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Lead-Time Study Report, Lake Geor'ge Mooelling Proj ect, June, 1970 

R, A. Par'k and J. W, Wilkinson'" 

Introduction 

The progress in developing 
has been encouraging, particularly 
During thE' first phase of the proje 
available diatom and environmental 
evaluated using methods of regressi 
better understanding of biotic rela 
George and resulted in several reco 
implemented during subsequent data 

In the second phase of the 
with various representatives of the 
in order to identify the form of th 
a result of these meetings, sev~ral 
those of which, the hydrologic, nut 
models although requhing additiona 
have been developed to the point wh 
with the help of the proj'ect leader 
currently being collected. Two oth 
and decomposer submodels, will be r 
and prog)~amming on an integrative t 

In addition, in order to me 
modelling group in synthesizing the 
interactive, free-format bibliograp 
almost complete. This will be avai 
CPS time-sharing, as the first step 
system .that is readily accessible f 
regardless of their location. 

Programming Philosophy 

Lake George ecosystem model 
n the past three months. 
t, simple models relating 
ata were estimated and 
n analysis; this led to a 
ionships specific to Lake 
mendations which have been 
ollection. 

roject the modellers met 
other Lake George projects 
respective sUbrnodels. As 

suhmodels have been developed: 
ient, and phytoplnakton sub­
attention to algoritms, 

re they may nOv1 be refined 
and in light of data 

I' submodels, the zooplankton 
ady for experimentation short~ 
p-echelon model is well advane 

t the immediate needs of the 
many ecologic concepts, and 
ic is being developed and is 
able by means of Rensselaer's 
in .establishing an informati0! 
r all Lake George investigato 

All program development, wi h the exception of some of tho 
.' hydrologic modelling, has been acco plished on-line using I.B.M. 

Conversational Programming System ( PS) PL/l. Time-sharing has 
significantly reduced development time and has permitted interact: 
experimentat ion with the models tha otherwise .!ould have been 
impossible. PL/I has proven to be very flexible language and i, 
well suited to tJle demands of simUlation. The hydrologic model, 
which was adapted "hands_on" with an I.B.M. 1130, is being tr~~sl< 
to CPS j·]'/1 for compatibility. 

The submodels are being writt~n in modular form for ease 
in prograr.uning. Each submodel con~. ist s of numerous subroutine 
procedures which can be easily ide tified by any user and which 
can be expanded or cha ngcd wi chout drast ically cl'ffect ing the rest 
of th~ prog~anl. At this sta0e,.so~e of the ~rocedurcs arc null 
algor1t~ns 1ncluded only to lnd1cate the 10g1cal flo~ of the 
simulation. 
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Within the next month, followi 
additional core at Rensselaer's IBM 36 
merged as external procedures which ca 
overlaid during execution. At that ti 
be.available.to the various submodels 
can be performed - in ~ontrast to the 
held key intrinsic var~able arrays suc 
or plankton concentrations, constant f 

The Submodels 

g the installation of· 
/50, the submodels will be 
be cal~ed from files and ' 

e the necessary arrays will 
nd .meaningful simulations 
I'evious runs which have 

as nutrient concentrations 
I' purpo'ses of debugging. 

We have tried to avoid using m chanistic or "black-box" 
submodels for any of the key functions of the ecosystem. Input 
variabl''l are being kept to a minimum, and programl:)gic is 
following physiologic principles and I' aI-world processes as well 
as possible. However, it is anticipat d that certain peripheral 
submodels, such as the physical limnol gic submodel, will have to 
be greatly simplified in order to be c nsistent with overall 
modell'ing obj ectives. 

The principal input variables re human population, rainfa' 
temperature, and incident radiation. 0pulation trends are .. 
preidcti/e based on pre·sent. trends and available land amenable to 
development .. Rainfall. and temperature follow seasonal trends, wit· 
a degree of uncertainty; thes.e contrib te appreciable stochastic 
elements to the model. Incident radia ion can b~ calculated as a 
function of time of year and .latitude, with a noticeable correctic·. 
for' the shading by surrounding mountairs and with some variation 
imposed by cloud cover. 

With these considerations in m'nd, the hydrologic submodel 
has inc~rporated a random component to help to mimic the uncertair., 
of the real-world. Currently the nutr'ent submodel is inherently 
deterministic assuming predictable pop lation trends disregarding 
noise; however, it is sensitive to the fluctuations of the hydrolc, 
submodelbecause of the input ofnutri nts byway of rainf-alland 
runoff and because of significant chan es in the volume of the Lake . " .". ~. . .. . . . 

The phytoplankton submodel, wh n more fully developed,;Jil' " 
probably be sensitive to the changes i nutrient concentrations 
produced by the nutrient submodel and 0 the'fluctuations in 

. temperature . (input ·directlyto the sub odel> and ·the· seasonal chan' 
in incident radiation. The phytoplank on submodel, which is based 
primarily on Riley's work, utilizN' di ference equatioris to approx; 
mate phytoplankton distributions with espect to depth and time. J 

will soon be expanded to compute available riutrients with depth an. 
will then be complementary to the nutr'ent submodel, which computeE 
total nutrient concentrations. It is· opeq that a short-term 
version with provision f;;,r diurnal var'ations in t'ho":osynthesis and 

.grazing rates can be developed to meet the needs of some of the 
other Lake George investigators. 



.. 

• 

-3-

We have considered including 
model as well as depth and time vari 
that the computational load would be 
propose to subdivide the lake into " 
heterogeneity now being collected. 
submodels have been programmed with 
submodel is being rewritten tb--y ield 
fall instead of the discrete Thiesse 
cell would be simulated as a separat 
·(rates of productivity, nutrient con 
synthesized by an integrative top-ec 
is currently being developed, will b 
model with the independent variables 
each of the dependent variables, the 
simulation for each of the cells. T 
contour maps of the lake and, where 
wil.1 probably be by means of an anal 

. At this stage the modelling 
encouraging level. Part of this is 
by· SOEe of the authors'students,na 
Caswell, James Hill and Curtis Norwo 
gratefully acknQwledged, and it is h 
will permit their continued involvem 

spatial variations in the 
tions; however, it was felt 
prohibitive. Instead, we 
ells" based on data on diatom 
he nutrient and phytoplankton 
his in mind, and the hydrologic 
continuous estimates of rain­
-Polygon estimates. Each 
run, and the output variables 

entrations, ~tc.) would be 
elon model. This model, which 
essentially a response-surface 

being the map coordinates and 
output variables from the 
e principal output will be 
pplicable, lake basin; these 
g plotter for greater resolution. 

ctivity has achieved an 
ue to the interest developed 
ely, Paul Beck, William 
d. Their participation is 
ped that appropriate funding 
nt • 
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FLOlvCHART SYMDOL 

\ 

o '. 

REPRESENl'S 

The beg nning, end, or a point of 
interru tion in a program. 

Process ng functions of the 
program 

Output 0 the remote 
termina '. 

Input f om the remote 
termina 

Dedsio 
branche 
based 0 

function indicating 
to alternate paths 
variable conditions • . . . 

Offpage connector indicating an 
entry 0 an exit from a page. 

r indicating entry from, or an 
another part of the program. 

etion of proeessi.ng or 
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APPENDIX A. 

PART I 

Hych:'ologic Submod 1 (HYDRI1lL) 



1. 
2. 
l. 
O. 
5. 
6. 
7. 
C. 
~: 

Il. 
11. 
12. 
13. 
h. . 15 • 
IG. 
17. ... 
B. 
20. 
21. 
12. 
23. 

• 21,. 

" .,. ZG. 
. 27. 

23. 
!'1. 
~O. 
31. 
:12. 
on. 
H. 
H. 
lG. 
37. 
33. 
l~. 
:'G. 
"1 •. "2. '5. .,. 
45. 
06. 
U. ... 
.~. 
50. 
51. 
52. 
55. 
50. 

55. 
56. 

·S7 •• 
5'. 
5~. 

. , 

DECLARE P{6 t 12) _ A1(6) , A2(5) , nl$(12) , ("JUSU2) • -""V(12) I 
nF.Cl,Nl.E T!t!Pl12) # O~Vf(2) , \1P1(6) • WP2(6) • AV£Pt(12); • 
n~r.l~~~ AY(P2(12) • TOI5(12) • WlCll) , VOL(t) , YOLL(13) J 
D£ClAR£ nUflOFCI2) • P£CI2) • ACUS£CIZ) ; 
nrclA:':E pn9.~(l2) • MOHTHU2} CffARU); 
rl.o:lTll(l) .. 'Ot'T' ; 
f.lflllTU(2).tHOY'; . 
l~l'IUrIlO),.I!\(C· i 
I·IOIITII ( It). t JMI' ; 
MOJlTII(Sh'FFfl' ; 
MOnTII(6)··I1AR 1 ; 

HOrtTI·(1).,..'AP1' ; 
WWTII( S)" I.U.y I ; 

f.!OrlT!I('J)""JUII"; 
'lonTIt( 101- I JUL' ; 
r.:Ot:111 ( 11 ) '" 'AUr. I ; 

:10IlT"( 12 >"" I srr' ; 
PUT lISi('STATF. HWiBER OF YEARS", 
eeT LI Sf WOYGS); 
PUT lIST('IIJlTlALIZE KATF.R LEVELl); 
GrT ltST(Hl(~»; 
PUT lIS;'"("IIITIAlIZE SOIL HOISTU!tE ' ), 
r.ET liST(ASTO~); 
rur lIS7('STATE r.onnECTION FOR RUNOfF'), 
ron II S 1'( rol'uu; 

Us: 00 KYRS-l Tn flOYRS; 
t;fT lIST(nAT[); 
ron lISHf'); 
r.FT lIST(Al,A2); 
r.n lIST(!lIS); 
GFT 1.151(GOI5); 
GET L!5T(nAY); 
C~I lISI{If.I1P); 
IU'"45.16; 
A-.COOC0067S·UI··'-.0000171·HI··2 •• 0119-HI·.'9, 

LIt flO "'''1 TO 12; 
Tn I S (tU .. roo I S (f." •• O}719/1I11; 
fori" U; 

lOt DO "-1 TO 12'; 
n .. rt+l; 
CAll PRre; 
CALL R1HlOFF; 
CAll BAL; 
Df. LfI{JU. (RUflOF (tt)*AVEPl OH-P.E un -TO IS (H» 112; 
ttl (to .;"Il ut) .nF': Lit( n); 
VOL C")'2 .1. C CHLCH)-lOll/llll 
£liD LO; 
('ALL SY.IPLU); . 
PUT lIST('-··------·------·-------------~------··-------·-·-----'" 
CAll SY,.IPl(2); 
PUT LIST( t tfATEIt YF.An t .. nATE); 
CALL Sr.IPLU); 
PU~ Whr.rCHt(U)(Fl); 

F11 WAGE; 
131TIAl WATEr. LEVEL ----.-­

CAll SKIPl(2); 
PuT lIST{' 
CI\ll ·Sr.:IPl(1); 
PUT lIST( 1'·'Tn.. PR.ECIPITATION 
Pll7 "I~T(I 

I 

. LAND SURFAeE IlATER BAlA.eE' h • 

ftUnOFJ!F AVAll"~LE p. 
H LJut"t ppTN. _ £.VAPT. 

ACT.'" 
EVA'T.'"\. 

.' 

.... 
I» .., 

:c 
'< 
0. 

6 
• I-J 

0 
co .,. 

.C) 

(I) 

" 0-
;3 
0 
0. 
0 
I-" 

~ 

~ ~ 
t::I 

, . 
7J l-
S 
t""' .., 

'u .., 
0 

C"'l .., 
'" ;3 

t""' .,. 
<I> 
t+~ .,. 
::1 

"" 



6i. 
G2. 

63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
H. 
74. 
75. 
7G. 

77. 
78. 
79. 
SO. 
S!. 
::2. 
'3. 
Sq •. 
:;5. 
36. 
07. 
:U:. 
30. 
90. 
9l. 
92. 
B. 
9'. . . 95 • 
OG. 

Fl: 
PUT IHAGE U·lOft'TU( I ) #AVEP2C1 )"" RUNOF( r ), PIIEJ.,U );P£( 1)·,·Ar.uSFO » (Ft); 
mr.r.E; -_ ....... 

L3: 

F2: 

---.-- ---.-- -.,;.-.--nm L2; 
~!..l sr..IPL(2); 
(otJT LIST( I LAKE WATER n.aLA"r.r 1 >.; 
CAlL SKIPl(l); 
PUT lIST("'TI'. PRECIPITATion IMP:.rr lJ\K£ LAr.E 
PI}T lIsn' nuroJFF EV~Pn DIS. 
00 '-I TO 12: 
PUT I W.t;E (l.l0nnl( I) ,AVEP1( I ) # nUllOF( I ), PEe t ), Tn. S (I), DElH( I» (F1); 
EIIO U; 
CALL SW"IPL(2); 
PUT II STC I CHAIIGE HE I r.HT-CI-IAHt;E tAler. [LEVATI Ofl I rI FEET');· 
PUT lIST( ' ALl OTHF.n UtUTS ItJ IHCf,lES'); 
puT lIST('rnH. NATEn LEVEl VOLUME"); 
u·:.",GF.; 

----.-" 
LS: n~ 1~1 TO 12; 

J=I+1; 
PUT 1t1M':EH«mTH( I ). Wl(J), YoL(J) )(F2); 
Erm LS; 
P;)T lISTC 1 I.iATF.11: LF.VEL IN FT. ARO,V£ HEAlI SF" IF.V£l.'); 
PUT lIST(IVOlum;: UJ CUBIC KH.I): 

Ui: no ,-z TO 11; 
~Dlt(I'·VOl(I) •• lEl': 
Bin l6; 
CALL S!::lrt(2).: 

CJlANr.E' >: 
"EIGHT'); 

~JT l!ST(1-----.. -----------------------------_____ .. _______ ----------'); 
ttl (1) -l·fl <13 h 
n:() 17; 
STOP; 

PRFC: P~Or.EDUqE; 
M'e;:'l (I.1)~O; 
h\'£; 1"'2 (10 =0; 

lit: 00 l"~ TO 6; 
\:P1 (U -J\l (L ).P( L,tH.: 
Wp2(l)aA2(L'.P(l,~); 

> 
I 

'" 

97. 
n. 

