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T. 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
cffects throughout the water column. It provides a basis not only for
estimating the penetration of present levels of UV-B into various water tvpes
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 waveiengths than to otheré, 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 al. 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 €(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'bcing
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()) is arbitrary.



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) . ¢ K

]

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 < .025mg chl a » m 3

2) for chl = .05mg chl ¢ » m 3
3) for chl = 0.5mg chl @ * m 3 (and high DOM)
4) for chl =0.5mg chl g + 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 aose defined by ‘
f é ce - Ky
and the total daily dose integrated over all sun angles defined by
[[E«¢. e X2 ax a0 ,
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.



As an example of our use of this program (Smith and Baker, 1978c),
(igurcs 3 through 7 are given. Figure 3 shows how the biologically (DNA)
weighted spectral irradiance (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 dosc
lics 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 prescnt form.
Its name in the Visibility Laboratory files is UVT.
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Fig. 1. Relative biological efficiencies e()) 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 dowrward (noon)
spectral irradiance, E(Z,90,)) [watt «m 2 . nm 1], at various depths, as a function of
wavelength.

The product of eDNA(A) and E(Z,90,1) gives the curves shown in Fig. 3.
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Fig. 2.
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DIFFUSE ATTENUATION COEFFICIENT FOR IRRADIANCE K[m™!]

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: [J , 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 (0.5mg'chla - m 3).
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Fig. 3. Downward irradiance, Ed(O-,G,)\), times the Setlow DNA action spectrum (Setlow, 1974),

eD\IAO‘)’ for ozone thicknesses of Woz = 0.16, 0.24 and 0.32 an for noon at San Diego,
California (30°N 120'W) on 15 June 1977.
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Fig. 4. Downward irradiance, Ed(z,e,x), times the Setlow DNA action spectrum, eDNA(A), for a
standard atmosphere (woz = 0.32 cm) at various depths at San Diego, California on
15 June 1977. Data for clear occan water, Curve (1) in Fig. 2.
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A) e eDNA(A) vs A for Wy, = 0.32 cm at various depths at San Diego on 15 June

Data for moderately productive coastal water with relatively high concentration

of dissolved organic material, Curve (3) in Fig. 2.
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Fig. 6. Dosc, F,B(O_,)\) [watt - m-Z]DNA (Setlow DNA action spectrum weighted), as a function of

local time computed using Green's semi-empirical analytical formulae (Green, et al.,
1974a) for 15 .June 1977 at San Diego, California (30°N, 120°W) for Wy, = 0.16, 0.24
and 0.32 cm.
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Fig. 7. EB(Z,A) [watt - m_2]DNA vs local time for 15 June 1977 at San Diego for Wy, = 0.32 am 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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II.

Program Overview

irradiance from Green's model

spectral dose

E+«eg s ' spectral dose below water surface
E -’e .s . K2 spectral dose at depth Z
JE+g s - e X% ax = m total dose
l
JE-+s - e X ax = Er total irradiance
!
[ EB (8) d6 = ETB (position,wo,e,K,Z) total daily dose
J
[ ET (8) d6 = ETOT (position,wo,K,Z) total daily irradiance




IIT. Program Flow

ISTOP = 2 >

read AID
KP, KPP
KTRL,LBFDO,A,Al
M1,M2,TYEAR (if KTRL#0)
XLON, XLAT (if KTRL#0)
K1,K2,D0,KC,Q1,Q2,P,Q

change time
to angle
ephem sub

]

Yes
—_—

ISTOP = 1 -

read

WO, K, ISTOP

!

do for each z

!

do for each 6

-

. .
l calc DT coefs |
¥

do for cach X |

4
calc DT, AT
+
SUN = 1 - e AT cost
DIFF = 1§ - ¢ DT
-

taking thru water surface
SUN = SUN * (1 - R),
DIFF = DIFF » (1 - .066)

L = SUN + DIFF

taking to depth
DIFE = DIFY « ¢
R
RATIO = DIFF/E

-KZ

STORE(X,0) = E » ¢())
GRAP(X) = STORE(2,0)
STOR(A,0) = E

+

PLOT L * €

¥

" DOSE . :
DOSE(0) = [ 11 « ¢ dx

ET(8) = [Edx
RATTO = DOSFE(9)/ET(0)

+

PLOT DOSE V TIME

TOTAL DATLY DOSE
ETB(Z) = [ DOSE(6) de
" ETOT(Z) = [ ET(6) d¢

Yes | recal
2>== suN, DIFE

write A
write constants

write wo

write detailed
time,0,A,AT,DT,
SUN,DIFL, T3,

RATIO,NF, STOR;

writc time,6,
DOSE, 51, RATTO

write Z,ETB,ETOT,
g HoT (20

ETOT * ETB
ror (41

13



Iv.
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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
- A - 300.
1) H = 0.552 (1 + T)
A = wavelengths between 280 - 340 mm
A - 300
( KC - TAUO - )
) Dr=K-e b(e) SEQL + K2 - SEQ2
2
SEQL(8) = 1/ A1 - Sin2(8)
Qa
2
SEQ2(8) = 1 / Jl Sm (e)
D(6) = DO x SPEQ(8)
. P 1/p
SPEQ(6) = 1/[1-51—I‘Q(ﬂ]
TAUO = ozone optical thickness at 300 nm = 10

parameters: K1,k2,D0,XC,Q1,Q2,P,Q

variables: WO ozone thickness in cm

6 solar zenith angle in degrees

+ WO



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

TAU(AEROSOL) -+ SEQ(AEROSOL) ,

TAU(OZONE)

TAU(AIR)

TAU (AEROSOL)

assuming i = (ozone)

SEQi

Qi
Y(OZONE)
Y(AIR)

Y (AEROSOL)
R

TAUO - e—(A - 300)/8)

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

TURBIDITY - (300/3)%"267
TURBIDITY = 1.218
0.5764

WPKP - (300/X)
WPKP = aerosol optical depth = .4111

or i = (air) or i = (aerosol)

1/ \/17— §18§L91

(1 + (Yi/R)]?

23.5 M
5.69 KM
1.0 KM

6371.23 KM = EARTH'S RADIUS

15



V. 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 (A) in nanometers
K - indicates which response (erythema, plant, DNA)
to calculate (see KTRL in data deck Sec. VI)

Output variables:

S(I) - response function (€) at wavelengths Y(I)
The following equations are used:

a. erythema (Komhyr and Machta, 1973)

4o, exp (x-xo)/xf a'
E:e()\) = +
{1+exp[(A-2 ) /A1) {Ivexpl(A-2 ") /A" 1}
o = .9949 a' = .04485
Ao = 296.5 AO' = 311.4
Af = 2.692 Af' = 3.13Q

16



2)

b. plant response (Caldwell, 1968)

. n .
(M) =a [1-(/A"T exp - [(A-2))/2¢]

o = 2.618
AC = 313.3
n = 2

AO = 300
Af = 31.08

C. DNA (Setlow, 1974)

1
Ea(A) = exp { k -1 3}
DNA 1+exp (A—AO)/kf

k = 13.82
A = 310
o

Subroutine FRENEL

Input variables:

RI
THI

4./3. = air-water index of refraction (n)

angle of incidence (i) in degrees
Output variables:
R = Fresnel reflectance at an interface

The following equations are used:

17



sin? (i-j) tan? (i-j)
R=1/2 +
sin? (i+j) tan? (i+j)
S R
j =sin * ( 5-51n(1) )
at i=0°
(n-1)2
R =
(n+1)?2
at i = 53.1°
2
1 [ n?-1
R = —
2 \ n?+1

3) Subroutine THETA or EPHEM

a. THETA

Input variables:

ML, 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

Output variable:

EL

18

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

sun angle in degrees



b. EPHEM

Input variables:
M1,M2, TYEAR
XLON, XLAT
TIME

Output variables:

AS
ZS

month, day, year
longitude, latitude in degrees

local standard time in hours

sun azimuth angle in degrees

sun zenith angle in degrees

19



VI. Data Deck

ISTOP=2

ISTOP=1

20

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

1.1

1) form

AID
KP, KPP

%' in the format statements.

