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I. INTRODUCTION

This user's guide describas the sociceconomic model used in the RAPID
Projecr and explains its use on tha Apple II computar. Chaptar II describes
the model and presents che equacions usad to muke the demographic projections
and to relate them to che other scctors, cconomy, cducacion, health, housing
and food and agriculture. Chapter III describes the data raquirad by the
model and the preparation of the data. It also contains g saxple data load
sheet. Chaptar IV describes the ocperation of tha Apple II computar.



II. RAPLID SOCIOECONOMIC COMPUTEZR MODEL
Introduction

The computer model used in the RAPID project is {atendad to be an important
part of the RAPID presentations on the effecss of rapid population ,rowth on
development. In order o fulfill chis intention the model must sarisfy cwo
criteria: it muse provida the informacion needed to demongtrace the effeces
of population growch on dsvelopment, and it must be Telativaly siupla.

In order to supply the information necessary for tha prasentacion thae wodal
obviously must contain a demographic sector thar ig capable of projecting
the size and age AtTucture of tha population wndgr differeat aosusptions
about fertiliecy. 1In addition, 1t must ralace damographic variables co key
indicacors of developmunt in several sactors, such as acomomicy, sducation,
agricultura, health, and housing. The damographic and related variables must
be displayed iz an appropriace mensaer to convey the massaga to the audience
and kaep their interes: in the prasentatien. Finally, the mndel must be
flaxible enough to be used for any davaloping country with a minimum amownt

The resquirement for the modal to be simpls resulcs lazgaly from the necesgicy
of being able to explain the calculszionsl proceduras fully to a sophisticated,
bur possibly gontectnical, audiencs in g short period of tima. If the model
carnot be explained quickly to a member of ths sudience vho asks for clari-
{lcaticn of tha calculational procedurss, che effectiveness of che entire
Prasentation is likaly to suffer. 4 sophisticatsd audience will not be likely
to accapt & conclusion sbour the effects of population grovth on davelopment
if ic cannot uderstand hew that conclusion was obtained.

The requiremenc for the modal to be simple also derives, in part, from the
capabilicies of tha compuiar selectad for use in RAPID. In ordar to have a
truly portable computer that czn be usad anywhara in che world, s micro-
procassor-based computer, the Appls II, vaxs selectud. The nodel must be -
small enough to £ir within the MemoTy capacity of the computer and simple
enough to ensura that calculations parformad during tha presencation will oot
Tequire the audience to wait for long periods of time befors seeaing the

The model, therefore, has baen designed to supply the informstion for a
sresentation in a simple and straightforward manmer. In the demographic
sector, for example, the usual practice is to disaggregace populatiocn by
both aga and sex. dovevar, in the RAPID prasentacions chera is no graat
need to be nighly accurate ia deterzining the sex racio in the populacion.
Thus, it is sufficieat to calculace the female Populacion as a fixad per-
centage of the total populaction and use oculy a one-~sex zodel, which uses

less compucar DamozY and increaases the spead of calculation. In che sconemic
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sector, a simple national production function has bean used to calculace
production rather than a more complece input-outpur aporoach. This si=ples
approach allows the model :o be explainad more easily; {: allows the model
to be applied more reacily to Practically any councrv ond ic Provides all
the accuracy and decail thar the presencacion requires.

The rest of this section discusses the proceduras used in eaci of che seczors
contained in tha general model. This general model is used with the data
base to produce Projections for any developing country. ror specific counstry
analyses that become the subject of councry presentations, this general model
is medified to add specific sectors of importance to a particular countcry.



Population Projecticns

Tae demographic sector uses a one-sex model thac disaggregates the populacion
into 16 five-vear ags cohorts, from 0=4 years old to 75 and over. For each
age group except the 0-4 group, the population is increased by people aging
into that cohort and decreased by people aging out of it and by deaths. The
0-4 age group is increased by births and decreased by aging and deaths.

Births are calculated from the tocal fertility rate aad the age-spacifin
distribution of fertility. Thus, the total oumbar of births occurring a: a
rarticular tire to the weman of a givea sge i3 the product of the tocal
fertility rata, the fraction of tocal lifecims birchs occurring duving the
given age and the number of wowr—~ im chat aga group. The ags distribution
of fertility is assumead to remain coustant ovar tima, while the total fer-
tilicy rate may be changed at will by the user.

Mortality is based on life expectancy and a2 ser of model lifa %ables. Life
expactancy is determinad by the model user. Age-spacific mortalicy rates

" are then caleulated from the appropriate Caale-Dcﬁhny West modal lifs table

for that ;ifc expectancy.

From the projections of population by age, a number of ocher dazographi
indicators are derived, including the number of births, the cruda birth
and death rates, and the population growth rate. The urban population is
calculated from tha urban population in che first year of the projection
and -the rate of migration from rural to urban aress. Ths total dapendency
ratlo and the child dependency ratio ars also calculatad.

Ic order to ansurs that the modal produces accurate projectioms iz spite
of the simplifications, it was vompared with a more complex modal. Compar-
ison rn3 ware mad2 betwaen the RAPID model and a versienm of ths GE TEMPO
model that includes separace male and female projections, age-specific
survival rates taken from councry data and specified for males and females,
and varying age-speciiic fertility schedules. FRuns ware made for Senegal,
using idencical input data for 1975 in both modalas. Projections ware mada
over a 50-year period, assuming minor and major changes in the fartilicy
Tate. Comparisons of the rasults were made for -=oral population, birchs,
crude birth and death races, urban population and labor forca. In no case
did the two projections disfer by more tha- 3 percent after 50 vears. This

[i__is well wichin the accuracy required for the RAPID project.



Dcmog;auh;c Equations

Birshg

The number of birchs occurring during anmy five-year period is determined by
the ctotal fertilicy rate, the distribucion of farcilicy by age, and the
ounbar of females of fertile age.

40=44
(POP, .. _ + POP )
- AGE, ¢ AGE,t-$§
BIRIHst E IR, x ZBIRIHSAGE x ---—~4-3—--—-dh-—-
AGE = 15-19

X ZFEMALT

Whare:

BIB:ES: = Number of births from tims t=-5 to t,
TFRt * Total fartilicy rate ac time ¢
ZBIRIBAGE = The parcentage of total lifetime birthg thar oecur
during the five-yesr period spacifisd by AGE
POPAGE e " Population of five-year sga cohort, AGE, at tima ¢
?

