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I. Introduction 

A computer program has been developed to aid in the investigation of 

the effects of solar middle-ultra violet (280-340nm) radiation upon aquatic 

ecosystems. This program permits a quantitative evaluation of radiation 

effects throughout the water column. It provides a basis not only for 

estimating the penetration of present levels of UV-B into various water types 

but also for estimating the penetration of increased UV-B which may result 

from changes in the ozone concentration of the stratosphere. Since aquatic 

organisms are more responsive to some wavelengths than to others, the biolo­

gically effective dose rate as a function of depth is calculated. The 

program performs these calculations in the following manner. 

The computer program of A.E.S. Green (Green, et at. 1974; 1974a) 

calculates the middle-ultra violet (280-340nm) spectral radiation levels 

incident upon natural waters. The extraterrestrial solar irradiance is 

calculated using an analytic formula. This irradiance is propagated through 

the atmosphere using input variables such as ozone layer thickness. 

The biologically effective irradiance is found using a weighting 

function e(A) that takes account of the wavelength dependency of biological 

action. Three different response functions are available (Green, et al. 1975) 

as shown in figure 1: 

1) erythema (Komhyr and Machta, 1973) 

2) plant (Caldwell, 1968) 

3) DNA (Setlow, 1974) 

The choice of a biological weighting function depends upon the organism being 

studied. We have worked with Setlow's DNA action spectra as representative 

of a basic action spectra for small ocean organisms. It should be noted that 

the choice of normalizing wavelength for e(A) is arbitrary. 
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The irradiance and the response weighted irradiance are taken through 

the water surface (Austin, 1974). Propagation through the water column is 

accomplished using 

E(Z) = E(0) . e"
KZ , 

where K is the diffuse attenuation coefficient for irradiance. Four possible 

sets of spectral K values are available (Smith and Baker, 1978c) as shown in 

figure 2: 

1) for chl < .025 mg chl a • m"3 

2) for chl = .05 mg chl a • m"3 

3) for chl = 0.5 mg chl a • m"3 (and high DOM) 

4) for chl = 0.5 mg chl a • m"3 

The first case is derived from various clear water data (i.e. Sargasso Sea). 

The second and third cases were obtained using extrapolations of data from a 

cruise in the Gulf of Mexico. The third case was found to have an abnormally 

high amount of dissolved organic material (DOM) present. Case four is based 

on a model developed by Smith and Baker (1978b). As more complete K data are 

obtained, this program can be added to. 

The dose defined by 

/ E • e • e"KZ dA 

and the total daily dose integrated over all sun angles defined by 

// E • e • e"KZ dA de , 

are calculated for each depth. For dosage calculations, times are input. 

These times must cover the day (i.e. 0600 to 1800) in order to get the total 

daily dose. Within the program, these times are changed to sun angles by 

subroutine EPHEM or THETA. 
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As an example of our use of this program (Smith and Baker, 1978c), 

figures 3 through 7 are given. Figure 3 shows how the biologically (DMA) 

weighted spectral irradiance (E • e) changes with ozone concentration. This 

shape results from the sharp spectral drop in DNA response with increasing 

wavelength which is mirrored by an equally sharp drop in the spectral irradi­

ance with decreasing wavelengths (figure 1). The standard atmosphere 

(WO = 0.32cm) example is taken to various depths in figure 4 using the clear 

water diffuse attenuation coefficients (case 1, figure 2). Using the diffuse 

attenuation coefficients from more productive waters (case 3, figure 2) gives 

the result in figure 5. It can be seen that the effective biological dose 

lies below 310nm in all these cases. Figures 6 and 7 then show the total 

dose as a function of the time of day for various ozone concentrations and 

various depths, respectively. The total daily dose for different ozone 

thicknesses and four water types is plotted as a function of depth in figure 

8. Thus this figure shows the penetration of biologically effective 

radiation into various ocean waters. It can be seen that the rate of attenua­

tion is strongly dependent upon water type. 

This program is written in FORTRAN IV language. It has been run on 

an IBM 360 computer. The program uses about 114K bytes in its present form. 

Its name in the Visibility Laboratory files is UVT. 
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rig. i. Relative biological efficiencies e(X) for Setlow's (1974) average action spectrum for 

biological effects involving DNA (dotted curve), for Caldwell's (1971) generalized plant 

response action spectrum (dashed curve) and for erythema (Komhyr and Machta, 1973) 

response action spectrum (dot-dashed curve) versus wavelength. The relative response 

(left hand scale) is normalized to 1.0 at the wavelength of maximum response (see Green, 

et al., 1975 for analytical representation). 

The solid curves (corresponding to the right hand scale) give the downward (noon) 

], at various depths, as a function of spectral irradiance, E(Z,90,X) [watt 

wavelength 

The product of eDNA(X) and E(Z,90,X) gives the curves shown in Fig. 3 
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Fig. 2. Diffuse attenuation coefficient for downward irradiance, for various water types, as a 

function of wavelength. 

Curve (1) for clearest open ocean waters where productivity is very low 

(0.025 mg chl a • m" 3). The dashed curve is data from the Sargasso Sea (25"43'N 65 41'W) 

(Tyler, Smith, Morel, 1974 as given by Smith and Tyler, 1976, Table 4). The individual 

clear ocean water data points are: • , Jerlov (1950, 1976) Eastern Mediterranean Sea; 

*, Calkins (1975) clear ocean water near Puerto Rico. The dotted portion of all curves 

are extrapolations from the actual data. 

Curve (2) for clear ocean waters of low productivity (0.05 mg chl a_ • m 3) from the 

middle of the Gulf of Mexico (26°00'N, 89°00*W) 22 October 1977. The solid line is data 

obtained using the underwater UV-Spectroradiometer and the Scripps Spectroradiometer. 

The dotted portion of the curve is an extrapolation of this data. 

Curve (3) for moderately productive waters (0.5 mg chl a • m 3) and a relatively high 

concentration of dissolved organic material from coastal waters northwest of Tampa, 

Florida (28°38.5'N, 83°06.0'W) 15 October 1977. The solid line is data obtained using 

the underwater UV-Spectroradiometer and the Scripps Spectroradiometer. 

Curve (4) from the model of Smith and Baker (1977b) for moderately productive ocean 

waters (0.5 mg chl a • m 3 ) . 
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Fig. 3. Downward irradiance, Ed(0~,8,X), times the Setlow DNA action spectrum (Setlow, 1974), 
£ D N A M ' for ozone thicknesses of uQz = 0.16, 0.24 and 0.32 cm for noon at San Diego, 
California (30°N 120'W) on 15 June 1977. 
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Fig. 4. Downward irradiance, Ed(Z,9,X), times the Setlow DNA action spectrum, E D M A M , for a 

standard atmosphere (oooz = 0.32 cm) at various depths at San Diego, California on 

15 June 1977. Data for clear ocean water, Curve (1) in Fig. 2. 
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Fig. 5. Ed(Z,8,X) • eDNA(X) vs X for IOQZ = 0.32 cm at various depths at San Diego on 15 June 

1977. Data for moderately productive coastal water with relatively high concentration 

of dissolved organic material, Curve (3) in Fig. 2. 
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6. Dose, FL.C0 ,X) [watt D̂NA ( S e t l ° w N̂A action spectrum weighted), as a function of 

local time computed using Green's semi-empirical analyt ical formulae (Green, et a l . , 
l'J74aJ for 15 June 1977 a t San Diego, California (30°N, 120°W) for 
and 0.32 cm. 
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Fig. 7. Eg(Z.X) [watt • m 2 1 D N A vs local time for 15 June 1977 at San Diego for u = 0.32 cm at 

various depths in clear ocean water, Curve (1) in Fig. 2. These data correspond to the 

data shown in Fig. 4. 
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Fig. 8. Total daily dose, EpgCZ) [J • m"2 • d a y " 1 ] , ^ (Setlow DNA action spectrum weighted), 

versus depth [m] for various water types and ozone thicknesses (io ) . The solid curves 

are for water type labeled (1) in Fig. 1, the curves for water type labeled (2), 

the curves for water typo labeled (4), and the curves For water type labeled 

(3). 
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II. Program Overview 

E • e 

E • e • s 

irradiance from Green's model 

spectral dose 

spectral dose below water surface 

E • e • s • e •KZ 

/ E • e • s • e"KZ dX = EB 

• 

/ E • s • e"KZ dX = ET 

spectral dose at depth Z 

total dose 

total irradiance 

/ EB (e) de = ETB (position,wo,e,K,Z) 

' * 

/ ET (9) d9 = ETOT (position,wo,K,Z) 

total daily dose 

total daily irradiance 
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I I I . Program Flow 

I STOP read AID 
KP.KPP 
KTRL,LBID0,A,A1 
M1.M2.IYF.AR ( i f KTRL^O) 
XLON.XLAT ( i f KTRL^O) 
Kl>K2,rjO,KC,Ql>Q2,P,Q 

ISTOP = 1 

w r i t e X 
write constants 

read 
WO,K, ISTOP 

T 
do for each z 

do for each G 

calc DT coefs 

do for each X 

calc DT, AT 

SUN = II • e"AT cos9 

DIFF = H • e _ D T 

taking thru water surface 
SUN = SUN • (1 - R) 

DIFF = DIFF • (1 - .066) 

taking to depth 

DIFF = DIFF' • e 
,. ,. -KZ h = I; • e 
RATIO = DIFF/E 

-KZ 

Yes 

STORF,(A,e) = K • c(X) 
GRAP(X) = STORE(X,0) 
STOR(X,G) = F. 

PLOT li 

t-

Dosn 
rosn(o) = J F. • c dX 

ET(6) = J E dX 

RATIO = DOSF,(0)/ET(0) 

PLOT DOSE V TIME 

+ 
TOTAL DAILY DOSE 

F.TB(Z) = / DOSE(e) de 

EFOT(Z) = / ET(6) d6 

write detailed 
time,0,X,AT,DT, 
SUN,DIFF,E, 
RATIO, NT,STORE 

wri te t ime,6 , 
IXISli.irr, RATIO 

wri te Z.ETB.ETOT, 

ETOT ' • ^ 
•ETET 

ETB 
ETOT ' 

ETOT (Zl) 



Green's Model 

irradiance = sun component + sky component 

H [e"AT cos + e"DT] 

H = extraterrestrial solar flux 

AT = attenuation thickness along the direct path 

(sum of contributions from ozone, air, aerosol) 

DT = diffusing thickness due to multiple scattering 

1) H = 0.552 ( 1 + X " 5y°
0 , ) 

X = wavelengths between 280 - 340 nm 

( KC • TAUO - X'fJ
00 ) 

2) DT = Kl • e U(-0J SEQ1 + K2 • SEQ2 

SEQ1(9) = 1 / Jl - s i n^(9) 

- i / 7 l - ^ I 

D(9) = DO x SPEQ(e) 

SEQ2(9) . , _ ^ 

qir,Pffl) 1 / p 

SPEQ(9) = 1 / t 1 - S i n
Q

( - 9 J ] 

TAUO = ozone optical thickness at 300 nm = 10 • WO 

parameters: K1,K2,D0,KC,Q1,Q2,P,Q 

variables: WO ozone thickness in cm 

9 solar zenith angle in degrees 



3) AT = TAU(OZONE) • SEQ(OZONE) + TAU(AIR) • SEQ(AIR) + 

TAU(AEROSOL) • SEQ(AEROSOL) , 

TAU(OZONE) = TAUO • e " ^ " 3 0 0 ) / 8 J 

TAUO = ozone optical thickness at 
300 nm = 10 • WO 

TAU(AIR) = TURBIDITY • (300/X)4*267 

TURBIDITY = 1.218 

TAU(AEROSOL) = WPKP • (300/X)0'5764 

WPKP = aerosol optical depth = .4111 

assuming i = (ozone) or i = (air) or i = (aerosol) 