KTRL,LBEDO, A, Al

M1,M2, IYEAR (if KTRL#0)
XLON,XLAT (if KTRL#0)
K1,X2,D0,XC,Q1,Q2,P,Q

WO, K, ISTOP

2)  explanation

AID
KP, KPP
KP =0
#0
KPP=0
#0

KTRL, LBEDO,

KTRL=0

15 characters of data identification

graphing option

no graph E % € vs. wavelength

graph E * € vs. wavelength

no graph time vs. dose

graph time vs. dose

AAl

no dose calculation; uses sun angles TET

dose using erythema response; uses TIME

dose using plant response; uses TIME

detailed 1

detailed 2

dose using DNA response; uses TIME

detailed 5

standard albedo values .05

other than standard (DIFF,SUN calculation varied)
A albedo value at which flux to be calculated
Al = albedo value at which flux is known



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
K1,K2,D0... parameters used for calculating diffusing
thickness DT

K1 = 1.320
K2 = 0.873
DO = 7.700
KC = 0.2770
QI = 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
0K=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 for Chl = 0.5 (Smith § Baker modcl)
ISTOP explains next data card set
= 0 this is last set of data
1 gocs back to rcad in (WO,K,TSTOP)
2 goes back to read in (AID)

It

]

21
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3) example
C sk SAMPLE NE
00
5 0
0A 15 1977
120. 30,
1.32 JRY3
28 11
LR 2
J2R 3
PR 4D
noon
20
12 15 1977
120, 30,
132 <B73
P T
R
2R 3
PR 4L D
non
5 0
NA 15 1977
120, 30,
1.37 RT3
RO
2R 2
.28 31
PR 42
non
20
12 15 .1977
120, 30,
1.32 RT3
SR 1
2 A |
T |
PR 40
/& FND FE JOR

-
[ ]
~

NDATA FOLLOWS -

0277

0,277

0277

0277

1.12

1148

1,148

1.148

l.14R



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 debths

depend upon the individual user.

wavelengths to work at (280 to 340)

Y/
time (KTRL#0)

TIME/ , NTIM/
angle (KTRL=0)

TET/ , NTET/
depths

D/ , NZD/
K values

XK1/

XK2/

XK3/

XK4/

23
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FORTRAN TV

MODE] L&k

XX sk

FT/WWw v 3.5 PATF 132 NFC 1WTR TIMFE (QRY1&,49Q

PRIVGRAM N1VY

THFE MINNLF ULIRAVINDLET REACHING THE GROUND, RY GREFEN, SAWADNA,SHETTLE
WEIGHTFD AN TAKFN TINDFRWATFR RY SMITH,RAKFR
INPUIT
(AIDCTY,1=1,18) NATA TDENTIFICATION (1RAG)
KP KPP
KiR=0 N GRAPH F%R
40 GRAPH F%R
KPP=0 NI} GRAPH TIMF V, NNSF
#0 GRAPH TIMF v, DOSF
KTRL,LBFNN,A LA
KTRL=0 COMPUTATION RFOUIRFN AT THE ANGLES fTFT!, N PNSE
CALCHLATIONM IS RFOUIRFN,
=1 COMPHTATINN RFONIRFN AT THE TIMFS 'TIMFY, NNSF
CALCULATION IS RFQUIRFN WITH FRYTHEMA SPECTRUM,
=7  SAME AS KTRL=1, RUT V[TH THF PLAMT RFSPONSE FUNCTINN,
=2 SAMF AS KTRL=] NETATLFD PUTPUT RFOUIRED,
=4 SAME AS KTRL =2 DNFTAILFR NUTPUT RFONIRFN,
=5 SAME AS KTRL=1, RUT WITH NNA RFSPNNSE
=k~  SAMFE AS KTRL=5 DETAILFED NUTPUT RFQUIRFN,
ILHENN = 0, STAMDARN AILRFEND VALUESLE 0,08
= 1y, ALKRFDNO VALFS NTHFR THAN STANMPARD
A = ALRFDPD VALNE AT WHICH THF FLUX 11 BF CALCULATFD
AL = ALRKREINM) VALUF AT WHICH THE FLUX IS KNMOWN
M]4M2, IYFAR MONTHLPAY L, YEAR (NO MEFD IF KTRL=0)
XLONGXLAT LOMGITUDE AND LATITOURF {INO NFFED TF KIRL=0)
K14K2+NOWKE 4N1402,P,0 SFE THF FORMIILA AROVF FMPR DT,
WKy ISTNP
Wi = NZNNE THICHNESS (IM CM)
K = K VALUFS USFD TN TAKF IRRADIANCF TN NFPIH
K=0 K=0
=] K FXTRAP FOR CLFAR WATERS
=2 2200777 STATION R 08 CHL
=3 220CT77 STATION 2 O.5CHI. (HIGH NNMm)
=4 SMITH AND RAKFR FODFL 0O, SCH],
ISTOP = 0, STOP AFTFR THIS RitM
= 1, GN KACK 1N NO.S50 10 RFAD TN MNORF PATA FOR
tWO o, ISTNPY AFTRR THIS RUN,
= 2, GN RACK 1N NN_T TO READ IN MORF DATA FRMOM THF
HFGINNING.AFTFQ THIS RUN,
DATA Y/ = WAVF LENGTH [N NMm
DATA TIME/ = FST IN HOURS (USFR WHEM KTRI #0)
DaTaA NTIMF/= TNTAL NIMKFR NF TIMFS
NATA TET/ = SPLAR Z7ENMITH ANGLEST DSFD WHEN KTRI =0)
NATA NTET/ = TOTAL NIWHFER NOF TET,
DATA 7n/ = DEPTHS CALCUHLATED
DATA NZP/ = TNTAL NUMKFR NF PFETHS
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FORTRAN

nnnl
onnp
non3

nnns
oons
000A
nnn7
NONRK
0npg
noln

oni1

0on1?

0n13
onta

0015
0nl1k
on
ON1R
onle

onzo

0n21
nnz22
on23

nnz2s

v

c

c
p

C
c

MONFL 44MFT/WW V 3,5 PATF 12 DFC 197K TIMFE (R15,44
T

wnx SPECIFICATION STATFMENTS fokx (1A

INTEGER%4 NTSCNM/17/4 NCCRD/S5/, MLPRT/6/ uvT
REAL®R XILOM,XLAT,TIMR, 75,48 T
REAL%4 K1,K?2,KC : HvT

: VT

DIMENSINN FTOT(20) uvTy
DIMENSION XOR{2),YNR(2)},70R(?) T
DIMENSINN GRAPI(2S5) T
DIMENSINN XNAML{G) ¢ YNAMY (4) 4y XNAM2(2) ,YNAMZ2(3) ,ZNAML(]) Hv T
DIMENSINN XK1(25)4XK2(25)4XK3(25) 4XK&(25)XK5(25) uvT
DIMENSTION FTAI20)42ZDI10) 4 XK(25),STOR(25,26),FT(36) ovT
DIMENSINON Y(25),AIN(1R), X{14) 4SEON(36) 4SFRA(36),SFOP(36),SNOC 1IVT

#3A) 4 CNE3A ) HLI25) o SNI36) s TINFI3A) 4 ANGLEI2A) ,TFT{36),STPREI25,36) 1VT
®yR(25),NNSE136) T

Hvy

) whx JNPUT FORMATS s uvT
1000 FORMAT(1RAG) nvy
uvT

#wax ANTPUT FORMATS ok vy

301 FORMATI(Y N7=',Fh.2,t Ks1,13,1 7z2',F7.3,/, Uvy
*'PLOT TIME vV DISE NOCOY,YFS(L) ') UvT

306 FORMAT(' TIMF,NOSF=XMAX XMINGXINT ¢XULNLG(O, 1), YMX,YMN,YINMT,, YUNLGY ) UVT
307 FORMAT(Y NZ='yFha24y' Ks'WF7.34"' Z=',F7,3, ' TIMF=',F7.3, bvT
BITIME=! F7.3,/,"' PLOT TIME V DPNSE  NMO(O),YES(]) ) "WWT

311 FORMAT(' W g FER=XMAX ¢ XMINy X INT o XLIN_LGEO, 1), YMX,YMNGYINT,YLINLGY ) VT
321 FORMAT(' MEW GRAPH NO(O),YFSI(1)') uvT
1001 FORMAT(']1',18A4) VIV T
1002 FNRMATI(RF10.0) VT

1003 FNRMAT('OTHE VALUIFS OF PARAMFTERS FNR THE DIFFUSING THICKNESS DT AT
#RE /' Kl=',Fh,3,' K2=',FH.3,' DO=',Fh,3,' KC=',Fh6,y"' Ql=',0VT

#¥F6.3,' Q2=',Fhe3,' P=',Fh.3," 0Q=',FA,3/) (LA
1004 FARMAT('0',T50, *H®FXP(=AT)',T91l,'GLOKAL " UvT
/0 TIME THETA ZL ' JRX, AT 10X, tDTLVT
sx.'*(nS(THF1A)-.3x,'n1FFn§F'.6x.'FLNHAL'.3x.'n1FF/GLnR',3x.-ms-nv1

