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ABSTRACT

This report contains a summary of tl. artivities earried out
under Signal Corps Contract No. DAABO7-khH-(-'381 (Teras A & M
Research Foundation Troject No. 58€) during rhe contracr period
15 December 1969 to 15 June 1970,

Activities during this pericd hove heen devoted nrirarily to
the programming of the equations for the forested boundarv layer
and the wiring and checking of the computer patchboards for solu-

tion of these equations on the general purpose analop computer at

Texas AS&!N University. The complete set of these equations scaled in

analog format is included in this report as are wiring diagrams for

solution of the scaled equations.
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1. Introduction

An experimental set of equations for simulating the atmosphere
within and above a tropical forest is under devclopment at Texas A&M
University. The genera} analog format of these equations is presented
in Appendix B of Technical Report FCCM-0381-3, April 1979, under
Contract DAABO7-68-C-0381. The complete set of tentatively scaled
equations for the tropical forest system was set forth in that
report. The time scaling used in the initial simulation was a
computer-time versus real-time factor of 1440 to 1; that is, the
computer solution is 1440 times faster than real time, so that a
12-hr solution is obtained in 30 sec.

The principal activities during this reporting period have been
devoted to the task of modifying some of the scaling factors initially
erployed in programming the equations for solution on the General
Purpose Analog Computer at Texas A&M and to wiring of the computer
patchboards.

Section Il of this report contains the modified scale factors
and constants emploved in the forest and boundary layer sirmulation.
Section III contains a complete set of equations scaled for the new
scale factorx, and Section IV contains the analop computer propram

for solution of the equations.




1T. Scale Factors and Constants imployed in the Forest Boundary
Layer Simulation

A complete 1ist of scale factors and constants empioyed in the
forest boundary simulation .s shown in Table 1. A significant
modification has been made to the scale factors for the east-west
and north-south components of the wind in the free air above the
forest. These wind components were initially scaled for 50 m/sec
fn the free air and 10 m/gec within the forest. This value of 5C r/sec
is certainly far in excess of what would normally be expected in
cropicel areas, except in very extreme circumstances, such as in a
hurricane or typhoon; therefore, the east-west and north-south com-
ponents of the wind and free air have)been rescaled tu 25 m/sec. The
value of 10 m/sec within the forest has been retained. For dense
tropical torests, this value is considered to be extremely high;
however, for relativelv cpen forests, the value is not considered to
be excessively larpge, especially near the edges of such f;rests.

The east-west and north-south components of the shearinp sStress
have been rescaled similarly from 20 dynes/cm2 to 10 dynesicmz. This
value is more consistent with the rescaled value for the east-west
and nortli-south components of the wind. The other scale factors
rerain unchanped, as do the fixed constants shown in Section B of
Table 1. These scale factors also can he considered as tentative
sinve modification may be anticipated subsequent to obtaining an
inttial solution of the equations on the general purpose analog

corpuler.
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Tahle 1. Scale fd%tors and constants employed in the feorest

boundary layer simulation.

———n s e e e e — - o m= 4 = e e oo -

A. Scale Factors
n,, 10 co/sec
e t 100 mbh
) 3
P JF : 10 dynes/cr
Xy
FCC 19 cm/km
1Ca 186 em/km
= ~
K : 50,000 en /sec
™
i : .05 cal/em sec
2
. : .05 cal/cm " sec

a = .621
C = .24 cal/gnm deg
p
2

g = 980 cm/sec

"
I = .0330 cal/cm sec
ko= 40
L = 593.3 cal/gm

1440y}

2500

) l‘f)\)

el

L oalflerm sec
cm/uec

'
Cr/jveq

cr/sec (free air)

cm/sec (forest)

19 dynes/cm2

5C,40 " sec
1012 mb

1050 ™

1.35Ax10'12

7.3xlﬂ-5

1.2x10

{

2 4
cal/cm sec dep

rad/sec

3
gr/cm’
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III. Scaled Analog Format of the Equations Employed in the Forest
Simulation

~
Table 2 contains the complete expanded set of the newly scaled
equat;ons. Colﬁmns 1 and 2 in Table 2, headed j and 1, are indices
vhich refer to the particular layer of applicability of the equation
involved. The third coluem, headed z, inticates the nominal height
in meters of the laver tb which the individual equation applies. }

Similarly, column 4, teaded z,,, contnins the applicable height in

ij
- F

meters of the laver interfaces at which the fluxes of momentunm, heat,

and vapor pressure are calculated, and coluen 5 contains the scaled "

equations themselves. The numbers in parentheses appearing on the

extreme right of the equations are reference numbers, corresponding

to the equation numbers given in Semi-Annual Report No. 3 on Project
586, Contract No. DAABO7-68-0381. |

Q The complete set of equations is shoﬁn here to facilitate under-
standing of the computer solution diagrams shown in Section IV. The
coefficients, c, for these equations are faﬁulated in Table 3 for

eaéy reference. Sgpe of the values of ¢ appearing in this table

differ from thgse given in the aforementioned report. These differences
have resulted from the selection of new scale factors for the east-west
an¥ north-south components of the vi&d and for the shearing stresses.
The scaled equations have been written so that tﬁe scale factors are
shownlefplicitly for each variable. For example, in equation (sl),

at the level ofNZSO m, the east-west component cf the wind is scaled
for a maximum value of 2500 cm/sec and the time scale factor s

1440:1; thus, the equation is divided by 2500 iqd multiplied by the




AR i e N et bt

_ Do
. ~& . 3 "
P anmmh.lw.hld Sy _ ? %2 wl-m Sée, !
>m. - “ntw [‘ais - "myv)
ﬂu . - H . .
- o1 — 5 4 Tm,mm > 4+ an 1 _ o6 . ommm onvT < ¢
1 - 2 LA Wm..w Xe I n )
qe ¥ e L
(18) p | [_9ELT _ 9y, _ T..u.mﬁm_ Lo.mu _
v B O R
¢ 1 ’ no e 0se
— 01 - 9z, ?Wﬁ ° 4 %2 T m.w,..,! R _ oo ovbT - 9
L= B | % ey ) Cfxe)g, . n |
Tm ey
- J \n
¢ ‘ . 1 ) i
»| [ %2 M — - Bmm L'z, Gmm.m. T, . 9EL°T Ngo, _ - 190SZ) four | wos /
Avg - “nio 1 { “a Xegly X€jgy. —rng
ye ye 1]
(w) (W)
c v
(V + P) ¢ 2z “afe @313 °V e PHERN:
*f OTqeI U} uaAT8 Bae ‘D ‘SIULTITIFROD
‘uojlenuis 13AeT Liepunoq 3sa10J 103J suorienba pafeds 7 @1qel

et e~ e —

P

A

o e

N




9eL°T ¢ [ 9eL’T  \g'g
w| [t " - [
ntg + “aln | nld + >.L
]
o1 s‘z, , [Oosz)t, _ oes-T _ wweor || (9052} .y < ¢ !
YA 954, Sn ¥ S ..m.”.»z o de 2 Sa
qe ue |
9g2* 1 Yo'w. [ 9EL°T  )ote, _
Zs p : 2 - v v
(z9) h:mm + N.>N..d ﬁ.;*wm + .~>.d
—(
01 Yo'z, , [90s2)T, _ 94T wv69r | f00SZ} e oSt 9
e | St || T, S o) g
96 1~ L9 1 n .>|m.&< .\:rnm._&ﬁ‘ A J
e dej
= .
_ 9EL°T 0T T.Nu , [oosz) T, 9gL T wwey* || _ [ouse) ovvT 0sz /
W T T |9% . L Lige, \  °f&e) Ly
"8 + Tay 1 n ~Wm‘u< =18y J
\d ) e _
]
—
LT 0T ‘ 00s2) T. . %v69° _ fouse
WP | || - mﬂminl@ﬁlﬁ ol Pre—-||= —s«-; oot sy y
alg - "nlo 1 - 1) A Mﬁmq. » )
ye |
)
p— = D R e
(u) | (w)
ﬁ.mN _..N 1 'y
penuElu0) g ¥Iqel