SEQi = 1 / Jl - S i^9) 

Qi = [1 + (Y i /R) ] 2 

Y (OZONE) = 23.5 KM 

Y(AIR) = 5.69 KM 

Y(AEROSOL) = 1.0 KM 

R = 6371.23 KM = EARTH'S RADIUS 
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Subroutines 

RESP - calculates response functions 

FRENEL - calculates Fresnel reflectance at an interface 

THETA : changes solar time to solar zenith angle (Green, 1974a) 

or 

EPHEM - changes solar time to solar zenith angle (Wilson, in 

preparation) 

1) Subroutine RESP 

Input variables: 

Y(I) - wavelengths (X) in nanometers 

K - indicates which response (erythema, plant, DNA) 

to calculate (see KTRL in data deck Sec. VI) 

Output variables: 

S(I) - response function (e) at wavelengths Y(I) 

The following equations are used: 

a. erythema (Komhyr and Machta, 1973) 

a' 
ee(A) = 

4a exp (X-•A0)/X£ 

ee(A) = 
(l+exp[(X--xo) /x£]} {1+exp 

a = .9949 a' = .04485 
Xo = 296.5 V = 311.4 

*f - 2.692 V = 3.130 

\ ) J/Af 



b. plant response (Caldwell, 1968) 

e cU) -a [1-(X/Xc)
n] exp - [(X-XQ)/X£] 

a = 2.618 

Xc = 313.3 

n = 2 

X^ = 300 o 
X£ = 31.08 

DNA (Setlow, 1.974) 

eDNA(A) = exp { k -1 } 
1+exp (X-XQ)/X£ 

k = 13.82 

X = 310 
o 
X£ = 9 

2) Subroutine FRENEL 

Input variables: 

RI = 4./3. = air-water index of refraction 

THI = angle of incidence (i) in degrees 

Output variables: 

R = Fresnel reflectance at an interface 

The following equations are used: 



R = 1/2 
sin2 (i-j) tan2 (i-j) 

+ 

sin2 (i+j) tan2 (i+j) 

j = sin"1 ( - sin(i) ) 

at i = 0° 

(n-1)2 

R = 
(n+l): 

at 

R = 

3) Subroutine THETA or EPHEM 

THETA 

Input variables: 

M1,M2 

X(3),X(4),X(5) 

X(6) ,X(7) ,X(8) 

X(9) 

X(10),X(11),X(12) 

X(13) 

X(14) 

XLON,XLAT 

month, day 

sidereal time (H,M,S) EST 

right ascension 

right ascension correction 

declination 

declination correction 

distance to the sun 

longitude and latitude in degrees 

Output variable: 

EL sun angle in degrees 
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b. EPHEM 

Input variables: 

M1,M2,IYEAR 

XLON.XLAT 

TIME 

month, day, year 

longitude, latitude in degrees 

local standard time in hours 

Output variables: 

AS 

ZS 

sun azimuth angle in degrees 

sun zenith angle in degrees 
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VI. Data Deck 

The input data deck is read in using free format indicated by a 

'*' in the format statements. 

1) form 

AID 

KP,KPP 

KTRL,LBED0,A,A1 

ML,M2,IYEAR (if KTRL^O) 

XLON,XLAT ( i f KTRL#>) 

KL,K2,D0,KC,Q1,Q2,P,Q 

WO,K,ISTOP 

2) explanation 

AID 15 characters of data identification 

KP,KPP graphing option 

KP =0 no graph E * e vs. wavelength 

£0 graph E * e vs. wavelength 

KPP=0 no graph time vs. dose 

#) graph time vs. dose 

KTRL,LBED0,A,A1 

KTRL=0 no dose calculation; uses sun angles TET 

1 dose using erythema response; uses TIME 

2 dose using plant response; uses TIME 

3 detailed 1 

4 detailed 2 

5 dose using DNA response; uses TIME 

6 detailed 5 

LBEDO=0 standard albedo values .05 

=1 other than standard (DIFF,SUN calculation varied) 

A = albedo value at which flux to be calculated 

Al = albedo value at which flux is known 

20 
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M1,M2,IYEAR (no need if KTRL=0) 

Ml month 

M2 day 

IYEAR > year 

XLON,XLAT (no need if KTRL=0) 

XLON , longitude 

XLAT latitude 

Kl,K2,DO... parameters used for calculating diffusing 

thickness DT 

Kl = 1.320 

K2 = 0.873 

DO = 7.700 

KC = 0.2770 

Ql = 1.120 

,Q2 = 1.060 

P = 2.000 

Q = 1.148 

WO,K,ISTOP 

WO ozone thickness (in cm) 

K diffuse attenuation coef. used to take irradiance 

down through water column 

= 0 K = 0 

= 1 K for Chl < .025 (Smith $ Tyler extrap. 

Sargasso Sea) 

= 2 K for Chl = .05 (22 OCT 77 RSS Station 8) 

= 3 K for Chl =0.5 but high DOM (22 OCT 77 

RSS Station 3) 

= 4 K Tor Chl =0.5 (Smith § Baker model) 

ISTOP explains next data card set 

= 0 this is last set of data 

= 1 goes back to read in (WO,K,ISTOP) 

= 2 goes back to read in (AID) 
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3) example 

r. =:=** S A M P L F . OF DATA FULLMW.S 

0 n 
S 0 
Oft I S 19 77 
l . ? 0 . 3 0 . 

1 . 3 ? - H 7 3 
. ?« 1 1 
. ?H ? 1 
. ?« 3 1 
. ?n 4 ? 

7 . 7 0 . ? 7 7 1 . 1 ? 1 . 0 6 1 . 1 4 H 

0 0 
? 0 
1? 1.5 1.9 77 
1 ? 0 . 3 0 . 

1 . 3 ? 
. ? " 
.?>< 
. ? * 
. ? * 

. H 7 3 C . / 0 . ? 7 7 1 . 1 ? 1 . 0 6 1 . 1. 4« 

O O 
s n 
06 1. S 1.9 7 7 
i ? o . 3 0 . 

1 . 3 ? 
. ? « 1. 
. ? f t ? 
. ? « 3 
. ?R ^ 

. 8 73 7 . 7 0 . ? 7 7 1 . 1 ? 1 . 0 6 1.1.48 

r< n 
? 0 
1 ? 
1 ?o 

1 . 
. ? 8 
.?>< 
• ?8 
• ?8 
/ f . 

IS . 1. 9 7 7 
. 3 0 . 
3? 

1 
1. 
1. 
O 

FNI'l I'lF 

,87 3 

)(|R 

7 . 7 0 . ? 7 7 1 . 1 ? 1 . 0 6 1 . 1. 48 
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VII. DATA Statements 

The following information is put into data statements within the 

program itself since these variables are changed less often than 

those input using the data deck. The wavelengths and K values 

are rarely changed whereas the time (or angle) and the depths 

depend upon the individual user. 

wavelengths to work at (280 to 340) 

V 
time (KTRL/0) 

TIME/ , NTIM/ 

angle (KTRL=0) 

TET/ , NTET/ 

depths 

ZD/ , NZD/ 

K values 

XK1/ 

XK2/ 

XK3/ 

XK4/ 
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FORTRAN IV MIIPFL 44MFT/WU V 3.5 PA1F 1? PEC 197H T 11" F (IXlf.iD P A O F 0001 

r. « » « PROGRAM U V I UVT 0 0 ) 
o n ? 
0 0 3 r. UVT ' 

0 0 ) 
o n ? 
0 0 3 

c THF M i n O L F U L T R A V I O L E T REACHING THF C R P i i N P , BY G R F F N , S A U A O A , S H U T T L E UVT n n 4 

r. WFIGHTFD AND T A K F N I IMOFRWATFR, BY S M I T H . B A K F R UVT 0 0 5 

r. U V T 

UVT 
OOiS 
0 0 7 

U V T 

UVT 
OOiS 
0 0 7 

c 1IV 7 OOP. 

c INPUT UVT 0 0 9 

c ( A I l ) ( I ) , I =1 , I B ) OATA I PENT I F I C . A T I P N ( 1 R A 4 ) U V T 0 1 0 

c K P . K P P UVT 01 1 

c K P = 0 NO GRAPH E*R UVT 0 1? 

r. * 0 GRAPH F*R UVT 01 3 

c KPP = 0 Ni l GRAPH 1 I M F V . OOSF 1 IV 1 p ] 4 

r. an GRAPH T I M E V . Df 'SF UVT 01 5 

r. KTRL | .H ,Fnn ,A . A l I IV1 01 f t 

c KTRI. = 0 COMPUTATION R F O I I I R F P A I THE ANGI.FS ' T F1 ' . IMP' OOS E UVT 0 1 7 

c C A L C U L A T I O N I S R F O I I I R F P . u v i 01 B 

c = 1 COMPUTATION R E U U I R F P AT THE T I M E S • T f F " . PPSF I I V T 0 1 9 

c C A L C U L A T I O N i s R F u n i R P o W I T H F R Y I H E M A S P F C T R U M . U V T P ? 0 

c = ? SAME AS K T R L = 1 . BUT i - I TH THF PLANT RFSPPNSE F U N C T I O N .UVT 0 ? 1 

c = ? SAME AS K.TRL=1 O F T A I L F P OUTPUT R E O U I R F O . u v i 0 ? ? 

c = 4 SAME AS K T R L = ? P F T A I I . F P OUTPUT R F O I I I R F P . IIVT o ? 3 

c = 5 SAME AS K T R L = 1 « B i n ' - ' ITH nNA RFSPOMSE U V I 0 ? 4 

r. = ft SttMF AS K T R L = 5 O E T A I L F O OUTPUT R F O U I R F P . IIVT n ? 5 

c I .HEPII = 0 , STAMOARP A I . H F P n V A I . U F S I 0 . 0 5 1 UVT 0 ? f t 

c = 1 , AI.BEOO VALES OTHFR THAN STAMPARn U V T 0 ? 7 

c A = AI .BFOU VAI . I IF AT WHICH THF FI.UX 1 0 BE C A L C U L A T E D u v i 0 ? H 

r. A l = A L B f O I I VALUE AT WHICH THF FLUX I S KNOWN UVT 0 ? 9 

c M ] , M ? , I Y F A R M O N T H , P A Y , Y E A R (MP NEFP I F KTRI_ = 0 ) U V I 0 3 0 

c XLPN XLAT L O N G I T U D E AND L A T I T U D E (MP NFFP I F KTRI_ = 0 ) UVT P31 

c K l , K ? , 0 0 , K C , 0 1 , 0 ? , P , 0 SEE 1HF FORMULA ABOVE FOR P T . UVT 0 3 ? 

c WO , K ISTOP UVT 0 3 3 

c WO = OZONF T H I f . H N E S S 1 IM CM) U V T 0 3 4 

c K = K VALUES HSEI1 TO TAKE I R R A O I A N C F TO P F P T H UVT 0 3 5 

c K = 0 K = 0 I I V T 03 f t 

c = 1 K FXTRAP FOR F.LFAR WATERS UVT 0 3 7 

r. = ?. ? ? O C T 7 7 S T A T I O N ft . 0 5 CHL U V T 03R 

c = 3 ? ? n r . T 7 7 S T A T I O N ? o . s r . H i . ( H I G H O P M ) UVT 0 3 9 

r. = 4 S M I T H ANO PAKER l»POFL 0 . 5CHI. I I V T 0 4 0 

r. ISTOP = 0 . STOP AFTER T H I S RUN u v i O i l 

c = 1 . 0 0 BACK 1 0 NO.SO 1 0 REAO I N MORF PATA FOR UVT 0 4 ? 

r. •Wl l , I S T O P ' AFTFH T H I S R U N . UVT n 4 3 

c = ? , 0 0 BACK I P N P . l TO REAP I N MOKE OATA FROM THF U V I 0 4 4 

c H F G I N N I N G AFTFR T H I S R U N . I I V T 

UVT 
u v i 

0 4 5 
0 4 f t 
0 4 7 r. OATA Y / = WAVF L F M 0 1 H I N NM 

I I V T 

UVT 
u v i 

0 4 5 
0 4 f t 
0 4 7 

c OATA T I M E / = EST I N HOURS (MSFT MHFM K I R l . t f P ) UVT 0 4 H 

r. OATA N T I M P / = TOTAL NUMHFR HF I I ^ E S U V T 0 4 9 

c OATA T F T / = SPI.AR 7 F N I 1 H A N G L E S ! USFO WHFN K T K I . = 0 ) u v i 0 5 0 

c OATA M T F T / = TOTAL NUMHFR OF T ^ l . UVT 0 5 1 

r. OATA 7 0 / = PFPTHS CALCUI .ATFD u v i 0 5 ? 

c OATA N 7 P / = TOTAL NUMHFR OF TENTHS I I V T 0 5 3 
r. 
c-

I I V T 
U V T 

0 5 4 
0 55 

VI 

s 



FORTRAN IV MOOFL 44MFT/WW V 3.5 DATF 13 DFC 197B TIME 0B15.49 PAGF OOP? 

