NMU,NMUL).I.MA~Mu,MXMU,2,'R2(X,B,L) IN AMPX')

ENDI F
C
c INIT I AL IZ E Fu C (CS I NE At"L I T u&E
L

I P
IOFSET 3

C
9yj9 LON Ii Nks

C LUAL) R-iAP(A.P INIJ <HA' ANDL )RPX,8,) IN4TO RX(BL

I ~ I P, EQ. i; T L

00 800 j 1 Npru4'

800 PHIAT(Ij) =-T(Ij
DU 801 LzCONL

DO 801 J=1,NMU
DO BOil I 1 , tAML,

ELSE

79



§5. PROGRAM 4

DO 802 J=1,NCHAT
D0 802 I=1,NRHAT

802 RHAT(I.J) =RHAT2(l.J)
00 803 L=D,NL
DO 803 J=1.NMU
DO 803 I=I..NMU

803 RXBL(1,J.L) =R2XBL(I,J.L)
ENDIF
IF(IDBuG.EQ.2) THEN
wRITE(6.901) IP

CALL P2ARAY(RI-AT,2*NMU,NMUMXRRT,-,2,'RHATP(XAI IN AMPX')
ENDIF

C
C COMPUTE TEMP = RP(XB) * RHATP(X,A) AS NM BY NMU BLOCKS
C

DO 200 L=0,NL
IROFF = NMU*L
NCOL = I000
IF(MOD(L,22YEQ.0) NCOL IEVEN
00 200 1R1I,NCOL

C
C EXTRACT AN NMU BY NMU BLOCK FROM RHATP

ICOFF =NMU*(IR-1)
D0 210 1= 1 .NMU
00 210 J=1,NMU

210 W0RX(I.J) =RH-AT(I1IROFF..j-'ICOFF)
C
C MULTIPLY RP(X,B. L) TIMES THIS BLOCK AND STORE THE RESULT IN RHAT
C

00 212 I=1,NMU
00 212 J1I.NMU
sum= 0.
00 214 K=1,NMU

214 SUM =SUM + RXBL(I,K,L)
4
WORK(K,j)

212 Rm-AT(IIROFFJ±ICOFF) = SUM
200 CONTINUE

C
C RHAT NOW CONTAINS RP(X.B) 4 PHATP
C
C COMPOTE THE INVERSE FOR (7.3) 1JSIN; THE APPROXIMATION (7.4)
C (I X) INVERSE =I +X + (*2 + + . A**KINV
C

IF(IDBuG.EQ.2) '-ALL P2ARAY(RHiAT ,2NMU.N4MU.MXRRTH,2,
1'RPo(,B) * kHAT')
CALL ADIPAKiRh1AT, TEMP,MXRRTH.NMU.N4L)
00 250 K=2,KIN}

CALL FFMPAK(TEMP.RHAT,THATMXRRTH.NMU.N4L.WiORK)
250 CALL AOIPAK( THAT,TEMP.MXRRTM.NMUj,NL)

C
C TEMP NOW LONTAINS THE INVEkSE

IF(IDBUG.GE.1, THEN

00 804 1=1,NRHAT
00 804 J=I,NChAT

804 RH-AT(I...) = -RHAT(I.j)
CALL ADIPAK(R?-A,THATMXRRTH.NMIU. L-)
CALL FFMPAK(TEAP, THAT.RHAT.MXRRTh,NMU,NL,WORK)
CALL P2ARAV(RhAT.2*NMU.NMLJ,MXRTH,2,ITDENTITY CHECK IN AMPX')
ED I F

C

C LOAD THATP(AXA) IN10. THAT AND LUMP'JTE SCRIPT T(A,XB) BY 6.33
C

IF( I P. EQ. 1) THLN
00 810 J=1.NCHAT
DO 810 I INRHi4T

810 THAT( ~I = T"riT( I,J
ELSE
00 812 J.NC"AT
DO 812 11I,NPHAT

812 THAT(I,J) = THAT2(I.J)
ENDI F
IF(IDBUG.EQ.2) THEN
CALL P2ARAV(TrIAT,2*NMU.NMU.MXPRlTM.,2.'THATPIA.X) IN AMPX')

CALL P2ARAY(TEMR.,2*NMU.NMU,M~kHTH.2'(1 - RP
4
RHATP) INVERSE')

ENDI F
C
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CALL FFMPAKCTHAT,TEMP,RHAT.MxRRTH,NMUNLWORK)
IF(IDBUG.EQ.2) CALL P2ARAY(RHAT.2*NMU.NMU.MXRRTH,2,

1 'SCRIPT T(A.X.B)')
C
C RHAT NOW CONTAINS SCRIPT T(A.X,B)
C

C COMPUTE AP(X,-) BY (7.3)
C

CALL RFMPAK(AOAM(IOFSET+1),RHAT.AXM(IOFSET+1).MXRRTH.NMU.NL)
C

C COMPUTE AP(X,a-) BY 7.58
C

DO 400 L0.,NL
LOFSET = NMU*L
DO 400 I1.NMU
SUM =0.
DO 402 K=1,NMU

402 SUM =SUM + AXM(K.'OFSET+IUFSET)*RXBL(K.I.L)
400 AXP(I+LOFSET±IOFSET) =SUM

IF(IDBUG.GE.2) THEN
CALL P2ARAY(A0AM(IOFSET*1),1,NRlAT,1.2. AO(A.-)'
CALL P2ARAY(AXM( IOFSET+ 1). 1,NRHAT,.1,2, A(X .- ))

CALL P2ARAY(AXP(lOFSET4-1).1,NRHAT, 1.2, 'A(X,+) ')

ENDIF
C

IF(IP.UT. 1) RETURN
C
C REPEAT -OR P =2 (SINE AMPLITUDES)

IP =2
IOFSET =NRHAT
GO TO 999

90~1 FORMAT(lHl.' SUBR<OUTINE AMPA: P
C

END

SUBPOI TINE BOT',BC(L)
C
C ON NHM4/BOTMB:

C THIS ROUTINE CJMPUTES THE DISCRETE SPECTRAL RHATZB RHATI(Z.BL)
C FOR THE DESIRED BOTTOM BOUNDARY CONDITION.
C
C IF IBOTM = 0, uSE 3.26, 5.47, 5.50. 5.51 AND 5.53
C IF IBOTM = 1. SET UP AND SOLVE TH-E EIGENvALUE PROBLEM 10.2
C AND TH-EN USE 10.8 AND 10.9 FOR RHAT(Z,INFINITV)
C

PARAMETER(MXMU= ID. MXPHI =24, MXY=30)
C

COMMON/CBOTBC/ RHATZB(MXMU.MXMU)
COMMON/CGRIO/ FMU(MXMUfl.PHI(NLPI),Y(MXY).BN4DMU(MXMUJ),
1 BNDPHI (MXPH-I), OMEGA(MXM~i)
COMMON/CMISC/ IMISC(20) ,FMIS,(20)

NMU IMISC(1)
NPHI IMISC(2'

IBOTM = IMISCI 12)
RMINUS =FMISL(14)
CONST =RMINUS/FMISC(1)
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IF(IBOTM.EQ.0) THEN
C

IF(L.EQ.0) THEN
C FOR A MATTE BOTTOM AND L.LQ.U, GET TH-E UEUMETRIC R(Z,B) BY 3.26,
C RHAT ELEMENT BY 5.53, RHAT ARRAY BY 5.50
C

DO 100 IR=1,NMU
VAL =FLOAT(NPHI)*CONST*FMU(IR)*OMEGA(IR)

C SPECIAL CASE FOR POLAR CAP QUAD
IF(IR.EQ.NMu) VAL = CONST*FMU(NMU)*OMEGA(NMU)
00 100 IU=1,NMU

100 RHATZB(IR,IU) =VAL
C

ELSE
C FOR MATTE BOTTOM AND L.GT.U, RHATI(Z.B) 0 BY 5.53B

DO 102 IR=1,NMU
DO 102 IU=1.NMU

102 RHATZB(IR,IU) =0.
END IF

C
ELSE

L
C SET UP AND SOLVE THE EIGENVALUE PROBLEM FOR R(INFINITv,L)
C EIGENR SETS RHAlZB R(INFL)
C IF RUNS ARE BEING MADE WITH A MATTE BOTTOM ONLY, THE CALL TO EIGENR
C CAN BE COMMENTED OUT TO PREVENT LOADING THE LARGE IMSL ROUTINES IT CALLS
C

CALL EIGENR(L)
ENDI F
RETURN

C
END

SUBRUU11INE DRTAB(NRTAB.YlNOwRT.OERIV)
C
C ON NHM4/DRTAB
C
C THIS SUBROUTINE EVALUATES DERIV O (RT),'DY AT Y VNOW (THE RIGHT
C HAND SIDE OF 6 43, 6.44 AND 6.48) FOR USE BY THE IMSL ROUTINE DVERK
C
C RECALL THA. kYX) AND TXV ARE STORED IN RT:

C
C RYX(I,J) = RT(I +(J-1)*NIJ)
C TXY(IJ) = RT(I +(J-1)*NIJ + NIJ*NIJ)

PARAMETER(MXMU=10, MXSIGY=3)
REAL RT(NRTAB),OERIV(NRTAB)
DIMENSIUN WORK(MXMU.MXMU) PHCY(MXMU.MXMU) ,TAUY(MXMU,MxMu)
COMMON/CRTSIG! RHOHAT(MXMU.MXMU,MXSIGY) .TAUHAT(MXMU.MXMU.MXSIGY)
COMMON/CSIGY/ YSIG(MXSIGY)
COMMON/CMI SC! IMI SC( 20)

C
NMU = IMISC(l)
NSIGY = IMISC(5)
IDE =IMISC(13j
NSO = NMJ)*NMU
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C DETERMiNE RHOHAT AND TAUHAT AT THE CURRENT V VALUE

C
IF(NSIGY.EQ.1 OR. YNOW.LE.YSIGtI)) THEN

C
C THE WATER IS UNIFORM, OR YNQA I . AT OR ABOVE THE FIRST DEPTH
C WHERE SIGMA IS KNOWN
C

DO 50 J=1,NMU
DO 5D I=1,NMU
RHOY(I,J) = RHOHAT(I.J,1)

50 TAUY(I,J) = TAUHAT(IJ,1)
C

ELSEIF(YNOW.GE.YSIG(NSIGY) ) THEN
C
C YNOW IS AT OR BELOW THE LAST DEPTH WHERE SIGMA IS KNOWN
C

DO 52 J=1,NMU
DO 52 I=1.NMU
RHOY(I.J) =RHOH-AT(I,J,NSIGY)

52 TAUY(I.J) z TAUHAT(I.J,NSIGY)
C

ELSE
C
C DEFINE RHOMAT AND TAUHAT BY LINEAR INTERPULATION OF THE VALUES FROM
C THOSE DEPTHS WHERE SIGMA IS KNOWN
C

DO 55 JY=2.NSI>,V
IF(YNOW.LT.YS: i(JV)) GO TO 56

55 CONTINUE
C

56 DY (YNOW - YS16,Uv-1))/(YSIGVJY) - YSIG(.JY-1))
C

DO SB J 1,NMU
DO 58 I=l.NMU
RHOY(I..J) (1.0 -DY)*RHOHAT(1.j.JY-1) UY*RHOHAT(I,J,JY)

58 TAUY(l.j) = (1.3 DY)*TAUHAT(l...JY-l) + DY*TAUHAT(I,j,JY)

ENDI F
C

C COMP[JTE K =TAO RHOY*RYX
C

D0 I 6J 11. NMo
DO 100 J1 NMUj
WORK<(I , j) =Tt jY(v j)
DO 100 K-~1.NMU

100 WORK(I.J) = W6RK~(I , ) + RHOY (I iK) RT (K -(J- 1) *NMU)
C
C COMPUTE D(RYA)/DY BY EQ. 6.43
C

DO 200 I=1,NMIJ
DO 200 j=1,NM.
TEMPI = 0.
TEMP2 = 0.
DO 201 K=!,NMU;
TEMPI = TEMPI RT(I I (K1I)*NMUJ)*WORK(K,J)

201 TEMP2 = TEMLP2 + TAUY(IK)*RT(K +(J-1)*NMU)
200 DERIV(I + (j-l*NMU) =RHOY(I,J) +TEMPI +TEMP2

IF(IDE.NE.2) ''-EN
C
C COMPuTE D(TAv.UDY BY EQ. F6.44
C

DO 300 I=l,NMu,
DO 300 J.NM-u
TEMPI 0.
DO 3 01 IK il1NMu

J01 TEIMPI TEMPI Hr(I + (K-1)*NN10 Nlu)*wVURK(K.3)
300 DEIlv(I -( rINM!J + NSQ) TEMPI

ELSE
C
C CHANGE OF SIGN TO GET EQ. 6.481

DO 700 1=1,NRTAB
700 DERIV(I) =-UEPIV(I)

ENDL F

RF TURN
END
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SUBROUTINE EIGENR(L)

C ON NHM4/EIGENR
C
C THIS ROUTINE SETS UP AND SOLVES THE EIGENMATRIX PROBLEM KE =EL

C AS DESCRIBED IN SECTION 10.
C THE SUBMATRICES EP = E(+) AND Em = E(-) ARE EXTRACTED, AND

C R(INFINITV,L) = -E(-) * E("-)INVERSE IS COMPUTED.
C
C THE ASYMPTOTIC RADIANCE DISTRIBUTION AND ASSOCIATED QUANTITIES

C ARE ALSO FOUND USING FROMULAS FROM TECH MEMO ERL-PMEL-76.
C
C IF L =0, THE FULL RHO AND TAU MATRICES ARE USED TO DEFINE K
C IF L.GT.O. ROW NMU AND COLUMN NMU OF RHO AND TAU IS ZERO. AND

C THUS IS OMITTED FROM K (SEE PAGE 174)
C

PARAMETER(MXMU=1O. MXPHI=24, MXY 30, MXSIGY=3)
PARAMETER(MXMU2=2*MXMU, MXMUSQ=MXMU*MXMU)

C
DIMENSION IP(MXMU2),EVALS(MXMU2).EIGv(MXMU)
COMPLEX WEV(MXMU2)

C
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI).'KUUT(MXY),BNDMU(MXMU).
I BNDPHI(MXPHI),OMEGA(MXMU),OELTMU(MXMU)
COMMON/CRTSIG/ RH-OtAT(MXMU,MXMUMXSIG') .TAUHAT(MXMU,MXMU,MXSIGV)
COMMON/CSIGY/ YSIG(MXSIGv) *ALBESS(MXSIGY) .TOTALS(MXSIGV)
COMMON/CBOTBC/ RHATZB(MXMUMAMU)
COMMON/CMISC/ IMISC(20)
COMMON/CWORK/ WERK(MXMUSQ,12).RPINF(MXMU).RMINF(MXMU),WURK(1)

C ARRAY WORK(l) MUST HAVE 4*NMU*(NMU 1) WORDS AVAILABLE
C

DIMENSION FP(MXMU),MAMU).FM(MXMU.MXMI5).TEMPI(MXMU.MXMU),
1 TEMP2(MXMU.MXMU),EMNV(MXMU,MXMU)

C
DIMENSION AK(MXMU2,MXMU2),EMK(MXMU2,MXMU2).EP(MXMU.MXMU),

I EM(MXMU.MXMU)LEPNV(MXMU.MXMU)
COMPLEX ZEV(MXMu2,MXMU2)

c
EQUIVALENCE (WERK( 1.1),AK(l,l)) .(WERK( 1,5) .ZEV(.11))
EQUIVALENCE (WERK(l.1),EMK(l,l) ).LALRK(5).EP(,1)).

1 (WERK(1.6),EM~ 1. 1)),(WERK(1,7) ,EPNv( 1.1))

NMU = IMIS(()
NSIGY =IMISC(5)
IDBUG IMISC(9)
ALPHA = TDTALS(NSIGY) /ALBESS(NSI'.'

C DETERMINE THE ARRAY SIZES
lF(L.EQ.0) THE!\
M =NMU
ELSE
M =NMU -1
ENDI I-
M 2 =2*M

C
C IN'.TIALIZE THE K MATRIX. USINUi 5,21 Uk 5.24 IN 6.b
C

Do 1QO I~1.M2
DO 100 j1.MV2
I F (I .LL M ) Tt_iL
IF(r.LE.M) Ao' 1 ,j) = -TALIHAT(I ,.NSIGV)
IF:(M.LT.jl AKI I ii = RH0HAT! I *-M,t SlCli)
ELS~E

IF,'M.LT..J) A ,(,j) = TAUHAT(I-M..-MNSCGv)
ENDI F

IJU CONTINUE
IF(ID8Uu.CiT1, cALL PAkAY(AKM2.M2,MXMJ2_,Z
1 'K MATRIX F-RUM SUB EIGENR'

C FIND EIGENVALUES AND EIGENVECTORS OF K,

C
C:ALL El GRF (AK.,M , MXMLJ2 .2, REV. Ev . MXMU)2.WORK, IER)

IF(IDBUG.GT,1) THEN
WRITE(6.301) (WEV(I ) .1=1 M2)
wRITE(6,304) wURK( 1)
ENDI F
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C
C SORT POSITIVE EIGENVALUES

C
KPOS =0
00 600 I~1.M2
TMP =WEV(I)
IF(TMP.LT.O.) GO TO 600
KPOS = KPOS 1
EVALS(KPOS) = TMP

600 CONTINUE
L-

CALL VSRTA(EVALSfKPOS)

C DEFINE ORDERED EIGENVALUES
DO 601 I1.,KPOS
EIGV(I) =EVALS(I)

601 EVALS(I+IKP0S) = -EVALS(I)

C CONSTRUCT PERMUTATION MATRIX IP BY COMPARING WEV AND EVALS

DO 610 I 1.M2
TMP = WEV( I)
DO 610 J=1,Mz
IF(ABSI.EVALS(J) - TMP).LT.1.E-8) IP(I) zJ

610 CONTINUE
I F(I DBUG. OT .1) WNRITE (6.681) (JI P( j ),J1. M2

IF(L.EQ.O OR. IDBuG.GT.DJ WRITE(6,680) L,(EIGV(1),ALPHA*EIGV(I),

1 I=1.M)
C

C DEFINE REAL, ORDERED ElGENVECTOR MATRIX EMK

C
DO b2'!l J=1.M2

DO 620 I=l.M2
620 EMK(I..JJ) =ZEV(I,J)

IF(ID8UG.GT. 1) (ALL P2ARAVEM.&!2.M2,MAMU2,2.
1 'SORTED EIGENVECTORS')

C
C EXTRACT THE SjBMATRICES EP E(.-) AND EM -E)

DO 630 1=1,M
DO 630 j1.,M
EP(I, .i) = EMKY,,J)

630 EM(I,j) =-EMK(IL.M.J)
IF(IDBUG.GT.I1) iH-EN
CALL P2ARAY(EP,M.M.,MXMU,2, 'E(-))

CALL P2ARAY(EM.M,M,MXMU2.'-E(-)')
END IF

C

C INVERT E(+) AND DEFINE R(INFINI L,) USING 10.8 CR 10.9

C
IDGT =6
CALL LINv2F-(EP.MA,MXMU.El'Nv.I~DUl.V .)kKIER)

CALL VMULFF(E .,EPNV.NiMM..MXMU.,MXMIJ.RHATZBMXMU. IER)

C FILL THE LAO ;,-"W AND LAST .'OLIJMN OF RriAT(Z.B) WITH ZEROS IF
C .GT.0

IF(L.GT.U) THFN
DO 649 1 I1, NM
RHATZBI NMU ,I ) 0 .

649 RHATZ8(I,NMU) L0.
ENO IF

L

C CONSTRUC)(T THE F -) AND F(-) MAIRICES AND GET THE ASYMPTOTIC

C RADIANCE DIST ,IBUTION USING 76/18.2. NOTE THAT RADINF(*) IS OBTAINED

L I-RUM F(-) AND "~AT RADINFF-) IS OBTAINED FROM F(+).
C

II(L.LQ.CO) TH6-N
C
C EM IS -E(-)

DO 652 j=1,NM~j
Do 652 I I,NML.
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I OGT 6

CALL LINv2F(EM,NMU,MXMU.EMNV.IDGsT,WURK. iER)
IF(IDBUG.GT.1i THEN
CALL P2ARAY(EPNV.NMU.NMU,MXMU,2, (.-

CALL P2ARAY(EMNV,NMU.NMU.MXMU.2.'E(-)-l')
END IF
CALL VMULFF(EM.EPNV.NMU.NMU.NMU.MXMU,MXMU.TEMPI,MXMU. IER)

CALL VMULFF(TEMPI,EM,NMU,NMU,NMU.MXMU,MXMU.TEMP2,MXMU,IER)
DO 650 Izl,NMU
DO 6b0 J=1,NMU

650 TEMPI(I.J) z EP(I,j) - TEMP2(1,j)
C

IDGT 6
CALL LINV2F(TEMP1,NMU.MXMU.FP. IDGT,WORK, (ER)
CALL VMULFF (EP. EMNV. NMU *NMU .NMu MXMU MXMU .TEMP 1. MXMU,lIER)
CALL VMULFF(TEMP1,EP,NMU,NMU.NMU.MXMu,MXMU,TEMP2,MXMU. IER)
DO 651 11I,NMU

DO 651 J=1,NMU
651 TEMP1(I,J) = EM(I,J) - TEMP2(I.J)

IDGT = 6
CALL LINV2F(TEMP1 ,NMU,MXMU,FM, IDGT.WORK,IER)

C
C NORMALIZE THE NADIR ASYMPTOTIC RADIANCE TO ONE

ANORM = 1.0/FP(1.NMU)
WRITE (6.655)
00 656 11I.NMU
RPINF(I) =ANORM*FM(1.I)

RMINF(I) = ANORM*FP(l,l)
65b WRITE(6,657) I .RMINF( I) .RPINF( 1)

C
C USE THE ASYMPTOTIC RADIANCE DISTRIBUTION TO GET THE ASYMPTOTIC

C D+, D-, R-,. EPS. AND EPS-
C
C ACCUMULATE IRRADIANCE SUMS

SHP 0.
SHM = 0.
CHP z0.

CHM =0.
DO 670 I 1,NMU

DMu =UELTMJ( I
SHP = SHP +RPINF(I)*DMU
SHM =SHM +' RMINFiI)*DMU
CHP =CHP PPI.N(I)*FMU(I)*DMU

670 CHM =CHM + RMINF(I)*FMU(I)$DMU
DPINF =StHP/CHP

OMINF SH-M/CHM
C K(INFINITY) BY 76/19.2

FKINF zALPrA*E!(u-1)

C R(INPINITY) BY 76/19.5

ABSORB =ALPHA -TOTALS(1)
RINF =(FKINF -ABSORB*DMINF)(FU.INF ABSORB*DPINF)

CALL EPSINF(RPINIF.RMINF. EPSP,EPSMi)
wRiTE(6,672) DPINF .DMINF ,RINF ,EPSP,EP-SM

C
ENDI F

C
RETURN

C

C FORMATS
C

301 FORMAT(/I THE (OMPLEX EIGENvAtUES OF ~K ARE/(1P2E25.15))
304 FORMAT(// THE PERFORMANCE INDEX IS',EiS.5)

655 FORMATI!!' THE SHAPE OF THE ASVNIPTOTIC RADIANCE DISTRIBUTION IS GI

lVEN BY'//' I RADlNF(-) RADINF(+)I)

b57 FORMAT(I .14,1P2E15.4)
672 FORMAT(I/ OTtIER ASYMPTOTIC VALIJE ARE'// D.(INFINITY)

I F7.4/' D-(INFINITY) ',F7.4/' R-(INFINITY) =*IPE11.4/

2' EPS.(INFINITY) =',OPF8.5/' EP:S-(INFINIT'Y) ='F8.5)

680 FORMAT(//' THE ORDERED POSITIVE EIC.ENvALUES OF K(L= 12,

1') ARE'/I' NONDIMEN PER METER'//(lP2E15.6))

681 FORMAT(I i IP'//(215J)

END
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SUBROUTINE EPSINF(RPINF.RMINF. EPSP,EPSM)
C
C ON NHM4/EPSINF
C
C THIS ROUTINE COMPUTES THE ASYMPTOTIC BACKSCATTER ECCENTRICITIES
C EPSILONB(+) AND EPSILONB(-) USING (8.15A) AND THE NORMALIZED
C ASYMPTOTIC RADIANCE DISTRIBUTION.
C

PARAMETER(MXMUz10. MXPHI=24, MX?=30, MXSIGY=3)
PARAMETER(MXL=MXPHI/2, MXGEOP=MXk4U*(MXL+l))

C
DIMENSION RPINF(MXMUJ .RMINF(MXMU)

C
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI)VY(MXV),BNDMU(MXMU),
1 BNDPHI(MXPHI),OMEGA(MXMU)JDELTMU(MXMLI),ZGEO(MXY)
CUMMON/CRTSIG, RHOHAT(MXMU.MXMU,MXSIGv)j TAUHAT(MXMU,MXMU,MXSIGV).
1 GEOPP(MXMU.MXGEOP,MXSIGV) .GEOPM(MXMU,MXGEOP,MXSIGY)
COMMON/CMISC/ IMISC(20) .FMISC(20)

C
NMU IMISC(l)
NPHI IMISC(2)
NSIGY IMISC(5)
NOPI NPHI/2
TWOPI =2.0*FMISC(l)

L
SHPINF =0.
SHMINF =0.
EPSP 0.
FPSM =u.

C
DO 100 Iu=I.NM4U

C
C ACCUMULATE SCALAR IRRA0IAN. S'MF

SHPINF =SHPINF -RPINFtIC )*DELTMUH~lJ)
SHMINF = SHMIN RMINF(IU)DELTM)I,)

QUV - OMEGA(IUJ,
IVMAX% NPHI
IF(IuJ.EO.t-Mu) i.NAX 1
D0 IOU IV1I, vtMAx

C
UuJ 100 !R=1.NMU
P = RPINF(IR)
H~M zRMINF(IN)
ISMAX =NPHI
IE7IR.EQ.NMuj !SMAA -

DO 100 IS=1.1l MAX

C COMPUTE THE STORAGE INDEX FOR . )BY 12.7

IVS = IABS(I'! IS)
IF(IR.EQ.NML_ liriEN

ELSE
I F t I u. -UMU THEN

ELSE
I f SE . NOP I ) THEN4

10JU NMU*I,/S

CO.) I U + NMU* NUP I Mu~I3 1.NUP I

ENNIF

PM' (,EOPM( 1P400.ONSIGY)

EPSP EPSP + 0,uJ*RP*PM

100 EPSM, EPSM I QLWV*RM*PM

EPSP EPSP/MTNoPI*SHPINF)
EPSM EPSM/(TTWOPI*SHMINF)

C
RETUR N
E ND
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FUNCTION FALPHA(Y)
C
C ON NHM4/FALPHA
C
C GIVEN AN OPTICAL DEPTH V. THIS FUNCTION RETURNS THE VALUE CF

C 1.0/ALPHA(Y). WHERE ALPHA IS THE ATTENUATION COEFFICIENT. FOR

C USE IN INTEGRATING DV/ALPHA(Y) TO GET GEOMETRIC DEPTHS (SEE

C SUBROUTINE V2ZGEO).
C

PARAMETER(MXSIGY=3)
C

COMMONICSIGY/ YSIGCMXSIGY).ALBESS(MXSIGY),TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20)

C
NSIGY = IMISC(5)

C
IF(NSIGY.EQ.1 OR. V.LE.YSIG(1)) THEN

C
ALPHAI = TOTALS(1)/ALBESS(1)

C
ELSEIF(V.GT.YSIG(NSIGY)) THEN

C
ALPHAI = TOTALS(NSIGY)/ALBESS(N5IGY)

C
ELSE

C
DO 55 JY=2,NSIGY
IF(V.LT.YSIG(JY)) GO TO 56

55 CONTINUE
56 V = (V YSIG(JY-1))/(YSIU(Jv) - YSIG(JY-1))

ALPHAI (1.0 - DV)TOTALS(JY-I)/ALBESS(JY-1) +

I DY*TOTALS(JV)/ALBESS(JY)
C

END] F

FALPHA ALPHAI
RETURN
END

SUBROUTINE FFMPAK(X,V,Z,IROWNMU.L,wORK)
C
C ON NHM4/FFMPAV
C
C THIS ROUTINE FioRMS THE MATRIX PRODUCT X V V Z, WHERE X, Y. AND Z

C ARE BLOCK MATRICES STORED ON THE PACKED FORMAT OF 12.4.
C

C INDEXING IS SOMEWHAT COMPLICATED, DoE TO THE PACKING FORMAT.

