AGENCY POR INTEANATIONAL DEVELEAMENY - FOR AID USE ONLY
WABHING TON, D. €. 20983 AR
BIBLIOGRAPHIC INPUT SHEET . S m 7

. sﬁnucr 0"661 ation » | " PA00-0000-0000
. CLASSI _ _
ricavion | QW conpany

Generai
DesCR{pEIon of ‘the TEMPO II budget a'llocation and human resaurces mode?

3. AUTHOR(S)

McFarland,W.E.; Bennett,d. P.. Brown.R A.

4. DOCUMENT DATE ' ~ " I5. NUMBER OF PAGES §. ARC NUMBER
1973 ) 94p. Amc

et

7. REFERENCE ORGANIZATION NAME AND ADDRESS

GE

8. SUPPLEMENTARY NOTES (Sponsering Orgentsatlon, Publishers, Avallebility)

(In GE73TMP-13)

| AD‘TR‘CT o

10, CONTROL NUMBER ) o s T 11 PRICE OF. DOCUMENT -

I

12, DESCRIPTONS

wern a1y, PROJECT NUMBER

Computer programs - ﬁode'ls B i
Data processing P'Ianning " [1a. CONTRACT NUMBER
Demography e : -~ '|:CSD-2611 GTS

- Economic development R A ~ [T5.YYPE OF DOCUMENT

AID 890+1 L4-70)



DESCRIPTION OF THE TEMPO I
'BUDGET ALLOCATION AND |
HUMAN RESOURCES MODEL

Willlam E MeFarllnd
Jatpu P, QQnMn :
Richard : A." Brown

GE73TMP-13

April 1973

" 'Prenared ‘for' the U.S. Agency Tor mumational chlopmont
Contract No. AlD/csd 2611, Task Order No. 4 -

"GENERAL ELECTRIC COMPANY-TEMPO
CENTER FOR ADVANCED STUDIES
SANTA BARBARA, CALIFORNIA

WASHINGTON, D.C. '

.Property of TA/POP. feference 1ibrary;



Bud
:?’AMI i073 (csmw 12)

"').

prmpu mmtlamfor rsmo u Rldmd A. arown. Apel 1073
(GETITMP- ). L

ormév m for nm Fortlllty, Suplnn em, amn D. Hlekman,
 Janwary 1073 (GE73TMP4).

vEcb’imlc Incentives: A &nmy for Family Plumlng Pmpamc Bryan D.
' Hiekmm. chbnr 1972 (GE??TMP&) SO :

Ap Inwmm wlth Fowsr wildrcn Suphen Enke, Rldmd A. Brown,
" March 1972 uzmu) S o

‘ox/mim Birth Rates in Chile: Their Effects on GNP, Education Hoalth,
and Homlny, Brueo Hmlck Rldmdo Moran, April 1972 (71TMP-56)

~D~criprlon of tho Economlc Dcmonnphic Modol Jumu P. Bonmtt Richard
- A, Brown, Wmhm E, McFadand Revised Edition, June' 1972 (BBTMP 120

Rcvlud)

Popuhtlon Gu.w:h and Economic Dovdopnnnt Backgmund and Guide,
* James P. Bonnm Supbm Enka, Rovlad Editlon, Jum 197. (71TMP-45

mvbd)

'alcuhtlm tho Mﬂu of Slomr Popumion Growth: A &mrt Mothod cnd
Workbook, led N Holmu, Jr., Rlehud A. Brovm, 1970 (70TMP-87)

Zcm Papuiauon Gmwth-l’hm Hau, and Why? Stoplnn Enko, Jmuory 1970
(70TMP 36)

thvlty Amlnlc of tho Ecoawmic-Dlec Model, Wiliiam E. McFarlm
1908 {UTMP-SZ)

Mlmhr Wm Inoomo throush Fewer Births. Stsohen Enke. Richard G.'
« Zind, 1900 (mm



http:lm110*.41

PREFACE

~Lhis:document is the technical description.of.the TEMPO Budget Allocation and
Human Resources Model, TEMPO 1. Itis wrttten for the technical economlst
~who: wishes to study the structure, the interactions and feedbacks, and the specific’

equatlons of the model.

Two companlon documents covering uses and programmmg of the TEMPO Il
model are entitled Using TEMPO II: A Budget Allocation and Human Resources
Model and Computer Instructions for TEMPO Il. The former is a brief nontech-
nical ‘description written for senior policy makers. Its purpose is to acquaint
readers with the goals and usefulness of the model. The latter contains computer
operatmg instructions and explains to programmers with limited training how the
model ‘s equations and parameters can be modtfred : .

The TEMPO I1 model is a further extensron of TEMPO's work in the integration
of economnc, demographlc and government policy analysis. - This particular docu-
1ment ‘was completed under the general supervision of Dr. Stephen Enke. Its
_"techmcal authors are Dr. William E. McFarland, Dr. James P. Bennett, and Mr.
;Rlchard Brown ‘Other contributors include Professor Donald J. O’Hara of the
Umversuty of Rochester, Professor Bruce Herrick of the University of California
at Los’ Angeles, Dr. Donald Rugg while at the University of California at Santa
fBarbara, and Mr. Juan Wicht of the Instituto Nacional de Planificacidn in Lima,
Peru... Contlnumg encouragement came from Mr. Carl Hemmer of the Office of ’
Popuiatlon, U.S. Agency for International Development.
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SECTION 1
INTRODUCTION

THE TEMPO ECONOMIC-DEMOGRAPHIC MODELS -

TEMPO Il a Budget Allocation and Human Resources Model, represents another
'step in:the ‘evolution of computer- slmulatron models developed to:investigate and
highlight demographic aspects of economic development and planning. Like the. - ‘
first TEMPO Economic-Demographic Model, it is a hlghly agaregated mode! de- ,
signed to produce heuristic projections applicable to a broad class of less developed
countries (LDCs). It also is a flexible model, so that with relatively small. modifi-’
cations it can be adapted for projections applicable to specific LDCs. :

The TEMPO models are supply-constrained. That s, output is limited by the
availabillty of resources—eg, capltal and Iabor. This contrasts to common demand
constramed Keynesian macro-ecoromic models in which an increase in government
spending for goods and services leads to higher levels of consumption, investment
and total production. With the TEMPO models, higher government spending on
goods and services is accompanied within that same year by an offsetting decrease
in consumption and investment, with total production unchanged. The supply-» ‘
constramed model appears more appropriate for long-term projectians of: LDCs

In addition to being highly aggregated the first TEMPO model omits: expllclt
treatment of several- important elements of -a less developed' country’s: development
process. In partlcular the' frrst mode| lacks: -

R ‘Feedbacks from socral expendltures into the rest of the model
: An expllclt publlc sector

A forelgn sector, and

f‘;j “Separatlon of the rural and urban sectors of. the economy 1t

The. present model, TEMPO II represents the next step in. the evolutionary pro-
",ce_"”§ lmprovements over the first model mclude.

