
FOR AID USE ONLYDIVEL@PMRNYAgNCV FORn INTERNATII@AL N 
WA S NI N T O NA. . C. s e f 3 s $ " 'Y' 

6IIILOGRAPHIC INPUT SHEET 

1.SUBJECT A,1NuI'PAltion PAOO-OOOO--OOO 
FICATIOM General 

bi'J~O "i Tt#the TEMPO 1!budget allocation and human resurces model 

J. AUTHORIII 

McFarland.W.E.; BennettJ.P.; Brown,R.A.
 

I. NUMER 0F PAGES i4. AC NUMBER
4. DOCUMENT DATE 

34p. ARC1973 . OI 
7. REFERENCE ORGANIZATION NAME AND ADDRESS 

GE 

6. SUPPLEMENTARY NOTES ("meeping Ot4gmnlatIaft Publehoiao Availability) 

(IhGE73ThP-13)
 

S. ASTRACT 

I 1i PRICE OF DOCUMENT0.CONTROL NUMBER 

•.-. 13. PROJECT NUMBERSDESCRIPTORS 

________'Computer programs Models 

Data processing ' Playing : 14. CONTRACT NUMBERDemography sinPlan ,.CSD-2611 GTS 

Economic development . Y P DOCuMENT 

AID 350-1 1474.
 



DESCRIPTION OF THE TEMPO II
 
BUDGET ALLOCATION AND
 
HUMAN RESOURCES MODEL
 

William E. McFarland 
'Jam P. Bennett 

Richard 'A.Brown 

GE73TMP-'13 

April 1973 

Pra.ed for the U.s. Agency Tor nemational Development
Co tact No. AID/csd 2611, Task Order No. 4 

GENERAL ELECTRIC COMPANY-TEMPO
 
CENTER FOR ADVANCED STUDIES
 

SANTA BARBARA, CALIFORNIA
 
WASHINGTON, D.C.
 

Property of TA/POP.referenoe 1r 



dMW~m~~~~iem~~ byTMO~iw GuI W isws Cete O d

aA 10 E73TMPT.1 
1"1:1 lm110*.41 'MPA.TEMPoOdII, Rfrd Brown,' April 1073 

IbrRoOflb*ft 4Win' PaW/ky, Stegihen Enke, "Bryan D. Hickman, 
a..
ne,ry 1073 (GE73TMP4). 

EvOi' maow, A SWrauuW for Famlly P/wnng Propam, Bryan D. 
H.1ckmaniOctober 1972 (GE72TMP-33). 

Old 'Age ln'urance uuth Few Ckildren, Stephen Enke, Richard A. Brown, 
March 1972 (72"MP4). 

Declining Birth Ram in Chile: Their Efftos on GNP, Education HMelth, 
and Howing, Bruce Herrick, Richardo Moran, April 1972 (71TMP-56). 

DWripion of the Economlc-D ic Model, James P.Bennett, Richanr 
A Brown, William E McFauland, Revised Edition, June 1972 (6BTMP-120'Revied). •.. 

P0pulation GiWh and Economic DeWlopment: Background and Guide, 
Jam. P. Bennett, Stephen Enke, Rwlnd Edition,June 1971 (71TMP-45 
Resvisd). 

CdW1taqoa the fenfits of Slower Population Growth: A Short Method and 
Workbook, David N. Holmes, Jr., Richard A.Brown, 1970 (70TMP-87). 

Zle POtUidon Growth-Wh n, How aid Why? Stephs Enke, January 197C
(7OTMP-35). 

SeslA !Analyisof.th Economic.Dmo'aAc Model, William E. McFartai 
.O
!mSTM.5-).. 

S ,Income tv,*-Few Birt . Stsohen Enke. Ricehrd . 
Zind, IOU (MP-).' 

http:lm110*.41


PREFACE
 

!,Nsciocument isthe technical description of the TEMPO Budget Allocation and 
Human Resources Model, TEMPO II. It iswritten for the technical economist 
Who !wishesrto study the structure, the Interactions and febacks, and the specific 
equations of the model. 

Twocompanion documents covering uses and programming of the TEMPO II 
model are entitled Using TEMPO I/: A Budget Allocation and Human Resources 
Model, and Computer Instructions for TEMPO II. 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
operating instructions and explains to programmers with limited training how the 
model's equations and parameters can be modified. 

The TEMPO IImodel isa further extension of TEMPO's work in the integration
of economic, demographic and government policy analysis. This particular docu

,ment was completed under the general supervision of Dr. Stephen Enke. Its 
technical authors are Dr. William E. McFarland, Dr. James P.Bennett, and Mr. 
Richard Brown. Other contributors include Professor Donald J.O'Hara of the 
University of Rochester, Professor Bruce Herrick of the University of California 
at Los Angeles, Dr. Donald Rugg while at the University of California et Santa 
Barb"ra, and Mr. Juan Wicht of the Instituto Nacional de Planificacidn in Lima,
Peru. Continuing encouragement came from Mr. Carl Hemmer of the Office of 
Popuiation; I.S. Agency for International Development. 
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..SECTION 1 
INTRODUCTION 

THE TEMPO ECONOMIC-DEMOGRAPHIC MODELS 
TEMPO II, a Budget Allocation and Human Resources Model, represents another 
step in the'evolution of computer simulation models developed to: investigate and 
highlight demographic aspects of economic development and planning. Like the 
first TEMPO Economic-Demographic Model, it isa highly aggregated model 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 is, output is limited by the 
availability of resources-eg, capital and labor. This contrasts to common demandi 
constrained Keynesian macro-economic 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, 
constrained model appears more appropriate for long-term projections of LDCs.* 

