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A

Lead-Time Study Report, Lake George

R. A, Park and J. W,

Intreoduction

Modelling Project, June, 1970

Wilkinson™"

. The progress in developing a Lake George ecosystem model
has been encouraglng, partlcu]arly in the past three months.
During the first phase of the project, simple models relating
available diatom and environmental data were estimated and
evaluated uging methods of regr9551on analysisj this led to a
better understanding of biotic relationships specific to Lake
George and resulted in several recommendations which have been
implemented during subsequent data collection.

In the second phase of the project the modellers met

with various representatives of the

in order to identify the form of the

a result of these meetings, several
those of which,
models although requiring additiona
have been developed to the point wh
with the help of the project leader
currently being collected. Two oth
and decomposer submodelb, will be r

and programming 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

All program development, wi
hydrologic modelling, has been acco
Conversational Programming System (
significantly reduced development t
experimentation with the models tha
impossible. PL/1 has proven to be
well suited to the demands of simul
which was adapted "hands-on" with a
to CPS i'l./1 for compatibility.

The submodels are being wril
in programming. Each submodel cons
procedures which can be eas 1ly iden
can be expanded or changed without
of the program. At this stage, som
algorithms included only to indicat
simulation.

the hydrologic, nutrient,

other Lake George projects
respective submodels. As
submodels have been developed:

and phytoplnakton sub-

L. attention to algoritms,

sre they may now be refined

s and in light of data

er submodels, the zooplankton

eady for experimentation short!

op-echelon model is well advanc

et the immediate needs of the
many ecologic concepts, and
hic is being developed and is
Lable by means of Rensselaer's
in .establishing an informatio:
or all Lake Ceorge investigato.

th the exception of some of th:
mplished on-line using I.B.M.
CPS) PL/1. 1Yime-sharing has
ime and has permitted interact:
T otherwise would have been

a very flexible language and i:
ation. The hydrolcgic model,

n I.B.M. 1130, is being trancsl:

tten in modular form for ease
ists of numerous subroutine
tified by any user and which
drastically affecting the rest
¢ of the procedures are null

e the logical flow of the
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. Withir the next month, following the installation of -
additional core at Rensselaer's IBM 360/50, the submodels will be

merged as external procedures which ca
overlaid during execution. At that ti

be called from files and .
e the necessary arrays will

be available to the various submcdels and meanxngful simulations

can be performed - in

ontrast to the previous runs which have

held key intrinsic varilable arrays such as nutrient concentrations
or plankton concentrations, constant for purposes of debugging.

The Submodels

We have tried to avoid using mechanlstlc or "black box"

submodels for any of the key functions
variabl~s are being kept to a minimum,

of the ecosystem. Input
and program l>gic is

following physiologic pr1nc1ples and real-world processes as well

as possible. However,
submodels, such as the physical limnolo

it is anticipated that certain peripheral

gic submodel, will have to

be greatly simplified in order to be consistent with overall

modelling objectives.

The pr1nc1pal input variables a
temperature, and incident radiation.
preidctive based on present trends and
development. Rainfall and temperature

re human population, rainfa’

. Population trends are ..

available land amenable to
follow seasonal trends, wit"

a degree of uncertalnty, these contrlbute appreciable stochastic

elements to the model. Incident radiat
function of time of year and latltude,
for the shading by surrounding mountair
imposed by cloud cover.

With these considerations in mi
“has incorporated a random component to
of the real-world. Currently the nutri
deterministic as sumlng predlctable popu
noise; however, it is sensitive to the
submodel because of the input of nutrie
runcff aqd_bgcaqse'of significant chang

The phytoplankton submodel, whe

probably be sensitive to the changes in
produced by the nutrient submodel and
-temperatuce - (input -directly to the sub
in incident radiation. The phytoplankt
primarily on Riley's work, utilizes dif
mate phytoplankton distributions with r
will soon be expanded to compute availa
will then be complementary to the nutri
total nutrient concentrations. It is h
version with provision for diurnal vari
.grazing rates can be developed to meet
other Lake George investigators.

ion can be calculated as a
with a noticeable correctic-
s and with some variation

nd, the hydrologic submodel
help to mimic the uncertainc
ent submodel is inherently
lation trends disregarding
fluctuations of the hydrolc,
nts by way of rainfall and
es in the volume of the Lake

n more fully developed, wil’
nutrient concentrations

to the fluctuations in

odel) and -the seasonal chan-
on submodel,'whlch is based
ference equations to approx?
espect to depth and time. .
ble rutrients with depth an.
ent submodel, which computes
oped that a short-term
ations in pho=osynthesis and
the needs of some of the

&
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We have considered including |spatial variations in the
model as well as depth and time variations; however, it was felt
that the computational load would be prohibitive. Instead, we
propose to subdivide the lake into "cells" based on data on diatom
heterogeneity now being collected. The nutrient and phytoplankton
submodels have been programmed with this in mind, and the hydrologic
submodel is being rewritten to yield |continuous estimates of rain-
fall instead of the discrete Thiessen-Polygon estimates. Each
cell would be simulated as a separate run, and the output variables
{rates of productivity, nutrient condentrations, etc.) would be
synthesized by an integrative top-echelon model. This model, which
is currently being developed, will be essentially a response-surface
model with the independent variables being the map coordinates and
each of the dependent variables, the output variables from the
simulation for each of the cells. The principal output will be
contour maps of the lake and, where applicable, lake basinj; these
will probably be by means of an analgg plotter for greater resolution.

- At this stage the modelling activity has achieved an
encouraging level. Part of this is due to the interest developed
Ly some of the authors' students, namely, Paul Beck, William
Caswell, James Hill and Curtis Norwood. Their participation is
gratefully ackncowledged, and it is hoped that appropriate funding
will permit their continued involvement.




FLOWCHART SYMBOLS

SYMROL, ) REPRESENTS

The beginning, end, or a point of
S interruption in a program.

Processing functions of the

A" FJ

program,
Qutput to the remote
: terminal.
rwwﬁaw~wf‘””w
{ , Input from the remote
l — terminal.

Decision function indicating
branches to alternate paths
based on variable conditions.

?“"_] - 0ffpage connector indicating an
&\v“/ : entry or an exit from a page.
(:::) , Connector indicating entry from, or an
exit to another part of the program.
— £~ | The dirgction of processing or

data Tlow.




APPENDIX A
PART T

Hydrologic Submodel (HEYDROL)




CEMELE, B2

-
1. *  DECLARE p{6,12) , Al{6} , A2(8) , O1S{12) , aP1S{12) , DA?(I!) 3 .
2. . DECLARE Tohp(12) , DELM{I2) , WPL{$) , wWP2{6) , AvEP112) ; .
3. RECLARE AvEP2(12) , TDIS(12) , wil{l3) , voL{13} , vorL(13) ; m
%, DECLARE RUNNF(12) , PE(12) , ACUSE{11) ; ~— .
5. NECLATE PREM(LIZY , uoutu{xz} CHAR(3):
6. MOHTH{Y)='00T"; . :
7. HOUTH(2)= MOV} - . : é?
L. RONTH{3}="'BECY; - a.
N MOTH{L)="JaN" ; g
1. MONTHLS}='FER'; -
11, MOHTHG)= "HAR® ; . . . ’g
12, HonTE(7) =AD" , . ta
13, MOUTHS )= "ay - o
14, BONTHLD )= taunt; 0
15, mnTa(IoI="auL?; ‘
156, ponTH(Il )= AU’ ; E?
17, hO!ITIf{iZh'SF[“; - o
s, PUT LISTO'STATE KUMBER OF YEARS'); . 3
19. . GET LIST{IOYRS): ¥ B
20, PUT LIST('IHITIALIZE WATER LEVEL® Y . - 1.
21. GET LISTIHL(L)); ﬁ,
72, PUT LIST{'INITIALIZE SO3L MDISTURE');
23, FET LiST{ASTOR); ~ .
2. FYT LISTE'STATE RORRECTION FOR RUNDFF'); o2 ~
5. AET LIST(rOaR); . < 5.
25, 173 PR KYRS=1 TH HOYRS; 2 r
27. AFT LIST(NATE); &
28, GFT LIST(F}; 3
2. GFT LISTLAL,AZ); v S
), GET LIST(DIS); ‘s
31, GFT LIST{GNIS);
32, GET L!5T{PAY); s
33, GLt LisT{TENNP}; . 3
I, HETL I I 5 o
35, . A® COOCODGTS elil#v3n, 000077 10H1#02e,0179aH o 55 4
36, 112 no M=1 TO 12; N T, - .o
37, THIS{N)=ADIS{M)a, 03719/ 4k . 3
33. enn tl; .
39, L0t no M=l TO 125 . . :
G, Hixllel; . .- w
bi. CALL PREC; et
42, . CALL RUHOFF; ) b
53, _CALL BAL; . )
L. BELIIt) = {RUHOF (M) «AVEPI (M) =PE(M) ~TD1 S (M) 3/12; o«
4%, HLOH) »HL (Y DELHN) ¢
46, VoL({H)=2, 2e{(HL{N)=3013/18)} .
LY EXD L0
&3, i CALL SEIPL(2); ' .
L9. PUT LIST("-~~ - b}
54, CALL SKIPL{2}: . :
51, PUT LIST(' . . WATER YEAR'_DATE):
52, CALL SKIPL(2):
s3. PUT HARELWL{I})I(F3); .
S, 13 IBAGE ;
INITIAL WATER LEVEL -E;;.-- ;
55 CALL SKiIPL(2); . :
56, 931 LisTer -LAND SURFAGE WATER BALANEE®);.
H CALt.SK'P%‘IZ; RECIPITATION  RUNOFFE  AVAILASLE P ACT, ")
. : N ! [ “te
2 s f-:ﬂf-” PRE H LA PPN, LEVAPT.  EVADY.D.



PUT [MAGE (MONTHM(I),AVEPZ({1), RUNDF{T), PREMCL ), PECL) APUSF(I))(FI}.

62. Fl: FACE
€3. ENA L2;
6%, CALL SEIPLE2): .
65, AT LisTo! LAKE WATER BALAMNCE');
LG, CALL SXiPL(1);
67. PUT LIST('MTi,  PRECIPITATION [L1s34 LAXE LAZE CHANCE®):
68. PUT LIST{® RUNIFF EVAPO DIs, HE$GHT"};
&9, L3: NG 1=} 10 12;:
;g. EUT I?AfE(HOHTH(I) SAVEPL{L), Ruuos(l) PECTY, TRISCII, NELHLI)}(FL);
. Ho L3 ;
72, CALL erPL(z)-
73. PUT LIST{'CHANGE HEIGHT=CHANARE LAKF ELEVATION IN FEET'):
7%, PUT LIST('ALL OTHER UMITS IN IMCHES');
75, . PUT LIST('MTH,  WATER LEVEL VOLUMEY ) ;
76. F1: 1BAGE ;
77. 1S: an 1=t 70 12;
78, J=t+l;
79. PUT |§AGE(MOHTH(I).wL(J),VDL(J)}(FZ):
33, nD LS;
Sk, PUT LIST('HATER LEVEL [N FT, AROVE MEAM SFA LEVEL,'):
32, PUT LIST{'VOLUNE 1M CUBIC KM.');
c3, L6: nn o t=2 T0 13;
su, YOLL{tavoL{l ) e 1E13;
35, £rn Le;
36, CALL SXiPL{2}):
al, PUT LISTL ame ———- et}
28, WLE1IaHL{13); >
39. FiD L7; A
90, T osTap
1. PRFC: PROCEDURE 2
92, AVEFT{M)=D:
93, AVveEr2{1)=0;
95, LL: RO L=1 TO 6;
. 95, UPL{L}=AI(L)=P(L,N};
96. HP2CLY=AZ{LY»P{L N);
a7, AVERPI{I)=AVEPL (M) +WPI(L);
9z. AVEPZ{M)=AVEPZ(M)+9P2{L);
9. END Lk;
150. RETURE ;
101, END PREC;
132, RUNOFF: PROCEDURE : .
103, RUNsPIS()} /23,6 ,03719;
on, PRF1=P{2,H4)~.862;
115, FRE2=P{3, 1)~ 133;
1466, nukco=ryUn/ (PREL+PREZ) 2
197, PJ-nr(v)-AVEPZ(MJ-Ruuro-lsnfhh-CORR,
ied. RETURY ;
199. EMD BUNOFE:
113 BAL: PRACEIURE
ill. TEHNPO=TEMP{I1)=32;
112, IF TFHPOC=0 THFN GO TO SKIP:
113, TEHPO=(50/ 9«TENPO/ 1 Jwed; .
ilk. PECU)=DAY(11)={1,6/2,54)=TEMPO;
115, G0 T SKiPl; ’ .
11¢. SKIP: PE(H)=0; .
117, SKIP1: REM{)=AVEP2{N}-RUNGF{M) = (4L/180);
112 IE SREM{MICO THEN PREM(M)=D;
115, ASTOR=ASTOR+PREMOM) -PE(M) ; ..
120 IF ASTOR™ =0 THEN AS5TOR=0; :
171, AVALL=PREM{MI+ASTOR; - ~ ' y -
122 1F AVAIL~PE(M)>=0 THEN AcuSE(M)-PE(n)- ELSF ACUSE{M)=AVAIL;
123 RETURE ;
174 END RAL:



125,
127.
128,
129,
130,
131,

MALN:
SKIPL:
L10:

END ;

PROCEDURE (NSP);

DO J=1 TO H5P;

PUT LIST(®
END L10;
RETURN ;
END SKIPL;

|);

e~V
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A-4

B) Input Informatlon
' All input is keyed in from the re
format.
CPS will request input by outputt

See the sample input for this mod

STATE bUﬂBER OF YFARS
Nres | .

