AGENCY POR INTERNATIONAL DEVELOPMENT

WABHING TOMN. D. C. 2092y

BIBLIGGRAPHIC INPUT SHEET

; FgR AID USE ONLY

A L HIAARY
PRI TN N |
»

TEMPORARY

CLASSEs

» SE
FICATION 1] CONDARY

2, TITLE AND SUBTITLE

DEMOGD: demography with discrete age cohorts

J. AUTHORI(S)

Abkin,M.H.; Wolf,Christopher

4. DOCUMENT DATE S. NUMBER OF PAGES

1976

24p.

6. ARC NUMBER

ARC

7. REFEPENCE ORGANIZATION NAME AND ADDRESS

Mich.State

8. SUPPLEMEMTARY MNOTES (Sponaoring Orqanization, Publishors, Avallability

(In Computer Library for Agr.Svst

)
ems Simulation. CLASS doc.no.7)

9. ABSTRACT

(LIBRARY & INFO.SCIENCE R&D)

10, CONTROL NUMBER

PN- AAE= 0Ol 5~

11. PRICE OF DOCUMENT

12, DESCRIPTORS

Computer programs
DEMOGD?

Demographic surveys
Models

Time lag

13, PROJECT NUMBER

14, CONTRACT NUMBER

CSD-2975 Res,

15, TYPE OF DOCUMENT

AlD 901 {4+74)



DEMOGD:
DEMOGRAPHY WITH DISCREIE
AGE COHORTS

Michael H. Abkin

Chris Wolf

COMPUTER LIBRARY FOR AGRICULTURAL SYSTEMS SIMULATION

CLASS Document No. 7

Agricultural Sector Apalysis and Simulation Projects
Supported under Contract No. AiD/csd-2975
U. S. Agency for International Development

Department of Agricultura! Economics
Michigan State University
East _ansing, Michigan

July 1976



ii

CLASS Document

T.  Symbofic Name 2. Name 3. Type 4. Versaon No.

and Dafe

DEMOGD Demography with Discrete Age component 1A T
Cohorts 5/1/75

DEMOGD DocumentaTtion

Contents
. Process Description ...veiieieniianannns i vereneseennee
Il. Technical Description .veiveeevinenessens e Ceeereenasas e 3
A. Mathematical model ..vviivriieninnnenvneans Cereriereneees D
B, Sample run ...veiiiineieieneneasenseneersanns chrenans ceens 7
I11. Program Information ......... Cereesaasaean Cerrersieaien verens 11
A. Program description ........ s teresaneen B B
B. Program implementation ...... Creerans Cieesenseanaan A V4
C. Program lists ..ivieiiiiiiiinneanans eseens Cheaan B 4
1. Of sample run executive ...... 000 P

2. 0Of component ........... Ceren P 1



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 AlD/csd-2975. The
other three major interrelated project activities include theoretical
and methodological researcn, the Development Analysis Study Program,
and tield activities, primarily in the Republic of Korea.

The project objective is to develop an approach to institutionalizing
an analytical capacity for planning, policy formulatinn, 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 tne needs of the individual
country. Much of the experience gained from the field activity and
the knowledge gained from the theoretical and methodoiogical 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 Agricultural Systems Simmlation.

In full operation, the Computer Library for Agricultural Systems
Simulation (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 impiementing
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 simuiation.

The CLASS document publication series is the main vehicie for informing
potential users of the substance of CLASS hoidings and activities.

July, 1976 George E. Rossmiller
Director
Agricultural Sector Analysis and
Simuiation Projects
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DIMOGD Abstract

DEMOGD models the demographic cchort-survival processes of birth,
death, migration and aging for & population disaggregatea by age and
sex. Each cohort is of fixed length so that all individuals in the
population take the same time fo pass through it; all cohorfts need not be
of the same lengtn, however. DEMNGD may be used, for example, for popula-
tions of humans, capital equipment and stucents--where "age" cohorts may
be defined by chronological age, vintage, anc class year, respectively.

The rate at which individuals pass through each corort is adjustea
for storage losses due to ceaths ancd migrations. Furtherrmore, The user
has the option of specifying whether births are 1o be cenerated endogerously
(e.g., by natural reproduction) cr treatec &s an inpu* (e.g., invesTtments
in The case of capital equipment populations).

