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COMPUTER LIBRARY FOR AGRICULTURAL SYSTEMS SIMULATION

The Computer Library for Agricultural Systems Simulation (CLASS) is
one of the four major activities of the Agricultural Sector Analysis
and Simulation Projects at Michigan State Unviersity under U. S.
Agency for International Development Contract AID/csd-2975. The
other three major interrelated project activities include theoretical
and methodological research, the Development Analysis Study Program,
and field activities, primarily in the Republic of Korea.

The project objective is to develop an approach to institutionalizing
an analytical capacity for planning, policy formulation, program
development, and project implementation for agricultural sector
development within the public decision making structure of developing
countries. A major component of the analytical capacity is a series
of system simulation models tailored to the needs of the individual
country. Much of the experience gained from the field activity and
the knowledge gained from the theoretical and methodological research
added to the present stock of knowledge about building and maintaining
analytical capacities for agricultural sector development can be
preserved and extended in the training provided through the Develop-
ment Analysis Study Program and in the stock of model, component, and
utility routine computer software documented in the Computer Library
for. Agricultuyral Systems Simulation.

In full operation, the Computer Library for Agricultural Systems
Simulatior (CLASS) acquires, catalogs, maintains and distributes
computer programs and associated documentation. These computer
programs are of generalized simulation models, components, and
routines designed specifically for the analysis of agricultural
development problems and processes. In particular, the library sets
standards of admissibility for programs and documentation; catalogs
and indexes programs and documentation so as to facilitate their
retrieval by users seeking a set of programs to be used in a specific
problem analysis; and distributes programs and documentation to users.

To enhance the effectiveness of the library, its functions also

include identifying and soliciting needed models; actively bringing
programs and documentation up to the library's standards; and

providing limited consultation in identifying and implementing
appropriate library programs for a particular application. A subsidiary
function of the library in conjunction with the identification and
solicitation of models is to survey and catalog ongoing research in
agricultural systems modeling and simulation.

The CLASS document publication series is the main vehicle for jnforming
potential users of the substance of CLASS holdings and activities.

July, 1976 George E. Rossmiller
‘ ‘ - Director
Agricultural Sector Analysis and
Simulation Projects
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DEMOGC Abstract

DEMOGC models the demographic cohort-survival processes of birth,
death, migration and aging for a population disaggregated by age and
sex. The length of a cohort is an average of the time individuals take
to pass through the cohort; t.e., cohort staying times vary among
individuals In the population. DEMOGC may be used, for example, for
populations of trees, capital equipment, |ivestock, insects and humans
--where "age" cohorts may be defined by such age-related characteristics
as yleld, reliabitity, fertility, instar and use of soclal services,
respectively.

Age cohorts are modeled by distributed delays which assume individual
staying times in a cohort are random variables following an Erlang distri-
bution. The delays are non-conservative fo handle storage losses due to
deaths and migrations, and the means of the distributions, i.e., the
average staying times, may be Time varying. Finally, the user has the
optlon of specifying whether births are to be endogenous (i.e., by
natural reproduction) or treated as an input (e.g., overt plantings in
t+he case of tree populations).

Inputs to DEMOGC are age-sex specific proportional fertility, death
and net out-migration rates and mean delay times. DEMOGC computes
population levels (fotal and by age and sex), births, deaths, migrations,
the sex ratio, crude birth and death rates and the population's natural
and net growth rates.

DEMOGC requires429 decimal words of core storage and6,0 milliseconds
to execute (with three cohorts for each of two sexes) on a CDC 6500
computer.
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. Process Description

One of the components most commonly found in large~scale socioeconomic
systems models is a population dynamics model. Fopulation models, at one
extreme, are often simple models in which a constant exponential growth rate
Is applied to an initial population level. At another extreme are found
complex demographic systems 'n which the population Is disaggregated by
age, sex, Income class, education level, geographic area, employment,
etc.; fertility and death rates for each category are determined endogenously
by socloeconomic conditions in the farger model; and migrations among
categorles are also linked to factors in the larger system.

DEMOGC takes a middle course in order to Increase its general useful-
ness. Aggregated exponential growth models, for anything but very macro
analyses, |Imit too greatly considerations of socioeconomic feedback
effects on population growth and of population distribution effects on
demcgraphlic outputs to the larger system. Demographic models which, on
the other hand, disaggregate the population along several dimensions and
compute fertility, death and migration rates endogenously have limited
applications--limited to situatlons where the designated dimensions are
applicable and where the chcsen factors and functional! forms determining
fertility death and migration rates are appropriate. |In addition, where
the population model is but one component of a much larger model, the use
of computer resources (i.e., execution time and core requirements) becomes
a real constraint to the use of the more disaggregated models. DEMOGC
Is general enough, however, to be used, if desired in a particular

application, as a subcomponent of a larger population component which
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computes the feedback effects t+o and from a still larger socioeconomic
model and thus passes endogenous fertility, death and migration rates to
DEMOGC as Inputs. In addition, such a larger population component can
use DEMOGC repetitively to freat a multidimensional disaggregation of a
single population as a collection of populations with possible migrations
among them.