C THE VARIOUS INDICES USED ARE
C
C IXB... BLOCK PUW INDEX OF X

C II .... ELEMENT ROW OFFSET OF BLOCK ROW IXB OF X

C Ji .... ELEMENT COLUMN OFFSET OF BLOCK COLUMN KX OF X

C JVB. .. BLOCK COLUMN INDEX OF V

C 12 .... ELEMENT ROW OFFSET OF BLOCK ROW KY OF V
C J2 .... ELEMENT COLUMN OFFSET GF BLOCK JVB OF V

C KX .... BLOCK COLUMN INDEX OF X
C KY .... BLOCK RO) INDEX OF V

C I,J,K.ELEMENT INDICES WITHIN AN ]MU BY NMU BLOCK
C
C WORK MUST HAVE AT LE.ST NMU*NMu wORDS

DIMENSION X(IROW,I),V(IROWI),Z(IRUw,),wORK(NMU,I)

C
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LP1 L +I
DO 100 1 XB=1,LP1
Il = (IX(B-1)"NMU
JX82 =L/2 + 1
IF(MOD(IXB.2L.EQ.O) JX82 (LIi

C
DO .00 JYB =1,jXB2

j2=(JvB-1J*NMU

C
C ZERO THE ACCUMULATION BLOCK

DO 110 I=1,NMU
DO 110 j1l,NMU

110 WORK(I,J) = 0.

C
C MULTIPLY BLOCK ROWV IXB OF X BY BLOCK COLUMN JYB OF V

C
DO 300 KX=1,JKB2
KY = 2*KX - I
IF(MOD(IXB,2).EO.O) KY = 2*KX
JI (KX - I)*NMU

12 = (KY - 1)*NMU
C
C MULTIPLY BLOCK (IXB,KX) OF A BY BLULK (KY.JYB) OF Y

DO 300 1=1,NML
00 300 J=1.NMU

SUM =0.
DO 301 K=1,NMu

301 SUM =SUM + XI.IJ+)YI.2j
300 WORK(I,J) = ORK(IJ) + SLUM

C
C STORE THE BLOCK IN THE PACKED Z ARRAy AS BLOCK (IXB.JYB)
C

DO 400 1=1,NML-

DO 400 J=1,NMU
400 Z(I1+I~j2+J) -WORK(IJ)
100 CONTINUE

C
RE rURN
END

FUNCTION PHASEF(V.COSPSI)

C ON NHM4/PF-IAIUE

C THIS FUJNCTIU P RETURNS THE VALUE OFh THE PH-ASE FUJNCT ION AS DEFINED
C FOR LAKE L~J. (SEE RADIATIV'E TRANSFER IN NATURAL WATERS, CHAPTER 5.
C TABLE 5.3. ~-LP1uBLISHED. MEANW4HILE. REGARD THIS P"-A ,E FUNCTION
C AS TYPICAL uP MODERATELY TURBID LAKE WATER.)
C
C SINC(E THE Pv!ACE FUJNCTION4 IS
C NEARLY LINEAR O N A LOG- OG PU)T. LINEAR INTEkPOLATION I

C PERFORMED IN LO(U.PHASE)-LUW) PSI).
C

PARAMEFER(Mx TS=22. MXSIUYv.J)
C

DIMENSION SIcMA(XPTS),PSI(MY*Pr5),PLUI(MXPTSL)PSILOG(MXFrTS)
COMMON/CSIGY! YSIG(M)XSIGY ),ALBCSS(MXSIGY),TOTALS(MXSIGY)
COMMON/CMISC/ IMISCf20) ,F.MIS~ C2)

C
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DATA PSI/0.0.0.U1.0. 1,1.0.
I. 10. 20. .30. .40. .50. .60. .70. .80. .90.,I100. .110.. 120. .130..
2 140.,.150., 160. .170.,180O./
DATA SIGMA,7.9zt,09E6.i.92609E6,315543.,12562.,315.55,90.62.
1 30.89. 13.2.6.41.3.47,2 .U8.1 .37.1.0.0.811.0.716,0.691.
2 0.693,0. 707.0. 741 .0. 766.0. 782,0. 789/
DATA KALL/0/, NSIGY/1/. S,ALPHA/0.S, 0.8/
DATA SIG9O/0.0021401/, PSIO/0.01/, APSI/43.4197/, PPSI/l.4/

IF(KALL.EQ.0) THEN
C
C THE FIRST CALL IS USED FOR INITIALIZATION
C

PI FMISC(l)
DEGRAD =FMISC(2)

RADEG =FMISC(3)

IMISC(5) =NSIGY
'ISIG( I) = 0 .
TOTALS(1) = S
ALBESS(l) S/AL-PtiA

C
C CONVERT TABULATED VALUES TO LOGS

51 = SG90/S
DO 100 1=2,MXPTS
PLOG(I) =ALOGlO (S1*SIGMA(IJ)

100 PSILOG(I) = ALOGIO(PSICI))
PLOG~l) = PLOG(2)
PSILOG(1) =-1.0E200

WRITE (6,200)
wRITE (6, 202) ALPtiA. S
WRITE (6,204)
00 102 I=1,MXPS
PHASE =I0.&i4*PLOG(I)

102 WRITE(6,206) P51I(I) ,SIGMA(I1) ,PHASE
WRITE(6,207) SIC,90
WRITE (6.208)

C

C GET THE ANALVTI(_ INTEGRAL FRUM PSI 0 10 PSI =PSI0

C
APSI APSI*SIl,0U/S

SOPSIli 2.0*Pl*AP-SI/(2.0 - P51,)
SOPSIO SQPSl0*(PSIO*DEGRAU)**(z.U PPSI)
wRITE(6.210) PSIO.SoPSIO.APSI ,PPSI

C
KALL =1
PHASEL = U.

C
ELSE

C
C CONVERT CUS(PSI I TO LOG(PSI I AND INTERPOLATE
C

IF(ABS(C0SPSI) .GT. 1.0) TH-Et.
CUSPSI =SIGN(l.0.COSPSI)
ENDI F

C
PSID)EG = RADE6*ACGS(COSPSI)
IF(PSIDEG.LT.I1.GE-8) THEN
PSIL z-8.0
ELSEIF(PSIDE6 (,T. 180.) TmEk
P'-,IL = ALOG ij( 186.)

EL SE

END I F

P"ASEL PLUO 2)

E-.SE
Di (_ $()U 1 2 P~ 7,
1 F (PS I IL T P, U, I o Ti ~

j U U .UiN4T I rJiE
3 (12 PH A EL P, PL 0 1k FI,)

EDI L G1
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PHASEF = !O.0*PHASEL
KALL = KALL " 1

RETURN

C
200 FORMAT(IHI.' THE VOLUME SCATTERING FUNCTION FOh LAKE LIMNE IS USED

1 AT ALL DEPTHS,)

202 FORMAT(lHO,' THE VOLUME ATTENUATION COEFFICIENT ALPHA IS',

1F6.3, PER METER'//' THE TOTAL VOLUME SCATTERING FUNCTION S IS',

2F6.3,' PER METER')

204 FORMAT(IIO,' THE TABULATED VALUES DEFINING SIGMA(PSI) ARE'/I

11 PSI SIGMA./SIG90',9X.'PHASE'/)

206 FORMAT(1H ,F7.2.FI5.3,FI8.6)

207 FORMAT(ImO,' SIGMA(90) = , PE13.o)

208 FORMAT(1HO.' LINEAR INTERPOLATION IS DONE IN LOG(PSI)-LOG(PHASE)')

210 FORMAT(IHO,' THE ANALYTIC INTEGRAL OF 2*PI*PHASE(PSI)*SIN(PSI)'//

1' FROM PSI 7 0 TO PSI =',F5.3,' IS',IPEI4.6,
'  
FOR A ='.E14.6

2 AND P =',OPF5.2)

END

FuN(CTION PHASE-f- VCOSPS!I

C

C ON NHM4/PFPELA'.,
C

C THIS FUNCTION 'ETuRNS THE VALUE ,F TtiE PHASE FUNCTION AS DEFINED

C FOR THE PELAGOS SEA. (SEE RADIATIVE TRANSFER IN NATURAL wATERS,

C CHAPTER 5, TABLE 5.5, NHEN P,-BIv"E. MEANWHILE, REGARD THIS

C SCATTERING FUN-CTION AS TYPICAL LF CLEAN. OPEN OCEAN WATERS.)

C

C GIvEN TiE WAELENJTH IN NANOMETEHS, wAVENM, THE FIRST CALL TO

C THE ROUIINE LINEARL TNTERP,.ATEb IN LO(NORM SIGMA) TO GET A NORMALIZED

C SIGMA FUNCTION FOR THE DElIkEU wA,'ELENGTH AT EACH TABULATED SCATTERING

C ANGLE, PSI. ,'IuES OF THE ABSORBTION AND TOTAL SCATTERING ARE

C ALSO DETERMINED FOR THE REQL-STED WAvELENGTH.
C

C N.B. : THE REQUESTED WAVELENGTH, 6VAVENM, SHOULD BE ONE OF THE

C DISCRETE NHM WAJELE,.GTHS (NAMELY. 400., 425 ... .... 675. OR 700. NM).

C THIS IS BECAUSE THE SIGMA(gD) VALUES C-ANNOT BE OBTAINED BY

C INTERPOLATION JF THE TABULATEO VALU)ES.

C
C SINCE THE PHL')t FUNCTIUN IS NEARLY LINEAR ON A LOG-LOG PLOT,

C LINEAR INTERk.LA-TION IS PERFORMEU IN LOG(f'HASE)-LOG(PSI) IN ORDER

C TO DEFINE A OF THE PHAE FjNtITIULN, AT ARBITRARY PSI VALUES,

C
DAPAME1 ERkMXPT>2Z, MXSI Y.j)

.I MEN SI[ N b Itr .LtM~PT ) , I,[ MXFPx) .,Uit )otMXPTS) , PSI LOG(MXPTS)

DIMENSION S4-,'M ,PTS),7C.,,(M,"PT.SISGLC,)MXPTS)

DIMENSION a TArS l ABSOR8 £ Ii ,.AL 13) ,S90(13)

COMMJN/CSI(V, vI M SI' VI A..8& /,,t5IG V2 TOTALS(MXS!Gv)
A MM2N; CMI 'b I IS 20),.FMI bCt )

DATA P51 . , ' ,.1,1,0.
1 I) 20., ,3U G ,4. 5.5 . !. u. ,*6. , U. A i(O. , 110. ,.120. .130..,

2 140. ,150. t- 170. ,18 .;,

DATA S400j/ 88'ANJ 07468). i4oz2. , 1J86 29. 34.822. 10., 5.-

1 2.8, 2 . 0 1 .25. 1. 1, 1.0. . J , .98. 1.05, 1.22, 1.5.

2 1.9, 2.25, Z 55. . 71

DATA S700/ 3.9' ltb E6, 3.93616 , 1567U0., 6238.3, 156.7, 45.,

1 2u., 9.. 4.1, 2.65. 1.72, I.- ., I.c,, .94, .94, 1.0. 1.12,

2 1.33, 1.6 , 1 4, 1.9, 2,0/
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DATA WVLTAB/400. . 425.. 450., 475., 500., 525., 550., 575.,
1 600., 625., 650., 675., 700./
DATA ABSORB/ .05, .05. .05, .05, .05, .06, .08, .14. .25, .30,

1 .37. .43, .60/
DATA TSCAT/ .04, .0325, .0275, -0234, .02. .0175. .0152, .0136,

1 .0122, .0115, .0108. .0102, .01/
DATA S90/9.98348E-4, 7.45989E-4. 5.78171E-4, 4.50Z75E-4.
1 3.50922E-4, 2.79280E-4, 2.201076E-4, 1.78304E-4, 1.44517E-4,

2 1.22848E-4, 1.U3858E-4, 8.815764E-5, 7.75634E-5/

C
DATA KALL/O!, NSIGY/1/
DATA APSI400,APS1700/4.791616, 21.562268/, PSIO/0.01/, PPSI/1.4/

C
IF(KALL.EQ.0) THEN

C
C THE FIRST CALL IS USED FOR INITIALIZATION
C

PI = FMISC(1)
DEGRAD = FMISCk2)
RADEG = FMISC(3)
WAVENM = FMISC(13)

IMISC(5) = NSIGY
C

C LINEARLY INTERPOLATE IN LOG(NORMALIZED SIGMA)-WAVELENGTH TO

C DEFINE A NORMALIZED SIGMA AT THE REQUESTED WAVELENGTH, AT EACH

C TABULATED PSI VALUE

C
IF(WAVENM.LE.400.) THEN

WAVEF = 0.
LSEF A'ENM.e. /U.; HtN

WAVEF = 1.
ELSE
WAVEF (WAVENM - 400.)/300.
ENDIF

C
DO 400 I=I,MXPTS
SIGLOG(I) 

= 
(1.0 - WAVEF)*ALOGIO(S400(1)) +

1 WAVEF*ALOGIO(S700(1))
400 SIGMA(I) = 10.O**SIGLOG(I)

C
C LOOK UP THE A8SORBTION, TOTAL SCATTERING, AND SIGMA(9U) VALUES

C FOR THE REQUESTED WAVELENGTH
C

IwAVE = IFIX(1.5 + AMOD(WAVENM,4U0.)/25.)
ABSR ABSORB(IWAVE)
S = TSCAT(IWAVE)

SIG90 = S90(IWAvE)
ALPHA = ABSR * S

C
VSIG(1) = 0.
TOTALS(1) = S
ALBESS(1) = S/ALPMA

C CONVERT THE DEFINED SIGMA TO L(UU- OF THE PHASE FUNCTION
Sl = SIG9g/S
00 100 1=2,MXPrS
PLOG(l) = ALOGIO(SI*SIGMA(1))

100 PSILOG(1) = AL0.6I0(PSI(I))
PLOG(l) z PLG (2)
PSILOG(l) = -!.0E2u0

WRITE(6,200)
WRITE(6,202) wAENM.ABSR,SALPHA.AiBESS(l)
WRITE(6,204)
00 102 =2,MXPS
PHASE = lO.b**PLOC(I)

102 wRITE(6,206) SI(I),SIGMA(I).PHASE
wRITE(6,207) SIG90
wNITE6,208)
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C
C GET THE ANALY~TIC INTEGRAL FROM ps z Tops =S P510

APSI =(1.0 - WAVEF)*ALOGIO(APSI4UU) + WAVEF*ALOG1O(APS1700)
APSI = 10.O**APSI
APSI =APSI*S1G90/S
SOPSIO = 2.O*PI*APSI,(2.0 - PPSI)
SOPSIG SOPSIQS(PSIO*DEGRAD)ss(2.u - PPSI)
WRITE(6.210) PSIO,SOPSIOAPS1 .PPSI

C
KALL 1
PHASEL =0.

C
ELSE

C
C CONVERT COS(PSI) TO LOG(PSI) AND INTERPOLATE
C

IF(ABS(COSPSI).GT. 10) THEN
COSPSI =SIGN(1.O.COSPSI)
ENDI F

PSIDEG = RADEG*ACOS(COSPS)I)
IF(PSIDEG.LT. IDE-B) THEN
PSIL = -8.0
ELSEIF(PSIDEG.GT.180.) THEN
PSIL ALOGIO(180.)
ELSE

ENDIF
C

IF(PSIL.LE.PSILOG(2) ) THEN
PHASEL = PLOG(2)
ELSE
00 300 lz2,MXPTS
XF(PSIL.LT.PSILOG(IJ) GO TO 302

300 CONTINUE
302 PHASEL PLOG(I-1) +(PLOG(I) - PLUG(I-1))*

1 (PSIL PSILOG(1-1))/(PSILO(1) - PSILOG(I-I))
END IF
E ND! F

C
P"ASEF 10.0O*PHASEL
KALL =KALL + 1
RETURN

C200 FORMAIil.' THE VOLUMNE SCATIERINU FUNCTION DEFINED FOR THE PELA.
10S SEA IS USED AT ALL DEPTHS')

202 FORMAT(IHU, ' TH-E WAVELENGTH IS LAMBDA =',F6.1, ' NANOMETERS'/i
1' THE VOLUME ABSORBTIUN t:UNCTION IS A =' .F7.4, ' PER ME 

T
ER'//

2' THE TOTAL VOLUME SCATTERING FUNCTION IS S =,F7.4.' PER METER'/
3/' THE VOLUME ATTENUATION FUNCTION IS ALPHA ='F7.4.' PER METER',
4/' THE ALBEDO OF SINGLE SCATTERING IS OMEGA ='F7.4)

204 FORMATC mO, ' THE TABULATED VALUJES DEFINING SIGMA(PSI) ARE'//
1' PSI SIGMA/S1G90'.9X,'PM-ASE'/)

206 FURMAT(lH ,F7.2,FI5.3.FI8.6)
207 FORMAT(IHO,' SIGMA(90) =.1PE!3,6)
208 FORMAT( IHO,' LINEAR INTERPOLATION IS DUNE IN LOG(PSI)-LOG(PHASE)*
210 PORMAT(r-1,' 7 -!E ANALYTIC INTEGRAL OF 2*PI*PHASE(PSI)tSIN(PSI)'/,

I- FROM PSI 0 TO PT! ' ,F5..3, IS *lPE14.6.' FOR A -' ,E14.r6,
2' AND P~ .OPF5.2)
END
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FUNCTION PHASEF(V,COSPSI)

C
C ON NHM4/PFSPHER

C
C THIS FUNCTION RETURNS A VALUE OF THE CONTINUOUS. POINT GEOMETRIC

C PHASE FUNCTION P(Y, MU PRIME, PHI PRIME/ MU, PHI) = P(COSPSI,Y) =

C SIGMA(COSPSIV)/S(Y) FOR ANY CQS(PSI) AND V VALUES.

C PHASEF IS FOR USE IN THE COMPUTATION CF THE QUAD-AVERAGED,

C GEOMETRIC SCATTERING FUNCTIONS P(Y, R,S/ U,V) = P(Y, R/ UV") VIA

C 11.3.

C

C THIS VERSION FOR FOR ISOTROPIC SCATTERING: SIGMA = S/(4*PI)

C INDEPENDENT OF SCATTERING ANGLE AND DEPTH

C
PARAMETER(MXSIGY=3)

COMMON/CSIGY/ vSIG(MXSIGY).ALBESS(MXSIGV),TOTALS(MXSIGY)

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

DATA KALL/O/, NSIGY/1/, S,ALPHA/0.125, 0.736/

C
IF(KALL.EQ.O) THEN

C
C THE FIRST CALL TO PHASEF IS USED FOR INITIALIZATION ONLY

C

PI = FMISC(1)

SIG = 0.25*S/PI

IMISC(5) = NS'6Y

YSIG(I) 
= 

0.

TOTALS(l) = S

ALBESS(I) z S/ALPHA

wRITE(6,100) SIG

WRITE(6,102) ALPHA,S

SIG 0.25/PI

KALL I

PHASEF = 0.

RETURN

C
ELSE
PHASEF = SIG

RETURN

ENDIF

C
100 FORMAT(1H,' A SPHERICALLY SYMMETRIC VOLUME SCATTERING FUNCTION IS

I USED:'

21/' SIGMA = S/(4*PI) =' ,F8.5, ' FOR ALL ANGLES AND DEPTHS')

102 FORMAT(IHO, 'THE VOLUME ATTENUATION COEFFICIENT ALPHA IS' ,F6.3,

i' PER METER'//' THE TOTAL VOLUME SCATTERING FUNCTION S IS'.

2F6.3,' PER METER')

END
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FUNCTION PHASEF(v.COSPSI)
C
C ON NHM41PFSPY
C
C THIS FUNCTION RETURNS A VALUE OF THE CONTINUOUS, POINT GEOMETRIC
C PHASE FUNCTION P(Y. MU PRIME, PHI PRIME/ MU, PHI) = P(Y,COSPSI)

C SIGMA(V.COSPSI)/S(Y) FOR ANY Y AND COS(PSI) VALUES.
C PHASEF IS FOR USE IN THE COMPUTATION OF THE QUAD-AVERAGED,
C GEOMETRIC SCATTERING FUNCTIONS P(Y, R,S/ U,V) = P(Y, R/ U,V-) VIA
C (11.3)
C
C THIS VERSION IS FOR DEPTH DEPENDENT SPHERICAL SCATTERING:
C SIGMA(Y) = S(Y)/(4*Pl), INDEPENDENT OF SCATTERING ANGLE
C BUT DEPENDENT ON DEPTH V.
C

PARAMETER (MXSIGY=3)
DIMENSION ALPHA(MASIGY)
COMMON/CSIGY/ VSIG(MXSIGV) At BESS(MXSIUV) *TOTALS(MXSIGV)
COMMON/CMISC/ IMISC(20) ,FMISC(20j)
DATA KALL/OI. NSIGY/3!

DATA YSIG/l.,5.,IO./. TOTALS/O.0,.U5,U.3/, ALPHA/0.2,0.6,O.4/
C

IF(KALL.EQ.O) THEN
C
C THE FIRST CALL TO) PHA EF IS USED FOUR INITIALIZATION ONLY
C

P1 FMISC(l)
IMISC(5) - NSItU'
WRITE(6. 100)
DO 50 1V1.,NSIGY
ALBESS(lv) =TOTALS(IV)/ALPMHAIIV)

50 VWRITE(6.102) 1YVISIG(IV).TOTALS(IY) .ALPHA(IY),ALBESS(1V)
P =0.25/PI
KALL =1
PHASEF =0.

C
ELSE
PHASEF =P
ENDI F
RETURN

C
100 FORMAT(///' A DEPTH DEPENDENT, SPHEkPI$AL V01 UME SCATTERING FUNCTID

IN IS USED;'//, SIGMA(V.COS(PSI)) = )'Y)I(44PI) wHERE/fl
2' IV V S(V) ALPHA(Y) S,/ALPH-A!)

102 FORMAT ( H 14, F8 .IF8 .3,FI10.3, FlI1.3
END
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SUBROUTINE PNTAMP(Y,AMPA.AMPYIROW)
c
C ON NHM4/PNTAMP
C
C THIS ROUTINE PRINTS THE AMPLITUDES AT Y = A, X,..Z.
C A TITLE GIVING THE APPROPRIATE COLUMN HEADINGS SHOULD BE WRITTEN
C BEFORE CALLING PNTAMP.
C IF ONLY AMPA IS TO BE PRINTED (THE CASE OF AMPA AO(A..-)). GIVE
C AMPY(1.1) A VALUE .GT. 1.0E200
C

DIMENSION Y( 1),AMPA(1) ,AMPV(IROW, 1)
COMMON/CMISC/ IMISC(20)

C
NMU IMISC(1
NY IMISC(4)
IDBUG IMISC(9)
NRHAT = IMISC(10)
IL =0

C IAOP 1 IF PRINTOUT IS FOR AMPA ONLY
C IAOP =0 OTHERWISE

IAOP = 0
IF(AMPV(I.1).GT.I.E200) 1AOP = I

C
IF(IAOP.EQ.1) WRITE(6,1599)
IF(IAOP.EQ.O) WRITE(6,1600) (V(IY) ,IYzl,NY)
DO 1602 1=1,2*NkM-AT
IF(I.EQ.NRHAT+1) THEN
hWRITE(6. 1610)
IL =0
ENDI F
IMOD =MOD(I,NMU)
IF(IMOO.EQ.l) THEN
WRITE(6,1606) IL
IL IL + 1

IMU =0

ENDI F
Imu = IMU + 1

C SELECT FULL OR PARTIAL PRINTOUT
IF(IDBUG.EQ.1 AND. IL.GT.2) GO TO 1602'
IF(IAOP.EQ.0) THEN
IF (IMOO. EQ. 1) wRITE (6. 161 ,J I MU. AMPA (I)(AMPY (I .J) ,J 1, NV)
IF(IMOO.NE. 1) wRITE(6, 1614) IMU.,AMPA(I) *(AMPY(l,J),j=l,NY)
ELSE
IF(IMOO.EQ. 1) WRITE(6. 1612) IMU.AMPA( I)
IF(CIMOD .NE. I) WR ITE( 6. 1614) IMU .AMPA (I)
END IF

1602 CONTINUE
RETURN

C
C FORMATS
C
1599 FORMAT(IHO,2X,'COSINES')
1600 FORMAT(IHO,2X,'COSINES',23X.5Vvy =<,F7.3,5Xj/33X,5('Y ='F7.3,5X))
1606 FORMAT(IHO,. L =' .13)
1610 FORMAT(IHO,2X,'SINES')
1612 FORMAT( lH+, lOx. 12. P6E15.4/28x.bE15.4)
1614 FORMAT(lH 10X.12, 1P6El5.4/28X,5El5.4)

END
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SUBROUTINE QAPHAS(NUQB,NVQBINCBAS)
C
C ON NHM4/QAPHAS
C
C THIS ROUTINE COMPUTES THE QUAD-AVERAGED GEOMETRIC PHASE
C FUNCTIONS GEOPP = P+(V;R,U,V) AND GEOPM = P-(V;RU,V) USING 11.3.
C VALUES ARE COMPUTED AT EACH V LEVEL WHERE THE POINT GEOMETRIC
C PHASE FUNCTION IS GIVEN (BY FUNCTION PHASEF)
C
C NUQB AND NVQB ARE THE BASE NUMBER OF QUAD SUBDIVISIONS IN THE MU AND PHI
C DIRECTIONS, USED FOR NUMERICAL INTEGRATION OF THE CONTINUOUS
C PHASE FUNCTION. THE NUMBER OF QUAD SUBDIVISIONS IS INCREASED
C BY A FACTOR OF INCBAS IN THE FORWARD SCATTERING QUADS AND IN
C THE ADJACENT QUADS.
C
C THE ARRAY PHASE(I.IV) CONTAINS THE TABULATED VALUES OF

C PHASEF(Y(IY),COS(PSI(I))
C

PARAMETER(MXMU=10, MXPHI=24, MXY=3O. MXSIGV=3)
PARAMETER(MXGEOPzMXMU*(MXPHI/2 1 1))

C
COMMON/CRTSIG/ RHOHAT(MXMUMXMU.MXSIGV),TAUHAT(MXMUMXMIJMXSIGV).

I GEOPP(MXMU,MXGEOP,MXSIGV),GEOPM(MXMU.MxGEOPMXSIGY)
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI),YOUT(MXY).BNDMU(MXMU),
I BNDPHI(MXPHI),OMEGA(MXMU),DELTMU(MXMU)
COMMON/CMISC/ IMISC(20),FMISC(20)

COMMON/CWORK/ RADSKY(MXMU.MXPHI).PtHASE(2701.MXSIGV),
1 CKSUM(MXMUMXV)

C
NMU IMISC(1)
NPHI IMISC(2)
NL = IMISC(3)
NSIGV = IMISC(5)
IDBUG z IMISC(9)
TWOPI = 2.O*FMISC(1)

RADEG z FMISC(3)
C

DELPHI = TWOPI/FLOAT(NPHI)
NOPI = NPHI/2
NCPII z NOPI + I

C
00 50 1¥=l,MXSI.v
DO 50 J=I,MxGEOP
DO 50 I=1,MXMU
GEOPP(I.J,IV) = 0.

5U GEOPM(IJ.IY) = 0.
C
C LOOP OVER THE DEPTHS (V INDEX) WHERE IHE OPTICAL PROPERTIES OF
C THE WATER APE DEFINED.
C

DO 100 I1=lNSIGY
C

C LOOP OVER THE R. U, AND V QUAD INDI(LS
C

DO 00 Iu=INML
C

DO lU0 IR=1,NMU

NCOMPV = NOP1I
IF(IJ.EQ.NMU .> . IR.EQ.NMiJ) NCQMPV 1
00 IOU IV=I,NCOMPv

C

C SELECT THE SUBQuAD RESOLuTIuN. IDENTILAL UR ADJACENT QUADS INVOLVE
C FORWARD SCATTERING, AND NEED HI 0 HER RESOLUTION TO RESOLVE THE
C PHASE FUNCTION ACCURATELY

IF(IV.LE.2) THEN
IF(IR.EO.Iu OR. IR.EQ.IU~l .0R. IR.EQ.IU-1) THEN

C INPUT AND OUTPUT QUADS ARE IDENTICAL OR ADJACENT

NUQ = INCBAS*NUQB
NVQ = INCBAS*NVQB
ELSE
NUQ = NUQB
Nvy = NVOB
ENDIF

97



§5. PROGRAM 4

EL SE
NUQ =NUQB
NVQ =NVQB
END IF

C
C BOUNDARITES OF THE MU (= 10) QUAD

uMUMIN =0.
IF(Iu.GT.1) UMUMIN =BNDMu(IU-1)
DMu DELTMU(IU)/FLOAT(NUQ)
uU UMUMIN + O.5*DMU

C SIZE OF THE PHI-J SUBQUADS
IF(IU.EO.NMU) THEN
OPHI =TWOPI/FLOAT(NVQ)
ELSE
OPHI = DELPHI/F.OAT(NVQ)
END IF

C BOUNDARIES OF THE MU PRIME (= IR) QUAD
RMUMIN =0.

