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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 mo'dels 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.Agricultural Systems Simulation.
 

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 enhahce 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 
library programs for a particular application. A subsidiaryappropriate 

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
 

users of the substance of CLASS holdings and activities.
potential 


George E. Rossmiller
July, 1976 

Di rector 
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
 

an average of the time individuals take
 sex. The length of a cohort is 


to pass through the cohort; i.e., cohort staying times vary among
 
DEMOGC may be used, for example, for
individuals In the population. 


populations of trees, capital equipment, livestock, insects and humans
 

where "age" cohorts may be defined by such age-related characteristics
 

as yield, reliability, fertility, instar and use of social services,
 

respectively.
 
individual
Age cohorts are modeled by distributed delays which assume 


a cohort are random variables following an Erlang distristaying times in 

bution. The delays are non-conservative to 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
 

option of specifying whether births are to be endogenous (i.e., by
 
input (e.g., overt plantings in
natural reproduction) or treated as an 


the case of tree populations).
 
Inputs to DEMOGC are age-sex specific proportional fertility, death
 

DEMOGC computes
and net out-migration rates and mean delay times. 

(total and by age and sex), births, deaths, migrations,
population levels 


ratio, crude birth and death rates and the population's natural
the sex 

and net growth rates.
 

milliseconds
DEMOGC requires 429 decimal words of core storage and 6.0 


to execute (with three cohorts for each of two sexes) on a CDC 6500
 

computer.
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I. 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 socioeconomic conditions In the larger model; and migrations among
 

categories 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, limit too greatly considerations of socioeconomic feedback
 

effects on population growth and of population distribution effects on
 

demGgraphic 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 situations 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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larger socioeconomic
computes the feedback effects to and from a still 


and thus passes endogenous fertility, death and migration rates 
to
 

model 


In addition, such a larger population component can
DEMOGC as inputs. 


a
 
use DEMOGC repetitively to treat a multidimensional disaggregation of 


single population as a collection of populations with possible 
migrations
 

among them.
 

DEMOGC itself disaggregates a population by age and sex, and cohort

possibly
specific fertility, death and migration rates are treated as 


The user has the flexibility to collapse either
time-varying inputs. 


the age dimension or both if greater aggregation Is
the sex dimension or 


For example, for capital equipment populations, the sex dimension
desired. 


Even for cases where disaggregation by sex Is
 may not be appropriate. 


inappropriate, the "sex" dimension may be redefined and used for another
 

classification, e.g., modern and traditional biological varieties of cocoa
 

Further, the user has the option of specifying that births are
trees. 


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.
 

distributed delays
Finally, age cohorts in DEMOGC are modeled as 


(using CLASS component DELLVF) wherein the length 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 staying time in each cohort is
 

input to DEMOGC and may change over time depending on
treated as an 


In this way, age cohorts may be defined
conditions In a larger model. 
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not by chronological age but by some other age-varying characteristic.
 

Continuing the capital 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 reliability and maintenance requirements
 

(i.e., individuals "mature" at different rates)--then the use of distributed
 

delays is appropriate. If 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 Illustrative use of DEMOGC as a simplified version of a
 

demographic cattle model developed for a region of Colombia [I]. Three
 

age cohorts are defined (Figure I). For females, the three cohorts
 

represent heifers, 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 remains empty.
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male births
 

female birthse
 

Producing 


Heifers Cows 


I Finishing
 

Calves Males 


Figure 1
 

Old Cows 


Old Males
 

DEMOGC Cattle Demography Illustration
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ntr 

deaths
 

female
 
slaughter
 

male
 
natural
 
deaths
 

male 
slaughter
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II. Technical Description
 

A. 	Mathematical model
 

The first part uses CLASS component
DEMOGC is modeled In two parts. 


