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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 AIL/csd--2975. Tho 
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 tne 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 Agricultural Systems Siml' ation. 

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; dnd 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 informing
 
potential users of the substance of CLASS holdings and activities.
 

July, 1976 George E. Rossmiller
 
Di rector 
Agricultural Sector Analysis and 

Simulation Projects 
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I Cohorts 5/1/75 

D MOGD Abstract 

DEMOGD models the demographic cohort-survival processes of birth,
 
death, migration and aging for a population disaggregatea by age and
 
sex. Each cohort is of fixed length so that all individuals in the
 
population take the same time to pass through it; all cohorts need not be
 
of the same length, however. DEMIvGD 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 throuc each cohort is adjustea
 
for storage losses due to Ceaths and migrations. Furthermore, T-'e user
 
has the option of specifying whether births are to be generated endogenously
 
(e.g., by natural reproduction) or treated as an input (e.g., investments
 
in the case of capital equipment populations).
 

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

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

One of the components most commonly found in large-scale socioeconomic
 

systems models is a population dynamics model. Population models, at one
 

extreme, are often simple models Tn which a constant exponential growth rate
 

is applied to an initial population 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 endogenously
 

by socioeconomic conditions 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 exponential 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 comoute fertility, death and migration rates endogenously have limited
 

applications--limited to situations where the designated dimensions are
 

applicable and where the chosen factors and functional forms determining
 

fertility, death and migration rates are aprropriate. In addition, wnere
 

the pooulation 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 tc +he use of the more disaggregated models. DEMOGD is
 

general enough, however, to be used, if desired in a particular application,
 

as a subcomponent ot a larger population component which computes the
 

feedback effects to and from a still larger socioeconomic model and thus
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passes endoqenous fertility, death and migration rates to DEMOGD as inpuTs.
 

such a larger population component can use DEMOGD repetitively
In addition, 


to treat ,o multidimensional disaggreqation of a single population as a
 

col loc-t ion of po:)ujitions with possible migrations among them.
 

DEMK)Gl ilself disaggregaTes a population by age ana sex; anc conorT

speci fic fe-rt-iii-v, dath ana migration rates are treatec as possitiy 

ti.me-varyin,q input1s. lhe iser nas The flex iD i Iiy to co i Iapse i ther the 

s i,'rv. ir r the aqe dlimens.ion or both, if greater aggregation is 

desired. For exanple, for capitl-il equipment populations, the sex dimen

sion may riot be appropriate. Lver for cases where disaggregation by 

sex is inappropriale, the "six" dimension may be redefined and used for 

anolher classification; e.q., cattle raised under modern and traditional 

managemerit conditions. Further, the user has the option of specifying 

that birtn,; are not to be generaTed within the population by natural 

reproduction nut rather by external factors or decisions. Again, capital 

equipment populations srrve as an example, where "tbirths" are investment 

dec is 10115. 

iinal ly, DEMOC[) models age cohorts of discrete lengths. ThaT is, The 

time spuni in a given cohort is the same for every individual in the popu

lation; di fferent cohorts need not be of T-ne same length, however. The 

latter property is very useful for aggregating certain age groups of the 

population wriile examininq :thr. in more detail. If distributed rather 

than discrete, age conorTs are desired; i.e., if conorT staying times 

may n, wisidered to vciry among individuals in tne population rather 

than Co l..,T,;n, for every individual, CLASS component DEMOGC may be 

used in plce of DEMOGD. 
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II. Technical DescriD+ion
 

A. Mathematical model
 

DEMOGD is modeled !n 'wc )arts. The first part simulates the cohort

survivel Drccess, and it computes the ocoulation for each ace-sex cohort,
 

for eac6 sex, and the otal.
 

At each time t, +he simulati-n model computes the population level
 

in cohort j of sex k using Euler integration to solve the differential
 

equation:
 

dPOP k(t)
 
(1) dt1 = -PLRJk(t)POPjk() + AR -I(t) - ARjk(t) 

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 
(prooortion/year) (equation (6)) 

j -- indexes cohorts, J=l, ..., O4C
 

k -- indexes sexes, k=l, ..., ISEX
 

NC --	 the number of age cohorts 

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

= I
For i + 'h ' 3ce cocor"-, A Q TH,, births of that sex per yeer. 