[

A R

¥ d iy S

N

e

B

e TP . o TN




o P 75, L | P
,>lm| N> + |x'm~hz_ [ “
Ie ) : oo
i A ! j
i ' !
eL2€0° 9'¢ s0° v's ZLNED” 0§
(cs) Y Y 2 - g¢To 79%5 o - — - |9 o7t oSt | 9
L8178 & [XE]"n b - ® i
Le Le -
m i -~ ”
\ — i
. e L} cn’
WP F Nsnw - N.w,vlcu £ - nwmfo - mm oot 0sZ ¢ |
Lele, , [xele, b i
Le Le .l_
— —
EL 1 0 S |
. T 9z VAT 7v09" ST )
(@) W | |pp=—ss-| = [grp——govz-| D +|=--|"0 - g—r-m— = ||= [WEZ| Gyer 1 »
- :wm + >..~o Pra, L ST 4, "n ° ae g | 7a _ _.
qe - ;
|
—— - = - et e o D, e -
== === === e
(®) (@)
E3y by :
A S
panujiuo) ‘z ITqQEY




B 79690° 9y
P 2 -
Tk T
2@ 1]
L -
79690° ﬁo.nu- g0 99, _ -
-0 LN
Q Mlm. ﬂ> + o\ﬁwn'ml 03 Oﬂ b - h@ ﬂ_.v
9¢ 3¢ _
2p r __wme90 ) ﬁ su° )¢9, .
Liae)y Lixe), 0o, |
A»lw A4 ﬂllw n \
2 ag
w| [ 2LYe0” g S ose sy Caeneon|
] o] ¢ ¢
] se)u, . 7 xe)n ~+a b Sy o) d
~ Ie Ie g
ZLney” ¢ty
Ip Ti---!--.:ii-- °-
(€2 | raere, | Lxerg
( T.m.\ Bt
[ L e R L 2170y
‘ A ) yyto !
BEAUNRR LI (#7770 - Y57 ;
| iz ) ") B}

0sT

082

——a -

T

1Y

S
~

-a-lﬁnunun

(w) (w)
ﬁﬁw ﬁu

panujiuo)

B

'

.

SR SNSRI N S

‘T el




: . m
. [ 4 ¥
m (85) _vosz_ ) fuoy ﬁh (oo ot
B ~c> NG 9%, | . woz | it
_ —— ) “ ﬂ e e e ..o.\.ljt’J
i (o101 ¥4 000 0s s e 01
“ ~mw < _m4dn|cl~ Y=g | s s
' - ¥ A X g \ )
((s) ,
00Se vuutes)ete,  f ut
s Yoy s P A 01 S|y
hma EN B ROCH _ KRN |
W
wosZ | (ovo‘os)ee, (o1 :
. - —— it O - | e '
; 9 L AN [9% 00e 9 h“
L n - “n % 1 ]
_ -- e e — + -— A:l#
. 4. ~ e L] i
W | [ _am.m-mmsW¢ miwc ol | S ognr 1 v
Aely, | Tfxely. \ b - L, ? _
3, %) ny |
(v8) p | [o—__dmusut)str, | o
z { b
| TW?J ?m.:., !
Ly % m& | i
) 7 L
7%090° Js'e ( Su” AT foot) !
ﬂ.cl..lvll.lr-m!llnll-_ o - Tyea ™" TN 2 - - T oyl 174 i S !
ACl4 + |XEv, v~ b °
3¢ ) ) - )
: (w) g {u) w
3 0 T A
panuI3vo) ‘7z Iqel
v

o




o Arﬂ%‘i.% *

[ B ] 1 3
wcﬂ - mmw 90T, mmo>Cm 96, cmoou 001 s | s
(018) c ® \ 1
001} _ {ootr)efot 000°05)L 6, $0°
T 5 MQ o o7, 002 9 ¢
( ¢ [ o )
- cmm 000° 0SS '8, _ mmou- oS v | ¢
T A b
[ us ) {oootos)e‘s s0° )
(68) o o~ ot 110} s| 9
S0 - %) ("W ﬁmo %y
(05 ) [ouv‘os)ets,_ $0° ) | ooz 9! ¢
,ca _ np~ AL no.mu_
. ) , ‘
00sz ) [ooo‘os)s e, T
= =rz-{ | 0 "1 s
"a - Sa) | Ty AN
(8s)
[ 00sz ) [oouto0s)9*¢e 01
oA I Ao ] - 001 S| 9
,m> ENE a ; TN _
e e e Bt s o = e Dt |
i . (@) (u)
Frg fy 1
- PSS NS S
P3nul3u0) ‘7 aTqey

10




(€z8) 3p| —¥ 0ot - + pmeeeoOl 1 _9ELT | SEL°T
o1 | (UJI) U¥8 DIT ~ (90d) UFe 904 (931) u¥s ot (-0 *¥3 "o ”
V &) |-
7]
- -
L ‘ 9 f S¢ S
(818) ﬁuﬁmmaﬂ i, ., émmuw.ﬁﬁo - Hmm ucw oSt 9
L : v ¢ St <
(L18) ﬁmum.w_..mau + H.MMT.:U - ﬁmm w& 0s1 9
a (1134 L
L) L]
T 9w S| g v s
(s18) . .
7% 99 2 9% | oot s|o9
"% e« 9% | ooz 9| ¢
| fuor) _ fout)s*or,| [oov‘os)se $0°
(o18) P - Aann_ 2 R s m v s
QMIE _fqu 5 v >x b
(@) | (W)
b ] bl g
panujauo)y 7 ITqey

1

11




IR Sl

(cZ8) Q¢ 000°0S} v°¢ m - | S0 oy p
- Pl "N Yy _
(228; 1 _1 1T, 1 1 1
4 ~_~ﬁ|uunﬁvwoo 9 80D ¢ 802 + ¢ uys ¢ urs ® ¥ 80> oY P
(128) 2 800 uh a4 (f - 1) s0° _ SO° oY
N- 1 P P
S
—-e® O.,~ (cn ) . .
(ozes wln_ ? -—mmw uot + w3+ 2= - 2 ov P
.N.HD (2 GH s Zm
(6153 o’ <0* sor ), [_so° $0°
’ lllqv |||UV + Ivuuv + +ﬂﬂ0U + +Q-UU - =¢ oY P
(@) | (m)
p = 2z ‘uor3loes Adouwd - 1319 I35 °4 ﬂ«n ﬂn T {
- 001 001 9LL ' T 9€L°T
8) 2
(vee) 3p (921) 502 901  (92d) €99 D4 + 1551y 8§05 501 0T £ 8~ 0 0
€- E
€
() | (@)
- ﬂan ﬂn . ¢
panugauo)y *Z I1qe]