DELLVF to simulate the maturation process of individual animals aging
 

through the distributed delay cohorts, and it computes the population
 

The delay for each
 for each age-sex cohort, for each sex, and the total. 


of age j and sex k, is of order KCjk. See the DELLVF
cohort, e.g., 


(The simulation
documentation for derivations of equations (I) and (2). 


uses Euler integration to solve the differential equations.)
model 


(t) KCk [RP (t) - RP 	 (t)(l + I dDELjk(t)
dRP 


dt DELjk(t) (i+l)jk ijk KC dt
 

DEL (t)

k 
 "Ljk kjt()], 	 K..,+ KCjk PLRj 1=1, KG. 

RP (KC+I )jk
( t) = RINjk(t) 

ROUTjk (t) RPljk(t) 

DELjk(t) KCjk 
(2) 	POPjk(t) = I RP ijk(t)
 

jk Kjk J ij
 

NC 
(3) POPSk (t) = IPOPjk(t) 

=J
 

NSEX
 
(4) TPOP(t) = X POPSk(t)

k=l
 

where:
 

RP -- intermediate rates of the delay
 

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

year) 

POP -- population level in the cohort (animals) 

loss rate due to deaths and migration 
l/ 

PLR -- proportional 
(proportion/year) (equation (6)) 

DEL -- the average time for an individual 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=l, ..., NC 

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

NC -- the number of cohorts 

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

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

BTHk (t) 	for j=l
 

(5) RINjk(t) = 
ROUT (jk(t)for j=2, ..., NC
 

where:
 

BTH -- births by sex (animals/yebr) (equation (II)).
 

The DELLVF routine (refer to its 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 a2 of the delay times of individual
 

I/Migrations are interpreted as slaughter In this Illustration.
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animals about the mean--the larger KC, the smaller the variance, where 

a = DEL2/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 proportional rate at which animals leave cohort jk for
 

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

(6) PLR kt) = 	PMR k(t) + DRjk(t) 

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 total migration is calculated.
 

(DRjk (t)POPjk(t), j=l, ..., NC-I
 

(7) DTH (t)M= jk IDR ct)'POP c(t) + ROUT ct)
 
DRNCk MP NCk M OTNCkM
 

NSEX NC
 
(8) 	TDTH(t) = I DTH k(t) 

k=l j=i J 

NSEX NC
 
(9) TMR(t) = I PMR.k t).POP k(t) 

k=l I=l J 

wheie:
 

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



UEMUUU-0
 

TDTH -- total deaths (animals/year) 

TMR -- total migration (anlmals/year). 

Notice that animals aging out of the last, oldest cohort of the population 

are accounted as deaths (equation (7)). 

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

NC
 
(10) TBTH(t) = YFR.(t).POP t)


j=l J j=l 

(I) BTH (t) = PBF.TBTH(t)
 

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

where: 

TBTH -- total births (animals/year) 

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, DEMOCC generates a number of population statistics.
 

(12) SR(t) = POPS2(t)/POPSI(t) 

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

(15) PGRN(t) =O0(CBR(t) - CDR(t))
 

(16) PGRT(t) = PGRN(t) - IO0.TMR(t)/TPOP(t) 

where: 

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

CBR crude birth rate (proportion/year)
 

CDR -- 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, DRjk and PMRjk and for the cohort populations POPjk Outputs and
 

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

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 I) assumes constant proportional annual fertility, death and
 

migration rates, where "migration" is interpreted to be slaughter. The
 

The death rates are, or
fertility rate or the producing cows is .75. 


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 .11 and .1 for the male cohorts. The mear
 

lengths of the cohcrts, 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. Initial population levels are (in thousands
 

of animals) 118, 242, and 43 for female cohorts, and 117 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.
 



TIME TOT. POP. FEM. POF. MALE POP. t:EFTHS BIRTHS 
0. .614 OE 06 .401 OE+ 0 .-21 IE+06 .- -3E+05 .1815E+ 06 

SEX RATIO CRUDE DR CRUDE :F.. IAT. GPTH. HET GRTH. MIGRN. 
.5236E+00 .2956E+00 . KSSE-01 .057S:E+02 .1026E+02 .952:E+05 

FEMALE POPULATION COHORTS MALE POPULATION COHORTS
 
.1180E+06 .2420E'+:E .4",00E+05 .1170E+06 .9400E+05 0.
 