In addition to being highly aggregated, the first TEMPO model omits explicit 
treatment of several important elementsof a less developed country's'development 
process.,In particular, the first mode! lacks: 

1 Feedbacks from sOcial expenditures into the rest of the model' 
:2. An explicit public sector 

3. A foreign sector, and 
4. Separation of the rural and urban sectors of the economyt 

The present model, TEMPO II, represents the next step in the evOlutioniry pro. 
c ss§ Improvements over the first model include"s 
* While the TEMPO models assume labor may be unemployed,' thisrepresents'tr'icturalunem

ployment, not unemployment arising from inadequate demand. 
t Foqra co,6ipletedescription of the first model, see William, E.'McFarland et al, Description of 

the Economic-Demographic Model, General Electric-TEMPO, 68TMP-1 20,1 Revised Edition, 
June 1971.


§ Some of -theimprovements inTEMPO '11were anticipated inthe specific countryapplictiOns 
of the first model. Inparticular, see Bruce Herrick and Ricardo: Moran,- Declining:Birth:Rites 
in Chile:.. Their Effects on Output, Educetlon, Health;,and Houjrn, Geal Electric-TEMPO,
71TMP-56,April 1972.
 



1. 	 An explicit public, or government, sector. The government sector 
includes 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 limited supply of goods and services available in any given 
year. 

3. 	 Disaggregation of the economy into a subsistence (traditional/rural) 
sector and a modern sector. Inaddition, internal migration is now 
endogenous to the model. 

THE MODEL IN BRIEF
 
The model iscomposed of three interacting segments: demographic, economic,
 
and government. 'The population is-divided into two sectors, a subsistence sector
 
and a modem sector, each With distinct dernographic, and economic characteristics.
 
Figure 1 presents a simplified flow chart of the important relationships in the
 
model.
 

Dmaolraphic Relationships
 
Population growth in each sector isdetermined by the initial populations, age
and sex-specific 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 population to the per capita income of
 
the subsistence population.
 

Ecnmnc Relationships
 
The gross product of the subsistence sector depends only on the size of the sub
sistence population, assuming a fixed supply of land and no significant chang"1Whns
 
in capital or technology. An increase Inpopulation isaccompanied by a less than
 
proportional increase in output, so that Increasing population results in falling per
 
capita output.
 

The gross product of the.modern'sector isdetermined by amodified Cobb-Douglas
 
production function. Output.depends 'on' technological' change, empioyed educate
 



MODEL VARIABLES 

.DEMOGRAPHIC;:..- ECONOMIC PUBLIC 

SUBSISTENCE I Expenditures 
POPULATION I GP GP-- + I- -Populatnon P* c 

+ Expenditurs 

I + 

Pe cait +ow- +-j-I ,
 

depenen on et molai ae 
FiUe1c plaied fl h a.te 

Births 2. Educated Capital +BorwnStock Inese i :
 

] Bolanning 

Note: 'Thearrows indicate directions of dependency, pointing from the independentvariable to the 
dependent variable of a functional relationship. A plus sign, as from madarn GP to par capita modern 
:GP, indicats that E, positive or negative change in the independent variable will cause a corresponding. . 
change in the dependent variable. A minus sign indicates an inverse relationship, with an increase in one "TOTAL POIPLIrON
variable being associa-ted with a decrease in the other variable, and conversely.. = .-VARIABLES': -_>...'F':
 

Figure 1. Simplified flow chart of the TEMPO 11 model. 



and uneducated labor. and the capital stock.: Technological change isexogenously 
determined. 

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 abor force isa function of the total uneducated labor 
force and the capital-to-labor-force ratio. It isassumed that a constant fraction 
of the educated labor force isemployed. 

Change In the capital stock isequal 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 the private 
sector. Consumption depends on disposable income and population. Capital ac
cumulation from government investment depends on government policies and the 
gross product. 

Government Program Relationships 
The government sector isdescribed interms of eight different types of outlay
education, family planning, general transfer payments, health, social 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 enrollment 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 isafunction of gross product. Borrowing may come from foreign 
Foreign loans (net of debt service) and grants are determined or private sources. 

vixogenously. The amount of domestic borrowing depends on the size of.the bud
let deficit and the availability of private savings. The difference between total 
lovernment outlays bnd the sum of taxes and borrowing is accounted for by the 
:reation of new money and borrowing from the central bank. 

kupply Constraint and Inflation 
rhe sum of private and public purchases of goods and services cannot exceed the 
total volume of goods and services available. This supply constraint depends upon 
the economy's productive capacity, as determined by its production functions and 
resources, supplemented by long-term external aid. 

U'he economy's demands for goods and services (eg, private consumption and in
iestment 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 I that eachcomponu,,i 



of demand Isreduced by the same proportion. The user, however, has the optior
of reducing these components by different proportions-for example,. private PurF 
chasmitbefre to,a brb the'total required ructidn. -

The !nitlal excess of total demand over the supply constraint is used as a measure 
'of inflationary pressures. The larger the initial excess, the more rapidly prices 

rise-during agiven year. 

INVESTIGATION OF DEVELOPMENT TRADEOFFS 
Development planning constantly involves resource-allocation cnoices naving eT
fects that are not visible for many years, often beyond the time horizon used in 
formal development plans. The impacts of policies on demographic variables, 
eg, fertility 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 implications of different allocations of develop
ment resources.* 

For example, many development goals are expressed in terms of the growth of 
per capita production. If resources are transferred from government investment 
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 production would be anticipated. 