Inputs to DENMOGD are age-sex specific proportional fertility, death
and net out-migration rates. DEMOGD computes population levels (+ctal
and by age and sex), births, deaths, migraticns, the sex ratio, crude
birth and death rates and the population's naturz! and net growth rates.

DEMOGD requires 379 decimal words of core storage and 4.6 milliseconds
to execute (with six cohorts for each of two sexes) on a CDC 6500 computer.
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t. Process Description

One of the components most commenly found in large-scale socioeconomic
systems mocels is a population dynamics mede!. Population models, at one
extreme, are offen simple models in which a constant exponential growth rate
is applied to an initial populaticn level. At another extreme are found
complex demographic systems in 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 endogenodsly
by socioeconomic conditionc in the larger model; and micrations among
categories are also linked to factors in the larger system.

DEMOGD takes a middle course in order to increase its general useful-
ness. Aggregated exponentiai growth models, for anything but very macro
analyses, limit too greatly considerations of socioeconomic feedback
effects on population growth and of population distribution effects on
demographic 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 |imited
applications-~limitec to situations where the designated dimensions are
applicable anc where the chosen factors and functional fcrms determining
fertility, death and migration rates are aprropriate. |In addition, where
the ponulaticn model is but one compenent of 2 much larger model, *the use
of computer resources (i.e., execution time and core requirements) becomes
a real constraint tc +he use of the more disaggregated models. DEMOGD is
general enough, however, to be used, if desired in a particular application,
as a subcomporent of a larger population component which computes the

feedback effects to and from a still larger socioecconomic model and thus
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passes endogenous fertility, death and migration rates to DEMOGD as inpuTs.
In addition, such a larger population component can use DEMOGD repetitively
to treat o multidimensional disaggregation of a single population as a
collection of popuiations with possibie migrations among them.

DEMOGD it1self disaggregates a population by age and sex; &nc ConorT-=
specific fertility, geath zna migration rates are freatec as 50SSicly
timc-varying inputs. The user nas the flexioility to coilapse either The
sey dimencion or the age dimension or both, if greater aggregation is
desired. For example, for capital equipment populations, the sex dimen-
sion may not be appropriate. tven for cases where disaggregation by
sex is inappropriate, the "sex" dimension may be redefined and used for
ancther ctltassification; e.q., cattle raised under modern and fraditional
management conditions. Further, the user has the option of specifying
that birtns are not +to be generated within the population by natural
reproduction but rather by external factors or decisions. Again, capifal
equipment poputations serve as an example, where "births" are investment
decisions,

Finally, DEMOGD models age cohorts of discrete lengths. That is, Tne
time spent in a given cohort is the same for every individual in the popu-
lation; Jifferent cohorts need not be of The same length, however. The
latter property ie very useful for agaregating certain age groups of the
population wnile examining others in more detail. |f distributed rather
than discrete, age conorts are desired; i.e., 1f conort staying vimes
may b considered to vary among individuals in tne popuiation rather
than be constant for every individual, CLASS component DEMOGC may be

used in place of DEMOGD.
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Il. Technical Descripticn

A. Mathematical model

DEMOGD is moceled In *wc parts. The first part simulates the cohort-
survival prccess, and it computes the pcpulation <for each age-sex cohert,
for esact sex, anc the *+otal,

At each time +, the simulatinn model computes the population level

in cohort j of sex k using Euler invegration to sclve the differential

equation:

dPOP.k(T)
(1 ———g#———— = -PLQJk(T)-POPJk(f) + AR(j_I)k(T) - ARjk(+)
where:

POP -- population level in the cchort (people)

AR -- rate at which population matures out of a cohort (people/
year)

PLR -- proportional loss rate due to deaths and migrations
(proporticn/year) (equation (6))

J == indexes cohertsz, j=1, ..., NC
k -- indexes sexes, k=1, ..., NSEX
NC -- the number of ace cohorts

NSEX -~ the number of sexes (NSEX = 1 or 2).