OOOl 
000? 

0003 

0004 

0005 

000ft 

0007 

onofi 
0009 

0010 

001 1 

ooi? 

0013 

0014 

0015 

onift 
0017 
001« 
0019 

oo?o 

oo?i 
002? 

00?3 

0024 

0025 

sos SPECIFICATION STATFMFNTS *## 

INTEGER*4 PTSCN/17/, NCCap/5/, NLPRT/ft/ 

REAL*B XL0N,XLAT,TIMB,7S.AS 

REAL#4 K1,K?,KC 

DIMENSION 

DIMENSION 

DIMENSION 

I) I MENS I ON 

DIMENSION 

DIMENSION 

DIMENSION 

*3ft),CO(3ft).HL(25) 

*,R(25),DOSE(3ft) 

FTOT(20 1 

X0RI2),Y0R(2).70R(2) 

GRAPI25) 

XNAM1(9),YNAM1(4),XMAM2(2),YNAM2(3),ZNAM1(1) 

XK1(25I.XK2(?5)|XK3(25),XK4(25).XK5(25) 

FTB(20),ZO(10),XK(25).STOR(25,?ft),FT(36) 

Y(?5),AID(1B), X(14),SEOO(36),SFQA(3ft).SFOP(36),SNO( 

SN(3ft).TIMF(3ft).ANGLE(?ft),TFT(3ft),STORFI25,36 1 

##» INPUT FORMATS * * * 

1000 FORMAT!1BA4) 

301 
i 

30ft 

307 

) 
311 

321 

1001 

1002 

1003 

1004 

1005 

100ft 

1007 

100P 

1009 

# 

*»» OUTPUT FORMATS *** 

FORMAT!' 07=',Fft.2,' K=',I3.' Z=',F7.3,/ 

"PLOT TIME V DOSE NO!0),YFS(1)') 

FORMAT! ' TIMF,DOSF-XMAX,XMIN,XIMT,XLNLG(0, 1 1 , Y 

F O R M A T ! ' P7.= ' , F f t . 2 . ' K = ' , F 7 . 3 . ' Z = ' , F 7 . 3 , ' 
" T I M E = ' , F 7 . 3 . / . ' PLOT T I M E V DOSE N O ( 0 ) , Y E S ( I 
FORMAT! ' W | . , F * R - X M A X , X M I N , X I NT , XL I NL G ( 0 , I ) ,YMX 
F O R M A T ! ' NEW GRAPH N 0 ( 0 ) , Y F S ( 1 ) ' ) 
F O R M A T ! ' 1 ' , 1 R A 4 ) 
F O R M A T I B F 1 0 . 0 ) 
F O R M A T ! ' O T H E VALUFS OF PARAMFTERS FOR THE D I F F 

•RE ' / ' K l = ' , F f t . 3 , ' K 2 = ' , F f t . 3 , ' D 0 = ' , F f t . 3 . ' 
• F f t . 3 , ' 0 2 = ' , E f t . 3 . ' P = ' , F 6 . 3 , ' 0 = ' , F f t . 3 / l 
F O R M A T ! ' 0 ' , T 5 0 , ' H ' F X P ( - A T ) ' . T 9 1 , ' G L O B A L ' 

/ ' T I M E THFTA 

> ' , 5 X , ' * C O S ( T H F T A ) • , 3 X , ' P I F F U S F ' , f t X , ' G L O B A L S 3 X 

> , 3 X , ' R E S P O N S E ' ) 
F 0 R M A T ( F 7 . 2 , F 8 . 2 , F 7 . 1 , 1 P 6 E 1 2 . 3 . I 4 , 1 P E ] ? . 3 ) 
F O R M A T ( F 7 . ? , F 7 . 1 , 1 P 5 E 1 2 . 3 , I 4 , 1 P 1 E 1 2 . ? ) 
FORMAT! ' 0 ' , 2 X , ' I F NF I S NOT EOIIAL TO Z F R P , 

'D BY N F * F N O R M , W H F R F ' / 3 X , • F N O R M = ' , F f l . 2 , ' AMP 
' ) MUST BE M U L T I P L I E D BY 1 ( ) * * ( - N F * 5 0 ) ' ) 
F O R M A T ! ' O E X T R A T F R R E S T R I A L SOLAR FLUX H ' / 

> ' 0 Z.L= ' , 1 3 F f t . l / ' H = ' , l ? F A . 3 / ' 0 
>' H= ' , l ? F f t . 3 / ' 
»N NM AND H IS I N WATTS PER M # * 2 PFR N M ) ' ) 
F O R M A T ! ' 0 E = H # ( E X P ( - A T ) * C O S ! T H F T A I + F X P I - D T ) ) ' / / 

> 1 1 X , ' H " E X T R A T E R R E S T R I A L SOLAR F L U X ' / 
n i X . ' A T = A T T F N U A T I N G THIC.KNFSS ALONG THE 

l l X . ' D T " D I F F U S I N G T H I C K N E S S DUF TO M U L T I 
' O T H F FOLLOWING A N A L Y T I C FORMULAS ARF USFP FOR 

• 0 AT = T A I I ( 0 7 0 M E ) « S F 0 ( O Z O N F 1 + T A I K A I R ) « S 
* S E 0 ( A E R O S 0 L ) ' / 
l l X . ' T A I K O Z O N E ) = T A U P * F X P ( - ( Z L - 3 0 0 ) / R ) ' / 
I I X . ' T A I K A I R ) = 1 . 2 1 R * ( 3 0 0 / Z L 1 * * 4 . 2 6 7 ' / 
H X , • TAU (AERO SOL ) = 0 . 4 1 1 * ( 3 0 0 / Z L ) * * 0 . 5 7 f t 4 ' / 

M X , Y M N , Y I N T , Y L N L G ' I 
T I M F = ' , F 7 . 3 , 

) • ) 
, Y M N , Y I N T , Y I . I N L G ' ) 

U S I N G 
K C = ' 

T H I C K N E S S DT 
, F f t . 4 , ' 0 1 = 

ZL ' , H 
, ' 0 1 FF 

X , ' A T ' , 1 0 X , ' 0 
/ G L O B ' , 3 X , ' N F 

AT Mil 
H * E X P ( 

ST BF IMCREAS 
A T ) * G O S ( T H F T 

ZL = 
( Z L 

• , 1 2 F 6 
I S TH 

P I R F C T 
PLE SC 

AT AN 
F O ( A I R 

. 1 / 
F WAVFLFNGTH 

P A T H ' / 
A T T E R I N G ' / 
P D T ' / 
1 + T A I K AEROSOL 

UVT 
IIVT 
UVT 
I I V T 
UVT 
UVT 
UVT 
UVT 
UVT 
I IVT 
UVT 
I IVT 
I IVT 
UVT 
I IVT 
UVT 
I IVT 
UVT 
I IVT 
UVT 
UVT 
UVT 
UVT 
UVT 
I IVT 
UVT 
UVT 
UVT 
UVT 

AUVT 
, U V T 

UVT 
I IVT 

TUVT 
' I IVT 

I IVT 
UVT 
UVT 

EIIVT 
AUVT 

I IVT 
IIV.T 
UVT 

111 v T 
I IVT 
UVT 
UVT 
I IVT 
UVT 
UVT 

) I I V T 

UVT 
IIVT 
UVT 
UVT 

05f t 

0 5 7 
0 5 B 
0 5 9 

OftO 

Oft 1 

Oft2 
Oft3 
Pf t4 
Oft 5 
Oftft 
0 6 7 
Oftf l 
0 6 9 
0 7 0 
0 7 1 
0 7 2 

0 7 3 
0 7 4 
0 7 5 
0 7 f t 
0 7 7 
0 7 B 
0 7 9 
OBO 
0 R 1 

0 A 2 
0 B 3 
0 R 4 
0 B 5 
ORft 
0 B 7 
OHR 
0 P 9 
0 9 0 
0 9 1 
0 9 2 
0 9 3 
0 9 4 
0 9 5 
09ft 

0 9 7 
0 9 R 
0 9 9 
I 0 0 
101. 
1 0 2 
1 0 3 
104 
1 0 5 
10ft 
1 0 7 
10R 
1 0 9 
1 10 



FORTRAN IV MODEL 44MFT/WW V 3 . 5 / M A I N 4 4 / ' DATE 13 DEC 1 9 7 6 T I M F O P ] 5 . 4 9 PAGF 0 0 0 3 

* 1 1 X , ' S E 0 ( Q > = ) / S O R T ( 1 - S I N I T H F T A 1 * * 2 / 0 ) ' / UVT 111 

* 1 1 X , ' Q = ( 1 + Y / R ) * * 2 V UVT 1 1 2 
* 1 1 X , ' Y ( P Z O N E ) = 2 3 . 5 K M 1 / UVT 1 1 3 
* 1 1 X , ' Y ( A I R ) = 5 . f t 9 K M ' / I IVT 1 1 4 
* 1 I X , ' Y ( AEROSOL ) = 1 K M ' / I IVT 1 1 5 
* 1 1 X , ' R =EARTH R A D I U S = 6 3 7 1 . 2 3 K M ' / ) UVT - l i f t 

O0?f t 1 0 1 0 E 0 R M A T I E 1 0 . 0 , 1 5 , 2 F 5 . 2 I UVT 1 1 7 
0 0 2 7 1 0 1 1 F O R M A T ! ' 1 0 Z 0 N E CONCENTRAT ION , W 0 = ' , E 6 . ? , ' C M ' ) H«T 11B . 
n n ? f l 1012 FORMAT! ' DT = K 1 * F X P ( K C * T A U O - ( Z L - 3 0 0 ) / D ( T H F T A ) ) * S F O 1 + K 2 * S U V T 1 1 9 

* E 0 2 ' / UVT 1 2 0 
• llX.'TAUn =()ZOMF OPTICAL THICKNESS AT 300 NM = 10*w (OZONE) ' / UVT 121 
*11X,'SE01 =I/SORT! 1-SIN! THFTA)**2/01 ) ' / IIVT 122 
*11X,'SE02 =1/S0RT(l-SIN(THFTA)**2/02>•/ UVT 123 
*11X, 'THETA =SOI.AR ZENITH ANGLE'/ UVT 124 
*11X,'D(THETA)=DO*SPEO'/ UVT 125 
*11X,'SPE0 =l/(l-SlN(THETA)**P/0)**(1/P)•/ UVT 126 
*11X,'THE PARAMETERS ARE K1,K2,00,KC,01,02,P AND 0' ) UVT 127 