Every CLE. veers in the simulatlon, the maturation (or aging) 

rae of cohorl i s corDuled by: 

(2) ARjk (t) = POPjk (t)/CLENjk, t=O, CLENjk, 2CLENjk, ...
 

where:
 

CLEN -- the length of the cohcr+ (years).
 

Faua'ion (2) is an obv1o.s, v?' no- c , 2-coximation in that it
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assumes the population within a cohort is uniformly 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 (t) 

= jk ' tAO, jk'' 2CLEN..(3) dtik -PLR k(t).ARjkk(t) ' CLENJk 

Thus, by computing aging rates and integrating to get population 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
 

migration rales may be considered continuously rather than only at the
 

fixed intervals (an important consideration if cohort lengths are long 

relative to response times to family planning and health programs and to 

charging economic conditions). 

Finally, population by sex and total population are computed:
 

C
 

(4) POPS k(T = j POPjk(t)
j=k
 

NSEX
 
(5) TPOP(t) Y POPS k(t)
 

k=i
 

where:
 

POPS -- population by sex (people) 

TPOP -- total population (people). 

Tne second part of DEMOGD computes births, deaths and migrations
 

from rTility, death ind migration rates (inputs to 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 kt) 	 = PMR jk() + DRjk(t) 

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.
 

OR (t).POPjk(t), j=1, ..., NC-i
 

fDjk •j'
 

) p O p N C k 
(7) DTH.k(t) 	= DRNck t M + ARNck M 

NSEX NC
 
(8) TDTHMt) X X DTHjk t)
 

k- I j=1 

NSEX NC
 

(9) 	TMR(t) = X 7 PMR. (t)'POF jkt) 
k=1 j=1 jk 

where: 

DTH -- dEt.hs from a cohort (people/year) 

TDT-- +oral deaths (people/year) 

,MP - tal m r (Deopie/'ear). 

Notice that oeople acing 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.(t).POP Ct).= jl2 
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(11) BTh (t) = PBF.TBTH(t)
 

BTH 2 (t) = TBTH(t) - BTHI(t)
 

where: 

TBTh -- Total births (people/year) 

h-- births by sex (people/year) 

FR -- fertility rate (proportion/year)
 

PBF -- 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 birThs are determined exoqenous!y to DEVOGD, e.g., capital
 

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

input to DUM(;JD. It is also possible to use DEMOGD for populations not 

disaggregatec by sex. 

Finally, DEMOGD generates a number of population statistics. 

(12) SR(T) = POPS2(t)/POPS I(t) 

(13) CR(t) TBTh()/TPOP(t)
 

(14) CDR(t) TDTH(t)/TPOP(t)
 

(15) PGRN(t = iOO(CER(t) - CDR(t)) 

(16) PGRT(t) = PGRN(t) - i0*ThR(t)/TPOF(t)
 

where: 

SR -- =ex rTiO (n0t computed if tre population is not 
disaggregOTec ty sex)
 

CER -- crude irth rate (proporTion/year)
 

CD-- cruce ceath rate %DroporTior/year)
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PGRN 	-- natural growth rate (percent/year) 

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

Initial conditions must be specified for the inputs FRi, DR and
'jk' 

PMR and for the cohort populations mOP Outputs and internal variables
 

(e.g., ARjk and PLRjk) are initialized by DEMOGD. Parameters which must
 

be given values are PBF, CLENjk NC, NSEX and the simulation step size DT.
 

B. 	Sample run
 

The sample computer run is a model ol a hurhi population disagciregated
 

into six male and six femaie cohorts. The model assumes constant propor

t~onal annual fertility, death and migration rates. The six female
 

cohorts are of length 5, 7, 6, 20, 12 and 30 ye.rs, 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, defined relative to labor force participation, are of lenath
 

5, 10, 15, 20, 15 and 15 years, resDoctively. D'eath rates, miqration
 

rates and initial cohort population levels are indicated in the list
 

of the sample run executive program. The output of a ten-year simulation
 

appears In Ficure 1.
 

