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XII. PROJECTING GOVERNMENT CONSUMPTION AND INVESTMENT
IN EDUCATION, HEALTH AND HOUSING

A. Introduction

Coordinated projections of total government expenditure and total
government revenue would normally be an integral part of a comprehensive
development plan in order to gauge the surplus or deficit in government budget
(box 27) implicit in the plan. Preparing projections of total government
expenditure would as a rule require making projections of government recurrent
expenditures and investment expenditures for a variety of sectors, including
education, health and housing.

Government expenditures can be projected by a variety of methods. Some of
those methods use demographic inputs because the levels of those expenditures
depend in part on the size and age-sex structure of the population and its
relevant subgroups. This chapter describes one such method that can be used to
project government recurrent and investment expenditures in the education, health
and housing sectors. This method is representative of a number of computer-based
techniques for making government expenditure projections. Y

The technique draws on the methodology of the integrated system of computer
programs for demographic, economic and social projections, known as the
Long-Range Planning Model, Version 2 (LRPM2) (United States, 1972). The
programs, which had originally been developed for application on a mainframe
computer have been adapted for use on a microcomputer (box 28). In particular,
the method borrows from the methodology embodied in the three modules of LRPM2 -

EDUC, HEALTH and HOUSE - which can be used to project government consumption and
investment in the education, health and housing sectors, respectively. Though
the three modules of LRPM2 are suitable for making annual projections, the
technique is presented here as a procedure for making quinquennial projections.

The method initially calculates requirements for various service inputs
used by a sector of government. These requirements are based on the projected
numbers of users of services requiring those inputs and the number of service
inputs assumed to be required per thousand users. Depending on the sector for
which the projection is being prepared, the users may be the total population or
a particular subpopulation, such as students enrolled in public schools, or those
households in need of special kinds of housing services. In addition, the method
can be used to project recurrent and investment expenditures that the Government
must incur in order to secure the service inputs required, using, among other
things, the projected service input requirements and assumed unit operating
recurrent expenditures and unit investment expenditures (box 29).
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Box 27

Glossary

Adiinistrative expenditure
Atype of recurrent expenditure incurred to adlinister institutions that directly and
indirectly participate in the delivery of services. For exalple, in the education
sector, those institutions light include school and other education authorities,
including the linistry of education. Such expenditures could include both labour and
laterial costs.

GoverDlent budget
An estilate of governlent revenues and expenditures for a future period, usually a
year, as opposed to an account that records the Governlent's financial transactions.

IDVestJent expenditures
Expenditure on real fixed assets and hUlan capital. It includes the cost of building
schools or hospitals when these assets require expansion or replacelent. Also it
includes expenditure incurred in training personnel, such as teachers and Jedical
doctors, required to increase their nUlbers or replace thel.

Qj!erating wenditure
Atype of recurrent expenditure directly incurred in the production of services; for
exalple, teacher salaries and the costs of eintaining classroolS.

Recurrent expenditures
EXpenditure on goods and services consUled during production, which is incurred
continuously. This would include both adlinistrative and operating expenditures.

service input unit
Aunit of a given service input, such as teacher, classrool or ledical doctor, used
in producing services in a given sector.
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Box 28

Microcolputer version of the Long-Range
Planning Model, Version 2

The Latin Alerican Delographic Centre (CELADE) of the Econolic cOllission for Latin
Alarica and the Caribbean (ECLAC) has recently lodified the original LRPM2 progralS for
use on IBM PC licrocolputers or IBM compatibles, giving this projection systel a high
degree of "user-friendliness".l/

The package consists of eight interconnected lodules for projections of the national
or urban and rural populations, selected subpopulations (labour force, school-age
population, equivalent health consusers etc.), as well as for selected econolic aggregates
along with governaent consUiption and investlent deland. The Iodules for laking projections
of governaent consUiption and investaent relate to education, health, housing and fuily
planning.

The fact that the LRPM/PC lodel is an integrated package offers the planner a
substantial advantage over independent progralS for laking sililar projections. The lodel
conveniently links lethods for projecting social-service requireaents and eXpenditures with
other techniques, the use of which is required in order to prepare selected inputs for those
projections. For exuple, the Iodel allows the planner to project delaDds for the public
health systel by utilizing, along other things, projected nUibers of equivalent health
consuaers that are generated within the lodel by the population projection Iodule. Moreover,
since projections for several sectors can be silultaneously prepared by the various Iodules,
the LRPM/PC lodel can generate results that can be used to lake colparisons of colpeting
resource requireents. The planner can, for instance, see at a glance the effects of
population growth on projected expenditures of the colbined deland generated in the education,
health and housing sectors.