0029 1013 FORMAT ( 2 I 3 , 2F4 .0 , 1F7 . 3 , 2F4 .0, 1F6 . 2 , 1 E7 . 2 , 2E4. 0, 1 F5. 2 , I F7 .2. , UVT 12R 
11F7.4I UVT 129 

0030 1014 FORMAT!'0MONTH=',13,' 0AY=',I3,' YFAR=',I4) UVT 130 
0031 1015 FORMAT! ' OLONG ITUDE= ' ,E10. 6,' L AT I TUDF= • , F 1 0 .6 ) IIVT 131 
0032 1016 FORMATI5I5) U»T 13? 
0033 1017 FORMAT! '0',T42,'H*FXP(-AT ) ' / • THETA ZL',RX,•AT',10X,'0V,6X UVT 133 

*'*COS(THETA)•,2X,'DIFFUSE',6X,'GLOBAL',4X,'NF',5X,'01FF/GLOB'1 UVT 134 
0034 1015 FORMAT! 'OPOSE IN WATTS / M**2'/'0 TI ME' ,4X,'THFTA',6X,•DOSE'. UVT 135 

*9X,'FT',RX, 'DOSE/ET' ) UVT 13ft 
0 0 3 5 1 0 1 9 F 0 R M A T ( F 8 . 2 , F 9 . 1 , 0 P 3 E 1 2 . 4 ) UVT 1 3 7 
0 0 3 f t 1 5 2 2 FORMAT! 'OK V A L U F S = ' , 1 2 , / , ' 0 7 ' , 1 3 E 6 . 1 / ' 0 K ' , 1 3 F 6 . 3 / ' 0 Z ' , 1 ? F 6 . 1 / UVT 1 3 B 

* ' 0 K ' . 1 2 F 6 . 3 ) UVT 1 3 9 
0037 1523 FORMAT!' DEPTH=•,Fft .2) UVT 140 
0038 1717 FORMAT!' ',3E15.3) UVT 141 
0039 2000 FORMAT!* Z',9X,'ETR' ,9X,•FTOT',3X,'ETB/FTPT=R• ,4X,'R(Z)/R(0)' )UVT 142 
0040 2001 FORMAT!' ',F7.2,3X,4E12.4) UVT 143 

c UVT 144 
0041 DATA Y/2B0.,282.5,2R5.,287.5,290.,292.5,295.,297.5,300.,302.5, UVT 145 

*305.,307.5,310.,312.5,315.,317.5,320.,322.5,325.,327.5,330., UVT 14ft 
*332.5,335.,337.5,340./ UVT 147 

004? DATA TIME/ft.,7.,B.,9.,10.,11.,12.,13.,14.,15.,16.,17.,18.,15.3, UVT 148 
* 22*0./, NTIME/13/ UVT 149 

0043 DATA TET/O.,30.,50.,70 .,80.,85.,30*0./,NTET/ft/ UVT 150 
0044 DATA ZD/0.,1.,2.,5.,10.,20.,40.,3*0./,NZD/7/ UVT 151 

C " UVT 15? 
C K CHOICES 1 TO 4 UVT 153 

0045 DATA XK1/.310,.290,.268, .249,.237,.223,.209,.198, .186,.175,.166, UVT 154 
*. 157,.150,.142,.136,.129, .122,.117,.113,.107,.103,.098, .094, UVT 155 
*.090,.0B65/ OVT 156 

004ft DATA XK2/.385, .355, .332, .310, .'290,.271, .256, .243, .228, .214,.204, IIVT 157 
*. 192,.1 BO,.170,.162, .153..146,.139,.132,.126,.120,.115,.110, UVT 15B 
*.106, .102/ OVT 159 

0047 DATA XK3/1.43,1.37, 1.33,1.29,1.24,1.19,1.145,1.09,1.045,1.00, UVT 160 • 
*.955,.91,.863,.Bl3,.760,.715,.675,.633,.595,.56,.52ft,.495,.470, UVT lftl 
*.445,.420/ UVT lft2 

0048 DATA XK4/.54, .52,.50,.49, .475,.46,.445,.427,.41,.395,.3B,.?7, UVT 163 
*.3ft,.35,.34,.33,.32,.31, .30,.295,.29,.28,.2 7..26, .2 5/ UVT lft4 

r UVT lft5 



FORTRAN IV MODEL 44MFT/WW V 3.5 / MAIN44 / PATE 13 DFC 1978 TIME 0815.49 PAGF 0004 

C GRAPH LABELS UVT 166 
0049 DATA XNAM1/1HT,1HI,1HM.1HE,1H(,1HH,1HR,1HS,1H)/ UVT 167 
0050 DATA YNAM1/1HD,1H0.1HS,1HE/ UVT 168 
0051 DATA XNAM2/1HW,1HL/ UVT 169 
0052 DATA YNAM2/1HE,1H*,1HR/ UVT 170 
0053 DATA 7.NAM1/1H / UVT 171 
0054 DATA XOR/0.,0./,YOR/0.,0./,ZOR/0.,0./ UVT 172 

C UVT 173 
C UVT 174 
C . UVT 175 

c UVT 176 
C UVT 177 
C IIVT 178 

0055 CALL PAUSET(DTSCN) IIVT 179 
0056 NTIMEO = NTIME UVT 1 BO 

C UVT 18 1 
C UVT 182 
C EXTRATERRESTRIAL SPLLAR IRRADIANGF UVT 183 
C UVT 184 
C UVT 185 

0057 DO 10 1=1,25 UVT 1R6 
005R 10 HLI I )=0.552*(1.+ (Y( I 1-300. ) /37. ) IIVT 1R7 

C UVT 1HR 
C UVT 1B9 
C CONSTANTS FOR DT IIVT 190 
C UVT 191 

c UVT 192 
0059 00=(1.+23.5/6371.231**2 UVT 193 
0060 0A=(1.+5.69/6371.231**2 UVT 194 
OOftl 0P=(1.+1./6371.231**2 UVT 195 
0062 1 READ(NCCRD,1000) (A ID(I ), I = 1, IB) UVT 196 
0063 WRITE (NLPRT,1001) (A ID( I) , 1 = 1 ,18) UVT 197 
0064 READINCCRD,*) KP.KPP UVT 19R 
0065 READ (NCCRD,*) KTRL.LBEDO,A,A1 UVT 199 
OOftft NY=1 UVT 200 

c UVT 201 
C UVT 202 
C TIME INFO IF KTRL#0 UVT 703 
C UVT 204 
C UVT 20 5 

00ft7 IFIKTRL .EO.O) GO TO 20 UVT 20ft 
OOftR READ (NCCRD,*) M1.M2.IYEAR UVT ?07 
0069 WRITE (NLPRT,1014) M1,M2,IYFAR UVT 208 
0070 READ INCCRD,*) XLON.XLAT UVT 209 
0071 WRITE (NLPRT,1015) XLON.XLAT UVT 210 
0072 NTIME=NTIME0 UVT 211 
0073 GO TO 30 UVT 212 

C UVT 213 
C UVT ?14 
C TIME INFO IF KTRL=0 UVT ?15 
C UVT 216 
C UVT 217 

0074 20 NTIME=NTET UVT 218 
0075 NY = 2 UVT 21.9 
0076 DO 25 K=1,NTFT IIVT ??0 



PO 
CO 

FORTRAN IV 

0077 
007B 
0079 
0080 
00R1 
0082 
00R3 
0084 

00R5 
008ft 
0087 
OORS 
0089 
0090 
009 1 
0092 
009 3 
0094 
009 5 

0096 
0097 
009 R 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 

0113 
0114 

MODEL 44MFT/WW V 3.5 / MAIN44 / PATE 13 PEC 1978 TIME 0815.49 

25 ANGLE(K)=TET(K) 

30 DO 40 K=l,NTIME 
IFIKTRL.EO.O) GO TO 35 
TIMR=TIME(K) 
CALL EPHEMS(XLON.XLAT,I Y E A R , M l , M 2 , T I M S , A S , Z S ) 
A N G L E ( K ) = Z S * l f l O . / 3 . 1 4 1 5 9 3 
A S = A S * l R 0 . / 3 . 1 4 1 5 9 3 
IFIKTRL.EO.ft) WRITEI6, 1717) T I MR , ANGL E ( K ) , AS 

CONSTANTS FOR AT 

35 T = 3.141593/lflO.O *ANGLE(K) 
C0(K)=COS(T) 
SN(K)=SIN(T) 
SNOIK)=SN(K)**2 
SEOO(K)=1./SORT!1 
SE0A(K) = 1./S0RT( 1 
SEQP(K)=1 ./SORT!1 

40 CONTINUE 
WRITE (NLPRT,1009) 
WRITE (NLPRT,1012) 
WRITE (NLPRT,1008) 

* (HL(I),1=14,251 
READ (NCCRD,*) K1,K2,D0,KC,01,02,P,0 
WRITE (NLPRT,1003) K1,K2,DO;KC,01,02,P 
IFIKTRL.EO.O) GO TP 45 
CALL RESP(Y,R,KTRL) 

45 FNORM=ALOG(10.**50) 
50 CONTINUE 

READINCCRD,*) WO,K,ISTOP 
KO = K 
DO 79 L=l,25 
IF(K.EO.O) XK(L)=0. 
IF(K.EO.l) XK(L)=XK1(L) 

XK(L)=XK2(L) 
XK(L)=XK3(L ) 
XK(L)=XK4(L) 

.-SNQIKI/QP) 

.-SNO(K)/OA) 

.-SNO(K)/OPI 

(Y(I),1=1,13),(HL(I),1=1,131,(Yd),1=14,25), 

IFIK.E0.2) 
IFIK.E0.3) 
IFIK.E0.4) 

79 CONTINUE 
WRITE (NLPRT,1011) 
WRITE (NLPRT,1522) 

*(XK(I 1,1 = 14,25) 
TAUO=10.*WO 
WRITE (NLPRT,1007) 

wn 
KO, (Yd ) , 

FNORM 

1=1,13),(XK(I),1=1,13),(Y(I),1=14,25) 

DO FOR EACH DEPTH 

0115 
0116 
0117 

DO 201 L=1,NZD 
CALL NUPAGE 
WRITE (NLPRT,1523) ZDIL ) 

IIVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 

-IIVT 
UVT 
UVT 
IIVT 

-UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
.UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 
UVT 

,UVT 
UVT 
UVT 
UVT 
UVT 

-UVT 
UVT 
UVT 
UVT 

-UVT 
UVT 
UVT 
UVT 
IIVT 

PAGE 0005 

221 
2?2 
223 
224 
225 
226 
2?7 
?2R -
??9 
230 
231 
23? 
?33 
234 
235 
236 
237 
238 
239 
240 
?41 
?4? 
?43 
?44 
?45 
246 
?47 
24R 
249 
?50 
?51 
252 
253 
254 
255 
256 
257 
?5R 
2 59 
260 
?61 
?62 
263 
264 
265 
266 
267 ' 
?6R 
269 
270 
?7l 
?72 
273 
274 
275 



FORTRAN IV MODEL 44MFT/WW V 3.5 / MAIN44 / DATE 13 DFC 1978 TIMF 0R15.49 PAGF OOOft 

011R 

0119 
0120 
0121 
0122 
0123 
01?4 
0125 
012ft 
0127 
012R 
0129 
0130 
0131 
0132 

0133 
0134 

0135 

013ft 
0137 

013R 
0139 
0140 
0141 
0142 
0143 
0144 
0145 

014ft 
0147 
014R 
0149 
0150 

DO FOR EACH TIME 

DO 60 K=l.NTIME 
VALUES FOR DT 
SE01=1./SORT(1.-SMO(K)/01) 
SE02=1./S0RTIl.-SN0(K)/02) 
SPEO=l./(1.-SN(K)**P/0)**(1,/P) 
DTET=DO*SPEO 
IFIKTRL.EO.l.OR.KTRL .E0.2.0R.KTRL.E0.5) GO TO 65 
IFIKTRL.RE.3) GO TO 55 
IFIK.NE.7) GO TO 718 
WRITE (NLPRT,1017) 