ZTEMALE = The percentage of the Population aged 15-44 that ig
famale

This equation calculatas total births by summing che births occurring to
fendles in each of the five-yaar age cohorrs between 15-19 gnd 40=44. Tha
total fertilicy rate is muliciplied by the percentage of births occurring
during a womsn's lifetime which occur during a particular five-year period,
the average Population for the specified cohore, and the percanctage of the
Population sged 15-44 that is femalas.

Ageg Q=4

The size of the 0-4 a4ge group is increased by birzhs and decreased by deachs
occurring during the first five years of 1if,.

POPO_4’= . BIREHSt - BIRIES: x (DEAIHRAIEO_A’t + DEAIHRAIEO_A’:_S) /2
Where:

- -
POPO_A,c ® Zopulation aged 0-4 ,

BIRIEst » Number cf births occurTing during :the five~veasr
pariod, =3, o ¢

DEATHMATE = The moTtality rate for che iirst age cohor: at Ting ¢
O0=4,t



{
Ages 5-7.5

Tne population aged 5-74 is divided iato 15 five-year cohorzs, Iroz ages

5=9 to ages 70-74. The size cf each agae group ac any time is decermiaed

frow the size of thae preceding cohort (five vears younger) and che percent-

age of that cohor: that survives during the five-year period it cakes to age
into the next cohor:. Thus, each cohor: is traced as it ages with the passage
of time and as some of its members diec.

POPAGE,t - POPAGE-S,:~5 x SURVIVAL RATEAGE':

(DEATHRATE + DEATHRATE )
SURVIVAL RATE, . _ = 1 - AGEic AGE. =5’
»

Where:

POPAGE.: = Population in AGE cohort at time ¢

SURVIVAL mm:m e " ‘Pearceantage of the population in cohert AGE=S
‘ surviviang to the next age cohort
DEAIHRAIEAGE e ™ The¢ mortality rats, the percantage of the cohore
! that will not survive to che next eohor: '

The mortaliczy rates arg determinad from the Coale-Denmdny West model life
table corresponding to the given life expectancy.

Ages 75 and Over

The size of the final age cohort, ages 75 and over, is determined by the
number of people surviving from the 70-74 cohort and the aumber of surviving
prople over 75.

- SURVIV w, .+
PO ey, ™ POPypg4,¢ X AL RATE;0_y4,¢ + POPyey .

x SURVIVAL RATE75+':

Whera:

P0P75+ c " Population aged 75 and ovn:.at time ¢
P°P7o-7a,: Population aged 70-74 at time ¢

STRVIVAL RATE GE.t * The percentage of the population ia AGE cohort
AGE, surviving from time t-5 to time ¢
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Deoendencv Ratio
N
The dependency ratio is the Tatlo of cthe population ages 0-1% and 65 and over
to tle population aged 15-64.

10-14 75+

. 2: PO Z: 140)3

PaGE,e *
DEPENDENCT, = AGE = 0-¢ AGE = 63-79

60-64

2: PopP

AGE = 15-19

AGE,t

Where:

DEPENDENCY: = Dependency ratio
POPAGE,: = Population in cohort AGE :

Child Degandengz Ratio

The child depeudency ratio is the ratio of the child Population (ages 0-14)
to the working-age Population (ages 15-64),

10-14
hD PO

bt

. _ AGE = 0-4
CHILD-DEP = “Zs—

> POP cp, ¢
AGE © 15-19

PaGE, ¢

Where:

CEILD-DEPt ® Child dependency ratio
POPAGE,: = Population in cohort AGE

Urban ngulg:;an

The urbar population is calculated froem tha natural growth of the urbsem
Population plus the numher of People migrating from rural to urban areas.
POP
t
URBANC URSANt_S x 33;::; + 5 x MIGRATION RAIE: x RURAL:_Z 19
q
POP: \ 1/2

RRAL. 2 172 ® RURAL .5 = (POPC_S/



Whera:

URBA.Nc = The size of the urban population at rime ¢
POP_ = The size of che total population at cgime <=
RURAI.c = The size of the rural population at cime ¢

MIGRATION RA.‘IEc = The percenctage of the rural Populacion that migrates
to urban aree 2ach vear at tims ¢

The first equation calculatas the size of the urban population without wigra=-
tion oy assuming chat the rate of natural incrsase is the same as for che
total population. The migracion from rural draas over the five-vear period
i3 then determined by mulciplying the migracion race by the avarage rural
population over tha period. The average rural population is determinad

by mulciplying the size of the rural populacion at the beginning of the
period by the growth of the toral population from the baginning of che
period to the middle of the period.



Education / 0

The education sector Projecss the number of studencs of Primary and sacondary
school age as well »: the number sarolled in Primary and secondary school.

Primarv School

[he number of children of primary school age is simply che Population aged
5-14 mlciplied by the percent of that age §Toup that is considered to be
of primary school age.

= DAY
CPSA: °°°5-16,t x POPA
Whera:

CPSA = Children of primary school age
POPS_la " Population aged 5-14 at cime ¢

POPA = Parcent of population 5-14 thar ig cousidered
to be of Ptimary school age

Earcliment in Primary school is equal to the number of children of primary
school age mulciplied by the enrollment rate for primary school.

PRIMENt = CPSA: x PER:

Whers:
PRIMEN = Primary school enrollment
CPSA = Children of Primary school age
PER = Primary enrollwuent Tate
Secondarv School

Similarly, the number of children of secondary school age and enrollment in
secondary school are calculated iz a2 sgimilar manner.

CSSAg - POqu_lg’: x POsSA

SECEI: - CSSA: x SER:

Whera:
CSSA = Children of secondary school age

‘v
U
a

0 10-19, ¢ Populacion aged 10~-19 at zimg ¢

POSA = Percent of pPorulacion 10-19 considered
to be of secondary school age
Secondary school enrollment

Secondarv school earollment race

SECEN
SEZR



Healrh

The health sector is used to project three varia-les: che aumber of
docturs required to attain a given ratio of T<«opla per doctor, the number
of hospital beds required to attain g given people~-per-hospital-bed rario
and the size of one of the groups at highest health risk, mothers and
children under the age of five.