%y 3x.'RESPnNsF') VT
1005 FanAI(F? 2+F8.24F7.1,1PHhEL12.3,14,1PF}2,.3) (1A}
1006 FORMATIFT7.2,4,FT7.1,1P5F12.3,14,1P1F12.2) HvT

1007 FNRMAT('0O',2X, 'IF NF IS NNT EQUAL TO ZFRO, AT MUST BF INCREASFUVT
%D BY NF%FNNRM, WHFRE'/3X,'FNARM=?", FR,2,' AND HXEXP(-AT)*CNS(THFTAUVT

*) MUST RE MULTIPLIFN BY 10%%(~NF%x50)°') UV T
1009 FﬂRMATl'OFXTRATFRRFSTRIAL SFIAR FLUX HY/ [HAA)
'0 b= 'y13Fh.1/" H= V', 13F6.3/'0 7LL= ',12Fb6,1/ UvT

*' H= v, 12Fk.3/ ' (7L IS THE WAVFLFENGTH TUVT

=N ONM OAND H IS IN WATTS PER M##2 PFR NM)! ) vy
1009 FNRMAT('OFE=HS(EXP(=AT)*CNS(THFTA)+FXP(=NT) ) // tvT
11Xy 'H =EXTRATERRESTRIAL SOLAR FLUX!'/ (IR
11X, *AT sATTENMUATINMG THICKNESS ALNNG THF RIRFCT PATH!'/ vy
*1LX,'DT =DIFFUSING THICKNESS DUF TN MULTIPLE SCATTERINGY/ vy
#VOTHE FOLLNWING AMALYTIC FDRMUHLAS ARF NISFD FPR AT AND DTY/ vy

* 0 AT =TAIOZONFY#SEO(OZONE)+TAU(AIRIXSFOIATR)+TAN(ARROSOLIIIVT
*xSEQUAERNSOAL ) '/ uvy
*11X, ' TAUCNZONE) =TAUNREXP(=(ZL-200)/R) '/ HvT
11X, 'TANIALIRY) =1.218%(300/2L ) %%4 267/ HvT
#11X, " TAUGAERASAL) =0,411%(300/2ZL }5x0,57641/ T
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FORTRAN

nnza
0on27v
nnzA

nnz9
nn3in
nn3l
nn3z
0n33
non3e

0035
003A

0037
0Nn3Aa
0039
nnan

nnal

0ns?

nn&a3

nnsa

0045

0N&A

nnae7

0N4R

1v

MANEL 44MFT/WW V 3,5 / MAINGG /7 - PATE 13 DFC 1978 TIMF OR]1R,49

#]1X,'SEQIQ)  =1/SORT(1-SIN(THFETA)%%2/Q)*'/ : [N\YAS
211X, 00 =(1+Y/R)%%2 1/ uvT
11X, 'Y (NINANE) =23.5 KMt/ T
11Xy 'Y(AIR) =5,69 KM/ A
*11X,'Y(ARRNSAL ) =1 Kmy/ uvT
#11X,tR =FARTH RAPIUS = 6371.23 KM1/) vy
1010 FNRMAT(ELD.0,15, 2F5.2) Ny T
1011 FNRMAT(VINZONFE CONCENTRATION 4 WN=! ,Fh,2," (M1 Hv T

1012 FNRMATI( '

DT =K1*EXPIKCE=TAUO=(ZIL-300)/N{THFTA) }%SFQ] + K2%SUVT

*EQ2'/ vy
®]11X,tTAUN =O0Z0NF OPTICAL THICKNFSS AT 300 NM = 10%W(QZONF) '/ uvT
w11X,'SEOL =1/SORTL1=-SIN(THFTA)%%2/01)'/ uvT
nll1x,'SEQ2 =]/SORT{1-SINITHFTA)=%2/Q2)1/ nvT
11X, 'THETA =SMILAR ZENITH ANMGLE'/ uvT
211X, 'NDITHETA)Y=PO%SPEQ'/ 1T
*]11X,'SPEQ =1/(1=-SIN(THETA)%XP/Q)%x%x(]1/P) '/ vy
#]11X,'THF PARAMETFRS ARF K1 4K24DO4KC,01,02,P AND Q' ) nvT
1013 FARMAT (213,2F4.041F7.3,2F6.0,1F6,241FT7,242F4,0,1F5,2,1F7,2, 1A}
11F7.4) HvT
1014 FORMAT{'OMONTH=',13," CAY=1,13,!" YFAR=',14) v T
1015 FNRMAT(COLNNGITUNFE=',F10.6," LATITUDF=",F10,A) uvT
101A FORMAT(515) (1A ¢
1017 FORMAT('01,T42, "HXFXP(=~AT )/ THETA LY yBXy " AT? 10X, 'DNT',6X v T
AVECOAS{THETA) ' 42Xy "NIFFUSE? 46Xy 'GLORAL ' y4X, "NFY ,SX ' DIFF/GLORY) T
1018 FNRMAT('ONNSF IN WATTS / M=x20/14() TIMEY ,4X , " THFTA! ,6X,*DOSE?, UvT
#GX ' FT s RXy 'NOSE/FET!) uvT
1019 FORMAT(FR.2,F9.1,0P3E12.4) VT
1522 FORMAT('0OK VALUFS=' 412474407 '413F6,1/'0K ', 13F6.3/'07 ',12F6,1/ 1IVT
#V0K ', 12FA.3) v T
1523 FORMAT (.Y DEPTH=',Fh.2) uvy
1717 FORMAT(' *,3F15.3) uvT
2000 FORMAT(? ZV 49Xy "ETRBY yOX G 'FTOT 43X, "ETR/FTNT=R! 44X, 'RIZ) /RO IVIVT
2001 FORMAT(' '4F7.,243X,4F12.4) UvT
UVT

DATA Y/28041782.5,2R5.4287.54290,,292.5,295,,297.5,300.,202.5, UvT
#305,4307.5+310.+312.54315¢4+217.5+4320,,322,5,325.,4327.5,330., NV T
%332.5¢9335.9337.5,340./ vy
DATA TIME/AerTesBerFesl0esllerl2.9134414,4154416041744184415.3, uvT

* 22%0./4 NTIME/13/ vy
DATA TET/04+304+5009704980448B5.430%0,/4NTET/6/ 1V T

DATA ZD/0us1e92¢45¢910.420.4404,3%0,/,NZN/T7/ Hv T

uvT

K CHNICES 1 TN & . Hvy

DATA XK1/ ¢3104.290y.26R4.2694.2374,223,.209,.198,.186,.175,.166, IVT
#.1579e150001629413A4.129,.1224,117,,113,.107,.,103,.098,.094, OvT
%*,090,4.0RA5/ HvT
DATA XK2/.3854.3554.3324143104.290,.2714.256,.263,.,22B,.216,,2064, UVT
#,19214180,3.1704.1624.1534.166A,.139,.132,,126,,120,.115,.110, T
%,106y.102/ UvT
DATA XK3/1.4341.3741.33,1.2941.24,1,19,1.145,1.09,1.045,1.00, T
%e9554.91,.863,.8B13,,.760,.715,.675,.633,.595,.56,.526,.495, .470, 1IvT
*,445,,420/ (LAl
DATA XK&4/ o564 0529509049y o475,.46,,445,,627,,61,.395,.3B,.27, VT

% 0369635900349 033743290314430,.2959.29,.7284.274.264.25/ vy

Nyt
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FORTRAN

0049
0ns0
0051
nons?
0053
0054

0055
0056

0ns7
0058

0059
0060
0061
0062
n063
0064
00AKS
0n66

nnev
N06AK
onesg
0070
0071
no72
0073

00746
0075
007A

OO0

MODEL 44MFT/WW V 3.5 / MAIN44 /

GRAPH LABRELS

DATA XNAM1/1HT 9 1HT ¢ 1HMy1HE ¢ IH{ 4 1HH, 1HR 4 1HS, 1H) /

DATA YNAML/1IHDy1HO,1HS,1HE/
DATA XNAMZ2/1HW, 1HL /

DATA YNAM2/1HE,lH*,1HR/
DATA 7ZNAM1/1H /

DATA XOR/04904/3YNR/0es0e/yINR/ 0,40,/

CALL PAUSETINTSCN)
NTIMEQ=NTIME

EXTRATERRESTRIAL SOLLAR IRRADIANCE

DN 10 I=1,25
HLIT)=0.552%(1.+(Y{I)=300.)/37.)