TIME TOT. POP. FEM. POP. MALE POP. DEATHS BIRTHS
 
.2000E+01 .75 0:8:E+06 .4725E+ 06 .2783E+06 .2243E+05 .1944E+06 

SEX RATIO CRUDE BR CRUIDE DR NAT. GRTH. NET GRTH. MIGRN. 
.5890E+00 .2590E+00 .. 93:E-Ui .2291E+ 02 .9145E+01 .1 0'33E+06 

FEMALE PFOPULATION COHORTK: rALE POPULATION COHORTS 
.1761E+06 .2592E+06 .- 71E+05 .1796E+0. .9868E+05 0. 

TIME TOT. POP. FEM. POP. AFiLE POP. TEATHS BIRTHS 
.4000E+01 .:89.32E+06 .54:85E+06 .1-447E+06 .2552E+05 .2290E+06 

SEX RATIO CRUDE FF. CRUDE DR NAT. GPTH. NET GRTH. MIGRN. 
.628_E+ 00 .250,4E+ 00ri .2:57E- 01 .2279E+02 .9624E+01 .117E6E+06 

FEMALE POPULATI ON COHOF.TS MALE FOPULATION :OHORTS 
.2077E+06 ..3054E+'06 ..3543E+05 .212:E+ 0. . 119E+K 0. 

TOT. POP. FEM. POP. MiLE POP. DEATHS BIRTHS
 

OOOE+01 .1 078::E+07 .6560,]E+06 .4224E+06 .2991E+05 .279"E+06 

SEX RATIO CRUDE R CRD'E DR H.OT. GRTH. HET GRTH. MIG'PH. 
.641:8E+ 00 .250:E+ O0 .277:3E- 01 .2 3:1 :E+ c6. .'975:E+ 01 .1442E+ 06 

FEMALE FOPULFTI ON COHORTS MALE FOFULATION COHORTS 
.2491E+06 .1724E+06 . 451E+05 .2550E+06 .16,7:E+06 0. 

TIME TOT. POP. FEM. POP. MALE POP. DEATHS BIRTHS 
.8000E+01 .1308E+07 .767E+0:6 .510;E+06 .?561 E+05 .2420E+ 06 

SEX RATIO CRUDE R CRU.DE DR HAT. GRTH. NET GFRTH. MIGRM. 
.6412E+00 .2616E+00 .2724E-01 .234 -:E+ 02 .1025E+02 .1723E+06 

FEMALE POPULATION C:OHORT S MALE FOPULFTION COHORTS 
.:3040E+06 .4560E+06 .. :,6:E+05 .. 111V .1996E+06Ei:+ 0. 

TIME TOT. POP. FEM. POP. MALE POP. DEATHS BIRTHS 
.1000E+02 .1599E+07 .974::E+06 .,2:::E+i06 .4.17E+05 .4194E+06 

SEX RATIO CRUDE BR CRUDE DR NAT. Gn;TH. NET GRTH. MIG'PM. 
.6399E+00 .2"624E+00 .2701E-i:1 .2:35E+02 .1 049E+02 .2:086E+06 

FEMALE POPULATION COHORT1 MALE FrDULATION COHORT.S 

.3726E4 06 .5592E+06 30 4E+06, .2423E+06 0..4296E+05 _:"-

Figure 2
 
Sample Run Output
 

http:COHOF.TS


Table 1 

D-MOGC Sensitivity Test Results at Year 10
 

Standard 

Value 
/h.Ceh Coh.1 

in Definition 	 1 2 3 
.Standard run 


Female initial cohort
 
populations 118. 2..01 43.0 
.	 Male initial cohort
 
Populations 117.0 94.01 


.	 Female cohort matura
ticn times 2.5 10.3 5.0 

"Male cciort maturation
 
times 2.51 3.0 


" Female cohort death 
rates 0+.5 

. Male cohort death rates .03 0 --
" Female cohort sales 

rates .13 .0, 
" Male cohort sales rates, .11 .1 --

Fertility rate 
 .75
Proportion of birthsII
female 
 .5 


. Simulation time
 
increment DT 
 .25 


Test
Run
 
Value 


+2!-' 