IF(IR.CiT.1) RMUMIN =BNDMU(IR-1)
DMUP DELTMU(IR)/FLOATCNUQ)
UOP RMUMIN + 0.5*DMUP

C SIZE OF THE PHI PRIME-L SUBQUADS
IF(IR.EQ.NMU) THEN
DPHIP =TwOPI/FLOAT(NVQ)
ELSE
DPHIP = DELPHI/FLOAT(NVQ)
ENDI F

c
FACT =DMU*DPHI*DMII)P*DPHIP/OMEGA(li))

C
C BOUNDARIES OF THE PHI (= IV) QUAD

PHIMIN =BNDPHI(NPHI)
IF(IV.GT.1) PHIMIN =BNDPHI(Iv-l)
PHIO PHIMIN + .5*DPHI

C
C COMPUTE THE srORAGE INDEX BY(12.7)
C

IF(IR.EQ.NMU) THEN
K(COL =IU
ELSE

IF(IU.EU.NNMU) THEN
K(COL =NMU
ELSE

IF C /.LtE.NL+ 1) THEN
KCOL 10 IU NMU

4
(IV-1)

ELSE
KCOL =Iu+ NMU*(NL -- MOO(Iv-l.NL))
END IF

END IF
ENDI F

C INTEGRATE OVER PHI PRIME ONLY FOR THE PHI PRIME U QUADS> (IS =1

PHIOP =BNDPHI(NPHI) + .5*DPHIP

C COMPUTE THE QUADRUPLE INTEGRAL (11.3) OVER THE SELECTED QUADS

SUMP 0.
SUMM = 0.
DO 110 JUJ=I.NUJQ

c
C DEFINE A MU VALUE

UMu = UO + FLOAT( JLJ-l)*DMU
RODTJU= SQRT(LO. - UMU*UMU)

C
DO 110 JR=1.NUQ

c
C DEFINE A MU PRIME VALUE

RMUP =UOP + FLDAT(JR-1)*DMUP
ROOTJR =SQRT(l.0 - RMUP*RMUP)
Al =UMU*RMUP
A2 = ROOTJU*ROOTJR

c
DO 110 Jv1.,NVQ

c
C DEFINE A PHI VALU)E

VPHI = PHIO +FLOAT(JV-l)*DPH1I
c
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DO 1.10 JS=1.NVQ

C
C DEFINE A PH-I PRIME VALUE

SPHII- zPHIOP +FLOAT(JS-1)*PIP

C
C COMPUTE CONTRIBUTIONS TO INTEURALS

COSPPP =COS(VPHI -SPH-IP)
C

COSPSI =Al +A2*COSPPP
IF(ASS(COSPSI).GT.1.0) COSPSI SIGN(1.0.COSPSI)

C GET PSI IN DEGREES AND DO A TABLE LOOKUP FOR PHASEF(Y.COSPSI)

C
PSI zRADEG*ACOS(CUSPSI)
IF(PSI .LE. 10.0) THEN
IPSI IFIX(PSI*IOO. +1.5,1

ELSE
IPSI IFIXIPSI

4
1O. + 901.5)

END I
SUMP SUMP * PHASE(IPSI,IV)

C
COSPSI -Al +A2*COSPPP
IF(ABS(COSPSI).GT.1.0) COSPSI - SLU(l(.U,COSPSI)

PSI =RADEG*ACOS(CUSPSI)
IF(PSI .LE. 10.0) THEN

IPSI = IFIX(PSI*10U. - 1.5)
ELSE
IPSI =IFIX(PSI*10. + 901.5)
ENDI F
SUMM =SUMM +PHASE(IPSI.IV)

110 CONTINUE
C

GEOPP(IR.KCUL..IV) GEOPP(IR,iKCUL,lY) + UMP*FACT

100 GEOPM(IRKCOL.1Y) GEOPM(IR.$CUL,IV) + SUMM*FACT

C

C COMPUTE THE CHECK' ON THE TOTAL SUATTERING, (11.5)

C
wRI TE b. 208)
DO 200 I~.~G
WRIT E (6 2 12)
DO 200 IR=1.NMu

L POLAR CAP OUIPUI QUAD
SUMP (GEOPP(IR,NMU. IV) +GEOPM(h<N.tuIV))*OMEGA(NMU)/oMEGA(IR)
DO 202 1u 1.NMU-1
FACTR OMEGA(IU)/OMEGA(IR)
P"-I 0 vALUE'

SUMP zSUMP +' +G~-'RI.V * UEUPM(IRIU.IYfl#FACTR

PHI P1 VALUES

KCOL =NMU*NOPI - IU

IF(IR.EQ.NMU) KLC = IU

SUMP SUMP + (GEOPPIIR,KLOLIy) + U~uPM(lR,KCOL.IY))*FACTR

C 0 LI. PHI CT. PI VALUES

Do 202 IV=2.N0PI
KCOL NMU*(IV-1) ~-IU
IF)IR.EQ.NMU) k,((k 16

202 SUMP= SUMP +2.0*(GEOPP(IR,KCOLIY) ' (iEPM(IR.KC0L.IY))*FACTR

CKSUM(IR,Iy) =SUMP
200 aRITE(6,210) IV. IR,SUMP.GEOPP( IR, R, IV)

C
C USE THE CHECKSUMS TO REDEFINE THE FORWARD SCATTERING QUADS BY 11.7

C
DO 300 IY=l,NSIc,y
0O 300 IR=1,NMU

300 UEUPP(IR,IR,ly) 1.0 - CKSLjM)Ik.IY) , EUPP(IR,IR,IY)

lF(IOBuG..GE. 1) 7>EN

CALL PAARAV(GEU)PP.NMC 4*NMI Nt.h, .MXM&IMKUEOP. 2,

1 'QUAD-AVERAGEDP.R1U I

CALL PAA(EJMNU4M.~(MtXEP2
1 'OUAD-AVERAG.EC -VP./D
END I F

208 FOklAT) IHO. LHELKSJMS ON U UA-ALH,,, LD UEUMETRIC P+ AND P- FUNCTIO

INS'//lH *2x.'v R SUM (=I) CUMPUlED FWD SCAT')

210 FORMAT)1H j 3,15.F 11.5.,lPE'.1.3)

212 FORMAT) IH

RETuRN
END
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SUBROUTINE UASK'Y'RSKY.CARD.SHTOTL. THETAS,PHIS)
C
C ON NHM4/QASKV
C
C THIS ROUTINE COMPUTES THE INPUT SKY QUAD-AVERAGED RADIANCE

C DISTRIBUTION, USING 3.3 EVALUATED AS IN APPENDIX 8 OF THIS TECH

C MEMO. SEE ALSO STEP 7A4 ON PAGE 130.
C
C RSKY IS THE RATIO OF SKY TO TOTAL SCALAR IRRADIANCE.
C RSKY 0.0 FOR A BLACK SKY (SUN ONLY). RSKV 1.0 I-OR
C NO SUN
C CARD IS THE CARDIOIDAL PARAMETER. CARD u . FOR A UNIFOURM SKY,

C CARD =2. FOR A CARDIOIDAL SKY

C SHTOTL IS THE TOTAL (SKY + SUN) SCALAk IRRAIJIANCE UN THE

C WATER SURFACE FROM ABOVE

C THETAS. PHIS ARE THE SUN SOURCE ANGLE, (IN bEGREES. RtLAIIVE TO
C PHI = 0. IN THE DOWNWIND DIRECTION)
C
C UPON RETURN. RADSKY 'N ICWORK/ HOLDS THE 0uAD-AVERAGEO tIvY
C RADIANCES FOR USE IN AMPACJ IN MAiN.

C
PARAMETER(MXMOU 10, MXPHI=24. Mxv-3u)

C
COMMON/CGRID/ FMU(MIAMU),PHI(M)XPHI),Y(MAV),BNUMU(MXMU),
1 BNOPHI(MXPHI ) OMEGA(MoM)
COMMON/CMISC/ IMISC(?O) .FMISC(2o)
COMMONICAORK/ RADSK',(MMU.MXPHI).TIrIAB(MXMU).PHIB(MXPHI)

C
NMU -IMISC(l)

NPHI IMISC(2)
IDBUG IMISCtYJ
PI FMISC(1
RADEG =FMISC(.3)

C
C SET UP THE BACA6ROUND SKY QUAD-AvERAUED RADIANCES USINu. B.7
C

WRITE(6.500) SHTOTL ,RS$(Y CARD
FNO RSKV*SHTOTL/(2.O*Pl*(l.U - u.b*LARD))
00 100 lzlNMU-1
RAD = NOt(I.U + ARU*FM(I))
DO 100 J=1.NPHI

100 RADSiKV(I.J) - RAD
C POLAR CAP

RADSKY(NMU,1) zFNOO(1.6 LAkb4Fl-UttNMU))
C
C ADD IN THE SUN TO THE APPROPRIATL QUAD USING B.8
C

wRI TE( 6.502) Tt-ETASPHI S
C
C CONVERT THE BOUNDARY MU AN4D PH) vALuiES TO DEGREES

DO 101 11.,NMu
101 THETABMI = PADEG*ACOS(BtNDMu(II)

DO 103 j1.,NPHI
103 PHIB(j) =RAOEG*BNDPHI(j)

C
c DETERMINE THE (MU PHI) INDICES OU- THE QUAD CONTAINING THE SuN
C

PH =AmoD(pi1ii - 360.. 360.)

DO 201 11.,NML; 1
IF(THETAS.LT.TH-ETAB(I) AND. THETA -6 IHETAB(1.1)) IMUS I 1

201 CON TINUE
lP(Tm-ETAS.GITTiETAB(l1) IM,~ I

C
DO 202 JzI,NP :
IF(PH.LT.PHIB(i)) GO TO 20b6

201 CONTINUE
1 1

206 jPHIS =
200 CONTINUE

C
THE =RADEG*ACUS(FMU(IMUS))
WRITE(b,510) IMUS.JPHIS.TH-ERAOEu4PHI (JUMIS)

c
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C CHANGE PHI INDEX FROM SOURCE LOCATION TO BEAM DIRECTION

C
JPHIS = MOO(JPHIS + NP-I/2. NPHI)
IF(JPHIS.EQ.O) JP-IS NPHI

IF(IMUS.EQ.NMU) JPHIS 1

RAOSKY(IMUS,JPHIS) = RAOSKV(IMUSJPHIS) +

1 (1.0 - RSKY)*SHTOTL/OMEGA(IMUS)
C

IF(IDBUG.NE.D) CALL PZARAV(RAUSKY.NMu.NPHIMXMU,2,
I 'QUAO-AVERAGEO SKY RADIANCES')

C
RETURN

C
C FORMATS
C

500 FORMAT(IHI. THE INPUT RADIANCt UDIRHI)UTION HAS'//

15X, 'TOTAL SCALAR IRRADIANCE (SUN + Sv.y) =' 1PE10.3,

2' WATTS PER SQUARE METER /,,

35X,'RATIO OF SKY To TOTAL SCALAR IRRADIANCE. R =' ,OPF6.3//

45X, 'CARDIUIDAL PARAMETE', C ju j)

502 FORMAT(//' THE SUN IS REQUESTED AT )Kv LOCATION (THETA. PHI) =

1 F4.1. ',F5.I,'))
510 FORMAT(//' THE SUN IS PI-ACED IN QIOA[l UIRS) = Q( ,12,' .. 12,

I') ,:ENTERED AT (THETA, PHI) j 7 ,F .3,' )')
END

SUBROUTINE RFMPA(X.YZ. IRUW.NMU.L-)

C

C ON NHM4/RFMPAK
C

C THIS ROUTINE FORMS THE MATRI( PRODUCT X * V Z wHERE x AND Z ARE

C ROW VECTORS AND Y IS A BLOCK MATRIX STORED ON THE PACKED FORMAT

C OF 12.4.
C

DIMENSIoN X. ) ,v(IRO , 1) ,Z( 
I
)

C
LPI X L + i
00 100 JZB=I.LPI
JZ82 = L/2 * I
IF(MOD(JZB.2).E4 U) JZB2 = L+11/2
J2 = (J?7 -- 1)*NM,

Jv ( jZB I)/ , - 1)*NMU

C
Ou 206 l-I.NML
SuM = L

DO 301 KX=I 1 '
KY 2*KA - 1
IF(MODO jZB.2) E .fJJ KV

I2 - (KV 1 )*qM,

DO 301 K=I.NM
301 SUM = SUM * , 12' ,9 *

200 Z(J2+I) - stM
100 CONTINUE

c
RETURN
END
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SUBROUTINE RHOTAu(L)
C
C ON NHM4/RHOTAU
C
C THIS ROUTINE COMPUTES THE DISCRETIZED SPECTRAL PHASE FUNCTIONS
C RHOH-AT AND TAUHAT FROM THE QuAO-AvERA.E GEOMETRIC SCATTERING
C FUNCTIONS. THE GOVERNING EQUATIONS ARE 5.6 AND 5.208 TO 5.20E.
C

PARAMETER(M)(MO=IO, MXPHI=24, MXY 30. MXSIGV'=3)
PARAMETER(MXGEOP=MXMU*(MXPHI/2 - 1))
CUMMON/CSIGY/ YSIG(MASIGY) .ALBESS(MXSIGY)
COMMON/CGRID/ FMu'MXMU),PHI(MXPHr)
COMMON/CRTSIG/ RHOi-AT(MXMUMXMu).MxS1GVY).TAUHATCMXMO.MXMu,MXSIGv').
i GEOPP(MxMU.MXGEOPMXSIGV) ,CEPM(MXMU.MXGEOP,MXSIGV)
COMMON/CMISC/ IMISC(20)
COMMON/CWORK(/ COSLPV(MXP1I)

C
NMU IMISC(l)
NPHI IMISC(2)
NL =IMISC(3)
NSI6Y IMISC(5)

D0 100 lvzI,NPHI
100 COSLPV(IV) =COS(FLOAT(L)*PH1(IY))

C
IF(L.EO.U OR. L.tO.NL) fHEN
EPSL =FLOAT(NPIIC
ELSE
EPSL =FLOAT(NL)
END IF

C
C LOOP OvER TH-E OEPlS WHERE TH-E INHIERENr OPTICAL PROPERTIES ARE GIVEN
C

DO 200 IYlV=,tvlGv
ALBEDO =ALBESS(Iv)

C POLAR CAP OUTPU>. IU =NMC
C

IF(L.EO.O) THEN
C

FMul = I.O!EMUiYM
C QUAD IN4PUT: uSE 5.20D. PHAT IS GIvEN 13Y 5.6C

DO 300 IR-INMu, I
RH-OATUR,NMU.>v) =ALBEUU4)EPS L,UEUPMfIRNMU,IV)*FMUI

300 TAUHATLIR.N4MU~j) ALBEDO*EPSL4UEOF4.(IR,N MU.IV)SFMUI
C

C POLAR CAP IN4PUT; USE 5.20E. Pt-mr IS GIvE By 5.6D
RHOH-ATNMUNMU.1Y) =ALBEDU*GEOPMC(NMu),NMU.,IYi*FMUI
TAoHAT(NMUNMU,1I,) (ALBEDO*GE0PP(NMU,NMO,IY) - 1.0j*FMui

ELSE

DO 302 IR I,NMLI

302 TAUH-AT(IRNMU-YW 0.
ENDI F

C
I 0JAE) (NUN-POLA-P C AP) OUTPUT

00 310 lj=1,NM.'

-uLAR CAP I NP -. IR NMu. LSE S.zuj, P"-Al IS GIVEN Br 5EB

[F(L .EO 0) THEr
kHOHA T (NMC, .1 1 . AtBELu* E- 40, 'NU9LI I v *FMU I

TAJHA T N4Mi, I L. 1 A LBED U UE CPC- NM. f~l . Ij Y *FMU I

RHTAAT(NMU, IU(.I U C.

ENUI F
r
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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.
SUMMz 0.

DO 400 IV=1.,NPHI
C
C COMPUTE STORAGE INDICES BY (12.7)
C

IF(IV.LE.NL'1) THEN
j IU + NMU*(IV-1)

ELSE
i = U +NMU*(NL - MOD(IV-1,NL))
END IF

C
SUMP =SUMP +GEOPP(IR.J.IY)*COSLPV(IV)

400 SUMM SUMM +GEOPM(IR.j,IY)*COSLPvi(lv)
C

RH-OHAT (I Ri.I 1' I ALBEDUO SOMM
4
FMU 1

IF(IR.EO.IU) THEr4
DELT 1.
E LSE
DELT = 0.
ENDI F

310 1TAUHAT(IR,IU,IY) (ALSEDO
4
SUMP DELT)i*FMtU1

200 CONTINUE

RE TURN

END

)UBR0IJTINE RICA-iII)

C

c THIS ROUTINE SO- ES FOR TH-E ARkAYS RyA .~R(YX) AND TXY' T(X,Y)
tU B INTEGRATING o,>43 AND 6.44 IN A 1iO.ANWARD

L >EEP WITH INITIA_ vALUES (OF R~~x - 0 AND T(X,X) I, BY 6,47.

PB=R(Y,B1 , FC-(ND BY INTE6RA'INU 6.48 IN AN UPWARD SWEEP

'1lt ARRAYS RYA AND 'X1', ARE STORLI, Ir4 ThE .'ECTOR RT AS FOLLOWS
C. FOR A GIVEN Y LV )

R V)( ( .J ) I S R T * (j- * NMuj
T~vC I, JI S ' I ' - I *NMj ' N

PARAMETER(MxMu-'lC. f)XPHI=24, MXY-As,)
PARAMETER( MXECNr.2*M,(lMU#MXM0

[DIMLSION C.Dvtkfr 4)
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COMMON/CRTR, RYX(MAsMu.MX~lu,MXV) .TAY(MXMUMXMU,MXY),
1 RIYB(MXMU,MXMU,MX ) .R2V8(MXMU,MX<MJ.MXV)
COMMON/CBOT8C/ RH-ATZB(MXMU,MXMJ)
COMMON/IGGR ID! F%0,AMX . PH-I (MXPH I). Y (MAY)
COMMON!CMISC/ IMISC(20) .FMISC(20)
COMMON/CWORK/ WERA(MAEQN,9j ,RT(MXEQN)

C
C SUBROUTINE ORTAB EVALUATES THE RHS OF 6.43, 6.44 AND 6.48

EXTERNAL DRTAB
C

NMU IMISC(1)
NY IMISC(4)
IDSuG =IM:SC(9)
IBOTM =IMISC(12)
NMU2 = NMU*NMUJ
NEQNS =2*NMU2
TOL FMISC(7)
IF(IDBuG.GE.1) wRITE(6,3002) TOL

C
C INITIALIZE THE ARRAYS AT Y - A JS)IN 6.47
C

00 500 11I,NMU
00 500 J=1.NMU

RT(I--(J-1)NMU) 0.
DELT 0.O
IF(I .EQ.J) DELT 1.
TXV(I .J. 1) =DELT

500 RT(I.).J-1)*NMu-NMu2) DELT
C

VSTART zV(I)
CDPREV= 0.
IMISC( 13) =1
IND

C
C INTEGRATE 6.43 AND 6.44 T0 FIND k(.A AND T(x,Y) AT EACH V LEVEL
C

DO 520 IY-2,NY
VEND =YSTART Y( V) - V, - 1)

IF( IOBUG.GE. 1) .'.RITE(6,3000) VSTAFkT.vENC)

CAL.L DVER(NEQSDRTA,STAR.Pkl.LNCL,'LIND,'C0VEW MP)FQN4
1 wERA.IEk)

10Ev C DVEk 'I24) - CDPREv

CDPREV= CDVEkRk' 4)
IF (1 BUG. GE.I) iR I TE 6. 3Qi11 11 [ v
IF(IND.LE.0 OR. IER.GT.0) THiEN
wRITE(6. 1060) IMISC) 13). INCJ. 1Ek
ST 1OP

ENDI F

C SA\/E THE SOLUTIJN AT V V IEND

DO 520 J=1.NMd
DO 520 I=1,NMU
RVx (I, j, IV) RI (I .(J.- I) NMU)

520 TXY(I,JIV) =Rf(I - (J-1)*NMU + NMI h'

C INTEGRATE 6.48) FROM 2 TO X TO PiiC) kI(v.B) AT EACH V LEVEL

INITIALIZE AT v = WITH R1(Z.8) PrIATI(ZB). USING 6.b8

DO 550 J 1 *NfM
DC) 550 1 I , N%1
RIY8(I,,.Ny) - PATZB)IJ)

550 PT(I+(j-1)*NMtu. ~RrA T
ZBI..)

C
YSTART = (NY)

NEUNS =NMOji
CDPREv= 0.
IND =I
IMISCI l31 = 2

f- INTEGRATE
00 570 IVIl,Nv-l
IYREv NY - I
VEND VSTART - Y(IYREV-.l) +lINv
IF(IDBUG.GE.l WRITE(6,3OOO) V'CTART.VLND
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CALL DVERK(NEQNS.DRTAB.YeSTART,RT.YENDTOL.INDCDV1EPKMXEQN.
I WERK ,I ER)

C
10Ev zCDVERK(24) - CDPREv
COPREV =CDVERK(24)
IF(IDBuG.GE.i) WRITE(b,300lJ IOEv
IF(IND.LE.O OR. IER.GT.O) THEN
WRITE(6, 1060) IMI'SC( 13) *IND. ER
STO P
ENDI F

C SAVE THE SOLUTION AT VEND
DO 570 JzI,NMU
DO 570 I=1,NMU

570 RlYB(1,J,IYREV) =RT(I*(J-1)*NMu)
C
C USE R2(Y.B) RI(Y.B) OR INTEGRATE 6.48 AGJAIN, ACCORDING TO THE
C BOTTOM TYPE

IF(IBOTM.EO.O AND. L.EQO0) THEN
L
C MATTE BOTTOM WITH L =0. INTE6RATE AGAIN WITH INITIAL CONDITION

R2(Z,B) =0
NUTE ADDED IN PROOFING: I DO N01 IHINK THIS INTEGRATION IS

c NECESSARY: JUST SET R2(Z,B) =0, SINCE AMP2 = 0. HOWEVER, THIS
c HAS NOT BEEN CHC .ED By LJMPARING ELW LOMPUTA110N, SU I MAY BE

c MISSING SuMETN-ING. CM, 2 JUNE 88.

DO 595 J=1.NMU
D0 595 I I.NMu
PYB I. j.NY)=J

C
YSTART =Y(NV;
NEQNS NMU2
CDPREVz 0.
IND 1
IMISCI 13)

C INTEGRATE
Du 597 1V=1.NY I
IYREV =NY - IV

VEND YSTART - (IYREV+1) +V(IYHEV)
IF(IDBUG.GE. 1) W RITE(6,30D0) YSTART,YEND

C
CALL DVERK((NEQNS',DRTAB,VSTART.NTVENOTOL, IND.CDVERK.MX(EQN.
1 wERK,IER)

C
IDEV = CDVER'4124) - CDPREV
CDPREV =CDVERK<(24)
IF(IDBUG.GE. 1) WRITE(6.3001) IDEV
IF(IND.LE.O .OR. IER.GT.O) THEN
WRITE(6, 1060) IMISC( 13), IND. lER
STOP
END IF

C
C SAVE THE SOLUTION AT VEND

DO 597 J=1,NMo
DO 597 1=1.NMU

ELSE

C MATTE BOTTOM wITH L.GT.O UNA INFIrNI ELI DEEP, HOMOGENEOUS LAVER.
C uSE R2(V.B) P(Y.B)

00 rruO IY=1.Ny
00 600 J=1,NMj
DO 600 I=l.NMu

600 R2YB(I,JIV) = P1YB(I,J.lv)

ENDI F
C

RET uP N
C
lU6IJ FORMAT( / SUiB kICATI: ERROR IN (AL 10 DUVEkK IDE ='155,

I IND zIS. z'E,~15)
.3000 FORMAT( VSTARI F.4,5A. VEND -'Fb.4)
3001 FORMAT(IH-.T40.I4. DERIVATIV.E E'vALUATIONS
3002 FONMAT(/,//, U'ij7PUT FROM INfEt~kATION kouIINb OvERM (TOLz

I 10E12.3. ) '
END
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SUBROUTINE v2z(,EU

C ON NHM4/Y2ZGEO
C
C THIS ROUTINE COMPUTES THE GEOMETRICAL DEPTHS ZETA (IN METERS) WHICH

C CORRESPOND TO THE OPTICAL DEPTHS Y (NONDIMENSIONAL ) HEkE
C OUTPUT IS REQUESTED.
C EQUATION 7.1 1S INTEGRATED. WHEREIN ALPHA IS A FUNCTION OF OPTICAL

C DEPTH Y
C

PARAMETER (MXMU=1O. MXPHI=24, MXY=30, MAS1GV=3)

C
COMMON/CGRID/ FMU(MXMU).PHI(MXPMZ),VOuT(Mxy).BNDMU(MXMU),
1 BNDPHI(MXPHI).OMEGA(MXMU),DELTMu(MXMU).ZGEO(MXY)
COMMON/CSIGY/ YSIG(MxSIGV),ALBES>S(MASIGV) ,TOTALS(MXSIGY)
COMMON/CMISC/ IMISC(20)

C
EXTERNAL FALPHA

C
DATA AERR,RERR/O.O, l.OE-8/

C
NY IMISC(4)
NCSZGv IMISC(5)
ALPHAI ALBESS(1)/TOTALS(l)

IF(NSIGY.EO.1) THeN
C
c WAIER COLUMN IS UNIF1ORM WIT" DEPT-

C
DO 100 IY 1,NY

100 ZGEO(Iv) =A.PHA1*YOuT(fYJ
c

ELSE
C
C WATER COLUMN HAS VARIABLE OPT ICAL PWOPERILIES WITH DEPTH: INTEGRATE

C DZETA = V/ALPHA(f)
C

ZGEO(l) ALPmA1l*YOUT(l)
DO 200 IV=2,NY

200 ZGEO(IY) ZGEO(IY-1) DLOADRE(FAi.FtA.YOUT(IV-1),YOUT(I,().
1 AERR.RERR .ERRR. I ERR)

C
ENDI F
RETURN
END
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6. PROGRAM 5
A. Program Description

This program first synthesizes the radiances from the amnlitodes fnund 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 = ci/(1-o), 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, 5.0, 10.0, and 20.0 optical depths (here

YOUT(l) = 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 y - 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

at y values of 0.0, 1.0, 2.0, 2.5. _'.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/§8d and subroutine BFSC;",1'). If dcsired, 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 type of analysis desired.

107



§6. PROGRAM 5

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, IPRADI, 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(1)--
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

IPRAD 1, are DO-LOOP indices of the form
IPRAD2, DO 302 I=IPRAD1, IPRAD2, IPRAD3
IPRAD3 which select the g-bands of quads for which printout is desired. For

example, consider the m = 10 by 2n = 24 quad partition of 75/Fig. 4a.
There are m = 10 pt-bands in each hemisphere (i , u = 1,.-.,m). If
(IPRADI, IPRAD2, IPRAD3) = (1, 10, 1) then all pl-bands will be
printed. If (IPRADI, IPRAD2, PRAD3) = (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).

JPRAD1, are DO-LOOP indices which select the 0-bands to be printed, 0,
JPRAD2, v = 1,...,2n. Referring again to 75/Fig. 4a, if (JPRAD1, JPRAD2,
JPRAD3 JPRAD3) = (1, 24, 1) then all 0-bands would be printed. If

(JPRAD1, JPRAD2, JPRAD3) = (1, 24, 6) then only the 0-bands at
v = 1, 7, 13, 19 (corresponding to 0 = 0, 90, 180, 270* in 75/Fig.
4a) are printed. See DO-LOOPS 302 and 103 in PRINT (where
index J is v).

Record 2a: IYPRAD(l),...,IYPRAD(IPRAD)

This record is read only if IPRAD > 0. The values of IYPRAD are the j indices of yj,

j = 1,...,YOUT, at which printout is desired. (See 75/Fig. 6 and input record 5 of Program 4,

where yj is YOUT(J).)

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 yj values.

108



§6. PROGRAM 5

IRTECK < 0 if the balance of the RTE is to be computed at all possible interior
y-levels, YOUT(2),.-.,YOUT(NY-1)

IRTECK =0 if no RTE balance check is to be made

IRTECK > 0 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, 4.99, 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 t and 0 values where the
RTE balance is to be checked. See DO-LOOPs 300 in subroutine
RTECK, which are of the form

DO 300 J = 1, NPHI, NJC
DO 3001 = 1, 2*NMU, NIC

where i(l) is in E if I < NMU
and l'(I) is in , if NMU < I < 2*NMU

Record 3a: IYRTE(l),...,IYRTE(IRTECK)

This record is read only if IRTECK > 0. IYRTE(J) is the index j in 75/8.3. It is assumed

that yj-,' Yj and y,.I are closely spaced. Note that IYRTE(l) _ 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 if the irradiances, etc. are to be printed out for all y-levels

= 0 if irradiances are to be printed out only at levels y., j = 1, 2, 4, 6, 8,.--.
This is convenient when YOUT (Record 5 in Pr6gram 4) has speci-
fied closely spaced pairs of depths, as is convenient for computing
K-functions (see subroutines KFCN and KRAD)

> 0 if the irradiances are to be printed out only at selected y-levels,
IPIRAD in number, to be specified in record 4a

Record 4a: IYIRAD(1),-.,IYIRAD(IPIRAD)

This record is read only if IPIRAD > 0. IYIRAD(j), j = 1,-..,IPIRAD, are the indices of the
yj-levels whose irradiance data is to be printed out; 1 5 IYIRAD(j) < 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 - Yj+ - yj = YOUT(j+1) - YOUT(j) if the K-

function is requested at level j. These derivative estimates will be inaccurate if yj+, and yj are not

closely spaced - say, 0.01 optical depths apart. Thus foresight must be shown when speciflying

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)

IPKFCN = 0 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 has selected closely
spaced pairs of output depths, i.e. y, and Y2 are closely spaced, y3 and
Y4 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, 2.005,
by using IPKFCN = 0

lPKFCN > 0 if K-functions are to be computed only at selected y-levels, IPKFCN
in number, to be specified in record 5a

ISTART, are DO-LOOP indices which select the It-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 (IPRAD1, IPRAD2,

IPRAD3) in record 2. See DO-LOOP 200 in subroutine KRAD.

ISTART < 0 if radiance K-functions are not to be computed

JSTART, are DO-LOOP indices which select 0-bands of quads for which
JSTOP, radiance K-functions are to be computed. See (JPRADI, JPRAD2,
JSTEP JPRAD3) in record 2 and DO-LOOP 200 in subroutine KRAD.

Record 5a: IYKFCN(l),..-,IYKFCN (IPKFCN)

This record is read only if IPKFCN > 0. IYKFCN(j), j = 1,...,IPKFCN, are the indices of

the yj-levels where the K-functions are to be computed; 1 < IYKFCN(j) < NY-I.

C. File Management
Three files are read by Program 5, 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 TAPE50 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,OUTPUTTAPE5=INPUT.TAPEb=OuTPUT,
1 TAPE4OTAPE5O,TAPE22,TAPE25)

C
C ON NHM5/MAIN5
C
C .......... .................... *....................

C + 
+

C + THIS IS PROGRAM 5 OF THE NATURAL HYDROSOL MODEL +

C + +

C ..........................
C
C THIS PROGRAM TAKES THE SPECTRAL AMPLITUDES GENERATED BY PROGRAM 4
C AND SYNTHESIZES THE GEOMETRIC, UUAO-AVERAGED RADIANCE FIELDS.