The resu!s of sensitivi+y tests chancing parameters by +10% and
 

'T y (the .a±er 'o tos' integration accuracy) are tabulated in
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Sample Run Output
 

TIME TOT. POP. FEM. POP. MALE POP. DEATHS 

*E:1:11c0. :O1 1? o 0 . ' :0 . 0 . 49?8. 

"E:X' RATIO RLDERUE P AII E [: NAT. I -.TH. NET F'TH.
3?5 . 0C46 .0 -:' 1 . : * .4 ', 

FEMALE POPUL ATI Ch OH0F'T", 
2 . 14000, 111"Cc.0, C Ct icl''O.1-0 


MALE POPULATION COHORTS 
2 2 0 C u_ O 0 u 17 0 0 0 0 0 n0i. 2-iu 

TIME TOT. FOP. FEM. POP. mL.E POP. DEATHS
2.~~~f .92O . -51 . 4713..2 5 


BP DR 1 ET 
. . 44 . Ic1,='t, 1 8, .49 

FEMALE POF'ULAT ION COHO"T" 

"EX PATIO -UDE -UIDE HAT. 'TH. 'BRTH. 

'197"- . 7946. 1 . 261 P6S. 1C:1. 5 . 

MHLE PFULtAT ION C.OHOPT: 
137 3 2 - . -6. 16822. 23.-_. 2 f:-..: 6 

TIME TOT. POP. FEM. POP. MALE POP. DEATHS4f l 1-1 1:-. 4!5 4"v 1 4 5 1' 
4 . i.c 1 4 4. . •. . . . 45.l 

:E'.: FATIO CIUDE EF- PI-.IDE iR iT. GPTH. NET GRTH. 
4.0 4 1 .4 

FEMALE F[PIILATION COHORT: 
1 247. ,1 . 1:66E:. -_",'. 10666. 

MHLE POPULATION ,,GHOPT 
I:E47.2 4717 2,64. . 660. 6569. 

TIME TOT. POP. FEM. POP. MALE r'OP. DE ATH S 
t.0i :.:243 . 9471 . 9 173 . 4:364. 

SEX RATIO CrUDE C.RI_1fE DI AT. - ET i-PTH.BR '3RTH. 
.:41 .C'.- 1 .30 .44 

FEMALE FPLILHFTITN LOHORTE 
- 2.674 105 2456 1:C56 .-.. f. . 

MALE POPULATION CTOHOPTC
 
1.2:.3. 2it9 . if 46
_;6"_ 6747. 
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BIRTHS
 
::35 0. 

MI GRN . 
5 i 0 • 

90C0. 

.2 0 n
 

BIRTHS

8127.
 

MIPN. 
2519. 

8257.
 

2096 

BIRTH'S
17919.
7919. 

MI GR . 
2::52529. 

7666. 

2156. 

BIRTHS 
7725. 

MIGRN.
 
2538. 

718.3. 

21 : ' 



DE\vOGD-gFigure 1 (cor-'d) 

TIME TOT. POP. FEM. POP. MPLE POP. DEATHS BIPTH
 
.I _,8 .0 18:'79,--7. 945'90. ?1237 . 42-67. 7770. 

:EX, RTIO C:iDE BR CRUIE UP RT. GPTH. NET G'RT. MIGRN.
 
.041:99 .03 1."6 .5 2556.
 

FEMALE POPULATIONi COHOPTf
 
16817. 24091. 11901i. -412'4. 10967. 6779. 

MALE POPULATION COHORTS: 
1 E8 17. 30:-8. 200576. 16058. 6866. 2182. 

TIME TOT. POP. FEM, POP. MALE POP. DEATHS BIPTHS 
10.00 190007. 95349. 94658. 42-39. 7970. 

:E:EX PATIO CRLIiE BF CRUDE DR MIAT. GPTH. NET '3PTH. MIGRN'. 
-
.99 .042 . 022I 1 .96 .6 258,7. 

PEMALE POPLILATION COHORT$ 
17141. 22198. 14821 . 2'750. 11009. 64.30. 

MALE POPULATION COHOeTP_ 
1, 141 . 02d141. 20I541 . 15744. 69.32:i. 2-1I57. 