++1a 

-i0
-I Z 


±1' 


+10% 

+10% 


+10% 

+10% 


-50% 


I 

Female 


Pcpuiation 


$0an ]s 

i0. 


0 

-3.10

-3 1 


-


-5.73 

0 


+15.7 

+15.7 


+1.09 


I' 
Yale Sex Natural 

Pcpulation Ratio Growth Rates 

-00an 

67.9 '.' 

e -deZiatio4_ rom stan~dard run 

0 


0 

- .64 


-.609 


-3.98 

-2.32 


+19.7 

-2.02 


+1.47 


0 


0 

-1.60 


1+4.92 


59 


+1.86 

-2.31 


+3.50 

-15.3 


+.391 


0 


-1.70 

I.46
 

2.13 


-.8 


-.170 


-.212 

+.9 


+6.37 

-3.99 


-3.823 


Sales--Culls
 
and Slaughters
 

!0anasyr 

0.6
S2. 


+10.0
 

-4.02
 

-1.44
 

-1.73
 

-.527
 

-.911
 
+.8
 

+16.7
 
+3.64
 

+1.39
 

00 
-I
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Ill. Program Information
 

A. 	Program Description
 

DEMOGC was programmed and tested in the following operating environment:
 

Machine: 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 decimal words
 
CP compile time: 2.5 seconds
 
CP execution time (for sample run): 6.0 milliseconds
 
Tapes: none
 
Direct access files: none
 
FORTRAN library 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 distributed delays. (See
 

DELLVF Documentation.)
 

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

specifying ICALL = I 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 ICALL = 1,
 

the se.',>:-v 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 = 0 rather than two calls would work
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becau3e 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 list,
 

and no logical units are used by DEMOGC. 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 I. If NSEX = I, PBF need
 

not be defined. If NOBTH = I, TBTH must be defined outside of DEMOGC,
 

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

DT >;0
 

NC > I and integer
 

DELjk(t) > 0 for all t, j=l, ..., NC; k=l, ..., NSEX
 

KC k > I and integer, j=l, ..., NC; k=l, ..., 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 DEMTS:T ( OUTPUT)
 
DIMENSION BR(3:"), BTH(2",, DEL(3,2K:', DELP(3,2,) DRP(3<2), DTH(3,2)

DIMEK IrlN KC(.3,2.), P R;. ;, F'MR,.::.2;, POP(3,2*), POPS(2) 

DIMENSION ROUT(*.> ' : RF'( 110 I.3-2"'
 
DATA POP ./ 11I O000.1 24 n00. 4-1.rfno., 117000., 94000.: 0. .
 
DATA DEL 2.5 10.: 5., 2.5 3. I. *
 
DATA DR . .03, .02, .0 , . -. , 721. ,"
 
DATA PMR . 1. :- .02, .5- . . , 0 .
 
DATA I TI I /
 
DATA VC I0, 6 -- I: .
 
DATA BP I. ..-7 , i.
 
DATA HK, N- NEX., I ,
 
DATA MO.THBCP:PBF ... ,. .5
 
DATA DT .' .25 .. 
T = -DT
 
DO 40 I=1,41
 

T = T + DT
 
ROUfT'2,2) O 

CALL DEMOGCe'POP, ROIT , RP, DEL, DELP, KC: POPS, TPOP, SRP, DR 
+ 	 F.D R DTH, TDTH, HOBTH PBFq B.-.: CBRP BTH, TBTH, 

+ 	 TP, P'MR', FL', F'1PH, FGPT, HI, HC, N.-:EX, DTD IDTU 
+ 	 T, I.) 