Other development goals are expressed in terms of increased education of the
population, as measured by literacy or enrollment rates. Comparative projections 
of theTEMPO II model suggest that under many circumstances, a shift of some 
resources from educationto family 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 reductions in direct government investment or education expenditures. 
The user must interpret the comparative projections and implied tradeoffs in terms 
of his own set of goals and of the opportunity costs of financing direct governmerit inviestment, education, and family planning from other sources (such as 
cuts in other government programs, or higher taxes, borrowing, or inflation). 
Many of these tradeoffs can also be investigated with TEMPO IIprojections. 

Although simulation models cannot, by themselves, fill gaps in the understanding of bask 
relationships, they can be used to more fully investigate the implications of what isknown 
-or thought to be known. They can also help to direct research toward those areas most 
critical to the longer term planning process. 



SECTION 2
 
TECHNICAL DESCRIPTION OF THE MODEL1' .
 

This section contains a technical description of the model, with additional com
ments on the rationale for iand interpretation 'of particu ar model, compoientS. 
Tablei lists -the.important variables in the model and the algebraic-,symbol for 
each. ,Wherever possible, the notation Used is consistent with that used in the 

' technical"description'of the first TEMPO model.-* 

The model distinguishes two private sectors, modern and subsistence, and a pub
lic sector., The modern sector maps imperfectly into the urban/industrial portion
of thecountry and thd subsistence sector maps imperfectly, into the rural/tradi

, ,tionail of the'portion The public sector isshaped by the government's'countr. 
budget. 

The'ensuing discussion covers the model's demographic relationships, its economi, 
relationships, the public sector, and additional options available to the user. All 
subscripts in the model's equations are enclosed in parentheses. To simplify the 
notation,: the time subscript (T) isshown explicitly only if the value of the vari
ableli'thiat of a previous time period. All parameters can be made variable as 
alfunction of time by stipulation in the data or minor changes in the computer 
program.t 

DEMOGRAPHIC RELATIONSHIPS 

Population Survival 

The basic demographic relationships follow standard forms. The size of the popL 
laiion of,a given age-sex cohort in either sector (subsistende or modern) isequal 
tO the numberof survivors of -the age-sex cohort in that sector one year younger 
inthe preceding year, modified by, gains or losses due to migration. The.popula
tion lessthan 1year old iscomputed slightly differently, since it represents the 
surviving births during the preceding year. 

'Expicit equations are given here only for the modern male population -PMM. 
Similar equations hold for the modern female population, the subsistence male 
" pulation, and the subsistence female population. 

See William 'E. McFarland et al, Descriptionof the ,Economic-DemographicModel, General 
Slectric-TEMPO, 68TMP-120, Revised Edition, June 1971.,-
See Richard A. Brown, Corputernstructionifor TEMPO II, (3enerav wectric- i "Mru, 
GE73TMP-14, April'1973, for more on.,this.-. 
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Table-1. -List of variables and symbols. 

Demogiaphic Variables 

Deciton 
Population

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 

Economic Variables 

Gross product 
total 
modern 
subsistence 

Labor force (modern only) 
total 
educated 
uneducated 

uneducated, adjusted for morbidity, 


Employed labor (modern only) 
educated 
uneducatdN 

Sy*mbol 

P 

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 

none used 
LFE 
LFU 
LFUA 

,NE
 

7 



Table 1. List of variables and symbols (continud). 

Economic Variables (continued) 

Description 

Capital stock 

Consumption, private 


Savings, private 

Investment, private 

Disposable income 

Price index 

Total demand for goods and services 

Total ,.ail'bleiosandservices 

Govirnment Prooam Variables. 

Government outlays,
 
total, 

education 

family planning 

general transfers 

health 
social, overhead capital 
direct government nvestment 
defense 
general 

Tax revenue 

Borrowing 
d6mestic 
foreign 

Government deficit 


Education outlays
 
total 

primary 
secondary 
tertiay 
professional 

Number of family planning acceptors 
-Cost per family planning acceptor 

Family planning incentive payments 

Total transfer payments 

Government purchases of goods andG 
services 

Symbol 
K 

C 

S 

PINV 

Dl 

PI
 

DGS 
-A S 

G 
ED 
FP 
TR 
HL 
SOC 
DGI 
DO 
GG 

TAX 

BOR 
GFB 

DEF 

ED 
PRICOSI 
SECCOS
 
TERCOS 
PROCOS
 

ACC 

ACOST 

none us. 

TRFP 

GGS
 



Infants. PMM(O), the modern maleypopulation Le than L1Year old at time T, 
istheinfant male surviviil rate s(MI) timethe: m ne br of births BMM in the 
previous time period modified by the migraton correction MiGMtO). 

PMM(O) = s(MMI) * [BMM(T- 1) + MIGM(O,T-1)] (1) 

Ages. 1 Through 64. PMM(i). the population age, i at time T, is the appropriate 
survival rate s(MM) times the population of age i-1 in the previous time period 
modified by migration MIGM(i-1). 

PMM(i) = s(MM,i-1) • [PMM(i-1, T-1) + MIGM(i-1, T-1)], 

i= 1,... 64 .()
 

Age 65 and Older. The population aged 65 and above at time T consists 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 migration. 