Table 1 

DEMOGD Sensitivity Test Results at Year 10
 

Change Female M-1e Sex Natural 
Fror, !?orulation Population Ratio Gro-wth Rate Migration 

Standard _ 
Run Definition Value (a) 


4;1000 people 1000 people1 
 1000 people/yr.
 

1. Standard run 
 0% 95.27 94.59 .9929 1.968 
 2.588
 

% deviation from standard run
 

2. Female initial cohort
 
populations +10% 
 +10.0 +3.55 -5.86 
 +5.89 +6.26
 

3. Male initial cohort
 
popu]ntions 
 +10% 0 +6.46 +6.46 -6.10 
 +3.71
 

4. Female cohort death
 
rat.s 
 +10% -2.04 -.254 +1.82 -5.13 
 -.966
 

5. Male cohort death
 
rat .s 
 +10% 0 -1.66 -1.66 -3.10 
 -.773
 

6. Female cohort 
ml,-',t-ion rates +]0 -1.46 -. 328 
 +1.12 -1.68 
 +3.98
 

7. Mc!i' cohort migration 
r itvs +i0% 0 -1.15 -1.15 +1.07 +4.29 

8. Fer{li ty rates for
 
fe1:lc: 32-17 +10% 
 +.514 +5.18 +.0101 +2.95 +.386 

9. IFcrrility rates for
 
ferniles 18-37 
 +10% +2.79 +2.82 +.03 
 +10.0 +2.12
 

10. 	FertLility rates for
 
feiv],.c_ 38-49 +10% +.241 +.243 0 	 +.965 +.154 

II. 	 Proportion of births 
femal +10% +3.54 -3.52 -6.83 +.813 +.0386 

12. 	Simmwition time :K 
incrumt-nt DT 
 -50% +.0525 +.0317 -.0202 -. 25"! -.0386
 

(a) 	 Standa:rd run values are 	 given in the data of Figure 1. 
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III 	. Proqram Information 

A. 	Proaram descrioD-ion
 

DEV=5 was Programmed and tested in the followina operating environment:
 

Machine: CDC 6500
 
Operating system: MSU Hustler 2 L239 LSD 32--an extension of
 

CDC 	Scope 3.2
 
Compi I(-r: 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: none
 
FORTRAN library subprograms used: AMOD
 

DEVOGD is s+ructured as one subroutine which models the cohort
 

survival process of a population disagaregated by age and sex, given
 

fertility, deatn and miqratlon rates. Ace cohorts are of discrete lengths
 

but need not all be of +he same length.
 

DEV1OGD is divided in two parts which may be executed separately by 

specifying ICALL = I or ICALL = 2 in the arcurnrnt list. This is sig

nificant only if fertility rates (Fr), death rates (DR), or miaration 

rates (PMR), depend on current population levels, which are computed in 

the first par' of ',OECCDr.If thi. is the case, two calls to DFI.OGD (the 

4;rst . ICALL , + + r-second w7+h ICALL = 2) should be used, with FR, DR, 

and . ca,,t,d , t"e- .,wo Il tks is rot the case, i..,ccj<!s. 


"-- ,.. 	 .. !v or ...S values of variables, 

e?ca . suffice. 

sample program one call with ICALL 0 rather than two cal Is would work 

because FR, DP and PM'.;are -onst.n+ , two call,; are used for illustrative 

.. C 	 .. C L! = 0 i (Although in the 

purposes as if FR, UR and F.,- d, ended on curren- population levels.)
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B. 	Program implementation
 

All inputs and outputs are transmitted 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 properly if NSEX has a value other than 

I or 2, or NOBTH has a value other than 0 or 1. IfNSEX = 1, PEF neec 

not be defined. If NOBTH = 1, TBTH must be defined outside of DEMOGD, 

and FP need not be defined. Finally, the following conditions must hold: 

DT > 0
 

NC > I and integer
 

CLENjk > 0, j=i, ..., NC; k=], ..., NSEX.
 

C. Program list
 

The computer programs for the sample run and for DEMOGD are listed
 

below:
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PRO.GRM DEMT"..T,'r_.7 TClITF',

DI MENt I:O. . , F:T ]H
AR ., 	 'OHLE . ., , I P ' ,:E : 2i111ME N:".:10 r- E T Hi< . , , z- - : . .IORTT.POP .. - ,74. 4 'r. ., . j':: P'0 P' ,E ,.'i,, FO :,2 " 

EE-c ... !4,,,,,. ,". : .n . ::n n. , E:II-i0. :1,0 . 