_____________ ';-f_. ______ -'A';<''lF.Pl(rn-AVEPl<t1)+l-IPl(l_~l'-, ________________________ -'--________________________ _ 
f,'/(P2 (t1) ... ,\VEP2 (M) +~1P2( L); 

)'l. 
lCO. 
l~l. 
1~2. 
11)1. 
101i. 
115. 
10!l. 
107. 
10:1. 
109. 
no. 
llL 
llL 
l13 • 
114. 
115. 
116. 
117 • 
!la. 
119. 
120. 
121-
122. 
123. 
1:':" • 

E~:n l4; 
R(PJRf; ; 
f.W' Pfirc; 

RUtmFF: prWCF.:nup.f. ; 
r.ur:,.", S (It) 123.,.· .. 03 719; 
pnr1",p{2,M) •• 862; 
~~f.2=P{},M)·.133; 
!1l!r:r.O=J:l:u::1 (PRE l ... pnEZ); 
p':j~;nr- (~!) "::,'1'1£ P2 (,.t) * ItUNCO*19 0/ .. "-CORR.; 
RHU'!I! ; 
HIO rwr:or-r:; 

BAl: PiVJ"~Enur.E; 
TEtlPO=THIPCn)-32.: 
IF TF:HPO(-O Turri r.o Tn SKIP: 
TEII:'O'" (S{J/!l.TEnpO/1I1 )uA; 
PE (11) al}A Y (tl)· (1.6/2. S ,,)-TEMPO; 
no TO Sr.IPl; 

SKIP: P«tO .. O; 
SIC I PI;. PRnHl') c.AVEP2(tH-Ru:t.'')F(f .. 1).( .... /190): 

IF ~nf.t .. tu·1)<O TH(N PREIi(M)-O; 
ASTOil"'.\STOn-.. Pilf]..t(r·O .. PE eM).: 
IF ASTQ~-~D THEN ASTOq·O; 
AVAll .. PRH1(n,."STOR; 
IF !\VAll-PEO")"O THEN AC:USE(M)·P[(M); nSF Ar:usrnn-AVAll1 
!In'.flU; ; 
El'!!") rtAt; 

, ' 

" 



125. 
1~6. 
127. 
128. 
129. 
no. 
131. 

,.,,, IN: 
SKIPL: 
LlO: 

. , 

f:Nn ; 
PROCEDURE (liS P); 
00 J=l TO IlSP; 
PUT LlSTC' 'I; 
ENO LlO; 
RETURN ; 
END SKIPL; 

. ' 

• 

;I> 
I. 
w 
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1. 0) Input Information 

All input is keyed in from the re ote terminal in free 
format" '" 
CPS will request input by outputt'ng the variable's name. 

Sel! the sample input 'for this mod 1 below. 

Sl'4TP: ~;{jl'1I:'\r.fl OF YEARS' 
~'YiS 
7.'\ 
r~l!1 Atl7.F. WAT~R (.EVF.-1. 
I,',. ( 1 ) 
nl~.,~5 

I1'JTlAl.1.ZE 5:'111.. m:'15Tm~c: 
fl!nnR' ., 
7;' • . 
STl'tTF. Cl1I1HECTI~~N rr,H RUN0JiJ7 
co,m 
71.(1(1 
t¥lTE " 
71~6.c) 
P( I ; 1 ) 
7.;.11 ':;.0 }~.91 3.39 5.:· 5.7 1.25 3.54 2.49 2.7 5.284.55 

. '~., ..... 

i'( :: .• 1 ) , ' 
?3,.02. 3."~ I.Sft l.7S 2.92 3.r.~)' .74 4. 1 I.gf; 2.15 4.55 4.55.' 

PO, 1) 
?:' •. )~ 3.1Fi'.9J 11_.1-1 2.2.1! 2.5-1.64 1 7~ 3.26 2./11 3.173.11; 

1'( '5 • 1 ) 
n.!>1 3.39 1.2(, 1.75 2.76 ,~·.'?l/l.ll 3.t'3 2.30 2.79, 4.0G 5.1:' 

i'( Ii. I) , " 
7:.'> .21; .,.01 1.53 . ' , 

Al(l) 
7.37) .2·/4 .~~A .15 O •• 0" I ~~3 .35 .r!l .12 .O/i .05 

pH~(1 ) 
?G(li. lM::g. ~7(1. 

OIII!:Cl2) 
?~)(I~S • 

, , 

" "r ... ", ," ~ .... . ~ 1 !; • 5 1 l~ 7 • 1)32: • 

IVI /' (I ) ..-
7.~(: .r!'l .7/1 .7~; .~;; ,~;~ I~Jr~ 1.r.7 1.2~ L.25 I.I€) 1.05 ' 

itr«' ( I ) 
1/11.'1. ~~I.~~ Z)('I.l ;;:.() •. ~ ;"!I.~ "~4,,1 .~ll. ~L'~.7 {~·~,.2 73. ·'(\.S .. 5~.1 

'. 

i 5/: • 
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1. c) Sample Output 

.,' 

, 

- WAIE1 y~nR 1966 
I!' L ( J):: ':>I!l.,~ 5 

I.A)).p SIJI:rA~F. t~"l'En 
I''li'lf • fREer P IT A n (H~ !11] N ;'~F F' i~" AVAJLM!I.E 

H l.A!<E PPT!!. 
('.C'r :', • I 0 t, • 1 G :?. 1,5 
N:~V ·1. 0~ 1 I .011 1 .52 
DEr:. I .70 7,153 ·0. 
JAN 1 • ')7 3.1;0 , I .1 -\ 
}n~ 3.00 3.0-t 2.30' 
l'i\R . ' 3.1'f; 1 >I ~ P,3 O • 
APR .92 10.42 O. 
,~','Y 3.58 r~. 75 1 .55 
,J\J 11 2.54 :S.04 1.84 
.. IIJL .2."7 .43 2 .37 . 
Aun '. I, • fin .47 . 4.57 
SF.P II .33 1 .06 4.0!l 

. , 

CHANGE HEJ r,lli:: (;!IAt.l{lF. UiK F: 'i:LF. ,l,Tl8tJ, HI n·T! 
/ILL, (liHI:R unITS I ~ rtWHE:, 
t)T}i. '\;IATf.B u:va' vr·LIJH: 
'nCT 31 ~ .7 r,' 2. L 
~~'.) \j 320.(;0 I 

DEC: ·?I~:~1.~0 
,J~ tJ '3~G .r.~ 

F~: p,. ?1!="Cf. 7~ 
I'); R 3~1 .82 
APR y,1 .77 • j.y.. Y 3~1 .3~ 
,JI.II!· zl?n.·~~ 

J!JL '\"0 "'7' ... 1'., • '1 
, f\t.!.G :.')~~n ,1:2 
!.;f. P ~";? r. • /!; 1 . 
l'~.»,T~::R l.r:'J:-::L If,' ItT. 11~;;~;\Jr~ 
V~UIMf: HI {: U!iI(: !(l':. 

2 .2~· 
2.,) J 

2.3 
f! • .) 1 
.2.,rl' 
? •. ~ f .. 
~.3, 
2:, • .') ~ 
? • i.~ , 
n " .. 
(". ( 

?. ~I 
~'·ii~(.~1 :';r-'; I.FVEI:, 

.. 

8ALtHlr.E - • 
P. AC'r. 

,EVil;"! • EV/\?T • 
I .49 1.4~ 

.30 .30 
O. . , o •. . -
0'. o. 
O. O. 

• I 2 O. 
I • I 3 D. 
2.67 .1.56 
il.P.C,' 'l.fl4 
5.52 2.37 
4.79 4.'57 
t.r.2 2.82 
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2. J!y drologic Submodel (HYDR0L) - , lciwcha:rt . " . . . 
. Number of Years . Ini tial Water Le vel 

.' . . Ini tial Soil {loi sture 
'-. . . .. -

" 

~ .. 
~ YEAR I 

~' 
END I 

.. 
'. . 

Input: Date 
Precipitation 

f-\reas . Thiessen Polygon 
Stream Discharge 
Lake Discharge I 

Day Length 
Air Temperature 

1 I 
" 

CALL PREC 

! 
I CALL RUNOFF \ 

L CALL BAL I 

.J 

. COMPUTE CHANGE IN, 
lAKE LEVEL • 

, 

COMPUTE WATER L VEL 
AND LAKE VOLUM: 

~. 

J, 
1 OUTPUT DATA 

" 

'I . •. 
'. 

f RESEt INITIAL WATE LEVEL .. -

• 
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Hydrologic Submodel (HYDR¢L) 
a) This is a simple water bud 

predict the water level of 
ing volume. The average p 
and over the lake, and the 
determined. The lIydrologi 
± 6 Storage, is solved wit 
unknown variable. 

et and balance model to 
the lake and its correspond­
ecipitation"over the basin 
lake evaporation are also' 
al Equation, Inflow = Outflow 

change in storage as the 

b) CPS PLl. 

c) IBM 360/50. 

d) Type III, Class A Program, version ~ CPS. 

e) Algebraic functions are ut lized. 

f) No unusual numerical metho s. 

g) (i) The Hydrologic Equati n 

(ii) 

(Hi) 

(iv) 

Line ~6. DELH(M) = ( UNOF(M) + AVEP1(M) - PE(M). 

Lake Volume 
Line 50. V0L(N) = 2. * «WL(N) - 301)/18); 

Runoff into Lake 
Line 270. RUN0F(M) = AVDP2(M)f, RUNC0'~ (l90/4~); 

Potential 
Line 296. 
Line 298. 

Evapotransp ration, ThornthwaiteMethod. 
TEMP0 = (5 /9 * TEMP0/HI)**A 
PE(M) = DA (M)", (1.6/2.5~)* TEMP0. 

h) (i) P(6,12) Precipitatio for each station, for one 
year, (inches). 

(ii) Al Thiessen Polygon reas over Lake, (%) • 

(Hi> A2 Thiessen Polygon reas over Basin, (%). 

(iv) DIS(12) Total discha ge from Northwest Bay Brook, 
(c.f.s. per month). 

(v) GDIS (12) Total disc arge from Lake, (c.f.s. per month). 

(vi) DAY(12) Correction f I' day length, based on 12 hours 
of daylight.' 

(vii) TEMP(l2) Mean monthl air' temperature. 

(viii) DELlI~M) Change in La e storage, (inches). 

(ix) VOL(N) Lake V.,lume, 
3 • 

Km ). 

(x) AVEPl( M) Averdge Pre ipitation over Lake, (inches). 

(xi) AV}~P2(M) Aver61ge Pre ipit.3.tion ovel' Basin, (inches). 

(xii) RUNCO Runoff 
Bay Bl'ook. cocfficlent~'~ __ de~t_e_r_m_i_n_e_d __ f_o_r __ N_o_r_t_h_w_e_s_t ____ ___ 
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(xii) RUN0F(M) Runoff into LiiK , (inches) 

(xiv) PE(M) Potential Evapotra spiration' and Lake 
Evaporation, (inches), 

(xv) PREM(M) Available precip tat ion for Consumptive 
use, (inches), 

(xvi) ACUSE(M) Consumptive use or. Actual Evapotranspiration, 
(inches), 

'. 
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Simulation of Streamflow 
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1. b) Input information 

A. Card type 1. 

NP. LP, ISEED, 
where NP : number of 

LP : length of 
and ISEED - seed 
FORMAT (lOIS). 

B. Card type 2. 
NS, NY, 

riods desired, 
e periods in years 
ndom number generator, 

where NS : number of s ations, 
and NY : number of yea s 
FORMAT (lOIS). 

C. Card type 3. 

N(l), SNAME (L,I), . 
where N(L) = identific tion number for station L, 
and SNAKE (L,I) ; vect I' of charact~rs representing 

the ame for station L 
FORHAT (I5, 5X,IOA4). 

D. Card type 4. 
AML) , 

where AA(L) = average nnual flow for station L 
FORMAT (8EIO.0). 

E. Card, type 5. 

Q(L,M), 
where Q(L,M) = observed streamflow at station L 

for mon hs I to 12 
FORMAT (lOX,6EIO.0). 

See sample input for a one station simulation using 
ten years of input data on the following page. 
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530:' 607~" 
397: 540~' 

1 

349": If."9:-4 ?T.S 87.7 
78~7 64~"1 104.5 SOS:: 740;" 557. 