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 product 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 

BM I b(i) •PMF(i, T-1) (4) 

15 

BMM-r. BM , (5) 

and 

'BMF (-r) BM . (6) 

The agjespecifiC fertility rates may change through time,, either exogenously or 
due t the impact of governmentfimily prgrams. (See "Franily Planing Bud. 
get," page 18.) 

,Note thaft ; if;fertil ,tyrates in the mocern sector are below those in the subsistence 
sector igiration to the; modern sector reduces the fertiliy rof the migrant and+hence te-averaae fertility of the population as a whole. The presentformulatiOn 

•f 9 ' 



of the model exaggerates the Impact somewhatby assuming 'that the reduction of 

fertility occurs immediately. 

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 capita income of the subsistence population. Specifically, total net migration 

MIG is 

MIG mr(l) • Rm ( 2 ) •PS, 

where 
R T + GPS(T-1) (7) 

PMU(T- 1) PS(T-1) 

The uneducated modern population PMU isassumed toreceive 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 consideration 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), isadjusted so as to obtain the appropriate itiitial rate of migration. 

The age-sex composition of the migrants is'determined by a setof exogenously 
specified weights, 

IGMIGM(i) - PSM(i)MIGM I) VMi.). m(Mi) 

(8)and 

MIGFi) •m(F,,).*PSF(i) 

-where. MIGM(i) and M IG F() are'.the' respective"maile and.female migrants of age 

'i, m(FM0l) and m(FJl) are sex--and age-specifc weighIts'and 

MW rm(Mi)- PSM(i) + m(F,i)..-PSF(i)] 

* The income available in the modern sector Isperceived by the potential migrant to come 
only from wages. The uneducated modern popuiation may receive some nonwage income, 
but such income Isassumed to play no explicit role in the migration decisions. 

10 



If all of the weights (ie,the m's) are equal, an equal percentage of each age and 
sex cohort of the subsistence population will migrate during any given year. For 
example, if total migration represented 2 percent of the total subsistence popu
lation, then 2 percent of each age and sex cohort would migrate. 

If, 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 Supply Constraint and Prices 
Economic and government budget variables may be expressed in any of three diffel 
ent types of measure: (1) constant base year prices, or "real" values, (2) current 
prices, or (3) preliminary values. The user may either interpret the preliminary 
values of variables as pure computational constructs or attach some behavioral 
meaning to them. For example, preliminary 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 price terms. Superscripts are used to 
distinguish the three types of measure for the other variables, "a" for constant 
prices, "m" for current prices, and "p" for preliminary. 

The total preliminary demand for goods and services DGS is the sum of three. 
components: the preliminary values of private consumption" C,,private investment 
PINV, and government purchases of goods and services GGS. 

. DGSP=r CP; + PINVP + GGSP 

The preliminary values :for each of these variables are determined as descrlDeaoin 
thiiequations given ibelow. 

'The.'total.'volume of available goods ,and services, AGS, is'th sum of gross,Io
ductIonil-GP and long-term external aid GFB,,all measured in.bs- ya prices,* 

AGSa = GPa + GFBa. (10) 

No distinction is made in the mode between gross national product and gross:' 
domestic product.
To remain within the supply. constraint imposed by available goods,:total dermand 
must be reduced to some fraction, adj, of its preliminary. value. Thus, the final 
demand for ':goods.and services is 

SNo: prsioln!iimade :for ddpetonof: inventories since Inventoryfluctuationh can be felY. 

ignored inlong-term projections.. 

11 



(11):,DGS' .-r adj !.DGSP_,- AGSa , 

where lj AGS8 : 

DGSpV 

It is assumed here -that each componentof planne purcha is reducedvropor

tionally.;That is,' 

Ca= adj . cP 

PiNva = adj PINVP. (1. 

and" - : GGS a ='adj GGSP 

The, user, however, can easily modify the model so that the burden of the supply 

corstraintfalls more heavily on some components of demand than others. :For 

exame, one might assume that target government purchases are always realized, 

and the required reductions affect only private purchases. Algebraically, 

GGSa= GGSP ,Ca = adj cP , and PINVa= adj PINVP 

where 

ad =--AGS --rGGSa 

DGS -GGSP 

The ratio of. the preliminary demand for goods and-services to the total availabl, 
DGsp/AGSa, is a measure of inflationary pressures in the economy. In particular, 

itisWassumed:that 

API - OGSPinfl( -1)
\AGSa/pi(T-1) 

is 100 times API/PI, andwherethe percent change in the general price index PI 
infl ::is a parameter measuring the sensitivity o!!the price index to inflationary 

pressures. By this formulation,: an initial oxcess of demandover available supply 
l

of 4 percent would result in'a pricerise of 4 percent, ift'inf had a value of one
 

and 8 percent if infl had avalue of two.
 

Production 

Subsistence Sector. Gross product in the subsistence sector, GPS, depenc-, only. 
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 traditional rural populations. Algebraically, 

12 



GPS a = x• PS(T-1)Y (14) 

An increase in population of 1 percent results in an increase in output of y .per. 
:•icent. Since'the subsistence population isworking with little capital and afixed 

quantity of land, y is normally less than one. That is,an increase in population 
does not increase output proportionately and per capita production falls. 