1/ The LRPM/PC lodel is available on floppy diskettes in spanish and English frol
CELADE, casilla 91, Santiago, Chile.

Where necessary, the method can be used to prepare projections for segments
of the government sectors (or subsectors) in question. Thus, for example, it can
be employed to project government consumption and investment for individual school
levels. Moreover, the method can be used to make projections at the national or
urban-rural level.
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Box 29

Glossary

Attrition rates
The nUiber of units of a given service input lost during a year per thousand units
of that service input available in the year. Exalples of attrition would be the
loss of teachers through retirelent or the loss of equiplent through obsolescence.

serVice input rates
The average nUlber of units of a given service input available during a year per
thousand users of services rendered by that input in the year.

Unit operating expenditures
Expenditures incurred in a year in order to secure services associated with a unit
of a given service input, such as teacher or medical doctor, or classrool or
hospital bed.

Unit investlen1; expenditures
Expenditures incurred in adding a new unit of a given service input or replacing an
existing unit. In the case of personnel, it would include the cost of training
a person. In the case of facilities, it would include the cost of installing a unit
of facility.

A major advantage of this technique is that it can readily be used to
project government service input needs and related financial resource requirements
for the major social-service sectors -- education, health and housing - in a way
that takes future demographic change into account. Pro jections of those
requirements could be of great value in planning by making it possible to
quantify, among other things, the implications of demographic change for public
expenditure and public resource allocation. Through the use of such projections,
the resource allocation process may become more responsive to the shifting service
needs of the population. •

Another advantage of this technique is its simplicity. The method yields
results that can be easily understood and interpreted. The quality of those
results may, however, vary depending on the quality of data and assumptions used
with the method. Thus, the method may yield seemingly accurate projections of
service input and financial resource requirements even if estimates of the
relevant projection inputs, such as service input rates and unit expenditures, are
incorrect.

Although this method is described here only in the context of the education,
health and housing sectors, it can readily be extended to make projections for
other government sectors, provided that the requisite inputs can be prepared. On
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the other hand, owing to data limitations, the technique may not be able to take
into account all the relevant programmes funded by the Government in the sector
for which the projection is being made, such as adult literacy programmes in the
education sector.

Furthermore, the method cannot effectively deal with shifts in average
service input needs arising from the changing composition of the user population.
An example of such a change in composition is the changing proportions of
children, adults and the elderly, who have different requirements for various
preventive and curative medical services. This difficul ty may be more acute when
the method is applied to the health and housing sectors than to the education
sector.

Yet another difficulty may be encountered when this method is used to
project public housing requirements in situations where households belonging to
the user population, e.g., the elderly or disabled, account for only a fraction
of all households and have demographic characteristics that are considerably
different from the average of all households. It may not be possible to prepare
separate projections of the number of user households and, as a consequence, it
may be necessary to impute to that populations of all the households.

B. The techniQue

The discussion of the technique for projecting government consumption will
be introduced by a general overview. Then, the calculation will be described,
first at the national level and then at the urban-rural level.

1. Overview

This overview will list the inputs required to apply the method and the
types of outputs that it can generate. The overview will also outline the steps
involved in applying the method.

(a) Inputs

The inputs required to project government consumption and investment for a
given sector (or subsector) will include:

(i)
(ii)

(iii)
(iv)
(v)

(vi)

Projected numbers of users of services provided by the sector;
Assumptions on service input rates, by type of service input;
Assumptions on attrition rates, by type of service input;
Assumptions on unit operating expenditures, by type of service input;
Assumptions on unit investment expenditures, by type of service input;
Assumptions on ratios of administrative expenditure to operating
expenditure.

Since this method is described as a technique for preparing
projections, inputs (i) through (vi) should be for dates five
However, it should be noted that annual projections can be
interpolation.

quinquennial
years apart.
obtained by
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For a national projection, the inputs should be for the entire country. For
an urban-rural projection, they should be for urban and rural areas, respectively.
The inputs are listed in box 30.