718 CONTINUE 
GO TO 6 5 

55 CONTINUE 
IFIK.NE.7) GO TO 719 
WRITE (NLPRT,1004) 

719 CONTINUE 

DO FOR EACH WAVELENGTH 

65 DO 90 1=1,25,NY 
H = HL( I ) 

TURBIDITY 
WAKA = 1.218 

AEROSOL OPTICAL DEPTH = WP*KP 
WPKP = 0.4111 

AT = TAlin *EXP(-(Y( I 1-300.)/8 . ) *SEOO( K )+ WAKA *( 300./Y( I 1 1**4.267 
* *SE0A(Kl+WPKP *(300./Y(I))**0.5764*SE0P(K1 
DT= K1*EXP(KC*TAU0-(Y(I)-300.1/DTET)*SE01 + K2*SE02 
NF = 0 

80 IF(AT.LE.FNORM) GO TO 70 
NF=NF+1 
AT=AT-FNORM 
GO TO 80 

70 SUN=H*EXP(-AT)*CO(K) 
DIFF = H*EXP(-DT ) 

TAKING THRU WATER SURFACE 

ANG=ANGLEIK1*3.141593/180. 
RI=4./3. 
CALL FRENFL(ANG.RI,RZ) 
TS=1.-RZ 
TD=l.-.Oftft 

•UVT 276 

UVT 277 
UVT ?7B 
UVT ?79 

UVT ?R0 
UVT ?81 
UVT ?R2 
IIVT ?R3 
IIVT ?H4 
IIVT ?R5 
IIVT ?R6 
UVT ?R7 
UVT ?R8 
UVT 289 
UVT ?90 
UVT 291 
UVT ?9? 
UVT 293 
UVT 294 
UVT 295 
IIVT 296 
UVT ?97 
•UVT ?98 
UVT 299 
UVT 300 
UVT 301 
•UVT 302 
UVT 303 
UVT 304 
UVT 305 
UVT 306 
UVT 307 
UVT 308 
UVT 309 
UVT 310 
UVT 311 
UVT 312 
UVT 313 
UVT 314 
UVT 315 
UVT 316 
UVT 317 
UVT 318 
UVT 319 
UVT 320 
•UVT 321 
UVT 322 
IIVT 323 
IIVT 324 
•UVT 325 
UVT 326 
UVT 327 
UVT 32R 
UVT 329 
UVT 330 
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0151 
0152 
0153 
0154 

0155 
0156 
0157 
015B 
0159 
0160 
0161 
01ft2 
0163 
01ft4 
01ft5 
Olftft 

0167 
016R 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
017ft 
0177 
017R 
0179 
01P0 

01R1 
01R2 

01R3 
01R4 
01R5 
018ft 
01R7 
0188 
01R9 
0190 
0191 
0192 

7 
7 

C -
C 
c 
c 
c-

SUN=SUN*TS 

DIFF=DIFF*TD 
E=DIFF 
IF(NF.EO.O) F=E+SUM 
IF ( LBEDO .EO. 0 ) GO TO 76 
RR= 3.33*wn*EXP(-(Y(I)-300.0)/9.R) +2.14*EXP((Y(II-300.)/187.0) 
RR = 1.0 /RR 
ALBD = (1.0-Al*RR)/(1 .0 -A*RR) 
E = ALRO*E 
DIFF=ALBO*DIFF +IA-A1)*RR*SUN/(1.0 -A*RR) 
DFFH= DIFF/H 
IF ( DFFH .LE. 0.0) GO TO 77 
DT= -ALOG(DIFF/H) 
GO TO 76 
DT = 1000.0 
CONTINUE 

TAKING TO DEPTH 

E=E*EXP(-XK(I)*ZD(L)1 
DIFF=DIFF*EXP(-XK(I)*ZD(L)> 
RATIO=DIFF/E 
IFIKTRL.NE.O) GO TO R5 
IFIK .NE.7) GO TO 720 
WRITE (NLPRT,10061 ANGLE(K),Y(I ),AT,DT,SUN,PIFF,E.NF,RAT IP 

720 CONTINUE 
GO TO 90 

85 STORE!I,K)=E*R(I) 
GRAPII) = STORF( I ,K) 
STORII,K)=E 
IFIKTRL.E0.1.0R.KTRL.E0.?.PR.KTRL.E0.5) GO TO 90 
IFIK.NE.7) GO TO 722 
WRITE (NLPRT, 1005) T I MF (K ) ,ANGL F ( K ) , Y ( I ) , A T , PT , SUN , D I FF , F , RAT I 0, 

* NF,STORE!I,K) 
722 CONTINUE 
90 CONTINUE 

END WAVELENGTH 

PLOTTING WL V. F*R 

IF (KP.EO.O) GIT TO 310 
WRITE(0TSCN,307) W0,K0,7D(L),TIME(K),ANGLE IK) 
REAOIDTSCN,* ) I 
IF(I.EO.O) GO TO 310 
W R I T E ( D T S C N , 3 2 1 1 
R E A O I D T S C N , * ) I 
I F ( I . E O . O ) GO TO 3 0 9 
KSYM = 0 
WRITEIDTSCN.311I 
REAOIDTSCN,*) XMAX,XMIN,XIMT, IX,YMAX.YMIN,YINT,IY 

UVT 331 
u\/T 33? 
UVT 333 
uvi 334 

IIVT 335 
UVT 336 
UVT 337 
UVT 33R 
UVT 339 
Ih'T 340 
U«T 341 
IIVT 342 
UVT 343 
UVT 344 
IIVT 345 
UVT 346 
•UVT 347 
UVT 34B 
UVT 349 
UVT 350 
• UVT 351 
UVT 352 
UVT 353 
IIVT 354 
IIVT 355 
UVT 356 
UVT 357 
UVT 35R 
UVT 359 
IIVT 360 
uvT 361 
UVT 362 
UVT 36 3 
IIVT 364 
UVT 365 
UVT 3ftft 
UVT 3ft7 
IIVT 36R 
UVT 369 
IH'T 370 

-IIVT 

U V T 

371 
372 

uvi 373 
uvT 374 

375 
376 UVT 
375 
376 

uvi 377 
U"l 37H 
UVT 379 
UVI 380 
UVT 3BI 
UVT 3B2 
HW| 383 
ii"T 3R4 
I'VT 385 



ORTRAN IV MODEL 44MET/WU V 3.5 / MAIN44 / PATF 13 PCC 1«7H TI"f 0815.49 PA 

0193 CALL GRAPH IIVT 3R6 
0194 CALL GRAPHT(XNAM2,XOR,2,YNAM2,YOR,3,ZNAM1,ZOR,1) UVT 3R7 
0195 CALL GRAPHGIO.,0.,XMIN,XMIN,XMAX,XINT,IX,YMIN,YMIN,YMAX,YINT IY) UVT 3B8 
0196 309 CONTINUE IIVT 3R9 
0197 KSYM=KSYM+1 UVT 390 
0198 CALL GRAPHP(Y,XMIN,XMAX,IX,GRAP,YMIN,YMAX,IY,25,2.KSYM) UVT 391 
0199 310 CONTINUE UVT 392 
0200 60 CONTINUE IIVT 393 

C END TIME IIVT 394 
C UVT 395 

396 
397 C UVT 

395 
396 
397 

C DOSE INTEGRATION IIVT 398 
C UVT 399 

400 
401 0201 IFIKTRL.EO.3.OR.KTRL.E0.4.0R.KTRL.EO.6) CALL NUPAGE UVT 

399 
400 
401 

0202 202 CONTINUE UVT 402 
0203 IFIKTRL.EO.O) GO TO 200 IIVT 403 
02 04 DO 120 K=1,NTIME UVT 404 
0205 SUM=(STORE(1,K)+STORE(25,K))/6. UVT 405 
020ft SUM1=(ST0R(l,K)+ST0R(25,K))/6. UVT 40ft 
0207 CCC=0.6666666 UVT 407 
0208 DO 110 1=2,24 UVT 408 
0209 SUM=SUM+CCC*ST()RE I I ,K ) UVT 409 
0210 SUM1 = SUM1+CCC*STORI I,K) UVT 410 
0211 CCC=1.-CCC UVT 411 
021? 110 CONTINUE UVT 41? 
0213 XINT=2*(Y(25)-Y(1))/24 UVT 413 
0214 OnSEIK)=XINT*SUM UVT 414 
0215 ET(K)=XINT*SUM1 IIVT 415 
0216 120 CONTINUE UVT 416 
0217 WRITE (NLPRT,1018) UVT 417 
0218 DO 130 K=1,NTIME UVT 418 
0219 RATIO=DOSE(K)/ET(K) UVT 419 
0220 WRITE (NLPRT,1019) T I ME ( K 1 ,AMGL F ( K ) , DOSE ( K I , FT ( K ) , R A T I 0 UVT 420 
0221 130 CONTINUE UVT 421 

C UVT 42? 
423 
4?4 

C-
C UVT 

42? 
423 
4?4 

c PLOTTING TIME V. DOSE UVT 425 
c 
r _ 

UVT 426 
427 
428 0222 

L" 
IF(KPP.EO.O) GO TO 303 UVT 

426 
427 
428 

0223 WRITE(DTSCN,301) wp,KQ,ZD(L> UVT 429 
0224 REAOIDTSCN,*) K UVT 430 
0225 IF(K.EO.O) GO TO 303 UVT 431 
02 26 WRITEIDTSCN.321) UVT 432 
0227 REAOIDTSCN,*) K UVT 433 
022A IF (K.EO.O) GO TO 315 UVT 434 
0229 KSYM=0 UVT 435 
0230 CALL GRAPH UVT 436 
0231 WRITE(DTSCN,306) UVT 437 
0232 REAOIDTSCN,*) XMAX,XMIN,XINT,IX,YMAX,YMIN,YINT,IY IIVT 438 
0233 CALL GRAPH IIVT 439 
0234 CALL GRAPHT(XNAM1,X0R,9,YNAM1,YOR,4,ZNAM1,ZOR,1 I UVT 440 



FORTRAN IV MODEL 44MFT/WW V 3.5 / MAIN44 / DATE 13 DEC 1978 TIME 0R15.49 PAGF 0009 

0235 CALL GRAPHG(0.,0.,XMIN,XMIN,XMAX,X I NT, I X,YMIM,YMIN,YMAX,YI NT,IY1 UVT 441 
0236 315 CONTINUE UVT 442 
0237 KSYM=KSYM+1 u»T 443 
0?3B CALL GRAPHP(TI ME,XMIM,XMAX,I X,DOSE,YMIN,YMAX,IY,NT I ME,2,KSYM ) n«T 444 
0239 303 CONTINUE I'VT 445 

C UVT 446 

c UVT 447 
C UVT 448 
C TOTAL DOSE INTEGRATION UVT 449 
C UVT 450 
c UVT 451 

0?40 SUM1=(ET(11+ETINTIME))/6. UVT 45? 
0241 SUM=(DOSE( 1 l + DOSEINTIME ) )/6. IIVT 453 
0742 CCC=.666ftftftA u'.'T 454 
0243 INT=NTIME-1 UVT 455 
0744 DO 121 K = 2,INT 10'T 456 
0245 SUM1 = SUM1+CCC*ET(KI I'VT 457 
0246 SUM=SUM+CCC*OnSE(K) UVT 45R 
0247 CCC = 1.-CCC UVT. 459 
024R 121 CONTINUE UVT 460 
0249 XINT=(2*(TIMF(NTIME)-TIME(l))/INT)*3600 UVT 461 
0250 ETB(L)=XINT*SUM UVT 4ft2 
0251 ETOTIL)=XINT*SUM1 UVT 463 
0252 200 CONTINUE UVT 464 
0253 201 CONTINUE IIVT 465 