C VARIOUS DERIVED QUANTITIES ARE ALSO COMPUTED, IF DESIRED
C
C RAXGEO (TAPE22) AND TXAGEO (TAPE25). THE QUAD-AVERAGED GEOMETRIC
C R(A,X) AND T(X.A) ARRAYS, ARE REQUIRED IF THE CONTRAST
C TRANSMITTANCE IS TO BE COMPUTED
C

PARAMETER(MXMU=10, MXPHI=24, MXY=30. MXSIGY=3)

PARAMETER(MXL=MXPHI/2, MXGEOPmMAMu*(M(Ltl). MXAMP=2*MXMU*(MXL+l))
PARAMETER(MXRRTH=MXMU*(MXLI), MXCRTHzMXMU*((MXL+2)/2))
PARAMETER(MXWERMzNXMU(M(L1112#MMU)t5*MX)Y

C
DIMENSION IYRTE(MXY).IYPRAD(Mxv),IYIRAD(MXY),IYKFCN(MXY)
COMMON/CSIGY/ YSIG(MxSIGY) .ALBESSiIMASIGY) .TOTALS(MXSIGY)
COMMON/CAMPO/ AOAM(MXAMP),AOYM(MXAMPMXY),AOAP(MXAMP)
COMMON/C.EOP/ GEOPP(MXMU.MXGEOP,MASIUY),GEOPM(MXMU.MXGEOPMxSIGY)
COMMON/CAMP! AAM(MXAMP),AAP(MXAMP),AYM(MXAMP,MXY),AVP(MXAMP.MXY)
COMMONICGRID/ FMU(MXMU).PHI(MXPHL)YV(MXY),BNDMU(MXMU),
I aNDPHI(MXPHI).OMEGA(MXMU),DELTMU(MXMU).ZGEO(MXY)
COMMON/CRADIF/ RAOAP(MXMU.MXPHI),RADP(MXMU,MXPHI,MXY),
1 RADAM(MXMU.MXPHI).RADM(MXMU.MXPHI.MXV)
CUMMON/CRADIR/ RAOOAP(Mxmu.MXPHI).RAOUAM(MXMU,MXPHI),

1 RADUM(MXMU,MXPHI,MXY)
COMMON/Cl RRAD/ SrIP( 0:MXY) ,SHM( 0 MXY) SCAPtiIP (0:MXY) ,SCAPHM(O :MXY),

1 OPY(O:MXY) .DMY(O:MXY)

COMMON/CKRAD/ ISTART,ISTOPISTEPJSTART.JSTOP,JSTEP
COMMON/CMISC/ IMISC(20) .FMISC(20)
COMMON/CWORK/ WERK(MXWERK)

C
DATA NUOUT/50/

C
C INITIALIZE THE PROGRAM
C

CALL INISHL(IRTECIZYPTE IPRAD, IYPPAD. IPIRAD. IYIRAD, IPKFCN* IVKFCN)
C
C AAM AND AYM NOW CONTAIN DIFFUSE AMPLITU)DES (SAME FOR AAP AND AYP)
C
C COMPUTE IRRADIANCE QUANTITIES F~oM THE L U AMPLITUDES
C

CALL IRRAU)(IPIRAD.IYIRAD)
C

NY =IMISC(4)
C
C COMPUTE THE DIFF,,SE RADIANCES AT YV A. X_.,Z
C

CALL S>YNRADIAAMRADAM.MAMU)
DO 100 <=l,NY

100 CALL. SYNRAD(AYM( 1.K),RADM(1, 1,K),MAMU)
C

CALL SYNRAD(AAP,.RADAP.MxML')
D0 110 o$=1NY

110 CALL SYNRAD(AYP(l.K).RADP(> ,1,j.MxMuj)

L COMPUTE THE DOWf~wARD DIRECT RADIAU4CE AT Y A, X....,...
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C
CALL SVNRAD(AOAM.RADOAM.MXMU)
DO 120 K=1.NV

120 CALL SYNRAD (AOVM( I.K) .RADUM( I * 1, jMxmU)

C

C COMPUTE THE UPWARD DIRECT RADIANCE AT V A. THE UPWARD DIRECT

C RADIANCE IS ZERO FOR Y X,.,Z

C
CALL SVNRADCAOAP.RADOAP,MXMU)

C

C PRINT SELECTED RADIANCES AND COMPUTE THE RADIANCE-IRRADIANCE RATIOS

C
CALL RADV(IPIRADIVIRAD)

C
C COMPUTE THE CONTRAST TRANSMITTANCE

C
CALL CONTRM

C
C COMPUTE THE K FUNCTIONS FOR IRRADIANCE

C
CALL KFCN(IPKFCN,IVKFCN)

C

C COMPUTE THE K-FUNCTIONS FOR RADIANCE

C
IF(ISTART.GT.O) CALL KRAO(IPIKFCN,IYKFCN)

C
C COMPUTE THE BACKSCATTER AND FORWARD SCATTER FUNCTIONS

C
CALL BFSCAT( IPIRAD. IVIRAD)

C
C PRINT OUT THE RADIANCES

C
IF( IPRADGTO) (ALL PRINT( IPRAD, IVPRAD)

C

C CHECK THE BALANCE OF THE RTE AT INTERIOR V VALUES

C
IF( IRTECK.NE .U) CALL RTECK( IRTECK. IYRTE)

C

C SAVE THE RADIANCE INFORMATION FOR ANALYVSIS BY THE PLOTTING PROGRAM

C
NMU - IMISC(1)
NPHI =IMISC(2)
NYV IMISC(4)
NSIGY IMISC(5)
KCOL IMISC(10)

C
REWIND NUOUT
WRITE(NUIOUT) IMhC)(,FMISC.FMUPH.V.BN)MOi.ENUPHI.UMEGA,DELTMu.
I VSIG.ALBESS. TOTALS.ZGEO

WRITE(NUOUT) H (GEOPPLI *J,K).1=1INMU)J1.KCOL),K=1.NSIGV)
WRITE(NUOUT) (((GEOPM(I ,J.K) ,I=1,NMUL),J=1.KCOL).K=1.NSIGY,)

WRITE(NUOuT) I (iADAP(lI,J) .I=l.NMu) .J=I,NPHI)

WRIrE(NUOUT) (PADAM(!,J),1=1,NMU),J 1,NPHI)

WRITE(NuOUT) RA(IJ) 11NiJ. INI NV

wRITEINuOUT) fHADOAP(I.J).I1.NrMU).J -1,NPHI)

WRITE(NUOUT) RADOAM( I J) I=1.NMu) ,J=1 NPH!)

C ZERO-MODE AMPi ITJDES

WRITE(NUDUT) (AUAM(I),I=1,NMU) ,(AOAP'(I) *I=,,MU),

1I ( AO,/M( I.K)r( NMIJ I. =I. NV)

WRITE(NUOUT) {AA4M(I I=1r.MU)) ,(AAFtI),I=I,NMU),

1 1 (AVM)I.K).I-I.,NMU).,'=1,NY). IAVPt I *i) *I ,NMU) *K=1.NY)

ENDFILE Nu~tJT

w I IE T(0. 206 N4uouT

200 FORMAT(IHO.' TAPE .12.' WRITTEN.

END
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SUBROUTINE INISHL(IRTEC.IYRTE. IPRAD. IVPRADIPIRAD. IVIRAD,
1 IPKFCN.IVI&FCN)

C
C ON NHM5/INISHL5
C
C THIS ROUTINE INITIALIZES PROGRAM 5 OF THE NHM
C

PARAMETER(MXMU=1O, MXPH-I=24, MXV=30, MXSIGY=3)
PARAMETER(MXL=MXPHI/2, MXGEOP=MXMU*(MXL+1), MXAMP=2*MXMU*(MXL+Ifl
PARAMETER(MXRRTH=MXMU*(MXL+1), MACRTH=MXMU*((MXL+2)/2))

C
DIMENSION IVRTE(MXV).IYPRAD(MXV).IYIRAD(MXV),IVKFCN(MXV)
DIMENSION ITITLE(IO)
COMMON/CGEOP/ GEOPP(MXMU,MXGEOP,MXSIGY) .GEOPM(MXMU,MXGEOPMXSIGV)
COMMON/CAMPO/ AOAM(MXAMP) ,AOVM(MAAMP,MXY) .AOAP(MXAMPI
COMMON/CAMP/ AAM(MXAMP),AAP(MXAMP).AYM(MXAMP,MXV),AVP{MKAMPMXV)
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI),Y(MXY),BNDMU(MXMU),
1 BNDPHI(MXPHI),OMEGA(MXMUJ,DELTMU(MXMU),ZGEO(MXV)
COMMON/CSIGV/ YSIG(MXSIGV) ,ALBESS(MXSIGv) ,TOTALS(MXSIGV)
COMMON/CKRAD/ ISTART,ISTOP,ISTEP.JSTART.JSTOP,JSTEP
COMMON/CPRAD/ IPRAD1,IPRAD2.IPRAD3.JPRAD1,JPRAD2,JPRAD3
COMMON/CMISC/ IMISC(20) *FMISC(20)

C
DATA NUIN/40/, IDBUG/D/

C
C READ HEADER RECORDS FROM THE AMPLITUDE FILE
C

REWIND NUIN
READ(NUIN) IMISC.FMISC.FMUA'-41.WBNDMJ.BNDPI1I.OMEGA.DELTMU.

1 VSIG,ALBESS.TOTALS.ZGEO

C
NMU =IMISC(I)

NPHI IMISC(2)
NY IMISC(4)
NSIGY IMISC(5)
NRHAT =IMISC(IO)
NRAMP = 2*NRHAI
RADEG =FMISC(3)
KCOL =NMU*(NPtII/2 - 1)

C
READINUIN) ( ((GEOPP(I .K). lADNM) ,J-1.KCOL) *Kzl,NSIGY)
READ(NUIN) () IGEOPM(I,j.K).IAD.N MU) J 1,KCC)L).K=1.NSIGY)

C
C READ IN PARAMETERS FOR RADIANCE ANALV )1
C

READ(5,50) ITITLE
wRITE(6. 1000) ITITLE

L
C READ SPECIFICATIONS FOR RADIANCE PPINTuj!T
C

READ(5.*) IPRAD.IPRAD,IPRAD ~l,A4Lv.jPAb)I,JPRAD?,jPRADJ
IF(IPRAD.LT.0) THEN
DO 10b IY=1.Ny

106 IYPRAD( IV) = IY
IPRAD =NY
ELSEIF (I PRAD.GT.0) THEN
READ(5.*) (I IvUAD(IY).IVzI.lPkAL~i
ENDIF

t READ SPECIFICATIONS FOR RTE (>-1E

RFADIS. * I prE K ,NIC.NjC:
IF( IRTECK.LT.0) b-lEN
DO 108 I,'= *NY

108 IvR'Et 11') y
F- ,EjFiITECv,,T.(UI THEN
READ(5,*) (1)vRTE( Iv). I=. IRTE.K
E N DI F
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c READ SPECIFICATIONS FOR IRRADIANCE OUTPUT
C

READ(5.*) IPIRAD
C

IF( IPIRAD.LT.O) THEN
00 110 IY=1,NY

110 IVIRAD(IV) = IV
IPIRAD =NY
ELSEIF( IPIRAD.EQ.O) THEN
IVIRAD(1) = 1
IPIRAD =1

DO 1.12 IY=2.NV,2
IPIRAD =IPIRAD -1

112 XVIRAD(IPIRAD) = IY
ELSE

ENDI F
C
C READ SPECIFICATIONS FOR K-FUNCTION OUTPUT AND RADIANCE K-FUNCTION DIRECTIONS
C

REAO(5.0) IPKFCN.ISTART.ISTOP.ISTEPJSTART,.jSTOP.JSTEP
C

IF(IPKFCNLT.O) T"EN

DO 114 [Y=1.NY-1
114 IYKFCN(IY) IV

IPKFCN zNY I
ELSE IF (IPKFCN.EQ .0) THEN
IPKFCN =0
D0 116 IYV1,NY-1.2
IPKFCN =IPKFCN *1

116 IVKFCN(IPKFCN) IV
ELSE
READ(5,4) (IYKFCN( IV) ,IY=1, IPKFLNJ
ENDI F

C
IMISC(9) IDBLC.
IMISC(15) =NIC

IMISC(16) NJC

C RECORDS WRITTEN By MAIN4 (DIRECT BEAM)

REAO)(NUIN) (AuAMHI),Izl.NkAMP)

15 WEAD(NUIN) (AGYM) IJ II.~ NFAMP)
PEAfl(NIN) (AOA4Uef).I=1.NPAMP)

c (TOTAL BEAM)
REAO(NUIN) (AAM))I=1.NRAMP)
READ(NUIN) (AAP( I).I=1.NRAMP)
00 16 J=I,NV

le) EAO(NUIN) (AYMIl.J(,11.NHAMP)
DO) 17 jz1.NY

17 READ(NOIN) )AvP( I *j),Iz1 NRAMf-l

C PRINTOUT

vR I TE 16, 10 18)
wRITE(b. 1022,

DOi Ifi2L I z I, NMk
1TiETA = AOEG'Aj0S(-Mb( I)

ijzi mHI 1L(b, lt2
4

; rIEY-AFMu( I)

1 1 zti wRkI T F o 11~),1 -1 AOEC* PHI Ij

w I T E(6,103i
I,' 1034 K 1 . N Y

1114 W1l I 'f- ( b, I U'b 3U Y( 1
E?4L91 I
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IF(IDBUG.GE.2) THEN
WRITE(6.1038)
CALL PNTAMP(Y,AOAM.AOVMMXAMP)
WRiTE(6.1039)
CALL PNTAMP(Y,AOAP,1.E20.MXAMP)
WRITE(6.1040)
CALL PNTAMP(Y.AAM.AYM.MXAMP)
WRITE(6,1042)
CALL PNTAMP(V,AAP,AVP,MXAMP)
ENDIF

C
C CONVERT THE DOWNWARD TOTAL AMPLITUDES TO DIFFUSE AMPLITUDES
C AT V = A, X,..., Z BY 8.23
C CONVERT THE UPWARD TOTAL AMPLITUDES TO DIFFUSE AMPLITUDES AT Y = A.
C THE UPWARD TOTAL THE UPWARD DIFFUSE FOR V X,..., Z.
C

DO 600 I=1,NRAMP
AAM(I) = AAM(1) AOAM(1)
AAP(I) = AAP(I) -AOAP(I)
DO 600 K=1.NY

600 AYM(I,K) = AYM(I.K) - AOYM(IK)
IF(IDBUG.GE.2) THEN
WRITE(6,1044)
CALL PNTAMP(YAAMAVMMXAMP)
WRITE(6,1046)
CALL PNTAMP(V.AAPAYPMXAMP)
ENDIF

C
RETURN

C
C FORMATS

C
50 FORMAT(10A8)

1000 FORMAT(1HI,' PROGRAM 5 OF THE NA'URAL IYDROSOL MODEL'//
I' SYNTHESIS AND ANALYSIS OF rmE RADIAN(CE FIELDS'//
2' RUN TITLE: ' 10A8)

101b FORMAT(IHO,' THE RADIANCE FIELDS APE COMPUTED AT THE FJLLUWING GRI
ID VALUES:')

1022 FORMAT(HU.' THE THETA VALUES ARE'// I THETA" ,bX, MU'/)
1024 FORMAT(1H ,15,FI0.3,FIO.4)
1026 FORMAT(IHU.' THE PHI VALUES ARE'// J PHI*/)
1030 FORMAT(IH ,15,F10.3)
1032 FORMAT(1HO, THE Y VALUES ARE // K OPT DEPTH'/)
1036 FORMATI1" .I5,4X.F7.4)
1038 FORMAT(IH1, THE DOWNWARD DIRECT BEAM RADIANCE AMPLITUDES ARE'//

I 1IX, 'MU' ,7X, 'A0(A.-)' .8X,'AO(V.-)
'
)

1039 FORMAT(IH. THE UPWARD DIRECT BEAM RADIANCE AMPLITUDES ARE'//
I IIX.'Mu',7X.'AOtA.+)')

1040 FORMAT(IHI, THE DOWNWARD TOTAL RADIANCE AMPLITUDES ARE'//
1 lIX, MU .7X, 'A A.-)' ,gx, 'A(Y.-) )

1042 FORMAT(IH1, THE UPWARD TOTAL RADIANCE AMPLITUDES ARE'
1//IIX. Mt'J,7A,'A(A,,)',9X, A(Y.)')

1044 FORMAT(lHi,' THE DOWNWARD DIFFUSE RADIANCE AMPLITUDES ARE'//
1 IIA, Mu .7X, A*(A,-) 8X,'A*(Y, )l

1046 FORMAT(IHi, THE JPWARD DIFFiiSE RADIANIE AMPLITUDES ARE'//
1 11A. MU ,7x. A*iA,.)'.x. A*(Y.,)

ENE)
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SUwbROUTINE BFSCAT(IPIRAD,1VYIRAU))

C ON NHM5/BFSCAT

C THIS ROUTINE COMPUTES THE BACKSCATTER FUNCTIONS B(Z.') AND B(Z.-)
C USING 8.15. FORWARD SCATTER
C FUNCTIONS F(Z,+) AND FCZ.-) ARE COMPUTED FROM EQ, 8.16.
C COMPUTED VALUES ARE CHECKED USING EQ. 8.17.
C THE ECCENTRICITIES ARE ALSO COMPUTED.
C

PARAMETER(MXMU=10, MXPHI=24, MXY=30, MXSIGYz3)
PARAMETER(MXL=MXPHI/2, MXGEOP=MAMU*(MXL11))

C
DIMENSION IYIRAD(MXY)

c
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI),v(MXY).BNDMU(MXMU),
1 BNDPMEr(MXPHIj.OMEGA(MXMU),OELTMU(MXMU)ZGEO(MXV')
COMMON/CRADIF! RADAP(MXMU,MXPHI),RADP(MXMU.MXPHI,MXV),

1 RADAM(MXMU.MXPr-i).RADM(MXMU.MXPHIMXV)
COMMON/CRADIR/ RADOAP(MXMU,MXPHI),RADOAM(MXMU,MXPHI),

I RADOM(MXMUMXPHI,MXY)
COMMON/CGEOP' UEUPP(MXMU.MXGEUPMXSIGV) .GEOPM(MXMU.MXGiEOP,MXSIGY)
COMMON/CIRRAD/ HP(O:MXY),HiM(U:MXY)*CAPH-P(O:MXV),CAPHM(O:MXY),

I DPY(O:MXY) .DMV'(O:MXY)
COMMON/CSIGY/ Yv)IG(MXSIGY) .ALBESS(MXSIGY) ,TOTALS(MXSIGV)
COMMON/CMISC/ IMISC(20) *FMISC(2U)

COMMCN/CWORK/ GEOPPY(MXMU,MXGEOP}.GEOPMV(MXMU,MXGEOP)BazpV(mxy),
1 BZMY(M>(Y).FZPV(MXV) *FZMY(MXY) *SY(MXY)
DATA EPS/1.E-12/

C
NMU IMISCI 1)
NPMI IMISC(2)
NSIGY =IMISC( )
NRH-A ' I M ISC(
NOPI zNPHI/2
WRITE 6.300)

C
DO099 11Y'-1,IPlkAD
IV IVIRAD(I1Y)
SUMBP U.

SuMFP 0.
SuMAF M 0.
BZP z-1.
BZM -- 1.
FZP z-1.
FZM =-1.
SMFMBP =-1.

BBARP z 1.
t8AkM =-1.
SMFtABM -I1

C

COMPkjTE THE QUAD-AVERAGED GEOAETRIC PHiASE FUNCTION AT THE NEEDED
C Y vALUE BY LltrdM- iNtkUJLAT116N OF THE KNOWN VALUES

IF(NlUlfj.EQ.1 I JH. YNOW.L.V- IU(1)) rfIEN
$TOTALS( 1,

L,'O 5C, .- 1,NPH-47
fCl NCh I = NML,

b') *,Eu lV ~ C, *SPM( I , I1

ELSE I F s Nkw. Al /S I(,( NSIC~) h1Y t

S 'OTALS(NSI"Y)
rSOf 52 i-1.NPHAT
DO 5 C I
GEOPPv I. ",E"PP( I t4 Cs ,vJ

2 EGPM( :.f EOCPM ( I r3 ,SIGY)
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ELSE
00 55 JV=2.NSIGY
IF(YNOW.LT.YSIG(JY)) GO TO 56

55 CONTINUE
56 DY CYNOW - YSIG(JV-1))/(YSXG(JV) - vSIG(Jv-1))

S (1.0 - DY)*TOTALS(JY-1) + DV*TOTALS(Jv)

DO 58 j=1,NRHAT
00 58 I=I.NMU
GEOPPY(IJ) =(1.0 - DY)*GEOPP(I,J.JY-1) + DY*GEOPP(I.J.JY)

58 GEOPMY(,J) =(1.0 - Ov)*GEOPM(I,.JY-1) + DY*GEOPM(I,J.JY)
C

ENDI F
C

SYCIY) = S
DO 100 IU=1.NMU
OUV = OMEGA(Iu)
IvMAX =NPHI
IF(IU.EQ.NMU) IVMAX =1

00 100 IV=1,IVMAX
SuMBP2 = 0.
SUMBM2 =0.
SUMFP2 z0.
SUMFM2 = 0.

C
DO 200 IR=1,NMu
ISMA)X = NPHI
IF(IR.EQ.NMU) ISMAX =1

DO 200 IS=1.ISMAX
C
C COMPUTE THE STORAGE INDEX FOR P-(R,U,V) AND P*s(RU.V) BY 12.7
C

IVS =IABS(tV-IS)
IF(IR.EQ.NMU) THEN
KCOL = IU
ELSE

IF(Iuj.EQ.NMU) THEN
KCOL =NMU
ELSE

1F(IVS.LENOPI ) THEN
KC0L L U + NMU*IVS
ELSE
KCOL z U +NMtU*(N0PI -M00(LV!>,N0PI))

END IF
END IF

ENDI F
C

PP = GEOPPV(IR,(COL)
PM = GEOPMY(IR.KCOL)

C
RPTOTL =RADP(IRISIJY)-
RMTOTL = RADM(LP,ISIY) +RADOM(IR.IS.IY)

C
SUMBP2 =SUMBP2 +RPTOTL*PM
SUMBM2 =SUMBM2 +RMTOTL*PM
SuMFP2 z SUMFP2 RPTOTL*PP

200 SUMFM2 =SUMFM2 -RMTOTL*PP
L

SUMBP = SUMBP + UV*SUMBP2
SuMSM = SUMOM QUV*SuMBM2
SuMFP = SUMFP - OIJV*SUMFP2

100 StJMFM SuMFM * Qov*SuMFM2
C

IF(CAPHPIlY).6E.EPSSSUMBP) THEN
CAP zS/CAPHP(!I)
FZP =SOMFP*CAP
BZP =SUMBP*CAP
SDP =HP(IY)*LAP
SMFMBP =SDP - FZP - BZP
BBARP = fZP/UPV IV)
ENDI F
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IF(CAPHM(IY)A.GE.EPS*S*SUMBM) THEN4
CAP S/CAPHM(IV)
FZM = SUMFM*CAP
BZM =SUMBM*CAP
SDM = HM(Iv)*CAP
SMFMBM SDM - FZM - BZM
8BARM =BZM/DMY(.IvJ
END IF

C
BZPY(IV) = BZP

BZMY(!V) =BZM
FZPY(IY) = t-ZP
FZMY(IY) =FZM

C
99 WRITE(6.302) IV,V(IY) .ZGEO( Iv),BZP.8ZM,FZP.FZM,SMFMBP, SMFMBM,

I BBARP.BBARM
C
C ECCENTRICITIES
C

vRI TE (6.400)
00 402 IIY=A.IP~kAD
Iv IVIRAD(IIY)
DPSI= 1,0/(DPY(lv)*SY(Iv))
DMS1 z .0/(DMv(TY)*SY(IV))

402 WRITE(b,410) IV, i(IY) .ZGEO(Iv) .BZPV(IY)*DPS1,BZMYCIY)*DMSI,
I F ZP (IY) sops iF ZMv(IV) *IMS 1

RE TURN

C FORMATS
C

300 FORMATI'-i.//' BACKWARD AND FORWARD SCATTERING FUNCTIONS',
1 -(DIMENSIONS OF I/METER)'!!

2l IV V y 0 6,8V+ 8,6V-'8.'(~j*X

4 'BBAR(-j I)
302 FOkMAT(15,2F7.2.1P8EI4,3)
406 FD)RMAT(//, ECCENTRICITIEb'/I IV v ZGEO'.

I1 EPSB(v.'-) EPSB(V,-) EPSF(Y,'-) EPSF(V.-)'/)
410 FORMAT(15~,2F7.2jFI3.4,3Fl5.4)

END

SuSROUTINE C-ONIRM

C ON NtlM5/CU(,NUR.

C THII, kbjTINE (.,MPLJTES T"E 01f- T4NIITTANCE VIA 8.J2.
C THE OUAD-AvEPA..ED fEOiMETPI(C 4uIwrv'S Ax(,E) AND TXAGEO ARE REQUIRED.
C

PARAMFTER(MAN'll-l',. M)PHI=24, M'- j)
PA RA ME TER (MXR Cw-.MAU*MK PtnI

C
COMMON/CRADIF, RADAP(MXMU.MXPHV.kA,,MXMUMXPrilMX).
I kADAM(MXMUMP-iI)

COMMON/CRADIR! RAD3AP(MXMU,MXPHIj.RA'jAM(MXMj,MXPHI)
COMMON/CMISC/ IMIS(.(20)
COMMON/'CwERA/ PAXGEO(MXROW).TXA(,E(MM,))

DATA ID4,U/ mRAX/221. NUTXA/Z25/
C,
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NMU =IMISC(l)
NPHI = IMISC(2)

C
C READ THE FIRST NMU COLUMNS OF THE STORED TOP HALF OF RAXGEO.
C BUT SAVE ONLY COLUMN NMU (THE POLAR LAP OUTPUT DIRECTION)
C

NROW NM(J*NPHl
NROW2 NROw/2
REWIND NURA)(
REAO(NURAX) NUNIT
IF(NUNIT.NE.NURAX) THEN
WRITE(6,102) NUNIT,'NURAX'.NURAK
STOP
ENDIF
DO 710 J=1,NMu

710 READ(NURAX) (RAXGEO(I)I1=1,NROW2)
C
C DEFINE THE BOTTOM HALF OF THE POLAR CAP OUTPUT DIRECTION FROM
C THE TOP HALF
C

DO 712 I=NROW2-.1,NROW
712 RAXGEO(I) =RAXGEO(I-NROWZ)

C
C READ THE FIRST NMU ROWS OF THE rlRST NMU COLUMNS, TO GET TXA(M. ./M,.
C

REWIND NUTXA
READ(NDTXA) NUNIT
IF(CNUNI T .NE. Nl'AA) THEN
WRITE(6,10'2, NUNIT,'NUTXA',NUTXA
STOP
ENDI F
DO 720 J=1,NMU

720 READ(NUTXA) (TXAGEO(I).1=1.NMU)
C
C EQUATION 8.33

RADOT =RADP(NMU,1,1)*TXAGEO(NMU)

C
RADOR (RADOAM(NMu,1) +RADAM(NMu,l))*RAXGEO(NMU)
DO B0D JS1,NHI
DO 800 IR=1,NMU-1

B0U RADOR =RADOR + (RADOAM(IR,JS) +RADAM(IR,JS))*
1 RAXGC( I R+NNMU*(JS- I))

C
IF(IDBUG.NE.O) THEN
WRITE (6,400) (RAXGEO (I) , =1 ,NROw)
wRZTEb.402) ~TXAGEO(1 ), =1,NMU)
wRITE (6.404) RADOT ,RADOR
END I F

C
(:TRANS RADCJI/(RADOT + RADOR)

C
WRITE(6. 100) (TRANS
RETURN

100 FORMAT(////' 7-1E ONTRAST TRANSMITTANCE It>T .',Fb.31/)
102 FORMAT(IHG, I:RROR IN SUB CONTRM: NUNIT =,,3,' AND ',A6,' =.13)
400 FORMAT(IHO,* SUB CONTRM: flCAX:R,S/M..) VALuES'/(ZXIPiOE12.4))
402 FDRMAT(IHOj T(X.A:R,1/M,.) VALuES'/f2x.lP10E12.4))
404 FORMAT(IHO,' RADOT '',IPE12.4.5X.'RADOR =,E12.4)

END
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SUBROUTINE IRRAD(IPIRAD.IVIRAD)
c
C ON NHM5/IRRAD
C
C THIS ROUTINE COMPUTES VARIOUS IRRADIANCE QUANTITIES FROM THE L = 0

C TOTAL RADIANCE AMPLITUDES. USING 8.5 AND 8.8.