- Wh‘ e' the TEMPO ‘models assume labor may be unemployad this represents structural unem-;
loy' ‘ nt, not unemployment arlsing from lnadequate demand |

550 omplete description of the first model, see. WIIliam E McFarland ot al, Description of.
the Economlc-DemognphIc Mode/, General Electric-TEMPO 68TMP~‘I 20 Revlsed Editlon,

§ SOme of the improvements in TEMPO i were antlclpated in the speciflc country’ appllcatlons

7 of the first model.  In particular; see Bruce Herrick and: Ricerdo Moran, Declining BIrth Bm:
In Chile:. .Their. Effecu on.Output, Education,. Health; and. Housing, General. Electrlc-TEMPO
71TMP56 April 1872,



AN explicit public, or government, sector. The government wctor
o ;lncludes a budget, with tax and debt revenues on one side of the
" budget and government expenditures in eight different areas on the
‘other. Two public sector programs, education and family planning,
are considered in some detail.

2. Feedbacks from the government education and family planning pro-
grams into the rest of the model. Educational expenditures upgrade
the quality of the labor force, and family planning expenditures re-

, duce fertility rates. Government investment also adds to the produc-

. tive capacity of the economy. On the other hand, government spend-
ing programs must compete with private consumption and investment

- . for the lrmrted supply of goods and services available in any given -

... year. . , :
‘3 Disaggregatron of the economy into'a subsistence (tradituonal/rural)

-+ -gactor and a modern: sector ln addltlon, mternal migratlon is now

~'endogenous to the 'model. - '

.,THE MODEL IN B"iIEF

The model is composed of three rnteracting segments demographic, economic,
and. government The population is. divided into. two sectors, a subsistence sector

" and a modern sector, each’ wrth distmct demographic and economic characteristics.

Figure 1 presents a almphfled flow chart of the' important relatlonships in the

. model

Demowephrc Reletronshrps

' a,Populetron growth in each sector is determined by the initial populations, age-
and sex-specrfic fertility, and migration: between the two sectors.

The number of births in each sector depends on the female population in the fer-
tile.ages and age-specific fertility rates. : Fertility rates depend upon the family. .
-planning policies of the government, in addition to forces exogenous.to. the model..

Male and female births are assumed to be a constant proportion of total births.

The number of deaths in each sector depends on the size of the population, its
- age and sex composition, and age- and sex-specific mortality rates. Migration
from the subsistence to the modern sector depends on the ratio of per capita
- wage income of the uneducated modern populatlon to the per caplte income of
the subslstenoe population.

Economic Relationships

_The gruss product of the subsistence sector depends only on the- slze -of the sub-
 sistence population, assuming a fixed supply of land and no srgnificant changes
in capital or technology. An increase in population is eccompamed by a less. than
proportional increase in output, so that increesing population results in: fallrng perj'_

capita output.
The gross product of the modern sector rs determlned by a modlfied Cobb-DougIes
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and :;iheduéated tabor. and-the capital stock. - Technological change is exogenously
: detérmined.

The educated and uneducated components of the labor force are determined by
_the size and age-sex composition of the educated and uneducated populations.
These, in turn, depend upon the country’s basic demographic rates and the gov-
ernment’s education policies.” At the option of the user, the uneducated labor
force can be adjusted for improved quality due to declining morbidity, with ris-
ing per capita income used as a proxy measure of improved nutrition and outlays
on health.

“The employed uneducated tabor force is a function of the total uneducated labor
force and the capital-to-labor-force ratio. 1t is assumed that a constant fraction
of the educated labor force is employed. '

- Change in the capital stock is equal to the sum of private and government in-
vestment, less the depreciation of capital stock. Private investment depends o..
disposable income, consumption, and government borrowing from theprivate
sector. Consumption depends on disposable iknco"rh‘e,and population. Capital.ac-
cumulation from government investment depends;dn»igove'r:nméqt, policies and the
gross product. - ‘ T

Government Program Ralazioh_ships
The government sector is described in terms of eight different types of outlay—

.,._edupatjc}n,‘family planning, general transfer payments,\fheallvth,"§ocial overhead
_capital, direct investment, defense, and general government—and three sources of
revenue—taxes, borrowing (domestic private and foreign), and new money creation.

- Government education and family planning outlays are determined by specified .
- goals (in terms of school enroliment rates and family planning acceptance rates)
and the cost of achieving those goals. Each of the other government outlays is

- specified as a constant or changing fraction of the gross product.

Tax revenue is a function of gross product. Borrowing may come from foreign
or private sources. Foreign loans (net of debt service) and grants are determined
exogenously. The amount of domestic borrowing depends on the size of the bud-
jet deficit and the availability of private savings. The difference between’ total
jovernment outlays and the sum-of taxes and borrowing is. accounted for by the:
;reation of new money and borrowing from the central. bank. '

Supply thsfrhint and Inflation
Fhe sum of private and public purchases of goods and services cannot exceed the: .

total 'volume of goods and services available. This supply constraint 'dgﬁehQS-upiin
the economy’s productive capacity, as determined by:its productionfunctions and
"esources, supplemented by long-term .ex_ternalzaid...'f._

The economy’s demands for goods and services (eg, private consumption and in-
sestment and government purchase of goods and services) are first calculated inde::
pendently of the supply constraint. To the extent that demand.exceeds supply -
they must then be reduced. The model's standard assumption is that each’componcie



. of demand ls reduced bv the same proportlon The user, however, has the_f‘optior

lThe mltiel excess of total demand over- the supply constremtv ils used asa measure
of mflatlonary pre'tsures The larger the |n|t|al excess, the more rapldly prices
rlse during a glven vear.

INVESTIGATION OF DEVELOPMENT TRADEOFFS

Development plannmg constantly involves resource-allocation cnoices. having er-
fects that are not visible for many years, often beyond thetime horizon used in
formal. development plans. The impacts of policies on demographlc vanables, o
eqg, fertthty rates, are often neglected because of the long lags in the subsequent
impacts on development Such effects, however, may be among the most impor-.
tant to the development processes of a country Here lies the potential 'value of
‘the TEMPO models to development planning. That is, the model’s projections
yield insights into the long-term |mpllcat|ons of different allocations of develop
ment resources.*

For example, many development goals are expressed in terms of the growth of
pér capita production. If resources are transferred from government mvestment
to family planning, the direct effect will be a reduction in the growth of both
production and population. The impact on the growth of per capita gross pro~
duct depends on.the relative size of these two effects, but generally accelerated :
growth of per. capita- productlon ‘would be anticipated. : .

Other development goals are expressed in terms of increased educatlon of the.
populatuon. as measured by literacy or enroliment rates. Comparatlve projectlons -
of the TEMPO 1R model suggest that under many clrcumstances, a shift of some
resources from education to famiiy planning will allow these goals to be achieved
at a lower resource cost.

This does not necessarily mean that family planning should be financed even par- -
tially by reductlons in direct government investment or educatlon expendltures.
The user must interpret the comparative pro;ections and |mphed tradeoffs in terms
of his own set of goals and of the opportunity costs of: fmancmg dlrect govern o
ment’ mvestment education, and family planning from other : sources (such as °
‘cuts'in ‘other government programs, or higher taxes, borrowing, or mfl}aﬂtlon)»

Many of these tradeoffs can also be investigated with TEMPO 11 projections.

