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v ABSTRACT

The computer code
ground as a function of ge

ILUM computes solar/lumar {1luminstion received at the
raphical location, date, stendard time, and

meteorological conditions. th the computationa]l method and program
Togic are described.
1. INTROOUCTION ILUM s based on the work of R. ShapiroS, which

The transfer and absorption of visibls radiation
in tha atsosphere are the processes of primery
importance 1n celculating the contrast tween
torgets and natural background. Electro-optical
and millimeter wave devices 1incorporated into
modern weapons systems ars strongly influencod
by the ttlefield environment. Battlefield
environmental factors such as fog, cloud, smoke
ond firc products can seriously degrade system
performence.

To wmake stmospheric t-cnuituqu predictions,
computgr codes based on » .tinction! or single-scet-
teringé to the transpert problem have widely
been used. Light propagation {n the astmosphers,
however, 13 actually s multiple scattering process
in vhich the rediation scattered by one element
can be scatterad_again by another element. As
shown by Bugnolo,d even for wnit optical thicknass
there 13 a significant prodadility ef triple
scattering in ¢ forward direction. Advenced
computetiona! methods employing discrete-ordiantes
finite-element slgorithms are asdequate to solve
the prodlem of solar energy transport thorugh
on  aerosol-loaded atmosphere.d  Unfortunately,
beacause of the computar memory requirements and
the enecution 2ime limitations, these metkhoas
are not implementable tn the resl-time, bA2tiefield
conditions. The work reported bhere @escribes
0 Mw computer sode that fills, 1n part, the
nead for o fasterymiing, flexible oalgorithe.
The computer code L computes solar/lunar
1 minstion (NWatt/a’) received ot the ground
88 & functisn of roguphinl Tocation, date,
stondard time, ond meteorological conditions.
To mode) the differant stetes of cloudiness,
we consider » three-layer atsosphere, with each
Tayer rvepretentad (n terma of the cloud amount
ond ¢loud thickmess or typs. The albedo eoptien
ollen one to account for realistic albede
conditions of the qround surface. Concurrently,
an averape 0lbedo eption can be selected.

arose from the Afr Force requiremant for the
development of techr ical dectsion aids for infrared
precision guided munitiens. Shapiro's approach
1s essentially the doudling method employing
three-layer atmospheres. The reflectivity and
trangmittivity coefficients are determined by
8 third-order fit to experimgntal data in the
visible and IR spactral ringes.

2. MODEL STRUCTURE

The model calculations, developed by Shapire3,
mdke ute of & simple two-stream approximstion
in conjunction with tabulated mesn climatological
reflection and transmission coefficients. In
the doudbling method, the reflection and trangmis-
sion function of the layer consisting of n sub-
lsysrs, are computed by means Of the known reflece
tion and transmission functions 1n the separsts
Tayers. The coate with n e 3 {3 the simplest
gpeometry that makes use of the standard cloud
code information which categorizes clouds into
high, mf¢C'e, and low cloud types. In this sec-
tion, we give the relevent formulas of Shapiro
and adept his work to deal with solar or lumar
1)lumination.

Radiation on

2.1 (xtraterrestrial 8 Horizonta)

Surface

for the model atmosphere composed of n layers,
the enargy conservation at keth layer yields

Ry s+ Tge gl (1)

where Ry, Ty, and Ay denote the frections of
reflected, tramimitted, end asbsorbed radiation.
Referring to FPig. 1, we con write & system of
In ¢ 2 lingar equations for X, end Yy, the radis-
tion impinging upon layar &k ¢ ] from above and
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the opmrd-direcied redfation esanati frea
Tayer A ¢ ). The sequance of equations has the
fora
L* Wyt W, (2
W hak * T (3)

ware Tg o 1, Bg» 0, Taey = Tg = 0, and .
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Figure 1. Flux of solar radiation through an

stmosphers consisting of A homogeneaous
layars and 8 ground surface.