9? :

IQITIA}I?F “ﬁTER LFUPI
WL (L)
73190,45
AIITIAIILE
RTHR .
?1 '
& J N7 F C{‘RPZ CTIgﬂ“
ranl

21,00

DATE -

71968

PeL, 1D

.41 8,0 2,

S%IL NHISTQ}E

.? RUpAFF

: . b
P2,y
25,02 3,60
Pe3 1y
73,36 3,15

rw; 1)

ﬁa o.aS

1 11,14 2.24 2,55 .64 |

1,37 1.83-2.58 2,75
PCs, 1) - -
2,51 3,38 1,26 1,75 2,76 &,
PG, 1) -
73,58 .01

ALCY

09 23,35

G TA 4,011 )
L79 3,26 2,41

.g’i P.?s

1,58 5,47 4.22

mote terminal in free

-y,

ing the variable's name.

el below;

2,49 2.7 5,28 4,55

V85 2,15 4,58 4.55

3.17 3,16

2.8 2,48 6,11 3,59

24 111 3,43 2,30 2,79 4,06 5,15

3,56 6,2 6,88

7,35 W24 24,15 0, L1 W2 W04 L05

PSSy : )
2601, 1488, 970, 455, 416.6 2575, 1197, 1532, 356.3 55,4 64,2 |
opIG L) . : ‘ N
AL G345, 12025, 12779, 16583, 8567, 2407,

. R0ER, so99, 5333,
anIc Qs

23055,

PAY (1)
9 A o

"
Tl ey ot

e -~ .
.:#f .ﬂm -f'?‘
s

FoI% 1.EF

14

TEMP (3)

i .04

Lo 25

1,16 1,05

?J’?o?' 3?o3 3’001 ;’5:1’1.9 &l W0

B9.1 F. 94,7 SR, T3,

1e
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c) Sample Output

. WATER YEAR 1966
‘-.‘-.'L(D: SEN,A5

' LAND SURFACE VATER BALARCE . ‘
MiH, FRECIPITATIQNM Ql\‘7¢F AVATLARLE - = P, ACT,
| - WOLAKE | PPTIL EVAPT,  EVAPT.
oeT . 300 7 0 ALL6 : Zeld . - .49 1,49
WY A0 11L04 1,52 S0 .30
< DEC. 1,70 . T.83 ' Qe Gs * . 0.
SRR LT 3,60 0 | 1,04 B FEE Y
. TR 3,00 3,04 2,30° 0, 0o
MR S.R& .. 18,83 -0, : o 12 0,
APR W2 10,42 0. . .13 - 0.
,'.'QY [ 5058 ‘rf.'“-", . ' 1.56 ] 2.5? . 1056
ljl‘ﬂ 2.54 ) :5.0‘-" ) k 1034 . 4086 . 'l¢84 '
JUL e 2.7 0 T L4 2437 5,52 2.37
AUG . Al AT 4,57 . 4,79 4,57
SRR 2,33 1,06 C 4,09 £.02 2.82
- ' ‘ LAKE ”“YEW BALANCE - : IR '
MiH. . PQ*CIVIIATIﬁh INPUT LAKE o LAKE CHANGE
o . RUNOFF " TEVAPA PIS, MEI&NT
N - AR I L SO D0 T - 1+ SRR § B
ey £,29 11.04 © 0,30 Y H01 0 LB
nEC CO1L82 1.8 0. - 7.01 20
-.MN : RQGS‘I‘ . 5.5“ ; ' 0. 7.[}":‘ ) "'oli'
FEB CR.67 L E04 0, ' 4,87 .. . .09
AR 4.8 18483 02 10,21 " 1404
. FPR SR 10,42 o ha1d 10,80 =05
i) S 3,88 %75 2457 14,00 - =,38
Jug o AN 3,04 C &GRS 1,24 -y 4
JUiL, ' 2,50 ' 43 : 3.52 - g (_‘.0\.!_ C . w39
MG 4,76 AT 4,79 1,08 .05
CHANSE hFJPNz-FHANnr AXE ELEVATION I FEET
ML OTHER URITS I8 INt EG : : I
FTH, VATER LEVELS VELUEE
ocT 318,76 .. 2.19
N 3R0.60 0 v 2,29
EEC T 13To,e0 251
JAB a0, 08 2430
FER - Ae0,TH 2,51
T PRR . ‘ni.”° RN
APR RO WY i ' ARYS
MY 301,30 2 .37
JUR 320,18 2a0f
Ji - 300LAT 2487
‘Nm ' S0 42 P27
61D 0,4 0,08 |
MATER LEVIL I0FT, ARRVE BERNSEA LEVEL, -

VOLUME Ti CUBIC ¥,
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"2, Hydrologic Submodel (HYDRL) - Fldwchart

.y,

- .o

.Number of Years
Initial Water Level
- + | Initial Soil iioilsture

e, N L -

YEAR . " END

N

Input: Date
Precipitation

. Thiessen Polygon Areas

Stream Discharge |’
Lake Discharge
Day Length

Air Temperature

A4
CALL PREC

CALL_RUNOFF

| CALL BAL.

'COMPUTE CHANGE| IN
LAKE LEVEL ‘

y

COMPUTE WATER LEVEL
AND LAKE VOLUME

N

OUTPUT DATA

.

RESET INITIAL WATER LEVEL
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A-7
Hydrologic Submodel (HYDREL)

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 Hydrologi
t A Storage, 1s solved wit
unknown variable.

b) CPS PL1,

c) IBM 360/50.

d) Type III, Class A Program,

e) Algebraic functions are ut

f) No unusual numerical metho

et and balance model to

the lake and its correspond-
ecipitation over the basin
lake evaporation are also

al Equation, Inflow = Qutflow
change in storage as the

version 4 CPS.
lized.

S.

UNOF(M) + AVEP1L(M) - PE(M).

g) (i) The Hydrologic Equation
Line 46, DELH(M) = (
(ii) Lake Volume

Line 50. VQL(N) = 2.

(iii) Runoff into Lake

"ILine 270. RUNGF(M) =
(iv) Potential Evapotransp
Line 296. TEMP@ = (5
Line 298. PE(M) = DA
h) (1) P(6,12) Precipitatio
: year, (inches).
(ii) Al Thiessen Polygon
(iii) A2 Thiessen Polygon
(iv) DIS(12) Total discha
(c.f.s. per month).
(v) GDIS (12) Total disc
(vi) DAY(12) Correction f
of daylight.

(vii) TEMP(12) Mean monthl
(viii) DELH(M) Change in La
(ix) VOL(N) Lake Volume,

(x) AVEPL(M) Average Pre
(xi) AVEP2(M) Average Pre
(xii) RUNCO Runoff cocffic

Bay Brookﬂ

% ((WL(N) - 301)/18);

AVDP2 ()% RUNC@* (190/484);
ration, Thornthwaite Method.
/9 % TEMPQ/HI)"%A

(M)* (2.6/2.54)* TEMPQ.

for each station, for one

(%).
(%).

reas over Lake,
reas over Basin,

ge Irom Northwest Bay Brook,

arge from Lake, (c.f.s. per month).

r day length, based on 12 hours

air temperature.
e storage, (inches).
ipitation over Lake, (inches).
ipitation over Basin, (inches).

ent, determined for Northwest




{xii)

(xiv)

(xv)

(xvi)

A-8

RUNOF(M)  Runoff intoc Lake, (inches)

i

PE(M) Potential Evapotranspiration and Lake

Evaporation, (inches).

PREM(M) Available precipitation for Consumptive

use, (inches).

ACUSE(M) Consumptive use

(inches).

or Actual Evapotranspiration,




APPENDIX A
PART II

Simulation of Monthly Streamflow




( .
’O FORTRAN 1w © LEVEL 18 MALH ' DATFE = 0177 lBh‘HIal . PAGE 01 T
-
. [ CCPPUTATION OF MONTHLY FLOW STATISTICS AND “ULTIPLE REGRESSINN )
g C STMULATED MONTHLY STREAMFLOW GENTRATOR FCR SIX STATIONS OR LESS : N
(4453 . DIFEASION N6, AALGT UGT6) + QLA 193, 0616, 131,505:.13),606,13) . . EL
tce2 RIVEASION PEATL, 1) sPPI21,211,0CH06,12),PPLL,173,504T(12) .
1 - £esy PINENSION SSHATII2Y,GHTI12Y CTIA)FIA 132 ,Flb 121,00 T1,A87,0) ;
(444 DEFERSINN AST6, 173255000120 4650, 121, AGL LAY 50114}, ARSI L7Y, SAGET) v
€ces DIFERSINN BRI2T,125,0{6,12),XC1A,13),0T{h, 12} AX{D,17} i ) b
¢ frece NIVERSIMN SXU6,12]1,6406) JALIH,12) . 3
ceet DIFERSTON PONTHI1Z) WSHANT (O, 10)1,AC173 . =
] tLne GATA RCAOBYS P02 0i3% L QL 4RSS P4t , iT ) &
1 (e i DATA SCATH/CGOT ", 0GY ", S0EC "4 JAH T, 7TEN 9, "MAR #, TAPR 7, *MAY o - o+
1 R PR NITE AR NIV Ly IV A T2 2 L) . [N
c. WEAD NGC. DF PERIGDS, LENGTH OF PERIODIYRS.). AND RH. NO. SETD g
r - ceie - READ 15,2 1NP, LD, I SEED . -
[ READ NO, CF STATINNS AND N6, OF YRS. {Ff DACA FUR COMPUTATIDNS . o
cC1l HEAD LS, 2 IR KY el
{ cciz 2 FERVATILOT5] .
[ MEAD STAETOLH IDS. ANO DESCRIPTIGNS - E?
i R4 %] CEADES 200 (M1 ((SNAMETL, 1), 5»1,10) ] H5) 5
¢ £e16 . 20 fCR@ATIIS,S¥,1044) -t
[ WEAD AYE. ANHUAL FLUW/STATION =
. cC1s HEAD (%728 LAALLY yL=L NS =
{ e 22 { CTRATIREL L) < 3|>
< WEITE HTABENGS AND TNPUT INFO. . W ©
. [T4¥% WAl TEL3{1U0) . ot .
Mwnuntnx%lnun.arlon OF MAONTHLY TUNDEF ; .
* - -
ccis Wity e ——— s s
. CL2g 131 FOPMAT{/Z10%, "STPILATION IF MONTHLY RYUNOFF*) ) - o
a3 T WU YR 1Y, 132300 ,0P, ISFED - A
er22 102 FOAMAT(Z LS, *MUFHER OF PERJTONDS.OF SlmlLMIllﬂ'.l'JIl‘!x.'LENGI'H oF TR [o]
¢ 1E PERIGNEYEARS) " I3/15X, ¢ INITTAL KAHDOM sUMNER SEED%, 16) >
£z23 - Wil IR 13,1930 1
£i24 133 < FORPATEZ/L 3% P RONTHLY FLOM STATISTICS AND RULTIPLE REGRESSIONG) - 7
C £o2s WEITE L3, 3 141 NY NS . ) v -
[ ] 104 FTROMAT(Z15X, *HUFPER OF YEARS NOF DATA USED I CORPUTATIONS®, 1IFLSX, ., 3
Lrnvent® OF STATIGNS USED IN COMPUTATIONS®,13) & 0‘3
G €Lz . ARITELL, 105} ]
- gi28 . 105 FORNAT(//I9X.'STATION TDENTIFICATION® /15K, -STATION lD-'lOI"nV=RlG o
1f ANAUAL FLCW' 10X, "RESCRIPTION® ] 3
4 £r29 . RRAITELI, 026 1LY JAALL) o (SNAMEIL, 11, 1=1,1D0,Lm1,N5)
cCzo 106  FOomaTIRY, 16, 1T%,E11.4,106K,1044) - Et-:
it BYnaNY- . . ) . -
< €12 AR=NYD -0 @
T eg3 . GN=AK-1, . - |
R 3Y aNAC. 257 (AN-14) a
L LE2s . AMMzSORTEAM) .
o2 ANC=,357AK=] 4}
(T4%1 L ANN=. LS SORT [AN=243)
L ccoe . ANE= 1T/ (AN=1.8)
- eC¥9 . CMaARSEAN=24) .
(L40 . Lx=G
~ o S D3 3 Lai NS
oe? _ - LXR=LX .
. c€zay 0T T potlisAA(LTe0.001
' . . €Cas ) . AATL)I=AALLYS1.912
Cea5 " LD T - RTADIS .63 {R4L, M) Mel,19Y