U

12




N 0001 5°2) _ 00Sz 0‘0¢ %’ 01
(zes) : = 4... no'c:\ ﬁpde.hl 4 n.u = x| O% £ (v .
n nl b 1 |
PL + €7 L6z 001 _
Lot el T X TI90° s | o oY P |
1 8
(tes) PLs ¢ Pa)
+p¢?
(0€s) 0 et Q0L . fout oy b
. > (%)
628) . +P°® So* 3 00t 0ot
0 %< b =sr - - g5 09 P
¥P meg €000 s7P, P,
-~ four _ oo1) fo00‘0S)P*6 $0°
Awva 3 - P ‘ .\a>. -U - I||J1I.U —_— oY P
C 3 | A b
00T 0ot | foootoslv e S0°
(Lzs) =1 = |5 <t % = s oYy P
m 7, P, N S L P uvb
! _
m , s0° ) fuoo‘us)p‘s s0°
M (9z8) . S \ 7y A R 0% P
m L=-"1){ A b
(w) (w)
fr, 20 10 ¢

paaurjuo)y 7 ITqE}

13




(¢e8)

(9¢s)

(s€s)

(ycs)

(ee9)

p‘o,

v

ﬁl
Y9-1

z P oaﬁem;dv~x

s ("8-1)

pea oo [00s2) (0w ) _ 000°0S _ _ 000°0S
= 83 S ST Toosy (o) T e'w
s 9 X
- 129%6 - g 19171 - €001 = 5L
W T $
z
T X
SO X ¥
7 "y
008 + ) o m;.mﬁcmmmw R
i N I TR Tes
000z _ 000z
Am> + Mav s
2t
ovui i 2 00Sz | fawgros)rie, | (0L
€t _ a7y PR

panuj3uo)

S
1%
<Y
SY
0%
§
}
e ».M I-I.ll‘w. D et L |
P e ———
(W) | (@)

b1, w f, Ms& (
S TN W R

|
s

"7 d1qeL

14




b
- ]
)
oosz]r'a.er, _ 9969° -
P Z As ..u ~>ﬂm - mzna
[} L}
01 ‘Y 00011, . {9%69° | _ ﬁ . [oo01] .
md.mtpllulmﬂu.wﬂ. S + T, + |5 ” T 0y91 st 1
0
&
L] ( . [] .
p | [o0sz]zianeT, _ - qqoon - AL quoeﬁ - €, _
rA (£ >mm - *nro n>_u - 'ao
-
‘ ot - z'z, (0oot)1, 9969 ) _| | o [oo01}....
)
goszie‘a et 769" ‘ ,
8 3 J - -
G v. P Z tn . m>nm - Eafp B
1 i
ot €z, ooot)t, . {ww69° ) _| | . [vool
. %, _ X, S + t, + 13 xelq M T 0791 s¢C £
&) .
. w0 | (w)
V-P»Z>. | ‘388303 ° b f
' ) z iy | f
. panuIlIue) 'z s1qwl

15




s

L
ap ﬂnmnu 1'a, €1, _ -
NF I.> .
, L . .
| : . ot ooot)t, _ [owe9: ) _| | . {0001}, 01 <1 .
. oK, A Tn °(4 1 .
- 15 s o
. )
. - et
ap “oon-~.mu €T, _ ﬁm m¢qmom - 12 - - Hqﬂmo.=H AP
R N— [ ) F n'g + “A[® . ng + ~>.5
\ K .
ot iz, ooot)t, _.{wwe9° Y _{ | . {ooo1),.
—_ |8
%]
s |
i [ ]
(329) ap _Oan €40, €1, _ Mn mcemoa.mn - ,
NF A L n'g + “a0 ~
U | PRI L S S (LR P fbdL L V- 0001 gyot s¢ €
X4 wn,v.L\ m: Ae A
Z€le )
: ﬁzmg
v ]
i ’ (@ | (@
fr, t, T
~ = TR T
. , vuﬂcﬂuﬁo\m,u.\\N a1qe],

ORIV O,

16

B,

N W gy I R Y |




P

waldds, A,

UPUTY 2P RN O VI - Y

17

__.l —
%9690° 29690° . {oot
ap _ ? = - gt = |01 <¢ £
L [4e €a + |X8]Eq b - b=} ®
_l— e e
. . [ 3 .
w | [ Nsmoﬁ - [oes noimd TS, ﬁwmolﬂ . mlm - <1 .
(se)t, | “[xej1, b - 7b 1
L€ 18 .
«
’ 1p ZLYE0" AL N
fAe)e, | C(xe)e,
(3e8) Le; e
) . -
: ZL9E0" z¢ s0° Z4S. _ TLveo” 0§
T Trx ﬁ N 3 S T 1 AT HER 7 ot c
Lelt xelt b - b L
—=l'A + |== J .
le 1€ )
K . . [ .
] ap ﬂn NSmm - (w5 SO - €S, _ Nmnno . mM T . ¢
s «...Mm. €a + Xeletn b - b- 1
[ze/_ Te y
(®») (w)
, ‘ | £1, 2151
pIanuUFILO) ‘'z ITqeL




S

v i
ﬁ 000°0$ ][-—0o0t Jzvt, | (_oz) | . -
L S L1 L 3 L
,e AN L mu‘,dz _ ¢, Nﬁ.xp\
( 000°0¢ 1{__ooot Ye*v1 0z
o - o¢ z ¢
-E L GE ra.x ﬂ
,c V_n..\o.f.ﬁ v_nm....k n-"n
__ t%690° _ 0" 29, _ %%690° . [oo1 <1
® ﬂﬁaauﬁ ﬂM 078, _ 213, R T !
—| A ¢
s
<L
-
. L]
» | [ e«aoon - 75 -
[5¢)" + 38"
EY) 3¢
¥%690° zUe, _ s0° 1249, _ %%690° - [901) Gour e z
Ttelt Tivel1 : Z1'o, _ nﬂdoc_ W z,
—=1"A ¢+ |==|"n
3¢ %
— ———te
(w) |(w)
n..wn mu ¥ f

panurIu0) 7 21qey

il i

e




- — —

(__ bovtos e o5 Yzter, _f s0r ) | ¢ _r

7y AL TSN 4 g4 .o_ﬁﬁ - 2Ty |
(JLIs)

Qou* 0S {__o0s Je'st, <0 )

T T e T T - gl g - = EoTva 4] 4 €
7 . U dﬂmuWFN& -5 £,
(301 9eL°T ¢ uys mz _ 0052

‘ 67 "7 Tt " |08, 0
) xe ] Pk
nﬂm.
9€L°T $ uys mz _ _ ( 00S¥ o
(3068) o at T 4 F oumJ
. 3

e 000t0s oot jeter, 0T _ ¢ |z

T, T TGN AL
(338)
VoY* 0§ ovet )etwr, _ [_oz

e Co ST - - ot [4 €

DAL S SN A | E PnN.Np
(@) | (w)
fr, Gl

ponupIvoy  *¢ ILYTL

19




P R W Sty

*s3110dax snojasad ug sasqumu uotrlwnba

Y LOUSISTSUOD ufpriujex o3 139pd0 UL pSuUTEIDIL UdRq IABRY SIIqUNU uor3enba asayy
Ul A13f7s7rdxe aeadde o0u OP PUC 3615 uUOT3IENDd y3Tm paurquod ulasq 3aey 3ygzs yidnoays 3g