Q0=(1.+23.5/6371.23)%%2
QA= (1.45.69/4371.23)%%2
OP=(1e+1./6371423)%%2
READINCCRN,1000) (AID(I},
WRITE (NLPRT,1001) (AID(I
READ(NCCRDN,%) KP, KPP

READ (NCCRN4s%*} KTRLLBENC,A,AL
NY=1

I1=1
)l

TIME INFN IF KTRL#0

IF(KTRL .EQ.0) GN T0 20

READ (NCCRDs*) M1,M2,1YEAR
WRITE (NLPRT,1014) M1,M2, IYFAR
READ (NCCRDy*) XLON,XUAT

WRITE (NLPRT,1015) XLON,XLAT
NTIME=NTIMEO

6N TN 30

TIME INFN IF KTRL=0

NTIME=NTET
NY=2
ON 25 K=1,NTFT

0R1E,49

vy
uvT
uvT
uvY
uvy
uvT
vy
1WT
UvT

PAGF

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
18R
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
218
220

onna



o

FORTRAN

0077
007R
0079
0nan
00R1
00R2
00R3
noRa

00RS
00RA
00R7
N0RA
00R9
0nen
0091
0ne?
0093
0094
0095

0094
0ne7
009 R
0099
0100
0101
0102
0103
0104
0105
0106
o107
0108
0109
0110
0111
0112

0113
0114

0115
0116
oy

1v

o000

MODEL 44MET/WW V 3.5 / MAINGG / PATE 13 NEC 1978  TIME 0815.49

25 ANGLE
30 DN 40

(K)=TET(K)
K=1,NTIME

IF(KTRL.EQ.O0) GO T0O 35
TIMB=TIME(K)
CALL EPHEMSI(XLON,XLAT,IYEAR,M1,M2,TIMR,AS,Z5)

ANGLE

(K)=725*180./3.141593

AS=AS*1R0./3.141593
IF(KTRL.EQ.6) WRITE(641717) TIMB,ANGLE(K),AS

CONSTANTS FOR AT
35 T = 3,141593/180.0 ®*ANGLE(K)
CO(K)I=CNSI(T)
SN(K)=SIN(T)
SNQ{K)}=SN(K)*%2
SEQNIK)I=14/SQRT(1.-SNQ(K)/QD)
SEQA(IK)=1./SORT(1.-SNQ{K}/QA)
SEQP{K)=1./SQRT(1.-SNQ(K)/QP)
40 CONTINUE
WRITE (NLPRT,1009)
WRITE (NLPRT,1012)
WRITE (NLPRT,1008) (Y(I)oI=1413)y(HLIT),I=1,13),(Y(I},I=14,25),
® (HL{I),1=14,25)
READ (NCCRDy*) K14K24D0+KC»Q1,024P,0
WRITE (NLPRT,1003) K1,K2,D0+KC+0Q1,02,P,0Q
IF{KTRL.EQ.O0) GN TO 45
CALL RESP{Y,R,KTRL)
45 FNORM=ALNG(10.,%%50)
50 CONTINUE
READINCCRD*) WN,K,ISTOP
KQ=K
DN 79 t=1.25
IF(K.EQ.Q) XKI(L)=0.
IF(K.EQsl) XKIL)I=XKI1(L)
IF(K.EQ.2) XK(L)=XK2(L)
IF(K.EQ.3) XKIL)=XK3(L)}
IF(K.EQ.4) XKIL)=XK&(L)
79 CONTINUE
WRITE (NLPRT,1011) WD
WRITE (NLPRT,1522) KQy(Y(I)sI=1413),(XK(T1)yI=1,13),(Y(]),1I=14,25),
*(XK(I}y1=214,25) .
TAUD=10.*W0D
WRITE (NLPRT,1007) FNORM
DN FAR EACH DEPTH
DD 201 L=1,NZD

CALL NUPAGE

WRITE

(NLPRT,1523) ZD(L)

HvT
vy
uvT
vy
uvT
1T
uvT
vy
uvT
U
UvVT
HvT
uvT
HvT
UvTY
vy
HvT
uvT

VT

uvT
vy
UvT
UvT
uvy
uvt
UvT
uvT
uvy
uvy
1T
uvT
uvT
VT
(UvT
uvT
MV T
uvT
ovr
UvT
LT
uvT
HvT
T
vy
vy
vy
uvT
uvy
HvT
HuvT
uvy
uvTy
"y
uvT
vy
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FARTRAN

0118

0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132

0133
0134

0135

0136
0137

0138
0139
0140
0141
0142
0143
0144
0145

0146
0147
0148
0149
0150

v

[a¥eXel

AOOOOO0

[a¥e] [aXgl

MODEL “aMFT/WW V 3.5 / MAINGSG / PATE 13 DFC 1978 TIMF OQR1S&

DN 60 K=1,.NTIME
VALUES FMR DT
SEQ1=1./SQRT(1.-SNQ{K)/Q1)
SEQ2=1./SORT(1.-SNQ(K)}/Q2}
SPEQ=14/114=-SNIK)*%P/Q)%xx(],/P)
DTET=DO*SPEQ
TF(KTRL +EQ.10R.KTRL.EQA.2.0RKTRLLEN.5) GO TO 65
IF(KTRL.GE.3) GN TN 55
IF{K.NE.T7) GN TN 718
WRITE (NLPRT,1017)

718 CONTINUE
GO TN 65

55 CONTINUE

IF(K.NE.7) GD TN 719
WRITE (NLPRT,1004)

719 CONTINUE

65 DN 90 1=1,25,NY
H=HL (1)

TURBIDITY
WAKA = 1,218

AEROSOL NPTICAL DEPTH = WP*KP
WPKP = 0.4111
AT=TAUD  *EXP{=(Y{1)=300.)/8,)%SEQN(K)}+WAKA *{300./Y(1))%%4,267
* *SEQA(K)+WPKP *{300./Y(1))%*%0,5764%SEQP(K)
DT= KI*EXP(KC*TAUN-{Y(])=-300.)}/NTET)*SEQ]1 + K2%SEQ2
NF=0
80 IF(AT.LE.FNORM) GD TO 70
NF=NF+1
AT=AT-FNNRM
GO TN 80
70 SUN=HREXP(-AT)®CN{K)
DIFF=HXEXP(=DT)

TAKING THRI} WATER SURFACE

ANG=ANGLE(K)*3,141593/180.,
RI=4./3.

CALL FRENFL{ANGyRI RZ)
TS=1.-RZ

T0=1.-.0h6

,49
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(%) FORTRAN

0151
0152
0153
0154
0155
015hA
0157
0158
0159
0160
nN1Al
0142
N1A3
Y
n165
0166

0167
0168
N169
ni70n
0171
0172
0173
0174
0175
017A
0177
0178
0179
01R0

0181
01R2

01R3
01R&G
01RS5
N1AA
0187
N1RA.
0189
0190
0191
0192

[RY

OO0

MOPEL G4MET/WW V 3.5 / MATNGG / DATE 13 DPEC 1978 TIME OR15,44
SUN=SUN*TS VT
DIFF=DIFF*TD HuT
E=NIFF Ty T
IFINF.EQ.0) F=E+SIIN 1

IF ( LBEDN LEQ. 0 ) GO TO 76 T
RR= 3,33#2WO*EXP(~(Y(])=300.0)/9,8) +2.14%EXP((Y{(])=-300,)/187,0) 1T
RR = 1.0 /RR UvT
ALBD = (1.0-A1%RR}/ (1.0 ~A%RR) (INA ]
E = ALRAN=®E "y T
DIFF=ALBDXDIFF +(A-A1)%RR*SUN/{1,0 -AxRR} 0T
DFFH= DIFF/H T
IF ( DFFH (LE. 0,0) GO TO 77 nvuy
DT= =ALNGINIFF/H) UMT
GO TN 74 1T

77 DT = 1000.0 T

76 CONTINUE R TIA;

----------------------------------------------------------------------- T

(INAS
TAKING TN NEPTH nvT
1T

----------------------------------------------------------------------- (Il'AS
E=E*EXP{(=XK{1)*ZD(L}} UV T
DIFF=DIFFREXP (=XK(I)%ZDIL )) VA
RATIN=DIFF/E (1A}
IF(KTRL.NE.O) GN TO 85 Y
IFIK.NELT) 6N TA 720 uvT
WRITE (NLPRT,1006) ANGLFIK),YII) AT NT,SUN,PIFF,E.NF,RATIN IA)

720 CONTINUE HvT
G0 TO 90 vy

85 STORE(1,K)=E=R(1) 1y
GRAP(I1)=STORF{],K) nvy
STOR(I,K)=E 1T
IFIKTRL.FO.1.0DR.KTRLEQ.2 «PR KTRL,EQ,5) GN TN 90 vy
IF{K.NE.T7) GN TN 722 uvT
WRITE (NLPRT,1005) TIMFIK)ANGLF(K)Y{I),AT,PT,SUN,DIFF,F,RATIO, LIVT