C IRRADIANCES ARE COMPUTED AT ALL Y LEVELS, FOR POSSIBLE USE IN

C COMPUTING K-FUNCTIONS. ETC., BUT PRINTOUT IS ONLY AT SELECTED Y

C LEVELS.
C
C THE ZERO ELEMENT OF IRRADIANCE ARRAYS HOLDS THE VALUES FOR V A

C
PARAMETEI(MXMU=1O, MXPHI=24, MXY=!O)
PARAMETER(MXAMP=2*MXMU*(MXPHI/2 - 1))

C
DIMENc ION !v: RAfD(7,Y)

L

COMMON!CAMPO/ ACAM(MXAMP).AOYM(MXAMP.MXV),AOAP(M(AMP)
COMMON/CAMP/ AAM(MXAMP) ,AAP(M)XAMP) ,AVM(MXAMP,MX)),AVP(MXAMP.MXY)
COMMON/'CGR1D/ FMU(M)MU).PHI(MXPHI),V(MXV),BNDMU(MXMU),

1 BNDPHI(MXPHI),OMEGA(MXMU),DELTMU(MXMU),ZGEO(MXY)
COMMON/CIRRAD/ SrP(O:MX).SHM(O:MXY),SCAPHPtO:MXY),SCAPHM(O:MXV).

I DPV(O:MxV) .DMV(O:MXY)

COMMON/CMISC/ IMISC(20) *FMISC(20)
DATA EPS/I.E-12/. FTOTAL/1./

C SET FTOTAL = 1. IF TOTAL RADIANLES ARE TO BE USED

C SET FTOTAL = 0. IF DIFFUSE RADIANCES AHE TO BE USED
C

NMU IMISCMl
NY IMISC(4)

TWOPI =2.'*FMISLU1)
C
C COMPUTE QUANTITIES AT Y A

C
HP =0.
HM = 0.
CAPHP =0.
CAPHM =0.
DO 140 1l.,NMU
AMPP =AOAP(I) - AAP(I)

AMPM =AOAM(I)
DMU DELTMU(I)
HP HP +AMPP*DMIJ
HM HM + AMPM*DMU

CAPHP =CAPHP +AMPP*FMU(I)*Dmu
140 CAPHM =CAPHM + AMPM*FMU(I)*OMU

C
SHP(0) = TWOPI*HP
SHM(0) =TWOPI*HM
SCAPHP(O) TwOPI*CAPHP
SCAPHM(O) - TwOPI*CAPHM

C
TOTH SHP(0) * StiM(0)
OP =-I.UE202

DM=-I. 0E2012

RM = -1.0E202
IF(SCAPHP(0),G'>EPS*SHP(O)) DP =SHP(0)/SCAPHP(D)

IF(SCAPHM(O).GT.EPS*SHM(O)) OM =S"M(0)/SCAPH-M(0)

IF(SCAPHM(0L.G7.EPS*SCAPHP(0)) PM = CAPHP(O)/SCAPHM(O)

DiPY(O) O P
OMv(0) =OM

C
w I TE 6. 2001
vR IT Et 6, 203) . t) HM(0) .TujTti ,C >A PtI-'IU) ., LA PHM(U) jUP,[UMRM

IF(FTOTALNE.I.) WRITE(tb,201
C

00 100 IY=1.NY
"k = 0.
HM =0.
CAPHP =U.
CAPtIM = 0.

C
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C COMPUTE IRRADIANCES FROM AMPLITUDES
C

DO 150 I1.NMU
C DEFINE THE TOTAL AMPLITuDES (DIFFUSE + DIRECT) FOR L 0

AMPP =AYP(I.IV)
AMPM =AYM(I.IY) +FTOTAL*AOYM(1.IY)
DMU =DELTMU(I)

HP HP + AMPP*DMU
HM HM +AMPM*DMU
CAPHP =CAPHP +AMPP*FMU(I)*Dmu

150 CAPHM =CAP-M + AMPM*FMU(I)ODMU
C

SH-P(IY) = TWOPI*HP
SHM(IV) = TWOPI*HM
SCAPHP(IY) = TWOPI*CAPHP
SCAPHM(IV) = TWOPI*CAPHM

C
TOTH =SHP(IY) +ShIM(IY)
OP =-I.OE202
DM =-1.0E202
RM = -1.0E202
IF(CSCAPHP CIY).GT.EPS*SMP (IY)) OP =SH-P (IY)! SCAPHP( IV)
IF(SCAPHMCIY).GT.EPS*SHM(IY)) DM = SHM(IV)/SCAPHM(IY)
IFCSCAPHMUY) .GT.EPS*SCAPHP(IV) ) RM = SCAPHP(IY)/SCAPHMIIY)
OPYC IV) O P
DMV(IY) = DM

C
C CHECK( FOR PRINTOUT

IPRINT = 0
DO 300 I1Y=1.IPIRAD
IFCI'V.EQ.IVIRAO(IIY)) IPRINT =

300 CONTINUE
IF(IPRINT.NE.O) WRITE(6.2O2) IV.V(IY) *ZGEOCIV).SHP(IV) *SHM(IV).

1 TOTH,SCAPHP IV) ,SCAPMCIV),DP,DM,RM
100 CONTINUE

C
RETURN

C
200 FORMAT(lHl,//' IRRADIANCE QUANTITIES COMPUTED FROM THE L =0 AM.-LI

1TUDES'//' IV Y ZGED *4X, 'SCALAR H(*)' *4X,'SCALAR H-)'.
2 6X. 'SCALAR H ,7X. CAP H(+)' ,7X,'CAP H-'~0-.X

1 'R(-) '/)
201 FORMAT(' ONLY THE DIFFUSE AMPLITUDES ARE USED FOR X.LE.Y.LE.Z')
202 FORMAT(15,2F7.2. 1P5EI5.4,0P2F9.4. IPE15.4)
203 FORMAT(I0X,'A A',1)(.,1P5El5.4.OP2F9.4.lPE15.4/)

C
END
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SUBROUTINE KFCN(IPKFCN, IYK.FCN)
C
C ON NHM5/KFCN
C
C THIS ROUTINE COMPUTES THE K-FUNCTIONS ASSOCIATED WITH THE SCALAR
C AND PLANE IRRADIANCES. THE FUNCTIONS ARE COMPUTED AS RATES
C OF CHANGE WITH RESPECT TO BOTH OPTICAL AND GEOMETRICAL DEPTH.
C SEE 8.12 AND 8.13.
C
C WARNING: EACH PAIR OF DEPTHS Y(IY) AND V(IY-1) IS USED TO ESTIMATE
C THE K'S AT THE MIDOUINT, BUT THESE ESTIMATES MAY BE QUITE
C INACCURATE IF THE Y'S ARE NUT CLOSELY SPACED.
C

PARAMETER(MXMU=1O, MXPHI=24. MXY=30)
C

DIMENSION IYKFCN(MXV)
C

COMMON/CC RID/ FMU(MXMU),PHII(MYFH)V(M)(Y).BNDMtJ(MKMU),
1 BNDPHI(MXPHI),OMEGA(MXMU).OELTMU(MAMU).ZGEO(MXY)
COMMON/CIRRAO/ HP(O:MXV) ,HM(O:MXY) ,CAPHP(O:MXY) .CAPHM(U:MXV)

C
WRITE(6,300)

C
00 100 tIY=1,IPKFCN
IY IVKFCN(IIV)
C -2./(Y(IYI1) - Y(IY))

AKPD C.*(H(IY1) + HP(lY))(PI.1 PI)
AKM C*(HP(IY.1) - HP(IY))/(HM(IY+1) + HM(IY))

CAPKP =C4(CAPHP(IY~l) - CAPtIP(IY))/(CAPHP(IY~l) + CAPHPI.IYU)
CAPKM =C*(CAPHMkIY'1) - CAPHM(lY))/(CAPHM(IY+1) +CAPHM(IY))

16U wRlTE(6,3U2) VIIY) ,Y(IY+1) ,YMID,AKP.AKM.CAPKP.CAPKM

vR I TE (6,400)
C

DO 500 IIV=1,IPKFCtN
IY IYi4FCN(IIY)
C -2./(ZGEO(I'1) - ZGEO(IY))

ZMID U.5*(ZbUtIY~l) +Z5EO(IY))
AKP C*(HP(IY$-1 - HP(IV))(HP(I~'.-) +HP(IY))

AKM~ C*(HM(IY+I) - HM(IYj)/U-IM(Iv'-1) + -iM(IY))
CAPKP =C*(CAPHP(I-+-) - CAPHP(Iyflh)CAPHP(IV+l) + CAPHP(IY))
CAPKM 1 C*(CAP jA(lY~l) CAP.HM(IY))/(CAPHM(IY+I) +CAP-IM(IY))

500 w i rE (6.302) ZCEO( IV) ,ZGOD) I 11, ZMIU. AKP .AKM .CAPKP .CAPKM

RE TURN

300 FORMAT( IHI./ OPTICAL DEPTH K -I-UNCT IONS (NONDIMENSIONAL) FOR IRRA
IDIANCES (VALID ONL.Y WvHEN YuPPER AND YLUwER ARE CLOSELY SPACED) '//
2' VuPPER YQwER 7x,',-7,K

302 FORMAT(I3F 10.3. 4F 0.5)
400 FORMAT(/// GEOMETRIC DEPTH K-F-uNCTION.S (UNITS OF i/METER) FOR IRR

IADIANCES (vALIC ONLY WHEN ZUPPER AND ZLOWER ARE CLOSELY SPACED),//
2 ZUPPER -OwER,,6X, 'ZGEO' .SX,

END
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SUBROUTINE KRAD(IPKFCNIYKFCN)
C
C ON NHM5/KRAD
C
C THIS ROUTINE COMPUTES THE K-FUNCTIONS FOR RADIANCES, USING 8.26B,
C FOR A SELECTED SET OF DIRECTIONS. THE FUNCTIONS ARE COMPUTED AS

C RATES OF CHANGE WITH RESPECT rO 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 Y(.IY) AND Y(IYtl) IS USED TO
C ESTIMATE DERIVATIVES OF THE RADIANCE AT THE MIDPOINT, BUT

C THESE ESTIMATES MAY BE QUITE INACCURATE IF THE Y LEVELS ARE
C NOT CLOSELY SPACED (E.G. 0.01 OPTICAL DEPTHS APART)
C

PARAMETER(MXMU=10. MXPHI=24. MXY=3u, MXSIGY=3)

C
DIMENSION IYKFCN(MAY)

C
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI),Y(MXY).BNDMU(MXMU),
1 BNDPHI(MXPHI),OMEGA(MXMU).DELTMLJ(MXMU),ZGEO(MXY)
COMMON/CSIGY/ YSIG(MXSIGY) .ALBESS(MXSIGY) ,TOTALS(MXSIGY)
COMMON/CRADIF/ RADAP(MXMUMXPHI),RADP(MXMU,MXPHI,MXY),
1 RADAM(MXMU,MXPHI),RADM(MXMU.MXPHI.MXY)
COMMON/CRADIR! RADOAP(MXMO.MXPHI).RADOAM(MXMU,MXPHI),
I RADOM(MXMU.MXPH1,MXY)
COMMON/CKRAD/ ISTART.ISTOPISTEP.JSTART,JSTOPJSTEP
COMMON/CMISC/ IMISCC2O) ,FMISC(20)

C
NMU =IMISC(l)
NSIGY = IMISC(5)
RADEG =FMISC(3)
WRITE (6.300)
LINE =5

C
DO 200 J=JSTART.JSTOP,JSTEP
PHIDEG = RADEG*PH-I(J)

C
C NON-POLAR QUADS

00 200 I=ISTART.ISTOPISTEP
THEDEG =RADEG*ACOS(FMUCI))

C
WRITE (6,301)
LINE =LINE + 1
DO 200 IIY=IIPKFCN
IV IYKFCN(IIY)
C = .0/(Y(Iv+1) - Y(IV))
YMID= 0.5*(Y(IY-I) +' Y(IV))
0 =(V(IY+I) - Y(IY))/(ZGEO(IV+I) -ZGD(IV))

ZMID 0.5*(ZGEO(IY..) +ZGEO(IY))
C
C GET RADIANCES, RADIANCE DERIVATIvES, AND ATTENUATION FUNCTION
C AT YMIO
C

RPMID = 0.5*(RADP(1,.IV+l) + RADP(1.J,IY))
RMMID =0.5*(PADM(I,.JIY+1) + RADM(I,J.IY) +RAD0M(I.JIY~l)
1 RADOM(I~j,IV))

C

DNMDV = C*(RADM(I,JIV+1) -RPADM(IJ,IV) + RADOM(I.J.IY*1)-
I RADOM(I.J,IVI)

C
IF(NSIGY.EQ.1 jR. YMID.LE.YSIC(l1)) THEN
ALPHA =TZTALSII)/ALBESS(l)
ELSEIF(YMID.GE. YSIG(NSIGY) ) THEN
ALPHA =TOTALS(NSIGY )/ALBESS(NSI(GV)

ELSE
DO 55 JY=2.NSlt,'
IF(YMID.LT.VSIG(JY)) GO TO 5b

55 CONTINUE
56 DY =(YMID - ySlG(JY-I))/(VSIG(JY') - YSIG(jy-l))

ALPHA = (1.0 - DY)*T0TALS(JV1l)/AL.BESS(JV-I) +

I DY*TOTALS(JY)/ALBESS(JY)
END IF
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C THE PATH FUNCTION AT YMID. USING 2.:e

PATHFP =-Fmu(I)*ALPHA*DNPDV + ALPMA*RPMID
PATHFM =-FMUCI)*ALPH-AODNMDV + ALPHA*RMMID

C

C THE K-FUNCTIONS AT YMID, USING 8.2bB
FKP =-DNPDY/RPMID
FKM = -ONMOY/RMMID

cWRITE(6,302) I *J.THEDEG.PHIDEG,V( IV) *(IY+l) ,VMID.RPMID.RMMID,

1 PATHFP, PATHFM,FKP,FKM.ZMID.O'FKP .D4FKM

LINE =LINE + 1
IF(LINE.GT.58) THEN
WRITE (6,300)
LINE =5
END IF

200 CONTINUE
C
c P0 AR CAP

WRITE (6. 3(1)
LINE = LINE + I

DO 1010 11V1I,IPKFCN
IY IYKFCN(IV)
C 1.0/(Y(IV~l) - V(IV))
VMID = .5*(Y(IVI) + Y(Ij))

D =(Y(ly+1) - ((IY))/(ZGEO(IY-1) ZuLEO(IV))
zmiD = 0.5*(ZGEO(IV+1I) ZGEU(IY))

C
C GET RADIANCES. kADIANCE DERIVATIVES, AND ATTENUATION FUNCTION

C AT YMI0
C

RPMID =0.5*(RADP(NMU,1,IyV1) + RAU)PtNMU.1,IY))
RMMID =0.5*(RAUM(NMu,1,IYV1) + kADIMINMU,1,IY) +RADOM(NMU.,IV'-1I)

I + RADOM(NMU,1,!Y))

DNPDV =C*(RADP(NMU,1,IV.I1 - RAU)P(NM(J.IlV))

DNMDY C*(RADM(NMU,1.1V1I) - kADM(NMU,1.IY) +RADOM(NMU.1,IY+l)-

I kADOM(NMU,I.IV))
C

I F (NSlI(1Y.EQ. 1 UN . YMI U LE . N'S 1)) 1 HEN
ALPHA TOTALS1I)/ALBESS(l)

ELSEIF (YMID.GE .YvIG(NSICY) ) ITHEN

ALPHA =TOTALS(rJA GY)/AL8ESS(N'SIGV)

ELSE
00 57 JY=2,NSlGV
IF(YMID.LT.YSIG(JY)) GO TO 58

57 CONTINUE
58 DY = (YMIU - YSIG(JV-l/(VSIU-(Jy) - SIC(,Jy-1))

ALPHA = (1.0 - DY)*TOTALS(JYil)/ALBESS(JY-1) +

I DY#TOTALS(JY)/ALBESS(jV)
END IF

C
C THE PATH FUNCTICN AT YMID. lJSIN6 2.2

PATHFP = FMU(!)*ALPHA*DNPUVY + ALPH-AkMID

PAI-HFM = FMU(1)*ALPHA*DNMlDV , ALPHt-A*MMIO

C THE K-FUNCTION- AT YMID, USINI 8.2tb
FtP - -[0NPDV/N'-,NMID
FKM z~ -DNMDY/RMMID

c
I NM.)

TriEJEU U.

vwk1IEt3b302) 1,. HED)EG*PHIUJEGY( IV). (IV+ 1) ,VMID,RPMID.RMMID,
PATHIFP,PATt-FM. FKPFKM,ZMID,D*FKP,Cj*FKM

LINE =LINE * I

rF(ilNE.GT.58) THEN
WRITE (5.300)
LINE = 5
END IF

1001 CUNTINuE

RE TURN
C
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300 FORMAT(lH1.//' RADIANCES, PATH FUNCTIONS. AND RADIANCE iK-FUNCTIONS
1 FOR SELECTED DIRECTIONS (VALID ONLY WHEN VOPPER AND YLOwER ARE CL
20SELY SPACED)'//T90. 'NONDIMENSIONAL'.I1X,'DIMENSIONAL (IM)'/
3' 1 J THETA PHI YUPPER YLOWER Y RAD+(Y),
4 4XI , RAD-(V) PATHF .(Y) PATHF-(Y) K(+) K-'.~
5 'ZGEO K~(.)

301 FORMAT(IH)
302 FORMAT(2I3,F6. 1,F7. 1.2F7.3,F8.4. IP4Ell.3.0P2F9.4.F9.3.2F9.4)

END

SUBROUTINE PRINT(IPRAD,IYPRAD)
c
C ON NHM5/PRINT
C
C THIS ROUTINE PRINTS OUT THE FINAL RADIANCE FIELDS AT SELECTED Y LEVELS
C

PARAMETER(MXMUIO., MXPHI=24, MXV=30)
C

DIMENSION IVPRAD(MXV)
COMMON/CRADIF/ RADAP(MXMU.MXPHI).RADP(MXMU,MX(PHI,MXY).

1 RADAM(MXMU.MXPHI).RAOM(MXMU.MXPHI.MXY)
COMMON/CRADIR/ RADOAP(MXMU.MXPHI ),RADOAM(MxMu,MXPHI),
1 RADOM(MXMU,MXPHI,MXV)
CDMMON/CGRID/ FMU(MXMU),PHI(MXPHI),V(MXV),BNDMU(MXMU).

1 BNDPHI(MXPHI).OMEGA(MXMU),DELTMU(MXMU)LZGEO(MXV)
COMMON/CPRAD/ LPRAD1.ZPRAD2,IPRAD3,JPRADI.JPRAD2,JPRAD3
COMMON/CMISC/ IMISC(20) .FMISC(2U)
COMMON/CWORK/ THEDEG(MXMO).PHIDEG(MXPHI)

C
NMU IMISC(I)
NPHI IMISC(2)
RADEG FMISC(3)

C
C CONVERT MU AND PHI TO DEGREES
C

DO 50 I=1.NMJ
50 THEDEGdI) zRADEG*ACOS(FMU(I))

DO 51 J1I,NPHI
51 PHIDEG(J) zRADEG*PHI(J)

C
C WRITE RADIANCES AT Y A
C

WRITE (6. 300)
00 302 I=IPRAD1lIPRAD2,IPRAD3
WRITE(6, 102)
DO 302 J=JPRAOI,JPRAD2,jPRAD3

302 wRITE(6,304) I.j,THEOEG(I).PHIDEGi(J),RADAP(I,J),RADOAP(I *J)*
I RADOAM(I,j)
WRITE(6. 102)
I='NMU
J = 1
WRITE(6,304) ,JTHEDEG(l),PHIDEG(J),RADAP(liJ),RAOAP(I *J),
1 RADOAM(I.jI

C
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C WRITE RADIANCES AT Y
C

WRITE(6, 100)
DO 101 IYVV1,IPRAD
IY IVPRAD(IVV)
WRITE(6, 110)
00 103 I=IPRADI,IPRAD2,IPRAD3
WRITE(6, 102)
DO 103 J=JPRAD1.JPRAD2,JPRAD3

103 WRITE(6,104)I.JIY.THED)EGCI).PHI)EUi(J).v(ly).ZGE0(rv),
I RADP(I,IV),RADM(I,J,IY),RADOM(1 ,j,IV)
WRITE(6. 102)
I NMU
j 1
WRITE(6. i04) I.J,XVTHEDEG(I),PHIDEG(J),V(Iv),ZGE0(Iv),
1 RADP (I ,J, IV), RADM( I , JIY),RADOM( I . .IY)

101 CONTINUE
C

RETURN
C

100 FORMAT(l-1,' THE FINAL DIFFUSE AND DIPECT RADIANCES AT INTERIOR V
IVALUES ARE'!)

102 FURMAT(lH )
104 FORMAT(3I4.2F9.3,2F8.3. IP3EI5.5)
110 FORMAT(lHO.' I J K' *4X,'THETA ,4X.'PHI',7X, 'V ZGEO'.6X,

I 7HRAD (+) 'ax.*7HRAD4 C-) ,8X, 7t-RADU C)
300 FORMAT(1H1, ' THE FINAL DIFFUSE AND DIRECT RADIANCES AT V = A ARE'/

1V' I J',4X.'THETA'.4X,'PHI'.8X(,7HRAD
4
'(*),8X.7H-RADO(+).8x.

2 7HRADO(-))
304 FORMAT(2I4.2F9.3,1P3El5.5)

C
END
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SUBROUTINE RAOV(IPIRADIVIRAD)
C
C ON NHM5/RADY
C
C THIS ROUTINE PRINTS SELECTED RADIANCES (UP, DOWN, AND HORIZONTAL
C ALONG-WIND AND CROSS-WINO). RADIANCE-IRRADIANCE RATIOS ARE ALSO
C COMPUTED.
C

PARAMETER(MXMU=1O. MXPHI=24, MXYz30)
C

DIMENSION IYIRAO(MXV)
C

COMMON/CRADIF/ RADAP(MXMU.MXPHI),RADP(MXMUMXPHI.MX.).
1 RAOAM(MXMU,MXPHI),RAOM(MXMU,MXPHI,MXV)
CDMMON/CRAD1R/ RADOAP(MXMU.MXPHI).RADOAM(MXMU,MXPHI).

1 RADOM(MXMU.MXPHI ,MXY)
COMMON/CGRID/ FMU(MXMU).PhI(MXPI1Ij(MXY),BNOMU(MXMUJ.
1 BNOPHI(MXPHI),OMEGA(MXMU),DELTMU(MXMU).ZGEO(MXY)
COMMON/CIRRAD/ SHP(O:MXY) ,SlM(O;M), SCAPHP(O:MXY) .SCAPHIM(O:MXY)
COMMON/CMISC/ IMISC(20)

C
NMU lMISC(1)
NPHI IMISCC2)

c
C Y =A
C

RADUP = RADOAP(NMU,l) +RADAP(NMU,1)
RADON = RADOAM(NMU,l) +RADAM(NMU.1)
RHO = O.S*(RAOAP(I,l) +RAOAP(I.1) +RADOAM(1.1) + RADAM(1,l))
J90 =NPHI/4 + 1
AH90 0 .5*(RADOAP(l.j90) + RADAP(1.J9U) + RADOAM(1,J9O) +
1 RADAM(lJ90))
J180 NPHI/2 +1
RH-180 0 .5*(RADOAP(1.Jl8O) +- RADAP(1,J18O) + RAOOAM(1,J180)+
1 RADAM(l.J180))
RN =RADUP/SCAPHM(O)
OMW SCAPHP(O)/RADUP
WRITE(6, 100)
WRITE(6, 102) RADUP.RADDN.RH-O.RHYU.H18ORN,QM

C
C DEPTH-S X( LE. V LE. Z
C

DO 200 IIVY'1,IPIRAD
Iv= IVIRAO(IIY)
RADUP =RADP(NMU,1.IY)
RADON =RADUM'(NMUIl) + RADM(NMU,1.IY)
RHO .5*(RAP(1,1.IV) + RADOM(I.1.IY) + RADM(,1,IV))
RH90 O.5'(RADP(1.J90.IY) +RAD0M(1.j90,IY) + RADM(l.j90,lY))
RHIBO 0.5*(RADP(1.J18O.Iv) +RADOM(1,J180.IV) + RADM(l,jl80,IV))
RN =RADuP/SCAPHM(Iv)
QM =SCAPHP(IV)/RADUP

200 WRITE(6.104) IV,V(IY).ZGEO(ly) *RADUP.RAODN.RHO.Rb90,RHIBORN,QM
C

RETURN
C

100 FORMAT(////' SELECTED RADIANCES AND RADIANCE-IRRADIANCE RATIOS'//
1' IV y' ZGEO N+(YM..) N-(Y.M. .) NH(V.O)'.
27X,'NH(Y,9D) NH-(Y,18O) RN(V.-)Q+)/

102 FORMAT(1OX, A A *IP7El5.4/)
104 FORMAT(I5,2F7.2.lP7El5.4)

END
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SUBROUTINE k1~,(k -KIkL)

C ON NHM5/RTECK
C

C THIS kOUTINE CdIELKS THEi FINAL 1LIAL kAUIANCLS BY SEEING IF THEY

C SATISFY THE UUAD-AVEkAGED RADIAT1IvL TkANSt-Ek EQUATION 3.12 AT

C INTERIOR Y VALUES. XA.LT.Y.LT.Z

c
c IRTECK.LT.O IF THE BALANCE OF It*E P&E IS TO BE COMPUTED AT ALL

C POSSIBLE INTERIOR Y LEVELS. Y(2) ,..., Y(NY-1)

C IRTECK.EQ.O IF NC, RTE BALANCE CtiECi, IS TO BE MADE

c IRTECK.GT.O IF THE RTE BALANCE IS LuMPUTED AT THE Y LEVELS GIVEN BY

C V(IvRTE(l)). V,(IVRTE(IRTECK'))

C
C NIC. NJC. ..ARE USED TO SELECT PARTICULAR MU AND PHI VALUES

C wHERE THE RTE BALANCE Cm-ELK IS TO BE MADE, IF IRTECK.NE .0

C MU(I) AND PHI(J) ARE CHECK~ED, WHERE

C
C DO Jz1.NPHI,NJC'

C DO 1=I.24NMU,NI

C
CAND E)Y,(I) IS IN Xl(-) IF I.-E.NMU

L t1j J ) IS IN Alt+) Ir I.GT.NMU AND. 1 L-E-2
4
NMJ

C ....+ WARNING: ON/DY, IS COMPUTED tJSINu A -ENTERED DIFFERENCE. IF THE Y

C VALUES ARE NOT EvENLY SPACED UP IF 1i-EV APE FAR APART, THIS

C ESTIMATE UF TH-E DERIVATIVE MAY BE QUITE INACCURATE, LAjSING A POOR

C BALANCE OF THE k'E EVEN THOUGH THE CUMPjTEL, RAUIANCES APE CORRECT.

C
PARAMETER(MXMUliJ, MXPHI=24, MxV= 'it, MXSIGY=3)
PARAMETER(MXL-MA~til/2, MXGEOP MAfvU'(M)1AL'l))

COMMON/CRADIF! kAD)AP(MAiU.MXP 1IJ.PAU)P(MXMU,M)(PHIMXV),

I RADAM(MXMU.,MXPHI ),RADM(M)M.MXPHIMXV)

COMMON/CRADIR' RACAPI(MKMU,MX(PHI),PAD)OAM(MXM.MXPtiI).
1 RAODGM(MXMO,!/1ApHI.MxV)
COMMON/CGPIO! FML(MXMU).PHI (MX-P~f)VMXY)
COMMON /CGEOP / (cUPP(MXMU.MXLu,A,. ,I,Y ,GEOPM(MXMU,MAuEU)P.MxS>IGV)
COMMON/CS[GV/ ',S GMXS IGY ) *A L E '.,( wXS I GV

COMMON /CM ISC / M ISC(20 ) ,FMIT .V/(2 )

CONAMONN/ CWOv / I P OPPy (MxmL,. M.46I) O :Ai" (:fMV F MXMU ,MXGEOP

DIMEN,10N IYk[E MXY)

NML IMISL(li
NPHI IMISC(2)
NY =IMISC(4)

NRIA T I M 1 5,
NIL = IMISCF( 1)
Njc IMISC:it
NM&2 Nkl: *2
N(,PI NPHI/2
IF(IRTECK.LT.C) TH-EN
IYMIN = 2
IYMAX = NY-I
E,-SEIF( IkTEC.A TUt 'HEN

I YMA N k

kET 7,RN
E N b I

J- AN-, Abl,-' Y. ~-..*~v ALJE% FUR -IFI H T

C I AL T EU AO C~

YNCW. Y( IvC

C
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C DEFINE THE ALBEDO AND PHASE FUNCTION AT THE NEEDED Y VALUE BY

C LINEAR INTERPOLATION OF THE KNOWN VALUES
C

IF(NSIGY.EQ.1 .OR. YNOW.LE.YSIG(1)) THEN
ALSEDO = ALBESS(l)

DO 50 J=1,NRHAT
DO 5D I=I,NMU
GEOPPY(I,J) =GEOPP(I.,)

50 GEOPMV(IJ) =GEOPM(I.J.I)
C

ELSEIF(YNOW.GE.YSIG(NSIGV)) THEN
ALBEDO = ALBESS(NSIGY)
DO 52 J=1,NRHAT
DO 52 11.,NMU
GEOPPY(I,~j) GEOPP(I,J.NSIGY)

5, GEOPMYCI,J) =GEOPMCI.J,NSIGY)
C

ELSE
U0 55 JY=2.NSIGY
IF(YNOW.LT.YSIG(JV)) GO TO 56

55 CONTINUE
56 DY (VNOW - YSIG(JY-1))/(YSIG(jv) - SIG(JY-1))

C
ALBEDO = (1.0 - OV)*ALBESS(JY-1) + DVY+ALBESS(JV)
DO 58 J1.,NRHAT
DO 58 I=1,NMU
GEOPPY(l.J) (1.0 - DY)*GEOPP(I.j.jv-i) - DY*GEOPP(I,J,jY)

58 GEOPMY(IJ) = 1.0 - DY)*GEOPM(I.JJY-1) +DY*GEOPM(I.J.JY)
ENDI F

C
DO 300 JC=1,NPHI,NJC
00 300 IC2zI,NMU2,NIC
IF(IC2.LE.NMU) THEN
IC =-IC2
ELSEIF(IC2.GT.Nmu AND. 1C2.LE.NMU2) THEN
IC = C2 - NMU
ELSE

C IC =0 NOT VALID
GO TO 300
ENDI F
ICA zIABStIC)
!F(ICA.EQ.NMU AND. JC.NE.I) GO TO 300

IF(IC.GT.O) THENi
FMUIC =FMU(ICA)
ELSE
FMUIC = -FMU(ICA)
END IF

C
C EVALUATE THE TERMS OF THE RTE

C
C TERM1 = MUSUN/DY

IF(IC.GT.O) THEN

TERMI= RADP(IC'A,JCIYVC I) -RADP(ICA~jC,IYC-1)
ELSE
T E M I RADM(ICAJCIYC1+) RALOMlICA..JC,IVC-I)+

1 RADOM(ICAJCIVC'1) - RADOM(ICA,JC.IYC-1)

END IF
TERMI =FMtUI(*ERM1/(Y( PvC.+I)- (I(1)

C TERM2 -N

C
IF(rC.GT.0) 'iiEN
rERM2 -kADP(ICA..'C,IyC)
EL SE
rERM2 =-RADM(ICA,JCIYC) - RADUM(ICAJC,IYC)
END IF

C
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C TERM3 = (ALBEO OF SINGLE SCATTERING) *INTEGRAL ODF (RADIANCE
C PHASE FUNCTION)
C = ALBEDO PATH FUNCTION
C

TERM3 =0.
DO 700 IR1,.NMU
ISMAX =NPH-I
IF(IR,EQ.NMU) ISMAX I
DO 700 1S=1,ISMAX

C
RP RADP(IR,IS,IYC)
RM RAOM(IRIS,IVC) -RADUM(Ik.fS,fVL)

C
C COMPUTE STORAGE INDEX FOR GED)PP AND 6EUPM

IVS =IABS(JC-IS)
IVINDX =IVS + 1
IF(IVS.GT.NDPI) IVINDX =NDPI 1-I MOD(IVS.N0PI)
KOOL = NMU*(IVINIDX -1) ICA
IF(ICA.EQ.NMU) KCOL NMU
IF(IR.EU.NMU) rKC0L ICA
PP =GEDPPV(IR.,(COL)
PM = CEOPMY(IR,KCoL)
IF(IC.GT.U) THEN
TERM3 TERM3 + -M*PM +RP

4
'PP

ELSE
TERM3 =TERM3 u M*PP + RP*PM
ENDI F

700 CONTINUE
TERM3 =ALI3EL)L)TERM3

C
C UUTPUT
C

SUM zTERMI +TERM? TERM3
wRITE(6,201) IC,JC, IVC.TEPM1,TrERM2,IERM3,SUM

300 CONTINUE
C
C FURMATS
C

200 FURMAT(Irll,' Fl"-',L Lr-tECK CUN C(9MiPolEU TUTAL RADIANCES:'
lbEVALUATION FTHE RADIATI\,E TR.ANt -ER EQUATION FOR SELECTED MU,

2 PH-I AND Y'4 A-uC ///
3' Mu P-Il Y' *5x.'MC*DN/UV .w,, - N bY),, INT(N* IGMA)/A
4 5),' ZERO'/)

2Ui F-ORMAR3IS. P4tl15.b)
C

RETUHN
END
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SUBROUTINE SYNRADCAMP,RADIROW)
C
C ON NHM5/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=1O, MXPHI=24)
PARAMETER(MXL=MXPHI /2)

C
DIMENSION AMP(l).RAD(IROW.1)
DIMENSION COSLP(D:MXL,MXPHI) ,SINLP(0:MXL.MXPHI)
COMMON/CGRID/ FMU(MXMU),PHI(MXPHI)
COMMON/CMISC/ IMI SC(20)

C
DATA KALL/0/

C
IF(KALL.EQ.O) THEN

C
C THE FIRST CALL DOES INITIALIZATION
C

NMU IMISC(I)
NPHI IMISC(2)
NL =IMISC(3)
NRHAT =IMISC(10)

C
00 50 L0O,NL
DO 50 Jzl,NPHI
COSLP(L..J) =COS(FLOAT(L)*PHI(J))

50 SINLP(L.J) = SIN(FLOAT(L)*PHI(i))
KALL 1
END IF

c
C LOOP OVER ALL MU AND PHI VALUE',

C
DO 100 1f. -

C
C SUM OVER L VALUE,. LU 5.J

C
SUM - U.
DO 200 L=0.,

20U SUM =SUM -AMP ('M)LLI )LULP(LJ
1 - AMlP R~-ATNMU$*L~I)4SlNLP(L. J)

100 RAD( I.
C
C POLAR CAP 7ERM BY 114

RAD(NMIJ.1) =AM;(NMJ)

DO 102 jz2,t4PW
102 RAD(NMU,J)

C
RETrURN
END
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7. GRAPHICS PROGRAMS
The running of the Natural Hydrosol Model is completed with the computations of

Program 5. TAPE50, written by Program 5, 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, chromaticity diagrams, and the

like.