. Although simulutlon models cannot, by themselves, fill gaps in the understanding of basic

’ "relatlonshlps, ‘they can be used to more fully investigate the implications of what is known -
—or thought to be known.. They can also help to dlrect research toward those areas most :
crltlcal to the longer term planning process. :



SECTION 2
TECHNICAL DESCRIPTION OF THE MODEL

: '~?Th|s:‘section.,conta|ns aftechnlc‘al descrlptron of the' model, with additlonal com-
for'and i interpretatlon of partrcular model components
'.‘Tablefillsts the rmportant varrables in the model and the algebraic symbol for -
each Wherever. possible; the notation used is consistent wuth that used in the
techmcal'descrlptlon of the furst TEMPO odel o

»'i'he model dlstmgmshes two pnvate sectors, ‘modern and subsrstence, and a pub
lic. sector. The modern sector maps rmperfectly into the urban/rndustrlal portion
vof.,,the ntry and the subslstence sector maps |mperfectly into the rural/tradl-
tional: portion of the country The public sector is shaped by the government'’s
budget . :

The' ensurng drscusslon covers the model’s demographrc re|at|onsh|ps its economi

; -relationshrps, the’ public sector, - and additional options available to the user. All
subscrlpts in the model’s equations are enclosed in parentheses. To simplify the .

'.‘notation, the tlme subscrrpt (T)is shown explrcltly only if the value of the vari-

, ‘that of a previous time period. All parameters can be made variable as

' a function of time by strpulatlon in the data or minor changes in the computer

-program t ‘

Y:DEMOGRAPHIC RELATIONSHIPS

VPopulatron Survwal

: 'The basic demographlc relatronshlps follow standard forms The size of the popt
|at|on of a given age-sex cohort in elther sector (subsrstende or modern) is.equal
to’ the number of survivors. of the age-sex -cohort in that sector one year younger
- in: the preceding year, modified by gains or Iosses due to mlgratlon. The. popula-
: i}tlon less than' 1 year old is computed slightly differently, sunce it represents the.

_ "survwlng births' during the precedmg year. :

,:j"f»{.Expllcit equatlons are given here only for the modern male population -PMM.
- Similar equations hold for the modern female population, the subsrstence male
' mpulation, and the subsrstence female populatlon. ‘ :

\|
PN
-

Sea William ‘E. McFarIand at al Ducript/on of rho Economic Demographrc Model General
Elactric-TEMPO 68TMP-1 20 Revised Editio ne,,1,971.,-; .

fSee Richard A’ Brown, Computer lnstructlons ,
GE73TMP-14 Apnl 1973 for more on this

r TEMPO, /1, \senerar Exectric—1 ey, * °



Tabla 1 Lrst of variables and symbols. g

i)graphrc Varrablea

Desc étso

Populatlon
' total
male
female
modern, total
subsistence, total
modern, male
modern, female
subsistence, male
subsistence, female
modern, uneducated, total
modern, uneducated, male
modern, uneducated, female
modern, educated, total
modern, educated, male
modern, educated, female

Births
modern, total
subsistence, total
modern, male
modern, female
subsistence, male
subsistence, female

Migration (net, subsistence to modern)
total
male
" female

Econonii'c Variables

Gross product
total
modern
subslstenoe

Labor force (modern only)
: total

educated

uneducated '

'Employed labor (modern.only)
| - ~educated

" Syimbol
PTM
PTF -

PM

PS

PMM
PMF
none used
none used
PMU
PMMU
PMFU
none used
PMME
PMFE

BM

none used
BMM
BMF ‘
none used
none used

MIG
MIGM
MIGF

GP
GPM

'.GPS

nona used

| “LFE”
L LFU--

uneducated adlusted for morbldrty_{ P LFUA

NE
TN




Table 1 List of variables and symbols (oonti' ued)

' ","“Eoonomic Vanables (continued)

’Descnption

*"' Capital stock

~ Consumption, private

Savings, private

Investment, private

Disposable income -

* 'Price index

© * Total demand for goods and servroes

” 'ifTotal available goods

|l - Government Program Varlables
, Government outlays

tou' R G
f,educatron ED
-family planning FP

o general transfers o TR

- health - ‘ HL
social overhead capatal ' SOC

L direct government investment DGI

: defense , DO

. vgeneral GG
' 'Tax revenue - TAX

- Borrowmg -

-domestic ‘ BOR
foreign - . | GFB
Government deficit | DEF

. Education outlays ,

total ED .

pnmary - PRICOS1

secondary SECCOS

tertrary | TERCOS

professional ' ’PROCOS
| ’Number of family planning acceptors ACC

* 'Cost per family planning acceptor ACOST

- Family planning incentive payments A “none' usec
Total transfer payments PR "“»"""'TRFP

Government purchases of goods and |

om0 | ees




; Infa ts PMM(O) the modern male populatlon Iess than 1 year old at time. T
s’ th mfant male’ survwal rate s(MMI) times’ the ‘mber of births BMM in the
'prev'ous time perrod modlfied by the mlgratron correctron MIGM(O)

. PMM(O) = sMw) - [BMM(T-1) + MIGM(O T-1)] ‘"

‘Ages 1-Through 64... PMM(i); the. population age i at time..T, isthe. approprlate
survival rate s(MM) times the population of-age i-1 in the prewous time period
modlﬂed by mlgratlon MlGM(r-1)

PMM(i) = s(MM,i-1) - [PMM(r-l T-1) + MIGM(I-I T-1)]
i=1,...,64 . @
Age 65 and Older. The population aged 65 and above at time T co'nsms of- the

survivors of those 65 and above at T-1 plus the survivors of those aged 64 at
time T-1, each corrected for mlgratlon

PMM(65+) = s(MM;65+) + [PMM(65+, T-1) + MIGM(65+, T-1)]

+ s(MM,64) - [PMM(64, T-1) + MIGM(64;>T-1)] . (3) ’

| Births

The number of births of both sexes during period T is the summation over the
fertile ages of the produict of each age-specific fertility rate b(i) and the female
population of appropriate age. Male births RMM: are some fraction r of total
births BM, and the remainder are female births BMF. Algebraically,

49 |
‘BI\‘/I = z bli) - PMF(i, T-1) (@)
15
BMM=r- BM , | (5)
and
g BMF (1-r)" BM . (6)

The age-specuflc fertullty rates ‘may. change through time, -either. exogenously or.
due to the |mpact of government “family’ programs.: (See "Famrly ‘Planning Bud-
get page 18.)"

‘Note that'if fertility rates in the modern sector.are _below those in. the subsistence
_séctor; migratton to: the modern sector:. reduces the fertillt of: the mlgrants and.: g
‘hence the:average: fertlllty of the populatlon ‘as a. whole The present; formulationt




of the model exagperates the imyact somewhat by assiming that the reduction of
fertility occurs immediately. Te e e ERA

Migration |
Migration from the subsistence sector to the modern sector is assumed to depend -
on the ratio of per capita wage income of the uneducated modern population to -
per capiia income of the subsistence population. Specifically, total net:migration-:

MIG = m(1) - RM2) . ps ,

where .