As the general solution to the system of fqs. (2)
and (3) s contaimed 1n HRef. (;). we restrict
curselves to giving the i1lumination on g horizon-
tal surface 1n the case of me= 3. [Expressed
in terms of extraterrsstrial radistion Xo, 1t
reads

Ky 2Ty /% 4
vhare
Dy o 1= (RRy ¢ MRy ¢ RyR)

) 2 2 2,2
(nln,:, . n,n.:, LARAL A :
?
. (u,n; ry ; R, l"o :qun,ng LR RA
ittt (1)

It 15 clear from [gs. (4) and (§) that ence th
sxtraterrestrial readiation X, has been deternined,
the problems 13 reduced to finding the reflectivity
snd  traraminsivity coefficients Ry end Ty for
different atmospheric conditions. In aeddition,
the kaowledpe of the grouad albedo Ry 18 required.

Mow, 1n the work of Shapiro.b the I\'l and Ty's

ore determined by fitting the wmaterolegical dsta
with cudic polynontals of the form

Ry o8y ¢, a'u' . \,u’ (¢)
ond

AT IRNNRE kR W )

"% 'Y o

: or the sverage valve Ry = 0.2€ can be uted.

Marg, poctss O 11 e cotinm of e tenith
ongle 0. The madel recoprizes aime batic states:

three 1a Jayer 1, tw fa 1 2., ond four 1n
" laysr 3. In addition, th.c:m Tayer (loyer

3) has a banic state cemiisting of emoke snd/er

fog occurri fa conjenction with sn otherwise
cloer lmr.!. Added t9 these feur clesr-layer

" sagic states, there are five evercast-layer patic

states: thin cirrus/cirrestrstus  or  thick
cirrus/cirreitratut L] Tayer 1,
sltostretys/altocumulus  1a layer 2, and either
cum vt /Cumu i onishus or stratocumulus/atratuy
fa Yaysr 3. A1l persidble shy stotes including
fractional cloudiness are  reprecented by
combinations of the basic states. Precipitstion

13 srsumpd to ba representad by overcast in all
three layers: thick cirrus/cirrostratys n layer 1,
sltostratus/sltocuaulus 1n laysr 2, and stréto-
rumilus/stratus in layer 3. HMumerical walues
of the coefficients oy and by, 1 °0, 1.2,
in [qs. (6) ang (7) are contained 1n FRef. 5.
for the ground atbedo Rg. efther specific values
in the visidle spectrul, a0 cited 1in hef. b,

2.2 ([xtraterrestrial Radiation

Since ILUA snalyzes only the redistion integrated
over the visible spectrsl range. the {1lumination
on a horizontal surface as given by Eq. (&) re-
quires the integrated value of , the extrater-
restrial radistion per untt horigzontal surface.
The evaluation of Ko depends on the type of racis-
tion one enviseges. This can be solar or luner
radfation.

.21 Klir ghtien

A recent book by lgbal® gives up-to-date tadim
of the spectral d¢istribution of soler radiation,
Here, for the ‘ntegrated radiaticn, we ute the
foraula

X, * S(g)':ol (8)

whare the solar contrast 3 ¢ 1389.2 W/m', where
(6/d)" 1s a function of the ¢llipticity of the
sarth's ordit end the position 3f the earth in
1ty ordbit around the sun. [t may by expressed
1)

(4/0)" » [1.000140 + 0.010726 cos 22igRdl '  (9)

where JO, the Julian QOay, 18 ) on Jenuary ) and
M5 on December )]. Wa note that the solar spec-
trum 13 partitioned [ the proportion

8.023:40.408:40.801 into UV, visible, and IR
spectral pands.

200 Lympe Magigtion

The extraterrennrial  lumar radietion fncident

at the v.o'p of the astmorphers 13 the resulit of
lunsr  reflected sunlight.  Following he’. 2,
w wite for the Integrated irradiance g
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1s the mnmmmmumu
m-nm ou-.umm 1s the

faction .’hmg relative {ntensity .
1] o fuction angle. For s ful
e, MAS(Xe0) © ).