DATA ,_-OHLEr • 7., .. 2. 1.+ 	 5. , i,]., 15i . * ,:'. , 15.* 

DATR D. ... 4, . O,, .Li , . UI . 0Hi , .1 
+ 	 .04q . ::, .01:, .0!7q .T 5, . .
 

DITA PMF. . .01, .01, .0 5 .0E: . 015 .
+ 	 .0:1 , .1:1 , .02 .,;2 .1 .0 5 .. 

DFITFI r * 7I .... i:I: q . 

DRTR iOBTH ,F 0,
 
D1TA T .R _1
R 
T = -DT
 
DO 40 1=1. '?
 

T = T + DT
 
C:FILL riEMOiD<POF, FOP" TFOP, ., COHLEiq , DR, CDP DTH,


+ 	 TDTH, rIOE:TH, PE:F, ER, ,1B:', BTH, TBT , PLR, PMR, 
+ 	 TM R F 'Fr, PGIPT r- r1.-- E:.>:, DT, T, 1
 

C:ALL 1IEMOiD p,:.(F,POP:' TROR. - q -OHLEr, 
 P;. LP', :DR, DITH,
+ 	 TDTH, HOP,:TH, PEP, P:F., ,:E, :TH, TBTHi FLP, PlFI 
+ 	 TMP - P 'rI PT,Pi,_ H- E:.: , -T, T 2
 

IF,.'MOD, I-I :: .HE . u... '30 To 4Cn
 
PRIrIT'9A T - T 'OP' POP..- T1TH, TE:TH
 
PPIrT9 1 ,R F, L-
P P'3InPrI-, PFT4 TMRI
 
PRIMT'12, POP
 

"lT1 0 	. O P1 tI F ,-T . GE . 
1.Ol"4 T I r"IE
 

STOP
 
FORMAT 5HITIME ,5:: .HTOT. 
 POP. ,2>:i ,gHEM. F , 2Ox. '74HMALE POP. 4;.. 

+ 	 ,-.HLEATH" 5..,6HE:IP'TH--.. H ,.'.,,5,FI.0e 
FOPMAT 1Ct-c_.. E/. .RT 10 [,T -:. 4:H;;H,,:-:H, PU[I E DRP ,.-.?', I 0IHNRT. 'BPTH 

+ I;P:,9HrET 3PTH. ,;'r..1T4;:cHrI ,F,..:2F11 I .2:.,FII. "1H F.:, 

1OPMFT 0H.' FEMILE FOPULATIOrJ COHOPT-- 1H ,*'.FII ..


I-: r'ILE 

EH
 

+ 2 ,', POFILRT I6HT 1.. I F 11 .iC, 



T IN"E DEM 0 '5 .P ' , , Y. E,. Q ' , D RF C-: It .,
 S UL B R O.U, D P , " O P i ., T ,P'I .; 1 0 . ;", ., 


+ DTH, TDTHm D'TBTH, 5 'r, F :RP , ETH: 7BT 
- ,+ LR , ',R, TI'Pr '" ,, ":, ', 't1N DT T i 

TITLE - I.d il",-RETE F3E COHORTSDEf.IO,3PRPH TH 


v'E. : I DH - f
 

DATE - I OR( 1?'3 

P P.POE - DEi' ,_D MDEL;:- THE OHO-T-'j_ I..Fi DEMOGR3PHIC PROCE-. : 

DEA=TH, AND % TOF ;iRTH- 63P.HTI" ,iN TOR;'3 PF --
DP1-, R'EGATD Br A E RHil £..', &IHEFE AGE C HO T A.RE 

OIDELED E:," '1 -1-RETEDIE.L -

I iP'UT PE ,JI PEMEliT " 

,,LuJE- TP~iA >-TTED THROUGH THE RPGUMEOT LIS.T -- AuL IN1PUT 

,'F I A 'LE!- E,, I PI.- . _ :. HI ILL, HOT CHR16"'3E D,_ING aR U,MI 
-- ,OHLEI l, , DT, NC, ,lBTH, HZ.' 