158.-3 176.-3 203:6 135;6 20~:~:5 83-4 
166.9 152~-66 143;87 IS5.54 IS4~":3 

567~" 462:" 374: 214:4 151'-3 14~:5a 

209:6 311:S 26S;7 261"."" a53.~ 341: 
8(02: 262..'4 270.2 1'37;5 169;1 149:3 

188.4 230.-a 224:9 282;7 353~' 437: 
647;- 892-.' ~'?~- 175~3 164:1 116:1" 

16'1'- SO.S 
1 O(I~: 984: 

115:"6 
933~"0 

59'-5 
64'5.0 

411.0 

75.'15 144:-9 433:" 411:'".,,, "w. 
1;"9:-5 73_1 70'-1 121: 

3(15:0 
173.1 

715;0 
177.1 

630;"0 
235:3 

464'-
134.'7 

429;"0 
244~"7 

67~~'O 
290.-0 

283.3 315:2 

•• " ••••• :.,1111 ••• ' •• 111&" ••••• " •••• 11" •••••• '.1 •••• t"II"I'I'IIIII"'III" 
111'11'1.~"vn" •• U.4.N." ••• ~." ••••••••••••••••••••••••••••••••••••••••••••••••••• 
I 11 I I I II I I-I I 1 I I I I II 1111111 I I I 111 I 11 t 11 11II 111 III I 111 III , II I I 11 11111111 I I I t 11 III I 

Z211.11' .lZl.11JZ1ZZ2Z2ZZZ2JZ2JZ1ZZ!ZZZllllZJZZZZllZZZ2]ZIZ~11 Zt2IZIZZ!ZZlZtZ22Z 

llJl])1]lzlJ~lJl')11J1Jl)JJ1JlJJ1"'lJJJJJlllllll]111J lSI':'J"')l)")))l"')') 

t,t't'4"t""""'C'44C"CCCCCfCCCCCCC"4CCCC"cCCCC4c.t4ccc,c,c4ctC.cC."ccctc 

~s~5~SSS5$5 .5SSSSSS55SS5S5S555S5S5S5~SSS5SS5S55SS~5~5555S5SJ55SJS 555555555555555 

I I I 
I I I 

" , I 

.. I I' ' 
"""'ICI'" .""""""""""'1'1""""11'1""5""""""""""'1'1' 
11 r , 1 , I J I J J J , 11 J} 1 , , I , I , J J J J I J J I J J J lJ U 1 , J 111 J J 11 J1 111 II , I J , • J I J J II , , lJ J1 , , I , J J1 

••••••• ,.'11 •• ".,12' •••• 1' ••• 11 •• ,1.1' •• 11 •••• 1.1 •• 111 •• 11, •• """,.1,,""'" 
"""""!,,, i,"',S,!~"",S,""."'I"""' •• "'!'tJ"I"'I"'" II",.t'!"! I. • J If l' f i 1 .... ~~.If ....... ,tJ'A·: •• A •••• :a ...... '1 •••• "'IIo .......... 1I ....... .,III •• ., ••••••• AII.II •• 

j'--'-----"-" "-- ~- " -" , " 

: i I 'I ' ::-, 
ii' 
I 

\ i 
U r' 

,1,/ 
"'"I' , 
I 

~. " 

:x­
I 

1-'" 
O"l 



S I " U l A T ION 0 F M 0 NTH l V RUN n F f 

S I MUL A II ON OF ~ONTUt Y RIJHCFF 

'I\;MOell OF PERlnos OF SIMULATION" 2 
L~Nr.IH Of TliF PE~IOD(yeARS) 20 
I "I TI At RANOOM NIl~nE ~ Sf Ell 5269 

HOf<THLY flO' SUTlSTlCS ANO M'ILT/Pte Rer.RESSlor; 

"L~OE~ OF YEARS OF DATA USED IN COMPUTAT IONS 1') 
NLMnER OF STATI ONS USED IN COMPUlAT IONS l' 

STATION IDENTIFICATION 
4VF.RAGE A,Ni'liIJAl FLOW 

o.33?IE 113 
STATtON 11). . 

. 1 

i 

o(sr.R. I PT 10'1 
TEST" STATIO/'! FOR REG. MID 51'" 

... 
• 



~ONTHlY RUNOFF STATISTICS AND 

STATION ID. -I TEST STAT! DN FOR REG. 

_EM'! SKEW 
p.nNTH lOt;(FlCWI STO.OeV. CIJEFF. 

OCT 2.702 U.21Z -1).1)1) 

NOV 2.194 n.311 -0. tJ73 
DEC 2.306 o.n? \) .. 826 
JA" :l4OIt')) 0.751 0.239 
~EB :. .. t, 41 ~) .. 1 ')It -0.467· 
~A~ 2.621 I). 15 ~ -1.869 
APR 2.H13 ~.?h7 -1.516 
~AY 1.611') (1.167 -0.'545 
Jltj'= Z.·j24 O.I'1J (1.291 
Jl,;L Y ?7.1~ n.2lQ 0.453 
A~G 7.i31 0.7.\9 0.481 
SfPT 2.l(n ,).156 1.241 -

MULTIPLE 

AND SIH. 

MIILT I PlE 
OETI'R. 
cnEfF. 
0.7.Z1 
g.63R 
0.807 
O.4R~ 
;).1'12 
).tjqs 

O.~I\ 1 
O.4h\ 
~.435 
O.5C),} 
O.~47. 
l).ft31 

REGRESSIDN 

01 H2 
0.137 ._ O."3fl3 

-0.194 n.C36 
-0.080 0.899 
-0.24·J 0.8' .. ] 
_°0 .. 1)9 1. 'J17 

u.(llto :1.153 
0.)9:' ;:.643 

-(l.:.I35 v.l'}l 
0.594 (1.~lq1 

-0.287 u.9~8 
;) .. '.j/tlt .-, .. <.J:j.6 

\).477 0.6<15 

>­
I 



-SIMULATED ~UNOFF 

PERIOD I 

SIMULATEO YEA~ 15 

STATION 10. 
~O"TH I 

nCT 
nov 
oce 
JAN 
fEh 
~l\k 

APP 
"AY 
Jlf,jE 
J~LY 
A\,.r. 
SEPT 

TOtAL 
ANNUAL 
FLO" 

34.1 
71. " 
4'l.Q 
21.t 
)I.S 

103.1 
ll!C~.l 

'jl,?4 

IF4~'J 

"(..0 
en.A 
61.1 

146".5 

. ' 

I 

:> 
I .... 
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Simulation of Monthly Streamflow tailed Flowchart' PAGe NO 

. ' 

2 

••• ••• ... ... ... ... 
. " 

THIS MODEL ADAPTE' FRO SIHULATION OF MONTHLY R\JNOFF • 
HYDROLOGIC Et'.GINEERING CENTER. CO:~P$ OF ENGINEERS. US.S. ARN 
NOV. 1964 • 

DI~IENSION ~1I61.AA' 61.0al 61 016.191,0616.13 1,5160131 ,GI6.131 
DHIEN510N PC! 21.131 ,pp 121, II ,PC61 6 tl21 ,PP616, 12 1,5C6TI III 
DIHEN510N S5a6T1121.06T112 ,a7161.EI6,131.'16.131.8171.AI7.81 
DIMENSION ASI6 .121.5516.12 .GSI6 ,!Z 1 .... 6114'.56114' .A6s1 11.1.5651 1 
DIMeNSION 66127.12100 Q.1Z .XC!6.13I.aTI6.UIoAX16.UI, 
OIM~NsION SXI6.121.CAI61.A 16.121 . 
DIMENSION ~ONTHI 121.5NA"'EI ol01,eC171 
DATA 8C"81'.'82','83','84 ,'B5','e6'.'87'/ 
DATA MONTH/'OCT ','NOV ',t EC ','JAN ','FES ",'MAR ','APR ','MAY 

• 'JUNE',' JUL. '1' t' AUC • I SEPT" 

". 

... READ NO. OF PERIODS. L NGTH OF PERIODIYRS.,. AlID RN. NO. SEE. 

+++++++++++ 
.' READ ' 

.' 15.21 
• 'II?LP.ISEED 
++++++++~+++++++++ 

I 

•• , , 
.,.,.+ 

.n READ NO. Of STATIONS A 
I 

o NO. OF YRS. OF DA,A FOR COMPUTATION, 

+++++++++++ 
.' READ , 

.' 15.21 I. ' 
.INS,NV '. 
+++~++++++++++++++ ++++ 

I 
FORMATIIOISI 

I 
.•.•• READ STATION ICS. AND E5CRIPTION'S' 

I 
+++++++++++ 

.' READ • 
.' C5.20' t • 

• ' Ill! L I • I SNMoIE I L .11 .1' • 
• '-1.10),L-l.NSI " 
+++'''+++++'''++'t+++++ ....... +++ ... 

I 

.' 

20 FORMAT I 1~,'5X.IOA41 
I 

... READ I,VE. ANNUAL FLO>l/ TAT ION 
I 

+++++f'+++++ 
.' READ I, 

" ",221 " 
,qAACLhLcl.NSJ " 

...... + .. +++++++ .... +++++++++ 

22 FORMATI6EIO,Ol 
I 

••• WRITE HEAOINGS AND IIIP T INFO. , 
++++++.++++ 

.t WRITE ' • 
• ' (3.1001 ' • 

• ' . I. 
+++++++++++++++++++++++ 

I 
100 FOQ.YATIHI1.30X,·S I M U L T ION 0 F 

,. Fill' 
I 
I 
I 
I 
I 
I 
I 

M 0 NTH L Y R U " 0 , 

: 



101 

A-21 

.<fo.++++++"' • 
• 1 wRITE I. .~ 

,t (3tlOli • 
• • I. 
++++.+++++++++++++++ +. 

I 
FORMATCII10X,'SJI-'ULATlOti OF Ot\THLY RUNOFF') 

I 
++ •• +++++++ 

II t:RJTE " 
" C),1021 t 

','NP,LP,ISEEO " 
t ........... " •••••••• +. 

I 

PAGe NO 2 

.. 

102 FOR,~"'TIIBXII~UMBrR OF PERlC 5 OF SItI,ULATlQN',13IUX,'LENGTH OF THu 

103 

HE PERIODCYEA;;tSI',1311SX 11NlT!A\' RA"OO;" NUI-:6ER SEE!)',16' 
I 

++++.++++++ 
.' WRnE '. 

" U.l03, I 
• If. 
++++++++++++++++++++ ++ 

I 
FCR'''ATtlllCX,'MONTHL'I' 'LO\14 $ ATuTtes AND MULTlPL.E REGRESSION" 

I 
+.+++++.+++ 

" WRITE " 
" n.10"~ " 

,INY,TiS I. 
+++++~+++.++++.+++++ .+ 

I 

•• 

100\ FOIl!o'''Tlll,x.lrlU~~eER OF YEARS or. DATA USED IN CO¥.PUTATIOUS'.U/UX,1f 
'.'NUMBER OF STATIONS USED IN CCM~UTATI0NSI.ll' 

I 
••• ++ .... , •• 

It WRITE: '. 
" UdO~' I, I' , • 

+++.++++.++++++++++ +++ 
I 

lOS FORp.I.ATII110X.ISTA,TION IDEN'TIFICATIONI/15X. 1 STATION IOlllOX.'AVCRAG,,* 
-.E AN~UAL FLow l .l0x.'OE CRIPTICNII 

I 
+++++++++++ 

" WRliE '. 
" Cl.l061 'I 

,'INILI,AAIL),tSNAM II, 
,-L.l 1 ,1-1.101 ,L-lttis. " 
+i+++++++.+ •••• ++++++ +++++ 

I 
106 'OR~AT'18X.15.11X.El1_4.1~X lOA~. 

I 
••• SET uP CONSTANTS 

I NVe-NY-l 
I AN-NY'B 
I BN-AN-l. 
I ANA •• 2~/tAN·l.1 
I ANB~s6RTIANI 
I ANC-,35/IAN-l.) 

I 

J ANO_,11/S0RT'AN_2,11 
I ANE-.17/IA~-1.6) 
I (N_AN/IAN-2.1 
I LX"O 

I 
... "[AD tol0NTHLY FlO''':S FOR lRST 'fEAR 

I 

I 
I 

I 
I 
I 
I 
i 
I 
I 
I 
I 
I 

·1 

.. 
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• + ...... --- .. ~---.. -.. --.... -........................ -........... -.... .. 
lXR~LX 

Ol)tL , .. AAfL ).o.cel .', 
AA(ll .. AA(LI'1.o12 

• • • 
+ ------------ .. ---- .. -.. _-- ---...... --------~- .. • 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
• 
+ 

4 

..... +++ ... ++ + 
.' READ 

• t t!h41 
,I (Q'L,~~i ,KaStl 

, . , . 
, . 

+1 
+1 
.1 ------------ .. _--------- --.............. -...... -_ .. _-
++.+t++.+++~+ ... +++++++t+ ... +++ s 
• 
+ 
• • 
+ 
+ 

+++1 
1 

••• 

Q1L,Ml:QfL,M+1ZI+DQ ~) 

06Ild)nO. 

1 
)t/lTIAl.IlE ANTE'ECE T FLOWS 

1 
+ ... __ .. _ ... __ .. ___ ......... ____ .... __ .. _ .. _~ ...... ___ ...... .:t CO 6 

,""1.6 
+r 
+1 
+1 
•• +.++++++++i++++++++TP+t+++ 6 
+ 

...... ; 
+ 1 
+ frU CLEAR SU~\$ TO ZERO 
+ 1 

• 

.. ..··-- .. -------... ··----.... --..... 1---.. -............ -............. .. 
+-............. - ............ -- .. -:- .. - ..... - .. ---..... - ........ ----11' DO 7 1,~.1'13 . * 
+1 --....... -_ .... ---.. --.... __ .... - .. ,. .... --...... -----.. - .... 
... 1 . I . 
+ t· ... ~ ...... - .. --- - --_ ... - .. ---- ------......... - .. -~ .. ---.. - .. 
+% ! SILd·\l .. O. I 
+1 1 GCl.M'''O. I 
.. 1 .... - .. ------~- .. --------.. - .. - .. -- .. - ........ - ......... .. 
+1 
+1 --- .. -~- .. ----.... ---.. ---------.. --.. ----~--... -
+--................ ---•. ---... -- .. ---...... --...... ------. DO 7 1.2-1.L * 
+1 • ..-.. - ...... _-- .. --... - .. _ ............. - .. - ........ - ............ __ ...... .. 
• 1 
.1 .. - .. -- .. --------... -- .... - .......... - .......................... - .... .. 
.. I LX~~xA+L2 

+1 ----.. --------..... - .... ------ - .. ------~ .. -----~ 
+1 
+1 --.---------~--------~-- ----..... - .. -~---.--
++++++++++.+++++++++++++++++ 7 

• + 
< 

+ 
+ 
+ 

PC!LX,MI=O, . 