DEMOGC itself disaggregates a population by age and sex, and cohort-
specific fertility, death and migration rates are treated as possibly
time-varying inputs. The user has the flexibility to collapse either
+he sex dimension or the age dimension or both if greater aggregation Is
desired. For example, for capital equipment populations, the sex dimension
may not be appropriate. Even for cases where disaggregation by sex Is
inappropriate, the "sex" dimension may be redefined and used for another
classification, e.g., modern and traditional biological varieties of cocoa
trees. Further, the user has the option of specifying that births are
not to be generated within the population by natural reproduction but
rather by external factors or decisions. Again, capital equipment popula-
tions serve as an example, where "births" are investment decisions.

Finally, age cohorts in DEMOGC are modeled as distributed delays
(using CLASS component DELLVF) wherein the iength of time spent in each
cohort varies from individual to Individual in the population, e.g., due
to genetic or environmental differences. DELLVF also accounts for cohort
population losses and additions due to factors other than aging, e.g.,
deaths and migrations. The average staylng time In each cohort Is
treated as an input to DEMOGC and may change over time depending on

conditions in a larger model. In this way, age cohorts may be defined
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not by chronological age but by some other age-varying characteristic.
Continuing the capltal equipment example, if It can reasonably be assumed
that reliability (or productivity) and maintenance requirements vary with
age In general but that individual pieces of equipment of the same age

may exhibit different degrees of rellability and maintenance requirements
(l.e., Individuals "mature" at different rates)--then the use of distributed
delays Is appropriate. |f fixed age cohorts are desired, CLASS component
DEMOGD may be used in place of DEMOGC.

The technical description of DEMOGC, which follows, is presented with
reference to the 1llustrative use of DEMOGC as a simplified version of a
demographic cattle mode! developed for a region of Colombia [1]. Three
age cohorts are defined (Figure 1). For females, the three cohorts
represent helfers, producing cows and old cows, respectively. For males,
the output of the second cohort is considered finished males, all of which

are sold for slaughter, so the third cohort remalins empty.
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female
Producing ~
Heifers Cows > 0ld Cows >-natural
deaths
1V IR
:L :L > female
slaughter
male
;>na+ural
deaths
Finishing
Calves Males Old Males
male
:’slaughTer
Figure 1

DEMOGC Cattle Demography Il lustration
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I1. Technical Description

A. Mathematical model

DEMOGC is modeled in two parts. The first part uses CLASS component
DELLVF fo simulate the maturation process oi individual animals aging
through the distributed delay cohorts, and it computes the population
for each age-sex cohort, for each sex, and the tofal, The delay for each
cohort, e.g., of age j and sex k, is of order KCjk' See the DELLVF
documentation for derivations of equations (1) and (2). (The simulation

mode! uses Euler integration to solve the differential equations.)

aRP ;) (1) o | dOEL, (D)
(h il el L ST DR S AL o ar
Jk Jjk
DEL (1)
b ¢ PR DT, =l e, Ky
Jjk
RP (or ) ) = RING (D)

()

ROUT ;, (1) = RP o
DEL (1) KCik
(2) POP, (1) = —%— ] RP. . (1)
jk KC. Lok
JK =|
NC
(3) POPS, (1) = .Z POP, (1)
Jj=1
NSEX
(4) TPOP(t) = ] POPS, (1)
k=1

where:
RP -~ intermediate rates of the delay

RIN -- population entering the cohort (animals/year)
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ROUT -- rate at which population matures out of the cohort (animals/
year)
POP -- population level in the cohort (animals)

PLR -- proportional loss rate due to deaths and migra+ionl/
(proportion/year) (equation (6))

DEL -- the average time for an indlvidual to mature through the
cohort--input to DEMOGC (years)

KC -- the order of the delay
POPS -- population by sex (animals)

TPOP -- total population (animals)

j -- indexes cohorts, j=I, ..., NC
k -- indexes sexes, k=1, ..., NSEX
NC -- the number of cohorts

NSEX -- +he number of sexes (NSEX = | or 2).

Population entering cohort j of sex k, RIN, Is defined as:

BTH, (+) for j=I

k
(5) RIN, (1) =
Jjk

ROUT k('1') for j=2, ..., NC

(j-1

where:

BTH -- births by sex (animals/year) (equation (| |).