AR'FiIFBLE: 'E,.JI , A*,_ :HFiGE DU. ING F R.iI, 9 WH,,,I-CH 
I'' r LC91... I-- F " ,I J . I _ FF , P,'I , _ T 

VFiPIFIBLE- CO-'PUTED K' TmIl- R, ,ITI _ RE,.-..,_IFIN', INITIFIL V'ALIE.

-- poF' ,.i 

OUTPUT ,.PI -tLE'

,'rILUE TRaM , THE ARGPUIEHT --'HITE THDOU.H LI.-T R(I ,.1) 
E'TH , .ZDF, DTH..Ij_), , F'3PRT, PLR(I.I',,j, ',3PR 

POP:. j', Y- TETH, TDTH, TMP TFOP
 

V'ARIABLE DEFIHITIOH
 

FI AI, Ii IDIv'IDJU-..i"HIT (FE ,E 

ARP - RATE A-T ,.,ILH IDIVIDU,-A.: EiTER THE iEXT COHORT IN' 
I DIIvID,_LH: - ,"IT TItlE. 

FRT - AI INTERIEDiITE -',%_,JE ,PP' IN I;'Iv'IlD AIL:..IJIIT TIME. 

EP: )I>- FERTIL IT, NOTE KP O 'D' .- "IIT TIME. (FiE' 

BTH,. - BIPTH: Ii IlDI.,'Ii ,:.-J IT TIME. ,.EZ:) 

,B' - BIRTH NOT1E O RTIO- T TI"E. 

FAPI ,- , - G P FTE D TIME. 

CRUJDE 1" .- .NI.," 


C:DP - CRUDE DEFITH RFITE I i " -7 I. J T IM.'
 

COHLEM,* _i, - OHJPT -E'_-NTY K E , A , 3E, .
T:1"f T'. 


CHTIM - THE 961I NOTE K :H'i.ju ij z,,'EV-! C:HLEN TIME 
IJ IT.T. IF COHTI:' i- E- T -, DTs IT I DIOFITE: IT 

I TIMlE TO PEC I.,-TE THE AIN31IG PFTE. IF N4OT, 
,OHTIM I: - TIE EL-P.-:E,"iIF_ V-LI T" :i'IN:E THE AIGING 
RFiTE WANFi-. E , . .T D." i T jL: 
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DF( I ,J) - DEATH RATE IN "PRPTION'NIIT TIME. :,GE,..E>::)
 

DT - IMULTION TIME IN':EM-ErMT IN TIME UIIT._
 

L'TH(IJ. - DERTH- IN D 'I, JL :. .,NIT TIME. (AGECE:,.'
 

DT1 - THE LENGTH 0] T;IE BETWEEN THE PRE..'IOU- "IMULTION TIME
 
(T-DT:' .OND THE -.CHE-:'D PECAL-C,_LPTION OF THE AGIfNG 

.AFTE. 'A!: ."P F ,!,__ .L'.'e - BE G.'EAiTEP THAl ZERO rAD 
LET? TARN4 DT. 

DT2 - THE LENGTH OF TIME BET,,EEN THE SCHEDULED RE:FILFiTIOM 
OF THE A,.GING, DATE AND THE CU'PPENT TIME (T>. THIS vALUE 
.IILL ALW.,I, BE GEATEP THAr4 ZERO FAD LETS THAN DT. 

ICFILL - MODE OF OPEP TION OF THE COMPOiEHT. UNrITLE.::-:. 

NC - HUMBE OF AGE C0HO-T-.. YI TLE-. 

HOBTH - INDICFTE. 'uI.HETHEP BI-TH. ARE GENERATED BY THE 
POP ,A.ATIO, OJ-' NOT. W.ITLE--.
 

-
EX- NUMBEP OF -EXE- O :UiB POPULATIOr,. UNITLES-.
 

PBF - PROPOPTION OF BIPTH-. WH-ICH APE FEMAL.E 0F' FIP"T 
3:POPULAT ION. 

PGPR - NATUPAL GPOW.TH PATE OF THE POPULATION IN PEPCENT..' 
LIIT TIME. 