# NFySTNRE (] 4+K) uvT
722 CONTINUE [1IYA]
90 CONTINUE nvy
END WAVELENGTH VT

v T
----------------------------------------------------------------------- (YAl
nvT

PLOTTING WL V. F%R vy

A |

----------------------------------------------------------------------- [SYA
IF (KPL.EQ.0)Y GO TN 310 v
WRITE(DTSCN307) WNWKQy7DI(L) ¢ TIME(K) ANGLE(K) 1wy

READI(DTSCNy*) 1

1IF(1.FQ.0) GO TO 310

WRITE(DTSCN, 3211}

READINTSCNy %) |

IF (1.EQ.0) AN TN 309

KSYM=0

WRITE(DTSCN,311)

READINTSCNy*) XMAXyXMINGXINT o IX o YMAX,YMIN, YINT, 1Y

[RAVA
(KATA
1
[EAA
[NAL)
1nr ]
(SRR |
[RATA
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FNRTRAN

0193
0194
0185
n194A
0197
0198
0199
0200

0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
02117
0218
0219
0220
0221

0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234

1v

OOOOOO0OO0

[a¥sNeleNnlel

309

310
60

110

120

MONEL 44MET/WW V. 3,5 / MAINGLSG / PATF 12 DEC 19TR TIME ORrY&,49
CALL GRAPH VT
CALL GRAPHT(XNAM2 ,XNR 42, YNAMZ2,YNR,3,ZNAM]1,Z0R, 1) uvT
CALL GRAPHG IO eyQ o s XMINGXMINGXMAX ¢ XINT o IXyYMIN,YMIN, YMAX,YINT,1Y) UVT
CONT INUE uvT
KSYM=KSYM+] vt
CALL GRAPHP (Y XMINyXMAX ¢ IXsGRAPYMIN,YMAX,1Y,25,2,KSYM) uvT
CONTINUE uvT
CONTINUE VT
END TIME uvT

. uvT
----------------------------------------------------------------------- VT
uvT

DNSE INTEGRATION OvT

uvT

----------------------------------------------------------------------- uvT
IF(KTRL.EQ.3NR.KTRL 4EQ 4. NR.KTRL.EQ.,6) CALL NUPAGFE uvT
CONTINUE uvT
IF(KTRL.EQ.0) GO TN 200 uvT
DN 120 K=1,NTIME uvT
SUM=(STORE(L1 KI+STOREI254K) ) /6. v T
SUM1I=(STNR{1,K)I+STNR(25,K))/6. UvT
CCC=0.66R6h66 uvT
DO 110 1=2,24 uvTy
SUM=SUM+CCC*STNORE 1 T1,K) wvT
SUM1=SUM1+CCC*STOR(1,K) uvT
CCC=1.-CCC uvT
CONTINUE VT
XINT=2%(Y(25)=-Y(1))/24 uvy
DOSE(K)=XINT=SUM uvT
ET(K)=XINT*S1IM] uvT
CONTINUE uvT
WRITE (NLPRT,101R) uvT
D0 130 K=1,NTIME HvT
RATIN=DOSE(K)}/ETI(K) uvT
WRITE (NLPRT,1019) TIMF(K),ANGLFI(K),DPOSE(K),FT(K),RATID HvT
CONTINUE uvT

uvT

----------------------------------------------------------------------- vt

uvT
PLOTTING TIME V. DNSE uvT
uvT

e e e e e e e e e uvT
1IF(KPP.EQ.O) GO TO 303 uvT
WRITF(DTSCNy301) WOWKQ,ZD(L) uwvT
READ(DTSCN,*) K uvT
IF(K.EQ.0) GO THh 303 HvT
WRITE(DTSCN,321) uvT
READIDTSCN,*) K uvT
IF (K. EQ.0) 6N TN 315 uvT
KSYM=0 1T
CALL GRAPH uvT
WRITE(DTSCN,306) uvT
READ(DTSCN %) XMAX ¢ XMIN XINT,IX,YMAX,YMIN,YINT, Y uwvT
CALL GRAPH uvT

uvy

CALL GRAPHT(XNAML,XOR,9,YNAM] YR ,4,2NAM],ZNR,1)

PAGF

3R6
387
3R8
3R9
390
391
392
393
394
395
396
397
398
399
400
401
402
403
406
405
406
407
4ng
4«09
410
411
412
413
416
415
416
@17
418
419
420
621
422
423
424
425
426
627
428
429
430
63
432
433
434
435
436
437
438
439
440

0NNR
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FORTRAN

0235
N23A
0237
07238
0239

0240
0241
0762
0243
0264
0245
0246
0767
N248
0249
0250
0751
0252
0253

0254
0255
0256
0257
N25R
0259
0260
0261
0262
0263
0264

0265

v

laXaXsEsXnXgl

[« Xel

MODEL 46MFT/WW V 3,5 / MAIN4s / DATE 13 DEC 1978 TIME O0B81f5,49
caLlL GRAPHG (0 ey 00y XMINGXMING XMAX ¢ XINT o IX g YMINGYMIN,YMAX,,YINT 1Y) "y T

315 CONTINUE nuy
KSYM=KSYM+] [NLYAS
CALL GRAPHP(TIME XMIN,XMAX , IXyDNSF,YMIN,YMAX Y, NTIME,2,KSYM) vy

303 CONTIMUE [IUAS
(KA
----------------------------------------------------------------------- nvT
T

TOTAL NNSE INTEGRATION "t

VT
----------------------------------------------------------------------- uvT
SUML={(ET(1)+FTINTIME)) /6, T
SUM=(DNSE(L)+DNSE(NTIME)}) /6. HvT
CCC=b66hAKE T
INT=NTIME~1 uvT

DN 121 K=2,INT uvT
SUM1=SUM1+CCC*ET (K} WY
SUM=SUM+CCC*NNSF (K) vt
ccc=1.-CCC VT

121 CONTINUE uyT
XINT=(2%(TIMF(NTIME)-TIME(1))/INT)%*3600 1A}
ETR(L)=XINT®SHM uvT
ETONTIL)=XINT2SUM] uvT

200 CNONTINUE uvTy
201 CONTINUE uvT
END DEPTH tvY

Hvy

CALL NUPAGE uvTy
WRITE {NLPRT,2000) HuvT

DN 205 L=1,4NZD HvT
B=ETRI(L)/ETNT{L) uvy
1IF(L.EQ.Y) A=R Hv T
C=R/A tvT
WRITE (NLPRT,2001) ZDIL)+ETBIL)+ETOTIL),4R,C UvT

205 CONTINUE Hvy
IF{ISTOP.EQ.2) GN TD 1 vt
IFLISTOPL.EO.1) GO TO 50 [I1'AS
sSTOP uvT

(11'A}

wxx FND PROAGRAM VT #okx "y T

END tvT

PAGF

441
462
463
XA
465
446
447
L4R
449
450
451
452
453
454
455
456
457
458
459
460
LAY
6h2
463
LX)
465
466
L&67
LAR
469
470
471
672
473
474
475
476
&77
478
479
480
481

nong



€€

FARTRAN

SYMANL
NTSCN
N7D

NTET
nt
L3
RR
XMAX
YMIN
nee
XLAT

SYMRNL,
FTNT
XNAM]
YK 1
ETR

Y

SEQP
TIME
NNSE

SYMRNL
PAUSET
FRENEL
cns

FRXPR#

LAREL

1000
321
1005
1010
1015
1522
10
35
718
70
722
202
303

| MO

LOCATION
c0C28e
OO0298
noe2ac
ooe2Ce
coerpe
QOO2ER
0002FC
000310
000324
0NN338
00034C
000360
000374
00N038A
0on39¢C
00N03RR

LNCATION
000308
0004 AL
NOO4FO
000KES
001660
001864
001RO8
002R2C

LNCATION
002RBC
002RDO
002RES
002BF8

LACATION
002DRA
002EFO
nn3nseé
N03464
00366E
003778
003850
003R68
004108
nN4330
nos724
004918
nnaCoc