For i=', #he firs* gce cohor®, AR, = BTH  births of that sex per yeer.

nt,

Zvery CLEN. vears in the cimylation, the maturation (or aging)

rate of cohort jx is corputed by:

(2) ARJK(T) = POPJR(T)/CLENjk, 1=0, CLENjk’ 2CLENJk, cos
where:
CLEN -- the length of the cohert (years),

Tavation (2) 7s an cbvious, ve* no* L-commcp, ancroximation in +hat it
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assumes the population within a cohort is uniformiy distributed through
the cohort. Thus, the shorter the cohort is, the better the approximation
will be. At other times during the simulation, AR is adjusted only for
deaths and migrations occurring during the CLEN years:

dAR.k(T)
(3) —— = -PLR. (1)+AR., (1), +#0, CLEN
Jk gk

5t ZCLENJK’

JK’

Thus, by computing aging rates and integrating to get poputation levels,

(a) cohorts need not be of equal length, (b) population level changes are
determined continuously rather than only at fixed intervals corresponding

to the common cohort length, and (c) time-varying fertility, death and
migraticn rates may be considered continuously rather than only at the

fixed intervals (an important consideration if cohort lengths are long
relative fo response times to family planning and health programs and to
charging economic conditions).

Finally, population by sex and total population are computed:

nNC
(4) POPS, (1) = .Z POHJK(T)
j=1
NSEX
(5) TPOP(t) = [ POPS, (1)
k=1

where:

POPS -- population by sex (people)

TPOP -- total population (peopie).

Tne seccend part of DEMOGD computes births, deaths and migrations
from “artility, death anc¢ migration rates (inputs fo DEMOGD)., It also

computes growth rate statistics.
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The total proportional rate at which people leave cohort jk for

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

(6) PLR, (+) = PMR,  (+) + DR, (1)
Jk JK jk

where:

PMR -- proportional migration rate--input to DEMOGD (proportion/
year)

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

and total migration is calculated.

D . i= -
DR, (1)-POP (1), j=1, ..., NC-1

(7) DTHJk(+) =
«POP
DR () PO.NCk(T) + AR, ., (1)

L7 NCK NCk
NSEX NC
(8) TDTH(+) = Z .Z DTij(T)
k=1 j=1
NSEX @C
M = R, . .
(9) TMR(T) kg} Ji1PMRJk(+) Poka(+)

where:
DTH -~ de1ths from a cohort (people/year)
TOTH -- +otal deaths (people/year)
TVR -~ “*otal migratior (oeopie/vear).
Notice that neople aging out of +he 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) T8TH(t) = ] FR; (+)+POP | (1)

=1 |
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3

nm

i

«TBTH(T)

]
T

BTh](f)

BTH, (1)

2 TBTH(T) - BTHI(T)

where:

TBTH -- Totel births (people/year)

87H -~ births by sex (peogie/year)
FR -- fertility rate (proportion/year)
PEF -- proportion of births which are female.

If DEMOGD is used to model a population which does not reproduce

itself naturally (cr for which it is not desired to model reproduction),

and birtns are ceterminad exogenous!y to DEMOGD, e.g., capital

investment, then equation (10) is not executed and TBTH is considered an

input to DEMOCD, 1t is also possible to use DEMOGD for populations not

disaaggregatea by sex.

(13)

(14)

rinally, DEMOGD generates a number of population statistics.

SR(T) = POPSZ(T)/POPS1(f)

where:

CEBR(%) = TBTh(1)/TPOP(T)
COR(t) = TDTH(+)/TPOP(t)
PGRN(t) = 1CC(CER(T) ~ CDR(t))
PGRT (1) = FGRN(T) - 100TMR(T)/TPOF(T)
SR == sex ravic (not compuTed if Tne population is not
disaggrecatec by sex)
CER -- crude oirtn rate (propcrrion/year)

COR -- cruce ceath raeve .oroporticn/vear)
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PGRN ~-- natural growth rate (percent/year)
PGRT -- net growth rate (percent/year).
Initial conditions must be specified for the inputs FRI’ R and

Jk’
PMR;V and for the cobhort populatiors COPJk. Cutputs and internal variables

w

Y

(e.qg., ARjk and PLRjk) are initielizec by DEMOGD. Parameters which must

be given values are PBF, CLENJk’ NC, NSEX ancd the simulation step size DT.