Doctors and Hosoital Beds
—*—-———..—___

The number of doctors required to attain a glven coverage is found by
dividing the total population by the number of pPeople per doctor. Similarly,
the aumber of hospital beds required to attain a given coverage is found by
dividing the total Population by the number of Paople per hospital bed.

DRﬂ » POPt / POP-DR=

HB = POPt / PﬂP-Ert

t
Where:
DR = Numbar of doctors required
HB = Number of hospital baeds Tequired
POP = Totil population
‘POP=DR = Number of pecple per doctor
POP-HB = Number of People per hospital bad

High Bealth Risk Pooulation

The high healzh Tizk population of mothers and Ehildrcn under 5 1is approx-
inated by females berwaen the ages of 15 and 44 and cailldren under the
age of 5,

HRISKc = POPO-A,: + POP15_64'= x ZFEMALE
Vhere:

HRISK = Population at high haalth risk
POPO_4 c " Population aged O=é at rime ¢
’
- - o«
POPIS-AA,: Population aged 15-44 at time t

AFEMALE = Percentage of population aged 15-44 that is female
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Housing

Households

The housing gector calculates the number of households, the number of
households requiring aew housing and the dverage household size. The cal-
culation of zhe nudber of households is based on the fact that most house-
holds are haaded by males or females becween the dges of 20 and 64. Thus
the progran determines the number of peopla in this dge group and divides

by two as a first ‘estimare of the number of households. This first approxi-
mation is then adjusced ro yield the final household figure. The adjuscment
factor i3 found by dividing rhe actual numbaer of households in the base year
5y one=half the numbar of people batwaen 20 and 64 ia the base vear. Thus
the adjustment factor adjusts the number of households for the prevalence in
a particular country of families headad by a single adult, extended families,
families formad by people undar the age of 20, ete.

60=64
B cHAFz ¥ POP,c:
20=24
60=64
HEAF w ggl / E: 1/2 x POPAGE,l
AGE = 20=24

Where:

HH = Number of housaholds
HHAF = Hovsehold adjustment factor
POPAGE ¢ *™ Population of age AGE at time ¢
’

POPAcz 1 " Population of 2ge AGE ia thg base year
1
EE.l * Number of households in the base year

New Houling Requiramentcs

The aumber of households requiring new housing esch year is found by adding the
average annual groweth in the nur’'ar of households ro the number of housing uni:s
that musc be replaced each year (assumad to be 2 percenr of the housing stock).

TR, = ((RBps / EB,_9AL-1) x @, + HE_, x 0.02

Whers:

!EUHt = New housing units :tqﬁircd at time ¢
EE: = Number of households
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Housenold Sice

The average househoid size is decermined by dividing czhe :zozal populacion
by the number of households.

A.HESt - POPC / H'Hc

Where:

AHSS = Average household size
POP = Total population
EH = Number of households



Agricultyre and Nutrition /¢

The agriculture and aucricion faccor determines the number of éeople per
hectare of arable land, che total calorie requirements of the Population,
the supply of calories and the racio of calorie Supply o requiremencs.

Peovle per Hectare of Arable Land
_\

The number of people per hectare of gvable land is simply the tocal popula-
tion divided by the number of hectares of arable land.

PPH: = POP: / ARABLE:

Where:
FPR = Number of People per hectare of srable land
POP = Total population
APABLE = Number of hectares of arable laad

Calorie Requiremants

The determination of the nunber of calories required is based on the recom-
nended number of kilosalories Per person for the particular country being
studled and the age-specific requirements of the rast of the population
relative to the refarence Tequiremants. The reference Tequiraments are the
aumber of kilocalories required by a pecson aged 20-39 in che particular
cowntry. Kilocalorie requiraments for all other age groups are determined
as a fixed fraction of the reference requiraments, except chat per capita
requirements for the ages O0-12 ars assumed tc be the sana for each country.
These requirements aras given below:

AGE RILOCALORIE REQUIREMENTS*
0=4 1400

5=9 2066

10-12 24758

13-4 602 of refarance
15=-19 1042 of referencs
20-=39 1002 of referencs
40=49 95% of refarence
50-59 90Z of referance
60=69 802 af raference
70+ 702 of refarence

Total kilocaloria Tequirements are found by summing the products of the
requirsamsents for each a§e group and the number of people in that age group.

—
*Inergv and Procein Recuiramancs, Report of Joiat FAC/WHO Ad Hoc Expert
Commic:zee, FAO Nutricioen Meetings Rapor: Saries, No. 52, WHO Technical Repors:
Serias No. 522, World Health Organizacion, Ganava, 1973.



75+ 5

R~ L POP cp, o X REQuo

t
Where:. -0-‘ |
KR = Total kilocalorie requirenants
PGPAGE,: = Population of age AGE at time ¢
REQAGE = Kilocalorie requirements for age group AGE

Calorie Sunolvy

The supply of kilocalories 1s approximated from the supply in the base vear
and the average growth in supply.

RS, = RS, x (1 + xsGRp) ©
Whera:

KSt ®= Fllocalorie supply in year ¢
KSl = Kilocalorie supply in the base year
RSGR = Growth rate in supply

Ratio of Reguirements to Suvoly
The ratio of raquirements to supply is also calculated.
KRSRC - KRt / KSt
Where:
KSRS = Rilocalorie requirezments to supply ratio

KR = Rilocaloris requirements
KS = Riloccalorie supply
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III. COUNTRY DATA FOR THE RAPID SOCIOECONOMIC MODEL

The form included atr the end of this section is the data load sheet for the
RAPID model. Most of the items on the sheet must be filled in before the
dara can be entered into tha computer. few items will be calculated by
the data base program. If any item camnot be completed, a zero should be
entered for chat item to emsure chat all items are interpreted correctly.
Sources should be noted in the appropriate column of the load gheet. All
data should be for the base year unless otherwise noted. Likely sources of
data that can be used in the absence of specific country reports are noted
below,

Data Scurces

1. O Demographic Yearbook, UN.

2. Selected World Demographic Indicetors to 20 0, UN, Population Divie
slon, and World Population Trends and Prospe 3 by Countrv 1950-2000:

Summarv Report of the 1978 Asnsessmant, UN, Populazion Divigion, 1579,
3. Pooulation Projecticns bv Age and Sax, 1930-20b0. UN, Populatien
Division.