The DELLVF routine (refer to i+s CLASS documentation) simulates a
distributed delay with time-varying mean delay time DEL (an Input to
DEMOGC) and storage losses PLR (equation (6)). The order of the delay

KC is a measure of the variance 02 of the delay times of individual

1/

—'Migratlons are infterpreted as slaughter In this Ilfustration.
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animals about the mean--the larger KC, the smaller the variance, where
02 = DELZ/KC and where individual delay times follow an Erlang distribution.
In certain cases, KC and DEL may be estimated from observed or experimental
data [2].

The second part of DEMOGC computes births, deaths and migrations
from fertility, death and migration rates (inputs to DEMOGC). It also
computes growth rate statistics.

The total proporticnal rate at which animals leave cohort jk for

reasons other than aging, i.e., due to deaths and migrations, is PLR.

(6) PLR., (t) = PMR, (+) + DR., (1)
Jjk Jk

Jk

where:
PMR -- proportional migration rate--input to DEMOGC (proportion/year)
DR -- proportional death rate--input to DEMOGC (proportion/year).
Deaths, then, are computed for each cohort and summed across cohorts,

and fotal migration is calculated.

DR., (+)+POP,, (1), J=1, ..., NC-I
Jk Jk
(7) DTHJk(f) =
DRy (1) *POPy o (1) + ROUT, o (1)
NSEX NC
(8) TDTH(+) = Z .Z DTHJk(f)
k=1 j=I
NSEX NC
w>'mm+)=‘£|£ﬁw%¢+»m%kw)

whe! e:

DTH -- deaths from a cohort (animals/year)
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TDTH -- total deaths (animals/year)

TMR -~ total migration (anima!s/year).
Notice that animals aging out of the last, oldest cohort of the population
are accounted as deaths (equation (7)).

Equations (10) and (11) compute total births and births by sex.

NC
(10) TBTH(t) = ) FR.(+)+POP._ (1)
= J=1
J
(F1)  BTH (1) = PBF-TBTH()
BTH,(t) = TBTH(T) - BTH (1)
where:

TBTH -~ total births (animals/yecar)

BTH -- births by sex (animals/year)

FR -- fertility rate--Input to DEMOGC (proportion/year)

PBF -- proportion of births which are female.

If DEMOGC is used to model a population which does not reproduce
itself naturally (or for which it is not desired to model reproduction),
and births are determined exogenously to DEMOGC, e.g., the planting
of trees, then equation (10) is not executed and TBTH is considered an
input to DEMOGC. It is also possible to use DEMOGC for populations not
disaggregated by sex.

Finally, DEMOGC generates a number of population statistics.,

(12) SR(t) = POPSZ(T)/POPS (+)

(13) CBR(t) = TBTH(t+)/TPOP(%+)
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(14) CDR(t) = TDTH(t)/TPOP(t)

(15) PGRN(t) = 100(CBR(t) - CDR(t))

(16) PGRT(t) = PGRN(t) - 100<TMR(+)/TPOP(t)

1]

where:

SR -- sex ratio (not computed if the population is not disaggregated
by sex)

CBR - crude birth rate (proportion/year)

COR -- crude death rate (proportion/year)

PGRN -- natural growth rate (percent/year)

PGRT -- net growth rate (percent/year).

Initial conditions must be specified exogenously for the inputs
FRJ, DR, and PMR.

Jk JK
internal variables (e.g., RPijk’ RINjk) are initialized by DEMOGC.

and for the cohort populations POPJK. Outputs aund

Parameters which must be given values are PBF, KCjk’ NC, NSEX, and —he
simulation step size DT.
B. Sample Run

The sample computer run using the cattle demography illustration
(Figure 1) assumes constant proportional annual fertility, death and
migration rates, where "migration" is interpreted to be slaughter. The
fertility rate or the producing cows is .75, The death rates are, for
the three female cohorts, .03, .02 and .02; and, for the two male cohorts,
.03 and .02, respectively. Slaughter rates are .13, .02 and .5 for the
three female cohorts, and .|l and .| for the male cohorts. The mear
lengths of the cohorts, also assumed constant for this illustration, are
2.5, 10 and 5 years respect'vely for the female cohorts, and 2.5 and 3
years for the male cohorts. Inltial population levels are (in thousands

of animals) 118, 242, and 43 for female cohorts, and |17 and 94 for male
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cohorts. The output of a ten-year simulation appears in Figure 2.
The results of sensitivity tests changing parameters by +10%
and DT by -50% (the latter to test integration accuracy) are tabulated

in Table I,
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TIME TOT. FOF. FEM. FOF. MBLE FOF. TERTHE BIRTHE
0. ELAUESQE LAUI0E+0S (ZL10E+02 (2E33E405 J1S15E+0E