B. Semple run

The sample computer run is a model of = huran populatior disagaregated
into six male ard six femaie cohorts. The mode! assumes corstant propor-
tional ennual fertility, ceath and migration rates. The six female
cohorts are of length 5, 7, 6, 20, 12 and 30 years, respectively, so
that the third, fourth and fifth cohorts represent the reproductive age
with fertility rates of .1, .25 and .05, respectively. The six male
cohorts, cdefinecd relative to labor force participation, are of length
&, 10, 15, 20, 15 and 15 years, respcectively. Teath rates, migraticn
rates anc initial cohort population levels are incdicated in the list
of *the sample run executive program. The output of a ten-year simulation
appears in Figure 1,

The resul*s of sensitivity tests changing parameters by +10% and
2T by =80% (+he latter *g *os*t integration azccuracy) are tabulated in

Takla !
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Figure 1

Sampie run Output

TIME TOT. POP. FEM. FOF. MALE FOP. LEATHE BIRTHE
B.on0 121000, 2AnGa0., SE000, GRS, =350,

LSE¥ RRATIO CEUDE ER CRUDE [k MAT. GRTH. MET GRTH. MIGRN.

L35 g LS 1.3e .47 DRI

FEMALE POPULARTICH <OHORT:

Senan. YO0, 11000, 2T0an, 10000 000,

MHLE POFLLATION COHDRTS
ZE000. SO0, Sinnng. 170060, SOou, SOoun.,

OF. FEM. FOF. H®MRLE FOF. DEATHT EIRTHE
c . AS2TT. SRS 1e, 4713, 2127 .

ZE»x PATIO CRUDE ER LFUDE TR AT. GRETH. MET BRTH. MIGRN.
LAe IE T ) L 1.57 3 cS19.

FEMALE POFLLATION COHORT:

-y -, =

13732, L7HgE poEns., SEL DG, 11335, 3e%7.
MALE FOFULHTION COHORTE
19735, R N L CRIRET - 1Ease. caEd. cU3s.,

TIME T07T. FOFP. FEM. FOF. MRLE FOF. LDERTHE BIRTHE

4,00 124524, DI lE, BALED S 4513, FaED S
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AT A e 1.35 e c

£ FORPIWLATION COHORTL
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MHLE FOPULATION COHORPTS
122847, T I RN B 1ee(e . 589, c18E.

TIME TaOT. FOFP. FEM. FOF. mMHARLE

=OF . DEATHE EIRTHS
.00 [T A RE ST O iV

3369, V5.

SEX R

ay I

TI0D CFUDE BR  CFLLE DF  NAT. SRTH. NET GRTH. MIGRN.
L0a ] EK: =T 34 2E5E

el La

5

FEmMARLE FOFULRTION COHORTE
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DEMOGD Sensitivity Test Results at Year 10

Table 1

it
i
i

Change Female Male Sex Natural
From ??opulation Peopulation Ratio Growth Rate Migratien
Standardf
Run Definition Value (a);iloOO pecple 1000 people — 1000 people/yr.
]
1. Standard run 0% ! 95.27 94.59 .9629 1.968 2,588
% deviation from standard run
2. Female initial cohort !
populations +10% +10.0 +3.55 ~-5.86 +5.86 +6.26
3. Male initial cohort
populations +10% | 0 +6.46 +6.46 -6.10 +3.71
4. Female cohort death
rates +10% -2.04 -.254 |+1.82 -5.13 -.966
5. Male cohort death
rates +107% 0 -1.66 -1.66 =3.10 -.773
6. Female cohort
migretion rates +107% -1.46 ~.328 +1.12 -1.68 +3.98
7. Mule cohort migration
Tales +i.0% 0 =1.15 -1.15 +1.07 +4.29
8. Fertility rates for
females 12-17 +107% +.514 +5.18 +.0101 +2.95 +.386
9. F¥errility rates for
fernles 18-37 +107% +2.79 +2,82 +.03 +10.0 +2.12
10. Fertility rates for
females 38-49 +107% +.241 +.243 ] +.9C5 +.154
11. Proportion of births
female +107 +3.54 -3.52 -6.83 +.813 +.0386
12, Simulation time
increment DT -50% +.0525 +.0317 -.0202 -.254 -.0386

(a) Standard run values are given in the data of

Figure 1.

=0

01 -020n
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{11, Program Information

A. Program descrip*ion

DEVEED was

AW

rogrammec and ‘ested in the following operating environment:

Machine: CDC
SYS

Cperating m: MSU Hustler 2 L2329 LSD 32--an extension of

CDC Scope 3.2

Compiler: CDC FTN V3,0-P357

Core requirements: 379 decimal words

CP compile time: 2.3 seconds .