*3xo0dax syy3
¢8 suorjenby

¥
(3ois) S0° 3 - 001 ugrl + w 50° + vmx - .m.'cl 0
A L [o] .<¢~ -< TMw
he 9 L
v A "
(331%) Y. w + .mm..; + m.w.lu, - 290 0
o Us o Qc; o UU_ vfm .
—_— I al.‘ﬂhw-iufxﬂwnﬂnlllnuzl.JHHHJHHHMHHwaJIIH.-)io.x;iu;hﬁlvn1mwnﬂhwnnwh“ﬁuh”uu%uunAwa“
, () | (w)
U = 2 ‘UOT3ID9S AVRJLNS 3ISIA04 " hﬂn ﬁx ¥ ¢ -
e e e e B R e
TG T L T et 1|2
[ ¢ L] ¢ o
c.sxm Yo 4 TUyE mo - £T7Yy 0t A B o
VLO* VS wor _ four)ztor,jztat, _ f su c .
T Ty IV A 3 1 ¥ T o leﬂ!alﬂll
TR EL TN TG T; . SC
000° 0§ oot _ foorietor jetot, _ { sor
AL a Wl I e _m > gzvs,| | OF ¢ |¢
R R NI S R B
B e, L U Inl..lfl‘llll.Jl
(w) | (w)
fy, | N B
o [ TR VGRS VDI S
pPsSuiulljuo) ‘e 9ver

e il

P Ry

Iy




o L2160 QRN 15 0
Tl g (obooTy(oT) ~ °o™%
(Jocs) 0s d 0S| ¥4 0g {os
3ip — [ Py
B _ 0| ¥ 5,| 5/ @Oy oy % ovv1 0
]
. 0 ot €0* s0°
8
Aw'wb ) T o) uml. d - L) 0
L - 1) @) 99(00%) b
i 0
GLes) oot |for dco- _ So°
¢ To _ % ||Tq| T9(000T) ~ 073, 0
(39Ts) 10°) [ovos) _ 0S _ 0S |..
¢ Tﬂw 5 o "o 0
I L
-5 s 9® . 00T Vot
(3sC8) (VIS b . o "o — 0
E] 9
. o -
(392s) 0 <% % ¢ [SO°_) 8 _ 00T _ 00T
oTe, 50 §0_ 5 0
(w | (W)
i, | F C
penuilav)  *y a9qgel

21

. b g il

il




e T PP IO VR

T- ouﬂ.
.HQ -< d
(39€E) -1 = %g 2a9ya ¢[0001! (900" or____ .0t ¢ 1
. AauuaVa Tg _ 9y (000T1) (900°) g
T
(35¢€9) T— L29°6 - mwl €9T°T - €00°T = mw S 1
i 3t g
000T
1
GUE + 'S 0ot
(39¢3) 4 ®_1 g AR ST
T oy - Tg| BV 08 Ty
(3¢¢s) __ooor _ _ ooot c'1
ﬁw> + wsw s
/1
(]
(3ces) III.L.O+ e'Lee _, VT ¥ T190°0 = .l.lwow 0
alS* e 2
occmw ot | 4 01 ) 0
(31¢8) “LONTT ) Teoon (o) T oYK
) .
- (w) (u)
P‘ﬂﬂu 2]+
pPonuLIuu) AR S T* A8

< gy - PR

22

bW N

NV SN N

| S




e S

-~
!
ON
[t - L Al.I:
g-1 T4 0001 0% 000°0S 000°0S
muhﬂﬂv g v1aym .A VAJ v - T G'T
. ouﬂﬁuuavﬁx T U (oooTy (oY) - TTw
g (9-1)
(@) (@)
(¥, ¢, 1 i
panujuoy 'z Iqel

23

PIR P

e




" o «.ng A«u -ﬂuwwo. f'e
— —— — —y < . - 2
. . L) L 3 ﬂ
12Z9°€E  94L9°0Z %905°6 e, 4 05) (000 0%)
— E2ug "2wasPaor | wey,
Itz6 3700523 (600" 0%) . .
n'a 3 ¢
. . . ¢ uﬂ A z - NVOH - ﬂ-h
89T18°%€  ZOYS°TZ  (%06°6 —_ — —_ —_— w<§ .Aaﬂqamv ST TS 2
, 19w . £ . ]
. . . . . . ) Xy L9, L'9, . 2vI%9, o001 _ F'9 ;
69%0 6197 L9z€ 96€9°T  €1%9°1 £609 ze6ns (1 T, > 12 T, ) G5%T 2 ,
L9'n . f_ d . ]
A, (‘S L's zZy 29, 0§ Fes
zoyt” 000§ " 2000°T  0000°S  0000°S 6158°1 £99°91(1 - mmqmmv @ T M=) GoEp v M
1, € " L & :
[ ] [] .
0000°T  2zzIS* €99T* 0000° 0000°'T  0£O%° 0000° T>f>¢ ’sw:uuﬂm LN ST .nm:uxﬂm -y b
.ﬂn -2 2 - 'z m
[ L} ﬁ- [} -
0000° 88%° LESE" 0000" T 0000° 0L6S" 0000° T Fh oo e PSP Ly L P 3
no.ex {z L'z ﬂuq g, 00SZ fz
wHeT " 008%° 0096 0008'%  0008°%  BLLL'T  0000°9T (T - T 2 = 10 M) o v 2 ]
¢ ups 101Z° ¢ ups (mz) owwl » o 4
q.ax f3
ZITZ°€Z  TOLLOT  6086°T  0000°T — — — (9T ¥ ruba) (>0>y .ﬁm4mw = .9
L 9 S ) Pt z 1 JU9FI733399

*suotienba payess ayz ur ‘S ‘SIUIIILJIA0T IYI JO BINTEA [PIJIWNU PUT Wio4 °‘C ITQEL

~

e e Tt . e i ) . TP S S S




v, . f ;
. e - (Fz -tzyta cor | FUot
— ———— a—— — [ PR, H - o ]
eyt 1¢ 9Z49t " Zt £ >F»1 TWIGGTY (0007 0%)
¥ { . «
—_— — — _ 000Z°¢  £999°0f — R S 1 feet,
29(65) (000°05)
—_— —_— 1, €
— X . —_— 3 (2 ="2)(0n) Ffer
000t 299y € >0 s  GHOTY (600S) 2
oTxZz° L 0TxzT "¢ 0TxZ° ¢ oTXZ° L L0TxZ°¢ 0IXZ ¢ .0TXZ°¢ (0001) (09%91) . b
8 8 8 8 8 8 z T
|
000§ ° ZTET toto- —_— _ _— - Fraa,
-
000¢* ose* 95€T" — — —_ _ Fer,
W feot
2886 2166° 966" —_ L166° ¥866°  0000°T - 2
d
)
—_— — — 0s8L°(8  — _ - - t'6
’ .
6YEV 90T ZLY8'€9 256076 @ — — e b <l (2 A RT
FFra’ T99(607) (6007 0%)
p, F . .
— — —_ 0008'87  — _— — o ol io2lsor | F',
96(0S) (000*0S)
L 9 3 v € z 1 IL2TI73390)
penuIlun) ¢ aIqey

25

ado




time scale factor of 1440. The scale factor for A(gdh/3x) 1is shown
to be 1.736. This is the wind scale factor of 2500 divided by a
time scale factor of 1440, The advection terms (a;u7 - B;v7) also

are shown to be scaied over 1.736. The first term on the right hand
side of the equation is written as .4g(2h/3x)/.6944. ThL's term is
vritten in this manner to show the one to one correspondence between

the equation format and the calculation of this term in the analog
computer solution diagrams. In the solution diagra-s..g(3h/3x)°/.6944
is calculated and then multiplied by .4 to ohtain a scale value for

the pressure gradient term of 1.736.

The north-south component of wind in the Coriolis term ie scaled
for a maximum value of 2500 cm/sec. The coefficient < is shown in
Table 3 to be 1440 (2w) sin ¢ and applies at each atmospheric height.