IModern Sector. Gross product in the modern sector, GPM, isgiven by aCobt 
Douglas type production function that includes technological progress, capita! 
stock, and two types of labor; ie, 

GPMa = z . (1 + q)T. *K(T_)u .* NE(T_1)v. NU(TI)w . (15), 

The parameter q measures technological progress, or the extent to which im
provements, in technique and organization permit more output to,be obtained 
from given inputs. K isthe:stock of capital measured in base year prices, NE 
isemployed oducated labor, and NU isemployed uneducated labor., The expa 
nents u, v, and w are output elasticities; ai1percent increase Incapital, edu
cated, labor, or uneducated labor ,increases output by u, v, or w percent, re
spectively,* 

Gross product isthe sum of the gross products of the two sectors; 

Gpa = GPMa + GPSa (16 

Total Labor Force in the Modern Sector 
For purposes of obtaining labor force projections, the modern sector populationisseparated into two groups by level of educationt These groupsrhave different 
economic characteristics and make different contributions to' modern sectrout
put. The user supplies a breakdown of the initial labor force' by education and, 
the education level of subsequent labor force entrants isdetermined by govern
ment education policy. 

The. number of people in the educated and uneducated portions of the modern 
sector labor force (LFE and LFU, respectively) isobtained by applying age- and: 
sex-specific labor:force participation rates to the appropriatepopulations. That-is, 

64 
LF (pMEJ,) PMME,(i) + p(FE, ,i) PF~
 

15
 

For an additional discussion of the Cobb-Douglas and other common forms of the produc
tion function, see R.G.D. Allen, Macro-Economic Theory, New York, St. Martin's Press, 
1967, Chapter 3. 
No attempt is made in this model to ascribe different demographic characteristics to the 
groups separated by education, Inspite of the common observation that those with more 
education and income tend to have lower mortality and fertility rates. 
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'
LFU = p(MUii),PMMU(i) P(FU,i)A: PMFU(i)] (17)1. 
5.,
 

Where. PMME PMFE, PMMU and PMFU arethe educated male and female and 

:uneducated male and female populations, resectively, by agecohorts, -and the p's 
are 'the appropriate participation rates. 

At the option of the user, -thequality of the Uneducated labor force can'be ad 
justed for increasing productivity due to declining morbidity. "Algebraicallyi, 

LFUA = GPMa(T-1)/PM(T-1)jh"1 MPRlAlPRi£ (8LFU (18) 

where:(GPM/PM)(0) is the initial per capita product in the modern sector. The 
Inex of real per capita product in the modern sector (ie, the expression in brack
.ets), is:taken as a proxy for improvement resulting from suchthings as increased 
household expenditures on health, increased public health budgets, and improvednutrition. 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 isequated with the enumerated labor force. 

Employed Labor Force in the Modern Sector 
Employed educated labor NE isassumed. to be aconstant fraction ne of the 
educated labor force; 

NE=-ne* LFE . (19) 

Employed uneducated labor NU ,at time T, issome fraction of the adjusted un
educated labor force LFUA., This.fraction increases as the capital-labor ratio 
increases,,approaching asymptotically some maximum rate. of employment, k(1). 

NUk()-(2)• LFu(T-1I. I (T 1,It ,LFUA (20), 

Ine-secono parameter,' K 1, -ischosen so as.to obtain .theappropriate initial rate
 
of ;employment.
 
The employment function isbased on the assumption that unemployment.results
 
primarily from agrowth of the labor force too rai to be utilzed.(or "absorbed"
 
by the available stock of capital, le, all A moreIunemployment
is"structurai rapid
 
growth of capital relative to the grIwth OflabOrthereforereults inahigher rate
 

of employment.*
 

Amore complete discusion of.ivariant of this employment function Isgiven InDewription

of the Economic-Demographic Model, 68TMP-120 (Revised), and isreproduced s,
an Appen

dixin this document in as!Iihtly edited form. 
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Disoable In come and Consumption
Preliminary consumption C is a function of disposable income Dl and popula

plus totaltion. Preiminary disposable income is gross product less taxes TAX 

transfer payments TRFP. (Total transfer payments are the sum of general trans

fers, such as direct welfare 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 = GPa - TAXP + TRFPP 
(21) 

cP c(1) • DIP + 6 P 

where 

6 =c(2) -(DI/P)(0) ,04c(3)< 1 

and (DI/P)(0) is the initial value of per capita disposable income. 

is the lower bound of the average propensity to consumeTheparameter c(1) 
The index number for per capita income modifies the effect of pop(ieC/DI1). 


ulation growth by introducing an upward shift of the consumption rate as per
 
has a value of zero, total consumpcapita income increases. Note that if c(3) 


tionbecomes a linear function Of disposable income and population. If c(3)
 

has a value of unity, population is eliminated from the consumption function
 

and consumption becomes proportional to disposable income.
 

As noted above, "real" consumption will generally be some fraction of prelimi

nary consumption, or Ca = adj •CP.
 

Private Savings, Investment, and the 
capitalStock
 

Preliminary private savings S is equal to preliminary disposable income minus
 

Preliminary consumption. Preliminary investment by the privatesector PINV
 

is total savings. minus the preliminary amount of government borrowinig BOR:
 

SO ="DIP -cP 
(22), 

and - PINVP-SPBORF 

"real" private investment is some Traction of preliminar.prvate investment;
Again,
PINVa8 l= adj PINVP, 

at time T isthe previous period'scapital ,stck~less deprecia-L,.,,The capital stock ~K 
tion, ie,: 0~0. d) KKT1), plu6s real private investmentCPPIVL'n increments 
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resulting Trom airect government investment DG I and government investment in 

social overhead capital Soc. 

aK =(.0 - d) , K(T-l) + f(1)'*- DGl + f(2) ;*SOCa +.PINV "(23) 
. . . . , , -. .ets c.) ... .o.... 