R ='.W_LG.EM.‘I:.11 & QLS_(M ‘(7)
FTUPMUT-1 T PS(T-1) N

The uneducated modern population PMU is assumed to receive as wage income:. .
a share of the modern gross product GPM equal to w, the output elasticity of
uneducated labor in the modern sector production function (from:Equation 15).*
The parameter m({2) measures the sensitivity of the subsistence population to
changes in the ratio of incomes. It implicitly takes into consideratibn such fac-
tors as the cost of migration, differences in the cost of living, cultural differences,
and imperfect information and perceptions. By setting m(2) ‘equal to zero, net
migration becomes a constant proportion of the subsistence population—ie, mi-
gration becomes totally insensitive to the income ratio. The other parameter,
m{1), is adjusted so as to obtain the appropriate initial rate of migration. 1

The age-sex composition of the migrants is determined by a set-of exogenously
specified weights, - S ) ’ -

micmi) =(S). mim, - PsMi

and | (8)

Migr() =(M2)- i€ - PSF()
‘where; MIGM(i) - and MIGF(i) - are. the respective male and female migrants of age

i, miM,)-and m{F.i are sex- and age-specific weights,'and .

w zlm(Mi) PSM(i) + m(F,i) + PSF(i)] .

% "The income available in the modern sector is perceived by the potential migrant to ‘é‘o'm_e'i B
. only from wages. The uneducated modern popuiation may receive some nonwage income,
- but such income is assumed to play no explicit role in the migration decisions.

10



_ ’?lf all of the weights (ie, the m's) are equal, an equal percentage of each age and
f;lfsex cohort of the subsistence population will migrate during any given year. For
.3 example, if total migration represented 2 percent of the total subsistence popu-

- lation, then 2 percent of each age and sex cohort would migrate.

: .lf, however, all female age-cohorts were given weights one-half those given to the
male cohorts, then the percentage of the subsistence male population that mi-
* grated would be twice the percentage of the female subsistence population that
migrated. The adjustment by the fraction MIG/MW establishes the specific mi- -
gration rate of each cohort that is required to achieve the correct total migration.

' ECONOMIC RELATIONSHIPS

. The Supplv Constraint and Prices

Economlc and government budget variables may be expressed in any of three diffe

~‘ent. types of measure: (1) constant base year. prices, or ‘‘real”’ values, (2) current .

- prices, or (3) preliminary values. The user may: elther mterpret the preliminary

. values of variables as pure computatlonal constructs or: attach some behavioral
meaning to them. For example, praliminary values of economic variables might be
regarded as computational constructs needed-to obtain their constant and current
-price values, and the preliminary values of government budget variables might be
regarded as ‘‘target’’ values. :

Capital is referred to here only in constant prlce ‘terms. Superscrrpts are used to
- distinguish the three types of measure for the other variables, * for constant ‘
prices, “m’’ for current prices, and “p" for. prellmmary : : i

The total preliminary. demand for.goods and services- DGS rs the sum of three
, components the: prelrmlnary values of: prwate consumptlon -C, private mvestment
PINV, and government purchases of goods and servrces GGS. .. : e

Dgsp cp + PINVP + GGSP . (9)

'The prellmmary values Tor each of these variables are determlned @s: descrloeo in:
_‘the equatlons glven below o , .

*The-, tal volume of avallable goods and: servuces, AGS |s the sum of gross pro-
v.duction GP and Iong term external. aid GFB all measured in’ base year prlces, :

AGS? = GP@ + GFB2- (10)

‘No distinction..is made in the model:between gross national product ; and gross; «,;'~_,
Hdomestic product a

fTo remain wrthm the supply constrarnt |mposed by avallable goods, total demand
‘must be reduced)torsomeffractron, adj;_of rts prellmmary value Thus, the final

' ' 'No _provision, is made.for. depletlon of inventories slnce inventorv ﬂuctuatlons can be’ safelv
ignorad ln longterm prolections



. DGS® = adj +/ DGSP.='AGS? G
o where

adj = =——=—".

/It is’assumed here that each. eomponemofpnannedpurchases.sreduced ‘Dropor:
t‘ona"y‘,;That is". B e PR J A PP AR RS R

Ca=adj- CP

PINVA = adj - PINVP e
and’"* “GGS? ='adj + GGSP

' The,user, however, can easily modify the model so that the burden of the supply
constraint falls more heavily on some components of demand than others. -For .
‘f-éxa'[ﬁpl'e,ﬁ one might assume that target government purchases are always realized,
and t,he"l‘équir.ed reductions affect only private purchases. Algebraically,

6GS? = GGSP, €2 = adj - CP , and PINVA = adj - PINVP
‘where

o w'AGS - 668

DGSP/AGS?, is-a measure of inflationary. pressures in the-economy. In particular,
itjsassumed that ©. o e

_api_ _(pesPYinfl (13).
PIT-N \AGs?/ |

where the percent change in the general:price index P, is 100 times API/PI, and
infl.'is a parameter measuring the _;épsitiVitY§'fo-thé‘pi’iééﬁinde&"tbﬂ:i'nflaftibn‘éry; ,
pressures. By this formulation, an initial oxcess of demand over available supply -
of 4:percent would result in‘a"pricerise of 4 percent if infl. had a value of oné -
and 8 percent if infl had a value of two. - S

The tatio of the preliminary demandfor goods'and’services to the ‘total available,

Production

Subsistence Sector. Gross product in the subsistence sector, GPS, depenc ronly:

on the size of the subsistence population PS. Production is made dependent on:

total population because of the ambiguity of the conventional labor force/non-.::
labor force dichotomy in traditicnal rural populations. Algebraically, '

12 :



GPSa = x ¢ PS(T-l)V. (14)"‘:

i rease |n population of 1 percent results in an increase in output of y per
t Slnce ‘the subsistence p:opulation is working with little capital and a fixed -

o 'quantrty of land, y is normally less than one. That is, an increase in population '
J‘does not increase output proportlonately and per caplta production falls. -

/Modern Sector Gross product in the modern sector, GPM, is given by a Cobt
Douglas type production function that includes technological progress, capital
. stock;-and two types of labor; ie,

GPM3 =z« (1+q)T + K(T-1)¥ - NE(T-))V - NU(T-W .~ (15)"

The parameter q measures: technologlcal progress, or the extent to whlch im- .
provements in techmque and organization permit more. output: to be obtained
from. given inputs.- K .is the stock of. capital measured- in_base: year prices,’ NE
is employed oducated labor, and -NU. is employed uneducated labor... The. expo
\ nents u,.v, and w-are: output elastlcmes, al percent mcrease in capltal edu
cated labor, or uneducated’ Iabor increases output by’ u, v,:-or w percent re-
spectlvely : >

~ Gross product is.the sum of the gross products of the two sectors;

GP? = GPMS + GPS? S

. Total Labor Force in the Modem Sector

For purposes of obtaining labor force prOjectlons, the modern sector population
is separated into two groups by level of education.t These groups have different
economic characteristics and ‘make. dlfferent contributions to' modern sector out-’
put. The user supplies' a breakdown of the initial labor force'by edUcatlon and

the education level of subsequent labor force entrantsis determined by govern- “
ment educatlon policy. :

‘ The number of people in the educated and uneducated portlons of the modern
.sector labor force: (LFE and LFU, respectively) is obtalned by applymg age-. and
A sex speclflc labor force partlcipatlon rates to. the appropnate populatlons That is,;

e
LFE= > [pME,i - PMME(i) + pIFE;) + PMEE(I]
HE= 2 b

For an addltionel discussion of the Cobb-DougIas and other common forms of the produc
“tion function, see R.G.D. Allen, Macro Economlc Theory, New York, St Martln s Press,
1967, Chapter 3.