“~GMET/WW V 3,5 / MAINGLG /

SYMBOL
NCCRD
NTIMEQ
KP

Al

K

KC
FNMR M
TAUN

H

NF

RZ
ALRD
XMIN
YINT
INT
TIiMR

SYMRNL
X0R
YNAM]
XK2

n

AID
SNOQ
ANGLF

SYMRNL
1RCNME
GRAPH
SIN
Exp

LABEL
301
1001
1004
1011
1014
1523
1
40
55
77
S0
110
121

SCALAR MmaP

LNCATION SYMRAL
00028R ML PRT
00029C I
0002R0 KPP
0002C4 My
000208 T
O0002FC nl
000300 utn
000314 SFO1
000328 WAaK A
00033C Stin
000350 TS
000364 NFEFH
000378 XINT
0003RC 1y
000340 R
0003co AS
ARRAY MAP
LOCATION SYMRNL
000428 Y NR .
0004CA XNAM2
000554 XK3
000734 XK
0016Ca X
001RF4 cn
001R98 TFT

NATF 13 DFC

LOGATION
n0028¢
000240
0002R%
000268
00020
0002F0
000304
00031R
00022€
000340
N00354
000368
00037¢C
000390
000344
00n3ca

LNCATINN
N00430
a004n8
NOOSRR
00075C
001700
0019R4
001C 28

SURPROGRAMS CALLFN

LOCATION SYMRNL
002RCO FPHFMS
002RAN& GRAPHT
002RFA SQRT
U02RFC
LARFL MaP

LOCATION LABFL
002NCA 306
002F12 1002
003078 1007
003476 1012
003A9R 1017
0037BA 1717
0038C0O 20
003C24 45
0041NF 719
004810 1A
006724 304
00LYRA 120
004CAL 200

LOCATION
002KCs
0028NA
002BFC

LNCATION
002FOF
002F24
003096
0034A4
003646
0037n0
003A82
003F0C
004208
00451C
00QLRY D
NO4LAOR
nnanin

1978 TIMF

SYMRNL
NTIME
on
KTRL
M1

K1

Q2
1sTOP
SFQ2
WPK P
DIFF
n
RATIC
1x
Sum

C

A

SYMROL
Z0R
YnaMD
XK &
STOR
SFOO
HI
STARF

SYMAQNL
RESP
GRAPHG
ALNG

LARFL

07
1003
1008
1013
1018
2000
?5
50
65
720
210
130
2m

0R15,49  DPAGF

LPCATINN
onnz290
0N02As
0nN2RA
onnz2cce
0N02F0
0NN2F4
0NN3NR
onn3ic
000330
0nnzaa
0n0n358
00036C
0NN3RN
000394
00N3AR
0onnanon

LNCATION
0n04 38
0NDGLED
onné1c
00n7co
001744
ontale
0N1CRA

LACATINN
ON2RCA
0n2RNC
ON?RFN

LNCATINN
0ON2E 50
0N?F32
0Nn3138
0n3604
0n3714
ON37F2
0N3A9F
0N3F3N
ON4p2nR
ON&ANR
ONGARND
006H89C,
nnanin

[¢1aRNa]

SYMRA(
NTET
0

SYMRNOL
GRAP
ZNMAM]
XKS

1
SFOA
SN

R

SYMRAL
NUPAGE
GRAPHP
FRXPT 4

LARFL

CRRY
1004
1009
1014
1019
2001
30
79
[N
A&
an
2=
2ns

LOCATINN
nnnr29a
NNNZ AR
nnnpar,
nonann
0ONNJFa
NON2FR
anning
nnn3on
nnn3l3a
nnN3uK
0nnn3se
nnn3lTn
NNN3R4
0NN3IQR
0nnN3rn

LNCATINN
nnnaan
ONNLFEC,
NON6KAN
nnysnn
RLANAA
0ON1ATR
NOPACR

LNCATINN
NN2RCEC
N0PREN
ON2RF&

LNCATINN
ND2EAF
QO2FCC
N031NF
003h64
nnaTe?
003R1C
nn3a6A
NN3F22
nnainn
NN&ANE
nneran
NNLREE
NN4iineg



ve

FORTRAN [V MODFL 44MET/WW V 3.5 / MAIN4s /
TOATAL MEMORY REMITREMENTS 004F18 RYTES

CNMPILER HIGHEST SEVERITY CODE WAS 0

DATE

13 DFC

1978

TIME

081¢,.49

PAGF

0011



11

FORTRAN

000

onn?

0003
onne
onns
000A
onn7
0nnA
0009
0nl1o
0011
0012
0n13
nnle
0015
NolA
0017
0nla
0019
0n20
non2t
nnz22
0023
nnza
0025
noz2s6
0027
0028
0029
0030
0031
0n32

0033

v

(sNeEaleXeNal

MONFL GuaMFT/WW V 3.5 / THETA / NATE 13 PEC 1978

SURRNUTINE THETA(TIME, XKy FLoXLATXLON)

TIME

0R1R .22 PAGF

THETAOOL

----------------------------------------------------------------------- THETANOD

AZIMIJTH AND ELEVATINN ANMGLFS TN St
SKY RRIGHTNESS PRNOGRAM

THFETAND3
THRTANDG
THETANONS
THETANDA

----------------------------------------------------------------------- THETANOT

% SPECIFICATION STATFMENTS o
DIMENSION TIME(3A)X(14)

T“FTADNR
TRETAONG
THETANLO
TuETAN]

e e e m——————a THETAN?
----------------------------------------------------------------------- THFTAN] 3

202

RIN=57.,2957R
DECU=X(10)+(X¥{11}*60.,+X(12))/3600,
IFIX(10) LT.0,) DECHU=X(10)=(XI11)%60.+X(12))/2600.
RASH=X{A}+(X(7)260.+X(R)}/32600,
DECORH=X{9) /2600,
RACORH=X(12}/3600.,
SIDT=X{(3)1+1X{46}%A0.+X{5)) /3600,
DISS=x(14)

ZSTH=TIME(K)+5,

NECDH=NECL

DLD2=(XLAT=DFCD)/ (2.%RTN)
SLD2=1XLAT+DFCD) /(2 ,*RTD)
SDLD2=SINIPLNZ2)

CDLD2=CNS{NLN2)

SSLD2=SIN(SLN2)

CSLD2=CNS (SLN2)
XHA==XLON/15.+SIDT-RASH+ZSTH

BD2=((ZSTH*,00273791+XHA~{2STH/ 24, )*RACORH)I=15,)/(2.,%RTD)

F1=CNS(BN2)=SNLN2
E1=SIN(RAN2)%CSLN2
HCMA=ATANZ2(F1 ,EL)
F2=CNS(AN2)%CPLN2
E2=SIN(RN2)=SSLN2
HCPA=ATANR(F2,E2)
E3=SIN(HCMA)
F3=SIN(HCPA}=SDLDN2/COLN2
BL=(ATAN2(F3,F2)) %2 ,%RTD
EL=90.-RAL-3A0.
IF(EL.LT.0.) EL=FEL+360.
RETURN

X% FND SURRMITIMNE THETA #ix
END

TRETANT G
TWETANLS
TRETANLA
THFTANL7
THETANIR
THFTAN] 9
THETAO2N
THETA0)
THETAN??
THETA023
THFETAN2G
THETAN?S
THETAN?A
THETAN27
THETAN?R
THETA029
THETAN30
THETAN3 ]
THFTAO3?
THFTA033
THETAN3G
THFTAN3S
THFTAQ36
THETAN3Y
THFTAN3A
THFTAN3Y
TRFTAQGO
THETANG
THETADG?
THFTAOSL3
THETAOLG
THETANLS
THETANGG
THETANGT
THETANGR

nnnt



9¢

SYMRAN|,
RTD
SINT
pLN?
SSLn?2
F1
HCPA

SYMRNAL
T IMF

SYMAN|
SN

LARFEL
&

FORTRAN

1v MODFL «4MFET/WW V 3,5 / THFTA /

LOCATION
NO00DA
0NONEC
000100
000114
0no12R
00013C

LNCATINN
0no150

LNCATINN
NONLSK

LACATION
nn033a

SYMRNL,
DECU
NISS
XLAT
csSLn2
Fl

E3

SYMRNOL
X

SYMRNL
cns

LABFL
202

PATE 13 DFC
SCALAR MAP
LOGCATION SYMACL LOCATINN
0000N¢ RASH NONOFN
0000F0 78 TH NO00OF&
000104 SLN2 000108
000118 XHA 00011C
00012€C HCMA 000120
000140 Fa 000144
ARRAY MAP
LOCATIAN SYMRCL LOGCATION
000154
SURPROGRAMS CLLLER
LNCATION SYMARCL LACATINN
00015( ATANZ 000160
LARFL MAP
LOCATINN LARFL LOCATINN
0D0LR(,

TATAL MEMNRY REQUIREMENTS 000528 RYTFS

LAMPILER HIGHEST SEVFRITY CODE wAS

0

1978 TIMF

SYMBPL
NECORH
K
SnLnp
XL NN
F2

RL

SYMRML

SYMRNL

LAREL

OR1KH,??