+----.. -.. --........... --.. -......... -- .. --- .... -----.. DO e 
+1 
+1 
<I 
+1 
+1 
<I 
+1 
++++++~+++++ •• +~+++++ .. +++~++ 8 
+ 
+ 
+ 
+ 

++"'I 
1 

l.Xo:.LXR"l:! 

rpcu:.MI .. O. 
P('6it.,I1I=O. 

• 

• 

PAGe: NO ) 

... 

• 

.. 



+ 
• •• +t+++.~++.+.+ ••• +.+.++ •• +. 3 

• • • • • • + 
.tt ••••••••••••••••••••••••• 9 

• + 

+++1 

A-23 

Pp& tl .• M, o. . " 
-----.-----------~---------. 

• 

....... ~ ...... --....... .. .. -.. -.... -.............. _ .. -.......... _-_ .. 

.. -.. -_ .. _ ....... _- .. -_ ....................... -.......... -.. __ .............. .. · ----.... --- ..... - ... -------_ ... _--..... -.. ---------... • __ .. _~_ .... ________ .. ____ .. __ ~N_ ...... __ ~ ____ ~I '00 12 

• +1 . --.................. _- .. _ ..... _0 ..... _ ... "' .. _ ................ ___ ... _ .. __ 

.! 

.1 
• 1 
-I 

... READ ~ION 
! 

HLY FLO:-lSiON£ 
1 

+++ •• ++++++ 
I READ '. 

.' '(~,4J I. 
.t(OIL..MI,M-SI191 '. 
++++ ++++~.~+.+~+++++++ 

I 

PAGE NO ,. 

'1 
-/ 
+1 
+1 
.1 
.1 
• 1 

... co~pvrE ~Mo~rH ANTECEOtNT FLOWS 
1 

AND ACCUMULATE I 41105 

+1 ~-- ... --------
+J-----~- ... -----~ ... ---.. --.. ---------~----. DO 1) tIt __ a_. ______ _ 
+I, 
'1+ .1. 
-I' 
'1+ 
.1+ .1. 
.litT ••••••••••••••••••••••• 13 
'1 
.1 
+1 
.1 

+++ I 
I 

+I------~--------- .. --.. -----.... -------.. -· 

C(L..M+7t QIL.M+7)+OQILI 
ObTIM1_0 TIM,+Q6fL.M)/AAIL) 

a£ILIM+11.Q'fLIMI+QIL.M+61~QI~tHI 
Q61L.11- 61L.,13) 

00 14 

• 

+1+ 
.1+ .r. ------------ ---~---------------------~--t It •••• +.++.+ • .,..'+.+ ••• ++.~.+ 14 
.1 
.1 
.1 
++ ••• ++.+t.'t++.++++++.++++++ 12 

• • • 
.1 
.1 
.1 
·1 

.. +, 

------------ -----------.----------------+t+t 

• 
I 

".. COMPUTE HE 6 .. ~~ONTH VAP.JABLI!S AND 
I 



+, 
H +, , +, ., +, 
" +, 
tt+.+ ••••••• ··.·.+·.·+ ••••• · 15 
+ 
+ 
+ 

A-24 

••• ACCUV,UloAT E SUMS ND SUMS OF sauM~ES , 
06TtMl dLOOIQ6TIt I I 
sa6TI~I~SQ6T(MI+ 6TIM) 

____ w __________________________________ _ 

++"'1 , $$C6 T (N '''SSQ6 T l:-tJ +00 T IM'*Q6 T II~' 
LX"O 

PAGE NO 5 

+ 
+ 

... ... I 
C.O'lPUH' SUMS OF 
A~O su~s OF ~-PR 

I 

0(,5. SU~.S OF SOUARES,SUMS OF CtJaE~ • 
o • 

+ 
+ 

+ 
+ 
+ 
+ 
• • • 

.------------~------

LXR=LX 

.---------------_ .. --------------------. ~o 17 +1 +, 
+1 
+1 
'1 
.1 
+1 
+1 
.1 
'1 

'I 

OIL.~~6).ALOGIQI ,M+611 
S(L.M).S'LI~I+O( ,M+61 
G(L.M,.u'LI~I+Of fM+61.QIL,MI6i.OI 

L,M.61 

• 

• 

'" 
'I 
.1 -, +, 
• 1 
'I 

............. -.. --_ ........................ --...... -..... -..... _ ........... .. 

•• +++ •••• + •••••••••• ++ •••••• 11 

• 
+++1 

I 
PCILx,~).PC'LX'~ +Qlt.M+6J'QIL2.M+ 

.1 
+ 
+ 
• 
.1 
.1 +1 ..................... - ...... _ .......... -

+,-------_ .. _ .. ---_ ... --------------------. 00 1B L2-1'L .J+ ........ - ................ _ .. --...... -
+1' 
+1+ 
+1+ ,I, 
+1. 
'1+ 
+1 •••••• +++ •••• + •• + ••• ++++ •• 18 
.1 
'I 
'1 
+1 
.1 
++.+.++++++ttt+++ •• +++++++++ 19 
+ 
• 

· ... +1 
I 
I 

PPILX.~I~PPILXIM 

71 
PC6IL.YI=PC6ILf~ +06TIM1·OIL.M"'i') 

• 

• 

+ ............. _--- .. _----_ ..... - ------_ .. _-_ ........ _ ............. 
.++.+++ •• +++ •• +++++++ •• +++++ 10 +++1 

I 
OIl. ,i' l'07IL I 
LhO 

I 
I , 

.......... _ ... __ .. a ............................ ___ ... __ ............. __ .. _ ... 

,I 



A- S 

--------------------------------------. DO 26 • 
+ 
+ .. 
+ 
+ 
+ 
+ 

-------~--- .----------------------------
._--------- -----------------------------
----------- --------------------------_.-
----.... _---- -----------------.-----------

+-----------------------------~-------. ~O 28 • +, +, +, +, +, +, 
+1 +, 
+, +, 

••• 

... 

....... ------ -----------------------------

, ' 
CO"fPUT£ MEANS 

------------------------ .. ~--ECLtM). IL.MI/AN 

AOJuST 
I 

UMS OF SQuARES AND X-PROD, TO'MEANS , 
., ----------.. -----------------------------+1--------------------------_ .. --------* DO 2' • 
+,+' -_ .. - .. ------ ---_ .. _------------------_ .. .-. +,+ 
+'+ 
+1+ 
+1.' 
+1+ 
+,+ 
•••••••••••••••••••••••••••• 23 +, 
+1 +, +, +, +, +, +, -, +, +, 
++++++.+++.+++.+.++++ •• +++++ 21 

-• .. 

.. -_ .... -_ .. -..... -------------... ----------------.. -.--~---
----.------ --------._----------._-------+++1 

... -----~------~---------.------I 
CO"'PIJ1E STD, OE~1ArtON$ AND SKEW COEFFICJE,~iTS 

----------- ---------~---------~--... ----, , 
I 

FtLIMI. QAT'pLILX~Ml/eNI 
Cil-GI \.. ,I-E C L • .",. Ilt O+PC IlX .MJ+£ I L 

• '*SIL,MJI ... _-.. -...... 
--~---.----------------------'. 

+++1 -_.-.... ---- --------------.. _ .... _---------.. 
+-------------------------------------. DO 21 • +, 
+1 -, ----.----- ... ----------------------------
+t-----.. _----------------- .. -----·-----. DO 25 • 
.t+ ----------

.. __ .... _----_ ..... -_ ............... , .. ,.--_ .. _--
+1-
.1+ 
+1-
-1+ -'+ +1+ 
+1++·++·++++·++++·+·++++++++ +, 
+, -, -, 
+.+++++++++++++++++++++.++++ 21 

-+ 
+ 

--+ 
+ 

--+ 

... _ ........ -... -":' -_ .... _--.. -.............. -..... -.... __ .......... -
H+l 

I 
PP(LX. ) .PP IlX.f'.:,I-E (L.M t*S I L2 .M+l) 
PC61l' ).P(bll.~)-$06T'MI*E'~.M.11 

PAGE 



• • • • • • 
+++++++·+·+++··+·++++++·+·++·26 

.• 
• 
+ 
ft.tt ••••••••••••••••••••••• 27 

+ 
• + 
+ 
• • • • • • • • • • • • • • + 
• • • • • • • • • • • • • • • 
+ 
• • • • • • 

'1+ 
+.+ 
+1+ 
••• +.+ 
+1+ 
+1+ 

II' 

116 

117 

A-26 

-_ ............... __ ....... . 
. " 

-~----------~------------ _ ...... -.. ---_ .......... 

+++, 
I 
I 
I 

5506 T H~III:SSQttT H.o "'SCEI I M I -S::;6 TIM.' 
AN 

KX-,,\ 
'LX_O 

-~------------------ .. -.. -..... -_ .. _---------. 

... 
\.XRslx 
K"hK,+l 
KAA-K+2 
lXR_r.:X_\ 

I 
PRINT OUT HEADING 

I 
+tt •••••••• 

I' WRITE " 

.' t. 

PAGE NO 7 

I' 

o . ' t3.1U) J '. 
•• ++++++ •• ++.++++ pt ••• 

FORYA.T(lHl~20XII'"a''i~HLY R1NOFF StATISTICS AND MULTIPLE REGRESSION'" 0.' . I . 
pt.t.t ••••• 

,t ""RUE II' 
.' ".1161 '. 

,'NIK', f$NAMEIK.t 1.1. 1 • 

~;!!!~!.+++.t+.+t++j.+ •• +;: 
FORMAT(fl0X'ISTI\TJO~ JD,' utt '.lOMJ ** , ... tt....... 

.' WRITE J' . .' 13.117, " 
,'t9CCI't.lal,KA. I, 

, ••• ++++ •••••••• ++ .ot .... 
• I 

FOIVtATlIT~l. 'MUt. HPI..E lIT:! • 'MEAN' t TIt 2 • 'SK~WI 'T~l, 'D~TER.llTll. .. 
•• '''IOftTH LOCHFl..o· .. n STD.DEv. t ,2I3X,ICOEFf,I',116X.A2'l 

• ... SOLVE ~"A.TRIX FOR !lEGR SStON CO!FFICIENTS 

• ................................... _ .............................. __ ........ -.. --
• 

.. -.... ..:. ......... -........... 
• 



, 

. '. -,> 
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+I 
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, I 

101 
•• 1 .. , 

I 

---................ -... 
.. --..................... -... ACCUMULATE 

, I I , '" 
IF I , 

.M" , , I •• 

1 , , I I 
I , I I 

1 0 I + .. .. -.. --~ 
*124t • ' 0124 • 
" , ' " " , , 

.............. -.. ----.. ------------.. _ ... .;. .. _-........ _ ........ -...... __ ...... 
I 

ANNUAL FI.OW 
I 

++++++++++.++++++ 
I 

CONTINUE ... PRINT OUT 
1 

IMULAT10N 
I 

++ .... ++.+++ 

RESULTS 

.' WRITE '. 
,I n.109' '. 

.IIP.IYR.'~iL,.L·I.NS'. 
.') '. 
•••• +++ +++++.+++ •• ++++++++ 

I 
FO~~A.fllHlIl2 

"'$oIHULAT 
X.I$tMU~ArEO RUNCFFtlllOX.'PE~IODI.t2111~X. 
o YEAR I • 13/1IT16 • 1$ TAllON ID.' IT 11. q",(oINlHI .ex. 61 Un.lo , ., ..... --_ ....... _---.. 

......... - ........ -----....... -------...... - ...... ---. DO 12h 

-I-
-I--1+ 
+1+.+ •• + •••• ++++.+++++++++++ 126 +, 
+1 
+1 
+1 
-I 
., \10 
-I 
'1 
+1 
• 1 
+1 +, 
+I 
.. \II 
+1 
++++.+++++++++++ ••• ++++++.+. 99 

• ++++++++++++++++++++++++++++ 7, 

.~-.---.. -.-.--------------
++ •• ++++ ••• ++++. 

, I 

• 'MON 

+.+.+++++++ 
WRITE • t 

'd1al " 
r!IM-71. COl LJ~I. t. 

• 't,._1 ."t 
++++ ••• 

I I, 
+++.+.+ •• ~.+++ •• +++ 

FQRJoIAT'11X,A4 
I 

61lX,Fl.1tJXn 
1 

+++++++++++ 
• WAITE ' • 

" .'.1111 " 
.1f'lAIl.hL,-t,PiS, '. .t .... + ••••••••••• + ••• 

1 
FO~~AT"ll0X.·TOr~t.t/lOX.'ANKUAL'/10X.tFLO~ 

, 1 
+++++++++++++ ++ I++CONT INUE 

I 
++++.+.+++.++++ ++CONT1Nut 

I 

ALL EK.lT " , , 
, ' 
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3. Simulation of Monthly Strea'mflo 

a) This model generates monthl streamfloW's which have 
the same statistical charac'eristics as observed 
streamflows. A model which relates a monthly stream­
flow to the streamflow duri g antecedent months is 
evaluated using multiple rEl ression analysis. The 
results of this analysis an other statistics of the 
observed monthly streamflow are then employed in a 
Monte Carlo pro'cess to gene ate the monthly stream­
flows. 

This model has been adapte 
Monthl¥ Runoff, Hydrologic 
or-tng.neers, U. S. Army, 
model will be used to simu 
volume of water at Lake Ge 

b) FORTRAN IV 

c) IBM 360/50 

d) IBM, G compiler, version 1 

froJn Simulation of 
Engineering Center, Corps 
ov. 1964. The results of the 
ate the water level and the 

e) Algebraic equations are us d 

f) (i) The first year's data is used solely to obtain 
antecedent flow infor ation for the second year's data 

(ii) All data used in the egression analysis is corrected 
for mean. 