4. World Development Indicators, World Banlk.

S. World Bank Atlas, World Bank.

6. Horld Tables 1976, World Bank. .
7. Yearbook of National Account Statisticg, UN.

8. World Debt Tables, World Bank.

5. IMF Financial Statistics, IMT,
M

10. World Housing Survev 1974, UN, 1976.

1l. The Fourth World Food Survev, UN, FAO, Rome, 1977.
M

12. World Fereiliev Patterns, A.I.D.
13. UNESCO Yearbook, UNESCO.

14, FAO Productien Yearbook, FAO.
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Damograoric Data

S3ase Year. The vear wo waich all subsequent data refer.

0.

1=1lo.

17.

18.

19-24.

26.
27.
28.

'To:al population five years before the base vear (Source: 1).

Population by five-year cohorts for the base vear. Thaese icems
should sum to total populacion (Sources: 1, 2).

Total in the base year population (Source: 1).
Total fertility race (Sources: 1, 2, 4).

The percentage of avarage lifetime births that occur during each of
the ege cohorts from 15~19 to 40+ (Sourcas: 12).

The percant of tha population 15-44 that is female (Source: 3).
Life expactancy (Source: &4).
Urban population (Sources: 1, 2).

Percent of rural populacion migrating to urban areas each year,
(Source 2—-chis source gives the percentage of the population in
urban area each year——howaver, the migration rate can be calcu-
lated. TFirst calculate the avarage annual growth rate of the total
population for 1975 to 1980. Then calculate the znmuel rate of
growth of the urban population for the same period. Multiply the
1975 urban population by the difference Sectveen the uzban popula-
tion growth and the total pepulation growth rzte. Divide this
nuxmber by the 1975 rural population.) Source 4, which gives tae
average annual growth rates of the total and urban population

can also be usad.

Economic Data

" All economic data should ba exprasad in base yaar U.S. dollars unless
otherwise specifiad.

29.

30.

GDP (Sourcn;: 4, 5, 6, 9).

Vaiua of capital stock in the base vaar. This can be estimatad by
multiplying GDP by the incremantal capital-cutput ratio (ICOR). The
ICOR can be found in Source 6, or calculated from Source 7. To
calculate ICOR, continuous data are required on gross fixed capital
formation in constant currency.

€2

ICOR = c Gross fixad capital formaction_

T

GOP - GDPt

.+l

1



32-49,

50.

51,
52.

33.

54.

35.

56'

37.

58.

14

The sum of gross fixed capital invescmenr divided by the growth
in GOP yields an escimace of che ICOR.

Total private and government cousumption in the bage vear. (Sources:
6, 7). This ghould be based on an average rate ol consumpcion for
several years rather than Jusc the figure in the base vear. Calzu-
late the z2varage of consumption a4s a parcent of GDP for sevaeral vears
and mulctiply this figure by GDP in the basa year.

These items are not used.

The labor force participation rate of the population aged 15-64.
The data base Program will calculate this number.

Size of the labor force (Source: 4).

Employmant. Tha best source is generally country reports. The Lo

Bandbook of Labor Statistics may help.
w

Employment congtanc. This figure represents che historical racio

of the growth in ezploymant to the growth of capital sto k. The
historical increase in capital stock can be estimated by dividing
gToss fixed capital formatiom minus the consumption of fixed capi-
tal by the product of GDP and ICOR (Sourca: 7). The average annual
increasa in employment will normally have to be found in country
specific sources. Hovever, if the unemploymant race has not changed
significantly, the @verage increase in' labor force (Sourca: 4) can ba
used.

External public debt (Sources: 4, 8).

Average annual Principal payments as e percent of coctal extarnal
debt (Sources: 4, 8)

Average annual interest paymencs as s percent of tocal externmal
debt (Sources: 4, 8).

Average annual foreign loans Teceived as a percent of GNP
(Sources: 4, 8).

Average ammual foraign grants recuived as a percent of GDP
(Sources: 4, 8). o

Rate of technical progress. Total output is calculated using a
Cobb~Douglas production funetion.

GNP = 4 x (1+ RTP)® x &2 x £°
Whers:

4 = Constant term
RTY = Annual rate of :echaical progress
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Time

Emplovment

Capital sctock

Elasticities of output with respect to capital and
employment

oOAR"REe

a,

The race of tachnical prograss can be calculated as follows:
RIP = Annual growth rata of GNP - -
b x (anoual growth rate of employment) -
a x (annual growth rate of capital stock)
60. Elasticity of output with Taspect to capital. 1If no informati:n

is available, it can be estimaced as 1.0 minus b (the elastici:uy
of output with respect to employment).

61, Elascicity of output with respect to employroant. If no country data
are available, the elasticity may be astimacad by calculating che share
of income that is paid to labor. This may be astimaced by dividizng
compansacion of amployeas plus 1/3 of operating surplus by nationel
incoma (Source: 7) and averaging the result over a nuzber of yaars.

62. Production function comstant. Calculatad by the data base prozranm.

63. Capital deprasciation rata. This can be estimated by dividing con~
suzption of fixed capital by the product of GDP aad ICOR (Source:

7) and averaging the rasult over several years.

64. Exchange rate in units of local currency per U.S. doilar (Source: §9).

76. Local currency unit. The name of the local currency unit
(Source: 9).

Eduvcation Data

65. The percentage of the population aged 3 to 14 that is considered to
ba of primary school age (Sources: 7, 13). .

66. The percentage of the population aged 10 to 19 that is considered
to be of primary school age (Sourcas: 7, 13).

67. The primary school enrollment rate (Sources: 4, 7, 13).

68. The secondary school enrollment rate (Sourcas: 4, 7, 13).

69. People per physician: (Source: 4).

70. People per hospital bed (Sourcas: 4, .



Hou Data

71. Average houschold sizs (Souzee: 10).

Nuerition and Agriculcure Data

72. Kilocalories requirad per reference persen. Calculatad by che
data base program from the average kilocalorie Taquirement
(Source: 11).