No attempt is made in thls model to. ascribe different demographic characteristlcs to the
groups separated by education, in. spite ‘of the common observation that those with more
education and income tend to have lower mortality and fertility rates.

s



. and.,

lvl%

LFU= ~[p(MU,i). = PMMULi).+ p(FU;i). - PMFU(i)]. (17)..

wherePMME,PMF ,-PMMU;: and PMFU: are the educated. male and: female’ and
“':»"uneducated male and female populataons, respectlvely, by age' cohorts, and the p’ s
f‘are the appropnate partlcapatron rates

}_At the optlon of the user, the quallty of the uneducated Iabor force can be ad
justed for i rncreaslng productrvuty due to declrmng morbidity.” Algebralcally, »

o . "
LFUA = LFU - IGPM T-1)/PM(T-1 I , “8)

(GPM/PANY N

where (GPM/PM)(0) ‘is the initial per capita: product in the modern- sector. The
'index ‘of real per capita product in the modern sector (ie, the expression in brack:
ets) is: taken as a proxy for improvement resulting from such things as increased
'household expendltures on health, increased public health budgets, and: |mproved
nutrltion If the user wishes to eliminate the impact of these factors, or to place
them under general technological progress, the parameter h can be set to zero
and the effective labor force is equated with the enumerated labor force.

‘ Employed Labor Force in the Modern Sector

Employed educated labor NE is assumed.to be a constant fraction ne of the
: educated labor force,

NE =ne « LFE . o (19)

.,Employed uneducated labor NU. ;at. time T, is some [fraction of the adjusted un-.
educated labor, force LFUA: Thls fractlon lncreases as the: capatal -labor ratio
increases, approachrng asymptotlcally some maximum_rate.of employment k(1).

© k(1) - ki2) - |=EESY] - Lrua «,29».\

-1he;secona parameter, k(2), -Is chosen so as:to obtain'the appropriate mrtlal rate
,of employment

eThe employment functlon is based on .the assumptron that: unemployment results
,prlmarily from a growth of the' labor fo ce t00 lized. (or "absorbed"
‘by . the available stock of caprtal ie, all’ unemploymen |s,structural A more rapud
‘growth of capltal relatw° to the growth of labor therefore results in‘a hlgher rate
‘of employment.*

. A more complete discussion of & verlent of this employment functlon is given in Descnption
of the Economic-Demoarephic Model, 68TMP 120. (Revlsed). end is reproduced as an Appen:
dlx ln thls document in a slightly edited. form ‘
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 Disposable: Income and Consumption

Preliminary. consumption C is a function of disposable income DI and popula-

- tion. . Preliminary disposable income is gross product less taxes TAX plus total

R t’rér_fsfér' payments TRFP. (Total transfer payments are the sum of general trans-
fers, such as direct weifare payments, and family planning incentive payments.)

: Because corporations are not separated from households in the accounting frame-
work of the model, disposable income includes disposable household income and
the gross earnings (including depreciation but net of taxes} of private businesses.
“Algebraically, : :

DIP = GP? - TAXP + TRFPP
R : - {21
CP=c¢(1) +DIP+5 ¢ P o

where

| (3
5 =c(2) l(_Dll)_/%lc ,0<¢c(3) <1

and. (QI_/P)'(O) is the initial value of per capita disposable income.

T‘he;p_aga‘meter (1) is the lower bound of the average propensity to consume
(ie;-C/DI). The index number for-per. capita income modifies the effect-of pop- ~
ulation growth by introducing an upward shift of the consumption rate as per
capita:income increases. -Note that if- c(3) has a value of zero, total consump-

“tion‘becomes a linear function of disposable income and population. If ¢(3)
has a.value of unity, population: is eliminated from -the consumption function
and ‘Ac‘o’nsum'ption becomes proportional to-disposable income. .
As n'o'téd";.ib;évé, “realr»"v. COnsumbtiqri'v,vill' 'gen‘era"lly be some frabtion of preliini-.
nary. consumption, or C?=adj- CP.

' Pri\gétg;&yir;gs,, Investment, and the-

CopitlStock

" Prellmmary private savings S is equal to-preliminary disposable.income minus
“preliminary consumption. - Preliminary investment by. the private sector PINV.

* is-total savings minus the preliminary amount of government: borrowing .BOR:

~and_ - PINVP.=SP - BOR!

.....

is the previous period’s capital stock less deprecia-
real private investment PINV_ ‘and increments




“resulting - Trom airect government investment DGl and government lnvestment |n
“;social overhead capltal SOC

K = (10 4 KlT—lelll ‘DGI3 +(2) -'SOCT + PINVA (23)

:f,'-vf‘"CapitaI stock is measured in constant base year prices - The:coefficients :f(1) -and "
 §(2) ‘are. applied to: DGl and 'SOCs to adjust for. expendrtures in these areas’ thar
‘i;fdo not add to. the productive capacity of the economy (See pages 17 and:197

-':; Current Price Value of Economic Variables

'J_The current prlce value: of each of the economlc variables:is-the product ot the
price index (determined in’ Equatlon 13) and erther (1) the. constant price or:real -
":value ‘of the variable (with an “‘a"" superscript) or. (2) the: product of the prellmr
f_-‘nary value of the variable (with a “p"" superscrlpt) and ‘the. adjustment factor, adj
,’For example, GP"‘ Pl GP3.and DIM =PI + adj - DIP

PUBLIC SECTOR

Government Outlays

Totai government outlays G - are the sum 0T €Ignt. bUAgeT: COMPONENTS: euucauun
ED, family planning FG; general transfers TR; health HL, social overhiead capital-
SOC direct government investment DGI defense DO and general government GG.

GP = EDP'+ FPP + TRP ¥ HLP + SOCP + DGIP + DOP + GGP . (24)

“Government purchases of goods and services G35 Include all-government outiay:
i ‘except or’ transfer payments, which consrst of ‘soth general transfers-and any fi-
: ial ‘in entive payment funds that. may ‘be‘in the famlly plannlng budget

f,Each of the major budget components, except for: educatlon and family plannrng,
is. targeted in terms of a specified percent of gross product ‘eg,

.:Gp g(1) GPa

DGIP = qg(2)'+ GP2".