In addition, the east-west component of the shearing stress of the wiad
is scaled for a maximum of 10 dynes/cmz. The coefficient c£'7 is shown
in Table 3 to consist of the time scale factor divided by the wind

scale factor, multiplied by the scale factor for the shearing stress
divided by air density and the thickness of the layer centered at 250 m,
and further multiplied by the ratio of the momentum exchange coefficient
at 300 m divided by the momentum exchange coefficient at 200 = minus
one, The calculated values for each level, j, is shown in Table 3.

The equations ir the set which are not solved explicitly on the
General Furpose Analog Computer are listed in unsczled format in

Table 4. These equations consist of equation (5) which describes the é

lapse of pressure with increasing height; equation (11) which relates
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the specific humidity to the vapor pressure and the atmospheric
pressure; equation (12) which expresses the rate of gain or loss of
heat per unit mass to the system; equation (13) the equation of state
for a perfect pas; and equation (14) which relates the vertical
exchange coefficients for momentum heat and water vapor. Since

these equations aprear implicitly in the wiring diaprams, scaling is
not required.

Two numbers, one of which is followed bv the letter f (forest),
are assigned to each equation. This double numbering has been done
in order to point out the fact that the equations apply to both the
free atmosphere above the forest and the atmosphere within the

forest.

Table 4. Implicit relations in the solution diagrams.

P=P, - P8z (5) and (5f)
r = ae/p o (11) and (13f)
.1 49
R = 3 (12) and (14f)
P
p = p/R‘T {13) and (15f)
-K‘ - Kh - Kv (14) and (16f)
27
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IV. Analog Solution Diagrams for Tropical Forest Simulation

?
1 13

There are mény ways to solve the scaled equations on the analog’

"~
computer. The methods employed depend upon many factors, but are

primarily controlled by the quantity, quality, and nature of the
( : :

. . .
available ®mputing components. The method shown here 1s only one of

many that could be emploved and would be compatiBle with the available

’computing equipment.

Efforts hdve been made in settzng dp the sclution diagrams to
treat eaqh parameter as a variable as far as is po;sigae. The
valugh of these variablesvmay be easi1y changéh from case to case,
alth&ugh for a particular case, the variable may be held constant
during the solution period. nisﬁussion of the diagrams on a aﬁe—to~
one correquﬁdgnce basis with the' equations shown in Section III is not
practical since there is considerah]§ duplication of the wiring
patterns due to the similaritv of thcncquations-for the ‘individual
layefs; howéver, a brief explanation of the solution of each type of
ééuétion will assist the reader in making the correspondence for the
solution of the individual equarions for the various layers.

The symbols emplcved in the analop diagrams and their inter-

[y

“"cretation are shown in Table 5. The lefr-hanc. colum of this table

shows the s?mbol emploved and the right-hand column indicates its
interprcta:ioﬁ.

The analog solution diagrams begin on bape BQ on which the
computer diagrams for the solution of the cast-west wind components

appear. This diagram is the proprarmed solution of equation (s1)

a8
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Table 5. Apalog wiring symbols.

High. gain amplificr

$J with an input to the
1of ., sSumming junction, an
G input resistor of .1

megohm, an input
directly to the grid,
and no feedback

Inverter

) High pain amnlifier
\ with one repohir fecd-

T
10 back resistor and
- inputs of 1.0 and.l

megohm (sureer)

Integrator

( ) ___Potentiometer (low
side grounded)

Y
—x Flectoonic multiplier
M
[in
H Follow-up cup of a
A servo multiplier or
L resolver ’
CcY
_JW a Servo rultiplier
L ler cup (other than
follow-up)
] ’ ¢

—18 [siM

—-B lcost——

—9}—Cavacitor

__J VFG Variable function
generator

—NMWWWA-—Tugistor

———->|——1=iode y

,}7 Cround

Function :witcl

PplO|l2|cC

. NC o
) Low spced relav

o i corparator

[ Servo resolver cup
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shown on page 5. The solution for the east-we;t component of the wind
for the layer at 150-m height appears in the lower left-hand corner of
page 30. ‘

fhe east:west wind component -u150/2500 is obtained as the output
of an integrator which sums the individual terms appearing on the’right-
hand side of equatdon (sl). The initial condition of the east-west
wind component at 150 m is obtained from observed valyes and is sup-
plied to the integrator through thé'initial condition potentiometer.
This potentiometér supplies the initial voltage from which the ampli-
fier integrates. The remaining inputs are calculated in the following
manner. ”

1. Vertical divergence of the shearing stress. The vertical
divergence of the shearing stress is calculated from the winds at 75,
150, and 250 m. The solution diagram is shown in the upper center

portion of page 32. Voltages representing +u250/2500 and -u,_./2500

150
: *
are applied individually to 10-gain inputs of an amplifie?'having a

6
250 ~ ZISO) Km’45/1.25 x 10 o Km,250 as a faed-

back element to calculate -(Tx,ZOO/IO)/(Km,ASISO’OOO)' The output of

potentiometer set to (2

this amplifier is multiplied by +Km 45750,000 by means of a servo-

multiplier. The produét of these terms -1 00/10 is obtained from the

X,2

arm of the servomultiplier and the east-west component of the shearing

stress +1 /10 is determined in an analogous manner from the next

x, 100
lower amplifier and servomultiplier. The terms o 100/10 and

%

All amplifiers employed in the solution diagrams are of the inverting
type; therefore, the terms unity gain or 10 gain imply a sign change
within the amplifier. ®
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~T 200/10 are added in a summing amplifier to obtain the difference
?

of the stresses at the two levels + (Tx,200 - Tx,loo)/lo' This

difference is further multiplied by 5.76/p AZ1 on a pdtentiometer

50

and applied at a gain of one to the input of the'—u150/2500 integrator.
2. Corio}is term. The Coriolis term for the east-west component

of the wina at 150 m is obtaineh by multiplying the north-south wind

componeﬁt at 150 m,.calculated by the -v150/?500 integrator on page

39 and inverted in sign by a unity gain ampxjfier, by 2880 w sin ¢ on

a potentigmeter and applying the resultént voltage at a unity gain on

the ~u150/2500 integrator.

3. Wind advection. Wind adveéction is calculated for the layers
at héights of 1;5 m, 35 m, 45" m, and 250 m. Advection Eetween these
layers is obtained by linear interpolation. Advection of wind, temper-
ature, and vapor pressure is handled in thié manne;. Since linear
interpolation is used at 150 ﬁ height for advectibn, two inputs are
required to the —u150/2500 integrator. There is a contribution from
the advection at both 45 m and 250 m, the calculation of which appears
on page 34. Positive and negative values of the east-west and north-
south wind components are applied independently to two function
switches. Ehe up position of the first function switch is connected
to +u250/2500 and the down position of the switch to —u250/2500. The
up position of the second function switch is connected to -v250/2500
and the dowm position to +v250/2500. The arm of the first function
switch is connected to a potentiometer having a sesting of 1440 uéSO;

thus, the voltage appearing on the arm of this potentiowmeter represents

+1440 a!

250 uZSOIZSOO or -1440 a) . u,../2500 depending upon whether the

250 7250

3]
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function switch is in the up position or in the down position.
Similarly, the up position of the second function switch calculates
—1440‘Bésov250/2500 at the arm of- the potentiometer connected to the
arm of the second function switch. These two terms are added in a

s

summing amplifier to obtain the advection at 250 m, t(a'uzsor-

B'VZSO)/1.736.