Capital stock is measured in constant base;year prices., The coefficients f(1) and 

f(2) are applied to&DGI '.and, SOC ,toadjust for expenditures in', these, areas that 
"
do not add"tothe, productive capacity of 1the economy . (See pages,4 7 and .19 

for discusions of aovernment investment and borrowing.) 

Current Price Value of Economic Variables 

The currentprice value of each of the economic variables is the product ot the 

price iindex (determined in Equation13)and either (1)-the constant priceor real 

value of the variable (with an." superscript) or (2) the Product of the prelimi
nary value of the variable (with a "p '-superscript) and the adjustment factor, adj. 

= PI *adj •DiP.For example, Gpm = PI •Gpaand DIm 

PUBLIC SECTOR 

Government Outlays 

Total government outlays 3 are the sum oT eignzt uaget components; euucmuo,
 
l H, .social overhead capital
ED, family planning FG;,general transfers.1TR ,-heal'th 


SOC, dire'ct government, investme t"DGI, defense .DOand general government GG.
 

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

"Government purchases of goods and services. uub:.incluae aii government ouxiay,. 

except-.for transfer payments, which consist of '0thgeneral transfers-and any fi
nancialincentive payment funds that may be in the family planning budget. 

Each of the major budget components, except for education and family planning, 

is targetid in terms of a specified percent of gross product, eg, 

,

3GP.=.g(1)., Gpa..,..

)GIP=cq(2)"i GPa: 
(25) 

OCPI = g(3)'" GPa 

etc. 

.The.particular percentages,: g(1), g(2), -etc,'which can be changed through time, 
:ar 0pol icy instruments chosenI byth'e u rof ithe mode. 

Outlays on education. ED .'and familyL planning FP are alsopo!icy instruments, 
but are specified in termsofpolicy goals-as contrasted with policy budgets, Thi 

bu,"r CTe nir's,' c 16 
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education goals are specified 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 = _1 . EDa 
adj 

(26) 

and FPP'= •Fpa 
adj 

where; EDa and FPa are the constarit price costs required to achieve the progiams' 
scus  
Objectet, "These two componentSi'of the budget are inmore detaii 

subsequently. 

Actual government purchases are related to target purchases in the same manner 
described above for consumption and private investment, ie, 

GGSa = adj. GGSP. 

A similar treatment applies to the components of GGS. 

Two'types of government expenditure, direct government investment and social 
overhead capital, add directly to the. economy's stock of capital. (See "Private 
Savings, Investment, and the Capital Stock," page 15.) Direct government invest
ment includes expenditures for such things as publicly owned manufacturing fa
cilities. Since some of these expenditures may not add directly to the economy', 
productive capacity, only a portion of direct government investment is added to 

.the rstock of capital. A portion of the government's investment in social overheai 
capital, such as expenditures 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 tern' 
of projected age- and sex-specific enrollment rates for each type of school, ie,pri
mary, secondary, tertiary, and professional. The cost of achieving the enrollment 
goal for each type of schooling is then the product of the constant price cost per 
student, the enrollment rate, and the size of the appropriate population cohort. 
Algebraically, for primary education 

PRICOST = "[ a(M,i) -PTMi) + ia(F,i). PTF(i)] (27) 

,.This treatment allows the user to investigate the implications ofachleving prespecitied eauca
tion and family planning goals. There isalso 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 percentages of gross product. This] 
option Is discussed under "Additional Options," page 20. 



here PRICOST is the required educational budget for primary schooling, P. is 
the per-student cost of primary schooling measured in base year prices, a(M,)and 
a(F,l) are the respective male and female enrollment rates for age i, and PTM(i) 
and PTF(i) are the respective rnale and female populations of age i. 

The costs of achieving the enrollment goals for the other three types of schoolin! 
are determined in the same fashion. The total education budget is thes'surmof the ' 

costs for the four types of schooling, ie, 

EDa = PRICOST + SECCOST + TERCOST + PROCOST ,; (28) 

where the. last three terms represent the respective costs of secondary, tertiary, 
and professional schooling measured in base year prices. 

Family Planning Budget. The family planning goals are specified in terms of pro 
jected family planning acceptance rates, ie, in time T a specified portion of the 
modern female population isassumed to have accepted contraception. It isalso 
assumed that fertility rates decline proportionally with the percentage of females 
of fertile age who accept contraception. The family planning 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, 

49 

ACC. m ratesr, PMF(i) (29) 

The cost per acceptor, (measured in base.year prices) depends upon the rate of 
acceptance.. It isassumed that: up to a specified 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 service acceptors beyond the specified rate, however, additional 
costs are incurred.: In the model, the additionai.costs are assumed to increase as 
the .acceptance rate increases. Thus, the cost per acceptor, ACOST, is 

1tr(i), ifrate.< srate 

ACOST = or (30) 

1.(1) + ir(2) [rate -srate], ifrate ; srate .' 

Aportion of the family planning costs may takeithe form of incentlie payments to acceptors 
and subsidies to suppliers, which represent transfer payments. .ThatC iIheyare income to the 
recipients for which no productive services are'rendered inreturn; For a mor comprehnsive 
discussion of the use of transfer payments and other incentives (continued onnext page 
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The total family planning budget is then the product of the cost per acceDtor; 

br of acceptors 

FW =FACOST. ACC , (31) 

where FPa and ACC are measured in base year prices.* 

Government Sources of.Funds 

The,government finances its outlays from tax revenue TAX,. government borrow
ing +frobrrnthe'private sectorB.'O0 R, and money. Athecereation of new Att.option 
of the user,' the government may also receive funds from foreign loans and grants, 
GFB, specified as a percentage of gross product (see "Additional Options," page.210 

Target tax revenues TAX are proportional to gross product; + 

TAXP=t GP 

where ,tisthe'average tax rate. This proportion can be specified to charige'lineai 
ly through time. 