SEX RATIO CFRUDE EF CRUDE LF HMRT . GRTH. HET BRTH. MIGEN.
SSIRE+00 LIRSEE4O0 L EZVIGE-01 0 JI2STRE402 J1G2eE+02 0 LSFGESE+0D

FEMALE FORULRTION CORDRTT

MALE FOFULATION COHORTS

AISUE+DE JSH4S0E40E LAICLE4DT JLITVOE+40S (S400E+0D O,
TIME TOT. FOF. FEM. POFP. MALE FOF. DERTHE EIRTHE
LO00E4+01 LFSOSE+0S  (47ISE+08  S7S3IE+0E6  (ST43E+05 . 19494E+06
SEX RATIO CEULE EE CEUDE DR HAT. 3RTH. HET GRTH. MIGRM.
SSINEHN0 J2SINEHQ0 LIHITE-UL JS2RLEH0E JFL45E+01 0 (103SE+0S

FEMALE FOPULHATICH COHORTE
LATGIE+OE (ERRCE+(E

SITIZES4CD

MALE FOPULATION COHORTS

ATIRE+HOE JRESEH0S 0.

TIME TO7. FDF FEM. FOF. MALE FDF, DEARTHE BIRTHE
MACOOE+DT1 JSIIZE+0E JS4SSE+0S (I44TE+DE JESSEE+40D L2290E+06

SEX RRTIO CRUDE ER CRUDE DE HAT. GFTH. NET GRETH. MIHFN.
ASEIEAN0 JESSHE40D JZESTE-O1 J2ZEVRE+H0S LFRIHE+HOD JLLIVEEHDS

FEMALE FOFULATION COHORTE

LOPTE+DE L I0SHE+0E L2545

TOT. FPOF. FEM. FOF.
QOOE+01 107ZE+0V Sl
SE¥ RATIO CFUDE ER CRUDE DR

G aE+00 SSI0E+4OND

FEMALE FOFULATION CORORTI

e R o)
CY = -.'-E—

MALE FORULRTION COHORTS

+0%  JJISZE40S J1EISE+GE 0.
MALE FOF. TDEARTHI BIRTHE
+05 G2S4EHCE LSIIEHO0T LETIIEH0D
HAT. GRETH. HET GRTH. MIGFN.
01 L2312E+NE ATSEE401 J1442E+05

MALE FOFULATION COHORTZ

LGEA DS JITEGEHOS L I4SIE+NS LSSSOE+0S L1E7IE+OS 0.
TIME T07. FOF. FEM POF. MALE FOP. DERTHE EIRTHE
LSO0UE+U1 J1Z0EE~SOY7 eTC 0E JSI02E+06 JISS1E+0S (342 0E+05
SEX RRTIO CEWUWDE EF CRLUDE DR NRT. GETH. HET GRTH. MIGEM.
EAIZEFND JIEIEEHQ00 LATIME-01 (23435402 JL0ESE40E LITZIE+H0G
FEMALE FDFULATION FDHDPT- MALE FDFULATION COHORTS
LS04 0E+0E L9455 0E+0E IESSEH0S JIZUIZE4NS J1RREE4QS 0.
TIME TOT. FOF. FEM. POF. MALE FOF. DEATHE EIRTHE
JAO00NE+02 L 1SFIE+07 JITASE+NE L e2I2E+0E J421TE+H0S L4124E+05
SEX FEATIO CEUDE ER CRUDE DR MAT. & TH. NET GETH. MIGEN.
LIHAEHND LSESYE400 JEVOIE~-U1 LJSESIEHO0Z J1043E+402 L20SeE+0A
FEMARLE FOFLLATION COHORT: MELE FOCULATION COHORTS
JITSEES (S JSSREZE+NE (4EFEES0NS 314E+Uc SR+ 0E D,
Figure 2