The neutral positions of the function switches are wired
individually to the arms of two potentiometers. The initial values
of the winds are set on these potenticmeters so that advection may
be hcld constant at the initial value throughout the solution ﬁg}iod.
Whether advection is held fixed at the initial value or allowed to
vary with wind speed, the gradients of the wind a' and 8’ are held
constant throughout the solution period.

Advection at 45 m is determined in precisely the same manner as
that at 250 m. These advection terms are multiplied by appropriate
factors appearing on potentiometers of which the arms are connected

to unity gain inputs on the -u 0/'2500 integrator to provide linear

. 15
interpolation between 45 m and 250 m height.

4. Surface height-contour gradient. The solution diagram for the
gradient of the surface height contours is found at the top of page 34
for the east-west height-contour gradient. This solution diagram is the
schematic representation of equation (s23) on page 11. A potentiometer,
having the computer reference voltage applied to its high petential
contact, is set to the value g ICG sin (ICG)/6944|1CC sin (ICG)!. This
factor is multiplied by ICC sin (ICC) which is set on the second

+
35




of the series potentiometers. The arm of this second potentiometer

has as an output the product tg 1CG sin (ICG)/6944. The sign c¢f this

product is determined by the ratio ICG sin (ICG)/|ICG éin (1¢G) | which
.

is included in the first potentiometer setting.

The product tg FCG sin (FCG) is computed by the two series
potentiometers which appear just Below those for the initial contour
gradient. These two values are added by a summing amplifier and
multiplied by 1440/3600 FI, where FI is the prediction time interval
expressed in hours, and applied to either a unity gain or 10-gain
input of an integrator depending upon the setting of the potentiometer
wvhich supplies the integrator input voltage. If the potentiometer
is set for a solutioniperiod greater than or equal fto 4 hr, a gain
cf unity is selected by placing the function switch in the up position.
For solution periods of less than 4 hr, a gain of 10 is selected.

The output of the integrator is the expression occurring under
the integral sign of equation (s23) save a factor of .1000 which
appears on the potentiometer following the integrator; thus, the am
of this potentiometer carries the value 1440 g J((YCG sin (FCG) -~
1CG sin (ICG)]/6944 At}dt, where At is in seconds. Two additional
series potentiometers calculate tg ICG sin (ICG)/6944. These two
valucs are added by a summing amplifier to obtain +g 3h/3:l°/.6966.
This solution procedure permits linear variation of the surface
contour gradient with time. The potentiometer set to .1000 is used

simplvy to allow higher input voltages to be applied to the integrator

for long solution periods.

36
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The east-west component of the surface contour gradient is
inverted in sign by an amplifier and further applied to a high gain
amplifier having a feedback potentiometer set to 3600 (2w sin ¢);
therefore, the gain of this amplifier is 1/7200 w sin ¢ and the
surface contour gradient is multiplied by this value to obtain the
north~south component of the geostrophic wind.

The surface height-contour gradient, —g(ahlax)o/.69&b, is
furtter multiplied by .4000 set on a potentiometer, of which the
arm is cgnnected to a unity gain input of the -u150/2500 integrator
and which scales the surface height~contour gradient to the proper
value of 1.736. o

5. Variation of the contour gradient with height. The variation
of the height-contour gradients with altitude depends upon the gradients
of the mean virtual temperature within the laver under consideration.
The computer program appears on page 32 in the lower right-hand corner.
The voltage on a potentiometer set to .3923 (3T/3x)150/i(3T[3x)150[-is
applied to an inverting amplifier of which the output is connected to
potentiometers having settings of a(f.\'l’/aa()l‘5 + b(STIBx)zso. The ' coef-
ficients a and b have, respectively, the vclues .1356 and .0107 at 75-m
height, .3810 and .1312 at 150-m height, and .5000 and .5000 at 250-m
height. These values yield output voltages which represeﬁt A[g(ahlax)j]f
1.736 where j is the index of the layer in question. The surface contour
gradient is assumed constant with height up through~d; m; therefore, this
term is not applied at and below 45 m.

| At the heights of 1.5, 15, and 35 m an additional input is applied

te the integrators. This input represents the drag upon the air

produced by. trees and other foliage. The calculation of this drag
37
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term is shown on page 40 ana consists of the squaring of the wind
component from the output of an amplifier by applying ;t.to the
x and y inputs of an eleZtronic multiplier. This ;roduct is inverted
in sign by use cf an inverting amplifier and further applied to a
gain of 10 and 2lso multiplied by the coefficiemnt [(7.2 x 10‘ ACD)-I]
which is set on a'potent;;meter the arm of which is connected to a
gain of 10.

The circuit shown in the lower right-hand corﬁer of page 34 is
a timing circuit which automatically places the computer in HOLD mode
at the tetmination of a computational cycle. In this mode the
solutions are stored until they can be printed by a digital printer
or placed on punch cards. As ocn2 can see from this diagram, +100
volts is connectéd to the normally closed contact of a relay. This
voltage is applied to the arm of the first set of contacts on the
relay and subsequently to the negative terminal of this reley, RLAL.
The normally open contact is connected to +48 volts as are the arms
of the remaining two sets of relay contacts. The output of an
integrator is connected to the poéxtive terminzl of the relay. The
input to the integrator is a potentiometer having a setting of
1440/3600 FI, where, FI is the solution interval i{n hours when the
output of the integrater 1s less than +100 volts, which is the voltage
appli to the negative contact of the relay, the relay coil remains
\moniizcd and the contacts on the relay remain in the normally
closed position: however, when the output voltage of the integrator

exceeds +100 volts the relav {s energized and the contacts are
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switched to the normally upen position. Under these conditions, +48
volts is connected to the negative side of the relay input. This

arrangement provides a positive voltage differential of approximately 4

\\\\\\ At ien [

+52 volts between the poqitiVP and negatlve relay inputs.4 This large

Sl lay input. i
differential in voltage aqsures a positive locklng ‘of the rclay in

[

: ace di{ierential of approxinate
the cnerglyed position and prevents relay chatter. Slmultaneously,

' . b et v—“" Ay Ern nte ., Viyio ey N
+4,8 o]tm is applied to the normallv open contacts cf the other two
P
" ihive dTocking ol the rejav in

sets of relay contacts. Thls +48 volts is transferred to the NA

STy s clov ¢horrer, Simnleaneon 1~;§‘_"

bus of each'con sole through lsoeating diodes in order to energize the

BEERERE ontactas of Frhe prher two

hold relays which stop computatlon at the tlme spcc1f1ed by the

var e : R I A

setting of the potentiometer connected to the inbut of the fiming
integrator. The output of the timing integrator is applied to the
input of a summing amplifier having a gain of 1/2. This 1/2-gain
amplifier simply provides a convenient means for monitoring the time
period for computer simulations.

The solution of the set of equations representing the energy
balance at the top of the forest 1s shown on page 43 and consists of
wiring diagrams for equations s19 through s37 excepting equations
s23, s24, and s32 through s34. The solution diagram for the
calculation of the cosine of the solar zenith angle, equation s22,
is shown at the top cf page 43. The solution diagram consists of a
sine-cosine oscillator with initial conditions for the sine and cosine
of the local hour angle, H. The cesine of the local hour angle is
taken from the second integrator and multiplied by cos 4 on a

potentiometer. This product is further multiplied by cos § which
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v appears on a series potentiometer to obtain cos ¢ cos & cos [15(t - 12)],

che second term in equation (s22). The first term of this equation is !

calculated with two series potentiometers. The first potentiometer is
set equal to sin }, and the second potentiometer is set to the value of f
sin ¢ to obtain thg product sin ¢ sin § at the arm of the second
potentiometer. These two terms are summed in an amplifier which has a
gain of unity for positivé inputs and a gain of zero for negative
inputs; therefore, the ourtput of this ampi;fier is ~cos ¢ for the
hours of davlight and zero at qight. The output of this amplifier
is applied to a poteqtiometer set to -N so as to calculate e-N cos I.
This proauct is further multiplied by the solér.distance factor which
is calcﬁlateé théﬁugﬂ the use of ékgbtentiometer as an additional
feedback on a summing amplifier. Multiplicainn by Fc and I are accom-
plished by a coefficient potentiometer set to F; and an amplifier with
its feedback modified by a potentiometer set.to [(.05/1)-1].