73. Food supply in kilocalories. The product of per capica supply and
population (Source: 1l1).

74. TFood supply growth rate (Source: 11).
75. Arablu land in hectares (Sourcs: 14),

Thesa daca are entered into the RAPID data through the usa of tha data base
frogram. To usa this program, first set up the computer in accordancs with
the operating instructions for the RAPID model. At Scep 8, place the daca
basa disk in the disk drive instasd of the RAPID model disk (if they are
different). Simply follew the insctructions that appear on the screean at the
concliision of Step 8. This program allows the user to enter new data, change
data and display or print che data for a particular country.
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CorT™y . 3ASE YEAR:
JOGRATETS DATA ‘ SOURC=E
0 Fopulation > years before base year '
ioulation 5v age
U
2. Se3
3. 10=14
4., 15«1
8. 25=29
7. 30=34
8. 35=39
L9, 40~d4
10, 45«49
L1, 53=34
. 53=59
. 60=64
Lé. 6369
£s 70=74
15 7 S

=k

Total povulation (base yesr)

Toctal fertilicy

Tersili=y Ace Diseibuciom ()
15=1

Rl. 25«29

22. 30=34

23. 35-39

&‘5 . 40mls ,

25. Percent of 15=44 aga gToup that
is female

26, Life expectancy

27. Urban populacion

28. Percent of Tural population igrating
€0 urban aress esch year
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29, S0P )

30. Caoizal ssock

3l. Coasumntiom

30. rabor force sa=eisisaziss rate

51. 1aber force size . ,

2. =0igvmens l

33. Z=plowmesmt constant (Z)

54, zxternal public dabe

55. Debt sarv’es (princical paviazcs. % of debe)

56. Debt iatares: sarmencs (I of debt) dade)

57. 433 inflcw as % of GNP

158. Foredgn grants a I of GNP

P3° Race cf technical progress

P9, Capizal elasgicisy

Bl- Lapor elasticity

52. Przéuction funcrion couscant

P3- Cavizal deprecizcicn =ass (% of casisal szaek)

c4TTancy unizs Jer S i- basa vear

£ .
P4+  ZIzehamge rate—




COUNLRY:

SOCRCE

EDUCATION DaATa

65. Percanc 5-14 vear olds of prizary school age

66. Percent of 10-19 yoar olds of secondary school age

67. Primary enrollment rate

68. Sacondary enroliment rate

ZZALTH DATA

‘69. Number of peopla par physician

70. Number of paople per hospital bed

HOUSING DATA

71. Average household size

NUTRITION AND AGRICULTURE DAT4

72. Kilocalories requiraed per parson 20-39

73. Food supply (kllocalories)

74. Growth rate of food sSupply (Z/yaax)

75. Arablae land

76. Local currency umit
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IV. OFERATION OF THE RAPID MODEL
ON THE APPLE II COMPUTER

In order to use the RAPID model on the Apple II computaer, an Apple II wich
48k RAM and Applesoft BASIC are requirgd.

Setting Up cthe Aople II Computer

1. The Apple II computer requires 110 WAC. If only 220 VAC is available,
2 220/110 step-down transformer must be used.

2. The Apple has a three-pronged power cord chat plugs into the back of
the Apple (next to the om/off swvitch) on one end.and into an electrical
outlet or the transformer on tha other end. A grounded (three-hole)
electrical outlet should be used. Tf a grounded Gutlot {s not avail-
able, the Apple shouid be grounded. Thig can be eccomplishad by first
‘looseuing one of the four serews on the bottom of the Apple that hold
the power supply in place. Wrap the 8tripped- end of an—insuleted - --
wire around the screw and retighten the screw. Wrap the other stripped
end of the wire arouad a good ground, such a3 a water pipa.

3. The Aﬁplo displays output on a color TV sat. A black and whita set L
nay szlso be used, but, of course, the output will be only black and
whi:.. ° : - o *

The American Apple can use any American standard television receivar
oTr monitor. If a monitor is available, the black cable with large
connectors on either end is used. The smaller of the two coannectors
Plugs in the receptor labeled "video out" located on the raar panel
of the computer. The other end connects to the "video in" ruceptor
on the television.

If a television recaiver i, used, the black video cable with the
switch box on one end is required. The leads from the box actach to
the UEF antenna terminals of the television. The other end of the
cable plugs into a Teceptor inside the computer. In order to open
the computer, lifc straight up on the sides of the top at the raar
of the computer. The sides should snap open, allowing zhe top to

be removad.

» * L

WARNING - Do not remove the top while
the computer is on. Be sure to turn
the computar off before Temoving the top.

L . *
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The othe: end of the video cabie attaches to the uppar receptor on
the video card attached to the right side of the computer casa.
The talevision should be curmed on and tuned :o UHF Chamnel 33.

If a European Appla is used, a European Pil talevision receiver or
monizor is raquired. Ia chis case, the vidao card is plugged into
the right-most slot at the rear of the compucer. Tha video cable

should be attached to the upper raceptor on this card.

4. The Apple can be used with aeither disk or cassetrs tape for imput
and output. If the disk is used, the disk controller card (attached
to the disk unit) should be plugged into slot 6 at the rear of the
computer.

* w *

WARNING - Do not parform this operation
when the computer is on. It TAY cause
severe damage.

* w w

If a cassetze tape recorder is used, the racorder connects to the
Apple through the cassetta interface cable. .One end of the cable
has plugs labeled IN and OUT and the othar end has plugs labeled
MIC and EAR/MON. The IN and OUT Plugs skould be connected to the
CASSETTE IN 'and OUT jacks at the back of the Apple. Tha MIC and
EAR/MON plugs connect to the corresponding jacks on the cassectre
recorder. '

5. The Apple !s turned on by moving the ON/OFF switch at the back of
the Apple to the "ON" position. The power light om the kayboard
will light up when the computer 1s receiving power. (I# the Apple -
Plus model is being usad with disk, be surae the RAPID MODEL disk
is in the disk drive before turning the computer om.)