Sample Run Output
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Table 1

DEMOGC Sensitivity Test Results at Yeer 10
b
%E Temale Male Sex Natural Sales--Culls
Standard i Pcpulation | FPcpulation Ratio {Growth Rates and Slaughters
Value Test é; |
Run 1 ;
Ceh. | Coh. | Ceh.| Value %fl‘?D animals 1000 animals - w/vear 1000 animals/yr.
in Definition S 301 e o . o ! ) .
..« Standard run 74,3 52708 €535 5.3¢% 208.6
‘ < deviation frem standard run
. Female initial cohort | i !
pooulations 118.0 1 242.0¢ 42,0} +i0¥ f +10,1 ‘ +10.0 Q 0 +10.0
. Male initial cohort ?
populations 117.00 84.G1 O +10% | 0 0 0 0 0
. Female cohort matura- §
ticn times 2.5 10.0; 5.0f +10% ! -3.10 -4.64 -1.60 -1.70 -4.02
. Male cchort maturatien i § ;
times 2.5 3.61  ~- 1 107 | 0 +4.21 +4.32 -2.13 ~1.44
. Female cohort death ; ! } ;f
rates 02 .oq .02 +10% 1Y -2.25 -1.72 +,5 ~-.8 -1.73
. Male cohort death rates| .03\ .02 - | +i0% || 0 ~.609 -.594 ~.170 -.527
. Female cohort sales é ! ?
rates .13 .OZ{ .3 ; +10% —5.73l -3.98 +1.86 -.212 -.911
. Male cohort sales rates 11 .1 i - % +1C% 0 -2.32 -2.31 .9 +.8
. Fertility rate .75 +10% +15.7 +19.7 +3.50 +6.37 +16.7
. Proportion of births
female .5 +107% +15.7 -2.02 +15.3 -3.99 +3.64
. Simulation time
increment DT .25 -50% +1.09 +1.47 +.391 -3.823 +1.39

Z1-390W3d
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i1t. Program Information

A. Program Description

DEMOGC was programmed and tested in the following operating environment:

Mackine: CDC 6500

Operating system: MSU Hustler 2 L239 LSD 32--an extension of

CDC Scope 3.2

Compiler: CDC FTN V3,0-P357

Core requirements: 429 decima! words

CP compile time: 2.5 seconds

CP execution time (for sample run): 6.0 milliseconds

Tapes: none

Direct access files: none

FORTRAN |ibrary subprograms used: FLOAT, AMAXI

DEMOGC is structured as two subroutines, DEMOGC and DELLVF, the former
containing two calls to the latter, the second call being inside a DO-loop.
No COMMON blocks are used.

DEMOGC models the cohort-survival process of a population disaggregated
by age and sex, given fertility, death and migration rates. DELLVF models
the flow of population through the cohorts as distributecd delays. (See
DELLVF Documentation.)

DEMOGC is divided in two parts which may be executed separately by -
specifying ICALL = 1 or ICALL = 2 in the argument list. This Is significant
only if fertility rates (FR), death rates (DR), or migration rates (PMR)
depend on current population levels, which are computed in the first part
of DEMOGC. If this is the case, two calls to DEMOGC (the first with [CALL =1,
the se:nd with ICALL = 2) should be used, with FR, DR, and PMR calculated
between the two calls. If this is not the case, i.e., if FR, DR and
PMR are constant or depend only on past values of variables, a single

call to DEMOGC (with ICALL = 0) will suffice, (Although in the

sample program one call with ICALL = O rather than two calls would work
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because FR, DR and PMR are constant, two calls are used for illustrative

purposes as if FR, DR and PMR depended on current population levels.)

B. Program implementation

All inputs and outputs are transmitted through the argument Iist,
and no logical units are used by DEMOGC. See the list of the sample run
executive program for an example of the cal! statement.

The program will not execute properly 1f NSEX has a value other than
| or 2, or NOBTH has a value cther than 0 or |, |f NSEX = |, PBF need
not be defined. |f NOBTH = |, TBTH must be defined outside of DEMOGC,
and FR need not be defined. Finally, the following conditions must hold:

DT > 0

NC > | and integer

DELJK(T) >0 for all t, j=I, ..., NC; k=1, ..., NSEX

KCjk > | and integer, j=I!, ..., NC; k=1, ..., NSEX,

C. Program lists

The computer programs for the sample run and for DEMOGC, including

subroutines DEMOGC and DELLVF, are listed below:
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PROGRAM DEMTETCOUTRUT S

DIMENSION BRCZD s

DIME

DIMENZION ROUTCZ S0

NZION

KIZC3420s PLREC

BTHIE 2 o
ERTCRIEIN of L gt
L D ML

DELC S s& s

QE_'SI

DEMOGC-15

DELF(3,2%y DRC2s2)s DTHOZ:2D
+22+ POFC2:23s POPS(R)

DATA FPOP ~ 113000., 420000 42000,« 117000, 34000, 0.
OATH DEL » 2.9« 10,y Sy 2.5« 2040 1, 7

DRTA TF ~» .03« 02 03 03 .02 . 7

TRATA PMR ~ .13y .08 Ss L11a 1y 0,

DHTH
DHTA
DRTAH

IDTLL -

KC
EF -

1
10

oy .75

)

L0
.