Inspection of the equations for the free air’#anopy reveals

that each equation is implicit in the temperature at the top of the:

canopy Td/SO;itherefore, a value of Td/SO must be found that satisfies

, *
the energy balance equation at the top of the canopy. Since the

effect of Td/SO is algebraically the same in each equation, the

[ solution diagram is equivalent, analog wise, to having a negative

feedback around a high-gain amplifier for which the inputs are the 1

energy balance terms. This condition may be expressed as

r

p .
. The subscript d is equivalent to the height of 40 m on the wiring
schematics. '

i \
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\

~T,/50 = R(R,/.05 /.05 /.05 /.05 - qg’d_/.os)

- qc,d-—
where K 1is the open loop gain of the amplifier.

- qc,d+ - qe,d+

If there is a state of balance for this feedback network, there

is a solution for this set of equations in terms of T The high

PE
gain of the amplifier will force the sum of the inputs to he zero
‘ andAthe amplifier output will be -T /50.

There are three feedback léops for the —Td/50 amplifier.

1. The output of the -Td/SO amplifier is applied to the neutral
position of the function switch and further to the input of the
patchboard function generator which calculates +0T3/.015. The out-
put of this function generator is applied to a potentiometer having
€/3.333 as its setting. The resulfing product, +soT3/.OS, is added to
-OTZS(m + IOnJZ;7156)/.05 and -(1 - J)Sd/.OS to obtain the net
radiation at height d. EN'd/.OS is further fed back into the -Td/50
amplifier to complete the loop.

2. The nutput of the °Td/50 amplifier is applied to the neutral
position of a function switch and thence into the input of a variable
diode function generator;which has as output‘+ed's/100. The saturation
vapor pressure is fed to another high-gain amplifier which has an

additional input of /100£. This additional input provides'the

-qe,d+

polarity comstraint for saturated or unsaturated conditions. The

output'Of the high-gain amplifier is -ed/100 vhich is further applied
-

to 10-gain ioputs of two high gain amplifiers on page 55, which have

as outputs +(qe,d+/'05),(xm 65/50'000) and —(ée d_/.OS)/(Kﬁ &5/50,060).

* »

These values are multiplied by Kn 45/50.000 by use of servomulitipliers.
*
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The resulting values of +qe,d+/'05 and -qe’d_/.OS are inverted with a
unity—gain ampl?fier; and both values of the vapor flux are fed back
into unity-gain inputs of the —TdISO amplifier.

3. The third negativé feedback loop results from the calrulation
of the convective heat flux. This feeddack loop is showp on pages 43
and 51. The output of the -Td/50 amplifier is applied to 10-gain
inputs on two high-gain amplifiers appearing on page 51. The output
of each of these amplifiers is fed to the high side of a servomulti-
plier, the outputs of which are +qc’q+/.05 and -qc’d_/.OS. These
two values, subsequently, are fed back to the inputs of the -TdISO
amplifier to complete the feedback loop.

The .005 mfd capacitors used as feedback elements arouné the
high-gain amblifie;s which compute -Td/SO and éed/100 are of no
computational significance. These feedback elements are used exten-
sively throughout the wiring diagrams for noise suppression. Ihe
low speed relay shown on the right of the diagram on page 41 is used
simply to provide feedback on the -Td/SO and -ed/100 high gain
amplifiers while the computer is in the balance mode.

The circuit diagram for cglculating the momentum exchangg

.

coefficients at 3, 30, and 45 m height is shown at the bottom of

-

page 43. This circuit calculates equations s34 through s37. In the

lower left-hand comer of page 43 -u45/2500 and -v65/2500 are inde-~

1

pendently connected to the x and vy inputs of two electrdnic multipliers.

The ‘outputs of these multipliers —uiSIG.ZS x 106 and —VZSIG'ZS x IO6

are further added in a summing amplifier to get +S§S/6.25 x 106. the

square of the nagnitude of the vector wind. The square root ¢*

46
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4525/26.25 X 106 is obtained by an electronic multiplier used in
square root mode. The output —845/2500 of this electronic multiplier
is applied to a unity gain input on a summing amplifier and to the x
input of another electronic multiplier. The quantity +(S . + a) /2500
is calculated by adding -545/2500 and -a/2500 in the summing amplifier.
The quantity a is chosen to be 3 m/sec. This sum is further applied
to both the x and y inputs of an electronic multiplier to calculate
_(545 + a)2/6.25'x 106. This value then is_?nverted in sign and
‘applied to the y input of an electronic multiplier.

The temperatures +T45/50 and —Td/SO are addea in a summing
amplifier and multiplied by /Ag/3.125 x 1065 set on a potentiometer.
The resulting product is applizﬁ to the x input of an electronic

6

multiplier in divide mode which has as its y input -(S,. + 3)2/6.25 x 10

45
The quotient obtained is the modified Richardson number. The modified

Richardson number is then applied to the input of the function
generator containing -—BK’I‘II;O as its output. This quantity is applied
further to the y input of an electronic multiplier having as its x
input —565/2500. The multiplication of these t?? terms yvields the
momentum exchange coefficient at 45 m heéght.

The calculation of the eichange'cbefficient for momentum at
1.5-m height is completely analogous to that at 45 m. Linear inter-
polation is used between 1.5 m and 45 m to calculate fhe values for

K and K
m

2,3 ,30° ’

The solutions of the equations for the forest surface section

are similar to those for the air canopv section except, in that case,

41
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ghe equations are implicit in the surface temperature of theAground,
-TO/SO. This ProgrqQ appears on page 49,

For the surface section, an intepral exchange coefficient is
employed. The diagram fof the calculation of this parameter is shown
on the lower right-hand side of page 49, The input of +Ri/'25 is fed
to the function generator containing Fé/i006 as an output. This output
is further applied to the x input of an electronic multiplier having as
its v i;put —51.5/1000; the resulting product is —Dl.s/lﬂ.

A simplified soil structure is emploved iﬁ_the forest surféqe o
section. TIts analpg;solufion diagram is fcund on the left edge and
near the center on page 49. The soil surface temperatu;e +T;/Sd is
obtained from an integrator having inpufé of the soil neat flux,
;qs,o/'nif multiplied by 2V/7/PLX set on a popentiometqg, +T;/50
applied in a negative feedback loop to a potentiometer for which the
setting is 2-/P, and‘the mean representative temperature for the soil
also multiplieg bv 2-/P set on a potentiometer.

The'kemperatures are calculated frém equations s3 and s3f and
2re shown in diagrammatic form on page 50. The solutions are completely
anglégous to those for obtaining the winds discussed earlier. The
radiation term R is galculated in the lower lett hand corner of page
51, and the value TR/.03472 s applied to potentiometers feeding the
individual integrators. This arrangement permits the variation of R
with height and forest structure. Temperature advection terms are

handled in eoxactly the same manner as are the wind advection terms.