CLe . W FORMATITGX GELRLD)
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RCa?
(ALY
0049
[ 414
£Csl
(S -Fy
Lo i
£C54a
cces
Lree
CLs?
cersa
cCsa
£eeg
[ -3+
Crez
CCeR
L2184
LCES
CCés
cce?
gree
[
[ Lo
[ R}
cLr2
+L13
{Ll4
€
cere
[y ¥ 4
ccie
cers
[ 44

cLe2
SLE3
CCP4
cces
CERe
ccer
CIFp
ccrRe
ceas
oSt
{782
££52
cCS4
cL95
£Csé
ey
ccee
CL59
cice
cicl

cicz

I3
Cics

DO .S M=l,2?
S L Pi=Q{L,Me12}+0DQ1L}
CotLs11=0. -
00 & Mz1,6.-
& NOTL L1 I#R6L{L 1+ QIL K)
Ny v kzl,13
StL. V=0,
GlL,#}=0.
VT L2110
S XL XReL2
T BPLIL A ¥z,
1l % M=l1?
DO & 1L2=1,L

LXc| Xitel2
g PRILX,®Yad.
PCAH{L,¥)Ei),
3 PRA(L, M=),

N 0 F=l,E2
SGATIMI=N.
9 SSnativiz,
1O 10 KYC=1,.NYS
[T B I -
11 DHTIM) =0,
0 172 L=1,.N3
READ IS %) {CIL M}, #n8,19)
0t L3 K=1,12 .
RIL P 7Y=L MeTI+DQLLY
NGTIY)I=06TIMICHILLNIFAALLY

13 COIL Mo 1 I=CAIL M+ { LMt I-CIL, M)

ChHiL.11=C6l1,13)

[y R SR
14 NLL, ¥ =01 ¥+12)
12 OTiLI=GLL, 1)
P 15 #2117
BOTIFI=ALOGINATIRE]
COATIM=SELETIP)+2LT IR

15 L SSNGTIMIoSSOLTIHI+COTIN)sQ6TIN)
LX=0 -
nn oLt L=1,KS
L XitelX o,

0O 17 PT1,13
LU, MesaALNGIOIL M45) ]
SILMISSILMI+CIL Heb)
GIL PIGiL oM oCIL o Meb) 2Q{L Me6) 2QiL  Heb)
DC LT L2=1,tL
LX=L XR4L2
1t PEALX M) aPCELX M) #O{L o HEO}2QEL2,M45])
NG 19 F=1,12
ng ote L2=l.L
. LX=LEReL2
18. PPILAMIEPPILX I SCIL M)l (L2eMeT)}
PCATL o PESPCAIL RI+CETIMI@QIL, MeT)
19 PRAIL ¥ RPPOIL, P} +RET (M) 2G{La M0}
10 CIL,T1=071L)
Lxap
00 26 L31,NS
LXR=LK
o0 28 #Ei,ld .

13/n4/01
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cies . L PIaSIL,MI/AN T
cics RO 23 L2=1,t

ciet LX=t XQeL 2

cice 23 BCILN M) aBC LR, M) =B (L, ¥} oS (L2, M)

13204701

PAGE D023

[ R} FLLMI=SRRTIPCLLX LRI I0N)
e1il1? ST=G L eMI=FE{L Ml e{F . 2«PCILY MIsFIL MIasL M)
sl 28 CIL PISCNeGT/(FIL.MIsPLILXM)) -
c112 DO 21 M=1,12
citl 00 25 L7=l,1L .
sita LX=LXReL D *
cils 25 PPILT M =PPILXMI=E L M) eS{L2 ML)
L1te PLALL s MY aPCALL . M =SRGT (MY eE(L HeY)
ruz 21 PROIL, MY RPPALL{MI=SOLT (M sE(L, M}
Citw na 24 ¥si,11
cile EiL ¥ =F(L.P)a]), 4429
12z 26 FIL M =F L. Y1 e0.0342Y
c121 no 2T w=1,17?
w122 27 SSCAT{M =SSNATIRI-SCLT LM SCATINI/AN .
L1212 ¥x==1
124 Lx=0
S12% B 31 K=l N5
Ci1re LEdery >
c127 KAsyel i
s12e HAA=X+ 2 ::
o125 KA =K f=] .o
e12 WRTTEDILIY5) -
i3t 115 FOUMATEEHL 42X *MGHTHLY RUMOFP STATISYTICS AND MULTIPLE RTIATSSION®
13 .
¢i3? PRITF (3. IIRINTRT o [SHAMEIK ET, 124 177
€123 L6 TCRMAT(Z1X,*STATION ID.",05,¢ 'S 1G]
Clie : ARTTFLI, 117040011 eT=1,RA) .
[ A n? FHREAT(ZTSL J PULTIPLEY /121, *PEAN? (TH2, CSKEW* 4 TS5), *DETER,L*/TL],
S 1043 ] LOGIFLEW) STOWOEVL o 213X *COEFF ¢ 1, T16X4A?2)
cize B3N PE2,10
c127 NG 36 J=3,KAA
AR T L2 LS LT
£139 A1, J2=PLoT-2,7-1}
L REY 38 AL2, 1) =DPIKX,M=1)
214l A{1,10=55CaT{¥=-]1)}
142 AL, 21=PPHIK,¥~1} gl
214 AL2,2)3PCURX,¥-1)
0144 L ¥ £31}
c14s . S 1F {%~1137,37,38 N
Clab 3e D0 49 J=3.KA
147 00 40 23,1
Cl4a2 ) KX=zKX«e}
o149 42 ALS , I =PCLRY, )
c152 3O 41 [23,KA
c1%5: KX=K¥+]
o152 41 AL KAAY =PT{KX M)
¢1t3 3T Do 45 IDs=t,.X
n154 1DA=10+1
L] N &2 t=1LDAKA
c156 452 AT, IDY=ALID,1}
c14? 0 48 J=IDA,KAA
c158 48 AN, RALIDJTIATID, 1D
cies

(H &5 T=10A,%A
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3] MAIN

.

DATE = 70177 1349470t

PASE ODOA

~r Ig 7R

[T 45 Al =Rl J)=A{E ID)oA{[DeJ}

c1e2 RIKAI=ATKALKAAI FALIRARAT

el R I=K -

Clés 5% tAasT+} .

clas BeTI=ALT KAAD

C1és BN 51 Jeld XA .

DIEY s1 BlLI=RCLI=-RBLl2LoA(T. 0}

Cle {uf-1

C1&9 IF (1}57,57,53 i -

C17¢ 57 DC=ALLI=PCEIN Mol )eR{2) =PPLKN ], M=])

Cirl BELI =R (L} wSORTISSCET(M=T3/PCIKX+14M]}

L1112 BIZI=ALPYaF (XK, P=L)/F (X, M)

L3 i AL J=1,KA

c174 LA=LXRe Y

C115 [F {K=1161,61,59 . o T

C17T6 59 1 L=V AL60,.60 ‘ : . -

C17 e FXKXR S

ci1re C DEENCER{ QI VRC KX, #) :

L1746 ORI =B IFeF{d=-2 0} /F{K M)
. cieo 61 NHILX, 4~11=R(J} o

(4731 DK, ¥=1)=DTIPCIKX*L M} )

c182 39 PRITAF IV, ORI POUTH (M=) JE{R M) FIK, M) GIK,N) DK M=1], ~

18 (), d=1 KA v t

cl1e3 198 FORMATILLIX, A6 4213 R e FTu3 o 1R 0212%eFTaV1 93N TI2X4Fh 3D ) s
Clfg visg 1 L.~
cles ¥2=13 C '
Cire 00 32 Fal,.2 . .

crar FAN L KLIE (K, M2) :

c1es FAN, MLI=FIK,r2)

€189 GUK,¥1)aG UK, w2) N
e150 #LaELEND . . vl

S8l 32 p2emz-11 ) L. -
0182 DG 3T 72,13 . i oL

2193 ASIKM=11=({1.B4*E(K M1 ¢3. 080 {EIK M=l }+E(K M+L))]02,3726

28 £-18 SFTEQ SoF K MIsF IR I 9D 250 {FIKs M= JoF{KoMnulJ¢F{K ,MeL)oF(K, 41}

G15S SS{N, M1 1xSORTISSTI=2,3026

|13 3 ) COIK P12, oG {N 140 152 {GIN M J4GIK N1}

o197 E} AMAK M=) =SCRI{1.0=-DIKM~1]]}

Glan RO 62 Fx2,1)

G187 i ALUPY=SOATIP-1}/AND 43420

LEee &2 SH(MIeSORTISSCOT{R=1}/UN] #D, 43429

citl ¥131 . : . .

€a¢2 L4 %] .

CEld ne 73 M=l,2 .

Cit4 AGIF1Y=pG(N2) - R

G2L5 SHiriyas6ir?)

c286 Fl=pLer2

c2e? 3 rM2rM2=11 o .

czca DO 72 P=2,13 )

Cz09 AGS{F-L) =i, B4sAL (M) 40,0821 AG{M=]1)¢A5(H4+1]) }e2,3526.

c218 SOSTE. 250 156 IM=-130S6N=} JoSb(MeL)eSoiMeL))

el T2 SLSIM=1)=SORT{D.5¢56{MIsSHIMIASAST Ie2.3024

Lz12 C Y 1S [Pal GKP

€213 ng 75 f=l,3 : ‘ .

c2ie. . GO TG {71,71.,76),1 . .