CP execution time (for sample run): 4.6 milliseconds

Tapes: none

Direct access files: nonre

FORTRAN library subprograms used: AMOD

DEOGD is s*ructured as one subroutine which models the cohort
survival prccess of a pepulation disaggregated by age and sex, given
fertility, deatn and migretion rates. Age cohorts are of discrete lengths
but need not all be of the same length.

DEMOGD is civiced in two parts which riay be cxecuted separately by
specitying ICALL = 1 or ICALL = 2 in the araument list., Thic is sig-
nificant only if fertility rates (FR), death ratec (DR), or miaration
rates (PVR), depend on current population levels, which are computed in
+he first part of DEVOCGD, if this is the case, two calls to DEMOGD (the
First with ICALL = ', +he cecond with ICALL = 2) should be used, with FR, DR,

and OV calcuiptald betwenr o Gfyo colls, 14 thig i not the case, i.e.,
or cdocorg orly or 2ast values of variables,
2 s'rgie ca'll to DUVOCT (wte o GCALL = 0) will suffice. (Although in the
sample program ona call with ICALL = 0 rather than twe calls would work

because FR, DR and P2 are constant, two calle are used for illustrative

urpcses as if FR, DR and /% deoended on current population levels,)
P ’
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B. Program implementation

All inputs and outputs are fransmitted through the argument list,
and no logical units are used by DEMOGD. See the list of the sample run
executive program for an example of the call statement,

The program will not execute proper!y if NSEX has a vealue cther than
1 or 2, or NOBTH has a value other than 0 or 1. |f NSEX = 1, PBF neec
not be definead. |If NOBTH = 1, TBTH must be defined outside of DEMOGD,
and FR need not be defined. Finally, the following conditions must hold:

oT > 6

NC > 1 and integer

CLENJK >0, j=i, ..., NC; k=1, ..., NSEX.

C. Program list
The computer programs for the sample run and for DEMOGD are !isted

below:



DEMCGD~13

FROGFAM DEMTLT OUTOUT
DIMENZION ARSI BROED  BETH 2 COHLEN R & e DFCE 2
DIMEMZION DTHOS & 0 FLRFOE GZ 1 a SR O FOF w20 POPSCSY
DATA FOF » 220000« (a0, 11000, 27000, LODO0 .« 3000,

1
+ e AN L e B AR L R B s Ny DO s Y D S0ann,

DRTA COHLEMN © S.¢ Tov mue 20,0 15,4 30,

+ Ta 100 1S S0 1S 1S,
DATA DF < 04 L0007 L0106« (085S« L 11Ss L1
+ T L T VD BT N By It SR
DATH PME - o0l S0y L01S s L0323 01Se L0005,

+ O N S | e T} R & SRy 1) Lt

DATH EF « O, T.s Jls L35 .05 0.
DATH HZaHZEX -« B 2 -
TATA HOBTHFEF « 1,
IATHR 0T » .25 -
T = -IT
0 40 I=1,3349
T=T7+ 0T
CHLL DEMOGDCFOFs FOFSs TROF. 2Ry COHLEMs AR DR« CDF s TTH
+ TOTHs HOETH« FEF« ERW CEF« ETHe TETHs FLF s FME
+ TMEs PGORMs FERTY MO0 HZEXs OT« T 10
CARLL DEMOGDOROFs FOFZs TROF. TFs COHLEMs AR« DRy COF LTH
+ TOTHs MOETHS FEFs EF« CER ETHs TETHs FLF s FMR .
+ TME s PEREMs FGRT Y M2 0 MIE= 0T T &0
IFeMODeI-1 42 ME. 0.0 20 TO 40
PREINT AT «TROF FOFI «TOUTHTETH
FRINTAL IR GCER ST DR S PERN FGRT «TMF
FRINTZZ«FOF
IFCT JGE. 1o,y ZTOF
COHTIMUIE
=T0OF
FORMATCSHITIME «Sa3HTOT, FOF . 2% o PHFEM . FOF . + 24 v 3HMALE POF . + 47 o
+ EHUDEATHE s Sy e HEIRTHI s 1H WFe 23 SF 1L .00
FORMAT ML ORDZE. FRTIOC S EHOFUDE FRZ5 IHOPUDE DR 237« 1 OHHAT . 5RTH.
+ L e ZHMET GRTH. v & anHM TR, TH oF G, 2 E8F 112 3F 11 2FL11.0%
FOFMAT V20K FEMARLE FOFULATION COHORTI - 1H 5F11 .07
+ S MALE FOFULATICH COHOFTZ-1H mF1t. 0
EMT