(b) Outputs

The types of outputs that the method can generate would depend in part on
the type of projection being made. In the case of a national projection, the
method would y~eld:

(i)

(it)

(iii)
(iv)

(v)

(vi)

Numbers of service input units required, changes in those numbers, and
numbers of service input units requiring replacement, by type of service
input;
Levels of operating expenditure and investment expenditure, by type of
service input;
Total operating and administrative recurrent expenditures;
Various expenditure aggregates, such as levels of total recurrent and
total investment expenditures, and changes in those levels;
Indicators of the structure of expenditures, such as proportions of total
government expenditure accounted for by total recurrent and total
investment expenditures;
Rates of change in selected expenditure aggregates, such as total
recurrent and total investment expenditures.

Box 30

Inputs for laking governent consUlption
and investtent projections

1. IfyJber of users

2. Ass_ions on rates

service input rates, by type of service input

Attrition rates, by type of service input •

3. AssuIptions on unit eXpenditures

unit operating expenditures, by type of service input

unit investent expenditures, by type of service input

4. Assgptions on ratios of adJinistrative to Qperating recurrent ewmditures

Ratios of adlinistrative expenditure to operating recurrent expenditure
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If the technique is used to make an urban-rural projection, the results
would include all those listed under (i) through (vi), which would be for urban
and rural areas as well as the entire country. In addition, the results would
include indicators of the urban-rural distribution of the total government
expenditure for the sector (or subsector). The types of outputs that the method
can generate as part of the national or urban-rural projection are shown in box
31.

(c) Computational steps

The first step in projecting government consumption and investment is to
calculate the numbers of required input units of various types for the terminal
year of a given projection interval. These numbers are then multiplied by unit
operating expenses to derive levels of operating expenses. The operating
expenditures by type of service input are next aggregated in order to obtain the
total operating expenditure. Total administrative expenses are calculated as an
assumed proportion of total operating expenses. Total operating and total
administrative expenses are then aggregated to produce total recurrent expenses.

Also calculated for each such year are the numbers of new service input
units that must be added and the number of service input units that require
replacement, by type of service input. Those numbers are then used together with
assumed unit investment expenditures to derive levels of investment expenditures,
by type of service input. The remaining steps are used to obtain, among other
things, various expenditure aggregates, indicators of the structure of
expenditures and rates of change of the various expenditure categories.

2. National leyel

This section will initially elaborate the steps required to project
government consumption and investment at the national level. A summary of those
steps is presented in box 32. The major steps are also presented in figure
XXXIII. The method for making an urban-rural projection will be described in a
later section.

(a) Recurrent expenditures

Recurrent expenditures include both operating and administrative
expenditures. They are cal~ulated by first calculating operating expenses and
then using that figure to calculate administrative expenditures. The two types
of expenditures are then aggregated.

(i) Operatiu& expenditures

The first step in calculating operating expenditures is to calculate the
required number of service input units, by type of service input, at the end of
the given projection interval. The second step is to calculate the levels of
operating expenditures by type of service input. The last step is to calculate
total operating expenditures.



- 365 -

Box 31

Types of outputs obtained by projecting governtent
consUiption and investlent

1. lfulbers of service input units

2. Changes in DUIbers of service input units and nUlbers of service input units rgiring
WlaceJeDt

3. ExwcUtures b.Y me of service input

Operatinq expenditures

AdJinistrative expenditures

Recurrent expenditures

InvestJent expenditures

4. ExPEUKliture aggregates

Total recurrent expenditure

Total investJent expenditure

Total governaent expenditure

5. Indicators of the structure of expenditures

Proportions of total governaent eXpenditure accounted for by recurrent and investaent
expenditures

6. Indicators of the urban-rural distribution of total Serpent egenditure (oftly if
governaent consUiption and investaent are Minq projected at the urban-rural level)

Proportions of total governaent eXpenditure incurred in different locations

7. Rates of growth of exPEUKlitures

Rates of growth of total recurrent expenditure

Rates of growth of total invest.Jent expenditure

Rates of growth of total governaent eXpenditure
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Box 32

computational steps needed to project government consumption
and investlent at the national level

The steps used to project government consumption and investment at the national level
over a five-year projection interval are as follows:

1. For each type of service input, calculate the recurrent expenditures. The first step
in this procedure is to calculate the nUlbar of service input units for the end of the
projection interval as the product of the projected maber of users and the assuaed
service input rate.

2. For each type of service input, calculate the level of operating expenditure for the
end of the interval as the product of the projected nUlbar of service input units and
the asSUled unit operating expenditure for that date.

3. Aggregate operating expenditures across different types of services inputs to obtain
the total operating expenditure for the end of the interval.