(iii) Gaussian elimin.3.tion to solve for .the 
regression coefficie 

(iv) Normally distributed random numbers from a N(O,l) 
are obtained from Su routine Gauss, part of the 
IBM 360 Scientific S broutine Package. 

g) For a particular <i,j); 

y.. = Ron F •• 
~J l] 

X.. = Ron F. 1 . lJ l- ,J • 

j 
A •• = Ron I: 
~J Ro::l 

n 

i-2 
I: 
k::i··7 

M •• = E Y •• 
~J 2 lJ 

(n-15 
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The beta coefficients for a particula (i,j>'are 

2 

III :: b I {~ A. ~ -(~ AJ / n-2) 

'tl2 

(2 .~] 2 ~jl 
(n-1) 

f32 :: b 2 (S. 1 ./Is . .1 , 
t~- ,J ~,JJ 

Sk - b - k k=3, .• ',m. 

Smoothed mean for station j, month i, 

t 

M •• :: .84 M •. + .OS (M. 1 • + M'+
I 

.). 
~J ~J ~- ,J ~ ,J 

Smoothed standard deviation for stati n j, month i, 

t s .. 
~J 

/ 

:: }.5 
\... 

2 S .. + .25 
~,J 

Is. 12 . + S~+l .\~ ,~- , ~ ,J}) 

Smoothed· skew coefficient,· 

t 
G.. :: . 3 G.. + • 15 C G. 1 . 
~J . 1J ~- ,J 

Corre :.ated standard deviates, 

t t 
K.. :: f31 C.. + 132 K. l' + 
~J ~J ~- J 

where C .. :: ~n(~ ~-~ Qk~ I AA~ 
~J U~::I k=1-7 

j 1 
l:: 
~ 1 

G'+ l .). 
~ ,J 

M:"~}/S: J 1J 1) -

1/2 

and RV is normally distributed random number generated from NCO,I). 

Generated monthly flow logarithm, 

, 
GF.. :: M.. + 

~) 1J 

GeneJ:"ated monthly flow, 

, 
+ .16 G .. 

~J 

Q •• :: antilog GF ..• 
~J . . ~J 

t 
S ..• 
~J 

\ 



( 

=li 
2 S .• Y •• 

l.J l.J 

A-'Ill 

n 1/2 
- M •• 1: ij . " l.J 2 

n-2 

3 2 n 0 Y •. - M •• [3(n-2)S •. + M •• E Yl.' J' J l.J l.' l.J l.J 2 
3 (n-2) (n- ) S •• 

l.J 

Postulated rp-gression model for a particular (i,j), 

or 

and 

j 
Y .. = 13 1 .. A .. + 1: 

l.J ,l.,J l.J k=l 

1 = z ~, 
~ 

where :c is the 

Z is the 
..... 
b l.S the 

estimat 

t. is the vector 

k 1 .. X. k + ,l.,J 1., , 

ector of observations Yij , 

atrix of independent variables, 

ecto~ or param~ters to be 
d, [13 1 B2 .•• Bk+1J, 

f A .• l.J 
.... . 
X

J
• l.S the vector of X ..• 

l.J 

The Normal equations are 

ZT Z b :: ZT Y. 
Solving these, the estimates of t e parameters 

.... T 1 T"'" b = (Z Z)- Z Yare ob ained. 

The 11ultiple Determination Coeff' cient is 

R2 = b'l' ZTy. 
"iT Y 
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If more than one period is generated, a set of means and standard 
deviations for each period are selec ed from' aptn;oximated t and 
Chi-square distributions. 

h) n::i number of years of data used in computations. 
m = number of stations. 

For each station, j::l ... ,m, at which observed s trea.mflow . 
ddta was recorded, and for months, i 1, ... ,12. 

Fij = the observed streamflow fo month i at station 
j (incl:les). 

AAj = the average annual flow at stat·, on j (inches) • 

GF .. = . l.J generated flow logarithm f r month i at station 

Q •• = l.J 
generated flow for month i at station j • 

j. 
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4. This model is still being evalu 
in predicting monthly runoff to 
streamflow information from thi 
predict ing the ~Iater level and 
George and will provide input i 
Submodel (HYD:,0L). 

This program is not yet in the 

ted as to its effectiveness 
Lake George. Generated 
program will be used in 

he volume of water at Lake 
formation to the Hydrologic 

roduction stage. 
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1. 
2. 
J. 
" . 
5. 
G. 
7. 
~. 
9. 

10. 
11. 
12. 
B. 
l4. 
15. 
15. 17: 

1::. 
1']. 
20. 
21. 
" -.. 

28 • . 
2~. 
lO. 
31. 
::;2. 

>3. 
34. 
3$. 
30. 
37. 
>::. 
39. 

Ioi. 
42. 
43. 
:'4. 
45. 
4G. 
47. 
':= 

.START: 

Nu'rhNl 

OF;;.AfIE nAIIICZ,1I0VRS,12) 
OF.CLARE PLAtIKTC3Z) , 

OFl~(6), VOLCIIOYRS,l%) , DISCNOYIlS,12) , 

PUT lIST{'II0t, ,~AtJV YEARS SHlULATlOII nF.SI~c:n7'); 
~ET LISTCHOYRS); 
PUT UST{'TYPE "1. I" ANO HAlT FOr. tiJlT, THEN TYPF. "X£Q START"'); 
STOP ; 
DO ; 
CALL Sr.I PO); 
PUT lISTC'ff'TF.R INITIAL VALUES FOR YEARCE.ll. 1966)'); 
r,n LlST!YfAR); 
CJ\ll SKIP(l); 
PUT LlST('EIlTER IIIITIAL VALUES FOR \;I,'TER POPtN .. WIIIT£~ POnN. SlOPF-SUM/lron POPLH., ~Nn SUMMER ·POPUI. SLfIPF'); 
r, F.T II S'i (\'/POPLtl" l'/PO P~r-, S POPUI, SPOPCF) ; 
r.l~ll SKIP(l); 
PUT L1ST(' EIl'ER ,I'll TI AL VALUES FOR TRMS I FNT popui .. TRAilS I rtITPOPUI. SLopr, RIIRAL POPLH .. ~trn .TENT CIIt.IPrRS 011 1st 

GET LISHTPOPU •• TPOPr.F,RRLPOP,CAIIPER); . 
CALL SK I?( 11; 
PUT L1ST('FHTF.R IIlITIAL COIlC. OF NANn P'); 
~ET LIST('f'ITII.IIIITP); 
rnrv~~:a Ifll TN; . 
PP.("'P:lflITP; 
I.l\t I SKI?(l); 
rUT L1ST('<tiTF.R V~LlJF.S FOn lI'MIIS (ACRES), AMlrULTURAL Llllln ~ FOQFSTS (I'I"Z)'); 
GET 1I ST( lA""S.AllR I C, FOREST); 
~All SKI PC 1); 
PUT 1I ST(' ElITEn 1I TERS OF RA I N FOR FM£ST AREA OF nAS I N AND FO~ LAKE AqEP); 
/lET 1I STERA IIIl. 
CALL SKIP(ll; 
PUT· 1I ST!' EIlTER LITERS OF IIISCHARGE AT TlCONOrROr.. ny MlIIITH'); 
r.n LlSHOI$); 
CALL SY.IP(!); 
PUT L1SH'EIlTF.R vnLUI1F. OF LAKE (O~ I:F.LLl III, LITERS (TflIS WILL BE CALLE" FROI' TI'F lIynRCILOr.IC SIJ~"o"'EL W"EII THf!l1 

r.CT lIST(VOI.); 
PUT L1SH'F.flTER COEFFS. FOR GAS AS FN. OF POP'·); 
roET LIST{r-A~CFl,r,ASCF2); 
CAll SKIP(!); 
PUT UST('FqACTlOIi OF PHYTOPLA/lKTE~ TIIAT IS N? TIl AT IS P7'); 
r.ET LIST(PClI.PCP); . 
PUT LI SH 'WIER VALUES FOR PHYTOPLANKTon III /IICnO-n/L RY .5 M I HCRF.IIENTS (1H1 S I'll Ll ~F CALLEO FROII r.'YTO wur, .. 9-

r.F.T tI ST( PLAlIKTl; ; 
CALI. SKIP(S); 
SEr;~,SEi)THKc.O; 

YEARLY: ·00 ;YEA~·l TO IlOYRS; 
~ALL YFRTLZ; 

YFRTLZ: PROCEOUqr. ; 
LFF.p.T2LMmS-160/-160 La FERT! LI ZERI ACRE/VEAIl, ALRMJY AVe -I; 
lr:Fr.nl=L!=r:~i*.1/.L8S Of "llYn. ASSU"UH~ 1/2 RF.A.rUFS LAKF.-/; 
:'::':~'7-:."" =:'""-.JI~/"P\'; P2l}SJ'I",. ASSUf1lUr" /lI.L RfAr.IIFS l"KF./; 

~ .', - .. : !t", "",rtf! . • /; . 
:' .. , ,··· .. ·.1· .. .. , •.. , ...... 1-"'."' 

I-' 

II> 
~ 

'z 
s:: 
rt 
':I 
/-'. 
Ii> 
::l 
<+ 
(,~ 

s:: u-
S 
0 
0-... 
..... 
r. 
Z 
C 
>-3 OJ :;0 
Z I 

>-3 I-' 
~ 

'" ':I 
0 

(;'Q 

':I 
C> 
.S 

t"" .... 
en 
<+ .... 
::l 
~ 



G1. 
cZ .. 
63 .. 
~I;. 

5S. 
GG. 
G7. 
63. 
S~. 
70. 
11. 
12. 
73. 
7" • 
75. 
75. 
17. 
7e. 
7? 
!:O. 

1 '!). 
10l. 
11)2. 
10}. 
1Q:". 
I1J5. 
106. 
101. 
lOS .. 
10'1. 
110. 
111. 
ll! .. 
1U. 
llla. 
115. 
!!G. 
111. 
lH. 
11~. 
12!). 
121. 
122. 
123. 
12". 

MNTNLY: 

SUnttF.R: 

BDATS: 

WINTER: 

HASTE: 

FnOZEtJ: 

FRTlZn: 

PRECfP: 
rtAlt~UT: 

MELT: 

RUtmFF: 

.ADJrJUTz 

OUT; 

no -milf-! TO 12; 
IF U1TtI< ... S II MTIf)_!) THE" CO· TO .WUITER; 
?Op .. st>~PU:+ I YEAR-SPOPCF; 
Tn.:;POP"'TPOPU-I+1 Yf.J\R.TPOPCf.; 
PITS!ir."CAl-tPER; 
CAll l-JASTr; 
r.:..tt '!~ATS: 
pqr.::[:"lURE ; '. 
t'i/\s .. r:ASr.F 1* PO P.r:ASt"F2-POP.*2J-roAl./, 
IJlmr.As",r.AS.S7/3·1000/*.HlCI1:Q-(l!r1rmTH; 57 G ",AS '" F.XU,"UST ~nM 1 rJ..L./; 
Uf/no It·r;~S"10S/3dOOO/ .. :t1 r.nt) ... r;/MOfiTtf-'; 
p.ETun'l ; 
F:t!f'I MII.TS; 
r.O TO F!1.!1Zf1i; 
Pf)p .. upoPU'+ I Yf J\n-WPOPCF; 
TRt!POP, PITSU~ .. ,); 
urmf;J\.S • IHlP.t) It-a; 
CAU lo!AST€; 
pn:or.f.ntPl[ ; 
n·:!ls:lr."~OP·l 00/-100 r.pcn SF.t1Ar.F:: ron pr.nH!\un~T f!ES I nn~jS ~ SUHnE!l-JlOMl; 1tF.SlnF"HTS ("'eTr".LI~~r.nDY .. 1965)-1;. 
r.RLSI·!r.·~!!l.rOP·3c/ .. t:O GPcn S£\1A~r FfJfl'rm!lA,l MPUJ.-/; 
TI"!;ISW~"T'lr:P'JP-S!)/·50 r.pr:n IS ASsuttEn FOR Tq"nSrnns*,; 

.sc-::.r.r", (TWts:·m+ T'1:US\-Jr:+'!'1lS'U~) -1 H/"'ll Tr:ns/norITII (1.11 .. 3") -,: 
$:';r;p~s:';·!I\r.r"l!hPITS!·m-lsoo .. 30/-P HI W:/'1OflTII HI tVVl. L5 1';./01." -30 nAYS-/; 
$1·~rtl·S;'llf,r,r-lQ+PI TSllr.-16300- 30/*N IN t!l":/t-tnflT ..... '; 
~F.Tl!~fl ; 
n!O l!flSTF.; 
I r P1T!I(.~ TflFfl H~TlH. FF.RTLP-O; nsr rA TO FnTlZ1t; 
r.O TO pp.rr.1 P; 
HrtTUJ-lI S.FFRTN,-ASSUftiNr. Utll FO~'" n,$Tpl RIITIO" r'JUI'U rIG- ICF.-FR~E MO"'TNS.': 
~fRTlPul/S-~EP.TP~ 
CAJ .. l RAIllUT; 
p'!'lr:r.nu~F. ; 
'*')lSSt)lVrf) tJllTAIEIITS ." ItAI" 1\ StlCW AS J\ FH. OF TU·IF-!; 
tl=~ & 12/ _r·1r:/ L.,: 
P ... 7s/-r'r../l f\ASF.n'ltI I.tEAN VAlUF.S FOR MAR.-JUNE .. 197fJ"t; 
Pr.PT!J·ll.td ~1C2. IYFAR .. IMTH).N; 
r-r.rTP=::tJl.It~ C!, I HAP., 1I-1T1I) -P: 
Ir HtTI9S Tllnl qr:nfRtJ • 
~r:z '~.Fl1Z t:+!'r. pn:; 
F'1Z P:!=P,Z P+PCPTP; 
IF ItIT!I·S THEtI GO TO tlElT; ELSE PCPTNO'PePTP-O; 
nrTlJ!lU ;" 
pr.pnJ,..FRZH; 
PcoTP·~!l.!P; 

o r.rrl.lRII ; 
R£Turw ; 
€Un RIt J nUT; 
Cf.ll ~UrH)r-F; 