PGT-	 HCTUAL GPO',TH PATE ,O THE POPULATION IN PEPCEHT/ 
UNIT TIME. 

PLR'I,.j, - PPOPOPTIOrNHL L:7- PFTE ,MIGRATION AND DEATHS' IN 
PPOPOPTI ON! NI TIME. ,AGE-TE.::, 

F'MP I,j) - PPOPO'TION L :'I[.'AATION DATE IN P'POPOP TION 'UNIT 
TIME. ' GE,- E 

-QP("I-K' - POPULrAiTION IN 11.:I,'DUIAL - . ' qSEX:) 

'OP-'. - TOTAL ,tPULAT.I 4 Ff E.' IN INDI.,'IDUAL:. "AGE,-EX* 

V .EX IPTI"7..._'wl- 7 .- S.P 


T - ".IML'LATIC TINE IN 71"E '.IT:.
 

TBTH - TOTAL :PTH- IN IDII,,'ID,_RL-,UNIT TIME.
 

TDTH - IrN .... UNIT TIME.
TOTAL DEAlTH INDIVIDURLD, 

TMP - TOTAL MIGPR71ON PATE IN IrItIVIDUR--.HIT TIME. 

-
TPOP -	 TOTAL POPULPTIV IrJ'INDIVIDUAL . 
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, 	 O
DIMENS I ONI , I r E :, ,'E ',:. , BTHr'.'E.. , ::'HLEN'(,:: :r...EX 
DIMEr5 I ON D.', tiC rl-E:. DTH. tir C ," E.:. , F:' ,C ,iUE...:,
 
DIMENS I.ON P tC-n:E'it .). , O I',H r,I', POP3,::i't..EX:


C 

-: LEMOD 1 I I' ['ED IrN TWO PAPT" WHICH MA' :E CALLED SEPAPATELY 
C IF i':.MLL=0I THE ENTIRE ROUTIrNE S E:ECiTED 
C IF IC:LL=1 THE CFRPET POPULATION IT. :ALC:ULATEI 

IF ICALL=2 BI'TH-, DEATHS. MIGRATION, ETC. ARE :ALC:ULATED 

IF::ICALL .GT. 1) GO TO 52
 
TPOF' = 0.
 
DO 50 r1 , E'.:
 

P OPS(:,i = 0.
 
DO 40 J=Ig"rA
 

COHTIM = AMOD'. T, EGHLErtLJK 
IF:COHTIM .GT. 0:. .ArD. ,COHTIM .LT [T::, '0 TO 11 

I. 1OrOiL. THE FOPULATION IT. CALC.ULATED FOR THE CURRENT TIME 
C' 	 Aj FOL.LOW!I 
C:
 

IF'T .EK.. 	 0., ,r0 TO 
IF'. 'tE. 1 30 TO L 
POP': i " PF: 1 . ,. 1 .- DT*PLF' 1 ,: :' :' " DT*(BTH'::K)- AR(1 K)) 
6O TO 5 

2 	 . POP' 1 .- 'POP, . = J r *' DT*PLPF---' Ms.. ' 4- DT*+':RP-AR(._I qK)
 

5 AFRP = AFi J
 
AR' _IjW ) = AP'(, _ . 1 .- DKFL.' I -r
 

AT THE BEGlrirIN3 OF A rEI C:OHOFT, A NE'.. MITLIRATION RATE 
I: A:LULATED 

:3. 	 IF.COHTiM .EO. ,0., AR' .' ,', = POP':_Id: ',I.FOHL ,EN0:J_ :',
 
GOl TO 26
 

C 

C-	 II. IF THE "ITHEDILED B:EGItiNING OF A NEW.COHORT OCIRRED iURING 
C THE F'RE,'IOI. DT, THE POPULATION I. CALCULATED IN TWAO

C 3:T E P :":.
 

1 . THE OPUL ATO 1: TLLjLTED FOP THE BEGIMiIrN,_ OF 
IS THE COHOPF 

11 	 DTI = DT - COHTIr'1
 
IF: I .rE. G TO 14
1 '3O 
POP ,K , .' POP' ,',*', I..-[_T1,FLR, 1 , .:: + LT1. ,BTH(K .'-AR( 1 ,K:, ) 
GO TO 17 

14 FOP'j'," . = FOP', .'.' I.-'TIl* P' J :::) + DTI*(ARP-AR. ::':,
 
17 APT = AI, ,
 

IF,.POP J .nT. 0., OF'P :., = 0.
 