48
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The diagrams for calculating vapor pressures are shown on
page 54 and are seen to be c&mpletely analogous to the calculations
of temperature and wind components. The only term that is signi-
ficantly different from the others is the moisture term which is
calculated on the lower left-hand corner of page 55. This term
;pplies only within the forest where trees and brush act as moisture
sources.

This set of solution diagrams represents only an initial step
toward the development of an analog system for simulating the behavior
of the atmosphere within and above a tropical forest. Equation refine-
ment with resulting modifications in the solution diagrams will be
required since little factual information exists concerning many of
the parameters employed to describe the forest and functional defini-
tions are essentially nonexistant.

The moisture source term, M, presently being employed as a con-
stant requires functional definition as does the radiation term R.

In addition, the magnitude of the drag coefficient CD is not known
for air flow below the forest canopy; therefore, for lack of better
information, a value is being employed that is representative of flow
over rough surfaces.

The exchange cocfficients for momentum, heat, and vapor, now
defined by the Deacon wind profile, may need redefinition for forest
application. In this regard, the roughness of the forest canopy will
require reformulation in order to be compatible with Deacon's wind

profile.
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V. Fngineerinpg Activities

During the past six months, the maijor enrincering accomnlishrents
have consisted of the completion of the new test jip for checking the
individual computing components for the general purpcse analog -omputer
IGPAC), the installation of a cempletely new crounding svster for the
GPAC, and the irstallation nf’:‘neu fnc!ocvd relav rack which will
contain rthe five diode function generatcrs presentlv in use and tlree
additional ones. Other engineering tasks, not as large “ut just as
irportant, were rompleted during tlis reporting period. Two trunk
lines were run fror (onsole 4 of the CPAC into the electronics shop
for use with the new test jig. All of the integrators on the GPAC
were adjusted again for proper rates of integration. All of the
servonultipliers and servoresolvers were checked for alignment and
for worn bearings, gears, and potentiometers. Three of these servos
recuired rebuilding. In addition, ‘hLe nccrssajv relays and switches
were added tc the GPAC rermote control box to perrit control of Console
5 sirultaneously with Conscles 1 throuph 4.

York was begun on updating and drafting of wiring diagrams for
project equipment in use and on setting up a suita>le procedure for
indexing all wiring scheratics for casv filinp and readv reference.

Sew cquipment received included a six channel Brush recorder,

a BRIE Jeletvpe Corroration bLich Speed tape Funch, a Flule rodel 135

veltape standard, and a Fluke rodel 1000 digita]l veltreter.
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FTST OF SYMBOLS

characteristic tree coverage

ratio of molecular weight of vater to
molecular weight of dry air

local drag coefficient
forest drag coefficient (cb = ACD)
specific heat of air at constant pressure

intepral exchange coetficient for momentum
netween surface and height A'

height of the effective top of the canopy
mean vapor pressure for a subscripted layer
representative vapor pressure

saturatier vapor pressure at the temperature
of ti.e canopy top

surface saturation vapor pressure
cloud factor for insolation
forecast height contour gradient

angle made bv the forecast height contour
gradient with the v-axis

components of drag for-e per unit volume of
z:r due to trees and foliage

Ceriolis parameter

therral conductivity of surface litter
acceleration dur to gravity

heour angle (rero for local apparent noon)
heipht offl a constant pfcssure surface
mcan solar constant

inttial contour gpradient

T

_1)

(cm

(gm/gn)

(non-dimensicral)
("l

(cal/gm deg)

(cm)
(cm)
(mb)

(=b)

(mb)
(mb)
(non-dimensional)

(/100 km)
(deg)

(dynes/ch)
(rad/sec)
(cnzsec deg/cal)
(en/sec?)

(deg)

(cm)

(cal/cnzsec)

(/100 k&)
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F

‘e, d-

angle made by the initial contour gradient
vectcr with the y-axis

indices

alhedo

exchange coefficient for heat
exchange coefficient for momentum
exchange coefficient 1.7 water varor
.t» (Von Karman's constant)

latent heat of vaporization of water
net lonswave radiation

moisture source term for forest
empirical radiation factor

turbidity

empirical radiation factor

86,400 (diurnal period)

atmospheric pressure

energy addition per unit mass from
non-adiabatic proces.es

convective heat flux, positive upward

convective heat flux in air laver just above
canopy, positive upvard

convective heat flux in canaopy just below the
level d, pesitive downward

evaporative heat flux, positive upward

evaporative heat flux in air laver just above
canopy, poxitive upward

evapora*ive heat flux in canopy just below
the level d, positive downward

59

(dep)

(non-dimensional)
(cmzlsec)
(cmzlsec)
lrnz/sec)
{non-dimensional’
(cal/gm
(callrmzsec)
(mb/sec)
{non-¢imensional)
(non-dimensional)

b—1/2

(m )

(sec)

(=)

(callegm)

]
(cal/em"sec)
(cal/cm‘sec)

"
(cal/ce sec)

(cal/cn"sec)

{calice rec)

-

(cal/em sec)
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e

reto

soil heat .lux, positive downward
radiational coolinr or warming
gas constant for drv air

net radiation |

mean specific hurmidity for a subscripted
layer

mean vind speed for a subscripted laver
net shortwave radiation

surface moistness

mean temperature of air for a subscripted layer

mean soil temperature for a subscripted layer

representative soil temperature
dewpoint temperature
time

pean east-wvest coeponent of wind for a
suvscripted laver

mean north-south coeponent of wind for a
sut scripied layer

scostrophic wind cocponents

cast-vest coordinate, positive eastwvard
nerth-south coordinate, positive northward
135,000, top of boundary laver ’
vertical coordirate, positive upward

surface rousrtiness Jength

as a subscript {ndicates value at z = O
excepting = and
() o

cradient of wvind along streamline

&0

(cal/crzsec)
(deg/sec)

2 9
(cn” /sec deg)

b
(cal/er"sec)

(gm/gm)

(em/sec)
(cal/cnzsec)
(ca]/rnzsec 1))
(deg C)

(deg C)

(dep

(deg €)

(sec)
(cm/sec)

(m/sec)
(cm/sec)
(cm)
(cm)

(m)

(scc_l)
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Fadl

stability raras. .¢r .0 tie leacon profile

ratio of wind spred to radius of curvature

of strearline
solar declinatien

vertical interval between rean feights of
adiacent sirulater lavers

increrent of trir.

: e .h
mean vertical thictne:~ o! the 3 laver
emissivitv

srlar zenith angle

mean potential temperdture tor a subscripted

laver

1/2 depth of air-canopy layer

EN

: depth: of forest surface laver

volumetric heat capacity of soil

therral conductivity of soil

noistur: pararceter for the canop’

3.4 . ..

1.2 x 10_3. air de.sity

1.3% x 10-]2, Stefan Boltzrmann constart

component of T in x direction
component of t in v directicn
latitude

forest tran;rissivi(y
solar dixtance {actor

-t ,
7.3 x 17 7 f{anzular velocity of earth’s
rotation)

*

(ror-limensional)

(*cf—l)

(deg)

{cm)

(sec)

tex)
(ne~-cimensioral

{(des)

(deg k)

(o

(cm)

(cal/cm3doc)
(cal/cm sec deg)
(g}l/cm:scc ro)
{non-dirensinal)
(?m/cm3)
(cal/caisec deca)
(dynes/caz)
(dyncs/C:r)

{der)
{ren-dimensicnal)

{ron~dimenrnsicnal)}

{radisec)

’
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