P~Ot"EOU'lF ; 
,-nUTRIEUTS CARRIED BY RUtJOFF AS A FHO' OF TIMF A AACN-*IJ 
FOnSTJi'"lO-FERTLN/-OUI..,..Y DATA FOR HOW-/, 
FonSTPalO-FE~TlP; 
P.F.TUI(U ; 
nUl P.UtIOH; 
~Atl AIlJtlUT; 
PROCEOUQE ; 
/-PROP!1RTIONATE ANT .. OF NUTRIENTS FROM AnJ. SEAMENT OF LAKf.·" 
INU ... lflP-O/-8ASED ON PHYSICAL LIMflOLOGtC MDDrl-'; 
RETURn ; 
END AflJrlUT; 
C/,,U OiIT; 
PM;:Er:UQF: ; 
/·CAlr.. tlUTnU:.nS LOST TO OuTLET (OR AnJ. SEr.HF:NT;OF LAr:r-/: 

'" I 

'" 

, 



125. 
126. 
127. 
12L 
121. 
:38. 
131. 
:32. 
133. 

nUTfI;.'f:li: J tJ*n! S{ 1 YEAI1
6 

I HTH); 
OUTP=pp.F.Vp-n I 5 (I YEAR, I h TH); 
~FTlItHl ; 
H:~ OUT; 
rALL SEnr·!NT; 

SFOUUT: pn.nr.ErHHU=: ; 
I"'CALC. tIUTfnF'rn~ lOST TO SEDiMt.i;TS-i; 
DEfPST·31/*SM\PLE 31 IS DEEPEST IN PHYlO AT PR£SEllT-/; 
MFA=44*2SQO/*MI*'2 TO 1·\"2. AREA Or- ~ELL (lor.. 110,/)0/; 

134. s~n=PLftfIKT(nEEPST)*AnEA*1000000/'BIOMASS III Mlcnnn IN DEEPEST H"3'1; 
135. SfOH=sEo*pcrl; 
!36. SEOP=SEO*PCP; 
137. smVOL=.G01/*(CUfl!W) THICKNESS OF SFO. FROI·'l f·,n BIOI'hSS IN 1 H COL. OF H20'1; 
133. srOR=SEnr+5EO.SEOVOlj 
131. r[1U~tl ; 
:40. E,'m SF:nrWT; 
14:.. Ct~lL OCCOflrj 
11.2. Otr:O~1P: PfIOCf.nun.r: ; 
143. j..-I'U;FrlE:\ATIOtl Or- tIUTRIF.NTS AS HI. OF T01P • .,Sf.O. RATt-', PH,.ETC •• /; 
14;.. nFr,Eml~RFr.niP=O/"'r4r. (OOW1Y or.TJ\ FOr- tIO!OR/; 
1:":;.. RF.Turll ; 
11.5. EW1 f"'\r.CO~1r:.; 
11; 7 .. "'II !fmc;.: ( S!H';rJ+ r- Ffl TU~+ FORSTN+ I tH!) * 1 0 00+ rCPTtJ-()I.YI N-$fnN+RE r. HIN; 
1 t; 3 a PfI'1S = ($1.": P-+ F F I'"{TL P+ r:O!1$TP+ I t! P) ., 1 0 a 0+ pr PTP-nu TP-S f>l p+nr r.r N P; 
1.1,9. i!('O!J C::: ~.j I 7110r. /110 L ( , YFI\Il: .. i ~nH) + Pl"tfVN; 
15J. rr,rniC=PIIOS/VOL( IY[Ar~ .. lfJlTH)+PRfVP; 
151. P1{:F:Vt!"'tJCO~!C; 

153. PUT I nJ\r.f.: ( ,"(HII, rH':ONC .. peONe .. S\'IGN* 1 000, FF.I'!TUI*100i' .. pePTN, FORSiN*l 1)00, StnN, ount> (I ~n); 
151.. 1143: 1:11\f;F; 

----- ••••••••••••.••• ti: •••••••••••••••••••••••••••••••••• 
15:; • PUT P:i\r, E ( $Hr.P* 1 0 0 0" FE nTlP* 1 0 0 0, PCPT?, J!O~ST P*1 0 0 v" srn?, OUTP) ( nt'l-) ; 
ISG. H14: 1i1l\f~r; 

P: • • • • •• ••••• ••••• •••••• •••••• • ••••• 
157. ENfl r1NT!1LY; 
153. POT lIST(t$Ffll~:ENTfl.TIO~l RATE='"sr.nrt,'tm rfl1 YCJ .. :t'); 
:'S'). SFlTHK=SF:OTHK+SEO!1; 
lCj. [flO YFAfH.Y; 
101. PUT LIST(' -------SIMULATION TER:IINATEO----------·); 
162. SKIP: pnOC£nU!1E (5K); 
le5. s: DO J=l TO SKi 
lei!,. PUT lIST("); 
Ie;.. n:n S; 
1 GG. RETUfUl ; 
1[7. . EN!':' SKIP; 
1e!. Eun START; 

v:> 
I 
w 
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1. b) Input Information 

All input is keyed in from the emote· terminal in free 
format. '.'. 
CPS will request input by outputting the variable I s name. 

See the sample input for this mo el on the following 
page •. 



, 
?N(~ YF.',': 

~:'!Yt-:/\I, 

I ~'(i(; 
? 'n','p .::!"L.N 

?? '.::,>OJ'' Ci;' 
lno 
? ? SF ()?LI~ 
<'lSI) (1!.' 

'1? SFUPCF'. 
f;:;:OO' 
? ? T:;) ,:'PLN 
ronol) 
?? J'::FLP02 
5000 

~~ .... -.. -.-.. . 

1000 
??!NITN 
7'(10 
??INITP 

? ?'-P.~:NS 
·.~n0 

."~ 

?? Fr,: Fc~ST 
~ 1 ~.; 
? "?(I-I-YN"·· 
.. 2S~~ 115216 
.1101053:11 
.4003'1EII 
·1105/d.c11 
.1 2967El } . 
??n! s 

. B 5 

• 2:"150 5l': I 1 .• /1~?70/lj~11 .1:~3!)S[':11 
.335'/9;::11 .315 /Il::11 .5n·Jl:.~11 .656~1.1:!:t'1 
• 53"~9r:11 • l""IO LI7E I I .5S L,9i£:.IO .r;32EI0 
.3335S10 .9524~IO ."l666EIO .7161~IO 
• JLi725!~11 .93:.:3EIO 011589;':11 .5531EIO 

B3~5 5892 190'85 1?779 1?~.A~ rS67 R~Q~.12?O 
8055 4916 4774 ~3?9·. 
??I,!'n . 

, . 

• ~150t11 t':I:? .~1 ~)n31 !!:1-~' .~;'?~~!j71.~1 :~ .• ~r'!n""\~)~1';~1 ,1 
.2IA~~1~13 .?07419~13 .202?66~\:' .?~02'7~13 

.19f';1t;1r::13 .19703~E13 • 19841c:r::l :: .~'12-;'l.:</!/~13 

?? GASCfl 
10 
??GA~Cp2. 

??p r.N 
.n05 
,! .. ! PCP 
• norl !; 
? ?PL i~~:('r 
10~5nn 10S000 103000 101000 oH501 1~6n00 
93'()(H) 90000 a")~;i)O g.:~?on "~~0.n(\ ...,:;r)n~ '/11500 
A50~O s~nnn 52000 ~~0nn ~!~~nn 01nnh 00000 
1~500 J?ooa 96,)n 160!) 61()O ~i0n() ~A 0 3nC)O 
·3~00 3100 3000 30(10 
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1. c) Sample Output 

1 .3006~03 .~n38sn~N:.30Fl~ .0 
I": .9'11~1 P. .0 

2 .3nl~~03 .~Q76S02N:.30~13 .0 

.0 
.() 
.0 

.171;:13 .~;'S07 

0171':12 .33;':06 
.171':13 .1 1'.1,:07 

3 .3017E03 

5 .317<1;::03 

., .3684E03 

• '11 1 3 EO 2N: • 30 :~ 1 :3 
}':>: .~')~;~12 

• 'd 50i::O~I~: .30:!:13 

.492gS0~~N: • !'!/J!!:l L; 

p: • r:o E 13 
• 550 ~r~~0 ?f .. :: • 8Lj :.!:) // 

P: .r~:')E13 
• 6085E:02N:. 2/~l::l~) 

j.' : • [<O!': 1 :l 
9 .4106!03 .·6319E02N:.30EI3 

10 .42650:03 
i:):.99El~ 

• .65 55F.0 2N: .30 Ii: 13 

'r'): .991.':12 
IE .~577E03 .7nI7E02N:.30~13 

• 0 .0 • C) • 1 ..,?: 1 2 • P. 4,!!:f) t) 
.0 .0 .0 .1 nl3 .36 1';07 
.0 .0 .0 .1":':1 p. .491<:06 
.r) .0 .0 .17:::13 .39~:0"' 

.0 .0 .0 ol n; 1:2 .53;::06 

.3~ 3 .2E12 .P.7EI4 .\7£13 .50E07 

.36': r~ .3Ell .3510:13 .t",E12 .6St~':r)6 

.3S :) .3~11 ·.27214 .171::!3 .27E07 

.32 2 .6S10 .35E13 .17SIS ~37Z06 

.3;':3 .3EII .?"'EII"I .17E13 .f:::~m6 

:;~~; 
.3!~)2 

• :?f~ 3 
• 3i.'~ t? 
• 31:: 3 
.3E 2 
.3!!: 3 

.5E:10 .35~13 .1.7Eli? .12EOG 

.5ZII .?7214 .17~1:) .~a~06 

.IZII .3!iEI3 .17r::1~ .71£05 

.6~11 .27E14 .·17EI3 .1~E07 
0\ j£ 1 I .35;;:1 3 • 17.:~ I :? . 0\ 91::0 (, 
·.·4;~11 .27,,;:14 .17i~13 .2()E07 
.7EIO .35~i3 .17~1P. .31E06 
.5;~11 .?"i~14 • t71~13 .201~i)7 

.3E12 .9£10 .35E13 .17EIP. .31E06 

.3213 .2EII .27E14 .17E13 .19E07 
.4~IO .35E13 .17EI~ .30E06 P:'.99J::12 .3r~12 

SSDIMENYATlON 1<PTE:= .I.!I0256i!:13 MI1 PER Y)~·R 
- - - -- - - .sH~I .. IL.A"II Gf.\/ TERM! NI\TED -- - - - - - --

, 
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, . 

Nutrien·i: Sublflodel (NU1'HN'r)Jj~' DeJailed Flowchart 

'-. 

WPO?L/J,\1j I F,' 
'5 PO?~N, 1f--o:-;. r 

. " 
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3. ·Nutrient Submode (NUTHNT) 

This ~ete7'ministic submodel 
balance in Lake George on a 
account all important source 
is written in modular form a 
may be expanded easily as de 
is in logical~equence, and 
names so that it may be used 

omputes th'e overall nutrient· 
onthly basis, taking into 
of nutrients and sinks. It 
a series of procedUl'es whiLi' 

elopment progresses; the flow 
11 variables have mnemonic 
readily by any investigator. 

b) Conversational Programming S stem PL/l. 

c) IBM 360/50. 

d) Conversational Programming Sstem, release 4. 

e) Fundamentally two algebraic quations with many variables. 

f) No unusual numerical methods. 

g) See flowchart. 

I 
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h) Nutrient Submodel (NUTRNT) Variab es' 

NOYRS 

YEAR 

number of years of simulati n 

initial year, 

. " 

WP0PLN 
\!!P0PCF 
SP0PLN 
SP0PCF 
TP0PLN 
TP0PCF 
RRLP0P 
CAMPER 

initial winter population ( ermanent residents on the lak~; 
coefficient of winter popul tion growth 

ummer-home residents) 
tion growth 
(per day.) 

ulation growth , 

initial summer popUlation ( 
coefficient of summer popul 
initial transient populatio 
coefficient of transient po 

rural population (assumed c 
popUlation of campers per d 
toilets (all other campers 
popUlation) 

nstant for purpos~s of mode line 

INITN 
INITP 

initial concentration of ni 
initial concentration of ph 

LAWNS area of lawns in basin (acr 

y at camp sites with pit 
re included in trcmsient 

rogen in Lake (pg/~) 

Lake (P3/~) 

AGRIC area under cultivation Csqu re miles) 
FOREST, - area of land not developed square miles); land use 

is not expected to change s'gnificantly but these 
areas may be varied for exp rimental purposes. 