The difference between total government outlays G and taxes Is the deficit' DEF 
to be financed,. 

DEFP =GP - TAXP (32) 

This deficit is financed through a combination of domestic borrowing from the 
private 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 
possible through domestic borrowing, but that this borrowing cannot exceed some 
fixed portion of private savings S. Algebraically, 

SBORP = Minimum of.(DEFP ora- SP) (33) 

where ".'a'.]is the maximum: portion of private savings that can be borrowed by' 
the -.government.: The remainder of the deficit isassumed financed by the creation 
of new money or borrowing from the central bank.. 

(continued from preceding page) in family planning programs,l see Bryan D. Hlckman,.Eco-i 
nomic Incentives: A Strategy for Family Planning Programs, General Electric-TEMPO, 
GE72TMP-33, October 1972 and Stephen Enke and Bryan D. HickmanOfferingBonusa 
for educed Fertility, General Electric-TEMPO, GE73TMP*4, January 1973> 

i.Sdetermined by the,followingAs a side calculation,. the number of births averted, AVERT 

equation:
 

AVERT= [rate/(1.O rate] BM 

where BM Isthe actual number of modern sector birtis. 
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CurrentPrice Value of Budget Variables 

*The current price value of each of the budget variables is the productof 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 ." Forexample, EDm
 

" =PI. EDa, and TRm = P adj . TRP. 

ADDITIONAL OPTIONS 

Foreign Sector 
The user, however, can specify an

As presented above, there is no foreign sector. 


inflow of foreign loans and grants to the government GFB'raS percent of gross
 
product, le,
 

(34)GFBa gfb • GPa 

The foreign loans andwhere both variables are measured in base year prices. 


grants (net of debt service) are added to the government's tax revenue, 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
 
The dome3tically fi

augments the available supply of goods and services AGS. 

nanced deficit is then the difference between total government outlays and the 

and foreign loans and grants. Domestic borrowing and moneysum of tax revenues 

creation are then determined in the same manner as presented above.
 

Except for foreign loans and grants to the government, the present model has no 

foreign transactions. The foreign sector will receive substantial attention during 

sibsequent evolution of the model. 

Government Budget Impact of Education 
and Family Planning Expenditures 

As discussed above, education and family planning-expenditures are net additions 

to total government outlays. The user, however, can consider the total govern
*ment budget to be constrained, eg, to 15 percent of the gross product. With the 

,imposition 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, 

If the attainment of the enrollment or acceptie, as percentages of gross product. 

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.
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,....SECTION 3 
'USES AND INTERPRETATION OF THE MODEL 

TWO USES"OF THE MODEL 

TEMPO II' isYintended for usein two different types of situations. The first isas 
an instrument for generating general and heuristic projections applicable 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 the circumstances of the specific 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 primary purpose of 
the'model is to investigate the long-term(eg, 30-year) effects of different assump
tions about demographic 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 comparativb projections in which all data are iden
tical except those describing particular assumptions being contrasted. 

PROJECTIONS VERSUS FORECASTS 

Especially in the general applications, the user is cautioned against using the pro
jections computed with the model as though they were "forecasts," at least lasthe 
term is commonly used. A projection Illustrates what would happen if- its under
lying assumptions were satisfied over the projection period. A forecast predicts
thatcertain events Wi occur or that acertain probability exists that they will' 

occur. Forecast models are generally econometrically estimated, and the forecasts 
extended no more than a few years into the future. 

The; projections, used in combination, demonstrate the relative effects of different 
assumptions on the growth of various variables of interest. These comparisons, in 
terms, of the relative growth rates or relative values of variables, are much more 
robust (ie, lesm sensitive with respect to changes in the numerical or functional 
specification of the model) than the growth rates and values of avariable in any 
single projection. 

For example, over a wide range of conditions an increase in the rate of techno

logical progress (parameter ,q" in Equation 15, Section 2) by 1 percentage point 

TThe general attibutes Include high fertility rates, death rates inthe'mid-tblat downwad * 
transition, and low per capita incomes.. 
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results In a 1.5 percentage point increase in the growth rate Of gross Product o.er. 

For a single projection, this is a substantial increase. How
a 30-year projection.
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.* 

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-

The user will attempt to use parameter values that de
pretation may be valid. 
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. If 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-

Even under thebest conditions, however, one 
tative results of the projection. 

should be extremely cautious about attaching much significance to the value of 

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

OF TRADEOFFSINVESTIGATION 

One of the most important uses of the model-either general or country-specific-
During any given year, 

is in the Investigation of development planning tradeoffs 
the go ds and services available to the economy are relatively fixed. Within limits, 

Thus, 
however, the uses of these resources are subject to discretionary changes. 

the government may decide to spend more or less in its various programs, eg, di-

If it decides to increase the spend
rect investment, education, or family planning. 


ing in a particular program, this must come at the expense of other programs or
 
These deci

at the expense of private spending for consumption and investment. 

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 

These tradeoffs and their consequences can be investigated with the 
and services. 

use of the model.
 