LACATINN
0NNOF&
0NO0FR
0nn10nc
ann)12o0
0001 34
00014A

LNCATINM

LOCATINN

LOCATINNM

PAGF 00N2

SYMROL
RACNARH
NECD
ChLn?
AN

F?

FL

SYMRAL,

SYMROAL,

ILARFI,

LACATINN
ONOOFR
ONNOFT,
nna1o
nnn124
nnN1 3R
[alele KA

LACATINN

LOCATION

LACATT AN



LE

FARTRAN

0001

0nnz2
0003
0nns
00n0s
NonA
0onn7
0N0R
0nng
0010
0ol
nni>z
0013
0nls

0015

1v

o0

MODEL 44MFT/WW V 3.5 / FRENFL / NATE

SURROUTINE FRENFL(THI,ZRI,R)

FINDS FRESNEL RFFLFCTANCE AT AM INTERFACF

IF{THI.EQ.O0) GO TN 1
IF(THIZEN.{53.1%3,1415/180.)) GO TO 2
THJ=ARSIN( (1 /RIIRSIN(TKI))
A=THI+TH.

S=THI=THJ
R=(SINISI®SINIS))/(SIN(AYRSIN(A))
R=R+{TAN(S)I*TAN(S) )/ (TAN(A)*TAN(A))
R=0,5%ARS (R)

RETURN
R=(RI=1)%*(RI=1)/{RI+1)%(RI+1.)
RETURN
R=0.S5%({(RI*R[=1.)/(RI*RI+]1,))}%%2)
RETURN

%% FND SUBRNUTINE FRENFL =xx
END

12 PFC

1978

TIME

OR18,42 PAGF

FRENL OO

------------------------------------------------------------------ —=———FRFNLNN?

FRFNLON3
FRENEL NOG
FRENLNOS

----------------------------------------------------------------------- ERENL ONA

FRENLNOOT
FRENLONR
FRFNLODY
ERFNL N1 O
FRENLNOT L
FRENL N D
FRENLN]3
FRFNMLN] G
FRENLN]S
FRENLO16
FRENLN]7
FRENLO1R
FRFNLN19
FRENLN?0
FRFNLN21
FERFNLN2 2

nnnl



3¢t

FARTRAN 1V MODEL «4MFT/WW V 3,5 / FRENEL / NDATE 13 DEC 1978

SCAL AR MAP
SYMROL LOCATION SYMBNL LNCATION SYMROL LOCATION SYMBOL
THI 0000EQ THJ 0000E4 RI 0000E8 A
R 0000F4

: SUBPROGRAMS CALLFD

SYMROL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL
ARSIN 0000F8 SIN 0000FC TAN 000100

LABEL MAP '
LAREL LOCATINN LABEL LNCATION LARFL LOCATION LAREL

1 000208 2 00030F

TNTAL MEMORY REQUIREMENTS 000388 BYTES

COMPILER HIGHEST SEVERITY CODE WAS

0 '

TIME

0B18,42

LNCATINN
0000FC

LACATINN

LACATINN

PAGE

nany

SYMRNL
S

SYMRNL

LARFL

LNCATINN
N000FO

LNCATINN

LOCATINN



FNRTRAN 1V MINDEL 44MFT/WW V 3,5 / RESP / PATE 13 DFC 1978 TIME (0818.5¢ PAGF nONY
0nnl SURRNUTINE RESPIY,S,4K) RFSP 001
(o s e e e e e e e e e e e e e e RFSP NN2
C RESP 003
C COMPUTES THE ERYTHFMA SPECTRIIM (KCMHYR AND MACHTA, 1973) , NR THE RFSP 004
o PLANT RESPNNSE (CALNWELL,196R) PR PNA LISING ANALYTIC FEXPRESSIONS. RESP 00S
C RFSP 0N6
Cmmm e e e e e e e e e e e e e e e e e RFSP 007
[ x%x SPECIFICATINN STATEMENTS #xx RFSP 008
nnn2 INTEGFR*4 NLPRT/H/ RESP 009
| non3 DIMENSINN Y(25),5(25) RESP 010
f ¢ wxx% AUTPUT FORMAT %%xx RFSP 011
0004 1000 FORMAT(*OFIT T ERYTHEMA SPFOTRUM (KNMHYR AND NMACHTA, 1973)') RESP 012
nnos 1001 FNARMATI('OFIT TOO PLANT RFSPONSF (CALDWFLL, 196RY') RFSP N13
000A 1002 FORMAT('07',13F9.1,/,' R',12F9,.3) RFSP Nla
0007 1003 FORMAT('OFIT TO DNAT) RFSP 016
0NNA 1005 FORMAT('0Z'412F9¢14/4"' R',12F9.3) RFSP 016
c RESP 017
C RFSP 018
o m e e e e e e e e e e e e e RESP N19
Commmrmm e e e e e e e RESP N20
C ‘RFSP 021
c RFSP 027
onng IF(K.EQ«2.MR,K.,EQ,4) GO TO 100 RESP 023
onin 1FIK.FQ.5.NRK.EQ.A) GN TO 200 RESP 024
0011 WRITE (NLPRT,1000) RFSP 025
| 0012 DN 10 I=1.,25 . RESP 026
| 0013 E=EXP((Y(]1)=296.,5)/2.692) RESP 027
: onts SUI)=0.0464R5/11 +EXPI(Y(1)=311.4)/3,130))+4,%0,9949%E/(],+E)%%x2  RESP 028
0n1s 10 CNNTINUE RESP 029
0015 6N TN 200 RESP 030
0n17 300 WRITE {NLPRT,1003) RESP 031
0018 DD 111 I=1,25 RESP 032
0n19 111 SCIDI=EXPI13,R2x((1./ (1 +EXP({Y(I)}=310)/9.)))-1.1)) RESP N33
0nz2o0 GO T 200 RFSP 034
0021 100 WRITE (NLPRT,1001) RESP 035
onz2z b0 110 I=1.,25 RFSP 036
0nnz3 S{1)=2.618%(1.-(Y(])/313.3)%%x2)%EXP(=(Y(])-300,)/31,07) RESP 037
n024 IFIS(I).LT.0.) S(I1)=0 . RFSP N38
0025 110 CONTINUE RESP 039
0on2aA 200 WRITE (NLPRT,1002) (Y(I)y3I=1,413),(S(1),1=1,13) RFSP Nna0
0027 WRITE (NLPRT,1005) (Y{(1),1=14,25),(S(1),1=14,25) RFSP Na&t
002R RETURN RFSP 04)
C RESP n43
C % FND SURROUTINE RFSP *%x RESP Q44
0onze END RESP 045

6¢




é; FNRTRAN |V MUODEL 44MFT/WW V 3,5 / RESP / DATE 132 DFC
SCALAR MAP
SYMRN| LOCATION SYMRNY LOCATION SYMRNL LOCATION
NLPRT 00011R K 00011cC I 000120
ARRAY MAP
SYMROL LACATION SYMANL LNCATION SYMBROL LOCATION
Y 000128 S oonolac
SURPRQGRAMS CALLED
SYMROL LNCATINN SYMROL LOCATINN SYMBOL LOCATION
IRCOMH 000130 Exp 000134
LAREL MaAP
LARFEL LNCATINN LAKEL LOCATION LARFL LOCATION
1000 0001CE 1001 00020C 1002 00023F
10 000390 300 0003A8 111 0003CcC
200 0004EQ

TNTAL MEMNDRY REQIIREMENTS 000688 BYTES

CNMPILER HIGHEST SEVERITY CODE WAS

RATCH HIGHEST SEVFRITY CODE WAS

// ACCESS SDSARS

// DELETE SNSABS(UVT)

14321 NSNAME ERR - UVT

// CONDENSE SDSABS

//UVT EXEC LNKEDT(MAP,NOKEFEP)

0

0

1978 TIMF

SYMRNL
E

SYMBOL

SYMB N

LARFL
1003
100

0818,54

LRCATION
0n01724

LOACATINN

LOCATINN

LNCATINN
00025C
000434

08.19.14
08.19,15
08.19.16
N08.19.16
08.19.17

PAGF 0007

SYMRAL

SYMRAL

SYMRAL

LAREL
1005
110

LOCATINN

LACATINN

LACATINN

LNCATINN
0onnz72
nnoaca



[87

LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST
LIST

PHASE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
AUTOL INK
AUTOLTNK
AUTOL INK
AUTOLTINK
AUTOL INK
AUTOLINK

- AUTOL INK

ALITOLINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTNLINK
AUTOL INK
AUTDLINK
AUTOL INK
AUTNLINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTNLINK
AUTAL INK
AUTALINK
AUTOL INK
AUTOLINK
AUTOL INK
AUTOLINK
ENTRY

UVT %
UVT L
UVTQ0O01 L
UVTO0002 ,L
uvToo003,L
1RCNMH
EPHEMS
NUPAGE
GRAPH
cns
SQRT
ALOG
FRXP1#
FRXPR#
EXP
ATANZ
ARSIN
TAN
FIOCS#
UNITAR#
IHCERRE
NARCNS
DSORT
NDATAN
DSIN
nTam
MSGTM
CHAR
PLOTP
XYS$S
1RANK 2
SCREEN
IHCUNPT
IHCTRCH
cn
POINT
NnV1827

(WvT

LINKAGF EPIT

13 DEC 197R TIME  0R19,17

CRFATFD
CRFATFD
CREAITFD
CREATFD
CREAIFND

CRFATFN



44

PHASE

COAMMON
COMMAN

uvT

TRANSFER ADDR.