(25)
30CP = g(3) - GP*
2t
:The particular percentages, g d(1), 9(2);:etc,. whlch can be changed through time,

:are‘ policy lnstruments chose

jOutlays on educatron ED nd famrly also policy instruments,

but are specrfred in terms of policy gaals—-as contrasted wrth polrcy budgets Th|


http:transfers.1T

- education goals are specitied in terms of projected enrollment rates, and the fam-
ily planning goals in terms of acceptance rates. The education and family planning

~budgets are determined by the cost of achieving the specified goals, given the sizes
of the appropriate subpopulations to which the rates apply. The education and .
family planning goals are assumed to be always realized. This requires that the
target budgets for these two programs be adjusted upward just enough to offset
the downward adjustment necessitated by the supply constraint. Thus, '

EDP = L . gpa
adj

Actual government purchases are related to target: purchases i in the same manner
descrrbed above for consumption and private investment, ie, ‘

'GGS? = adj + GGSP.

A similar treatment applies to the components of GGS.

Two: types of government expenditure, direct government investment and social
-overhead capltal ‘add directly. to the economy’s stock of capital. (See “Private
: Savmgs, Investment, and the Capital Stock,” page 15.) Direct government invest-
ment. includes expenditures for such thrngs as publicly owned manufacturing fa-

: crlitles -Since some of these expenditures may not add directly to the economy’s
productlve capacity, only a portion of direct government investment is added to
‘the stock of capital. ‘A portion of the government’s investment in social overhea¢
capital, such as expendltures for dams and transportation systems, also adds di

rectly to the economy's stock of productive capital.

Education Budget. The educational goals of the government are specified in term
of projected age- and sex-specific enrollment rates for each type of school, ‘ie, pri-
mary, secondary, tertrary, and professional. The cost of achieving the enroliment-
- goal for each type of ‘'schooling is then the product of the constant price cost per
“student, the enroliment rate, and the size of the appropnate population cohort.
Algebralcally, for’ prrmary educatlon .

PRICOST = 8 [z alM,j) - PTM(i)_'«gz alF,i) - PfrF,(i)] : (27

x.Thls troatment allows the user to investigate the implicatiom of achieving prespecitied educa-
tion and family planning goals. - There is also an alternative option of specifying budget ceil- -
ings for the education and family planning budgets in the same manner as described in. Equa—,

tion 25 for the other six expenditure programs, ie, as percentagu of gross product. This ‘
- option is discussed under “Additional Options,” page 20. -
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'where PRICOST is the required educational budget for primary schooling, B is

the per-student cost of primary schooling measured in base year prices, a(M, i) and

~-alF,i) are the respective male and female enroliment rates for age i, and PTM(i)
and PTF(i) are the respective rale and female populations of age i.

“The costs of achieving the enroliment goals for the other three types of schoolml .
 are determined in the same fashion. The total education budget is the sum of the
_costs for the four types of schoolmg, ie,

EDa = PRICOST + SECCOST + TERCOST + PROCOST (28) -

"}'where the last three terms represent the respective costs of secondary, tartlary, 4
: ‘and professronal schooling measured in base year prices.

Famlly Planning Budget. The family plannmg goals are specified in terms of. pro
jected farnily planning acceptance rates, ie, in time T a specified portlon of the,

modern female population is assumed to have accepted contraception. It is also

assumed that fertility rates decline proportionally with the percentage of females

of fartile age who accept contraception. The family plannlng budget is the.cost
- of achieving these goals. :

The computation of cost requires the determination of the number of family
planning acceptors and the cost per acceptor. The number of acceptors’ ‘ACC is
the product of the projected acceptance rate and the total modern female popu-
lation of fertile age, ie,

o a |
ACC,=rate - ). - PMF(i) (29)

The cost: per acceptor- {measured .in.base:year: prlces) depends upon the rate of
,acceptance It. is assumed that up:to a speclfied rate of acceptance, srate, the
_only cost for an acceptor isa standard and constant cost of supplying the neces-
sary contraceptive supplies.

‘.;To obtain and servrce acceptors bevond the specrfred rate, however, addmonal

; :costs are incurred n the model -the addltlonal costs are assumed to mcrease as

. the acceptance rate increases. Thus, the cost per acceptor, 'ACOST, is
n(i), if rate < srate’
ACOST ={ . or ‘ (30)

n(1) + vr,(2) [rate ~érate] , if rate > srate” "

‘A portlon of the family planning costs may: take the. form of incentive payments to acceptors -

and subsidies to suppliers, which represent transfer pavments That is,! they are; income to.the .
. recipients for which no productive services are. rendered in’ raturn For ‘a8 more comprehensive
;dlscumon of the use of transfer payments and other: incentives (continued on: next page
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The total famlly planning budget is then the product of the cost per “acceptor
l .and the number.of acceptors;

'FPA'= ACOST +'ACC ; B
Where FP3 and ACC are measured in base year prices.*

Government Sources of. Funds :

. -The government finances its outlays from tax revenue TAX,.government borrow: -
ing: frj m the’ prlvate ‘sector. BOR, and the cre § ne ' the option:
of theuser the government may also recelve:funds from'forelgn loans:and. grants{;
GFB, speclfled as a percentage of gross product (see “Addltional Optlons," page 20

Target tax revenues TAX are proportional to gross ‘product;’ .

TAXP=t-GP ,

where t'is the average tax rate. Thls proportion can be speclfled to change Imeal
ly through trme. ‘

The drfference between total government outlays G and taxes is the deficit- DEF-
to be flnanced :

DEFP = GP - TAXP . (32)

This deficit is financed through a combination of domestic borrowing from the -

: pnvate sector BOR and the creation of new money or borrowing from the cen-
tral bank.. It is assumed that the government finances the- deficit as much as.
possrble through’ domestlc borrowrng, but that this borrowing cannot exceed- some
fixed portion of prlvate savings S. " Algebraically, -

BORp Minlmum of (DEFp ora- Sp) (33)

where "a" is the maximum: portion of prlvate savungs that canbe: borrowed by
the: government. ‘The remainder of the deficit is assumed- flnanced by the creation
- of new. money or b_orrowing from the central bank.

e (contlnued from precedlng page) in famrly plannrng progrems, see Bryan D. Hickmen. Eoo--
nomic Incentives: A Strategy for. Famiily Planning Programs,. General EIectrlc—TEMPO

;,_GE72TMP -33, October 1972 and Stephen Enke and Bryan D Hickman, Offerlngﬂonum
"for Reduced Femllry, General Electric-TEMPO, GE73TMP 4 Januery 1973 e

. As a side calculation. the number of births averted AVERT is determlned bv the followlng
.equetion

AVERT = [rate/(l 0- ratel

where' B i the sctual number of modern sactor birti.