RAIN array of values derived fro hydrologic submodel 
giving volUme of precipitat'on (in liters of rain 
equivalents) per month for asin, excluding lake, and 

DIS 

V0L 

'JASCFl, 
GASCFZ, 
GASCF3 
PCN 
PCP 
PLANKT 

for lake surface 
array of discharge values a 
(liters/month) from hydrolo 
array of values of volume 0 
hydrologic submodel (liters 

coefficients for gas as a 
fraction of phytoplankter, t 
fraction of phytoplankter t 
array of values of phytopla 
( ~/ R,) from phytoplankton s 
are merged this will be upd 
month in the MNTHLY i terati 
value for the deepest layer 

outlet at Ticonderoga 
ic submodel 

lake (or cell) from 
month) 

popUlation 
at is nitrogen 
at is phosph'orua 

kton biomass by depth 
bmodel; when submodels 
ted at the first of each 
n Cat this time only the 
is used in this model) 



IYEAR 
. " 

YFRTLZ 
LFERT 
LFERTN 

LFERTP 

AFERTN 

AFERTP 

FERTN 
FERTP 

IMTH 

P0P 

TRNP0P 
PITSWG 

M'ATS 

GAS 

UNBGAS, 
UNBeaL 
WASTE 

: TWNSWG 

RRLS14G 
TRNSWG 
SEWAGE 
SWGP 
elt:GN 

FERTLN 

B-23 

internal counter; bacaus of interdependence of 
submodels,IYEAR <and N0Y S) has been restricted 
to 1 during model develop ent 
procedure for calculating 
pounds of lawn fertilize 
pounds of nitrogen per ye 
assuming 1/2 reaches lake 
pounds of P20S per 
all reaches lake 
pounds of nitrogen per 
assuming 1/2 reaches 

pounds of phosphorus per 
fertiliZer, assuming all 

mg/year nitrogen frcm fer 
mg/year phosphorus from f 
COLmter in MNTHLY ite.rati 
summer or winter populati 
permanent, non-rural) at 
transient population at a 
same as CAMPER 

procedure to calculate in 
into the lake; .from this 
etc. may be calculated 

input from fertilizer 

I' from lawn fertilizer, 

om lqwn fertilizer, assuming 

I' from agricultural fertilizer, 

ear from agricultural 
aches lake 

rtilizer 

n (semi-permanent or 
given time 

given time 

ut of unburned gas and oil 
nput .of carbon, .lead, phenols, 

gallons of gas used per y ar as a curvilinear function 
of population 

unburned gas and oil in g ams/month 
procedure for input of ni rogen and phosphorus from 
sewage in mg/month 
gallons sewage per capita per day from residents 

gpcd sewage from r~ral po 
gpcd sewage from transien s 
total selvage that is subj ct to treatment, in liters/mont I 

phosphorus from seHage in mg/month 
nitrogen from s.,wa;~e in m (month 
nitrogen input int::> lake rom fertilizer in mg/month 
for the 8 icc-free months, assumes uniform dis·tribution 
for those months. 



f.t:RT!...P 

RAINUT 

N 

P 

PCPTN 
PCPTP 
FRZN, 
FRZP 
RUN0FF 

F0RSTN, 
F0RSTP 

ADJNUT 

INN,INP 
0UT 

0UTN-
0UTP 
SEDMNT 

DEEPST 

AREA 
SED 

SEDN, 
SEDP 

B-2~ 

phosphorus input into lake from fcrtilizer, mg/month 

procedure fOI' calculating issolved nutrient input 
from rain; uses mean values for l1arch-June, 1970, 
but will be adjusted as mo e data are available; 
compensates for build-up wile ice cover is present 
concentration of nitrogen in rain, ~g/~ 

concen tra tion of PhosPhorusl in rain, ~g/ ~ 
input of nitrogen in ~/mon h ' 

input of phosphorus in Jlg/ onth 

accumulate Nand P while i. is present 

procedure for calculating input of nutrients from 
basin by runoff; uses dumm values for now, but 
will calculate input as a unction of time and 
amount and intensity of ra'n when more data are 
available 

input of Nand P, arbitrar'ly taken as ten times input 
of fertilizer for purposes of model development 

procedure to calculate inp 
adjacent cell in the lake 
model; because the entire 
the development stage this 

variables for input of N 

t of nutrients from 
ased on physical limnologic 
ake is being modeled during 
is a null procedure 

d P in mg/month 

procedure for calculating oss of nutrients to outlet 
(or to adjacent segment of lake) 

nitro"gen and phosphorus loss in lJ/month 

procedure for calculating 
(as a function of phytopl 
deepest layer) and for cal 
deepest layer of lake simu 
layer; \,ill be used to get 
external array frol.1 PHYT0 
area of cell being modeled 

total biomass in d'3epest h 
area modeled (lJg) 

utrients lost to sediments 
kton concentration in 
ulating sedimentation rate 
ated in phytoplankton 
proper element of an 
hen the submodels are merged 

(entire lake at this time) 

meter thick over the 

loss of N and P to sedimen s, llg/rnonth 

'. 



• 
SEDVOL 

SEDR 

DEC0MP 

REGEMN, 
REGENP 
NITR0G 

PH0S 
NC0NC, 
PC0NC 

SEDTHK 

SKIP 

B-25 

thickness in rom of fl 
derived from 1 ~g bio 
of water with unit ho 
area; dummy value is 
data can be obtained 

. " 
cculent organic sediment 
ass suspended in column 
izontal cross-s.ectional 
sed for now until experimental 

accumulative sediment tion rate over a year in mm 
procedure to calculate recycling of nutrients as 
a function of tempera ure, sedimentation rate, 
pH, etc.; this is a n de procedure now, but it will 
be replaced by a deco poser submodel in the near 
future 

regenerated N and P in ~g/month 
total nitrogen balance, excluding previous available 
nitrogen but includin new nitrogen input to lake 
and nitrogen lost fro previous nutrient pool ,to 
sinks (llg/month) 
total phosphorus balance (~g/month) 

concentrations of total N and P in the lake water in 
~g/t for each month; t e concentrations of dissolved 
N and P will vary on a daily basis as determined by 
PHYT0 when the submodels are merged 
an accumulative variab e to indicate total sediment 
thickness when simulat'on proceeds for long periods 
of symbolic time· 

a procedure to skip Ii es on the output device 
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Phytoplankton Su model (PHYT0) 
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.. 
1. 
2. 
3. 
•• 
5. 
G. 
7. 
B. 

.9. 
10. 
11. 
12. 
B. 
ll •• 
1.5. 
I G. 
11. 
1::. 
19. 

o 20. 
21. 
22. 
23. 
2f, • 
25. 
26. 
27. 
20. 
29. 
30. 

l2. 
33. 
H, 
35. 
~6. 
37. 
33. 
·3~. 
40. 
"1. . 
42. 
H. 
" 'I. 
li5 •. 
46. 
111. 
48. 
49. 
50. 
51. 
52. 
B. 
5 •• 

'55 .. 
.5G. 
51. 

ZERO, 

FIRST: 

OIFFUS.CBN 
H-l; 

n£CLARE A~'OTC(N) • AHUTFACH) # AnRAZeCN) • HE~ftS(ft) • T£MP(~) • A~RO(N) , UCH) • ceN.', • DC"' • ftCH).! ~ OX-.5; 
nr-l; 
TIIETA-.5; 
GfT II ST(ll); 
CAll S<lP(2); 

FIRSTA. 
PUT ltSn'TYPE "21 11 THEN TYPE "XEQ F.nSTA TlfilU ..... '), STOP ; 
GET lISTCU); 
PU\t'KS-U; 
CrT LIST(T'"IT); 
CAll51:IP(II); 

FHtSTC, 
FIRSTB: 

PUT I!1Ar.E(TltI1T(HFORMith 
PUT 1f.1I.r.f( PlAJlKSHFORtt3);' 
TIf·tE-TlfIIT: 
r.[i lIST{TSTfP); 
ron LJ STU.flrtO); 
ron LJSHTF.HP); 
t;F.:T tlST(lIfll'lS); 
'~!-·TSTfP/nT; . 

ID1: 

,PlfYTOP' 

PHTh 

IUCRAX, 

VERTUX: 

S I Gl.tAXJ 

01) IOTln[-1 11} HS, 
1111£-1111£+n1; 
CAll PltYTOP; 
[UD 1['11; 
CALL UCArlUl';; 
roo TO Flp.srr;; 
pnOCEPU'lf ; 
r ..... ll J:ICctAX; 
toll '-iRrux; 

r.r:T lISTCAfIIJTF.A) 
r.[T I.ISTCt.r~r{AIC) 

PO Ip.lln""l TO tI; 
n(PTU-. S. I PIIYl; 
C/,"ll SIr.UI,X; 
CAll ArmISX; 
ct.ll"nr.OIlSX; 
r.All OIFFUS; 
fun pun; 
,:/. tl TJlOltI\S; 
U"O; 
CAll IIEAOtlr.; 
RE -iUiU; ; . 
PROCEOURE : 
GET II SIC ".CIU 
p.(Tuntl : 
[liD ,uenAX; 
PRoceDURE ; 
GET lIST(EUlOHE), 
r.r.T lIST(MIXlAY); 
VERTUR-EUZOJlEltil X LAY , 
Rr run;. ; 
Erlt) '/ERrux;. 
PRGr.(OURE : 
S I r.tv, .. a. 65 -AOnO( I PHYl) J 
nnu:w ; 

~ ....... ,,,. .... -,'.r .. ~~.~ ,'c- • 

.... 
• 
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C 
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0 
Co 
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, 
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~ 
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Cq 
'1 
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62. RETURtl ; 
1;3" EtH') ACO'~$X; 
64 _ BCOHSX, PROtEOURE ; 
6;. CAll PHOTOX; 
66. ~ALL RESPlX; 
67" CAll GM.lFX; 
6!" Ri;ljHS, ";:HQi'O"RESPLK-nRCFT; 
69. RHURU. ; 
70" P»OTOX; PP.QCEOUR£ ;. 
71. "'AU PIIOTCX; 
72. r.ALL EXTrOX; 
73. CAll f:UT~"X; 
74. Jl.AqEXTr:O-rUZOtlE; 
7S" PUOTO:PIlOTCO- t NCRADI M-(l-EXP( -AA) *NUTFAC*VERTUrt), 
7G o RqU:!~! ; 
77" puCiTex: P;-:'OC':fI'lUf!t ; 
7g" PHO.r.O"'APIIOTC( I PHY1); 
7'). R(llJiI:1 ; 
:0. EW1'rIfOTCX; 
31. EXTeDX: pi!'1C[!"lunf. ; 
C2. PCFIE.5; 
ss. PC-?CF-U(fPHY!); 
84. F1.TrQ·.04+.QOSS·PC •• OS'·PC· •• 66666~66G1; 
!S. !"I:Hurw ; 
36. (riO EUCOX; 
a7" HUTF'AX: PRor.rnuru; ; 
sa. tlUHAC .. /I,ltUTFACIPHYl); 
29. "Eiun." ; 
~:'). WI') r!UT~AX; 
91. PHOTOV: En=-! ?Jlt')iOX; 
92. RESPlX: Pn:OCf.~UqE ; 
93" RE~ PLK-. in 7S*EXP{" 069.TEMP( I PHYl»; !J". Rf.TtJIlN ; 
95" [flO I'U:SPlX; 
~G_ r;RAZFX: P~OCEr)U'H: ; 

n 
I ., 

_t-__ ~ ____________________ ~'~l~ __________ ~r.~,"~ .• ~z~r~O~=~A~r.~.~.~z~C~(~I~P~"~Y~l)~ 93. r.qAZFT·r,'AZCO~HEnnS(IPHYlf);;-------------------------------------------------------------------------------------------------------

99. :lFTU!HI ; 
lOll. n·;:'! MAlHi 
H11. I3cnMSY: PH'! p.cn;lsx; 
102. DIFFUS: pr,OC£~~R~ ; 
1::13. ('1 .. -$ 1 r.nA.nT/nx/nx; 
!1}4. C2"Cl·(T!!F.TA-l); 
1')5. Cl""Cl.T~nA; 
106. Al".S·ACOtIST-nT/nX; 
107. !lAl"&CO:'ST·OT; 
lOS. 81#1-2·Cl: 
lO~. lET nF(R~S~T).(C2-Al).R+(1.BA1-Al~2.C2)·S+(C2~Al).T' 
110. IF IPIIYl"l THEN GO TO Sm:E; 
111. I F I pH'fl ..... r. TIIEH GO TI) SALl; 
112. CW~l}=Cl: 
113. C(!J .. 2),,"Rl; 
114. D(H)-OF(UU,-l) .. U(N),O); 
115. RETUrm ; 
116. SO:I6.: CCi .. 2)::fRl: .. 
117. CCl .. 3)·Cl: 
118. O(1)~OF(O,U<1),U(2»; 
119. 
120. 
121. 
122. 
" .'. 

RETURN ; 
SAlL: C(I?H~1.2)-Bl; 

C( j'PHYl .. l L e< t PHYl. 3)-eli 
O{ ! PHYl) an; (U (I PHYl"ll .. U( 1 PH'fl).1 'In P1-!Yl+1)) : 
;: ~-~.I1;'i : 

. . , 
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125. 
126. 
127. 
12a. 
119. 
no. 
In. 
132. 
133. 
1311. 
1>5. 
1>6. 
137. 
133. 
139. 
140. 
141-
lt~2 • 
14>. 
144. 
145. 
146. 

THOl-'AS: 

TH1: 

TH2: 

TH3: 

PIIYTOY: 
BEAnUG: 

EflO OIFFUS; 
PROCEDURE ; 
~(l).C(l.2); 
no 1-2 TO H; 
B(I)·C(I.2)-C(I.l)*C(I-l.3)/B(I-l); 
HID TH1; 
D(1)-O(1)/C(1.2); 
00 1=-2 TO t'; 
O(I)·(O(I)-C(I.l)*O(I-l»/B(I); 
Erm TU2; 
no I'U-l TO 1 8Y -1; 
O(I)·n(IJ-C(I.})*O(I+ll/R(I); 
EflD TI13; 
RF.TURU ; 
EflO TIlO'-'AS; 
Ei/O PHYTQP; 
PROCEou~t ; 
CALL SKIP(S); 
PUT If~ME(TIt'E,OT)(FORM2); 
CALL SKIP(l); 
PUT LIST(' PROFILE AT THI!! TIME IS'); 
PUT It'IIr.E (U)( FORIU 1 ; 
R~Tunil ; 

• TlUE I'IAS INCREMENTED 8Y ---.--

------ ------ ---.-- ------ ------ ------
149. 
150. 