C END DEPTH UVT 466 
C UVT 4ft7 

0254 CALL NUPAGE UVT 4ftR 
0255 WRITE INLPRT.2000) UVT 469 
0256 DO 205 L=1,NZ0 ' UVT 470 
0257 B=ETR(L)/ETOT(L) UVT 471 
0?5R IFIL.EO.l) A=B IIVT 472 
0259 C=R/A UVT 473 
0260 WRITE (NLPRT,2001) ZD(L).ETBIL1,ETOT(L),B,C UVT 474 
0261 205 CONTINUE UVT 475 
0262 IF!ISTOP.EO.2) GO TO 1 UVT 476 
0263 IF( ISTOP.EO.l ) GO TO 50 UVT 477 
0264 STOP UVT 478 

Q IIVT 479 
C *** FND PROGRAM UVT *** IIVT 4R0 

0265 END OVT 481 



FORTRAN 1 \ v i V r l -J.MFT/WW V 3 . 5 / M A I N 4 4 / 

SYMBOL L O C A T I O N 
nTSCN l , 0 l ' . ??4 

N7D 0 0 0 2 9 F 
OP 000?AC 
A OOP? CO 
IYEAR 0 0 0 ? 0 4 
DO 0 0 0 7 E F 
0 0 0 0 7 F C 
L 0 0 0 3 1 0 
OTET 0 0 0 3 2 4 
DT 0 0 0 3 3 8 

" I 0 0 0 3 4 C 
RR 0 0 0 3 6 0 
XMAX 0 0 0 3 7 4 
YMI N 0 0 0 3 8 8 
CCC 0 0 0 3 9 C 
XLAT 0 0 0 3 B B 

SYMBOL L O C A T I O N 
FTOT 0 0 0 3 D R 
XNAM1 0 0 0 4 A 4 
XK 1 0 0 0 4 F 0 
ETB 0 0 0 6 E 4 
Y 0 0 1 6 6 0 
SEOP 0 0 1 8 6 4 

T I M E 0 0 1 R 0 R 
DOSE O02R2C 

SYMBOL L O C A T I O N 
PAUSET 0 0 2 BBC 
ERENEL 0O2BD0 
cos 0 0 2 B E 4 
F R X P R * 0 0 2 B F 8 

L A B E L L O C A T I O N 
1 0 0 0 0 0 2 D B A 

3 2 1 0 0 2 E F 0 
1 0 0 5 0 0 3 0 5 6 
1 0 1 0 0 0 3 4 6 4 
1 0 1 5 0 0 3 6 6 E 
1 5 2 2 0 0 3 7 7 8 

10 0 0 3 R 5 0 
3 5 0 0 3 R 6 8 

7 1 8 0 0 4 1 D R 
7 0 0 0 4 3 3 0 

7 2 2 0 0 4 7 2 4 

2 0 2 0 0 4 9 1 8 
3 0 3 0 0 4 C 0 C 

SCALAR MAP 

SYMBOL L O C A T I O N SYMBOL 
N f C R O 0 0 0 2 B R NLPRT 

MTIMEO 0 0 0 2 9 C I 
KP 0 0 0 2 R O KPP 
A l 0002C.4 MY 
K 0 0 0 2 0 8 T 
KC 0 0 0 ? E C 0 1 
FNORM 0 0 0 3 0 0 u p 
TAUO 0 0 0 3 1 4 SF0 1 
H 0 0 0 3 2 8 WAK A 
NF 0 0 0 3 3 C SUN 

RZ 0 0 0 3 5 0 TS 
ALRD 0 0 0 3 6 4 OFFH 
XMIN 0 0 0 3 7 8 X I NT 
Y I N T 0 0 0 3 R C IY 
INT 0 0 0 3 A 0 B 
T I M S 0 0 0 3 C 0 AS 

ARRAY MAP 

SYMBOL L O C A T I O N SYMROL 
XOR 0 0 0 4 2 8 YOR 
YNAM1 0 0 0 4 C 8 XNAM2 
XK2 0 0 0 5 5 4 XK3 
ZO 0 0 0 7 3 4 XK 
A I O 0 0 1 6 C 4 X 
SNO 0 0 1 8 F 4 CO 

ANGLE 0 0 1 B 9 8 TFT 

SUBPROGRAMS CAL 

SYMBOL L O C A T I O N SYMBOL 
I B C O M * 0 0 2 B C 0 FPHFMS 
GRAPH 0 0 2 B D 4 GRAPHT 
S I N 0 0 2 H F R SORT 
EXP 0 0 2 B F C 

LABEL MAP 

LABEL L O C A T I O N I.ABFL 
3 0 1 0 0 2 D C 8 30f t 

1 0 0 1 0 0 2 F 1 2 1 0 0 ? 
100f t 0 0 3 0 7 8 1 0 0 7 
1 0 1 1 0 0 3 4 7 6 1 0 1 ? 
101f t 0 0 3 6 9 8 1 0 1 7 
1 5 2 3 0 0 3 7 R A 1 7 1 7 

1 0 0 3 8 C 0 2 0 
4 0 0 0 3 C 2 4 4 5 
55 0 0 4 I D F 7 1 9 
77 0 0 4 5 1 0 7ft 
9 0 0 0 4 7 ? 4 3 0 9 

1 1 0 0 0 4 9 B A 1 ? 0 
121 0 0 4 C A 4 ? 0 0 

00 
CO 

DATE 13 DEC 197B TIMF OF]5.49 PAGF 0010 

L O C A T I O N SYMBOL L PC A T I ON SYMBOL i.nr. AT I ON 
0 0 0 2 8 C N T I M E 0 0 0 7 9 0 NTFT 0 0 0 7 9 4 
0 0 0 2 A 0 OP 0 0 0 7 A 4 OA 0 0 0 7 A B 
0 0 0 2 B 4 KTRL 0 0 0 ? B 8 I .BF0O ooo?°c 
0 0 0 2 C 8 Ml 0 O 0 7 C 0 M? o o o ? p n 
0 0 02 DC K l 0 0 0 ? F O K ? n o o ? F 4 
0 0 0 2 F 0 0 2 0 0 0 7 F 4 P 0 0 0 7 F B 
0 0 0 3 0 4 I S T O P 0 0 0 3 0 8 KO nnn3oc 
0 0 0 3 1 R SE02 0 0 0 3 1 C SPFO o o n 3 ? n 
O0O32C WPKP 0 0 0 3 3 0 AT 0 0 0 3 3 4 
0 0 0 3 4 0 D I FF 0 0 0 3 4 4 ANG 0 0 0 3 4 B 
0 0 0 3 5 4 TO 0 0 0 3 5R F ono3SC 
0 0 0 3 6 R R A T I O 0 O 0 3 6 C KSYM oon37n 
0 0 0 3 7 C IX 0 0 0 3 R O YMAX 0 0 0 3 R 4 
0 0 0 3 9 0 SUM 0 0 0 3 9 4 SIIM1 0 O 0 3 9 R 
0 0 0 3 A 4 C 0 O 0 3 A 8 XL ON 0 0 0 3 B O 
0 0 0 3 C 8 ZS 0 0 0 3 0 0 

L O C A T I O N SYMBOL L PC A T I ON SYMROL L O C A T I O N 
0 0 0 4 3 0 ZOR 0 0 0 4 3 R GRAP 0 0 0 4 4 0 
0 0 0 4 0 8 YNAM2 0 0 0 4 E O ZNAM1 0004FC. 
0 0 0 5 R R XK4 0 0 0 6 1 0 XK5 0 0 0 6 8 0 
0 0 0 7 50. STOP 0 0 0 7 C 0 FT 0 0 1 5 0 P 
0 0 1 7 0 C SFOO 0 0 1 7 4 4 SFOA 0 0 1 7 0 4 
0 0 1 9 B 4 HI. 0 P1 A 14 SN 0 0 1 A 7 R 
0 0 1 C 2 8 STORF 001CPR R nn?AC.R 

LFO 

L O C A T I O N SYMBOL L PC A T I ON SYMBOL L O C A T I O N 
002BC.4 RFSP 0O2BC8 NUPAGF oo?«cc 
0 0 2 B D S GRAPHG 0O2RO0 GRAPHP 0 0 7 R F 0 
0 0 2 H F C ALOG 0 0 7 B F O F R X P I * 0 0 7 R F 4 

L O C A T I O N L A B F L L or. A T I ON L A B F L L O C A T I O N 
0 0 7 F 0 F 3 0 7 0 O 2 E 5 0 31 1 0 0 2 E A F 
0 0 2 F 2 4 1 0 0 3 0 O 7 F 3 ? 1 0 0 4 0 0 7 F C C 
0 0 3 0 9 6 1 0 0 8 00 313R 1 0 0 9 0 0 3 1 D F 
0 0 3 4 A 4 1 0 1 3 003 f tOA 1 0 1 4 0 0 3 f t 4 4 
0 0 3 6 A 6 1 0 1 8 00 37 14 1 0 1 9 0 0 3 7 f t ? 
0 0 3 7 0 0 7 0 0 0 0 O 3 7 F ? 7 0 0 1 0 0 3 8 1 0 
0 0 3 A 8 2 ?5 0 0 3 A 9 F 3 0 003AC.R 
0 0 3 F 0 C 50 0 O 3 F 3 O 7 9 0 n 3 F ? 7 
0 0 4 2 0 8 6 5 0 0 4 7 0 8 0 0 0 0 4 3 0 0 
0 0 4 51 C 7 ? 0 0 P 4 f t O 8 B5 O 0 4 f t 0 F 
0 0 4 8 9 ? 3 1 n 0O48RO <-0 n n 4 P B o 
0 0 4 A 0 B 1 30 0 0 4 A 9 C 3 ' * O n 4 f F F 
0 0 4 P 1 0 ? 0 1 O P 4 0 1 0 ? n s n 0 4 u i i 4 
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TOTAL MEMORY REOUIREMENTS 004F18 RYTES 

COMPILER HIGHEST SEVERITY CODE WAS 0 



FORTRAN I V MODFL 44MFT/WW V 3 . 5 / THETA / PATE 13 PEC 1 9 7 8 T I M E 0 8 1 P . ? ? PAGE O O P l 

OOOl SUBROUTINE THFTA ( T I M E . X . K , FL . X L A T . X L O N ) T t j p T a n 0 1 

c T u P T A n n ? 

C THFTA003 

C AZIMUTH AND ELEVATION ANGLES TP SUN T'-'FTAOOA 
C SKY B R I G H T N E S S P R O G R A M T"FTAno5 

C T"FTA00ft 

c TMFTAnn7 
C *** SPECIFICATION STATEMENTS *** T"FTA008 

000? DIMENSION TIMEI36),X(14) THFTA009 
C TH'^TAOIO 
C TH^TAnii 
C _ TuPT40 1? 
C TuFTA0i3 

C THFTA014 

C THCTA015 
0003 RT0=57.29578 THFTA016 
0004 DECU = X(10) + (*<11)*60. + X( 12) 1/3600. THFTA017 
0005 IF(X(10).LT.O. ) OECU=X(10)-(XI11)*60. + X(12) 1/3600. THCTAniR 
0006 RASH = X(6)+(X(7)*60. + X(8) 1/3600. THFTA019 
0007 DEC0RH=X(91/3600. THFTA070 
0008 RAC(1RH = X( 13 1/3600. THFTA071 
0009 SIDT=X(3)+(X(4)*A0.+X(5))/3ftOO. THFTA022 
0010 DISS=X(14) THFTA023 
0011 ZSTH=TIME(K1+5. THFTA024 
0012 DECD=DECU T U P T A 0 2 5 

0013 4 DLD2=(XLAT-DFCDI/(2.*RTD) THFTA026 
0014 SL02=IXLAT+DFCD)/(2.*RTO) THFTA027 
0015 SDLD2=SIN(PLP2) THFTA02R 
0016 CDLD2=COS(DLP2) THFTA029 
0017 SSLD2=SIN(SLP2) 7HFTAO30 
0018 CSLD2=COS(SLP2) THFTA031 
0019 XHA=-XL0N/15.+SIDT-RASH+ZSTH T M F T A 0 3 ? 