S O

DATA HESNDT MIEX » 10 2 2
DATAH NOETHSBCFFPEF - 0 1. .5 7

DRTH

nT -

o
LY =AU

T = -DT
DO 40 I=1 .41
T =T + [T
ROUT 22y = 0.
CALL DEMOGC CFPOF
LI s
THE
T 10
CRLL DEMOGCCFOF s
CDF s
TME «
T ,_:_'"
THMF = THMFE + FOUTOS o0
FIGRT = PGRMN - 100 eTHF-TFROF
IFEMODO -1 o= JHE. 00 30 10
PRIMTIO T STROFFOF T 2 TOTHTETH
PRIMTIL «ZF «DBR o (% o bkt ne T o Tk
FRIMTAZ o 0OF
COMTINLE
=T0OF
FORMAT SHITINME - 7794700,
EHUEARTHY o5 s dBI=TH . - 1h
TAHUEER B forad s oBH0 2N

k2 POFS,
EF s CRBF
R

DEL « DELF
MOETHs FEF»
ERFN. FORT

ROUT « RF
DTHe TOTH
FME« FLE .

FE
TUTH
- L_ )‘1' .

FOPS s
EFs CERS
Mk s M

DEL« DELF s KL
HOETH« FEF o
CERM e FLRT

=0T
OTH
=TE .

G

TR ALk I
=B WA

P R I B R 1

F0F

FORMAT . DR 2

TPOF »
ETH»
MHZs MNIEXs DTo

TFOP »

BTH «
NZEYs DT

Y e LOHNAT,

10

VAIHHET GRTH L 2N

EHMTREMN L. IH

=T I G

FORMATV 3=

FEMAL E

2H COHORTILH

EMD

Furi e 10m
Bl L

TOMGATT o34 LEHNMALE

SRy IR
TETH
IDTU,

TRy DR
TETH «
TDTU
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TUBROUTINE DEMODGCCFOFs ROUTs #F« DELs DELPs ks POPTSs TFOPs ZR»

+ DFts CDRe UTHs TDTHs HOBTHs PEFs BRs CERS
+ ETHs TETHs TMR« FMF« FLEs PGREMNs PORTs Mk M
+ MZE%s DT IDTU. Ts ICALLD

TITLE - DEMOGRAFHY WITH DIESTRIBUTED AGE COHORTE

YERZION - 1A

DRTE - 1 MAY 1975

PURPOZE - DEMOGC MODELS THE COHORT-ZURYIVAL DEMOGRAPHIC PROCESIES:
OF EIFTHs DERTH: MIGRATION AND AGIMS FOR A FOFULATION
DIZRGGREGATED BY AGE AND ZEX. WHERE AGE COHORTE ARE
MODELED BY DIZTRIBUTED DELAYE

INPUT REGQUIREMENMTE

VALUES TRANZMITTED THRDUSH THE ARGUMENT LIET -- ALL INPUT
YARTABLE X

VAFRIABLES FREQUIRING “YALUE:LZ WHICH wILL NOT CHANGE DURING A RLUIM
-— DTs IDTUs ECOT et WGy MOBTHs MHIEX
VARIAEBLES FERUIRIMG VYALUES WHICH MAY CHANGE DURING A RUN
—-— BRCI?s DELCI ol DROCT ol s ICALL s PBFs PMRCI s di s
T
VARIAEBLES COMPUTED BY THIZ FOUTINE FREQUIRING INITIAL YALUES
-— POFCL . J0
guUTFUT YHEIRELES
VALLES TRAMSMITTED THROUGH THE ARGUMENT LIST —- BTHCU>s CEF
CIRs TELFPClsdn s ODTHCI s v e PRRENY FORTs FLRPCT o0y
POPSC A2 s ROUTCTI s dos RPCK eI «dds ZRe TEBTHs TDTH»
TME s TPOP
YHRIARBLE DEFINITIONS
ERCI? - FERTILITY EHRTE IM FPROFORTIONAUNIT TIME. C(HRGE?
BTHCJ» = BIRTHS IN IMDIYIDUALZAUNIT TIME. C(SEXD
CBR -~ CRUDE BIRTH RRTE IN PROFPORTION-AUNIT TIME.
CDR - CRUDE DERTH FATE IN PROFORTION-AUNIT TIME.
DELCI sy - LEMGTH OF DELRY IN TIME UNITS. CAHBE»SEX)

DELPC<I+Jds — LENGTH OF DELRY AT PREVYIOUE TIME PERIOD IN TIME
UMITS . CAGESZEXD

DRCI sy — DEATH RATE IN PROPORTION/UNIT TIME. C(RAGEIEX

DT - ZIMULATION TIME IMCEEMENT IN TIME UNMITE.
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DTHCT » ) = DEATHE IM IMDIVIDUALE<UMIT TIME. CAGE ZEXD

ICALL - MODE OF DOFERATION OF THE COMPOMEMT. UNITLESS.