CALL I'EMO''F' , P0-T ,F', DEL , DELP POPSC TFOP, :ER, DR: 
+ 	 iF~DF' , iH, TUII, H1OE;TH- FF':F E:P, CF.p. BTH, TBTH, 
+ 	 TMF', FriF,, 'L ,.r.-'r1 t P l rm c H.".:EX DT I DTU, 

+ 	 T , 2
 
TMP = + .1.T
TMR POUT 

P15RT = PGRN - 1 ( . TMT F F
 

0 Dl I-I,_;: 40
IF (MO Il .HEM. 3- TO 
PF I TTh', TFlIF F , T, , 1TH 
PR INT91 1 0- ' '-, •- T • 'VIP:P *CE' 	 1-
PR irtl 92: F F 

4 COMF-*0IT I E 
-TOP 

90 FORMAT: 5HITYI1E, H l . ''IF . ,.:. . ,.' .7SHMA LE POP. ,2:;': , 14-F.,.L'[1F 

+ 6HY'ERTH I I.H ,. EI'-HLh.4.' 

F1 FORMAT'. 10.lH :E;.: F' i 1- , .* Ii ..:F -::'H.F IlE :DR: IHNAT. '5.TH 
+ I:.,::'?H FT ,''"H .:K',,.HT'iTG .. 'IH -Ei1 .4) 

:2 FOIAT,"R T :M FEMF'L FF& L I.IfUr"rr f'T !SHMFI _E POPULATION' 
+ 	 :H .OH rT-.IH ,6E I .4.
 

EHD
 



+ 

+ 

+ 
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SUBROUTI NE DEMOGC(POP, ROUT, P'- DEL, DELP, KC, POPS, TPOP, SR, 
DR; CDP, DTH: TDTH; [OBTH. PBF: BR , CBR. 
BTH, TBTH, TMFR., PMR, PLR, PGRN, PGRT, NIq NC. 
H.SE'i DT. IDTUq To ICALL)
 

TITLE - DEMOGRAPHY WITH DISTRIBUTED AGE COHORTS
 

VERS:ION - IR 

DATE - 1 MAY 1975 

PIRPOSE - DEMOGC MODELS: THE COHORT-:S.URVIVAL DEMOGRAPHIC PROCESSES
 
OF BIRTH, DERTH, MiGRATION AND AGING FOR A POPULATION 
DI.AGF.'EGATEt. "YAiGE AND :EX; iHERE AGE COHORTS ARE 
MODELED BY DISTRIBIJTED DELAY.-

INPUT REQUIREMENTS
 

VALUIES TRANSMITTED THROUGH THE ARGUMENT LIST -- ALL INPUT 
VARIABLES 

'APIABLE: RF.'IIRING ''ALUES WHI:H .ILL NOT CHANGE DURING A RUN 
-- DT: IDTU , K l::I, 1 HC: NOBTHP. .EX 

'ARIABLE.S E.JUIRIHG VALUES: dHIC.H MAY CHANGE DURING A RUN 
-- BR(I), DEL(IlJ)., DR(I.J).,, ICALL, PBF, PMR(I,J) 

T 
'ARIABLES COMPUTED BY THIS. RFOUTI NE REQUIRING INITIAL VALUES 

-- POP(I ,jg 

OIUTPUT VARIABLES 

'ALIES TRANSMITTED THROUGH THE ARGIMENT LIST -- BTH(.J), CB., 
CDR DELP( I ,,._:)DTH( I J' PGRN , PGRT , PLR( I ,.J) 
POPS(J), ROUT(I ,.J), RP(KP,I ,J) SR, TBTH, TDTH. 
TMR, TPOP 

VARIABLE DEFINITIONS 

BR(I) - FERTILITY RATE IN PROPORTION/UNIT TIME. (AGE) 

BTH(J) - BIRTHS IN INDIVIDUALS/UNIT TIME. (SEX) 

CBR - CRUDE BIRTH RATE IN PROPORTION/ULNIT TIME.
 