Each of the listcd 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 to 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 TAPE50 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 no title 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 !5 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 l b

Record I a: 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(l),-..,IYPLT(NYPLT)
This record is read only if NYPLT > 0. The values of IYPLT are the J indices of

YOUT(J), J = 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:

If ITYPE = 1, make polar plots of the logarithm of the diffuse radiance as a function
of 0. The specification record gives JPHI and JPI, which are the
0-indices of t,, half-planes. Normally O(JPI) = O(JPHI) + n, so that
a planar cross section of the radiance is plotted.
A separate plot is made for each depth.

If ITYPE - 2, make polar plots of the logarithm of the total radiance as a function of
0. Otherwise as for ITYPE = 1.

If ITYPE = 3, plot the logarithm of the diffuse radiance as a function of 0. The
specification record gives JPHI and JPI as for ITYPE = 1.
All depths are on the same plot.

If ITYPE = 4, plot the logarithm of the total radiance as a function of 0, otherwise
as for ITYPE = 3.
All depths are on the same plot.

If ITYPE 5, make a polar plot of the diffuse radiances as a function of 0. 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 0, otherwise
as for ITYPE = 5.

If ITYPE = 7, plot the logarithm of the diffuse radiances as a function of 4. The
specification record gives ITHETA as for ITYPE = 5.
All depths are on the same plot.

If ITYPE = 8, plot the logarithm of the total radiances as a function of 0, otherwise
as for ITYPE = 7.

If ITYPE = 9, plot the logarithm of the total path function as a function of 0. 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 .OUTPUT. TAPE I PuT .TAPE: OUTPuT. TAPE50 .
1 TAPE98.TAPE99)

C
C ON NHM6/MPRAD
C
C THIS PROGRAM CONTROLS THE PLOTTING OF THE RADIANCES. USING THE
C FILE OF RADIANCE DATA WRITTEN BY PROGRAM 5 (TAPES0).
C
C ALL PLOTTING IS DONE USING STANDARD CALCOMP CALLS
C (TAPE98 AND TAPE99 ARE USED 9, THE CALCOMP ROUTINES. AS
C IMPLEMENTED ON THE AUTHOR'S CDC CYBER 855 COMPUTER.)
C
C EACH PLOT IS GENERATED BY TWO TO FOUR FREE-FORMAT DATA RECORDS.

C
C THE FIRST RECORD GIVES ITYPE,NTIT,NYPLT WHERE
C ITVPE SPECIFIES THE TYPE OF PLOT TO BE MADE, AS DESCRIBED BELOW.
C NTIT.LE.0 IF NO TITLE FOR TIE TOP OF THE PLOT IS DESIRED
C .GT.0 IF A TITLE FCR THE 'UP OF THE PLOT IS TO BE READ IN
C NVPLT.LE.0 IF ALL Y LEVELS ARE TO BE PLOTTED
C .GT.O IF NYPLT Y LEVELS ARE TO BE PLOTTED
C
C IF NTIT.GT.0, THE NEXT RECORD GIVES TH DESIRED TITLE
C
C IF NYPLT.GT.O, THE NEXT RECORD uIVES THE INDICES OF THE V
C LEVELS FOR THE PLOTS
C
C THE LAST RECORD, THE SPECIFICA.,.N RktORD. GIVES THE VAtJES OF
C THE PARAMETERS NEEDED 10 SPECIFYF THE DETAILS OF THE PLjT
C
C IF ITYPE.EQ.1, MAKE POLAR PLUTS OF TiE tOGARITHM OF THE DIFFUSE
C RADIANCE AS A FuNCTION (iF THETA. THE SPECIFICATION
C RECORD GIVES jPHI AND jPI. WHICH ARE THE

PrHI INDICES OF [.voJ HALF-PLANES. NORMALLY PHI(JPI) -

C P":(JPHI) + PI, ) iAT A PLANAR CROSS SECTION OF THE
L RADIANCE 15 PL 

I 
IEL',

C A SEPARATE PLOT ISC MA[IL FOR EACH DEPTH.

IF ITyPE.EO,2. MAKE POLAR PLOCT oF riE LOGARITHM OF THE TOTAL

L RADIANCE AS A FuNCTION OF THETA, OTHERWISE AS FOR
ITYPE = 1.

C
C IF ITYPE.EU.3 PLUT THE LOGARITHM OF THE DIFFUSE RADIANCE AS A FUNCTION OF

C T-ETA. THE SPECIFICATIUN RECORD GIVES JPHI AND JPI
C A,, FOR ITYPE = I .
C AL DEPTHS ARE ON THE SAME PLOT.
C
C IF ITvPE.EQ.4, PLOT THE LOGARITHM OF TlHE TOTAL RADIANCE AS A FUNCTION OF
C THETA, OTHERWISE A) FOk ITyPE 3.
C 4,,L DEPTHS ARE ON THE SAME PLOT.
C

C IF ITYPE.EQ.5, MAKE A POLAR PLOT OF THE DIFFUSE RADIANCES AS A
C FjNCFiON OF PHI. THE SPECIFICATION RECORD GIVES
C !T"ETA, THE INDE.x DEFINING A PARTICULAR THETA CONE:
C IF ITHETA.GF.u. JPWARD RADIANCES ARE PLOTTED
k IF ITHETA.L .0. DONqwARD RADIANCES ARE PLOTTED
C A SEPARATE PLOT IS MADE FOR EACH DEPTH.
C
C IF ITYPE.EQ.6 MAKE A POLAR PLoT OF THE TOTAL RADIANCES AS A
C P.NCTION OF PHI. ,)TIEHAISE AS FOR ITYPE = 5.

C
C IF ITYPE.EU.7. P.0uT THE LJGAkITtiM o F THE DIFFUSE RADIANCES AS A
C NTION OF PrI THE SPEL REC: GIVES ITHETA AS

L PjR IYPE 5.
6, DEPTHS ARF :N THF SAME Pt CT

IF II PE .EE . ;h I'T THE LOuAk I T . (F T IE 1ITAL RADIANEl, A' 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 Sf4ME PLOT.
C
C++*i WARNING: ITYPE = 5. 6 OR 9 CANNOT BE USED, SINCE THE REQUIRED
C SUBROUTINES PPHIPLR AND PPATH HAVE NOT YET BEEN WRITTEN (CM. 3 JUNE 88).
C

PARAMETER(MXMU=1O. MXPHI=24, MXY=30, MXSIGY=3)
PARAMETER(MXL.MXPHI/2. MXGEOP=MXMU*(MYL+1))

C
COMMON/CSIGY/ YSIG(MXSIGY) .ALBESS(MASIGv) ,TOTALS(MXSIGY)
COMMON/CGEOP/ GEOPP(MXMU.MXGEOP.MXSIGY) .GEOPM(MXMU,MXGEOP,MXSIGY)
COMMON/CGRID/ THETA(MXMU).PHI(MAFPHI).v(MXY),BNDMU(MXMU).
1 BNDPHI(MXPHI),OMEGA(MXMU),DELTMU(MXMU),ZGEO(MXY)
COMMON/CRADIF/ RADAP(MXMU.MXPHI),RAOP(MXMU,MXPHI,MXV),
1 RADAM(MXMU,MXPHI).RADM(MMU,MP-IMXv)
COMMON/CRADIR/ RADOAP(MAMu.MXPMI).RADOAM(MXMU.MXPHI),
1 RADOM(MXMU,MXPHI,MXY)
COMMON/CMISC/ IMISC(2O).FMISC(2U,.NTIT.ITITLE(8)
COMMON/CwORK/ WORK<(5000)

C
DIMENSION FMU(MXMU).IYPLT(MAY)

C
DATA NUIN/50/. FPS/I.OE-1O/

C

C INITIALIZE THE LALCOMP PLOTTINuj RUlINES
CALL PLOTS

C
C READ THE RADIANCE DATA WRITTEN by PROGRAM 5
C

REWIND NUIN
READ(NUIN) IMISC.FMISC,FMU,PHI ,Y.BNDMU,BNDPHI ,OMEGA,DELTNiU,
I YSIGALBESS, T07ALSZGEO

C
NMU IMISC(l)
NPHI IMISC(2)
NY = IMISC(4)
NSIGY IMISC(S)
KCOL IMISC(1O)

READ(NUIN) (((GEOPM(I,J,K),.11.NMU),J=lKCOL),)=I.NSIGY)
READ(NUIN) ( (RADAP(I,J), I=1.NMU) ,Jzl,NPHI)
READ(NUIN) (iRADP(I *j.w', i=,NMU) *J=1,NPHI),K=1,NY)
READ(NUIN) ((RADAM(I,J) ,I=1.NMU) ,jrlNPHI)

READ(NUIN) ( (RAU'JAP( I.J) I= 1 NMU) Jzl1.NPHII
READ(NUIN) ((RAUUAM(I .J) I=1.NMU)J *jI.NPHI)
READ(NUIN) ( ((RAOOM(IJK) ,1=1,NMU))*J=1,NPHI) ,K=1,NV)

C
C DIRECT RADIANCES WHICH SHOULD BE ZERO ARE SOMETIMES NEGATIVE
C DUE TO ROUNDOFF ERROR: RESET TO ZERO

DO 60 K=1,Nv

DO 60 .iz1,NPHI
DO 60 1=1,NMJ
IF(RADOM(I..),K).LT.EPS) RADOM(I,j,K) -U.

60 CONTINUE
C
C CONvERT FMU TO THETA

DO 53 I=I,NMU

C READ RECORDS DF>I( R181NG THE PLO
C
C THE FIRST RECOkD:

100 READ (5. * END200) I TYPE. NYPLT.NT IT
C
C THE TITLE RECORD, IF REQUESTED

IF(NTIT.GT.O) THEN
READ(5,70) ITITLE
NTIT = NCHAR(ITITLE.B)
END IF

C
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IF(NVPLT.LE.O) THEN
00 300 IV=1,NY

300 IYPLr(IY) = IV
ELSE

C THE V-INDEX RECORD. IF REQUESTED
READ(5.0) (IVPLT(IY),1Y=1.NVPLT)
END IF

C
C THE SPECIFICATION RECORD
C

IF(ITYPE.GE.I .AND. ITVPE.LE.4) THEN
READ(5,*) JPHI,JPI
ELSEIF(ITYPE.GE.5 .AND. ITYPE.LE.8) THEN
READ(5.*) ITHETA

ELSEIF( ITYPE.EQ.9) THEN
READ(5.*) JPHX.JPI
ENDI F

CALL THE APPROPRIATE PLOT SUBROUTINE
C

IF(ITYPE.EQ.1 .OR. ITYPE.EQ.2) ltiEN
CALL PTHEPLR(lTVPE.NYPLT,IVPLTJPHI.JPI)
ELSEIF(ITYPE.EQ.3 OR. ITYPE.EQ.4) TH-EN
CALL PTHELOG(ITVPE,NVPLT.IYPL.T.JPHI,jPI)
ELSEIF(ITVPE.EQ.5 OQR. ITVPE.EQ.6) THEN

CALL PPHIPLR
ELSEIF(ITYPE.EQ.7 OR. ITYPE.EQ.8) THEN

CALL PPf-wiLOG(ITPE,NYPLT.IVPLT.ITHE1A)
ELSE! F(I TYPE. EQ.9) THEN

CALL PPATH
END IF
GO TO 100

C
200 CALL PLUT(0. ..- 98)

70 FORMAT(BA1O)
END

FUNCTION NCHAR(IlITLE.NWURDS)

C GIVEN AN ALPHANUMERIC TITLE. ITITLE, OF NWURDS (MAX 12). THIS
C FUNCTION RETURNS THE NUMBER OF NON-BLANK CHARACTERS. (FOR USE IN

C PLOTTING CENTERED TITLES)
C

DIMENSION ITITLE(NWORDS),ICHAR(120)
DATA IBLANK/lOH

C
MAXCH-R = D*NNO)RDS
ENCODE(7.200,IFM7) MAXCHR

C
OECODE(MAXCHR,IFMT,ITITLE) ICHAR

C
DO 110 I=1,MAXCHiR
NCHAR = MAXCHR - I - I
IF(ICHAR(NCHAR) .f4E.I8LANK) RETURN

110 CONTINUE
NCr-1AR =U
RETURN

200 FORMAT(IH(,13,3 -iA1))
END
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SUBROUTINE PPHILOG(ITYPE.NYPLT.IYPLT,ITHETA)
C
C ON NHM6/PPHILOG
C

C THIS ROUTINE PLOTS THE LOGARITHM OF THE DIFFUSE OR TOTAL RADIANCE

C AS A FUNCTION OF PH-I FOR A GIVEN THETA VALUE.

C ALL Y VALUES ARE DISPLAYED ON THE SAME GRAPH.

C
C IF ITYPE.EQ.7, THE DIFFUSE RADIANCES ARE PLOTTED

C IF ITYPE.EQ.8, THE TOTAL RADIANCES ARE PLOTIED

C
C IF ITHETA .GT. 0, PLOT UPWARD RADIANCES N(-.THETA,PHI.Y) =RADP

C IF ITHETA .tT. 0. PLOT DOWNWARD RADIANCES N(-THETA.PHI.Y) =RADM

C
PARAMETER(MXMU=10, MXPHI=24, MXY=3O)

PARAMETER (MXPTS=MXPHI +3)

C
COMMON/CGRID/ THETA(MXMU).PHI(MXPtII),Y(MXY)
COMMON/CRADIF/ RADAP(MXMU.MXPHI),RADP(MXMU.MXPHI.MXY),
1 RADAM(MXMU,MXPHI),RADM(MXMU,MXPHI.MXY)
COMMON/CRADIR/ RADOAPCMXMU,MXPHI).RADOAM(MXMU,MXPHI).
1 RADOM(MXMU.MKPHI ,MXY)

COMMON/CMISC/ IMISC(20).FMISC(20),NTIT.ITITLE(8)

COMMON/CWORK/ XPLT(MXPTS.MXY) ,YPLT(MxPTS.Mxy) .BCD(5)

C
DIMENSION IYPLT(MAY)

C
DATA XINCH.YINCH/4.0,5.U/ , H,BOX/O. 15,1.0/, EPS/1.E-12/

DATA ISYMBL/O/
C

IT =IABS(ITHETA)
NPHI =IMISC(2)
NY =IMISC(4)
NPHIl NPHI + I

P1 FMISC(l)
RADEG =FMISC(3)
TwOPI = 2,*Pl
P12 0.5*PI
HBOX =H*BOX

IYMAX NY
IF(NYPLT.GT.O) IYMAX =NYPLT

C
IF(ITYPE.EQ.7) THEN
FACT = 0.
ELSE IF (ITYPE. EQ .8) THEN

FACT 1.
ELSE
WRITE(b,800) ITYPE
RETURN
ENDI F
CALL PLOT(I. .2, -3)

C
C DETERMINE THE ALLOWED RANGE OF Y VALUES

C
JYT =

IB=NY
IF(ITHETA.EO.O) GO TO099

C

C CHECK FOR ZERO UPWARD RADIANCE AT THE BOTTOM (NAKED SLAB CASE)

IF(ITHETA.LT.0) GO TO 98

IY8 NY - I
DO 90 J=1,NPHI

IF(RADP(IT.J.NV).GT.EPS*RAM(.1t.A4Y)) IYB =NY

90 CONTINUE
GO TO 99

C

C CHECK t-f)R ZERO DOWNWARD RADIANCE AT THE TOP (NAKED SLAB CASE)

98 IYT = 2
DO 91 J=1,NPHI

IF(RADM(IT,J.1).GT.EPS) IYT r 1

91 CONTINUE
99 CONTINUE

C
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C DEFINE ARRAYS FOR PLOTTING
C

DO 100 K=1.IYMAX
IV = IVPLT(K)
IF(IY.EQ.1 .AND. IYT.NE.1) GO TO 1U0
IF(IV.EQ.NY .AND. IYB.NE.NV) GO TO 100
DO 101 J=1.NPHI
XPLT(J,IY) =PHI1(j)
IFCITHETA.GT.U) THEN
VPLT(J.IY) =ALOGIO(RADP(ITj, IY))
ELSE
YPLT(J.IY) =ALOG1O(RADM(IT,jIy) +FACT*RADOM(ITJ.IY))
END IF

101 CONTINUE
XPLT(NPHI1IV) = TwOPI

100 YPLT(NPH-I1.IY) = YPLT(1.IY)
C
C FIND THE MAXIMUM AND MINIMUM VALUES TO BE PLOTTED
C

RADMAX =-1.E30
RADMIN = I.E30
00 110 K=1.lYMAX
IV = IVPLT(K)
IF(IY.FQ.1 .AND. IVT.NE.1) GO TO 110
IF(IY.EQ.NV AND. IYB.NE.NY) GO TO 110
DO 111 J1.,NPHII
RAO z PLT(J IY)
IF(RAO.GT.RAOMAX) RADMA) - RAD
IF(RAD.LT.RADMIN) RADMIN RAD

Ill CONTINUE
110 CONTINUE

C
C LABEL THE VERTICAL AXIS FOR A LUG, -PLU
C

MINH = IFIX(RADMIN)
IF(RAOMIN.LT.O.) MINH =MINH- - I
MAXH =IFIX(RADMAA)
IF(RAOMAX.GT.01 MAXH =MAXH 1
MRANGE mMINH - MAXH
IDIV = ABS(MRANuE)

Z302 IF(5.LE.IDlv AND. IDIV.LE.1U) G0 VO JCUL
IF(IDIV.Gr.1O) 60 TO 301
I~Ly IDIV*2

GO0 TO 302
301 ID0V (IOIv* 1)12

GO TO 3U2
300 OLABL =FLOAT(IABS(MRANqGE))/FLOAT(IDIV)

IF(OLABL.LE.1.) GO TO 303
IF(FI.OAT(IFIX(CLABL)).EQOI(ABL) GO TO 303
MRANGE =IDIV*IFIX(DLABL +1.)
GO TO 300

303 DINCH YINCHIEGOAT(IOIV)

C
CALL PL(T(O.,VINC-H.2)
XX= 76HX
00 310 11I.IDI.jl
VY = YINCH - C).45*H - FLOAT(I-1)*LIIN(
FLABL =FLOAT(MAXH) - FLOAT(I-1)*DLAt3L

ENCODE (8,311,B~lL) FLABL
310 CALL SYMBOL (XA yH, BCO .0.0 8)

XX =-1.2
YY= .5*YINCH - b65*HBOX

CALL SYMBOL(XXV1Y,H,13HLOG(RADIANACE),90.U.13)
C
C DEF INE SCALE F ACTORS CONS ISTENT w, T1H THE LAE)ELS
C

00 200 Kz.IIMAX
IY IYPLT(K')
IF(IV.EQ.1 .AND. IYT.NE.1) GO TO 200
IF(IY.EQ.NY AND. IYB.NE.NY) GO TO 21jO
)PLT(NPHI1+1.IV) = 0.
XPLT(NPHII.-2.1) zP12
VPLT(NPHIl'1,IY)= FLOAT(MIN")

200 YPLT(NPHI1+2.IV) =FLOAT(MAXH - MIN1-)/YINCH
C
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C LABEL TIIE HORIZONIAL AXIS IN DEGREES
C

CALL PLOT(0. ... 3)
CALL PLOT(XINCHJ. .2)
V.1= -0.45*?1
V2 = -2.35*H
CALL SVMBOL(O..V1.H,13,..-1)
CALL SYMBOL(O.-O.5$HBOXY2,H tlO. .1)
CALL SVMB0L(O.25*XINCH-lY1,H. 13.0. .- l)
CALL SYM8OL(O .25*XINCH-HBOX,. 2, .t-2H90 0. .2)
CALL SYM8OL(.5*)INCH.V1HH130-)
CALL SYMBOL(O. 5*XINC--1 .5*HBOX. Y2.H, Jh18Q.O. .3)
CALL SYMBOL(0.75*XINCHYlIH 13.0., -1)
CALL SYMBOL(0.75*XINCH-.5*HBDX V2 .H.3H270...3)
CALL SVMBOL(XINC-i.Vlj-,13..-1)
CALL SYMBOLCXINCH-1.5*HBOX V2 ,H. 31-360,.. 3)
CALL SYMB0L(O.5*XINCH-7.*HBOX.-4ItII.II4HPH-I IN DEGREES,D.,14)

C
IF(ITVPE.EQ.7) THEN

IF(ITHETA.GT.O) THEN
ENCODEC41 .210 ,BCD) THETA( IT)*RAD)EU
NCHAR =41
ELSE
ENCODE(43. 212,BC0) THETA(IT)*RADEG
NCH-AR =43
ENDI F

ELSE
IF(ITHETA.GT.0) THEN
ENCODE (39. 214, BCD) THETA (IT) *RADEG
NCHAR =39
ELSE
ENCODE(41.216,BCD) THETA( IT)*RADEG
NCHAR =41
ENDI F

END IF
XX =0.5

4
XINCH - 0.5*FLOAT(NChAR)#flBOX

CALL SYMBOL (XX. -0.9. H, BCDO.O, NCHAR)
C

IF(NTIT.GT.0) THEN
XX =O.S*XINCH - O.5*FLOAT(NTIT)*HBOX
CALL SYM8OL(XX.VINCH1-3.0*HH.ITITLE.U.,NTIT)
END IF

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) v (IV)
CALL LINE(XPLT( 1.IV) ,PLT(1,Iv) ,NPhIll 1.ISVMBL. 1)

YY=(VPLT(NPt-U1,IY) - VPLT(NPHIJ1.1)),'VPLT(NPHII+2,IY) - .5*H
400 CALL SYMBOL(XINCH.VV.H.BCD..O1O)

C
CALL PLOT(-1.,-2. ,-3)
CALL PLOT(1D.O,...-3)
wRITE (6 * 82)
RETURN

C
C FORMATS
C21 OMT3HIFSUPADRDACFOTHT 

,62
210 FORMAT(35HDIFFUSE UPWWARD RADIANCE FOR THETA =F6.2)
212 FORMAT(33HDIFFLUPDWARD RADIANCE FOR THETA F6.2)
214 FORMAT(33HTOTAL DOPWARD RADIANCE FOR THETA .F6.2)

311 FORMAT(Fb.2,2H -)
401 FORMAT(4H V =,Fb.2)
800 FORMAT(, ERROR: SUB PPHIL0C, L-ALLEU WVITH ITYPE =,13)
802 FORMAT(lH ,' END OF PPHILOG')

END
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SUBROUTINE PTHELOG(ITYPE.NYPLT.IYPLT,JPHI,JPI)
C
C ON NHM6/PTHELOG
C
C THIS ROUTINE PLOTS THE LOGARITHM OF THE DIFFUSE OR TOTAL RADIANCE

C AS A FUNCTION OF THETA FOR HALF PLANES DEFINED BY JPHI AND JPI.
C ALL V VALUES ARE DISPLAYED ON THE SAME PLOT.
C
C IF(ITYPE.EQ.3. THE DIFFUSE RADIANCE IS PLOTTED
C IF(ITYPE.EQ.4, THE TOTAL RADIANCE IS PLOTTED
C

PARAMETER (MXMU 10, MXPHI =24, MXV=30)
PARAMETER(MXPTS=4*MXMU+ 1 MXY 1MXY*1)

C
COMMON/CGRID/ THETA(MXMU),PHI(MXPHI),Y(MXY)
COMMON/CRADIF/ RADAP(MXMU,MXPr-I) .RADP(MXMU,MXPHI.MXY),

I RADAM(MXMU.MXPHI),RADM(MXMUMXPHI,MXY)
COMMON/CRADIR/ RADOAP(MXMU.MXPH-I),RADOAM(MXMU.MXPHI),

1 RADOM(MXMU,MXPHIMXY)
COMMON/CMISC/ IMISC(20),FMISC(20),NTIT,ITITLE(B)
COMMON/CWORK/ XPLT(MXPTS.MXV1) .YPLT(MXPTS.MXY1) ,BCD(4) ,NPLT(MXYI)

C
DIMENSION IYPLT(MXV)

C
DATA XINCH,YINCHI4.O,5.O/. H.BOX/O. 15,1.0/, EPS/l.E-12/
DATA ISVMBL/O/

C
NMU IMISC(l)
NY IMISC(4)
PI FMISC(1)
RADEG =FMISC(3)
P12 =O.5*PI
IVMAX =NV
IF(NYPLr.GT.O) IYMAX =NYPLT

HBOX = H*BOX
IF(ITVPE.EQ.3) THEN
FACT =0.
ELSEIF(ITVPE.EQ.4) THEN
FACT = I.