IDTU - NUMBER OF INTERYALZT INTO WHICH DT IS DIVIDED FOR USE
IN THE DELAY FOUTIMNE. UMITLESE.

kKCCIsd> — ORDER OF COHORT DELAY. UNITLESE. CAGESEX)
MC - NUMEER OF AGE COHDRT:. UNITLESE.

MOBTH - INDICATEZ WHETHER RIRTHE RARE GENERATED BY THE
FOPULATION OR HMOT. UMITLESS.

NZEX - HUMBER OF IEXEL <OR SUBPOPULATIONT». UNITLESS.

FEF - PROFORTION OF EIRTHE WHICH ARE FEMALE <OR FIRST
EUBFOFULATIOND .

PSEN - NRTUFRAL SROWTH PATE OF THE FOFULATION IN FERCENT-
IMIT TIME.

PERT - ACTUAL SEOWTH RRTE OF THE POFULATION IN FERCENT~
UNIT TIME.

FLECI <) - PROPOFPTIONAL LOZE RATE CMIGREATION AND DERTHZ IN
FROFPORTION-HMIT TIME. THGE sZEXD

FMRCI s 10 — FROPORTIOMAL MIRRATION FATE 1IN FROFORTION-UNIT
TIME. CHGEs3€H

POFCI ) — FOFULATION IM IMDIVIDUARLE . CREEsZERD
POFZc A - TOTAL FOPULATION BY ZEX IN IMDIMVIDUALE. CAGE «ZEXY

FOUTET o4 = COHORT OUTFUT FATE IM IMDIVIDURLE-UNIT TIME.
CHGE » ZEMD

RPCKE Iy - ZET OF IMTERMEDIATE RATET FOR EACH COHORT IM
IADIVIDURILT -OHLT TIME. CEZTHGSE OF DELRY «HGE s SEXD

ER - LEX RATIO. UMITLEZZ.

T - ZIMULATICON TIME IM TIME UNITZ.

TETH - TOTAL EBIRTHZ IM IMDIVIDUALE-UNIT TIME.

TDTH - TOTAL DEATHD IN INDIVIDUALIZSUMIT TIME.

THMR - TOTAL MIGRATION FATE IH IHDIVIDOALE-UNIT TIME.

TPOF ~ TOTAL POFULATION IM IMDIVITUHRLE .
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—

DIMEHI TOM FReHTy s ETHOMIER) s DEL vMTe MEEWD « DELF (M HTE
DTMFHTTAN TR cHe 1R 0 0 ITHHDy HEEYY « B oHTa RERD »  FLR T MEE R
MTMEHTTAH PR ol (T E Y« POR CHD o M3 o PIIPT CHEE MY

TUTMEHE T BT CHE S HTES 0 o B MR W MRE

NEMAC TS DIWTIDED I Ted PARTS WHICA MR FBe O

IF 15/ =n THE EATIRE ROUTIME 1% cepiiTeD

IF ToALE =1 THE CURFENMT FPOFPULATION I3 SALTLATE

IF [FAatt =2 BIRTHS. DEATHSy MIGFATIOWs ETZ. ARE CALCULATED

TEeT JHF. N, =l T &0
TET OTHTITIAr AL iES FOR DELAY FOUTINE

T 15 =177
NEv e b = Nicw v deeld
Teim = Eii v dard
W1 in T=1«T¢7
PRl bk = PORC Lew SDEL Ve i
CORAT Tie
FORIT Ol = FRPOLL der™
COHT T
Al T =6

UFTATFE FORATION COHDRTE
JHds = M-

N9 &= bi=ste I
b=+t -

CALL TELEYF RrOUT =t ey e #OUdT O ds s RVl barsy PO Cder s
Fer e DEL Y dewmds DELF Cdsr2s DTy TDTihe /iSO fepad
COrT T e
CHLL DFLLYFETH F y FOAT clermas PRPOLelamsy FPOFYLek s PLEVLaR

DEL flei v s DELFCLarye DTe TDTibe EoCLekn
FORG ATTON TOTAL

FOFZ G = 0.,
0 4n =tapid
FOFZ G = POPTORDY + POFP Gl kD
COAHTTHINIF
T TROF + FOFE D
AT T

e
TFoTinmLt

L. Ty RETILFH

IF TopbL =1 FeplTIoN erbi HeErme
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23
24

N
N

13

=4 T
e BEN 1]

IF ICALL=2 EXECUTION BEGINZ HERE DEMOGC-19
MIGRATION AND DEATHE

TMR = 0.
TDTH = 0.
DO 54 K=1NiEx
DO 53 J4=1sNC
PLRC sk
DTHC sk

PMRC.JaKY + DRCIsKD
DR Sk 2 oPOF ) sk

THE OUTPUT OF THE LAST AGE COHORT IS CONMSIDERED TO BE DERTHS

IFcJ JEQ. NCY DTHCIsKD> = DTHCIsKD + ROUTCIHKD
TDTH = TDTH + DTHCdsk?
TMR = TMR + PMRC.\sk)eFOPC.IskD
COMTINUE
CONTINUE

BEIRTHE

IF BIRTHS ARE NOT COMFUTED FROM THE POPULATION (NOBTH=13
THEN THE CALLING FROGRAM MUST SET TRTH TO THE DEXIRED
HUMEBER OF BIRTHE