CDR - CRUDE DEATH RATE IN PROPORTION/UNIT TIME.
 

DELIJ) - LENGTH OF DELAY IN TIME UNITS. (AGESEX)
 

DELP(I,J) - LENGTH OF DELAY AT PREVIOUS TIME PERIOD IN TIME
 
UNITS. (AGESE.)
 

DR(I,J)' - DEATH RATE IN PROPORTION/UNIT TIME. (AGESEX)
 

DT - SIMULATION TIME INCREMENT IN TIME UNITS.
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DTH I,.J - DEATHS IN INDIYIDUALS.UriIT TIME. (AGE,_EX) 

ICALL - MODE OF OPERATION OF THE COMPONENT. UNITLESS. 

IDTU - NUMBER OF INTERVALS INTOI WHICH DT IS DIVIDED FOR USE 
IN THE DELAY ROUTINE. UNITLESS. 

KCKIJ) - ORDER OF COHORT DELAY. UHITLE:SS. (AGE,:SEX) 

NC - NUMBER OF AGE COHORTS. UNITLESS. 

NOBTH - INDICATES W,.HETHER BIRTHS ARE GENERATED BY THE 
POPULATION OR IOT. UNITLESS. 

NSEX - NUMBER OF .SEXE: (OR SUBPOPULATIONS). UNITLESS. 

PBF - PROPORTION OF BIRTH: WHICH ARE FEMALE (OR FIRST 
SUBPOPULAT ION. 

PGRN - NATURAL GROItTH RATE OF THE POPULATION IN PERCENT/ 
IJNIT TIME. 

PGRT - ACTIJAL GROWTH RATE OF THE POPULATION IN PERCENT/ 
UNIT TIME.
 

PLR(I,..:I - PROPORTIONAL LO:S RATE (MIGRATION AND DEATHS) IN 
FPROPORTION.UIT TIME. ,AGE,:SEX) 

PMRCI,.J I - PROPORTIONAL MI6PRTION RATE IN PROPORTION/UNIT 
TIME. :HGE,-E:, 

POP( I J - FOF'ULAT ION I H IIVI DUAL S. ,(AGE, SEX, 

POPS( 'J - TOTAL POFULATION BY SEX IN IN tIYIDUAL:S:. (AGESEX) 

ROUT( I I - fOHORT OITUUT RATE IN INDIVIDIJALSUNIT TIME. 
,AGESE'. 

RP(',I ,J') - SET OF INTERMEDIATE RATES FOR EACH COHORT IN 
I NiD IVlIJUAL .U I T TI lIE. (:STAGE OF DELAY AGE ,SEX) 

- SE' RATIO. UlITLE. 

T - :IMILATION TIME IN TIME UNITS.
 

TBTH - TOTAL BIRTHS IN INDIVIDLIAL:...UNIT TIME.
 

TDTH - TOTAL DEATH:. IN INDIYIDUAL:SUNIT TIME.
 

TMR - TOTAL. MIGRATION PATE IN INDIYIDU'JLS..IJNIT TIME.
 

TPOP - TOTAL OFPULTTOr IN INDIVID'UALS. 
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1_. P.:R''[I-) TEL :' E : ,.:. ,:DEL-:F'-:.E 
' 

TiI FNC TO ETH , . i : .N 
P, 4' .N . , :., ....

1 iH ! ' : 
rI I F I O.. [.'N:E .. FL ': N 
fTI H -TOH ' : ::'), DFPOp .NC .: F:F_- 'X, 

Ti T :-T P7 IT H ' H F') q 'F' (N ' NF" N :F.. 