6. At this point, the TV screen should be filled with random characcars.
If it i3 not, adjust the tuning of the telavision. (If a new model
Apple Plus is being used, the screan will display the header APPLE II.
If a disk is attached. che disk will be immediately loaded. 1In this
case, simply follow the instructions on the Screen to run the model).

Loading the RAPTID Program

7. Press the RESET key locatad in che upper right-nand zormer of the
keyboard. The boctzom of tha display should now show an astsrisk
and a flashing curs-~-.

If the disk is being used, Jollow Scep 8, then skip tha rest of this
section. For cassetca <ape operation, skip to Scap 9.
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NOTE: The data for the country being studied
must already be on disk or tape before
proceeding beyond this poinz. If chey
arc not, see the seczion on COUNTRY
DATA FOR TET RAPID SOCIOECONOMIC MODEL.

Disk Loading

8.

Place the RAPID MODEL diskaette in the disk unit (wizh the label
facing upwards and toward che front of the disk drive) and close
the disk door. Then type 6[CTRL]P (RETURN). This is accomplished
by pressing the 6 key, then pressing the P key while holding dowm

. the key marked CTRL and finally pressing the key marked RETURN. Now

follow the instructions shown on the screez.

Cassacca Loading

9.

10.

Put the tape into the cassette recorder and rewind it to the beginning
of the tape. Press the button next to the digital counter on the
recorder. This should sec the counter to 000. Now use the FAST FOR-
WARD button on the recordar to move the tape to number 005 or whatever
beginning number is marked on the tape. This is the location of the
first program to be loaded. Sot the volume control to the upper
middle range of che recorder, 6, if the volume scale is 0-10.

Encer the following command into the computar:
[CTRL] B Entered by holding down the CTRL
key and pressing the B key. Then
releaga both keys and prass the
RETURN kay.
The computer will respond with a bracket, ]. Now snter the command

LOAD

"but do not hir the RETURN key yet. Scart thke tapé racordér;By préss-

ing the PLAY buttom and imnadiately press the RETURN button on the
computer kayboard. ‘ )

The first program should now be loacing. The blinking cursor will
disappear while the program loads. Onca loading is compleced, the
Apple will beep and a new bracket will appear, Zfcllowed by the bliak-
ing cursor. When this happens, stop the tape recorder.

If the program does not load, press zhe RESET butzon and try again
from Step 9 with a differeant volume setting on the recorder.

IZ cthe program loads successfully, tha second program can then be
loaded. Tirst press tha RESET kay. The computer will beep and an



13.

14.

15.

e

asterisk will appear. Now set the Tecordar to the correcs 2osicion
for the second program. Zntzer the =oumand

1800.1AZ9R

bur do not press the RETURN kev ver. Start the tape recorder by
prassing the PLAY button and immediately prass the RETURN key on
the computer keyboard.

The second program should now be loading. The blinking cursor will
disappear while the program loads:

Once the loading is completad, the Apple will beep and the cursor
will appear again. When chis happens, stop the recorder.

Now type the following commsnd:

(CTRL] C Entered by holding down the CTRL
key znd prassing the C key. Then
release both keys und press che
return kay.

The program is now ready to run. Start the program by entering RUN
and pressing RETURN. '

Using the Program

17.

18.

19.

The questions that appear on the screen should be self-explanacory.
Remembaer to press the RETURN key after each response. All YES or
NO questions should be answered with a Y or N. '

If you make a typing error and raalize it before you have pressed

the RETURN key, you can corrsct it by using the arrow keys. The

left pointing arrow will move the cursor bac.-ards. It can be used

to move The cursor back to the mistake. Type in the corract character
and entszr the rast of the line by retyping it or by using the right
pointing arrow to move tha cursor to the end of rtha line. - -

The program can be halted at any point by entering {CTRL] ¢ and
pressing the RETURN kay. It can be restarted at the main option
table by sntering GOTO 2500. 1If a program erzor occurs, it may be
possible to racover by using tha GOTO 2500 command also.

Jnce the work is finished on onme country, you must return to Step 7
in order to begin projactions for a second country.
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Economic Profecticns

Labor Force
“

The economi: sector of the model is designed to show the effects of populacion
growth on the labor force and on tha growth of the economy. The size of the
labor force is projected simply by assuming that & consctant percentage of the
population between the ages of 15 and 64 will be in the labor force at any
time. Thus, to find the size of the labor force for any year the size of che
population aged 15-64 is muitiplied by che participation rate for this gToup
in the base year.

In reality che participation rate for the population will change as a councry
modernizes. In order to understand the effects of using the simplifying
assumption of constant participation rates soma of the factors that affaect
the participation rate should be mentioned. As a country modernizes and be-
comes more urban the participation rate of females is generally seen co rise.
This effect is even more pPronounced when the birth rate dropgs. Thus the gen-
eral model tends to underescimate the sizea of the female labor force for
reduced fartility projeczions. (This affect can be taken into account for
individuzl countries if necessary, as in che case of Jordan, for exampl-,)

Of course, the participation of females in the rural labor force is usus. .y
underestimaced in official statistics so that female participation may not
actually be rising with modernization although it appears to do so from the
statiscics.

A second effect of modernization is ro increase the percentage of children

in school. This effect will be Dore pronounced where birrth rates are dropping
since, if other conditions are equal, it will be aasier to attain a high
enrollment rate with a smaller school age population. The effect of increased
schooling is to decraase the participation of school aga children in the lador
force. Not ouly is this effect seen at the primary and secondary level but
also at the university level where entry into the labor force is delaved con-
siderably becausae of schooling. (Although in many developing countries attend-
ance at the university is combined with a full-time job.)

Thus the use of a constant Participation rate will tend to underestimare
female participation and overestimate participation by the young age groups
for a projection involving reduced fertilicy as compared to a comstan: far-
tility projection.

The number of new job rTequirements each year is calculated by simply dezer-
mining the increase in the size of the labor force.

GDP and GDP Per Capica

The projections o ecomomic growth, GDP and GDP per capita, are intended o

be plausible projeccions of growth given the conditions of the country. Thev
are not inctended to be predictions of acrcual future growth ractas. This dis-
tinction is importanc because in many developing countries economic gzowth 4is
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heavily dependent on pricas for a few key commodities or on weathar conditicns.
The ecomomic projections in this model are designed only to demonstrace the
effects of differunc rates of population growth cn economic growth givea the
present situation of the country and given assumptions abou: extermal aid and
the rate of cechnical progreass.