<215 Tl If thP=15753,75,78 -

¢21a 8 LPA=Y ’ ’
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FORTIRAN IV G LEVEL 1A . MALTH ] DATE = 77177 13704241
cae 76 LPARLPA2 | o
c21y 19 GG &84 L=l,.u%
€20 nn 77 Mxl,7
€21 17 GiL, PlstP(ASlL.F+513
Cz22 n&aTiL)=0,
522} 00 6 F=l,6
€724 21 QATEL)=N6TILI+QIL 4N}
£z25 80 XCiLo13=9.
ti2e no 99 j=i,LPA
cz2? nO RS M=1.12
£:28 046771,
229 Nl fAé L3l NS
Cz23 GOTT=06TT+UATILYZBAILY
C2rl 86 COTILI=OLT{LI*RIL  P+5)=0{L M)}
€212 XG53 LALNG ICATT)-AGSIH)IZS6S LMY
€z23 1L x=6
P AT Pii A L=] A%
CE2s Liel~]
€20 CALL GAUSS{ISEED,1.0,0. %V}
cz? ICIL e 1F=HR{LXFL, u:-xsonnionz.ul-xclL.n)oAL(L.n}nuv

* CziB LY=L X2
L5 1 1F {L-11DT,87,88 - =
T7al ag NE R L2=xl,Le t
ciat LEsLXe] [
Cia2 89 AL o] YagC i L Pe1D4DBILX MIoXC{L 2,441} L
€243 87 CTIL M) ®XC[LaPel) ¢ i6GS (LMl o IXCLL Mel)eXCLM4]1)~1.0)
Cink CLLFYTIaCaAD{ASTL M1+ QT (L M1 =SS (L, M)} .
ML 1F (F=5} 85,895,979
A2y 8¢ ClL =51 s0{L M7}
(ra e s -1 2VA% RE L NL
C2an Qe POAL N I=XL UL, 100
v247) 4% CONTINUE c,
02 . GO IO (01,119,965 ,1
CZst 51 1F £3=3197,15,7%
0Fs2 5 e %6 L=1.x85 .
€252 O %6 F=3,E%
c2%4 IF {XCAIL.FI197,90,98
czss 57 XTax{{LiF)eatle *hHA-xC(L.chlxtiL.Hl 1511
cz256 cn 1O 9%
LIs? 48 XTaxC Lo ¥t DrANASXCI{L ;M) o (XC(L ,M}*1,00}
248 96 'x(L.V—!:=AStL.H-x:oxt-SSlL.h-lltﬁun
£ e Tn 9%
o240 119 CIF (4=3)97,120,120
02el “12¢ PO 121 L*l,.NS N
Cit2 No 121 4=2,13
C7Ey 121 SA{L.,M-1)= 'slL.H-11-E:Ptnu:-ano-x:tu.nloAﬂE-xclL.Hi-IC!Lo!Il
Cithn e 10 97
265 54 Tyt g-2
caee : {F {1YR199,79,122
c2:1 122 D 123 Lsl,NS
c2¢ee OAlL )0,
259 ‘B 124 M=B,19
c2i¢ IF {MP-10129,129.130
c271 129  Cik,#ia0{l,F3~Daivy
0212 ) 6o o 127 ’
G213 . 130 UL MISEXPLAXIL M=TI4QT Ly M=T)oSXIL,M=-71)-DAL
L274 127 1F |r|L.v1)x?5.124.12#
c2715 125 £{L,.#)=0,.
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C276
c217
c278
€219

£289
cz2rl
Cen2
£Z2A3
TZ34
CzES
L29¢
ca28e?
b |

124
123

109
126
110
ili

99
75

18 MATHN DATE = 70177 ’ 13704701

OALL)SQA{L)+Q(L,M)_

-COMTINUE

thTElS;lO?)IP.!YR'(NIL)'L-I.NS!

FORHATILIHL/ /25X, 'SEPYLATED RUNGFF' /717, "PERIOD® , I27 /71X,
1*SIMULATED YEAKR® ,13//7/7T16+%STATION TD¢/T1L, "MONTH! , 8%, 6(F5,4X) 1}
10 126 M=8,19 )

WRITE(3, 11D PONTIHIM-T3 4 (QI LM}, Ll NS)
FORMAT(11XpAG 6 {3X,FTal,3X))

WRITE(3y11E) (QALLY 4L=14NS}

FORMATI/ /100, 1 TOTAL 710K, " ANHUALS Z 10K, *FLIW 9, 603X, FTo1,3X))
CONTTNMUF - :

CONTIMUF

CALL EXIT

END
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1.

b)

A-15

Input information

Al

C.

Card type 1.

NP, LP, ISEED,

where NP = number of p
LP = length of t

and ISEED - seed for r

FORMAT (101S).

Card type 2.

- NS, NY,
where NS = number of s
and NY = number of yea

FORMAT (10IS5).

Card type 3. '
N(1), SNaME (L,I),

" where N(L) = identific
and SNAME (L,I) = vect
‘ the

FORMAT (I5,5X,10A4).

Card type 4.

AACL),

where AA(L) = average

FORMAT (8E10.0),

Card type S.

Q(L,M),

where Q(L,M) = observe
for mon

FORMAT (10X,6E10.0).

See sample input for a
ten years of input dat

eriods desired,
he periods in years
andom number generator,

tations,
s

ation number for station L,

or of characters representing
name for station L -

annual flow for station L

d streamflow at station L
ths 1 to 12

one station simulation using
a on the following page.
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STHULATION GF MONTHLY RUND

SIMULATION OF PONTHLY RUKCFF

NUMBER OF PERIODS NF STHMULATION - 2
LENGTH OF THE PERITGDUYEARS) 20
INITIAL RANDNM NUMBER SEFY 5269

MONTHLY FLOW STATISTICS AND MULTIOLE REGRESSION
NUMAER OF YEARS OF DATA USED IN COMPUTATIONS 13

NULKMBER OF STATIONS USED IN COMPUTATIONS 17

STATION [OENTIFICATION
STATION 1D ° AVERAGE ANNUAL FLOW DESCRIPTION
1 0.3391E 03 ~ TESY STATION FD

L o

R REG. AND SiM.

indaing ardueg

*T

(©

LT-N



MONTHLY RUNOFF STATISTYICS AND MULTIPLE

SYATION ID. -1

MONTH
ncr
KOV
DEC
JAN
FEB
MAR
APR
MAY
SLNE
JuLy
ALG
SFPY

VEAN
LOGIFLGH)
2202
2.194
2.306
2693
Zabital
2627
deitl3
2. 688
2eNi24
2.2736
2.137
2.103

TEST STATICN FOR REG. AND SIM.

STD.DEV,
0.212
.31
0.33?
0.251
LI B 1Y
n.1%3
B 2RT
a. 767
01492
0.210
D.219

156

SKEW
COEFF.
"0- 13‘)
-2.973
v.826
D.239

02467 -

-1.869
~1.516
~0.545
0.291
0.452
D.4H1

1.24}) "

MULTIPLE
DETFR.
CNETF,
G.221
0.638
0.807
DehnB8D
D T2
D508
NLHtl
Dbt
G635

Q590
" DeB42

e R3T7

REGRESS [DN
81 82
0.137 _ 04383
-0.194 6,836
~0.088  0.899
-D.243 U.843
“0.739  1.977
Ueitht 0,758
D% D.643
~3,435 0,797
0.594  0.097
-D.2R2  L.998
DeGhh 1,936
Dea?T

1,695

81TV



‘ - SIMULATED RUNGEF
PERIOD 1 )

SITMULATED YEAR 15

STATION 10,

MONTH 1

ocT 4.7

NGV 7i.n

DiC 4.9

JAN 23.1

FEh 31.5 d

MAK 163,13

APR 1a9,1

MAY 547.4

JUNE | LP4.1

JLLY GO, 0

ALG 9.8

SEPT 1.7

S

TOIAL JJ
AL w

FLOW 14660.5



Simulation of Monthly Streamflow -
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A-20

THIS MODEL ADAPTED FRO
HYDROLOGIC EAGINEERING
NOVs 1964,

DIMENSION
OIMENSION
DIMENSION
DIMENSION
DIMENSION

MG eAALS1 DAL S)
PCL21413)sPP( 214
SS5Q6TII2)4GETLLR
ASLEr12) 95516012
8B127912)0¢D &9l
DIMENSION SX(621211CAL6Y 4A
DIMENSION MONTH{12}eSNAME(
DATA BC/'BlY4'B2%,'BY 4184
DATA MONTH/'OQT Y4 INOV t

pPJUNE 9y 4 JULY  tALG !

READ NOs CF PERIODS, Ui

EE I EEE S
«t READ '
ot 1542}
o YHPLP e I SEED
LT T I YT R S T TP

1
READ NQ« OF STATICNS A

YT
o! READ 1
al 1542}
2 VM5 oNY
LI ST I TSy

FORMATI1G15)

1
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H
the bbbt bt s

ot READ ¥
o' (5,20}
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o 1=11100 4L INS)
L I TR T PR T T PRSP
!
FORMAT(IS:5X110A4)

1 .
READ 4VE, ANNUA% FLOW/

YT
¥ READ LN
ot 15222}
oM [AALLYsL*14NS)
B L T T T T oG

FORMATIBE1040)

1
WRITE HEADINGS AND INPU
. H
FEEE PR b
o' WRITE ty
ot (34100}
..
LA LA TR TR R LYY PR

H
FOQVAT(lﬂloBOXn'S 1 MU LA
e FV /1)

G e SR P T

tailed Flowchart
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SIMULATION OF MONTHLY RUNOFF+
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tSEPTYY/
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te
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rret
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*tErdee
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T INFOs
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TION OF MONTHLY RUNOF
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§¢+0iiﬁ++’i
+" WRITE ty
ef (301010 '
L
PP TP P e e

FORMAT(IIIOXn'SIPUL?TIOﬂ CF

Sttt et b
of KRITE 'y
o (351020 1
‘o VNP JLPy ISEED
LI LIRSS XA AR L LY S

I
FORMAT (/15X s *NUMBER OF PERIO
wef PERIODIYEARS) 14137155

I

ettt byt
ot WRITE U
of (25103} '
ot
LR LIRSS R LY L)

!
FORMATI//710X s H4ONTHLY FLOW §
1

LaZdlladlly)
oWRITE 0,
W) 134104) '
» ENY NS
(AR AT IR IS L2 AL LTS

]
FORMAT (/15X 'HUMBER OF YEARS
*# INUMBER OF STATIONS USE

)

it e et
o WRITE ‘s
o 134105) ¥
!
et errtrbbtbttey

1
FORMATI//10X ¢ 7STATION IDENTI
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H
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o! WRITE L
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1
FORMATL18X1 1841 TKAELL 40 1ay
SET UP co«sriuv?

i KYBwky=]

1 ANsNYB

1 BNsAN=14

1 ANA®S25/(AN=14)

P ANBESGRTIAND
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are then employed in a
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This model generates monthl
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flow to the streamflow duri
evaluated using multiple re
results of this analysis an
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Monte Carlo process to gene
flows.

fron Simulation of
Engineering Center, Corps

This model has been adapte
Monthly Runoff, Hydrologic
of Engineers, U. 5. Army,
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volume of water at Lake Ge

ate the water level and the
rge.

FORTRAN IV
IBM 360/50
IBM, G compiler, version 1l
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(ii) All data used in the
for mean.
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IBM 360 Scientific 8

‘For a particular (4i,j);

Xi9 5 M Fi 05 .
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The beta coefficients for a particular (i,j) are

n , n 2 | é) 1/2
(h-1)
82 = b, {s. . . /s.
2 l"'ls:l/ i,y 2
Bk = by {Si,k-—z/si,j)) k=3, 4.
Smoothed mean for station 3, month i,
1
Mij = ,84 Mij + .08 (Mi—l,j + Mi+1,j)'

Smoothed standard deviation for statio
1 ', 2

5,. = ¢,5 8. ¢

1] 1]

Smoothed skew coafficient,’

+ .16 (6

2
£ .25 (si_l’j +

n j, month i,

1/2
2

85 % +3 By i-1,5 7 Gie1,3)
Corre’ated standard deviates,
1 . 1 N j‘l
Kig = B Cyy ¥ B2 K g5 % 2]

3 i-2
where C,. = 4ni |z z Q / AA, -~
13 [5:1 k=i-7 X% Tk

aﬁd RV is normally distributed random

Generated monthly flow logarithm,

G M' + (%' + .16 G'
Fig " Mag Tty T e S
Generated monthiy flow,
Q -

i3

-

1
;) .
My 5 Sii}

w————
8 (1+3) K. , + RV f-R?
: 1,8

number generated from N{(0,1).