0020 BD2=<(ZSTH*.0027379 1 + XHA-(ZSTH/24.)*RAC.ORH)*15.)/I2.*RTO) THETA033 
0021 Fl=CnS(BP2)*SDL02 THFTA034 
0022 E1=SIN(H02)*CSLD2 THFTA035 
0023 HCMA=ATAN2(F1,E1) 1HETA036 
0024 F2=COS(BD2)*CDL02 THFTA037 
0025 E2=SIN(RD2)*SSLD2 T HFTA038 
0026 HCPA=ATAN?(F?,E?) THFTA039 
0027 E3=SIN(HCMA) THFTA040 
002R F3=SIN(HCPA)*SDL02/CDL02 THCTA041 
0029 BL=(ATAN2( F3.F3))*2.*RTD THFTA04? 
0030 EL=90.-RL-360. THFTA043 
0031 IFIEL.LT.O.) EL=EL + 3ftO. T"FTA044 
0032 202 RETURN T H F T A 0 4 5 

C THFTA046 
C *** CND SUBROUTINE THETA *** THFTA047 

0033 END THFTA048 

CO 
CTI 



to FORTRAN IV MODEL <-<.MFT/WW V 3.5 / THETA / PATE 13 DFC 1978 TIMF 0818.7? PAGF 
CTi 

SCALAR MAP 
SYMBOL LOCATION SYMBOL LOCATION SYMRCL LOCATION SYMBOL L PC A T I PM SYMBOL LOCATION 
RTD 0000D8 DECU OOOOOC RASH OOOOFO DECORH 0000F4 RAC.ORH OOOOFfl 
SIDT OOOOEC DISS OOOOEO ZSTH 0000F4 K 000OF8 OF CO OOOOFC 
OLD2 000100 XLAT 000104 SL02 0001 OR SOI. 02 0001OC 0 01.0 7 000110 
SSLD2 000114 CSLD2 000118 XHA 000 11C XL ON 000)20 BO? 0001?4 
Fl 00012R El 00012C HCMA 000130 F2 Onoi34 F? 00013R 
HCPA 00013C E3 000140 

ARRAY 

F3 

MAP 

000144 BL 00014R FL oooi40 

SYMBOL LOCATION SYMROL LOCATION SYMBOL LOCATION SYMROL L PC AT ION SYMBOL LOCATION 
TIMF 000150 X 000154 

SUBPROGRAMS CALLED 
SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOI IOC.ATION 
SIN 000158 COS 00015C ATAN2 000160 

LABEL MAP 
LABEL LOCATION LABEL LOCATION LABFL LOCATION LABEL LOCATION I.ARFI IOC.ATION 

4 00033A 202 0004RC. 

TOTAL MEMORY REQUIREMENTS 0005?R RYTFS 

COMPILER HIGHEST SFVFRITY CODE WAS 0 



FORTRAN IV MODEL 44MFT/WW V 3.5 / FRENFL / PATE 13 PFC 1978 TIME 0818.4? PAGE 0001 

0001 SUBROUTINE FR FNFL ( THI , R I , R I FRFMI.001 

C FRFNLOO? 
C FRFNI 0 0 3 
C F I N D S FRESNEL R F F L F C T A N C E AT AN I N T E R F A C F F R F N L 0 0 4 

C P R F M L 0 0 5 
C F R P M L 0 0 6 

0 0 0 2 I F ( T H I . E O . O ) GO TO 1 F R F M L 0 0 7 
0 0 0 3 I F I T H I . E O . ( 5 3 . 1 * 3 . 1 4 1 5 / 1 8 0 . ) ) GO TP 2 F R F M L 0 0 8 
0 0 0 4 T H J = A R S 1 N ( ( l . / R I ) * S I N ( T H I ) ) E R F N L 0 0 9 
0 0 0 5 A = T H I + TH.I F R F N L 0 1 0 
0 0 0 6 S = T H I - T H J F R F M L 0 1 1 
0 0 0 7 R = ( S I M ( S ) * S I N ( S ) ) / ( S I N ( A ) * S I M ( A ) ) F R F M L 0 1 ? 
0 0 0 8 R = R + ( T A N ( S ) * T A N ( S I ) / I T A N I A ) * T A N ( A ) ) F R F N L 0 1 3 
0 0 0 9 R = 0 . 5 * A B S I R ) F R F N L 0 1 4 

0 0 1 0 RETURN F R E M L P 1 5 
0 0 1 1 1 R = ( R I - 1 . ) * ( R I - 1 ) / ( R I + l . ) * ( R I + 1 . ) F R F M L 0 1 6 
0 0 1 ? RETURN F R F M L 0 1 7 
0 0 1 3 2 R = 0 . 5 * ( ( ( R I * R I - 1 . ) / ( R I * R I + l . ) ) * * 2 ) F R F N L O I R 
0 0 1 4 RETURN FRFML01.9 

C FR.EML020 

c « « « FND SUBROUTINE FRENFL * * * F R E N L 0 2 1 
0 0 1 5 END F R F M L 0 2 2 

CO 



CO FORTRAN IV MODEL ".4MFT/WW V 3.5 / FRENEL / DATE 13 DEC 1978 TIME 0818.4? PAGE 000? 
CO 

SCALAR MAP 

SYMBOL LOCATION SYMBOL LOCATION SYMROL LOCATION SYMROL LOCATION SYMBOL LOCATION 
THI OOOOEO THJ 0000E4 RI 0O0OE8 A OOOOEC S OOOOFO 
R 0000F4 

SUBPROGRAMS CALLFD 
SYMBOL LOCATION SYMROL LOCATION SYMROL LOCATION SYMBPL LPCATION SYMROL LOCATION 
ARSIN 0000F8 SIN OOOOFC TAN 000100 

LABEL MAP 
LAREL LOCATION LABEL LOCATION LABFL LOCATION LABEL LPCATION LABEL LOCATION 

1 0002DB 2 00030E 

TOTAL MEMORY REQUIREMENTS 0003R8 PYTES 

COMPILER HIGHEST SEVERITY CODE WAS 0 



FORTRAN IV MODEL 44MFT/WW V 3.5 / RESP / PATE 13 DFC 1978 TIME 0818.54 PAGF 0001 

0001 SUBROUTINE RFSPIY.S.K) RFSP 001 
C RFSP 00 2 
C RESP 003 
C COMPUTES THE ERYTHFMA SPECTRUM (KPMHYR AND MACHTA , 1973) , OR THE RFSP 004 
C PLANT RESPONSE (CALDWELL, 19ftB 1 OR PNA USING ANALYTIC EXPRESSIONS. RESP 005 
C RFSP 00ft 

c R F 5 ;p o n 7 

C *** SPECIFICATION STATEMENTS *** RFSP 008 
0002 INTEGER*4 NLPRT/ft/ RFSP 009 
0003 DIMENSION Y(?5),S(25) RFSP 010 

C *** OUTPUT FORMAT *** RFSP Oil 
0004 1000 FORMAT! 'OFIT TO ERYTHEMA SPFCTRUM (KOMHYR AMD MACHTA, 1973)') RFSP 012 
0005 1001 FORMAT! 'OFIT TO PLANT RFSPPNSF (CALPWFI.L, 196R I ' ) RFSP 013 
000ft 1002 FORMAT! '07.', 13E9.1,/, • R',13F9.3) RFSP 014 
0007 1003 FORMAT!'OFIT TO DMA') RFSP 015 
0008 1005 FORMAT! 'OZ',12F9.1 ,/,' R',1?F9.3) RFSP 016 

C RESP 017 
C RFSP 018 
c R P < ; p 0 1 < ? 

C RFSP 020 
C RFSP 0?1 
C RFSP 022 

0009 IF(K.E0.2.0R.K.E0.4) GO TO 100 RFSP 023 
0010 1F(K.F0.5.0R.K.E0.6) GO TO 300 RFSP 074 
0011 WRITE (NLPRT,1000) RFSP 025 
001? DO 10 1=1,25 RFSP 0?6 
0013 E = EXP((Y(I 1-296.51/2.692) RESP 027 
0014 S( I 1=0.04485/1l. + EXPI(Y(11-311.41/3.130))+4.*0.9949*E/(l.+E)**2 RFSP 0?8 
0015 10 CONTINUE RESP 029 
0016 GO TO 200 RFSP 030 
0017 300 WRITE (NLPRT,1003) RFSP 031 
0018 DO 111 1=1,25 RFSP 032 
0019 111 S(I ) = EXP(13.R2*((l./(l. + EXPI (Y(I 1-3101/9.) 1 1-1. )) RFSP 033 
0020 GO TO 200 RFSP 034 
0071 100 WRITE (NLPRT.1001) RESP 035 
0022 DO 110 1=1,25 RFSP 036 
0023 S(I )=2.618*( 1.-(Y(I 1/313.3)**2)*EXP(-(Y(I 1-300. 1/31.07) RFSP 037 
0024 IFISII).LT.O.) SII)=0 RFSP 038 
0025 110 CONTINUE RESP 039 
0026 200 WRITE I Nl. PRT , 1002 ) ( Y ( I 1 ,1 = 1 ,1 3 ) , ( S ( I ) , I = 1 , 1 3 ) RFSP 040 
0027 WRITE (NLPRT,1005) IY(I I,I = 14,25) , (S(I 1,I=14,25 ) RFSP 041 
0028 RETURN RFSP 04? 

C RESP 043 
C *** FND SUBROUTINE RFSP *** RFSP 044 

0029 END RFSP 045 



-p» FORTRAN IV MODEL 44MFT/WW V 3 .5 / RESP / DATE 13 DEC 1978 TIMF 0 8 1 8 . 5 4 PAGF 0002 

SCALAR MAP 
SYMBOL 
NLPRT 

LOCATION 
0001 18 

SYMBOL 
K 

LOCATION SYMROL 
00011C I 

ARRAY MAP 

LOCATION 
000120 

SYMROL 
E 

L PC A T I ON 
000124 

SYMBOL LOCATION 

SYMBOL 
Y 

LOCATION 
000128 

SYMBOL 
S 

LOCATION SYMBOL 
00 0120. 