For example, the user might want to investigatethe impact of a family planning pro

gram on the government budget, leaving all other budget specifications unchanged. 

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 nol 

The impact depends primarily on what happens to the education budget. If it is as

sumed that the education budget is goal-specified, as described in Section 2, the two 
However, as the 

projections have identical education budgets during the early years. 

family planning program lowers fertility rates, there is slower growth in the num

ber of school-age children-and consequently a slower growth in the education 

As the projection extends furthe 
budget-in the projection with family planning. 


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.
 

See William E.McFarland, Sensitivity Analysi of the Economc.Demoraphic Model, Genen 

Electric-TEMPO, 69TMP-52, July 1969 for a discussion of these matters as applied tothe 

first TEMPO model. 
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The family rplanning budget Will generally increase throughout the 30-year pro
jection. Thus, during the early yearslofthe prOjection, the addition of the tam 
ly pianning program causes a net addition to government spending. Later, how, 
ever, the reductions in education spending required to achieve the specified goal 
bigin 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 substantially from one coun
try to another. This leads to a very important element in the use and interpre
tation 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 budgets. 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. 

Initial experiments suggest that under one set of plausible assumptions the addi

tion of the family planning program might result in a decrease in total government 

spending beginning'midway through the projection. Under a different set of plau
sible assumptions, total government spending may be higher by 5 to 10 percent 
during the last half of the projection. 

It follows that one needsto 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 insensitivity of gross pro

duct to different fertility assumptions. Also, this highlights an area in which-the 
user has a narrower margin for error in country-specific applications. 

A"'ontinuing sensitivity analysis of the TEMPO II model is in progress, testing 

the sensitivity of various results to a wide range of parameter values. The resIults 

from some of these tests will be available on request at a later date. Any user, 

however, should consider the sensitivity analysis-both by TEMPO and by him

self-as an integral part of the use of the model. 
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APPENDIX 
EMPLOYMENT FUNCTION OF THE 
EARLIER TEMPO MODEL, 

..Theemployment function used in the earlier TEMPO model Atakes the form: 

= - Kt - 1 

and 

9,h L --NN)/L
0
 

where N isemployed labor,, K is the stock of capital, and L is the labor force.* The 
subscript O indicites that theseare initialvalues. 

This employment function isbasidon the assumption that unemployment results 
priiarily from agrowth of capital that istoodslow to utilize (or "absorb") the 
available supply of labor. A more rapid growth of capital will result ina more 
;rapidgrowth of employment 

It also assumes that for agiven state of technology and real cost of capital-both 
determined exogenously in the modelt-the incremental capital-labor ratio depends 
on the real cost of labor. The real cost of labor depends on the state of the labor 
market, for which the unemployment'rate (L:'- N)/L, isthe best single measure. 
(L"isthe available labor force, and N is'the amount of employed labor.) As the 
unemployment rate falls, the labor market tightens and upward pressures are placed 
on the real cost of labor.§ 

Thus, as the unemployment rate falls, the incremeotalcapital-labor ratio tends to 
Increase and the growth in employed labor'which riiultsfrom a given growth in 

* 	Inthe earlier TEMPO model no distinction i$made betwein'educated and uneducated labor. 

1 	Although the state of technology appears explicitly as part of the production function, the 
cost of capital operates only implicitly through the employment function. 

§ Atightening of the labor market places upward pressures on real wages. Italso creates 
shortages of particular types of labor skills, causing substitution of inferior rtypes of labor, 
Although the model 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 inthe employment function. 



the 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 
level for any feasible growth rate of capital. 

The coefficient h has two roles. The first is to determine the initial relationship 
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 thai 

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 unemploy

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 g. The larger h is, the larger will be the change in the 

proportionality Coefficient, g, which results from a given, change in the rate of 
unemployment. Thus, it measures the sensitivity of the incremental capital-labor 

ratio to changes in the unemployment rate. In other words, the effects of an 

increaset in h are (1) to increase the value of g for any given unemployment 

rate, and (2) to increase the sensitivity of g to changes in the unemployment 
rate. 

For example, assume that the value of h is unity and let the initial conditions 

give a labor force of 1.0 million growing at 3 percent per year, with initial unem

ployment of 100,000. The percent growth of employed laborwill be equal to 

the percent growth of capital. If capital grows 3 percent the first year, employed 
as the labor force and the unemployment:rater

labor will grow at the same speed 
Will remainat 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 

to 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 to 7.5 

percent, ie,150,000 are unemployed. There are 1.85 million employed. In 1996, 
thelabor force will be 2.06 million. The value of g will have dropped to 0.75,
 

meaning that the growth of employed labor will be 4.5 percent, three-fourths of'
 
In 1996, 1.933 million will be employed labor,
the percentage prowth of capital. 


The number of unemployed will fall to 127,000 (2.06 million less 1.933miliion)
 
and the unemployment rate will fall to 6.2 percent.
 
Thevalue of g fallsas the ratio of the current to the initial unemployment rate
 

gets*smaller. Let h have a value of unity. If the unemployment rate'falls' to 

3.5 percent from an initial value of 14.0 percent , thevalue of' g will fall from
 

.00 to 0.25. This means that employment.will grOW at ony one-fourth the
 

0 r20.075 
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speed of 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 ii 

excess of 21 percent per year to obtain further reductions in the unemploymeni 

rate. It is evident that reductions in the rate of unemployment become succes

ively more difficult-eventually virtually impossible-as the unemployment rate 

approaches zero. 
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