The Cobb=Douglas Production Function

in order to relate cthe size and rate of growth of the population to economic
growth in a simple and straighcforward manner a Cobb=-Douglas production func-
tion is used. This function relates tocal output to the amount of employead
labor, the size of the capital stock, and the level of techaical progress.
The form of the equation used here s

GDP = A x (1 + RTP)® x K* x E°

wvhera: GDP = gross domestic product
A = constant
RTP = the annual rate of technical prograss
t = time
K = the value of the capital stock
E = the number of employed parsons
2,b = the elasticiry of output with respect to capital .

and employment

This method of projecting econmomic growth is used because it is a fairly
simple method that is readily undarstoocd by presentacion audiences. It relates
both the size of the labor force and savings to economic growech, and it in-
cludes technical progress. Its simplicity makes its use possible for prac~
tically any developing country from data that are readily available.

The production function assumes three sourcas of economic growth: increases
in the amount of capital, increases in the size of the employed labor force,
and technical progress. The exponants & and b indicate the elasticity of
output with respect to capital and labor, respectively. In other words, they
indicace the increase in outpu: that will result from a given imcreasas in
capical or labor. An elasticity of .3 for capital, for example, indicatas
that an incresse in the capital srock of 1 percent would lead to an increase
in output of 0.3 percent.

Since this is a fairly simple model of economic growth it is necessary =o

discuss briefly how this simplification affects the project'on of economic

gTowth under conditions of rapid population growth and slow populazion growth,

and whether or not the model is biased in favor of one or the other. Although
there are many limicacions to chis model, thers are four major areas of concern:
tecanical progress, the qualicy of labor, economies of scale, and resource shifts.

Race of Technical Progress. The simple Cobb-Douglas aguazion shown above
assumas that techaical progress is independant of changes in capital and labor.
in fact, as the equation is written, technical progress really refers o anv-
thing chat conzributes co acomomic growth cha: 13 neizher an increase in
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capital or emplovmen:. Cezrtainly this encompasses marcy forms of techaical
PrTogress. TFor example, reorzanizing the location of machinqes witnin a plaac
to provide a more eificient use of $pace and easier access to materials migas
increase oucput although the amount of capital and labor would be unaiZected.
Many sources of progress are embodied in the capizal stock, however. 4 taech-
nical advance that results in a faster knitting machine, for example, will

not increase output in a plant uncil that plant buys one of the new machines.
In this case the progress is embodied in the capital equipment. Tor such srog-
ress a higher rate o7 iavestment will produce a more rapid introduction of new
technology and, consequencly, an increased rate of sechnical progress. Since
savings, and therefore investzenc, are likely o be higher with slower popu-

lation growth, this model underestimates the advantages of reduced populacion
growth in the increasing economic growth.

On the ocher hand some people have argued thar the increasing pressure on
resources that accompanias Population growth leads to technical progress
because of new inventions arising out of necessity. It 4s not clear to

what extent, if any, this mechanism operates in developing countries, but

to the extent that it does the model is biased ia favor of population growth.

Quality of Labor. Since the modal considers only the size of the employed
labor force it does not completely account for incraases in the qualicy of
labor. A well-educated labor force is likely to produce more than an educated
one even if the size of the labor force is the same in both cases. Since

the education of the labor force is generally increasing in mostc developiag
countries this effect is included in tha estimate of the ratce of technical
progress. However, since a reduction in the rate of population growth is
~ikely to allow a country to educate its population more effeczively, cha
model underestimaces the effects of reducing population growth on economic
growth through increasing the qualicy of labor.

iconomies of Scale. One argument that is often advanced in favor of
population growth is thar a larger population leads to economies of scale,
Economies of scale result when a Product can be produced for less cost when

it is produced in large quantities. Examples of industries thar havs exper-
ienced significant economies of scale are electric utiliciaes, steel production
and automobile production. 1In addizion to reducing the costs of production

a large market may also mr'a it possibla to produce some irems locally that
would not ba feasible if Lae market is toc small. For example, very few small
developing countries have locel automobile manurfacturing because their local
markets -amnot support automobile production at the level Tequired co produce
cars at a reasonable costc.

Economies of scale are included in the model through the elasticizias of
capical and labor and through the technical progress funccion. 1If the elag-
ticitiaes of capital and labor, a and b, sum to 1, the model will demon-
Strate constant raturm to scale. That is, a 10 percent iacrease in borh
capital and labor will produce a 10 percent increase in outpuz. I 2 and

O sum to less than 1, a 10 percent increase in both capizal and labor resul:s
in an increase in output of greater than 10 percant.
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in practice enough informaction is zanerally not available zo escimaza a and
b from hisctorical data. In that case it is generally assumed zhat a and

2 sum to 1 and give constant returns o scale. If increasing rezuras oo
scale exist in a particular economv, the rate of techanical progress czhat is
calculaced Irom historical data will be somewhat higher than i: ctherwise

would have been. Thus the estimate of the rate of technizal nrograess will
compensate, to a degree, for an incorrecr estimace of recuras to Scale.

However, when the modal is used to project the effects of differsar races of
populaticn growth, the sama racze of technical progress 1s used Ior both pro-
jections. Thus, if aconomias of scale are actually imporzan:z, :the model «will
underes:izate the effect of a larger marke: om economic growtn,

This doss not mean, however, that the model is biased i3 favor of low popula-
ticn growth in this case. The important variable in economiss of scale is
the siza of the market, not the gize of the population. A higher pooulation
grovth rate will produce a larger population than a slower growth racte will,
but per capita incomes are likely to be higher when population growth is
reduced. Thus, the markec for manufactured goods may actually be larger with
reduced popularzion growth. Tharefore, the ultimate effect of ignoring econ-
aies of scale in the ecomomic projections doas noc clearly bias the results
in one direction or the other. It depends on the trade-off betrwaen numbers
of people, per capita income, and market size.