[(Kij)z 3 ¢

13°
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S, . =F£ v.2 oM., I 2.1 12 .
L] [ 2 13 1] 2 13 ‘
n-2
n 3 2 n ;

{(n-2) (n—E) Si

e O

Postulated regression model for a particular (i,3j),

1
Yig 7 Bai,g By T I $k+1,i,j Xi X,
or
¥ =15, R
where Y is the vector of observations Yij’
7 is the matrix of independent variables,
) is the yectorn of parameters to be
estimated, [Bl By »oe Bk+l],
and
7 = [A fl o fk]

A is the vector pf Aij

-
. is the vector of X...
XJ s e c le

The Ndrmal equations are
2T 25 = 27 7.

Solving these, the estimates of the parameters
B = (272)7! 27¢ are obtdained.

The Multiple Determination Coefficient is

r? = BT 275,
s, -

X° X
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If more than one period 1s generated, a set of means and standard
deviations for each period are selected from appryoximated t and
Chi-square distributions.

number of years of data used| in computations.

h) n =
m = number of stations.
For each station, j=1...,m, at which 6bserved streamflow,

data was recorded, and for months, ifl,...,12.

Fi. = the observed streamflow for month i at station
3§ (inches). . '
AAj = the average annual flow at stat‘on j (inches).
-GFij = generated flow logarithm for month i at station i.

generated flow for month i/ at station j.

O
e
It
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-This model is still being evaluated as to its effectiveness
in predicting monthly runoff to Lake Géorge. Generated
streamflow information from this program wWill be used in

predicting the water level and

the volume of water at Lake

George and will provide input information to the Hydrologic

Submodel (HYDR@L).

This program is not yet in the

production stage.
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NUTHHT
1. DFLCARE RAIN(2,HOYRS,12) DFCCE), VOLLNOYAS,12) , DiS{NOYRS,12) ;
2. DECLARE PLANKT(32) : T
3. - PUT LiST(YHOH MANY YEARS SIMULATION DESIREN?Y); .
b, CFT LisSTLHOYRS);
5. PUT LISTC'TYPE ™1, {™ ANG WAIT FOR EniT, THEN TYPE “XEQ START™?');
6. STOP ; . ' &
7. START: B0 :
3. CALL SKIP(1); X .
9. PUT LIST('ENTER INITIAL VALUES FOR YEAR(E.G. 1966)'); =
10. GET LISTIYEAR); e
11. CALL SKIP(1); : - ;{
12. PUT LIST('ENTER INITIAL VALUES FOR WINTER PDPLN., HINTER POFLN, SLOPESUMMER PNPLN,, AND SUMMER POPLM, $LAPF'); e
13, GET LIST{YPOPLH,HPOPCF,SPOPLN, SPOPCE); , ©
H oaLL cxln(l) . =
1s. PUT LISTC'ENTER IMITIAL VALUES FOR TRAMSIENT POPLN., TRANSITNTPOPLN, SLNPF, MIMAL POPLM,, AND TENT CAMPFRS ON IR &
15. GET LIST(TPOPL#,;POPPF RRLPOP, CAHPER) ; . T e
17, CALE SRIP(1); e
3. "PUT LISTC FHTER HHITIAL CONC. OF N AND p'); =2
i5. CET LISTOINETH, INITP); : 2
20, PREYN={HETH; . . 8_
21, PREP=IHITP: o)
22, CAL: SKiP{1); ' ot
23. PUT LISTUCHTER VALUES FOR LAWNS (Arnrs), ARRICULTURAL LAND %  FONFSTS {Mien2)*);
24, *RET LIST(LAYNS,AGRIC, FOREST): ;;
25, fALL oYiP(I) c
26, PUT LIST('ENTER LITERS OF RAIN FOR FOREST AREA OF BASIN AND FOR LAKE AREA'); -
Fa am GET LS THRA NP brn)
28, . CALL SKIP(1); =
29. i PUT LISTC'EnTER LITERS OF _DISCHARGE AT TICONDEROGA nv MANTH'); -
30, LET LIST(NIS);
31, CALL SEIP(1); 1
32. PUT LIST('ENTER VOLUME OF ,LAKE (on CELL) 1N LITERS (THiS WiLL BF CALLED Fnon THE HYOROLOMILC SURMONEL HHEN THE Ut g
33, GET LIST(VOL);
35, PUT LIST('FUTER COEFFS. FOR GAS AS FN. OF POP'); , 3
35, RET LIST{PASCF1,RASCE2); ’ ©
38, CALL SKIP(1); : ]
37. PUT LIST('FRAETION OF PHYTOPLANKTER THAT IS N? THAT IS P?'); v g
533. GET LIST(PFH PCPY; . .
39. PUT LIST('ENTER YALUES Fon PHYTOPLANKTGHN [N HICRO-G/L RY .5 M IMCRENENTS (THIS WILL AF CALLED FROM PRYTO WYFN S —
LG, GET LIST(PLANKT); . < e
ki, CALL SKiP(5); @
L2, SESN, SENTHK=0; ﬁi
k3, YEARLY: N0 ;YEAR=1 TO HOYRS: =
45, CALL YFRTLZ; ' . :
Ls. YFRTLZI: PROCEDURE ; ' . .
46, ‘ LFERT=LAWNS*160/«160 LB FrnTllesn/nrRElYEnR, ALRANY AV Yy . ]
L7, LEFRTH=LEEDT 1/=LBS OF M/YR. ASSUMINR 1/2 REACHFS LAKFe«/;
vzl TTEaTIazTT. g ; LB% PINFIYR, ASSUMIHG ALL RFACHFS LAKFs/:

Sote et LR PINLY, el

N L T L T T I



MNTHLY:

nn irTH=1 TO 12; . .
IF tNTHC=S | IMTHD =9 THEN GO TO WINTER;:

63. SUMMER: POP=SPIPLH+ IYEARSPOPCF;
(A TREPOP=TPOGPLM+ IYEARCTPOPCE; ‘
13 PITSHR=CAMPER; ) : L
66, CALL WASTE; : ‘ .
67. CALYL ADATS:
3. BOATS: PROTENINE )
53, GAS=0ASTF12POP+NASCE2aPOPee folifln/;
70. UHARASRASe 5T /3e1000/ «MICRO-G/HONTH; 537 6 GAS IM FXHAUST FROM 1 GAL*I.
71. UnﬂOlL-PAS-105l3-IDOOI*ilrﬂ’-PIMOHTH'Ie
72, RETURM ; .
73. Enn ROATS;
Th, 0 T FROZFNM: : . !
75, HINTER: POP=UPOPLH+ 1 YFARHPOPCF; -t
75. TRIEPGP, PITSUN=Y:
77, UNBRAS . UNRNIL=); .
73, CALL YWASTE;
71, HASTE: Pancenunt )
50, THLSUC=POP=100/«100 CPED SFEUARE FOR PERMANFMT nE%tnrnTs % SUBNEN=HOME RESIDFNTS ("ETFPLF&FGDY 1965)‘!.,
o1, ARLSUR=NNLPOP+3C/«80 GPCH SEUARE FORRURAL PAPLH.e/:
32, TRHSUn=TRNPIPe50 /=50 APAN 1S ASSUMED FOR TRANSIFNTS«</:
13, STUAREa { TUNSYASTIHSHASRALSUE)Y 114/ 2 L) TRAS/HONTIE (3. 8030}/,
sa, SUGP=SEWARE« 1D PITSUR=1500230/2P it HAJUHDRTH 16 MA/L, 1.5 G/DAY 30 DAYSe/:
S5. SUCH=STUAAT « 30+ DI TSUR16300=30/+N [N HO/MMITH/;
=G, opfuny
37, ENNM VASTE;
s3. FROZEM: 1F INTWC=04 THEH SERTLM,FERTLP=0: ELSE &N TN FRATLIR;
7. ¢ TQ PRECIP; o
30. FRTLZR: FEIRTLA=1/3«FFRTN/*ASSUHING UMIFORM DNjSTPIRBUTION NUMUING- [CF=-FRTE NKOGNTRS+/; 1
al, FERTLP=1/8+FENTP; IO
92, PRECIP: CALL RAINUT; . : o
93, AALNUT: PRACTRURE -
8k, FeDLSSOLVED HUTRIENTS 1N RAIN & SMNCH AS A FH., OF TiMF=f;
35. N2l 12/ 16/ 1w )
6., . Ps 75/=1G/L BASED OH HEAN VALUFS FOR MAR-June,is?’ng,
a7. PEPTU=RAINL2, FYFAR, IMTH)wN;
4. POPTESAAINCI, IYFAR, LHTI) «P;
l'lﬂ_ I nl"'u}s }‘Hru ""URH =
120 ERZN=FNZN+ POPTH;
16l. F"zp—rnzr+°cprp~
1a2, IF §HTH»5 THEH GO TO HELV; ELSE PEPTN,PCPTPe=D;
103, _ETURN ;
135, HELT: PCPTI=FRIN;
145 PCOTP=FR2P; '
106. - TRETURY
107 RETURM
108 EHD RAINUT;
109, CALL RUDDEF;
112, RUNOFF: PROCENURF
111. J*HUTRIENTS CARRIED BY RUMNOFF AS A FN, OF TIMEC & ﬁA!Nii:
112, FORSTHi=10«FERTLH/«DUMMY DATA FOR HOWs/)
113, FORSTRalQ«FERTLP;
114, RETURY ;
115. ~ END RUNOFE; o
156, ©OCALL AnJ&UT- - . .
117, ADJHUT: PROCEDURE ;
118, : J-PROPGRTIDHATE AMT, OF NUTRIENTS FROM AHJ. SEGMENT BF LAKEs/;
119, INH, 1UP=0/«BASED OH PHYSICAL LIMHOLOGIC MODELe/; A
129, RETURS ; . :
121, £ND ADJHUT; -
122, CALL oilT; ’ :
1235. ouT: PROCETURE ;
126, J*CALC. MUTRIENTS LOST TO QUTLET (OR ADJ, SECMENTIOF LAXEe/;



AUTH=pPREiN=NIS{IYEAR, 18TH
nuTe= PPFVP-nIS(IYFAR,Ih,
RETUAN ;

RO OUT;

CALL SEDMNT:

PROCENURE ;

F*CALC, HNUTRIFNTS LUST TO SEGIMENTS=/;

NEEPST=31/«SAMPLE 31 1S NEEPEST M PHYTO AT PRESENTw/;

ARFA=44+2590/«M1+=2 TO Mwx2, AREA OF CELL (L.G. HOW)=/;

SEN=PLANKT (DEEPSTI*ARFA=1000000/ «BIOMASS iH MICROM [N DEEPEST Mew3e/:
SENM=SEN*PCH; )

SEDP=SEL=PCP;

SEDVOL=,001/+{CUMMY) THICKNESS OF SED., FROM 1 MG BIOM&SS I 1 M COL. OF H20x/;
SENR=SENP+SEN«SENVOL;

nETURH

END SENMMT;

CALL DECOME;

PROCEDURF ! -

F*PEGFHERATION OF HUTRIENTS AS FM. OF TEMP,,SEN, BATE, PH,ETC.#/;

REGEHN, REGENP=0/+MG (DUMMY DATA FOR RHOU)=/;

RETUNY

ENN NECGHE;

TH TROR={ SHAHAFFRTLH+FORSTH+ [HN) #1000+ PCPTH- ~OU i N-SENN+RECENN;
FiS=(SUNP+EFRTLP+FONSTP+ PRI «1000+PCPTP-DUTP-SENP+NREALENE;
HEONC=NITROR/YOL{TYEAR, iMTH) + PREVN;

PCﬂHC:PHOS/an(:YEAn,|MTH)+PREVP;

PREVH=NCONC

F W T2 S Y.
F ""J’I—n||ll0\

WP Ll D <
.