=
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SUBRDUTIME DEMDSDCRIR s =0F:s TRPIF« TRy COALEl Afy DR DS
+ OTH« TOTHs H40ETH 2BF s 2R IBFs BTy TETRS
+ SLE PR THR S FAR s SER T D AZEs DT To

+ IoALL

Ase COAORT =

1|
m
—
m

TITLE - DEMOsrArdy WiTH DILCre

JERZTON - 1A

PURPOZE - DEMOGAD AO0DECD THE COHO~T-TdRd Tedn DeMd
OF 21mTHs Je/Tdsy ATEeAET Lo A HEIHG =
b

GIZARAmESATE D B AR AdD DD
MODELED B UlLireTE DeElHAf:

JALUES TRAATMITTED TARIWSA THE ARSUMEAT LIET -- AcL IdFJT
] E.

VATTABLED FEOUIFT 62 A 0l wdlid wloe 0T SHAMSE DIRIMS A Fuid
m— COHLEA T avy DTe HD v A0ETH HEZES

VARTABLED REOJIFTAS ¢ALUED wrlod A7 CHAMGE DUFIHE A #udid
e BRI DFCTadae ICALLs PEFs PMRGTads T

YAFTAELES COMPUTED B/ Trll ROUTIAS REJIRIAG INITIAL YALJEED
—— FOF{Ta 1

JUTERIT AR IABLE L

.
BTH Joo wBx s JDre DTH-Tadds PORMs PORTs PLECT s L0

VALJED TRAMIMTITTZD TA=Jusd Tre ARoUMEMT CIZT —— Amclsldos
FOFZ e IR TETHS TOTHs TMR s TRAF

VAR IABLe Der IHITIOM

4 = ARIAGs FATe I THDIWTI DAL D~ JddIT TIME. CAcc s ZEAD

I
R4
—

AR — FATE AT wdlod IHDICIDURCZ eMTer THE HesAT CoddrT 1IN
THDI WIS He D I T TIme.
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TROF - TOTHL FPOFULAT IO I IMDIVIDORCE,
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DEMOSD T3 DIVIDED I Twd FAFTZ wHICH MAY BE CALLED SEPARRATELY
I[F ICALL=0 Tde EMTIRE ROUTIME [I EXECUTED
IF ICALL=1 THE CJRFENT POPULATION I: CALCULATED
IF ICALL=2 BIXTHI.« DEATHZ« MIGRATIONs ETC. ARE CHLCULATED
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COHTIM = AMOD T COALEMY Jer 5o
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AL FOuLOu:

IFCT JEd, 0,0 2] 10 =
el 1 30 T3 &
' FOFCLsr oo ] ,~DTePLRECL sk 00 + DTeIBTHOKI=ARCL sk

R0 10 S

FOFCdsb 0 = POP Jar 2ol ,—DTePLREY 1ar *3 + OTeCARP—ARC sk a0
AFRF = AR dar D

ARG sk = ARFC Jar 200} L -DTOELR T Jar 20

HT THE BEGIMMIMG OF A MEW COACRETs A HEW MARTURATION RATE
T2 CROIULATED

TP CORTIM JEQ. do AR Jary = POFY ek 0~ COHLENS Jak
RO TO &k

I1. IF THE ICHEDULED EEGIMMING OF A NEW COHORT OCURFED DURIMG
THE PREYIOU: DT+ THE FOPULATION 12 CALCULATED IN TWd
ITEPE

Ve THe FOFDLATION T: CACCOLATED FOR THE BESINMING OF
THE COHOFT

IT1 = DT - COHTIHM
IFE 0 WHE. 1+ 50 Td 14

FOFCLsr = FOFY Ler 00 L —DT1eRLES L ks + DT1ev BTHOK D =RARCE K3
50 TQ 17 ~
FOF dak o = FOFY dae ser | -DT1@RLFS Jak 33 + DTLeCARF-ARCD K30
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d. THE SOCULATION 1T TALCULATED 7P THE CLURRENT TIME

0

ITa = COHTIM

IFCd JNE. 1 50 7O 21

FOFCLsk = PORCL e e ,=UTZ@FLFY L skD Y + DTCe BTHOK  =HF L k2D
50 70 &3

FOFCoer s = POSC ek 0ed ]  —DTZ@PLRC Jak 0 + OTCeCARP—AR L ok 3
HEF = YAFTSDTL + SR Jew 1#0T 20T