Cumntl’neo Value of Budget Variables
" The current price value of each of the budget variables s the‘product of the price
"index and either (1) the constant price value of the variable.or (2) the product of
“.the target value of the variable and the adjustment factor.. For:example, EDM
"= Pl - ED? and TR™ =PI - adj - TRP. B SR

ADDITIONAL OPTIONS

_Foreign Sector
As presented above, there is nG foreign sector.
inflow of foreign Ioa’ns_‘-}‘andf’grﬁg‘h"tg,\t_g;jgﬁng
* product, le, adatidbotivil St Siron

The user, however, can specify an
ment GFB"as a percent of gross

 GFBA = gfb - GP? - (34)

' Whe're both variables are measured in base year prices. The foreign loans and
grants (net of debt service) are added to the government's tax vevenue, with ap-
propriate adjustments being made when dealing with either the target budget or
budget in current prices. This external aid, measured in base year prices, also
augments the available supply of goods and services AGS. The domestically fi-
nanced deficit is then the difference between total government outlays and the
sum-of tax revenues and foreign loans and grants. Domestic borrowing and money
creation are then determined in the same manner as presented above.

Except »fpr-;fo,reign‘ loans and grants to the government, the brésent model has no
foreign transactions. The foreign sector will receive substantial attention during
subsequent evolution of the model. -

‘Government Budget impact of. Education

‘and:Family Planning Expenditures: .© -

‘As discussed above, education and family planning-expenditures are net additions -
10 ;';ptél"gbvernment outlays. The user, however, can consider the total govern-
‘ment budget to be constrained, eg, to. 15 percent of the gross product. With the
iimposition of such a constraint, growth of the education and family planning bud-
‘gets requires a reduction in other budget categories. Each of the other budget
‘components may receive the same proportional cuts, or the user may allocate the
budget cuts by some set of specified weights. :

Budget ceilings can also be imposed upon the education and family planning bud-
gets in the same manner as described above for the other six expenditure programs,
ie, as percentages of gross product. If the attainment of the enroliment or accept-
ance rate goals requires an expenditure in excess of that allowed by the budget
. ceiling, the goals are reduced by the amount necessary to remain within the ceiling.



" SECTION 3
'USES AND INTERPRETATION OF THE MODEL:

TWO USES OF THE MODEL

' TEM Q' I is" intended for use in two different types of situations. The first isas
an instrument for generating general and heuristic projections appllcable to a large
class of LDCs, but not claiming to describe the circumstances of any particular
country * The second use is country-specific applications. For these applications:
the user will generally want to tailor the model’s functional form as well as the
numerical value of parameters to tne circumstances of the speclfic country. The
model has been constructed to expedite at least some of the more important func:
tional changes.

in either type of use—general-heuristic or country-specific—the prlmary purpose of
‘the model is to investigate the long-term{eg, 30-year) effects of different- -assump- -
tions about demographlc rates and government policies affecting those rates, in-

_ addition to. gaining insights into other types of development planning tradeoffs
The basic procedure is to make comparative projections in which all data are iden-_
tical. except those descrlblng particular assumptions being contrasted.

PROJECTIONS VERSUS FORECASTS

Especially in the ‘general. applicatrons, the user is cautioned against using the pro-
jections: computed with the model as though they were “forecasts,” at least: as'the
term is: commonly used A proiection illustrates what would happen ifits under-
Iylng assumptions were’ satlsfled over the’ projection period. A forecast. predlcts
that certain events ‘will’ occur or that a certain probability exists that they will’
occur Forecast models are generally econometrically estumated ‘and the forecasts
extended no more than a few years into the future :

The. pro;ectrons, used m combmatron, demonstrate the relative effects of different
‘assumptions on the: growth of various varlables of interest. These comparisons, in
terms,of the relatlve growth: rates or relative. values of variables, are much more -
robust (ie, less sensltwe with respect to changes in the numerical or functional-.
speciflcatron of the model) than the growth rates and values of a variable in any
smgle prolectlon L : : S

For example, over a wrde range of condltlons an increase in the rate of techno-
Ioglcal progress (parameter "q" in Equatron 15, Section 2) by 1 percentage point

:,“ The gen butes include high fertility rates, daath rates in the mld to-lata downward
transition, and Iow per capita incomes ‘



~-resuits in a 1.5 percentage point increase in the growth rate of gross ‘produpt'_-oy'er e
_ a'30-year projection. For a single projection, this is a substantial increase. How-
~ ever, the growth of gross product remains relatively insensitive to changing fertility’
" conditions, so that the ratio of the gross products 30 years into the future from -

two projections differing only in fertility assumptions is virtually unchanged by
the assumed increase in technological progress.® o .

The above remarks apply to all uses of the projections. However, in the case of
country-specific applications, a user will often want to attach more significance

to a single projection. Accompanied by a properly cautious attitude, this inter-
pretation may be valid. The user will attempt to use parameter values that de-
scribe most nearly the conditions in his country, even though perhaps doubling
or halving a parameter value might leave the comparative projection results un- -
changed. |f he feels sufficiently confident about the fit of the model to his.coun-
try, he may attach the properties of a conditional forecast to some of the: quali-
tative results of the projection. Even under the best conditions, however, one
should be extrerely cautious about attaching much significance to the value of

a variable from a single projection 30 years into the future. .

IN}IESTIGATION OF TRADEOFFS

On'e,.of,the most important uses of the model—either general or country-specific—
isin the .i,nvestigation of development planning tradeoffs. During any given year,
the goods and services available to the economy are relatively fixed. Within limits,

however, the uses of these resources are subject to discretionary changes. Thus,
the government may decide to spend more or less-in its varidus"pifqg'ra,ms, eg, di-
rect investment, education, or family planning. If it decides to increase the spend-

_ing‘in a particular program, this must come at the expense of other programs or
" at the experise of private spending for consumption and investment. These deci-

sions made over a period of years may have significant impact on the total devel-
" opment of the country, and consequently on the long-run availability of goods

" and services. . These tradecffs and their consequences'can' be investigated with the
use of the model. : - -

For example, the user might want to investigate the impact of a family planning pro-
‘gram on the government budget, leaving all other budget Specificatibnsunchange‘d. .
‘He can generate two projections that have identical assumptions, except that one
" _includes a family planning program in the government budget and the other does not
“The impact depends primarily on what happens to the education budget. If it isas-
- sumed that the education budget is goal-specified, as described in Section 2, the two
“projections have identical education budgets during the early years. However, as the
family planning program lowers fertility rates, there is slower growth in the nim-
ber of school-age children—and consequently a slower growth in the education -
_ budget—in the projection with family planning.. As the projection extends furthe
into the future, this differential increases as the family planning program reaches
more families and as older age-cohorts are affected by the fertility changes.

.'Sée_'wmiam‘ E. McFarland, Sensitivity Ana;lysvisfof_:t'h‘&Ec@nomip-qubgmphIc Model, Gener:
‘Electric~TEMPO, 69TMP-52, July 1969 for a discussion of these matters as applied to'the’
“first TEMPO model. - ' S B
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‘ The famlly planning budget will generally increase throughout the 30-year pro-
' |ect|on Thus, durmg the early years’ ‘of the proiectlon, the addition of the fam

: Lly plannmg program ‘causes a net: addition to government spending. Later, how.
ever, the reductlons in education spending required to achieve the specified goal
begm to offset the cost of the family planning budget. Eventually, the projec:
tion with family: planning may actually have smaller total government spending
~ than the projection without family planning.