[T ET F R o)
-

[LRVIRT RV FU RS

bt
LR

L R N e !
« s ow

[7a]
.« =
-
. ¥
by

L %]
N

CII IO S M T J

[ N el =T N RS
Lo WO

[ e ]

PUT HHAGECENTI, NOONC, PCONG, SYHEN+1000, FERTLN*100H, PCPTH, FORSTM=1000, SENN, DUTHI (1M3Y;
ITARF ;

1 1
PUT I”APF(SNPP*IOOO FERTLP»1000, PCPTP, FORSTP*1065, SEDP, GUTPI(IME) ;
1i3AGF;

Pl e inene wonse smuesn treess stessas assaws

END MNTHLY;
PUT LISTOTSERIMEMTATION RATE=',SEDR, ¢4 PER Yrra');
SENTHK=SENTHR+SENR;
END YEARLY;
PUT LEST(! cuumeceSIMULATION TERMINATED=maemacmaat),
PROCENURE (5K); :
DO J=1 TO SK;
PUT LIST(''):
END 5;
RETURN ;
- FNU SKIP;
£80 START;

£-d
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1. b) Input Information
T All input is keyed in from the remote terminal in free
format, . " : .
CPS will request input by outputting the variable's name.

See the sample input for this model on the following
. Page., ’ .




L ING YRS
}
22YEAR
toaa
?PRPEPLN
4500
2IWPNPCR
1450
72 SPIPLN
AROHON
RTENNPCI
{200 -
TTERIPLN
0000
22 KRLPGP
S0Q0 .

?PCAMPER
1000
P2INITN
200
?TINITP

Eda)
?2LAUNS -

C 20D

IQ-.-O
2200210
nn
22FOFEST
215

PPRAIN o .
P25%A5T16 «27S0SELY L 4D754K1T 413
«ANT05T11 33579E1] L3154811 .« 50
«A0D3TELL 5329511 «24047K11 554
¢ 1105411 3335510 9524810 766488
s 12987H1L +14725E11 «93%3E10 +115%
B245% SRR2 1P0RS 19779 145A3 P84T
235 4216 2774 4399 -
7. .

V21508112 215831812
CR1IALATNIR JB0TA10R13
CICMIATRL3 197034513 o1
??2GASCF1 -

n

220CASCRR

L]

%?PCN

»0ON5

2PIPLP

OONS

TPOLANKT

10GENAD 1056000 103000 101000 91500
Q2NNN A0N00 ZALO0 KI200 7TEEa0 THNN
ASONO 0000 52000 A430N 35500 27RN
1800 12000 24600 7600 6100 5000 a4
-2400 3100 3000 30600 - '

-
3

2
1
y

Y]

r

PROSTELD, .
2NALGLF A
SHA1OT1 R .

e 2
o

L]

H5111

Tl 65624511
£10 WE32E10
10 «T161E10
2%1il «5531E10

407 1290

TONAORNELT

el TABCAS R RON B¢
CANIIAATY R

\IRELATLS,

70500
YoRRann
D ano0d




B~6

1. .¢) Sample Output

LEAR BONTH N CUIG/ZLY P CUG/ZL)Y SEVAGE FERYTY PCPT. FURESTS SPDIMhN S BITLY
1436 : . ; ‘

1 «300GENR ANIEENSNL W 3OTIR oD ] W) 0 1713 «RHE0T
‘ , a9l 2 o0 |7 D «0 1718 33106
2 J3N12K03 «ANTEENPNL 30E13 o0 -Q o) 1TELZ 1507
PIa00E18 W0 «0 0 1TFI2 JPAENA
3 «JGIT7E03 41135 ﬁ?ﬂ:.?@.li o0 O 77 W0 « 1713 «36EQT
P2a9012 o0 «0 0 «17W1 2 49E06
4 3023803 4150FE02N 30013 N o0 . +0 W 1TETS 39807
‘ ' Pr.90812 W0 o0 o0 17512 53806
5 «317TE03 +A3STREOESN: J30E13 «3R13 «2512 27514 «17213 «50E07
- P2e90N1% +38]12 3E11 «35EI3 +17E12 «+69EN6

6 «JARAEQI JAD2EEONI W24K14 J3E]3 20011 wd?ulﬁ «1T7E13 J27EDT .

- P:e"AR13 3512 L8510 35513 17812 «37506
ST e BARARQ3 JS504RASNI 24T J3FIS J3E11 2TELA J1TEL3 JRRENS
o L PrefORN13 «2EE2 JB5E1N 435813 J1LTEI2 12E05
R «3948E03 .bnnshnen-.24£14 ¢3EL3 «5Z11 «RTEl14 «1TEL3 «43E06
S , P2ef0E13 #3812 <1511 «3BE13 17812 71ED35
9 +4106T03 SE6319EN2N: «3NIT3 «3EI3 «6F11 27514 «17E13 12507 .

. ) PieOUELR J3E002 J1ET1 W3BE13 L17212. «19E0S
10 «4265203 +56555F02N1«30K13 3013 v4XI1 <2714 «17TE13 -20E07
o 149912 J3E12 «7E1IN +35F13 17812 «31E06
11 4493103 -GTEGEOQN:.SOEIS 3R CBELL J2TELA <1713 20107
. P3.00112 J3EE2 JOK10 L35E13 «1T7ELRZ L3L1EGA
12 .a577E03 .7017»02u-.39E13 3EE3 W2F11 JRTEL4 «1TEI3 «19E07
' Pr.99212 JIE12 <410 35813 «1TEI2 «30E0S

”DTMENThlt@N RFLOTE=S 410256513 MM PER YEAR o .

“““““““ .*IMUL.ATI&M TERNI NATED"""‘"" hadhele




2. Nutrient Submodel (NUTRNT) - Det

( STARTY . }
A

[’ﬂ;ovms I

A
D

l

!
LSTARTS
PO

LPOPIN, SPEELF

-

WROPLN, WPCELE

|

- T
1 SrEP(1)

.( STARTY )

‘ﬁ’omnf. TPOS
RPLPIP, 2AME

|

eaLL l
SKRIP (1)

5

fmnwﬁwﬁ?’

=

PLEVINTINTIN
PREVP=TNZTF

,,L—--'*‘:

d
t
__U\-x

alled Flow chart

.

CALL
ST

|

e e

RAWNS, AL,
FoRresT i

l_

cAakL

STPLL) |
—-""“"-1

RATN l




3
! CALL
L swaP (1)
|
i
VoI

|
C,ASCFI,QP‘;SCFEE

] enve
{

1

i

L .

s PN

e —

o, PP )}

—
--—""""&. i
I[ PLANKT |
L.

'
®

B-8

CALL
SKIP(5)

]

SEDR =20
P sepTRK=O |

YEARLY
LTS ‘I.‘\’EF\,*Q':*
b T NOYRS

|

| CALL

i‘f#muz.

l,\ PRATNT

LHEADITNG
1

.

FRAN=0
FR2P=0

MNTHLY ?
TO TMTHE
I YO 12

PP SPOPLN -
TYEAR+ATOF LY

TRNPOF: TRNEP
AT A AT RO

@




f

BTTSus( =
CAMTPER,

|

]
|
eAlel. |
WRSTE

POz wlon N
AL EAR

= \nJ ‘70 ¥ &i:

TRAM POz O
PETswlzO

B-9

UNBGAS O
UNBOTLEO

S

A
YIRETE

e | ey e ...,-],.»«-.-m-q v

ot

[
I <

PRVt

AL

I‘% AL
RUNOFF

-

i

IMTH &%

FERTLN=0O
reRrTLP=0

FEGTLN= 18
o FEETM

FERTLP= 1B
+ TERTP

Vo]

¥

(2)

A WL j
ADT NUT |

G

OUT

[, T

—

(181 W R
LD MANT




[JF V8 '
DELOMP

NTTROG (Swon+ |
FERTLAI FIRSTN
-.."r.m.-} ¥ioorr

v T + T
~SEDN ¢t KEaE u.-\.!]

Pueos (Swrapy
FERTLPT FLITF
w T ST By
wron REGENP
—OUTP ~ SIED P

Houre samnma v

NEoME s NTTROG

: [vou(sverR,

Toem] 4
PREvN

-~

Pemitz Fuos |
VoL (e hR T
+ PREVP

| s =

TREV ¥ NQONC l
PREVE s POONL |

|

B-1.0

3T,

Traty, Moo
VoM, Ky

FERYLN, PePT
FoR v,
SELN yor

7

WGP, FERTLP,
PCPTR FORSIR
560P, OVTP

! ENT
i MNTRLY

SEDTREKS
SRS
+ SENE,

.

@
2
A g

LY

A
ef
>

\'L‘)

FRTMT
- ENDTNG
NESFRGE




( ETART \

et EEEEE

TLFERTY »
LAGI S LD ‘

ST |

¢

LFERTN =
LFERTY .1

i S —

[rirmin s vm merenms o, Bo e minae

e

LV ERT P

LFERT#.08

AFERTN =
MNORUL %,
#4500

it et 4 A e

............ e ————
' H
i
i

j
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AFERTR =

AGRLL
e 25703
k

..... + g s omamerane)
VU I, S
et s s
O R S
LLRRERYN o

R TP A
LS s en

FERTY: |
Fv by igegm -
WLEECTE &
AT AT T
e 5‘3 I'go ll
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BOKTS | BROLET

(362 GASCTE

“POPxw 2

*FOP £ GRILFL

UNBGAS =
GAs% 7 (3
w 00

-

S UNBOTLE
GAS % \CE /2

b e o ]
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WASTE & Proc

S
U

ot

iT\'JNsu)q‘, -
]
] Ve VOO

e B U b g g ki et

RRLBWGS
RILPODx 20

[ o——— i~ —

EDORE

TRNSWG =
TRAPOR %SO

G =
LTINS WG e
-T‘:.\N.I'al.’.)c{ 4

PRLGwWG Y% 144

P et e

I
g

KA H AL AENA
WD PTG
w15 CO 30

b i i e ey e e nn

I_.-su,a; NesewstT
=20 PTG
Iy
%3

w e3nd N %

e s s i,
e

W e AU S AR

i
L

P

S




Ry

'\“’-‘.4![2
P'.: 079_

|

l! PCPTH =
RARN{ 2,
t 1:\':;\& 1"'?1’)
doee

—X

] PPTD

i'Ri\.ilN ( )
INEAR IMT j
| T

FR2N = 2N
+ PtPTn_

g
4

THVUT PROGE DURE

{ ovamT )

FR2P=1R2p
-~ RepTP

S '[‘....._... -

B~14




RUNCE R PRoar

L ZIARYT
R

7

N

FFORSTN =
1O* FERTLN

l FORSTE =
| \O¥ FERTLP
|-




ADIHUT PR

B~16

( ?,'r;\ Qv

DCEDURIE

)

CR@-.T D RN

)
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COUT LTPROCED

G

CUTNz= PREVN
£ DTS (TVERR,
TATH)
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SEDMITT L PROGED

T

wa;
N
R

i
yd
A
<

560
;
|

wurw%psj
€ o &4

SR 150

<ERRr SENR

+ SEPVOL
w SEQ

.
)
N

RET URY )
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PELOMP L PROCEDURE

‘ STYART

o s o e

f RE_“\'URN)
N
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/TP, PROGIDIRE (’SK)

( STARY

5% Do
FT=21T0 s

SRTe /

Lode [/
END .’;\:.

( Rerumy | )




a)

b)
c)
d)
e)

i

g)

B-21

-Nutrient Submode (NUTRNT)

This deterministic 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 sequence, and
names so that it may be used
Conversational Programming S
IBM 360/50.