Resource Shifts. Finally, the question of resource shif=s is also ignored
in the model. One way of increasing production is to shift resources from
less productive activities to more productive ones. The rate of technical
progress will reflect this source of growth to the extent that this has hap=-
pened in the past. If the rate of populaticn growth decreases, however,
resources might be freed from social services and housing infrasrructure sec-
tors, for use in more productive sectors. If this were tha case the model
would underestimate the benefits of reduced population growth. Of course,
the same resources might be used to improve the coverage or qualicy of the
same services in which case there would be no bias in favor of high populacion
growth.

Capital Stock

In order to use tha Cobb-Douglas production function the model must also
project the inputs to the aquation. The rate of tachnical progress and cthe
elasticicies of output with reaspect to capital and labor are astimated from
historical data and do not change. The size of the capital stock and the
employed labor force do changs over time, however, and must also be projec:ed.
The capital stock increases wich invescment and decreases by depreciacion.
The rate of depreciation is estimated Zrom historical daca. Iavestment in
new capital is che sum of domestic invescment and investmen: Zrom ex-ewrnal
sources. External lavestment Zunds are macde up of external aid and grants
flcwing into the country minus whatave:s principal and interest paymenss uss
e made on the extarnal debt,
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I=plomen-
“

The growth of emp lovaent is decarmined 0y the g=owth ip cagital ané zhe ynes=-
plovmen: level. The Percentage increase ia the capital stock Sulciplied by
the historizal Tatlo of increase in emplovment to increases in capizal stock
represents :che preliminar: estcimace of the increase in exployment. This fig-
ure is then increased or decreased depending on wvhether unemplovrient is high
or low. When unemplovmant is higher chan normal, i: is assumed that the cose

of labor relative to capical will drop so that anp increase ig capical wil]
generate a higher increase in emplovment thap would be the case ir unemplov-
Qext were low. When unemployment is lower than usual the reverse is the zase.

The projections of capital stock and axploywaent are usad in the Cobb=-Douglas
productio~ function to determine Gross Domestic Produyce. GDP per capira is
simply GDP divided by the total Populacion. The economic calculations, like
the demographic calculations, are done for five-year intarvals.
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Zconomic Equations

Gross Domestic Product Zar Zooira

GDP/cap: - GDPC/POPc

vhere: GDP/cap = gross domestic product per capica
GDP = gross domestic product
POP = total population

Gross Domestic Produc:

GDP, = Ax (1+2T)° x &% x z:

whera: GDP = gross domestic product
A = constant
RTP = rate of technicsl prograss
t = time.
K = capital gtoek
E = number of employed persons
a,b = elasticicries of cutput with raspect. to .

* capital and labor

ggglozgcn:

Zmployment is equal 2o smployment during the pravious period mult;plied by
the percent change in the value of the capizal stock and the racio of increases
in employment to increases in capital stock. :

Fe " Eeos x (L4 AECR x (R, - K )
K:-5

number of employad persons
adjusted employment~capical change ratio
value of che capitsl stock

¥
;
XN X

The adjuscad smploymant-capital racio is calculated from the hiscorical ratio
and the rats of unemployment compared with unemployment in the basa pariod.

AECR, = HEGR x (1 - E, o /LT, ) / (1 - E, / LF,)

t
where: AECR » adjusced exvlovmant-capital ratio
HICR = hisctorical explovmenc-capital ratio

E = aumber of employed persons
= size 3 the labor force
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Labor rorce

The size of the labor force is the parsicipacion rate oulcipliad by the
population aged 15 co 64.

60-65

LF = PR x POP

¢ AGE=15-19  AGE.t

where: LF = labor force
POPAGE e ™ population of age AGE at time ¢

PR = participation rate of populatcion aged 15-64

New Job Requirements

New job requirements are the annual growth in tha labor force. These are
calculated by multiplying the average amnual growch of che labo.o force by
the size of the labor force in the year of interast.

e /10 _

reus 1)

NJR: = LF: x ((LF=+5

where: NJRt = new job requirements
LF: = labor force

Cavital Stock

The size of the capital stock is increased by investment and decreased by
depreciation, '

R, = K_g+ (INV_ - DEP) x 5

t t
DE:P: - K:-S x DEPR
whera: K = valua of the capital stock

INV @ investmant
DEP = depreclation of the capital stock
DEPR = percentage of capital stock depreciating each vear

Investaent

Investment is derived from domestic savings (gross domestic product minus
consumption) and net excarnal aid and grancs (new aid and grants minus re-
payments of principal and interest payments).

INV_ = GDP__ .

- - - P?
5 CON:_S + LOANSc - GRAN'ISc INTt Pt
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wharas: INV = investment
GDP = gross domestic product
CON = consumption
LOANS = aid loans from external sourcaes
GRANTS = aid grants from excermal sources
INT = {nterest Payments on debt
PP = principal pPayments on dabt

External Debt

Loans and grants are assumed to be a constant percentage of GDP. Intarest
and principal Payments are a constant parcantage of cocal external debe.

DEBT = DEBT:_s + (LOANSt - PP:) x3
= P x GDP:_1
GRANTS = GP x GDPt_1

INT &« IP x DEBT:-I

c
PP, = PRP x DEBT,

where: DEBT = zotal extarnal debt

LOANS = extarnal loans flowing into the country

GRANTS « external grants flowing into the country
INT = interest Payment on extarmal debt
PP = principal payments on debt
LP = percent of GDP received as loans each year
G? = percent of GDP Teceivad as grants each Yvear
IP = percent of debt that must be Tepayed due to

intarest charges
PRP = percent of dabt that must be repayad due to
Principal repayments

equation is used to make an inicial determinacion of consumption. Sincae the
equation is based on daca from over 100 countries the ragulcs may not exactly
match actual consumption ip the base year. Therefore the results of the
regrassion equation are adjusted by the racio of actual consumption in the
base vear o the predicted consumption in that vear.

CCNSc = (85.63 - .00228 = GDP/cap_) & CCSSI/(Ei.ﬁi = 20229 x GI: ~z-

whare: ' CONS, « consumption in the bass vear
CONSt = éonsumption
GDP/capt @ GDP per capita

GDP/capl = GDP per capi:ta in the base vear