3. FOSRAN LOSIC

M wms designed to provide the wser with the
value of 1llumimation on a horizomtal surface
snder various atmospheric and surface conditions.
The daput for JLUM follows the philosophy of
the EOSAEL Library. The output provides the
11lumination bOth for a specific and average
surface albedo.

3.1 Impet

JLUM accepts card order-independent formst data.
A four-letter 1identifier im columns )-4 of each
record lll1 s the suserical values that follow
it o 8 1c variables used in JLUM. The 1ngt
card | tifion recognized bil. iLUN are DA

80, and 60. The
ublo um and dncribn nch nine 1input record
formts.

3.2 Output

Typical ‘output ﬂlcl for two runs of ILUM are
ivan. The option ISRC * O implies the solar
Tiumination, ISRC = 1 the lunar 1llumination.

4. CORCLUSION

The Shapire model has been extended to the case
of lunsr extraterrestrial radiation. Since the
code JLUM requires asbovt 3 sec CPU time on &
COC machine as compared with about 30 sec CM
tine for a standard discrete-ordinate code, ft

may prove uvsefu! for real-time simulation oend
a8 8 technical decision aid.
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TARE 1.

Jgentifier Yarisbles
DATE MN/0D/YY
SQRC 1SRC
ZONE 11T
NGUN PHS, IN
6E0S
SLAT
SLON
M
ST
CLDS
ILR1
ILR2
ILR3
ALBD IALB
60 ' None
TABLE 2.
ISRC = O
oot 1w

lL.WlHﬂIM fhou IU.’ACI A T(ORDLOGICAL OOSIAVATIONS
Tk DATL 0' 9/38
N"lll CONDITIONE

SYSNDARD Timg: 10M1@MIN
L0CaL LATITUOL [ 20.00 Ote
LOCaL LONOITUDL ® +100.00 DRO
n.n uvll (114 )
Tuln CLOVD

ucn LavER; n-ac
Tind LavEl:
xuet ALBIDO lﬂml!lll 14

AR BENITH ANGLL o 43.1¢ 08¢

5.4 IwBOLATION & o nnl-m WATY o2
avitael s2ouD uuu

mn INBOLATION o 9, “Nl‘ﬂ nﬂ u-2
+ GROUND ALOLOD 10VALS

Seycription

onth/Dey/Yesr

The variable YY 13 not used
by the code, except for typ-.
ing the date at the bdeginning

of the output file.

(0/1) - solar./lunar source

(4/5/6/2/8/9/10) - Atlantic/

Eastern/Centra /Mountain/Pa-

cific/Alaska/Howaii stondard

time. Uhen ]1T270, 172 super-
sedes the parameter SM on the
GEOS card.

Lunar phase and zenith sngles,

Parameters descriding the lo-
cation snd time of the obser-
vation point:

Locel latitude

Local longitude

Standard meridian

Standard time

State of cloudiness in eath

of three layers:

(1/273) Clear/thin Ci-Cs/
thick Ci-Cs

(1/72) Clear/As-Ac
(172/3/4) Clear/fog-smoke/
Sc-5t/Cu-Cs

Surface aYbedo identifier

Signifies to begin execution

EXAMPLE OF OUTPUT

ISRC = 1

coot  JLm

ILLUVINATION PROM Wl!ltl MITEORO.LOAICAL OBBER. ATIONS
FOR 1mg DATE OFf 9/28/84¢

NIOnTTinl CONDITIONS

STANDARD TIMA: a2 OVIN
LOCAL LATITUDE . 30.00 Oto
LNII. LOnd 1 TUOL L] 100.00 Oto
PrASf ANQLE [ 10.00 Ota
MOON'S JENITH ANSLE o 60.00080
PIRQT_LAVIR: 1.8
o TMiN CL
S1COND LavER: Af-aC
THIAD 1 AVER.

Feu
Sueracl aLetoo lblu‘lmll 9

LUNAR JLLUMINATION o 3 4170¢- 01 wAYY w2
« AVERAGL GRDUND ALBIDO o . 2¢

LUNSR JLLUMINATION o 3 1:0«-0- WATY M2
= SROWVND ALBIDD fovaLt 40