,- FrF- T;,l BhI:H .EFA'FiTELYVI',.,'TTFT It PART-: NAY :E CALLEr' 
SIF I,-I F=' THE FNTIRE ROUTINE I?2r---:F::U-:.TEr 
IF I CL i=1 THF ,.FFET FOFULiT ION I-: i1-:LI AiTFDI 
IF I L=LT DEATH"_>. MI3PA,.TIO, ETC. ARF CALCi:;ILFTEI' 

TF':ITFF4 .3T. 1' 30q T~l -52 
DI'
TF'O2F = n
 

]D- .:=i t":.:
1 


TFT .' IF. '.,:q[ TO 0'A 

rT DEL
.-- tTI '.,'',IFT FO -Y''OTINF 

[ "l1 I=1,4' 

",F " , - L,.I K):
' 

1=1'1FFIqr f 


F''I I,&:,' I7E ':
 
['0I r 10l * 7 P 

F'F' ,1.<, <T:,L(I,:'._1 

10":iT I HUE 
'fl;IT = P,: I, )'F',1, 

13 :NT THUE 
I.TO -:0 

ITiAT F P'IP';.Ii COHiO'T'-: 

Tin 
.I= HFi + 1 - I I 

- L'L 'ri ','F,.PD' UT,.I-1 ,:" FI',OUT,.,':, R'F',l" .._I i ., F'LTF','.. . 

,I_ LP (J,: 
.I' i' POHFII:THFUTfI K) PP D,' :. LR I K 

+ PLF' ,_h':' nFL : riT., ITi, .j, . : ); 

J:Ai [ FF1 [',,'F',I:TH''r, , F'OT:l ,K)I, : F'P l.,1,K) , F',OF',:'l.,K),, FL',:,r:., 

+ [, ' :: DELF' : 1 i':' .iT, IiTUI KC: K) ':,FL I,* D 

Pi IP;I; AT ION TOPTL 

l-iO 40 .1=1 ,HJ
 
F'?": ':: = POPEF ::,:' : + POP (:_J, K)
 

'.::FnFPP:-: ,:', = f)
 

4'7' CI'llHT I ; IF 
TFPI TPOPF + POP:". : 

0' 11N TIHUF 
TF,:'iT:*iL .R'. I ' TETNIFP 

TF I C* LI= E::.:'FCIT I O END:_.: HERE 
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MIGRATION AND DEATHS 

52 TMR O. 
TDTH = 0. 
DO 54 K=INSEX 

DO 53 J=I.'NC 
PLR(JK) = 
DTH(J.,K) = 

PMR(J.K) + DR(J.K) 
DR(J,K)*POP(J,K) 

THE OUTPUT OF THE LAST AGE COHORT IS CONSIDERED TO BE DEATHS 

53 
54 

IF(J .EQ. NC) DTH(J ,K) = DTH(J,K) + ROUT(J,K) 

TDTH = TDTH + DTH(JK'.' 
TMR = TMR + PMR(JK)*POP(J.K) 

CONTINUE 
CONTINUE 

BIRTHS 

IF BIRTHS ARE NOT COMPUTED FROM THE POPULATION (NOBTH=) 

THEN THE CALLING PROGRAM MUST SET TBTH TO THE DESIRED 

NUMBER OF BIRTHS 

55 
65 

IF(NOBTH .EQ. 1) GO TO 65 
TBTH = 0. 
DO 55 J=1,NC 

TBTH = TBTH + BR(J)*POP(J.1' 
CONTINUE 
IF(NSEX .NE. 2) GO TO 68 

FOR TWO SEXES BIRTHS ARE APPORTIONED BETWEEN THEM 
ACCORDING 

TO VARIABLE PBF 

BTH(1) = PBF*TBTH 
BTH(2) = TBTH - BTH(1) 
IF(POPS(1) .EQ. 0.) GO TO 70 

SR = POPS(2)5POPS(1) 
GO TO 75 

FOR ONE SEX ALL BIRTHS GO TO THAT SEX AND SEX 
RATIO IS ZERO 

68 
70 

BTH(1) = 
SR = 0. 