LOCATION SYMBOL LOCATI m SYMROL LOCATION 

SUBPROGRAMS CALLED 
SYMBOL 
IBCOMtf 

LOCATION 
000130 

SYMBOL 
EXP 

LOCATION SYMBOL 
000134 

LABEL MAP 

LOCATION SYMBOL LOCATION SYMBOL LOCATION 

LABEL 
1000 
10 

200 

LOCATION 
0001CE 
000390 
0004E0 

LABEL 
1001 
300 

LOCATION LABFL 
00020C 1002 
0003A8 11) 

LOCATION 
O0O23F 
0003CC 

LARFI. 
1003 
100 

LOCATION 
O0O25C 
00043A 

LAREL 
1005 
110 

LOCATION 
00077? 
OOOACA 

TOTAL MEMORY REQUIREMENTS OOOftRR BYTES 

COMPILER HIGHEST SEVERITY CODE WAS 0 

BATCH HIGHEST SEVFRITY CODE WAS 0 

// ACCESS SDSABS 08.19.14 
// DELETE SDSABS(UVT) 08.19.15 
1A32I OSNAME ERR - UVT 08.19.16 
// CONDENSE SDSABS 08.19.16 
//UVT EXEC LNKEDTIMAP.NOKEFP) 08.19.17 



t'VT 13 DEC 1978 TIME 0819.1,7 

LINKAGF FPIT 

LIST PHASE UVT,* C R F A T F D 
LIST INCLUDE UVT ,L C R F A T F O 
LIST INCLUDE IIVT00001 ,L C R F A T F D 
LIST INCLUDE UVTOO00?,L C R F A T F D 
LIST INCLUDE UVT00003.L C R F A T F D 
LIST AUTOLINK IPCOMtf 
LIST AUTOLINK EPHEMS 
LIST AUTOLINK NliPAGE 
L 1ST AIITOLINK GRAPH 
LIST AUTOLINK COS 
LIST AIITOLINK SORT 
LIST •AUTOLINK ALOG 
LIST AIITOLINK FRXPI* 
LIST AUTOLINK FRXPRH 
LIST AUTOLINK EXP 
LIST AIITOLINK ATAN2 
LIST AUTOLINK ARSIN 
LIST AUTOLINK TAN 
L 1ST AUTOLINK FIOCS« 
LIST AUTOLINK UNI TAR* 
LIST AUTOLINK IHCERRE 
LIST AUTOLINK OAR COS 
L 1ST AUTOLINK DSQRT 
LIST AUTOLINK DATAN 
L 1ST AUTOLINK DSIN 
LIST AUTOLINK DTAN 

L 1ST AUTOLINK MSGTM 
LIST AUTOLINK CHAR 
L 1ST AUTOLINK PLOTP 
LIST AUTOLINK XYS 
L 1ST AUTOLINK IBANK2 
LIST AUTOLINK SCREEN 
L 1ST AUTOLINK IHCUOPT 
LIST AUTOLINK IHCTRCH 
L 1ST AUTOLINK CO 
LIST AUTOLINK POINT 
LIST AUTOLINK DV1R27 
LIST ENTRY C R F A T F D 



UVT 

PHASE TRANSFER ADDR. LOCORE HICORE 

COMMON 

COMMON 

UVT 008ED8 008ED8 01BR77 

13 DEC 1978 TIME 0 8 1 9 . 1 7 

BLOCK N O . ESD TYPE LARFL LOADED R F L - F A C . l 

COMMON EPHEMC 0 0 R 7 0 O nnoo5R 

COMMON RUFFFR OOR75R O0OC80 

1 3 B 4 CSECT 

* ENTRY 

MA I N 4 4 f , 

M A I N 4 4 
OORFDR 

OOREDP 

0 0 8 F 0 B 

CSECT 

* ENTRY 

THETAf. 

THETA 

OODOFO 

OODOFO 

OODOFO 

CSFCT 

ENTRY 

FRENFL f. 

FRENFL 

0 D F 2 1 R 

0 0 F 3 1 R 

O 0 F 3 1 R 

CSECT 

ENTRY 

RFSPf. 

RFSP 

0OF6AO 

0 0 F 6 A 0 

O0F6AO 

CSFCT 

ENTRY 
* ENTRY 

FNTRY 

BPAIRCOM 
I RC.OM* 
E X I T 
ADCONtf 

0 0 F D 2 R 

0 0 F D 2 R 
0 0 F 9 F R 
0 0 F F 7 4 

OOED?B 

CSECT 

FNTRY 

EPHEMSf. 

EPHEMS 

01 1. A60 

0 1 1 A 6 0 

0 1 1 A 6 0 

CSFCT 

ENTRY 

NUPAGFP 

NIIPAGF 

0 1 7 0RO 

0 1 7 0 R 0 

0 1 7 D B 0 

CSFCT 
ENTRY 
ENTRY 
ENTRY 
ENTRY 

* ENTRY 

GRAPHf. 

GRAPH 
GRAPH! 
GRAPHG 
GRAPHP 
GRAPHS 

0 1 3 1 7 R 
0 1 3 1 7 R 
01.3 ? 1C 
0 1 3 ? 5 0 
0 1 3 ? R 4 
0 1 3 1 F 8 

0 1 3 1 7 8 

0 S EC T CPLOT 0 1 9 4 0 8 0 1 9 4 0 8 

CSECT 
ENTRY 
ENTRY 

I H C S S C N 

ens 
S I N 

0 1 5 4 0 0 

0 1 5 4 0 0 
0 1 54 1 C 

0 1 5 4 0 0 

CSECT 

FNTRY 

IHCSSORT 

SORT 

0 1 5 5 F O 

0 1 5 5 F O 

0 1 S 5 F 0 

CSFCT 
ENTRY 
ENTRY 

IHCSLOG 

A LOG 
A L 0 G 1 0 

0 1 5 7 5 0 
0 1 5 7 6 8 
0 1 5 7 5 0 

0 1 5 7 5 0 

CSECT I H C F R X P I 0 1 5 9 1 8 0 1 5 9 1 8 



I'VT 13 DEC 1 9 7 8 T I M F 0 8 1 9 . 1 7 

PHASE TRANSFER AOOR. LOCPRF H I C P R F BLOCK N O . FSO TYPE L A B E L LOAOFO R F I . - F A C T O R 

FNTRY 

CSECT IHC.FRXPR 0 1 5 A 8 O 0 1 5 A B n 

FNTRY 

CSECT IHC.SFXP 0 1 5 C ? 0 0 1 5 C ? 0 

FNTRY 

CSECT I H C S A T N ? 0 150FB 0150FB 

ENTRY 
* ENTRY 

CSFCT IHCSASC.M 0 1 5 F C 8 niSFC.8 

ENTRY 

* ENTRY 

CSFCT IHCSTMCT O l f t l O O 0 1 6 1 D 0 

ENTRY 
* ENTRY 

* ENTRY 

CSFCT B O A F I O C S 0 1 6 4 6 0 0 1 f t 4 6 0 

FNTRY 
ENTRY 
FNTRY 
ENTRY 

* ENTRY 

* FNTRY 
* ENTRY 

* ENTRY 
* FNTRY 
* ENTRY 
* ENTRY 

ENTRY 
* ENTRY 
* ENTRY 
* ENTRY 
* ENTRY 

* ENTRY 

* ENTRY 

CSECT BOAUNITR 017730 017730 
ENTRY 

CSECT IHCFRRMF 017?40 017340 
ENTRY 
ENTRY 

FP X P I « 0 1 5 9 1 8 

IHC.FRXPR OJ 5 A 8 0 

FRXPRa 0 1 5 A 80 

IHC.SFXP 0 1 5 C ? 0 

EXP 0 1 5 C 7 0 

I H C S A T N ? 0 1 5 0 F B 

ATAM? O l ^ P F B 
ATAN 0 1 5 F 1 0 

IHCSASC.M 0 1 5 F C 8 

A R S I N 0 ) 5 F 0 F 
ARC OS 015FC.8 

IHCSTMCT 0 1 f t l 0 0 

TAN 0 1 6 ) F f t 
OTAN P I <-37R 
COTAN 0 '. ft 1 DO 

B O A F I O C S O l f t 4 f t O 

PAI ISFT 0 1 f t 4 B C 
RCRORG* 0 1 7 ) 8 0 
BUFORG« 0 1 7 1 8 4 

F I O C S * 0 1 f t f t 3 6 
NOECHP 0 1 6 54C 
ENC.OOF 01 ft4ftO 
DECODF 0 1 6 4 6 0 
F I O C D * 0 1 6 6 7 0 
ERECHO 0 1 6 5 5 8 
I GNJC.L 0 1 f t 4 A 4 
CORE 0 1 f t 4 f t 0 
F I 0 1 NT P 1 6 5 A P 
ECHO 0 1 6 5 4 0 
F I X R U F S 7 0 1 7 ? 1 F 
F IORST 0 1 6 5 F 4 
RST. ICL 01. f t4Rf t 

VOI PC S « 0 1 7 1 9 0 
NFECHO 0 1 f t 5 f t 4 

BOAUNITR 0 1 7 7 3 0 
U N IT A R « 0 1 7 ? 3 0 

IHCFRRMF 0 1 7 ? 4 0 

IHCFRRE 0 1.73ftft 
IHC.FRRM 0 1 7 3 7 0 

-F» 
CO 



PHASE 

UVT 

TRANSFER ADDR. LOCORE HICORE 

13 DEC 1978 TIMF 0 8 1 9 , .17 

BLOCK MO ESO TYPF LARFL LOAOFD RFL-FAC 

* FNTRY TSTMP 01735R 
* ENTRY 1STFRR 017?40 
* ENTRY ERRMOM 0 1 7 3 7 0 

CSECT IHCLASCN 0177CR 0177CR 
FNTRY DARCOS 0177C.8 
ENTRY UARSIN 0177EO 

CSECT IHCLSORT 017A40 017A40 
ENTRY USQRT 017A40 

CSECT IHCLATN? 017RA0 017BAO 
ENTRY • UATAN 017PRC. 

* ENTRY UATAN? 017BA0 

CSECT IHCLSCN 017DFR 0170FR 
ENTRY USIN 017E1A 
ENTRY ocns 017DFR 

CSECT IHCLTMCT 018078 018078 
ENTRY UTAN 018090 

* ENTRY ODTAN 01R25C 
* ENTRY UCOTAN 018078 

CSFCT MSGTMS) 018378 018378 
ENTRY MSGTM 018378 

CSECT CHARSI 018710 018710 
ENTRY CHAR 018710 

CSECT PLOTS!? 019460 019408 
ENTRY PLOTP 0194FC 
ENTRY PLOTA 01956E 
ENTRY PLOTR 019556 
ENTRY PLOTF 0196 1 C 
ENTRY PLOT I A 01956? 
ENTRY PLOTIP 0194F0 

* FNTRY SCALF 019460 
ENTRY PLOTIR 01954A 

* ENTRY PL TROY 0194FA 
* FNTRY PLTMGR 0194E0 
* ENTRY PLOTM 019638 
* ENTRY PLTMG 0194RA 

CSFCT GPLOTf. 01.9878 019878 
ENTRY XYS 0198E8 
ENTRY LXYS 01991C 



PHASE TRANSFER ADDR. L OC PR E 

UVT 13 DEC 197B TIMF 0819.17 

HICORE BLOCK MP. FSD TYPE LAREL LOADFP RCL-FACTOR 

ENTRY XLYS 019950 
ENTRY LXLYS 0199R4 
ENTRY XY 0199BP 
ENTRY LXY 0109FC 
FNTRY XLY 019A7O 
ENTRY LXLY 019 A 54 

* ENTRY GPLOT 019878 

CSECT I RANK a 01A91B 01A918 

ENTRY I BANK? 0 1 A9?4 
* ENTRY IBANK 1 01 AC-IB 

CSECT DATPAN 01AA10 01AA10 

CSFCT SCRFENa 01AA20 01AAIO 

ENTRY SCREEN 01AA20 

CSECT DV1877 01°9BB 01B988 

CSECT I HC.linPTa 0 1 o 0 F P PIBnFO 

ENTRY IHCUOPT 01°PFO 
* FNTRY ERRTAR OlROFn 

CSECT IHCETROH 010?FO 01B?FO 

ENTRY IHCTRC.H 01R?FO 
* FNTRY ERRTRA 01°?F6 

CSFCT DIGAN1.G 01B5FB 01R5F8 

ENTRY CO 0 IB 640 
FNTRY DI 01 Rft40 

* ENTRY NO I 01.05FS 
* ENTRY OAC 01Rft40 
* ENTRY NCO 01R5FP 
* FNTRY NOAC. OlBftIP 
* ENTRY AIP 01B640 
* ENTRY N A I P 01B6O8 

C S EC T POINTS 01B810 0188)0 

ENTRY POINT 01R8]0 

HIGHEST CORE LOADED = 01BB77 

LINKAGE EDITOR HIGHEST SEVERITY WAS 0 EDITOR TIME 
// EXEC UVT 

] MIN 34 SFC 
08.70.5A 

cn 
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