HEC ek o= A tar @i 1 (=DTZ#FLFG Jar a0

IFCRORY Jakn 3T, 0,0 30 TO o

FOFP Jeks = 1,

HEC ek = {1,

FOFJLATION TOTHL:

POFZCkY = FORZCKY + FORG Jos
CONT IHUE
TFOF = TPOF + FOFIck
CONT INUE
IFCICALL LER. 1% RETLEN

[F ICALL=1 EXECLTION ENDI HEFE
IF ICHRLL=2 EXMECUTION BESIMI HERE

MIGFATION AMD
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IERTHL

TMRE = 1.
TDTH = 0.
D0 54 k=1 HIEY
g0 Sz t=1 .M
OTHO Jak = DR Lk 2oFOF T Jak 0

THE OUTFUT OF THE LAZT AGE COHDRT 12 COMIIDERED TO EE DEATHS

IFC) LER. MOr DTH Jek v = DTHO bk + AR ok
TOTH = TDTH + OTH: fex
FLEC sk = PREY Jok o+ TRV Lok
TMRE = THMF + FMF. ey 1@FDF Y Lok
COMT IMUE
COMT IMUE

BIRTH:

LE PIRTHL acp HOT COMEUTED EROM THE FOFULATICOM ¢NOETH=13

TREN THZ OSLLtoh 2CGE-AC muTT TET TETH TO THE DETIRED
MUMEER TE T TR

IFCHOETH JEQ. 1 oD TO k5
TETH = 0.
D3 25 J=1.H0C
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FORP TWO EZXEZ EIRTH: ARE APFORTIOMED BETWEEN THEM RCCORDING
TO YHRIHELE FEF '

BTHC1» FEFeTETH

BTHo 2 TETH - BTHO1 3
IFCcPOP>a1y (EQ. .0 20 TO 70
TR = POPZCS-FPOPZCL

0 TO 75

FOF OME ZE< ALL BIRTHT a0 7O THAY ZEX AND ZEX RATIO IS ZERC

ETH¢1Y = TETH

IR o= 0.
CRUDE EIRTH FATEs DEATH RATE: AMD GROWTH RATES

IFCTPOP ER. 0.2 30 TO 240
CERF = TETH-TFOF

CDR = TDTH-TROF

PR = 100 .eCCBR - CDRD
PGRT = PREN - 1a0.eTHMR.-TFOF
FPETURM

CBR = 11,

CDR = 10,

FERN = 10,

PERET = 0.

RETURN

END
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CLASS Documents

Title

“Computer Library for Agricultural Systems Simulation:
A Progress Report," Michael H. Abkin and Tom W. Carroll.
(July 1976)

"Software Standards Manual." (July 1976)

"Policy Analysis Language, Version 2.3, Programmer's
Guide for CDC Cyber Computers," Claudia S. Winer and
Chris Wolf. (July 1976)

"Policy Analysis Lanquage, Version 2.3, Reference
Manual," Claudia S. Winer anc Chris Wolf. (July 1976).

"Policy Analysis Languaqge, Version 2.3, Guide to
Using a PAL Program,” Claudia $. Winer and Chris Wolf.
(July 1976)

"DEMOGC:  Demoqgraphy with Distributed Age Cohorts,”
Michael H. Abkin and Chris Wolf.  (July 1976)

"DEMOGD:  Demoqgraphy with Discrete Age Cohorts,"
Michael H. Abkin and Chris Wolf. (July 1976)

"Ditributed viay Routines: DUL, DELS, DELF, DELLF,
DELVE, DELIVE," Michael i1, Abkin and Chris Wolf,
(July 19/6)

"Table Functions: TABEL, TABLX, TABUL, TABUX," Michael
H. Abkin, Chris Wolf, and Tom W. Carroll. (July 1976)

“"AGACC: Accounting Routine for the Agricultural
Sector," Denmis Pervis and Chris Wolf. (July 1976)

"User's Guide for the Geef Cattle Lntervprise Simulation
Model," Michacl R, Jaske. (Juiy 1976)

“User's Guirdn Lo SYsSobPT: e Interactive System
Optimization Corputer Prograin,” HMarcus Buchner,
(August 1976)