IF(NOBTH .ER. 1t 6O TO £3
TRETH = 0.
po0 55 J=1sHC

TBTH = TRBTH + EBRCI:ePOFCIs10
CONTINUE
IF(NZEX JHE. 2 50 TO &=

FOR TWO ZEXES BIRTHE ARE APFORTIONED EETWEEN THEM ACCORDING
70 WARIAELE FEF

BTH(1» = PRFeTETH

BTH:2» = TBTH - BTHOLD
IFCPOFSGLy JER. 0,2 30 7O 70
IR = FORSC22-FOFICLD

0 7O 795

FOR OME ZEX ALL BIRTHS 0 TO THAT ZEX AND TEX RATIO I3 ZERD

BTHC(1» = TRTH
SRe= 0,

CRIDE BIRTH RATE. DEATH RATEs AND BROWTH RATES

IFCTPOF .ER. 0. =0 7O S0
CER = TETH-TFOFP

DR = TOTHSTFDF

FERN 100,eCCBR - DR
PioRT FERN - 100, eTHR-TFOF
FETUEN
CER = 1.
CDE = 0.
FioRM = U,
PERY = 0.
RETURN
END
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SUBROUTIME DELLYFERINSFOUT sR s ZTRGSFLRsTEL «DELF sDT s IDTLIsK D

TITLE - DIZTRIBUTED DELAY WITH YARIABLE DELAY TIME AND STORAGE
LOESES

YERTION - 1H
DATE - 1 HOY 1374

PURFOZE - ZIMULKTION OF A DISTRIEBUTED TIME DELAY PROCESS WITH
YARIAELE DELAY TIME AMD ZTORAGE LOZIESR

INFUT RERXUIREMEMNT:

VALLES TRANIMITTED THROWGH THE ARGUMENT LIST -- DELs DELP.
DTs I0OTUs Ky PLEs ROIDs RFIMe STRG

VAR IAELES FEQUIRING YALUEL LHICH WILL HOT CHANGE DURINMG A RUN
-- DT ID0TL. K
VARIAREBELES FEQUIRING YALLES WHICH MAY CHAMGE DURING &/ FUH
-— DELs FLEs FIM
VARIAEBLE: COMPUTED BY THIZ ROUTINE REGUIRING INITIAL WALUES
—-— DELFs R« ZTERG
guTFUT YARIAELE:

VALUES TRAMNZMITTED THROWSH THE ARGUMENT LIET -- RCId s ROUT
LTREG

YARIABLE DEFINITIONS
DEL - CURFENT LEMETH OF DELAY IMN TIME UMITE.
DELP - FREWIOUE LEMGTH OF DELAY IN TIME UNITE.
DT - SIMULATION TIME INZREMENT IN TIME UNITE.
IDT - HUMEER OF SUEDIVIZIONE OF DT RPEGUIRED. UNITLESS.
IDTU - UIER-FFECIFIED MUMBER OF ZURDIVIZIONT OF DT. UNITLESS.
K - OFRDEF OF DELHY. UNITLEZE.
PLR - PROFORTIONATE LOEE FATE IN PROPORTION-UNIT TIME.
RCI» - INTERMEDIATE RATES IN UNITE<UNIT TIME.CSTAGE OF DELAY?
RIN - IMPUT FATE IM UNITI-UNIT TIME.

ROUT - OUTPUT FATE IN UNITSAUMIT TIME.

%

TR: - ETORAGE IN UHITZE,

al



10
15
cn

PRg
o

DIMENZION Kcid
FK = FLORTCK?
B=1. + (DEL-DELP)>~ (FKeDT» + PLEeDELP-/FK
IDT = 1. + c.eBeDTeFK-IELF
IFCIDY JLT. IDTUS IDT = IDTY
A = FKeDT/ (DELFeFLORTCIDT 22
DELP = DEL
KMt = K~1
DO 20 J=1,IDT

IFfK ER. 12> 50 7O 15

DO 10 I=1skMi

RiI» = RCIY + AeiRCI+12—FeRCIND

CONTINUE

RCkY = ROKY + He(RIN-BeR(KD
COMTIHUE
ETRL = 0.
DO 30 I=1.K

TR = ETRG + ROIXeDEL-FE
CONTIMUE
ROUT = RC12
RETURN
END
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