O0REDR

LNCORE

008ENA

VT

HICORE

018R77

RLACK NO,

1384

ESN TYPFE

CamMMNN
COMMNN

CSECT
* ENTRY

CSECT
* ENTRY

CSFCT
ENTRY

CSECT
ENTRY

CSECT

ENTRY
* ENTRY
ENTRY

CSECT
FNTRY

CSFCT
ENTRY

CSFCT
ENTRY
ENTRY
ENTRY
ENTRY

# ENTRY

CSECT

CSECT

ENTRY
ENTRY

CSECT
ENTRY

CSFCT

ENTRY
ENTRY

CSECT

13 DEC 197R

L ARFL

EPHEMC
RIIFFFR

MAINGGE
MAINGLL

THETAR
THETA

FRENFLE
FRENFL

RFSPE
RFSP

BNAIRC PV

IRCOM#
EXIT
ADCONH

EPHEMSE
EPHEMS

NUPAGFA
NUPAGF

GRAPHE,
GRAPH

GRAPH1T
GRAPHG
GRAPHP
GRAPHS

cpPLNT

IHCSSCM
cns

SIN
IHCSSORT
SORT

IHCSL NG

ALNG
ALNGIO

ITHCFRXPI

TIME 0R19.17

LOADED

008200
DORPSA

0ONARENR
ONBENR

0NNDFO
ONPDFO

ONF21R
NOF31R

ONF6AD
OOFAAD

ONED2R

0ONFN28
OOF9FR
OOFFT4

011460
011460

012DNRO
0120RO

013178
01317R
01321C
013250
013784
0131FR

019408

015400

015400
01541C

0155FN
0155F0

015750

01576R
015750

01591R

REL-FACTOR

nnonse
NONCRO

ONRFNR

NONNFO

NNF31R

NOFAAN

ONEN2R

N11AK0

012NRO

01317R

N1940R

015400

0155F0

Nn15750

Nn15918



ey

PHASE

TRANSFER APNR,

LOCORE

UvT

HICORF

RLNCK NO,

FSN TYPE

FNTRY

CSECT
ENTRY

CSECT
FNTRY

CSECT

ENTRY
* EMTRY

CSECT

ENTRY
* EMTRY

CSFCT
ENTRY

* ENTRY

* ENTRY

CSECT

FNTRY
ENTRY
FNTRY
ENTRY
ENTRY
FENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

e 3 % ¥ ¥ % #

L IR AE -2 2K -2 4

CSECT
EMTRY

CSECT

EMTRY
ENMTRY

13 DEC 1978

L ARFL

FRXPI#

IHCFRXPR
FRXPR#

IHCSFXP
EXP

ITHCSATND

ATAN?
ATAM

IHCSASCN

ARS [N
ARCNS

IHCSTNCT
1am
QTAM
CNTAN

BRAFINCS

PAUSFT
RCAMRGH
BUFORGY
FIOCS#
NOECHN
ENCODF
DECONF
FINCH#
ERECHN
1 GNCL
CORE
FIOINT
ECHO
FIXRUFSZ
FINRST
RSTJICL
vhINCS#
NFRECHD

BOAUNITR
UMITAR#

IHCFRRMF

I HCFRRF
IHCFRRM

TIMFE  0ORYOQ 1T

LOADEN

N1591R

015880
015280

015620
015620

N18NFR

Q18PFR
NMISFI10

O1SFCR

0V SENF
OL1SF(CR

014100
N1A]FA
n1A3T7R
0141nn

QlhAsen
O1ALR(
017)1RC
017184
014636
Q1A 86
NY1RLK0
0lA46N0
016670
01458568
01A4484
01A660
016548
016540
01721F
0165F6
O1ALGRA
017190
01A5hK4

017230
017230

0173240

017366
017270

RFIL=FALTNR

N1548RN

n16C2n

N15NFAR

N1 SFCR

N1A1NN

NLALAN

n17230

N1 7340



vy

PHASE

TRANSFER ADDR.

LDCORE

uvT

HICORE

RLOCK NO,

ESD TYPF

#* ENTRY

* ENTRY
* ENTRY

CSECT

ENTRY
ENTRY

CSECT
ENTRY

CSECT

ENTRY -

® ENTRY

CSECT
ENTRY
ENTRY

CSECT
ENTRY

* ENTRY

* ENTRY

CSFCT
ENTRY

CSECT
ENTRY

CSECT

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

#

% %

CSECT

ENTRY
ENTRY

13 DEC 197R

LARFL

TSTNP

1STFRR
ERRMNN

IHCLASCN

DARCNS
DARSIN

IHCLSORT

CDSORT

[HCLATN?
DATAN
DATAN?

IHCLSCN
DSIN
uens

ITHCLTNCT
DTAN
ONTAN
LUCOTAN

MSGTMA
MSGTM

CHARA
CHAR

PLOTSA
PLOTP
PLOTA
PLATR
PLOTF
PLOTIA
PLOTIP
SCALF
PLOTIR
PL TRNY
PLTMGR
PLATM
PLTMG

GPLNTE

XYS
LXYS

TIMF

LOANFD

01735R
0173240
017370

0177CR

0177CR
0177€0

017440
017840

N0Y7RAQ
017RA(
017RAD

017NFR

017€14
OL7DFR

O1AOTR
018090
01R25C
01807R

018378
01827R

01R710
01R710

019460
0194FC(.
01956F
019556
n1961C
019562
0194F0
019460
019544
0194FA
0194FE0D
019638
0194RA

019878

019RER
01991C

0R19.17

RFL=-FACTNR

N177CR

n17440

017RAD

N17NFR

N1RNTR

N1R37R

N1RTIO

N1940R

N19R7TA



SY

A 13 DEC 197R

PHASE TRANSFER ANDR, LNCORE HICORE RLOCK mO, FSD TYPE LAREL
ENTRY XLYS
ENTRY LXLYS
ENTRY XY
ENTRY LXY
FNTRY XLy
ENTRY LXLY

® ENTRY GPLOT

CSECT IRANK A
ENTRY I RANK?

®x ENTRY IRANK ]

CSECT DATPAN

CSECY SCRFENA
ENTRY SCREEN

CSECT nvig27

CSECT THCHOPTA
ENTRY IRCUNPT

* ENTRY ERRTAR

CSECT IHCETRCH

" ENTRY ITHCTRCH

* ENTRY ERRTRA

CSECT DIGANL G
ENTRY cn
ENTRY DI

* ENTRY NN T

* ENTRY DAC

* ENTRY NCO

* FENTRY NNAC

* ENTRY AlP

* ENTRY NATP

CSFCT POINTA
ENTRY POINT

HIGHEST CORE LNANED = O01BR77 . -

LINKAGFE EDITNR HIGHEST SEVERITY WAS 0O FDITOR TIME = 1 MIN 34 SFC
// EXFC UVT 0B .720,.54

TIMFE  0ORYY V7

LNapFN

019950
019984
N199RR
01QGF(
019420
019454
01987R

01AG]R
014924
Qrac)R
0l1aa10

0l1ap20
N14420

012GRR

n1RAFEN

Q180FN
01ROFN

N1R2FO

01R2F0
01R2F6

P1RSFR
018640
O1RALN
PD1RSFA
01RAGLO
O18&FR
O1RALR
01R64N
O1RANR

Ql1REIO
N1RAR]O

REL-FaCTAR

N1A9]R

nlaaln

n1aa1n

N1RQRA

N1RNFN

N1RPFN

NIR&FR

01RRIN
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