ELSE
WRITE(6,800) ITYPE
RETURN
END IF
CALL PLOT(1. .2. .-3)

C
C DETERMINE THE RANGE OF THETA AT THE FIRST AND LAST IY VALUES.
C DO NOT PLOT ZERO RADIANCES. CHECK FOR ZERO DOWNWARD RADIANCE AT THE
C TOP AND FOR ZERO UPWARD RADIANCE AT THE BOTTOM (NAKED SLAB CASES).
C

IYTP =IYBP = U
EPSREL =EPS*RADM(1.JPHI,IYPLT(IYMAX))
DO 700 11l,NMU
IF(RADM(I.JPHIIYPLT(l)).GT.EPS) IVTP =1
IF(RADM(I,jPI.IYPLT(l)).GT.EPS) IYTP = 1
IF(RADP(I,jPI-I,IPLT(IYMAX))YGT.EPSREL) IYBP =I

IF(RADP(I.JPI,.IPLT(IYMAA)).OT.EPSREL) IYBP 1
700 CONTINUE

C
r DEFINE THE ARRAYS TO BE PLOTTED
C POLAR CAPS ALWAYS HAVE A P-Il INDEX OF 1
c

IF(IYTP.EQ.) 60 TO 200
IF(IYPL-T(l),NE.1) GO TO 200

c SPECIAL CASE: THE TOP BUNDARY1 REQUIRES TWO PLOTS FOR A NAKED UPPER BOUNDARY

C
LY LV + I

L U
L L +1

XPLT(L,LY) = THETA(NMU) - PI

YPLT(L.LV) = ALO0G1O(RADP(NMU, 1,1))
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D0 100 1=2,NMU
L =L +
I I = NMU - I + I
XPLT(L,LV) =THETA(II) - PI

100 YPLT(L.LV) =ALOGIO(RADP(11.JPH-I,1))
C

NPLT(LY) = L
C

LY LY + 1
L=
00 110 11I.NMU-1
L L+ 1
XPLT(L.LY) = PI - THETA(I)

110 YPLT(L.LY) =ALOG10CRADP(I.JPI.1)j
L =L+ I
XPLT(L,LY) =PI - THETA(NMU)
YPLT(L,LY) = AL0G1O(RADP(NMU,1.1))
NPLT(LV) =L

C
200 00 150 Kzl,IYMAX

IV = VPLT(K)
IF(IV.EQ.1 AND. LY.GT.0) GO To 150
LV =Y + I
L 0
IF(IV.EQ.NV AND. IYBP.EQ.0) GO TO 1b9

C
L =L +1
XPLT(L,LV) =THETA(NMU) - PI
YPLT(L.LV) = ALOGI0(RADP(NMU.,,v))
00 160 I=2,NMU
L L +
11 NMU - I + I
XPLT(L.LV) = TH-ETA(II) - PI

160 VPLT(L,LV) = ALOGIO(RADP(Il.JPHIIV))
C

169 DO 170 1=1.NMU-1

L =L~ 1
XPLT(L,LV) = -THETA(I)

170 VPLT(L,LV) = ALOG1DO(RADM(1.JPHIL{Y) +FACT*RADOM(1JPtlZ))
C

L =L +1
XPLT(L,LY) =-THETA(NMU)
VPLT(L.LY) = ALOGIO(RADM(NMU,1,IY) +FACT*RADOM(NMU,IVI))

DO 180 I=1,NMU-1
L L +
11 NMU - I
XPLT(L.LY) =THETA(II)

180 VPLT(LLV) = ALOG1O(RADM(II,.JP1,IY) + FACT*RADOM(1I,JPI,IY))
C

IF(IV.EQ.NV .AND. IYBP.EQ.0) GO TO 149
C

DO 190 I=l,tqmu-1

XPLT(L,LY) =PI - THETA(I)
190 YPLT(L,LY) =ALOG10(RADP(IjPIIV))

L=L~ 1
APLT(L.LY) = P~I - TH-ETA(NMU)
VPLT(L,LV) = ALOG10(RADP(NMUJ,1,IV))

C
149 NPLT(LY) L
150 CONTINUE

NUMPLT =LV

C
C FIND THE MAXIMUM AND MINIMUM VALUES TO BE PLOTTED
C

RADMAX =-1.E30
RADMIN = .E30
DO 500 LV=1,NUMPLT
NPTS =NPLT(LY)
D0 500 j1.,NPTS
RAD = VPLT(J,LY)
IF(RAD.GT.RADMAX) RADMAX = RAD
IF(RAD.LT.RADMIN) RADMIN = PAD

500 CONTINUE
C

142



§7A. PLOTIING RADIANCES

C LABEL THE VERTICAL AXIS FOR A LOUJ PLOT

C
MINH-= IFIX(RADMIN)
IF(RAOMIN.LT.O.) MINH- MINH - I

MAXH =IFIX(RADMAX)

IF(RADMAX.GT.O) MAXH =MAXH +1

MRANGE = MINH - MAXH
IDIV = IABS(MRANGE)

302 IF(5.LE.IDIV .AND. IDIV.LE.1O) GO TO 300

IF(IDIV.GT.IO) GO TO 301

IDIV IDIV*2
GO TO 302

301 IOIv= (IDIy + 1)/2

GO TO 302
300 OLASL =FLOAT(IABS(MRANGE))/FLOAT(IDIV)

IF(DLABL.LE.I.) GO TO 303

IF(FLOAT(IFIX(DLABL)).EQ.OLABL) GO TO 303

MRANGE =IOIVSIFIXLDLABL + 1.)

GO TO 300

303 DINCH =YINC1I/FLOAT(IOIV)
IDIV1 IDIV + 1

C
CALL PLOT(O. 0. .3)

CALL PLOT(O.,YINCH,2)
XX =-7.6460X*H
00 310 11.IODIVI
YY = INCH - 0.45*H - FLOAT(1-1)*DINCH
FLABIL =FLOAT(MAXH) - FLOAT(1-1)*DLABL

ENCOOE(8.311,BCO) FLABL
310 CALL SYMBOL (XX, VY .H.BCO .0.0.8)

XX= -1.2
V= 0,5*YINCH - 6.5*BOX*H

CALL SYMBOL(XX.YVYH,13HLOG(RAIANE490,.13)
C
C LABEL THE HORIZOr4TAL AXIS

C
CALL PLOT(O. ,0..3)

CALL PLOT(XINCH.U..2)
C

VI =-0.45r.
V2 = -2.35*H

CALL SVMBOL(O..HI.H.13..-I)
CALL SYMBOL (0. -2. *HBOX, Y2,*H.*4--180.0.,4)

CALL SYMBOL (0. 25*X INCH. Vi*H, 13 *0. .- 1)

CALL SYMBOL(O. 25.XINCH--1 .5*HBOX.Y2,H.3H-90,.. 3)

CALL SYMBOL(O.5*XINCH,Y1,H. 13,0. .-I)

CALL SVMBOL(O.5*XINCH-0.5*H8OXY2.H.]HO.O.,I)
CALL SYMBOL(O.75*XINCH,Y1.H, 13,0. .-1)

CALL SYMBOL(O.75SXINCH-HBOXY2,H,2H90.O..2)
CALL SVMBOL-(XINC".Yl.H.13,...1)

CALL SYMBOL(XINCH-1.5*HBOX,Y2.H. JH180.. 3)

CALL SYMBOL(O.5*AINCH-15.*HBOX.-4. *1-,H,
1 30HVIEWING AN(. THETA IN OEGREES.O. .30)

Hl = .7*H
HIBOX = .7*HBON
ENCODE(11.210.BLOD) RAOEG*PHI(JPI)

CALL SYMBOL(O. 25*XINCH-5.5*HlB)(.-O.95.Hl .BCO.O. .11)

ENCOOE(1I.210,BCGW RAOEGPHI(JPHI)
CALL SYMBOL(O. 7SXINCH-5.5*HIBOX, -D.Y5.HI,BCO,O. .11)

C
IF( ITYPE.EQ. 3) tEN

CALL SYMBOL(0.54XINCH-2.5*HBO(,-l. 3.

I 45HDIFFUSE FIELD RADIANCE AS A rUNCTION OF THETA., 45)
ELSE IFtI TYPE . EQ.4) THEN

CALL SYMBOL(O.5*XINC'.-21.5*HBOX(.-l.3,H.
1 43mTOTAL FIELD kADI *NCE AS A FONCTION OF TH-FTA.O ., 43)

ENDI F
C

C PLOT THE REFERENCE LINE AT T"ETA =0 AND THE TITLE
CALL PLOT(O.5*XINCH.O..3)
CALL DASHPT(O.5*AINC-I.VINLH,..)
IF(NTIT.GT.O') THiEN
XX O .5*XINCH" - 0.5*FLOAT(NTIT)*HbUx
CALL SYMBOL (XX ,YINCH 3.0*H .H, IT ITLE, .NT IT)

END! F

C
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C PLOT THE RADIANCES
C

IV
DO 40J0 LY=I.NUMPLT

NPTS NPLT(LY)
XPLT(NPTS+1,LY) =-PI
X(PLT(NPTSI'2,LY) = P12

VPLT(NPTS+1.LY) = FLOAT(MINH)
YPLT(NPTS+2,LY) = FLOAT(MAX- - MINH)/VINCH
CALL LINE(XPLT( 1.LV) .VPLT(1,LYLNPTS. 1.ISVMBL, 1)
IF(LY.EQ.1 .AND. NUMP)LT.GT.NYPLT) GO TO 400
IV = IV +- 1
ENCODE( 10,401, BCD) V (I VPLT (tv)
YY = (YPLT(NPTS,LV) - VPLT(NPTS+1.LY))/YPLT(NPTS-2,LV) -. *
CALL SYM8OL(XINCH-i.V,HBCD.O.0, 10)

400 CONTINUE
C

CALL PLOT(-1. ,-2. .-3)
CALL PLOT(10.0.0.0. -3)
WRITE (6, 802)
RETURN

C
C FORMATS
C

210 FORMAT(5HPHI SF6.1)
311 FORMAT(F6.2.2H -)
401 FORMAT(4H V =,Fb.2)
800 FORMAT(' ERROR: SUB PTHELOG CALLED WITH ITYPE =',.13)
802 FORMAT(' END OF PTHELOG')

END

SUBROUTINE ITEPLRkITYPE.N4YPLTIFTJPHI.JPI)

C ON NHM6/PTHEPLR
C
C THIS ROUTINE M~AKES A POLAR PLOT OF THE LOGARITHM OF THE DIFFUSE
C OR TOTAL RADIANCE AS A FUNCTION OF IH-ETA FOR HALF-PLANES DEFINED
C By JPHI AN() JPt A SEPARATE PLOT IS MADE FOR EACH DEPTH.
C
C IF ITYPEEO. 1. T"iE DIFFUSE RADIANCE IS PLOTTED
C IF ITVPE.EQ. 2, THE TGTAL RADIANCE IS PLOTTED

PARAMETER(?MXi,= 10 MXPHI =24, MXV=3U)

PARAMETER(MF.PTS=4*MXMU*1)
C

COMMON/CGRtu THETA(MXMU),PM1(MA)P~l),YUD(MXY)
COMMON/CRADIF, RADAP(MXMU.MxPHI),RADP,(MXMU,MXPHI MXyVI
1 kAD)AM(MXM,MX-II).RADM(MAMu.MXPII MXVI
COMMON/CRADIR, RADUAP(MXMu.MXPHI),IALJLjAM(MXMUMXPHI).
I 4AD0M(MXM,,MXPilMxY)

COMMON/CMIS$C/ IMISC(2u , FMt ,C( LI,tINT 11.1ITLE(E)
COMMON/C60RK/ X(MXPTS),v(MXPT',FR,(2U)

C
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DIMENSION TITLE(b).I1PLT(MX1)

DATA IS'1MBL/l/. RINCH/3.O/. DICIRCIO.5I, H.B0X/O.15.1.O/
C

CALL PLOT(4. .5.,-3)
C

NMU = IMISC(I)
NY =IMISC(4)
PI FMISC(1)
DEGRAD =FMISC(2)

RADEG =FMISC(3)

P12 0.5*PI
P132 1.5*Pl
HBOX =H*BOX

IF(IT'1PE.EQ.1) THEN
FACT =0.
ELSEIF( IT'1PE.EQ. 2) THEN
FACT z I.

ELSE
vWRITE(6,3OO) ITYPE
RETUR N
ENDI F
L'1MAX z NY
IF(N'1PLT.GT.O) IYVMAX N1PILT

C
DO 888 K(:1.1'MAX
IY = I'1PLT(K)

C
C CONVERT RADIANCES AND NHM THETA VALUES (MEASURED FROM THE +Y1
C AXI1S) TO X =LOG(RADIANCE) AND Y z CALCOMP THETA (MEASURED FROM
C THE -X AXIS)
C POLAR CAPS ALWvAYS HAVE A PH-I INDE-A Ut- I
C

L 0
DO 200 I=1,NMU-1
L =L -I
X(L) = ALOGIOIRADP(I.JPHI.IV))

200 '1(L) = P12 - THiETA(I
L = L + 1

Y(L) =P12

DC 201 I.NMU-1

Il = NMU-I
X(L) =ALOGlO(RADP(II,JPI.IY))

201 '1(L) =P12 +- THETA(II)
C

DO 202 1I.NMJ-1
L =L +1
X(L) =ALOGIO(kADM(1.JPI,'1) + FACT*RADMIJPI,1'1))

202 '1(L) = P132 - THETA(I)

X(L) = ALOG1O(RADM(NMU.1.1'Y) + FACT*RADDM(NMU,1I'1))
'1(L) = P132

DO 203 11I,NMU-1
L =L + I
II =NMU - I
X(L) z ALOG1,O(RADM(IIJPHI,I1) FACT*RADOM(11.JPHI,I1))

20'.1 '(L) =P132 + THETA(I1)
C

X()= X(1)
'1(L) Y(I)

NPTS =L

C FIND THE MAXIMUM AND MINIMUM LwU VALUJES 10 BE PLOTTED

RADMAX =-lOUE30
RADMIN = .DE30
DO 250 L 1.NPTS)
PAD =X(L)
iI-(RAD.GT.RADMAX) RADMA?< P AD
IF(RAO.LT.RADM:N) PADMIN = RAD

250 CONTINUE
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C LABEL TfiE R4ODIAL (VERTIC-,L) AXIS FOR A L0,' PLUT

MIWI = IFIX(RADMIN)
IF(RADMIN.LT.0.) MINH- MINH- Z
MAXH = !FIX(RADMAX)
IF(RADMAx..GT.O) MAAH- MAY," I
MRANGE -MINH - MAXH
ID~v =IABS(MRANGE)

302 IF(3.LE.IDIV AND. I0tV.LE.6) GO TO 300

IF(tDIV.GT.6) GO TO 301
IDly IDIV*2
6O TO J02

301 IDly (IDIVy 1)/i
GO TO 302

300 DLABL zFLOAT(IAE- MRANGE))/F 0ATIiI))
IF(DLABL.LE.I.) GC TO 303

IF(FL0)AT(IFI)Ki0LABL)).EQ.DLABL) 00 TO A3
MRANGE =IDIV*IFIX(DLABIL *1.)

GO TO 300
303 DINCrI = 1NCH./Flu(A-TIDIV)

CALL PL0T(0.,-RlNLH,3)

CALL PLOT(O.,RIN'i.2)
CALL PLOT(URINC-CI'.,3)
CALL PLOT(-1.1.J..,2)

CALL PLOT 0.. .. IJ
CALL PLOT R I NriC?2
AA z 7.6*~BOX-rI

DO 3 10 1 I~ . 11

RYz INCHI - 0.45*mi FLOAT(I-LO-iNLri
RC-( )= PI H - F LCAT ( I - I *DI NCr

F LABL = FL(AT (MA -ol) -F LOA T I - I i A ,

310 CALL SVMBO L(XX.Y\.".F1CD.U0.b)

yv=0.5*RINCH- o.5*B0X*"

CAL

c

DO 260 11l.I)I"

THO - 90.0 PAW0L'*ASl~kl.d2/ikJ
ELSEIF(R.l-E.l.73LD AND. R.GT.CO.li Tr-tEN

THO = 180. +RAO-EG*ASIN(O.1/R)
ELSE
THO 1,80.0
ENOL F
XS R*LUS(DJEGPAfr". 'L)

CA--~ ClRCLFt/ l :, T ,, U . ,~
, 6)b CALL ~ i

C CSi 4~ .L Nu La-'-Jl.1. 1"lLA TUj X AND IN INLHES>

uj 5u0 .L

C

A NPTS- 1)

x(f4PTS+2) 1

Y(NP'5.2-) 1

F Pi ')I PADIANC F,

L

L- '-

C LABE_ T"E PLOT
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IF(ITYPE.EQ.1) THEN
ENCODE(52, 400, TITLE) VOD( IV)
CALL SYMBOL(-26.O*HBOX.-4..H,TITLE.O.,52)
ELSE
ENCODE(50.402 ,TITLE) YOD( IY)
CALL SVMBOL(-2S.0*HB0X.-4.,H,TITLEO..SO)
ENDIF
CALL PLOT(O. .- 3.6.3)
CALL PLOT(0. *-3.2.2)
ENCODE(26,404,TITLE) RADEG*PHI(JPI).RADEG*PHI(JPH-I)
CALL SYMBOL(-13. *H8OX.-3.5,H,TITLE,O. .26)
IF(NTIT.GT.0) THEN

XX -. 5*FLOAT(NTIT)*HBOX
CALL SYMBOL(xXXRINCH+3.0*H-,H. ITITLE,U. ,NTIT)
ENDI F

C
888 CALL. PLOT(10.0,0.0,-3)

C
CALL PLOT(-4. ,-5.,-3)
WRITE (6,802)
RETURN

C
400 FORMAT(46HDIFFuSE RADIANCE AS A FUNCTION OF THETA AT V =,F6.2)

402 FDRMAT(44HTOTAL RADIANCE AS A FUNCTION OF THETA AT Y =,F6.2)
404 FORMAT(5HPHI =,F6.1,4X,5HPHI =,Fb.1)
411 FORMATCF6.2,2H -)
800 FORMAT(lH ,ERROR: SUB PTHEPLk CALLED WITH ITVPE =.13)
802 FORMAT(lH .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 at Narious 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. in remote sensing, to plot the ocean color on a standard C.I.E.
chromaticity diagram. Program MPCHRO reads 13 data values corresponding to 13
wavelengths (400 nm, 425 nn,...,675 nm, and 700 nm). Each datum is obtained from a run of
Programs 4 and 5, 13 runs in all. The data are processed using standard tristimulus functions, as

described in Appendix C, an(i plots of the resultant color point are made on a 1931 C.I.E.
chromaticity diagram.

In order to compute a correct color (e.g. for the upward radiance), the incident radiance on
the water surface must have the CO1ect color, i.e. wavelength dependence (corresponding, say, to
the solar spectrum). The proi,:' wavclength dcreindcnce of the incident lighting can be achieved

by adjusting the value of SiITOTL (input record 6 in Program 4) in each of the 13 NHM

wavelength runs. However, it is generally more convenient to make all NHM runs with
SHTOTL equal to some nomiaal value, say 1.0 A' m -nnm . In this case, the output values of the
13 NHM runs must be adjusted before computing the chromaticity. Subroutine ATMOS uses a
simple model atmosphere and solar spectrum (described in Appendix D) to weight the 13 data
values according to wavelewtuum and solar zenith angle before proceeding with the chromaticity

calculation i.

1. Input

Two records are read io specify, the details of the plot, and then repeated pairs of records

are read to specify the wavec]:: ieth data to ke plittcd.

Record 1: LABPNT. IPLBl . ,IA'ISO

B i'NI t, I the plotted points are nut ilabeled.
1 i e_,ach plotted point is numbered on the chromaticity diagram, and a

2 Uarate tah!L' of numbers is plotted, along with a label for each
bmber o identify the plotted points.

IP1[) '1 t ' Uli\ the hufl eh-vant:i itv diagram is to bc drawn.
I if ,nil the "blue corner" of the chromaticity diagram is to be drawn.

:'.i is o -, iu efl for phtJt!ing ocean color, which usually lies in
he blue region.

2-- it hoth the full diagram and the blue corner are to be drawn.

IATMOS ( 0 if he: raw data values. P(LAMIIDA), are to be used in computing the
c)1or.

= I if Hie rav data values. P(LAIMBDA), are to be transformed by the
n,:ionphcric model of 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(IFPUT.OUTPUTIAPESOUNPUT,TAPE6=OUTPUT.TAPE98.
I TAPE99)

C
C ON NHM6,/M*PChUOO
C
C THIS PROGRAM COMPUTES AND PLOTS CHR-LMATICITIES ON A STANDARD CIE
ci 19,31 CHROMATICITY DIAGRAM, GIVEN RADIANCES OR IRRADIANCES AT 13
C WAVELENGTHS: 40,1. NM, 4215. NM. 411U. NM.......,.675. NM, 700. NM
C
C ALL PLOTTING IS DONE USING STANUA!.D CALCOMP CALLS
C (TAPE98 AND TAPE99 ARE USED BY THE CALCOMP ROUTINES. AS
C IMPLEMENTED ON ''INE AUTHOR'S CDCO LYBER 855 COMPUTER.)
C

PARAMETER(NWAVELz13, MXPTS=50)
C

DIMENSION P(NWAV.EL),IWAVEL(N6AVEL).RAwP(NwAvEL)
DIMENSION XCHk(MV-PT ,).CHR(MxPTI,),IuP(8).lTITLE(8,Mw Ts,)

C
DATA IWAVELI4CP425,450,475.5UU.-,2,SSO.575.600,625,bOt).75, 700/

C
C READ THE UVERAL PLl- P'E C ANT. A TiTLE FUR THE TOP OF THE PLOT
C
C LABPNT =0, I F cLINf" ARE NOT1 TO BE LABELLED
C 1. IF FACH POI NT IS~ NIMBERtE, AND LABELLED
c IPLBLLI 0. IF -'-zY T"E FJLL -HkNTATICITY DIAGRAM IS TC BE DRAWN
C I,. I F -NLV Y THE BL IE (6;-' , is TO BE DRAWN

C 2 , I F -C jTTH FULL AND 6,,, LOOfNEk ARE TO BE DRAW.N
C IATMOS z0, IF lTIE RAW P(LAMBLA; ARE TO BE USED

c 1, IF THE RAW P(LAMEUA) ARE TOD BE SCALED BY THE ATMOSPHERIC MODEL
C I OP .. .A T 11L E i O TriE TOP OF T~h PLO! (80 CHAR MAX)

NPTS - 0

READ'5,*$, LABPN' .IPLBLI:. TATM>

READ ( 5 ,UD I TO,

wR !TE ~9oL

C

READ(15. 100. END COO) (]I TfiE( IN-' , I
READ(5.*.END=93,A TmETPS, IP T.I~lI .NyAvEL)

150 RAv'P(I)

C, CAL-E THE F-I -'ORDIN', T> TT'F l I MDEL

IF( IATMOS.NE. 1 AtL rD(T&

C

CAL L CHLTMXV( I- 'L N' 'F T -.

C

I F ( A4 
T

'MuS NE c. NP L I 2,- 1 IC r'
v,P I Tc t i

'L. ( 2 2 1 N.-
2 L; O' IT 5(, 4 r ~ '- '. U4

WR I T(F,'2n(-) X iP N>T S V CHR:,T 0)(,%1"% L P IRI TV

Gok To 99

[)RAW A k-" UMAI !TV DIAAV ArT.,L Ft.' TPITA-. (iN IT

NL[ NP TS t4PT
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CALL PLOTS
CALL PLOT(2.,2. .- 3)
IF(IPLBLU.NE.0) CALL PLTBLU(XCHR,YCHR,NPTSLABPNTITOPITITLE)

CALL PLOT(10. .0..-3)
IF(IPLBLU.NE.1) CALL PLTCHR(XCHRYCHRNPTS.LABPNT.ITOPITITLE)

CALL PLOT(O.,O..-98)
C
C FORMATS
C

90 FORMAT(1Hl)
100 FORMAT(BA10)
200 FORMAT(///' POINT NUMBER'.13.'; ',BAI0/)

201 FORMAT(' THE ATMOSPHERIC MODEL WITH THETPS =',F6.2, IS 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) =(',FS.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 OUTPUT OF 13 NHM RUNS AT THE 13 NHM WAVELENGTHS, WHERE EACH

C RUN WAS INITIALIZED WITH UNIT SCALAR IRRADIANCE. THIS ROUTINE
c SCALES THE P(I) VALUES TO REFLECT THE WAVELENGTH AND SOLAR ANGLE

C DEPENDENCE OF THE INITIALIZING SCALAR IRkADIANCES, ACCORDING

C TO THE MODEL ATMOSPHERE AND SOLAR SPECTRUM DESCRIBED IN

C APPENDIX D OF THIS REPORT.

PARAMETER(NWAVEL=13)

DIMENSION P(NWAVEL),ALPHAL(NWAVEL),SOLARC(N4WAVEL)
DATA SOLARC/1.54, 1.89,2.20.2.20, 1.98,1.92,1 95,1 .87.1.81, 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/0.')17453293/

C
SECTH - 1.O/CCS(UEGRAD*THETPS)
DO 100 1=1,NWAVEL

100 P(I) z P(I)'5OLARC(I)*EXP(-ALPHAL(I)*SECTH)

RETURN
END
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SUBROUT INE CHRMA ( P .A D(IMWVL . UHI I Y
C
C ON NHM6/CHRMXY
C
C GIVEN A SET OF RADIANCES OR IRRADIANCES, P, AT THE NHM WAVELENGTHS.

C THIS ROUTINE COMPUTES THE CHROMATICITY COORDINATES (X.Y) FOR

C PLOTTING ON A CHROMATICITY DIAG RAM. THE CORRESPONDING DOMINANT
C WAVELENGTH AND PURITY ARE ALSO CUMPUTED. SEE APPENDIX C OF THIS

C REPORT FOR DETAILS.
C

PARAMETER (NWAVEL=13. MXPURE=37)
DIMENSION P(NWAVEL),XBAR(NWAVELJ.YBAR(NWAVEL),ZBAR(NWAVEL)
DIMENSION WAVEL(MXPURE).XPURE(MxPURE).YPuRE(MXPURE),SLOPUR(MXPURE)

C
C THE 13 TRISTIMULUS FUNCTION VALUES

DATA XBARI.0143. .2148, .3362.. 1421, .0049. 1096. .4334, .8425,
1 1.0622,. 7514.,.2835, .0636, .0114/
DATA YBAR/.0004. .0073..0380.. 1126..3230,..7932. .9950, .9154.
1 .6310,.3210,.1070,.0232,.0041/
DATA ZBAR/.0679,I.0391,1.7721,1.0419,.2720,.0573..0087..0018.

1 .0008, .0001,0 .0..0./
C
C THE 37 SPECTRUM LO0CUS VALUES

DATA WAVEL/400. .450. .460. .470. .475. .480. .485. .490..
1495.,.500.,Su5.'.510.,.515. .520. .525..5.30.,.535.,540.,545.,
2550.,.555. .560.. 565. .570., 575..580..,585. .590. .595.,.600.,
3605. .613. .620. .ni0. .40. .650. .700./

DATA XPuRE .1733. .1'1C. 1440.. 1241 ,.1096, .0913. .0687,
1 .0454, .0235,. .82, .0039, .O1.A9,, .0389. .0743, 1142, .1547.
2 .1929, .2296, .2f)58, .3016, .3373. .3731, .4087, .4441, .4788,
3 .5125. .5448,. .b752, .602Y. .6270, .0482..665b. .6915,. 7079.
4 .7190,. 726f, . 7,147/
DATA YPuRE/.00j45..CI?7,..0L91.0576..0868,.1327..2007,
1 .2950. .4127,.. 5i4..6548. .75C2, .8120. .8338, .8262, .8059,
2 .7816,.7543. /243. .6923. .6589, .6245. .5896. .5547. .5202',
3 .486b6.4544,,. ... '42, .396i5, .3725, .,514. .3340, .3083. .2920.
4 .260Oj,.274LU,.;2C53/
DATA PALL/U/

C
C COMPUTE INTEOPA; , BY SIMPSON'S RtILE, L-e
C

CAPA P V(l)*,AAR(1) I P(N.,AvEL)+).bAk NvwAEL)
CAPY P( 1)*VH-., 1) P(Nv-,MVEL)*9AR(rNwAVEL )
CAPZ zP(1J*Zb4"K(1) +P(NwAvEL)*ZbAk(rqwAV[L)

DO 100 I 2,NWAVEL-1,2
CAPX =CAPX + .*()SBRI
CAPY =CAPY - 4.0*P(I)*YBAR(V)

10(i CAPZ = CAPZ + 4.G*P(I)'ZBAR(I)
C

00 1 10 1 =3 ,NYVA .tLL-2, 2
CAPK CAPA QPI*8(I
CAPY = CAPY *.*(j6R1

110 CAPZ =CAPZ '.0*P.1)*ZBlARf I)
C

F -68)0. /F N~.WAVEL - I
CAPX =F 4 CAPA
CAPY =F*CAP'y

CAZ=F*CAp 7

C NCGRMALIZE iUE 1NTELGkALS T 6T '-,L CtirlUMAILITY COORDINATES, BY C.3

CAU-X/( LAI . + A , + .*
Y CAPY/(C.A, CADY + C-AUZi

C COMPUTE THE SL 'PES NEEDELi FUOP FijNCr,u, Ti-i hO(MTNANT ,VAVELENGiTH
C AND PURITY
C

Xw 1,0/3.0
Yw 1.0/3.0
DO 50 I=1,MXPjlPE

50 SLOPUJP( ) z ( VVV - V,'UPE (I ))/ I - ~puVkL(jj)
sALL =1
END I F

C
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C COMPUTE THE DOMINANT WAVELENGTH AND PURITY OF THE CHROMATICITY
C COORDINATES (X.Y)
C

DY = YW - Y
DX = XW - X
SLOPE = DY/DX

C
99 IF(DY.GE.O. .AND. DX.GE.O.) THEN

C
C SEARCH LOWER LEFT OF SPECTRUM LOCUS, POINTS 2 TO 9

D0 200 I=2,9
IF(SLOPE.LT.SLOPUR() .AND. SLOPE.GE.SLOPUR(I)) GO TO 250

200 CONTINUE
C

ELSEIF(OY.LE.O. .AND. DX.GE.O) THEN
C
C SEARCH UPPER LEFT OF SPECTRUM LOCUS, POINTS 9-22

D0 202 1=9,22
IF(SLOPE.GE.SLOPUR(I)) GO TO 250

202 CONTINUE
C

ELSEIF(DY.LE.0. .AND. DX.LE.O.) THEN
C
C SEARCH UPPER RIGHT OF SPECTRUM LOCUS, POINTS 22-33

DO 204 I=22.33
IF(SLOPE.GE.SLOPUR(I)) GO TO 250

204 CONTINUE
C

ELSEIF(DY.GE.O. .AND. DX.LE.O.) rHEN
C

C SEARCH LOWER RIGHT OF SPECTuRM LOCUS, POINTS 33-37
DO 206 1=33,37
IF(SLOPE.GE.SLOPUR(I)) GO TO 250

206 CONTINUE
C

ENDIF
C

C POINT IS IN PURPLE REGION, REVERSE (X,Y) AND THE WHITE POINT AND
C SEARCH AGAIN

Dx z - DX
DY = - DY

GO TO 99
C
C COMPUTE INTERSECTION POINT OF CHROMATICITY LINE AND SPECTRUM LOCUS
C

250 XPI = XPURE(I)
YPI = YPURE(I)

XPIMI = XPURE(I-I)
VPIMI VPURE(I-I)

SI - (X - XW)/(V - YW)
52 = (XPI - XPIMI)/(YPI - YPIMI)

C
XI = (S2*XW - S1*XPIMI - SI*S2*(Yw - YPIMI))/(S2 - 51)

VI = (XW - XPIMI - Sl*VW + S2*YPIMI)/(S2 - $I)
L
C GET DOMINANT WAVELENGTH BY INTERPOLATIUN

DT = SQRT((XPI - XPIMI)**2 + (vP1 - YPIM1)**2)
DI = SQRT((XI - XPIM1)**2 + (¥I - YPIM1)**2)
F = DI/DT

C
DOMWVL = (1.0 - F)*WAVEL(I-1) + F*wAVEL(I)
EQ = SQRT((XW - X)**2 (VW - V)**2)
EW = SQRT((XW - XI)**2 + (YW - YI)**2)
PURITY = EQ/EW
RETURN
END
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SUBROUTINE PLTBLU(XPLT.Y'PLT,NPTS.LA8PNTITOP.IT1TLE)
C
C ON NHM6/PLTBLU
C
C THIS ROUTINE DRAWS THE 'BLUE CORNER' UF A CHROMATICITY DIAGRAM

C AND PLOTS POINTS ON IT

C
C STANDARD CALCOMP PLOTTING ROUTINES ARE USED

C
PARAMETER (MXPURE=Y)
DIMENSION IWAVEL(MAXPURE).XPURE(MXPURE).YPURE(MX(PURE)
DIMENSION XPLT(NPTS).VPLT(NPTS),ITOP(8),ITITLE(8.NPTS)

C
DATA IWAVEL/400,450,460.470.475,480.485.