TBTH 

CRUDE BIRTH RATE, DEATH RATE; AND GROWTH RATES 

75 

80 

IF(TPOP .EQ. 0.) GO TO 80 

CBR = TBTH/TPOP 
CDR = TDTH/TPOP 
PGRN = 100., (CBR - CDR 

PGRT = PGRN - 100.*TMR.,'TPP 
RETURN 
CBR = 0, 
CrDR = 0. 
PGRN = 0. 
PGRT = 0. 
RETURN 
END 
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SUBROUTINiE DiELL'/F(RIN ,POUT ., S T PLF.',DEL ,DELP .DT IDTU .K) 

TITLE - DI:S:TR.IBUTED DELAY WIITH 'V.A'FRIABLE DELAY TIME AMD STORAGE 
LO:EE:: 

'ER:S IOl - IR 

DATE - 1 HO'V 1?74 

PURPOSE - -:IMULFTION OF A DISTR.IBUTED TIME DELAY PROCESS WITH 
''ARIABLE DELAY TIME AN4D ST.ORAGIE LOS.SES 

I NFUT RE!IU I REMEINT-, 

VALUES TRFAIMITTED THROUGH THE ARGMLIIENT LIST -- DEL9, DELP, 
DT, I 'TU , ., FL.P ,R( I) RIM STRG 

A,.RIA:LES FEJUIRIriG VAIUES WiHI:H WILL NOT CHANGE DURING A RUN 

V/ARIFIBLE: 
-- DT, IDTU, .:: 
FEQ.,III,"G VALUES IWIHICH MIA.Y CHANGIE DURINlG A RUlr 

'A.R'IABLES 
-- DEL; F'L. 
COMPUTED BY 

RIN 
THI.. .OUTIriE RE!UIRING IITIAL VALUES 

-- DELP, P': IR , -.TR'G 

OUTPUT VARIABLE._.
 

'A'LUE:S TRANSMITTED THROUGH THE ARGUMENT LIST -- R(I), ROUT,
 
"..TF.i3 

VARIABLE DEFINITION'S,
 

DEL - CURRENT LENGTH OF DELAY IN TIME UNIT:S.
 

DELP - PREVIOUS LENGTH OF DELAY IN TIME UNITS.
 

DT - SIMULATION TIME INC:REMENT IN TIME UlITS.
 

IDT - NUMBER OF SUBDI'-:IONS OF DT REQJIUIRED. UNITLESS.
 

IDTU - U:ER-.PECIFIED NUMBER OF :LIBDIVISIONS OF DT. UINITLESS.
 

K - OF'DER OF DELAY. UNITLES: 

PLR - PROPORTIONATE LO:':. RATE IN FROPORTIONI"NIT TIME. 

R(I) - INTERMEDIATE RATES IN UIITS/ULIT TIME.(STGE OF DELAY)
 

RIM - INPUT RATE IN UlNIT.,UNIT TIME.
 

ROUT - OLITPUT RATE IN .NIT:SiUItIT TIME.
 

.&TRG - STORAGIE IN UiIT:.
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DIMENSION R(1)
 

FK = FLOAT(K) 
B = 1. + (DEL-DELP)'(FK*DT) + PLR*DELP/FK 
IDT = 1. + 2.*BrDT*FK/DELP 
IF(IDT .LT. IDTU) IDT = IDTU
 
A = FK*DT/(DELP*FLORT(IDT))
 
DELP = DEL
 
KMI = K-i
 
DO 20 J=lIDT
 

IF(K .EQ. 1) GO TO 15
 
DO I0 I=IKMI
 

R(I) = R(I) + A.(RI+I:-B*R(I:) 
10 CONTINUE 
15 R(K) = R(K) + AR(RIN-B.R(K>) 
20 CONTINUE 

STRG = 0.
 
DO 30 I=IK
 

STR'3 = STRG + R(I)DEL.,-'FK 
30 CONTINUE 

ROUT = R(1)
 
RETURN 
END 
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