ORI'1HJAl 
151. 
152. 
153. 
154. 
155. 
156. 
157. 

FO~f14: 
P,10F ILE 
MAIEND: 
SKIP: 
S: 

EllO I-tEAONr,; 
1l-~Ar,E; 
liT (fIIlIAL Tli-IE 
nlO ; 
PROCEDURE (SK); 
00 I-I TO SKi 
PUT lIST("); 
FNO S; 
RETURN ; 
END SKIP; 

. -----.- IS 

• 

(') 
I 
w 
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1. b) Inpu·t Information 

All input is keyed in from the I' mote terminal in free 
format. . " 
CPS will request input by output ing the variable's name. 

See the sample input for this mo el below. 

??N 
31 
'! '! tI ..._.. _ .. __ .__ __ ..... 

'In~so~ los~on 103000 )01000 9G500 9.000 
~,1011O ')Oon,) ~'(,JlJ(1 f;3::>OI.1 '11):')(\1) '/5 f):')(1 '/050n 

A5n~0 ·59008 5~OOO ~~OOO 35500 27bno 20POO 
155')0 12000 ') 600 "1600 6100 5000 /140 3,iOO 
3NlO 3100 3000 
??Tl ;~lT 

1 
l' 

'!TSTF.? 
I 

? l' 
AD"I, 

16 15.3 14.7 1~ 13.3 1~.6 11.9 11.2 10.5 
9.7 ') 8.3 7.5 (,.7 5.9 50\ ~.3 3.5 2 (3,:;>0\ 
1.7 1.3 1.1 .95 .82 .71 .6 .58 .46 4 .37 
?? 'i"~:i\·iP 
21 .02 ~I 20.9B ~0.96 20.94 20.92 20 9 20.8B 
20 • f: 6 20. ti I.; 20. r:: 2 ?,O. f; 20. 7 b 20. 76 'n. 74 
20.72 20.7 20.6B 20.66 20.64 20.6~ 0.6 
20.5R 20.56 20. 5 I.; 20. 52 20. I.; 20.2 1'. I.; 17.5 
16.2 
, ... 
? ?Hr:F8S 
5 5 6 6 '/ 3 ') 1 0 1 1 1 2 I'LI 1 6 18 20 0 1(\' 

16 14 ') GAB. 6 5· 4 I.; 3 3 3 2 2 

I 2 3 I.; 5 6 "I R ') 10 (I 12 13 14 15 16 17 
IB 19 20 22 ~4 26 23 30 32 34 36.38 40 45 
? '! !\L'!UTF'A 
9.O';:'090')n909')91 7.'2"1r~'1'?7272727:l I Lf.' 454;';/1545455 
lr";.1p,lF:1F~1::qr:1E· !=::1.~:qt;1:?J~ninij2 :?7.~:,7272"J'?'l2727 
3~.909090909091 27.27~1~72727~7 27 •. 7~7?7272727 
25. /15 "51.:~:i /j~; /15 /15 r: 3. r;36;'i ()3 6;) (~3 6/1 ~: 1 • ~'1 81 f)l f:q 81 f;::'. 
1~.181~lGIGlf!lr: 1~.181:~lf~lt11JY1~l 16. 6:~636363G36 

1~.54S~5~S~5~S5 1~.7?7~7~7~7~73 10.~09n~n909091 

9.090~}n9n9n0n91 87.27~12721?727 ~5. 5~~~5A545~~ 

63.{':1(,:,r,:1G:l":361.j nl~r;lf:lrqr::l''l:;2 100 1.1~·;.lglfqr::18182 

lPl.Ul~l~·;lf~l·Gl~ 1~~~.G:i6~~36~636 1?7 ?7~7R721273' 

'(\0~!:A%C;C 1) 
? '-. 
.01 •. Op .0:1 .Oll .OS 
• 1 9 • ro • r~? • 2 / , I'? (, 

or) Ii 
" ,', . ,'. '.' .n7 .nG .09 

• :3fl • :3~ • ~/j 
o! 011 oIr 013 014 015 0\6 . 
.:31) .3B .1,0.1)5.50 

... 
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1. c) Sample Output 

t'ir'H;I i"Al. Y f"'n l./:C Art N I TIN, THH': = 1 ,() IS. 
I ()('.soo Ir~"'0n I o 3l1') I) 101000 

F(;1"I'n ""~00 TStino 7115"" 
':'700" 1()i'00 1 S5(\i\ 1 ?nl1i") 

9\>:;11: ' 9(;,000 
'o;noh !'o')nno ".... " "1600 960 

3,Wn ~l1f)0 ~ 1 n.., :ll1no 

TIME HAS INCREMENTED 'BY I .00 

P1\.OfIU': AT THIS TIME IS 
-91380 -7~4~8 -60470 -~690B 

12564 19457 25661 31455 
75176 B04~1 P2576 83424 
68687 60689 48543 _ 29284 

-342" 
37 7 3 
8310 

" 

-229 i ll 
44218 
H21f,O 

93000 
S:>nnn 

t,1'1n 

- I 2/150 
51508 
H0461 

!' ()(H') 0 

11/100.., 
50()('I 

-3214 
59502 
77844 

p.(~ ~:in I. 

35SI1" 
4 <1n: 

533! 
6759 t 
,7/;00'. 
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RE ~1'L'" .0175 

<fE.X,> (.06'1 ... · 

T~MPI:r"H·(/\l· 
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·sr;~T-) 

$: 
DO 1::: ~ I 

TO ""<. 

\ ~I<.'t: P / 
\ ~"!>I~~I 

.--_J_---. 
. PID S 

. " 

r 
. G ~A~C!:): 1 
,c.(,~·u.(:CP~'if): 

I (,. RA e-~;:.J-
c. 1<.1\ -e Co l( I ~eA.~(:r.P\\\"I) I -l--J 
( ~:i.~R0 
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3. Phytoplankton Submodel (PHY1'0) 

a) 

b) 

This model, based primarily on 
Bumpus (1949), computes the ph 
productivity using difference e 
depth and time. 

Conversational Programming Syst 

.. 'I • 

iley, Stommel and 
toplankton rate of 
uations involving 

PL/l. 

c) IBM 3BO/50. 

d) Conver'sational Programming Syst m, Release 4. 

e) One second-order differential e uation. 

f) No unusual numerical methods. 

g) The following model relating pl,nkton eu), depth (x) 
and time (t) was investigated: 

au(x,t) 
at 

where 0, 

In this 

(J = Alp, 

a = -v, 

b = Ph -

= 

a, b are 

instance 

where A -

where v = 
r - gh, p 

+ a 

coefficients 

Austausch co 
eddy diffusi 

sinking rate 

where Ph = ph 

= plo (1 

E1 
p = experim 

photosy 
Io = in 
extinct 
depth 0 

depth 0 
depth a 
than .0 
units m 

u(x,t) 
oX 

equiring 

fficient 
ity and 

+ bu(x,t), 

estimation. 

of vel'tical 
p = density, 

fphytoplankton, 

tosynthesis factor 

- ekzl NV), 

ntally determ.ined 
thesis coefficient, 
ident light, k = 
on coefficient, zl = 

euphotic zone, z2 = 
mixed layer (max~mum 
which p is no greater 
standard deviation 

re, than surf,~ce p). 

N = nutrien factor, V = Zl/Z2 
correct on for vertical 
turbule ce, r = coefficient 
of phyt plank~on respiration 
g = gra ing coefficient of 
herbivo es, and h = herbivore 
populat on at each depth. 
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The model has been treated-by a m thod using finite differences 
as described in "Difference Metho s_for Initi~kValue Problems", 
R. D. Richtmyer, New York Intersc ence Publishers, 1957. -

I 



C-IS 

h) Phytoplankton Submodcl (PHYT0) V riables 

N: 

DX: 

U( i): 

PLANKS (i): 

TINIT: 

TSTEP: 

DT: 

NS: 

l;DTIME: 

TIME: 

THETA: 

HERBS (i): 

SIGMA: 

AC0NST: 

BC0Ns'r: 

ADR0: 

. " 
number of samples (equally spaced) in the distance 
dimension (depth). 
(original data may hilve to be smoothed and interpola < 

to get a larger number f samples.) 

spacing between samples - constant - (meters) •. 
(value of .5 gives a su ficient number of stations). 

array for storing numbe 
phytoplankton at presen 

i = 1,2, .... N. 

(concentration) ofa 
time: (mgl R. or g/m ). 

U(l) is the top value ( urface). 
U(n) is the bottom valu (at depth). 

array of original concentrat~ons of phytoplankton 
at each level: (mgl R. or g/m ). . 

initial time for which P ANKS, et al are given (days' 

length of step in time, 
to determine the time (d 
wanted. 

hich will be added to TINIT 
ys) at which a solution is 

spacing in the time dime sion (days). (determines 
how many iterations must be performed to reach 
final time). 

number of steps in time hich must be taken to reach 
final time; NS = TSTEP/D 

increment ing pa.rameter in D0L00P IDI 
- incremented :for each step (iteration). 

present time = TINIT + -- -
- incremented by DT each ime IDTIME is incremented 
(days). (Final time give by TINIT + NS*DT = time 
after last increment (ite ation). 

parameter induced by fini e differences method. 
(recommended value = .5, pace - centered scheme). 

care of herbivores model mglR. ot g/m3 ). 

variable in the diffusion equation - combination of 
other varidblus (m 2/day). 

variable in tIle diffusion equation - combination 
of other vari,~bles (m/day). 

variable in t~e diffuiion equation - combination of 
other variables (day- ). 

AI p A = AU!3t,1usch..,coeffic· ent of vert ical eddy 
diffusivity and p = densit of water (m2 day-I). 
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ADR0: 
cont'd 

SINKRA: 

PH0T0: 

AA: 

PH0TC0: 

APH0TC (i): 

EXTC0: 

F '·-' - . .. 
~- . 

PC: 

NUTFAC: 

ANUTFA: 

RESPLK: 

GRAZC0: 

AGRAZC: 

GRAZFT: 

Cl, C2, Al, 

C(i,3) 

D(i) 

B( i) 

(values gotten fr~m 
if in units of cm s 
to get correct units 

sinking rate of phyt 
(should be'va~iable, 

em day-1). , ' 

photosynthesis facto 
(day-l) . 

internal variable. 

coefficient of photo 
& time, so is input 
(cm2 gm- l cal- l )., 

array of PH0TC0 valu 

extinction coefficie 

ages 124-129" 
c- l then mUltiply by B.65 

plankton. 
but currently is ,set at 2). 

• 

internally determined." 

ynthesis - dependent on depth 
y means of APH0TC. 

f . . ( 2 s or g~ven t~me cm 
-1 of light (m ). 

-1 -1, gm cal " 

fraction of weight 0 phytoplankton which is 
chlorophyll (dimensi nless). 

concentration of chl rophyll (mg/~ or g/m3
). 

nutrient factor (dim 
& time ... input by 

(dependent on depth 

array of NUTFAC valu s for various depths at given 
times (dimensionless 

coefficient of respi 

coefficient of grazi 
(dependent on time & 
fraction'of phytopla 
day by one herbivore 

-1 for phytoplankton (days ). 
-1 -1 g of herbivores (~day mg ). 

depth; input by means of AGRAZC; 
kton concentration consumed per 

array of GRAZC0 valu s (~ 
-1 mg ). 

internal variable (d 

31, BA1, R, S, T are a 
DIFFUS. (this sets 
for the finite diffe 

i=l, ... N, holds the 
diagonal matrix 
solution. 

i=l, ... N, holds the 
finite differences s 
the soluti9n of the 

1 internal variables in procedure 
p the matrices C(i,3) & D(i) 
ence s solut ion) • 

on-zero elements of a tri­
ated by the finite differences 

onstants for the equations in the 
lution and in TII0HAS which holds 
ystem equations. 

1=1, ... N, is one arr y ,in procudure TIl21MAS ("neCessilry 
to "the solution of t e system of equations ecncr<ltcd 
bV DIFFUS). 



INCRAD: 

EUZ0NE: 

MIXLAY: 

VERTUR: 

IPHYI: 

TEMP (i): 

C-20 

. " 
incident radiation for -2 -J ivan time (gm cal cm day 

depth of the euphotic z 

depth of' the mixed laye (maximum layer where densit 
is not more than .02 st ndard deviation units greatr 
than the surface value). 

internal variable, (dim nsionless). 

major incrementing vari ble of program - D0 L00P PHY 
in PHYT0P. 
(calculates SIGMA, AC0N T, BC0NST, & C(i,3~ & D(i) 
for each station (depth) - IPHYI indexes the station 

t t ( oC). empera ure 
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. ' . 
PROCEDURES 

MAIN - increments time, gets initial values. 

PHYT0P 

INCRAX - calculates inci ent radiation. 
VERTUX - calculates vert'cal turbulence. 
SIGMAX - calculates SIGM~. 
AC0N~X - calculates AC0N~T. 
BC0NSX - calculates BC0N9T. 

Pii0T0X - calculates p:lotoSynthesis factor PH0T0. 

PE0TCX., - calculate~11 PH0TC0. 
EXTC0X - calculates EXTC0. 
NUTFAX - calculate NUTFAC. 

RESPLX - calculates R SPLK. 
GRAZfX - calculates G AZFT. 

DIFFUS - calculates C(i, ) & D(i) - system of equations. 
TH~MAS - solves system 0 equations, gives solution. 

HEADING - outputs solution. 

SKIP - skips lines in output. 