Conversational Programming S
Fundamentally two algebraic
No unusual numerical methods

See flowchart.

computes the overall nutrient-
monthly basis, taking into

s of nutrients and sinks. It
s a series of procedures which
velopment progresses; the flow
all variables have mnemonic
readily by eany investigator.

ystem. PL/1l.

ystem, release U.

equations with many variables.




|

h) Nutrient Submodel (NUVRNT) Variabl

NOYRS
YEAR

WP@PLN
WP@PCF
SP@PLN
SP@PCF
TPPPLN
TP@PCF
RRLP@P
CAMPER

INITN
INITP
LAWNS
AGRIC

- FOREST:

RAIN

DIS

VoL

SASCFl,
GASCFZ,

'GASCEF3

PCN.
PCP

" PLANKT

B-22

number of years of simulatiag

initial year-

initial winter population (p
coefficient of winter populd
initial summer population (s
coefficient of summer populd
initial transient population
coefficient of transient pop
rural population (assumed c¢g

population of campers per da
toilets (all cther campers &
population)

initial concentration of nit
initial concentration of phg
area of lawns in basin (acred
area under cultivation (squa

area of- land not developed (
is not expected to change si
areas may be varied for expe

array of values derived fron
giving volume of precipitati
equivalents) per month for b
for lake surface

array of discharge values at
(liters/month) from hydrolog

array of values of volume of

hydrologic submodel (liters/

coefficients for gas as a fy
fraction of phytoplankter. th
fracticn of phytoplankter th

array of values of phytoplar
(ug/ %) from phytoplankton sy
are merged this will be upda
month in the MNTHLY iteratiq
value for the deepest layer

es

n

ermanent residents on the lake.
tion growth '
ummer-home residents)
tion growth

(per day.)
ulation growth
nstant for purposes of modeliné

ly at camp sites with pit
re included in transient

rogeh in Lake (ug/%)
sphorus in Lake (ug/%)
s)

ire miles)

square miles)j land use
gnificantly but these
rimental purposes.

| hydrologic submodel
on (in liters of rain
asin, excluding lake, and

outlet at Ticonderoga
'ic submodel

lake {(or cell) from
month)

Inction of populatien

at is nitrogen

lat is phosphorus

kton biomass by depth
ibmodel; when submodels
1ited at the first of each

m (@t this time only the
is used in this model)

1




s

IYEAR

YFRTLZ
LFERT
LFERTN

LFERTP

AFERTN

ATERTP

FERTN
FERTP
IMTH
PoP

TRNPZP
PITSWG

 RZATS

GAS

UNBGAS,
UNBOIL

WASTE

TWNSWG
RRLSWG
TRNSWG
SEWAGE
SWGP
SWHGN |
FERTLN

- same as CAMPER

B-23

internal counter; because

of interdependence of

~submodels ,IYEAR (and N#YRS) has been restricted

to 1 during model development

procedure for calculating
pounds of lawn fertilizep

yearly input from fertilizer
per yearp

pounds of nitrogen per year from lawn fertilizer,

assuming 1/2 reaches lake

pounds of P,0. per year from lawn fertilizer, assuming

all redches lake

pounds of nitrogen per year from agricultural fertilizer,

assuming 1/2 reaches lake

pounds of phosphorus per year from agricultural

-fertilizer, assuming all reaches lake
" mg/year nitrogen from fertilizer

mg/year phosphorus from fertilizer
counter in MNTHLY iteration

summer or winter population (semi-permanent or

permanant, non-rural) at a given time

transient population at a

given time

procedure to calculate input of unburned gas and oil
into the lake; .from this input of carbon, lead, phenols,

etc, may be calculated

-

gallons of gas used per year as a curvilinear function

of population

unburred gas and oil in grams/month

procedure for input of nitrogen and phosphorus from

sewage in mg/month

gallons sewage per capita
gped sewage from rural pop
gped sewage from transient
total sewage that is subje
phosphorus from sewage in

per day from residents

ulation

8 B

ct to tfeatment, in liters/mont
mg/month

nitrogen from sewagze in mg/month

nitrogen input into lake £

for the 8 ice-free months,
for those months.

rom fertilizer in mg/month

assumes uniform distribution




FERTLP

RAINUT

N'.

P
PCPTN
PCPTP

FRZN,
FRZP

RUNGFF

FBRSTN,
F@RSTP

ADJNUT

INN,INP
ouT

GUTN -

ouTP
SEDMNT

DEEPST

AREA
SED

SEDN,
SEDP

- phosphorus input into lake

B-24

from fert{iizer, mg/month

procedure for calculating dissolved nutrient input
from rain; uses mean values| for March-June, 1970,
but will be adjusted as more data are avalilable;
compensates for build-up whiile ice cover is present

concentration of nitrogen in rain, ug/%

concentration of phosphorus in rain, ug/R

input of nitrogen in u/month

input of phosphorus in ug/month

accumulate N and P while ide cover is present

procedure for calculating input of nutrients from
basin by runoff; uses dummy values for now, but
will calculate input as a flunction of time and
amount and intensity of rain when more data arvre

available

input ¢f N and P, arbitrarily taken as ten times input

of fertilizer for purposes

of model development

procedure to calculate input of nutrients from
adjacent cell in the leke based on physical limnologic
model; because the entire lake is being modeled during

the development stage this

is a null procedure

"variables for input of N and P in mg/month -

procedure for calcuvlating loss of nutrients to outlet

(or to adjacent segment of

lake)

nitrogen and phosphorus loss in y/month

procedure for calculating nutrients lost to sedlments
(as a function of ghytoplankton concentration in
deepest layer) and for calqulating sedimentation rate

deepest layer of lake simulated in phytoplankton

layer; will be used to get

proper element of an

external array from PHYT@ when the submodels are merged

area of cell being modeled

total biomass in deepest hg
area modeled (ug)

loss of N and P t¢ sediment

(entire lake at this time)
rizon 1 meter thick over the

S, ug/month




SEDVOL

SEDR
DEC@MP

REGENN,
REGENP

NITROG

PH@S

NC@NC,
PC@NC

SEDTHK

SKIP

B-25

thickness in mm of flo
derived from 1 ug biom
of water with unit hon
area; dummy value is U
data can be obtained

accumulative sedimenta

procedure to calculate
a function of temperat]
pH, etec.; this is a nu
be replaced by a decom
future

regenerated N and P in

total nitrogen balance
nitrogen but including
and nitrogen lost from
sinks (ug/menth)

total phosphorus balan

concentrations of tota

-y

ceculent organic sediment

ass suspended in column
izontal cross~sectional

sed for now until experimental

tion rate over a vear in mm

recycling of nutrients as
ure, sedimentation rate,

de procedure now, but it will
poser submodel in the near

wg/month

» excluding previous available
new nitrogen input to lake
previous nutrient pool to’

ce (ug/month)

1 N and P in the lake water in

ug/L for each month; the concentrations of dissolved

N and P will vary on a
PHYT® when the submode

an accumulative variab
thickness when simulat
of symbolic time

a procedure to skip 1li

daily basis as determined by
ls are merged

le to indicate total sediment
ion proceeds for long periods

nes on the output device




APPENDIX C

Phytoplankton Submodel (PHYT®)




- ZERG:

O1FFUS, Cal

Rl

DEPLARE APHOYCINY , AMUTEALIN) + ABRAZCIN) , MERRS{N) TE“F(N) . AﬂRO(N) P U(N) . C(N.

NX=,5;
nT*l-

: THFTA- 5;

FIRST:

FIRSTA:

FIRSTC:
FIRSTR:

inl:

PHYTOP:

K

GET LIST(H)°
CALL srtr(z)-

PUT LISTU'TYpe “'21'* Taew TYPE *'xzq FIRSTA THRU. .. *? ')y

STQ
rET LlsTtu)~

PLAMKS =t ¢

GET LISTI(TINIT);

CALL SEIP(4);

PUT IHAGECTINITY (FORMY ) ;

TIME=TINIT;

GET LIST{TISTEP);
RET LIST(APRG);
RET LIST(TFHP)-
AET LISTCOIFRRS):
KA=TSTEP/IDT; -

N0 INTINE=] TH NS;
TINE=TIHE«NT;
CALL PHYTOP;

Etn 1p1;

CALL HCADNG;

£0 70 FIPSTF-
PROCEDURF ;

FALL acaax;

PUT TMAGF (PLANKS ) (FORM3) 3 -

- Tall UERTUX:

3) . OtH) , KW , Ra

"1

(2

T~

PHY1:

- INCRAX:

YERTUX:

SIGMAX:

armncw, o

GETLESTOAPHOTEY:

GET LISTOMIUTEA).
GET LIST(AGRAZC)
DO IBNYI=1 TO H;
REPTH=_5+1PHY];

LCKLL S1nhAX;

CALL ACQUSX;
CALL ACONSX;
CALL DIFFUS;

END PuYl;
CALL THHHAAS;
U=l

CALL HEADNG;
RETUR ;

PROCEDURE

GET LISTCINCRA

RETURN

END JHERAX;
PRGCEDURE ;

GET LiST(EUZONE};

GET LIST(MIXLAY);
vtnTUﬂ-EuanElMleAY:
AFTURY ;

£EHn YERTUX;.
PRGEENURE &

S10HAnE G5«ADRO( IPHY1)

"lflU'“l ;
END SIGMAX;
fszZnaac

SuTysT] wedSoagd -~ (PLAHA) Topouqns uo3xuetdoyAug

| e L, T——



6z, RETURY ;
G5, EUD AGDMSX;
Gh, BCOMNSX: PROCEDURE
G3. CALL PHOTOX;
66, TALL RESPLX;
67. CALL GRAZFX;
[ RLGHST«FHOTO=-RESPLK-ORAZIFT;
6%9. RETURN- ;
78. PHOTOX: PROCERURE ;-
71, CALL PHOTCX:
72. CALL EXTROX;
73. CALL MUTEAX;
74, AA=EXTEO=EUZONE;
75. PHOTA=PHOTCO= 1 NCRAD/ AAe {1~EXP(-AR) *NUTFACVERTUR} 3
76, : RFTUPH :
7. PHOTEX: PANNEDURT .
is. FHOTEQ= A?HOTC(IPHYI).
79, RITURM 3
so. 1D PIOTCX
il. EXTCOX: PROCERURE
22, PCF=.5;
3. PC=PCF2U(IPHYL);
8k, FEITCO=, 04+, 00B3+Ple D5hePCer 665656607 ;
25, RETUR
36, - Bn EXTLOX;
27. MUTEAX: PROCCDURE ;
58, NUTEAC=ANUTFALIPHYL)
£9, RETURH ;
33. EuN BUTFAX; ﬂ)
91, PHOTOY: KN PHATOX: 5
2. RESPLX: PROCEDURE ; ;
93. RESPLK=.0175+EXP{.069+TEMP(IPHYL));
2%, RETURN
95, £ND AESPLX;
56. BRAZFX: PROCENURFE ;
a7, © BPAICO=AGRAZC{IPHYL);
0%, CRAZFT=GRAZCO«HERRSLIFPHYL);
99, RFTURM ;
150, Fun nRATFY;
131, BLOMSY: FNA PCORSX;:
inz. RIFFYS: PROCENURE
123, Cls=~S1GMADT/NX/DX;
104, CI=Cl+(TUETA-Y);
5. Cl=Cl+THETA;
1086, Al=, S«ACCHST=NT/DX: )
107. BAL=CCONST*DT; )
198 8lal-2+«C1; ’
109, LET OF(R.S,T)=(C2-A1)*R~{1+BAL~AL=2eC2)25+{C2>AL} T
il0, IF tPUY1=Y THEN GO TO SONE;
111, I IPHYIT=N THEN GO TD SALL;-
112, c{n,1)=0C1;
113, cin, 23=01;
114, D(N)=DF(U{H~1) U(N), 0),
115 RETURH ;
116, sone:  ¢{i,2)=81; * .
117, c{1,3)=CL; .
113. D(1>=DF(O ui1),u{2));
119, RETURM
120. SALL: c(tﬁwv1 2)m31;
122 COyPHYL, 12,01 2HYL, 3)=C1; .
. ﬂ(!DHVI) nr (U(IPHYI 13, U{TPRYI, UTIPHY141));

FETURN




24,

END DIFFUS;

25, THOMAS: PROCEDURE ;

i26, 3{1)=0(1,2);
127, THI: N =2 TO M;

) 128, 8(H)=C{1,2)-C{1.3)eC{1~1,3)/B(1~1);
179, END THI;
130, n{1)=p{1)/¢¢1,2);
131. TH2: DO 1=2 TO H; :
132, DEN)=(DCI)=-CCY, 13eDC1~1)3/B(1);
133, END TH2;
134, TH3: - DO t=i-1 7O I BY ~1;
135, DOLY=N(E)=C(1,3)enl1+1)/R01);
136, END TH3:
137. RETURN ;
138. END THDHAS ;
130, PHYTOY: END PHYTQP:
140, HEAMIG: PROCENURE ;
is1, CALL SKIP(5);
142, PUT [MAGE(TINE,DT)(FORM2):
143, CALL SKIP(1);
ib4tk, PUT LIST{' PROFILE AT THIS TIME 15");
145. PUT [MAGEC(U)}(FORM3);
146, RETURN ;
7 FORMZ:—HIABE: .