THIT IT T-E PE, I ri;Ir,,C O6 A &NE.i CIHGRT, T : A NEi).l 
C Hr'HThRT iOr'i PATE I '"AL.,LAT-
C 

AR C,'JI.. = 	 POPF,:j &,C..,OHLErt,.._ ,, 
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2.. ' _... 7 CRLCULPTED ;flP THE CUPRENT TIME 

DT2 = ,-:OHTIm 
IF(I NE. 1) '0 TO 21 
POR',:II,'w = 
GO TO 2: 

21PP~-) 
, APP (ART 

APW .I) = 

26IPORK i._A 

FOPWW)i

jR:.IK = O 

POPULATION TOTAL

0 OF' =F'K: 
4' CONT I NUE 

TPF'OP = T'OP 
50 C:ONTINIIE 

IFICFALL .EC!. 
C:
 

C IF ICIALL=1 

C: IF IC:FALL=2 

C, 

C MI,_FFqTION 
1:
 

52 TMR =0 
TDTH =. 
DO 54 K=1,N1 E x 

DO 53 J=l-1' 
DTH:i K = 

- 1.... " 1 .-DT2*PLP 1"I '",+ DT2..::BTH(K'-FP(1 K.. 

OejK*(.D2*PLR~W) ? + DKOCAT2 'FPP-ARKWY,~ 
T1 + P'," I.,: ,*DT, "DT 

i - A* fI 1 -j-T2#PLF'" i rY 

. ) GO.TO, 11:T 

FF , .: + 

+ POP:T(.) 

1 :, RETURN 

E>:ECUTION 
E>ECUTION 

ArD DEATH: 

PoF'' J 

END.: HERE 
BEGIrN HERE
 

DP,:.,K":*P P, J, .
 

1 THE OUTPUT OF THE LAST RGE COHORT 


IF(J .E.-. NC) DTH, _IV ' = DTH,'.jK) 

TDTH = TDTH + DTH,: _"
 
PLRJ,.. = PMR', , , + DF_j-K
 
TMrP = TMP + PMPk._j-r ,*POF' J, 

53- : I::"HT I HIUE 
54 C:ONTINjIIE
L':
 

C: BIRTH.

"" 


I.: ,':Or'-I1ERED TO BE DEATH' 

+ Ri',: :, 

IF ?IPRT WT W'-E N'T -C:MUTED TRW- THE PPULATION (HOBTH=I1
T""N THE :rcC],-,QG-Am "UP"T PET TPTH TO THE DEIRED 

IF(tOBTH .EQ. 1) '_GO TO 65 

TETH = 0.
 

DO 55 J=1riC 
TTH = TBTH + B ' .. * OP'f j-l., 

55 CONTINUE 
-5 IFNI.EX. .NE. 2' GO TO W',=: 

http:DTH,'.jK
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C
C FOR TWIO SEXES BIRTH! ARE APPORTIONED BETWEEN THEM ACCORDIMG 

C 
r 

TO VARIABLE PBF 

BTH(':, = PBF*TBTH 
BTH(2) = TBTH - BTH(I:, 
IF(POPT(i., .EQ. 0. , 00 
SR = POP-2).FOF:S I'.i 

GO TO 75 

TO 70 

C FOR ONE -EX-FILL BIRTHS GO TO THAT 

68: 
70 

BTH(I, = 
.SR = 0. 

TETH 

CRUDE BIRTH RATE, DEATH RATE, AN"D 

75 

80 

IF,'TPOP .EQ:. 0.) GO TO 30 
CBR = TBTH.-TPOP 

CDR = TDTH.YTPOP 
PGRN = 100.*(CBR - CDR) 
PGRT = PGF'N - 100,*TMR..TPOP 
RETURN 
CBR = O. 
CDR = 0. 

PGRN = 0. 

PGRT = 
RETURN 
END 

0. 

.EX AND SEX RATIO IS ZERO 

G3ROiTH RATES
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