4
9O.494/

DATA XPURE/.1733,.1.566,.1.440, .1241, .1096. .0913,. .687, .0454. .0259/

DATA VPURE,.0048. .0177. .0297. .0578. .0868. .1327. .2007, .2950, .4/

C
DATA XINCHYINCti,4.0,4.0/, .mTIC/U. 1!
DATA RADEG/57.295779513/

C
C INITIALIZE AND UkAW AXES
C

CALL AXIS(O.O,0.0, IHX.-1.XINCH,...0,O0. 1)

CALL AXIS(O.0,0.O. IHY, I,YINCH.90.O.O0.0.O. 1)

CALL PLOT(O. .VINCH-,3)
CALL PLOT (XI NCH1. INCh. 2)
CALL PLCPT(XINCH.O.,2)
NC NCHAR(ITOP.I3)

IF(NC.NE.O) THEN.
CALL SVMBOL(0.5*

4
XINCH - 0.5*FL0AkNC)rIIC. VINCH"2.O'HTIC. HTIC,

1 ITOP.O.0.NC)
END IF

C
C DRAW THE SPECTRiM LOCUS
C

XSCALE =XINCH/,4
YSCALE 'IYINCH/0.4
CALL PL-OT(XSCAL-E*XPuRPE(l),VSLALF*,PURE(l),3)

Do 100 I=2,MxPukE-1
CALL PL-OT(XSCA( -XPIJRE(I),VSCAIF'VPU)RE(I).2)

C
C ADD TIC MARKS

SLOPE -(XPURE(I'l) - XPURE(I 1))/(YPURE(I1) - YPURE(I-1))

THETA RADEG*AFAN(SLOPE) - 90.

CALL SYMBZL(XS-A-E*XPURE(I).VSCALE4VPUiRE(l).HTIC,13,THETA,.1)
100 CON rI NUE

CALL PLOT(XSCA E*XPURE(MXPURE),HSLALE*VPURE(MXPURE),2)
CALL PLO)TIXSCALEF*O.4.VSCALE

4
O.11OO.Aii

CA..-L PL~ll (XSC -PJE (), Sc ALEPl,RE 1 ) ,2)

C
C ADO wAVELEN(rti LABELS TI- SELECTET) 11L

C
00 I110 1=1,8

ENCODE(4.120.FILD) IWAVEL(I)

1 10C CALL SVM9()L( X ALE*XPRE( I.( IL :,ALtPURE I )-U.5HTIC.
iHTIC, bCD,O. 0,4)

C

C PLOT THE WrIlTE POINT
CL

CALL 'SVM90L (XI,(A, E/3.U. VS(CAIE/A .,0.7,V-I

C

C PLOT CHROMA I I TV COROI NATES L. TyPi) 'ON THE (DIAGRAM

C
IF(NPTS Fi Tol 'HEN

DO '00 1=1,N 'C.,

X XCALE*)ePLT( I)

YV Y SCA L E - ,1

CALL S'IMB0L( V,CL5*tjT IL, 1.Ju, 1)

I F( LABPN .NE .t THEN

FPN =FLi)AT I)

CALLN ME(X5hIv-5H.'.'NJ..)
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X =XINCH +1.0
v = YINCH - FPN*2.O*tHTIC
CALL NUMBER(X.Y.HTIC,FPN.0.O -1)
NS =NCHAR(ITITLE(l.I),B)
CALL SYMBOL(X+2.5*HTIC.YriTIC.ITITLE(1 I) .O.O,NS)
ENDIF

200 CONTINUE
END! F

C

CALL PLOT(D. .0., -3)
RETURN

C
120 FORMAT(IH- .13)

END

SUBROUTINE PLTCHR(XPLT.VPLT.NPTS,LABPNT.ITOP.ITITLE)
c
C ON NHM6/PLTCHR
C
C THIS ROUTINE DRAWS A CHROMATICITY DIAGRAM AND PLOTS POINTS ON IT
C
C STANDARD CALCOMP PLOTTING ROUTINES ARE USED
C

PARAMETER (MXPURE=37)
DIMENSION IWYAVEL(MXPURE),XPURE(MAPURE).YPURE(MXPURE)
DIMENSION XPLT(NPTS),YPLT(NPTS),ITOP(8),ITITLE.8.NPTS)

C
DATA IWAVELI400.450,460.470.475,480,485,490,
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 .0454, .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, .b658, .6915,. 7079,
4 .7190._7260.-7347/
DATA YPURE/.0048..0177,.0297..0578,.0868,.1327..2007,
I .2950. .4127, .5384, .6548. .7502, .8120),.8338. .8262. .8059.
2 .7816, .7543.. 7 43, .b923, .6589, .6245, .5896. .5547, .5202.
3 .4866. .4544. .4/42, .3965. .3725, .3514, .3340, .3083,.'.2920,
4 .2809, .2740,.z65,3/

c.
DATA XINCHI,VINCti/4A.4.5/ . HTTC/0. 1/
DATA RAOEG/57. 295779513/

C
C INITIALIZE AND GRAW AXES
C

CALLAM3.J. .H,-1,IC,000..02
CALL AXIS(O,0,.(.O HY, l,VINCH,90.0,0.O,0.2)
CALL. PLOT(0..Ylr4Cm,3)
CALL PLOT(XINC"1. INCtH, 2)
CALL PLOT(XINC"H.. 2)
NC =NCHAR(ITOP,8)
IF(NC.NE.O) THEN
CALL SVMBOL(0.5*XINCH - 0.5*FLUAT(NC)*HTIC, YINCH 2.0

4
HTIC, HTIC,

1 ITOP,0.O.NC)
ENDI F

C
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C DRAW TH-E SPECTRUM LOCUS
C

XSCALE zXINCH/0.8
YSCALE z 'INCH/O.9

CALL PLOT(XSCALEPUPF 1),YSCALEYUkE,,l),3)
DO 100 1=2,MX(PURE-1
CALL PLOT(XSCALE*xPuRE(I).VSCALE'N'PURE(l)2)

C
C ADD TIC MARKSC

SLO0,E z-tXPJR I PR )VPRE(II ' 1)-PURE (I-i))

THETA = RADEG*ATAN.(SLOPE) -90.

CALL SVMBOL(>SCALE'XPURE(I),YSCALEsVPURFE(1),HTIC.13,THETA.-I)
100 CONTINUE

CALL PLOT(XSCALE*K~PuRE(M)PURE),'ySCALE
4
YPURE(MXPURE).2)

CALL PLOT(XSCALE*O.2463,VSCALE.0.0387.2)
CALL PLOT(XSCALE0. 1845.N'SCALE

4
D.O100,3)

CALL PLOT(XSCAL~z*XPOREI1),VSCALE*YPURElt).2)
C

C ADD WAVELENGTH LABELS TO SELECTED TICS)
C

ENCODE(4. 120.8C)i IwAVEL)

CALL SVMBOL(XSCALE*XPURE(l) .YSCALE*YPIJRE(l)-0.25*HTIC,HTIC,BCD.
1 20.0,4)
ENCODE(4. 120.Bu ) IWAVEL(3)

CALL SYMBOL( ASCAtE*XPJREI 3 )-4 .UWT IC , SCALE*YPUREti)-2.U*HTIC,
1 HT IC OCO. 0.0,4)

ENCODE(4.120,BCL)) IWAVEC)4)

CALL SYMBOL(XSCALE*XPORE(4)-4.U*HTIC , YSCALE*YPURE(4)-2.0*HTIC,
I HITIC. BCD,20.0,4)

ENCODE(4,120,BCD) IWAVEL(6)

CALLC SYMBOL(XSCAL-E*XPURE(6)-4 .O*rT1CI YSCALE*YPURE(b) -2.O*HTIC,

I HICBCD. 20.0.4)
Do 110 Iz8,34.:'
ENCODE(4,120,BCP,. IWAVEL(I)

110 CALL SYMBOL(SCALE*XPURE(l),YSCALE4~YPuRE(I)...25HTtCWHTIC,BC.
1 20.0.4)
ENCODE(4.120,BCD) IWAVEL(37)
CALL SVMBOL(XS E*XPURE(37),VS(ALE4VPURE(37)-0.254HTIC,HTIC,BCD,

1 20.0,A)
C
C PLOT THE WYHITE ' )INT

C
CALL SMO(~L/..SAEJUJ~JU.1

C
C PLOT CHROMATICITY COORDINATES (APLT,/PLT) ON THE DIAGRAM

C
IF(NPTS.GT.O) tIiEN
Df) 200 I=1.NPI'

x-xS( ALE*(P[I)

Y z SCALE*YPL(I)

IF (LABPNT.NE. C. THEN

FPN =F OAT(I)

CALL NUMBER(XI j *HT ICY-Cj .5-H1 I.JT I , FPN L) .,-1)

A XINCrI I '
Y Y INCH -- FL 02.0*HTIC

CAL. LJB(..,T ,P.J -

NS NCHIAR(IJ; E (1,I I ,

CALL -,YMBOLIX 4rIVTTI. 11 U.,S

ENDI r

2U J C_0N4T 114 1E
E14D I F

C
CALL PjOT(). ,-A

RETU i

C
120 FORMAT ( 1H .,5ji

ENrD
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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
= I if the logarithm (base 10) of the data is to be plotted

IAUTOY = 0 if Record 3a specifies the y-axis scaling
= I if the plot program examines the data to determine convenient y-axis

scaling

IPLABL = 0 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
= I 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 is 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 2
1 ---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

12.

Now, NCODE = 5

Record 4: LABTRC

This is a label for the plotted trace. Up to 80 alphanumeric characters are allowed.

Record 5: THETPS, P(l), P(2),...,P(13)
This record has the same form as record 4 of Program MPCHRO: THETPS is the solar

zenith angle and P(l), I = 1,., 13 is the data value for wavelength I.

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(INPUTOUTPUTTAPE5=INPUT.TAPE6=OUTPUTTAPE98,
I TAPE99)

C
C ON NHM6/MPWAVE
C
C THIS PROGRAM PLOTS DATA AS A FUNCTION OF WAVELENGTH.
C
C ALL PLOTTING IS DONE USING STANDARD CALCOMP CALLS
C (TAPE98 AND TAPEJ9 ARE USED BY THE CALCOMP ROUTINES, AS

C IMPLEMENTED ON TriE AUTHOR'S CDC CYBER 855 COMPUTER.)
C

PARAMETER(MXWAVE=13, MXTRAC=20)
PARAMETER (MXPLT=MXWAVE+2)
DIMENSION DATA(MXWAVEMXTRAC),LABTRC(8.MXTRAC)
DIMENSION LABVAX(8),ITITLE(B)
COMMON/CSCALE/ yINCH,VMAXYMIN, IDIVNCODE,VFMT(2)
COMMON/CWORK/ X(MXPLT),V(MXPLT),TRACE(MXPLT,MXTRAC)

C
DATA NWAVEL/13/

C
CALL PLOTS
CALL PLOT(2.0, .L,.-3)

C READ THE TITLE FOR THE TOP OF THE PLOT
998 READ(5,1O0,END=1000) ITITLE

C TITLE FOR THE V AXIS
READ(5,100) LAB' AX

C
C READ PLOT SPECIFIERS
C
C NTRACE = THE NMBER OF TRACES (CURVES) TO BE DRAWN

C ILOG = 1, IF LOG(BASE 10) OF THE DATA IS TO BE PLOTTED
C 0, IF AC'70AL DATA VALUES ARE TO BE PLOTTED
C IAuTOY = I. IF THE PLOT PROGRAM EXAMINES THE DATA TO DETERMINE

C CONVENIENT Y AXIS (ORDINATE) SCALING
C IPLABL 1 , IF THE PLOTTED CURVES ARE TO BE NUMBERED AND LABELLED
C 0, IF THE CURVES ARE NOT NUMBERED AND LABELLED
C IATMOS I, IF THE RAW DATA VALUES ARE TO BE SCALED BY THE
C WAVELENGTH-SOLAR ANGLE DEPENDENT ATMOSPHERIC MODEL
C 0. IF THE RAW DATA ARE NOT SCALED
C

REAG(5,*) NTRACE,ILOGIAUTOY.IPLABL.IATMOS
C
C READ THE SPECIFICATIONS FOR SCALIr4o THE Y (VERTICAL) AXIS. IF DESIRED

C YINCfi... THE LENGTH OF THE Y AXI , IN INCHES
C YMAX, YMIN.. .Tt-E MAXIMUM AND MINIMUM V VALUES TO BE USED FOR

C Ti - Y AXIS LABELS
C IDIL. . THE NUMBER OF DIVISIONS OF THE V AXIS, FOR LABELLING TIC MARKS
C NCDE .. THE NU'48ER OF CHARACTE-,S IN TiE TOTAL WIDTH OF THE Y-AXIS

C TIC MAP' LABELS (USED IN ENt.UDE STATEMENTS). E.G. IF THE
C NEXT DATA RECORD HAS (F6.2.2ti ) AS THE FORMAT, THEN
C NCODE = b + 2 = 8
C VFMT. .A FORMA- FOR LABELLING THE V AXIS TICS. IT SHOULD END
C WITH ,2l ) WHICH DRAwvS THE T!L MARKS WITH THE MINUS SIGN

IF(IAUTOY.EQ.0) THEN
REAL) f 5.4 ) YIN H. VMAX ,YMIN, I1D v . NOD

READ(9. I0) VFMT

ENDIF

READ THE TRACE .ABELS AND THE DA'A 1( BE PLOTTED, ON STANOARD
wAJELENOTH FORMAT

C

")0 /IJ( NTR:I.NTRACE
READ(5,10O) (LABTRC(I ,NTR)jI l,8)
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READ(5.4) TlHETPS, (DATA(I .NTR) ,I=1,NWAVEL)
C

IF(IATMOS.NE.O) THEN
L SCALE THE RAW DATA AC'CRDIN'D TO 7FlE ATMOSPH-ERIC MODEL

CAL ATMOS(TH-ETPS.DATA(1,NTRJ)
ENDI F

200 CONTINUE
L

C PLOT THE DATA
C

CALL PLTWVL(D)ATA.NTRACE,ILOGIAUTOY,LABTRC,IPLA8LLABVAX,ITITLE)

CALL PLOT( 18.0.0.0,-3)
GO TO 998

C
1000 CALL PLOTj. ,0. .-98)

WRITE(6,99 )
C
C

100 FORMAT(8A1O)
999 FORMAT(IH 'WAVELENGTH PLOTS COMPLETED'

END

S,,k JT VINE P- Tv,;L (DAT A *NTRACE. I1 I.. iAt-10v ,1 AB7IC I PL ABL , LABYAX.
1 ITITLE)

C

C THI S POUIlNt P, (*I DATA AS. A FuNhCT iori OF THE 13 NHM WAVELENGTHS.

C

C DA: 13,NkE -'r:.4 1 4'. .. i TO BE PLOTTED). EACH
C COLUMN HOLDS ONE FUNCTION OF WAVELENGT, TO BE
C. P-LOTTE5 AS -t4E TkACE UJN THE GRAPH.

CACTUA, CAl A /aLJES APE To) BE -LOTTED
C 1. IF LOG(BASE 1fl-) CF TtiE DATA I To BE PLOTTED
C
C I A,,TUY . - j IF '-IE Y (,/EkTICAL; SLA IN , IS PREDETERMINED IN
C -- L -I -j(PAYCCM~ bLUCK CSLALE)
C 1. IF 7111E bA7A vALUE--SHOLLE0 BE E,-.AMINED Toj DETERMINE

L LAbTPCl( I ,NTkALE) .. LBELS kUSEZI TO IDEN.TIFY THE TRACES, LIP To 80
C C-APAC:TE;0 FAC-, T

1
lE LABEI, APE PLOTTED IF

C tAHYAX48) _A 4 jj,, ': E 7,1L A~ ICIAIA) AX(IS, UP TO 80 CHAR

C ITI TL.E(B; ... A T1 -, E IO (k TtE TjCl I;F TfIE PLOT , UIP 70 80 CHAR
C
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C PARAMETER(MXWAvEzl3, MXPLT=MXWA\,E*2, MXTRACz2O)

DIMENSION DATA(MXWAVE,NTRACE), LASTRC(8,NTRACE),LABVAX(8)
DIMENSION ITITLE(B).FMT(2)
COMMON/CSCALE/ VINCH.VMAX.VMIN.IDIVNCOOE.VFMT(2)

C COMMON/CWORX/ XPLT(MXPLT).VPLT(MXPLT).TRACE(MXPLT.MXTRAC)

DATA JSYMB/l/. LSYMB/1/, NWAvELI13/
DATA XINCH/6./,YINCH/6,H/O 15/
DATA FMT/lDH(F6.2.2H -. 10H)

C
C SELECT ACTUAL OR LOG VALUES
C

IF(ILOG.EQ.D) THEN
DO 100 J=1.NTRACE
DO 100 I=1.NWAVEL

100 TRACEU,.J) =DATA(IJ)
C

ELSEIF(ILDG.EQ.I) THEN
DO 102 J=1,NTRACE
DO 102 I=1,NWAVEL

102 TRACE(I,J) = ALOGIO(DATA(IJ))
C

IF(IAUTOY.EQ.D) THEN
YMAX =ALOG1O(YMAX)
YMIN =ALOG1O(YMIN)
ENDI F
ENDI F

C
C SET UP Y-AXIS SCALING
C

IF(JAUTOY.EQ.0) THEN
C
C USE PREDETERMINED SCALING VALUES
C

DINCH z INCH/FLOAT(IDIV)
DLABL z YMAX - MIN)/FLOAT(IDIV)
FLABLO = MAX
VZERO = MIN
YPINCH (YMAX - MIN)/YINCH
ELSE

c
C EXAMINE THE VALUES TO BE PLOTTED TO DETERMINE THE VERTICAL SCALING
L

YMIN = .0E200
YMAX -1.0E200
DO 110 j1l,NTRACE
DO 110 11I,NWAVEL
YMIN = AMIN1(VMINTRACE(I.J))

110 YMAX =AMAX1(YMAX.TRACE(IJ))
L

MINV = IFIX(YMIN)
IF(YMIN.LT.O.) MINV = MINV -
MAXV =IFIX(YMAX)
IF(YMAX.GT.0) MAXV =MAXV +
MRANGE = MINV - MAXV
[DIV =IABS(MRANGE)

302 IF(5.LE.IDIV .AND. IDIV.LE.1O) 60 TO 300
IF(IDIV.GT.10) C6O TO 301
IDIV = IDIv*2
GO TO 302

301 [DIV = (IDIV + 1)/2
GO TO 302

300 DLABL =FL0AT(IABS(MRANGE))/FLOAT(IDIV)
IF(DLABL.LE.1.) GO TO 303
IF(FCOAT(IFIX(DLABL)).EQ.DLABL) GO TO 3UJ
MRANGE =IDIV*IFIX(DLABL + 1.)
GO TO 300

303 DINCH = YINCH/FLOAT(IDIV)
FLABLO =FLOAT(MAXV)
YZERO =FLOAT(MINV)
YPINCH =FLOAT(MAXV - MINV)/VINU-i.
NCODE = 8
YFMT(1) =FMT(1)
VFMT(2) =FMT(2)
END IF

c
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C DRAW BORDER AND LABEL V AXIS
C
C

CALL PLOT(O. ... 3)
CALL PLOT(3.,YINCH. 2)
CALL PLOT(XINCH.YINCi, 2)
CALL PLOT(XINCHO .. 2)
CAL.L PLOT(O. .0.. 2)

C
XX z-(FLCJAT(NCOJDE) - 4*
DO 310 I=l.IDIV.3

Y Y INCHI - 0 . 4 5*H- - F-A(1-1 L 4l
FLABL =FLABLO - FL0AT(I-1)*CDLABL
ENCOE(NCODEVYFMTBCD) FLABL

310 CALL SVM8OL(XX. vv.i-.B")Co.O.NC)jLE-)
XX = -1. 2

NC zNCHAR(LABYAA.8)
Yy C.5*YINCH - 0.5*FLOAT(NC)-.,
CALL SYMB)L (X .Y V.H. LABYAX .90.0,t,

c DRAW HORIZONTAL AXIS

Y2 -2. 35'H
CO 120 I'N.,A.E>

LALLSMO(~Y.-3

I F (MiOD ( , 2 .NE . 0 J r-~
LAMt)DA z400 +-
ENC,-ODE(3, 122,8,--) -AMBDA
CAL-L LYMABOi-AX 1 .r-.2,I'~ju
END I F

1 20 CONTINUE
CALL SVME3L 0 . X INC"l - c' C*H,-4 ti 1.I rwAELL Gf1 hIN1 NM, 0. 16)

C

C DPAW TITLE AT TOP
C

NC zNC-iAR(jT'TL.E.6)

XX z 5*XNCH- 0.5*FLOAT(NC)*H

vl zYN,.H I * 0

CAL

L PLOT THE TRACES

c SET UP THE X C0rjkDINATES, VwI>- SCALING FA(:CORS
D0 '00 I1.,NAvE

200 XPLT(1) = 400.0~ +FO%~fI
APLT(NVYAVEL-1) 40C.0

XPT!WAVEL+-) = L,.

C .E7 UP Y LUNONATE-S ANL, P-'

C

YPI-TNYAVEL-1J ~ rk
, 2L-T(NVYAVEL+.2 v - ,C

20 10 ;& > I .N q E
00 2 1 - £I ,r, AvE

2 12 YPLT~i ( TRAL-E (

C NoMbEN 'HE .'CE

-r 1 iL ( "14 , 0 -- ,
C(A,-, S MSOL 1v B E~

I F IPLA8-.EO.u) C,..j I U

Yv YN(:H -fP.2 ~-
f AL NUi MB ER X H . F'
fN(. N L -IA R ( .A Bl kC 1 (, . J 0

210J CONTINUE
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RETURN
c

122 FORMAT(13)
214 FORMAT(I2)

END
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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 l/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)

VINIULFF 4/EIGENR multiplies two matrices

VSRTA 4/EIGENR sorts an array by algebraic value

VSRTR l/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(0,0) = N0(l + C cosO)

or

N(tO) = No(1 + C 1) (B. 1)
where No and C are constants to be chosen. Note that this sky radiance distribution is independ-
ent of azimuthal angle 4 or wavelength X. The form (B.1) yields the quad-averaged radiances

N(u,v) = N0(1 + C tu)  (B.2)

where, as always, jtu is the average -value of quad Qu,.

The scalar irradiance h(sky) of the radiance distribution (2) is given by 75/8.4:
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m-I 2n

h(sky) = Y , N(u,v) !, +N(m,-) Q
u=i v=1
m-I 2n

= I X No(1 + CI,)Atu( + No(1 + Ci) 2cAI.gm
u=1 v=1

m

= 2nNo IC ( + C. )A.u
u=l

= 2nNo I Ap + C I9u. A]

1 1

= 27cNOI + C)(B.3)

For a uniform sky, C = 0, and we get h(sky) = 2itN o , as expected.

The plane irradiance H(sky) is given by 75/8.7, which reduces to

H(sky) = 2nNo( +C) (B.4)

V 1

after using , A = 3". For a uniform sky, C = 0, we get H(sky) = irN0, as expected.
u=i

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) (B.5)h(sun) + h(sky) = h(total)

Using (B.3) and (B.5) and solving for No gives
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No = R. h(total) (B.6)

and h(sun) = h(total).(1-R).

Subroutine QASKY computes the quad-averaged input radiances by

N(u,v) = R(1 + CR) h(total) (B.7)

for "sky only" quads, and

N(u,v) = + + CR) h(total) (B.8)
2n 1+

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)/2n.

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 f P(X) - (?,) d (C.1)

400

with corresponding equations for Y and Z. Here k is wavelength in nanometers, P(X) is a
radiance or irradiance, and (X) is the tristimulus (color matching) function for red.

This integral 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
A =25 nm, and run the monochromatic NHM at the 13 wavelengths of X = 400 nm,

2 = 425 nm,...,X23 = 700 nm. Then X is computed by

X = 680 -kf tP(400) R (400) + 4P(425) R (425) + 2P(450) R (450) +

... 2P(650) 9 (650) + 4P(675) R (675) + P(700) -K (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 Y _ Z (C.3)
X+Y+Z ' - = X+Y+Z , z--X+Y+Z"

The (x,y) normalized coordinates can be used to plot a point on a 1931 C.I.E. chromaticity

diagram.

The table below gives the values of i(X), (X), j(X) for the 13 X-values used in the NHM.

Tristimulus (color matching) functions i, and *

weight for Simpson's
x x(%) y(k) z(X) 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 .99:)0 .0087 2
575 .8425 .9154 .0018 4
600 1.0622 .6310 .0008 2
625 .7514 .3210 .0001 4
650 .2835 .1070 0 2
675 .0636 .0232 0 4
700 .0114 .0041 0 1

sums 4.2699 4.2712 4.2617

Integrals
for P(X) = 1 72319. 73005. 72170.

700
Note that the integrals 680 J R(,)dX = 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 11 (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), ., 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 w, yw) and each of the 37
plotted spectrum locus points [xp(I), yp(I)], I = 1,...,37.

2) Then compute the slope of the line between the white point (xw, yw) and the plotted point
(x,y).

3) Then search through he set of "spectrum locus slopes" from 1) until the slope from 2) is
located between the I and (I+l)S spectrum locus slopes. We now know that the dominant
wavelength X will be somewhere between X, and X1+1, where X, is the wavelength of the I

plotted spectrum locus point.
Since different pairs of points (x1, Y1), (xw, yw) and (x2, y), (xw, Yw) can have the same
slope, it is necessary to note if x < x. or x > xw and if y __ yw or y > yw. The slopes in the
corresponding quadrant of the chromaticity diagram (lower left, etc.) can then be searched.

4) Compute the intersection point (xi, yi) between the line connecting the Ith and (I+l)st
spectrum lows points and the line determined by the white point and the plotted point. The
point (xi, yi) is computed from the solution of{ - - -s the line determined by (x,y) and (xw, Yw)yi - Yw y - yw

xi - xP(I-1) x (I) - xp(I-i) the line determined by
- y,(I-i) = yp() yp(I-1) --2x (I), yp(I)] and [xp(l+l), yp(I+1)]

which gives

= 2 Xw - Si Xp(I-1) - S1 S2 [yw - yp(I-1)

S2 - Si

(C.4)

x, - xp(I-l) - Si Y, + s2 yp(I-1)
S2 - Si

5) Given the intersection point (xi, y.), compute the distance d1 from [x (I), y (I)) to (xi, y)
and the distance d2 from (xi, y) to Ixp(I+1), y p(1+l). Then the dominJ'nt wavpelength is

d2 + J (C.5)

6) Compute the distance d3 from (x,y) to (x w, yw) and the distance d4 from (xi, yi) to (x w, yw).
Then the purity is

p = d3 (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 at 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 - nm "1 . 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, 0., 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

300 dust particles per cm3 in the air

0.28 cm of ozone per unit of optical air mass

The optical air mass is 1 when 0. = 0° (the sun is at the zenith); it is 2 = sec 60* when 0S = 600,

and so on. The scalar irradiance at sea level, hSL(X, Os), is given by

hSL (k, 0s) = h. (k) e-ax secO, (D.1)

where hs(X,) is the solar scalar irradiance at wavelength X, outside the atmosphere, and ax in-

cludes all scattering and absorption effects of the model atmosphere. The table below gives the

values of hs(X)t and oc, €.

* Taken from the Handbook of Geophysics and Space Environments, ed. by S.L. Valley, Air Force
Cambridge Research Lab, 1965, page 16-19.

t These values are taken from Hydrologic Optics, Vol. 1, page 23. The associated solar constant is
1396 W m2 , which is somewhat too large.

t From the Handbook of Geophysics and Space Environments. The associated solar constant is
2 -1322 W m-, which is somewhat too low. The oc, are rescaled to be consistent with 1396 W m2 .
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nm W m2 nm-1

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
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