"TINE = ====_«=  TIME YUAS INCREMENTED RY =w=, ==
143, FORE3:  iMAGE:
149, END HEADNG: o
150,  FORML:  IMAGE; _ o
ORININAL PIOFILE AT I1HITIAL TIME % —wvee - |§

151, MALEND: END ;
152, SKIP:  PROCEDURE (SK);
153, S: po 1=1 TO SK;

. 154, PUT LIST('");
155, FND S;
155, RETURN ;
157, END SKIP;




1. b) 'Inpﬁt Information

PN

TIOAS00 105000 103000 101000 012500 04

2 7 B ‘

[ o)
H
=

All input is keyed in from the reg
format. :
CPS will request input by outputt

See the sample input for this mogq

31
22U

O30 ONONN KEBH0 SN TOBHN TSNNG
ARDNND -S2000 SPCH0 44000 35500 27000
15500 12000 2600 7600 6160 S000 4400
3400 3100 3000
2P TINLT
B

)
PTST R

1

ADRE I .

16 153 1447 14 13¢3 126 119 112
947 9 843 Te5 647 549 5.1 443 345 24
17 13 141 495 V82 71 +6 +52 446
2?2 TEMP :
21.02 21 20N.98 20496 20.94 20.92 204
2056 20654 20.62 20.5 20.75 2076

mote terminal in free
ring the variable's name.

lel below;

ono’
10500
20000

3600

10.5

B.2e1
4 .37

¢ EDB3

2 e 74

[«
P0T2 2047 2068 20606 20464 E062 2046

POWER 20456 20.54 20.52 2044 20.2 19
16.2 : : ‘ : ‘
?2HEFRRS ‘ .

556 6 7T 59 10 11 12 14 16 18
16 149 ¢ 28 6 S 4 433322
22APHETC - ' S

v4 1745

50 20 18

16 17

t 23 456789 10 11 1213 14 15

18 19 PO 22 24 26 28 30 32 34 36.3% |40 45

22 ANUTFA - ,
9.00090909N9091 TRTRI2T2T2TRTE 14+ 545454545455

1 IRI8IRIELOLE
3C.902090909091
250 454545454545

I6IEIRIGIEININ TRJEERIOIRININ 1647
VASAZABLSAZA55 12.TRTRTAYRT2T3 10.¢

Q.00090609N0NYT 2T RTRTZTRTICTRT 4544
63.636363636364 RIVRINIALILIFIHED 100
PR BIRIA1 01018 180 6303863656306 127
130.9090C070900 136.36363636364 140,

SEEAZCOL Y

5
D1 w0F w03 04 05 NG DT W00 09
19 20 P2 W24 026 J00 W30 30

’

21 RIGERTR]ELGR
27.272127212727
23.6361636362364

277
274

21

34

TRIRIRTeTeq

giptRI2027021

151S1HIRIED

3 63636363636
WELDL LI IR
15454524545 44

115 11RIFBIBIER
nTeTeIeTeTs”

. N \.
T ol o012 o13 14 15 16
36 +38 +40 +45 50 '




l. ¢) Sample Output

ﬁp:GINAL pp4FIL§ AT INITIAL TIME.

106500
gaenn
LTON0

300

TIME =

PROFILE AT THIS TIME IS
~75448

-a2123u0
12564
15176
68687

tnsnnn
7200
20000

2400

200

19457

§0431

60689

~60470 -~46908 -34226
256561 31455 37731
¥R576 63424 631010
43543 . 29284 "

C-5

= {
1300 101000 FRsan- -
-1BEQN0 TnHnn ASOON
15500 iennn 2600
2100 anno

TIME WaSs INCREMENTED'B?

0 15,
94000
K9000
TEN0

1.00
-229 41

4421 %
82110

93000
52000
(110

~12450
51568

 RO461

onnnNe | RABNL
A4DNN 35567

5000 4407
~3214 $331
59502 6759
17844 7400
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2, Phytoplankton Submodel (PHYT@) - Dettailed Flowchart
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FOTOR | PRICEURE
( sTaRY ) -
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ENSZRAY Y PROMEDURAE  VeRTuX ', PROCE JURE
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LEM

ACONSK ! PROEJVRE  enotox! PROCEDURE BLONSK | PROCEDURE
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" STARY TR k STAET
- MM

]

) : CAv b * 2% b ba
STMVEA= 2 _ CNOTEY PROTOX
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froroy! PROe Al

(o)
1
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Phytoplankton Submodel (PHY1®)

al

b)
c)
d)
e)
£)

g)

C-186

This model, based primarily on }
Bumpus (1949), computes the phy
prcductivity using difference eg
depth and time.
Conversational Prbgramming Syste
IBM 360/50.
Conversational Programming Syste
One second-order differential ed

No unusual numerical methods.

The following model relating pls
and time (t) was investigated:

2iley, Stommel and
rtoplankton rate of
juations involving

»m PL/1.

:m, Release Y.

juation.

nkton (u), depth (%)

. 2 M
sulx,t) _ 3 u(x,t) du(x,t)
e Tl ) ,357_;__ + a w5 2 + bu(x,t),

where ¢, a, b are coefficients requiring estimation.

In this instance

A/p, where A = Austausch co
eddy diffusi

4]

where v =

o
!

= -v, sinking rate

o
i

Pp - rp - gh, where Py = ph
= plo (1

kzy

experim
photosy
I = in
extinct
depth o
depth o
depth a
than .0
units m

o
]

nutrien
correct
turbule
of phyt
g = gra
herbivo
populat

fficient of vertical
ity and p = density,

f phytoplankton,
tosynthesis factor

kz

- 2 1NV),

ntally determined

thesis coefficient, >
ident light, k = :

on coefficient, z
euphotic zone, z
mixed layer (maxiImum
which p is no greater
standard deviation
re.than surface pJ).

factor, V = 21/22

on for vertical

ce, r_ = coefficient
plankgon'respiration
ing coefficient of
es, and h = herbivore
on at each depth.
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The model has been treated by a mg
as described in "Difference Method
R. D. Richtmyer, New York Intersc]

1thod using finite differences
is..for Initial-Value Problems", -
L.ence Publishers, 1857,
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h) Phytoplankton Submodel (PHYT®) Variables

N:

DX

U(il:

PLANKS (i):
TINIT:
TSTEP:

DT:

NS:
IDTIME:

TIME:

THETA:

HERBS (i):
SIGMA:

ACPNST:
BC@NST:

ADRD:

LN

number of samples (egually spaced) in the dlstance'
dimension (depth).

(original data may have| to be smoothed and interpola

to get a larger number of samples.)

spacing between samples - constant - (meters).
(value of .5 gives a sufficient number of statlons)

array for storing numbe
phytoplankton at presen

{concentration) of3
time: (mg/& or g/m“).

i = 1’2’.IIIN.
U(l) is the top value {(surface). .

U(n) is the bottom value (at depth).

array of original éoncentratéons of phytoplankton
at each level: (mg/& ox| g/m™)

initial time for which P

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
how many iterations must
final time).

sion (days). (determines
be performed to reach

number of steps in time which must be taken to reach
final timej; NS = TSTEP/DT.

incrementing parameter in D@L@OP IDL
- incremented for each stlep (iteration).

present time = TINIT + --L-

~ incremented by DT each time IDTIME is incremented
(days). (Final time given by TINIT + NS*DT = time
after last increment (iteration).

parameter induced by finite differences method.
(recommended value = .5, gpace - centered scheme).
care of herbivores model (mg/f op g/ma).

variable in the dlffu81on equation - combination of
other variables (m?/day).

variable in the diffusion equatlon - combination
of other variables (m/day)

variable in the dlffuilon equation - combination of
other Vdrlables (day~

A/p A = Austausch-coefficient of vertical eddy
diffusivity and p = density of water (m? day-1).

ANKS, et al are given (days’




[

ADRD:
cont'd

SINKRA:

PH@T@:

AA:
PH@TCH:

APHGTC (i):

EXTCD:

PCT
@

PC:
NUTFAC:

ANUTTFA:

RESPLK:
GRAZCO:

AGRAZC:
GRAZFT:
c1, c2,
C(i,3)

D(1)

B(i)

C-~19

(values gotten frgm B
if in units of cm

- to get correct units)

sinking rate of phyta
(bhould be’ variable,
(m day~1).

photosynthe51s factor
(day-1).

internal variable.
coefficient of photos
& time, so is jinput b
(e gm~+ cal” ).
array of PH@TCO value

extinetion coefficien

fraction of weight of
chlorophyll {(dimensig

concentration of chlg

nutrient factor (dime
& time ... input by A

array of NUTFAC valug
times (dimensionless)

coefficient of respir

coefficient of grazing

(dependent on time &
fraction - of phytoplan
day by one herbivore)
array of GRAZCQ® valug

internal variable (d4

Al, Bl, BAl, R, S, T are al

DIFFUS. (this sets u
for the finite diffex

i=l,...N, holds the 1

dlagonal matrix genex
solution.

i=1,...N, holds the ¢

- finite differences sq
&

the solution of the

izl,...N, is one arre
to the solution of t}
by DIFTrUS).

ages 124-129%"
do~1 then multiply by 8 65

»

plankton.
but ‘currently iq_set at 2).

- ihtephally determined.’

ynthesis - dependent on depth
y means of APH@TC,

s for given time (em? gm'l cal

t of light (m 1),

phytoplankton which is
nless}.

rophyll (mg/% or g/ms).

nsionless).
NUTFA).

(dependent on depth’

s for various depths at given

-1y,

ation for phytoplankton (days
of herbivores (% day-l mg"l).
depth; input by means of AGRAYC;
kton concentration consumed per

s (2 day-l mg“;).

Lyﬂl)

1 internal variables in procedure
1)p the matrices C(i,3) & D(i)
rences solution).

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

ronstants for the equations in the
lution and in THOMAS which holds
cystem equations.

1y .in procedure TIIMAS (nccessary
¢ system of equations generated

-1,




" INCRAD:
EUZONE:
MIXLAY: -

VERTUR:
IPHYI:

TEMP (i):

C-20

incident radiation for g

depth of the euphotic zone (m”

depth of' the mixed layer
is not more than .02 std
than the surface value).

T 9 -3

iven time (gm cal em ° day

1y

»

» {maximum layer where densit
ndard deviation units greate

internal variable, (dimensionless).

ﬁajor incrementing varigble of program -~ D@ LOGP PHY

in PHYT@P. :

(calculates SIGMA, ACBNST, BCPNST, & C(i,3) & D(i)

for each station (depth)

temperature (°C).

- IPHYI indexes the station

a9

v




PROCEDURES

MAIN - increments time, gets in

PHYTQOP
INCRAX - calculates
VERTUX - calculates
SIGMAX - calculates
ACPNSX - calculates

BC@NSX - calculates

Pi@TOX - calculates ph

PEOATCX ~ calculates

incid

itial values.

ent radiation.

vertilcal turbulence.

SIGMA

ACONST.
BCHNST .

otosynthesis factor PHOTS.

PHATCA.

. EXTCBX - calculates EXTCO.
NUTFAX - calculate

NUTFAC.

RESPLX - calculates RESPLK.
GRAZFX —_calculates GRAZFT.

DIFFUS - calculates

THZMAS ~ solves system of
HEADING - outputs solution.

SKIP - skips lines in output.

c(1i,3

) & D{i) ~ system of equations.
equaticns, gives solution.