This outcome is not so robust, however, as the projection of gross product dis-
cussed in the preceding example. The impact on the projected government bud-
get is sensitive to several conditions that may differ substantiatly from one coun-
try to another This leads to a very important element in the use and interpre-
tatlon of the model—sensitivity analysis.

SENSITIVITY ANALYSIS

“The extent to which the slower growth of the education budget (resulting from
the_slower growth of school-age population) offsets the growing family planning
budget depends heavily on the assumptions used, for example, the unit costs as-
sumed in both the family planning and education hudgets. The lower the fami-
ly planning unit costs and the higher the education unit costs, the greater will be
the offset relative to the growing family planning budget. The composition of
the education budget with respect to primary, secondary, the higher levels of ed-
ucation can also influence the outcome. The larger the share of the budget in
the lower grades, the larger will be the impact on the education budget and the
sooner it will be felt.

Inmal experiments suggest that under one set of pIausane assumptions the addi-
tion of the family plannlng program might result in a decrease in total government
spending beglnnmg ‘midway through the projection. Under a different set of plau-
sible assumptions, -total government spending may be-higher by 5 to 10 percent :
durlng ;the last half of the pro;ectlon

It follows that one needs-to be. more careful-when generalizing the results dis-
cussed above with respect to the impact of a family planning program on total
government spending than when generalizing about the |nsensmvrty of gross pro-
. duct ‘to different fertility assumptlons Also, this highlights an area in which: the
user- has a narrower margin for error in country-specific applications.

v _A contlnumg sensitivity analysrs of the TEMPO 1l model is in progress, testing
__r‘the sensitivity of various results to a wide range of parameter values. The results
’”from some of these tests will be available on request at a later date. Any. user,
. however, should consider the sensitivity analysrs—both by TEMPO and by hlm-
: self—as an |ntegral part of the use of the model.

»
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APPENDIX
EMPLOYMENT FUNCTION OF THE
EARLIER TEMPO MODEL.

~-.The-employment:function'used in theearlier TEMPO.model:takes:the form:"

, . K, -K‘;-i‘j:.g'
Ny= (149 == N
‘ ( 9 K..tf'j' ) 't41'

= (Lt_1 Np-1)/L4-1
4vg h (Lo No)/Lo

_?where N is employed labor, K is the stock of capltal and L is the labor force.* The
4'subscrlpt 0 indlcates that these are mmal values o

‘Thls employment function is based on the assumption that unemployment results
lprlmarily from a: growth of capltal that is too'slow to utiluze (or “absorb”) the
javailable supply of labor. A more rapid growth of capltal wnll result in'a more
*’rapid growth of employment. ,

'lt also assumes that for a given state of techno|ogy and real cost of- caputal-—both
,determlned exogenously in the modelf—the mcremental capltal Iabor ratio depends
on the real cost of labor. The real cost of Iabor depends on the: state of the labor
‘market, for which the unemployment rate: (L N)/L,is the best smgle measure.
(L"is the available labor force, and N is'the amount. of. employed labor.) -As the
‘unemployment rate falls, the labor market tughtens and upward. pressures are- placed
‘on the real cost of labor. §

;Thus, as the unemployment rate falls, the. incremen‘tal capltal Iabor ratio tends to ‘
lncreese and the growth in employed labor whuch rezults from a glven growth in

* _In the earlier TEMPO model no dlstlnctlon ls made between educated énd- uneducated labor.

1’ : Althoum the state of technology appears expllcitly as part of the productlon function, the
. cost of capital operates only implicitly through the employment functlon

§ A tightening of the labor market places upward pressures on real wages It also creetes

" shortages of particular types of labor skills, causing substitution of inferior types of.labor,
- Although the mode! does not treat wage rates explicitly and has only one variable for the .

_ labor force, L, implying some sort of homogeneity, both wage rates and the heterogeneous -
. 'nature of labor operate implicitly in the employment function.



fthe capital stock becomes smaller. (The reverse takes place when the unemploy-
‘ment rate rises.) In the extreme case of full employment, ie, a zero unemploy-.
ment rate, employment cannot increase regardless of how rapidly capital grows.
In practice, it is usually difficult to drive the unemployment rate below some
Ievel for any feasible growth rate of capital.

The coeffrcrent h has two roles. The first is to determine the initial relatronship
between the growth rates of the capital stock and employed labor. Initially,

‘g = h. .If h is larger than unity, employed labor initially grows more rapidly thar
the capital stock. If h is less than unity, employed labor initially grows less .
rapidly than the capital stock. if h has an initial value of unity, the uncmploy-
ment rate will. rise, fall, or remain constant, depending on whether the growth
rate of capital is less than, greater than, or equal to the growth rate of the labor
force.-

The second role is to determine the effect of a given change in the unemployment
rate on the coefficient 9. The larger- h -is, the larger will be the change in the
proportnonallty coefficient, g, which results from a- glven change in the rate of
vunemployment Thus, it measures the sensitivity- of the incremental capital-labor
ratro to ‘changes in the unemployment rate. In other words, the effects of an
increase' in 'h are (1) to increase the value of g for any given unemployment
rate, and (2) to lncrease the sensitivity of g to changes in the unemployment
rate :

For example, assume that the value of h is unity and let the |n|t|al condrtlons
give a labor.force of 1.0 million growing at 3 percent per year, with initial unemf
ployment «of 100,000. The percent growth of employed labor will be equal to,
~the percent growth of caprtal If capital grows 3 percent the first: year, employed
.labor will grow at. the same speed as the labor force and the. unemployment rate
wrll remain at the initial value of 10 percent (103, 000 employed out of a’ labor
force of. 1. 03 million). :

Assume that at some time in the future, say 1995, the labor force has increased
t0'2.0. million and is still growing 3 percent per year. ‘Assume also that the growth'
rate of capital is 6 percent and that the unemployment rate has fallen t0o75.
_percent, ie, 150,000 are unemployed. There are 1.85 ‘million employed. In 1996 .
the:labor force will be 2. 06 million. The value of g will have dropped to 0.76%, '
meaning that the growth of employed labor will be 4.5 percent, three-fourths of
the percentage crowth of capital. In 1996, 1.933 million will be employed fabor.
The number of unemployed will fall to 127,000 (2.06 million less 1.933, mlllionl

'_'and the unemployment rate will fall to 6. 2 percent

The value of g fallsas the ratio of the current to the initial- unemployment rate
;_gets smaller Let h havea value of unlty . the unemployment rate: falls; to:

3 5 percent from an |n|tlal value of 14.0: percent ‘the value of g wlll fall from

1 00 to 0. 25 This means ‘that employment will grow at only one-fourth the.

11~ N o7z
TELT . °’°°




speedof the stock of capital. If the labor force is growing 3 percent per year,
capital must grow at an annual rate in excess of 12 percent to lower the rate
-of the unemployment any further. This is a healthy rate of growth for any

~country.

“Should the unemployment rate drop to 2 percent, capital would have to grow it
excess of 21 percent per year to obtain further reductions in the unemployment
rate. It is evident that reductions in the rate of unemployment become success-

“ively more difficult—eventually virtually impossible—as the unemployment rate
approaches zero. ' ’ ’
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