4. Calculate the total administrative expenditure for the end of the interval as the
prodUct of the total operating expenditure and the assuaed ratio of adlinistrative to
operating expenditures for that date.

5. Calculate total recurrent expenditure as the SUI of total operating expenditure and
total adlinistrative expenditure.

6. For each type of service input, calculate the investlent expenditures. The first step
in this procedure is to calculate the change in the nUlber of service input units for
the teninal year of the projection interval using the projected nUlbers of service
input units for different projection dates.

7. For each type of service input, calculate the nUlbar of service input units requiring
replacelent for the end of the interval as the product of the projected nlllber of
service input units and the assUled attrition rate for that date.

8. For each type of service input, calculate the level of investlent expenditure for the
end of the interval as the product of the SUI of the change in the nUlbar of service
input units and the nlllber of units requiring replacesent, on the one hand, and the
assUled unit investlent expenditure, on the other, for that date.

9. Aggregate investment expenditures across different types of service inputs to obtain
the total investlent expenditure for the sale date.

(continUed)
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Box 32 (continued)

10. calculate the total governlent expenditure for the sector (or subsector). Using those
totals for the becJinning and the end of the interval, cOlpute changes in those
expenditure aCJC)Iegates for the interval.

11. Derive indicators of the structure of the total governlent expenditure for the end of
the interval, such as proportions of the total expenditure accounted for by recurrent
and investJent expenditures.

12. COlpute the rates of growth of the various expenditure aCJC)Iegates for the interval,
such as growth rates of total recurrent and investJent expenditures.

Number of service input units. by type of input. For each type of service
input, this number can be obtained by multiplying the number of users by the
assumed service input rate (the number of service input units per thousand users
of services requiring that input, and dividing by one thousand). For the end of
the interval (t to t+S), the number of service input units of each type is
calculated as follows:

NSIU(j,t+S) - [ NUS(t+S) . SIRT(j,t+S) ] / 1,000;

j-l,oo.,J,

where:

(1)

j-1,oo.,J

J

t

NSIU(j,t+S)

NUS(t+S)

SIRT(j, t+S)

are various types of service inputs,

is the number of different types of service
inputs,

is the year of the projection period,

is the number of service input units of type
j at the end of the interval,

is the number of users at the end of the
interval, and

is the service input rate for service input
j at the end of the interval.

In equation (1), the product of the number of users and the service input
rate is divided by a thousand in order to obtain the number of service input
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Figure XXXIII. steps needed to project government consumption
and investment at the national level
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units. This division is necessary because the service input rate is defined as
the number of service input units per thousand users.

Levels of operating expenditures. by type of service input. Given the number
of service input units for a given date, the levels of operating expenditures, by
type of service input, can be obtained by multiplying the number of servic~ in~ut

units by the unit operating expenditure. Thus, for the end of the proJect1on
interval, levels of operating expenditure for this type of service input are as
follows:

OEX(j,t+S)

where:

NSIU( j, t+S) . UOEX(j, t+S) ;

j = 1, ... ,J,

(2)

OEX(j,t+S)

UOEX(j,t+S)

is the level of operating expenditure for type of
s€~ -ice input j at the end of the interval, and

is the unit operating expenditure for type of service
input j at the end of the interval.

Total operatin~ expenditure. The total operating expenditure can be obtained
by adding up the levels of operating expenditure for the various types of service
inputs. The total operating expenditure at the end of the projection interval is,
therefore:

OEX(t+S)
J
:E

j 1
OEX(j , t+S) ; (3)

where:
OEX(t+S) is the total operating expenditure at the end of the

interval.

(ii) Total administrative expenditure

The total administrative expenditure can be obtained by multiplying the total
operating expenditure by the assumed ratio of administrative to operating
expenditure. The total administrative expenditure at the end of the projection
period is, therefore:

AEX(t+S) = OEX(t+S) . RAOE(t+S);

where:

(4)

AEX(t+5)

RAOE(t+S)

is the total administrative expenditure at the end of
the interval, and

is the ratio of administrative to operating expenditure
at the end of the interval.
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(iii) Total recurrent expenditure

Total recurrent expenditure for the end of the interval can be obtained as
the sum of the total recurrent operating expenditure and the total recurrent
administrative expenditure for that date: Y

REX(t+S) - OEX(t+S) + AEX(t+S);

where:

(5)

REX(t+5) is the total recurrent expenditure for the end of the
interval.

(b) Inyestment expenditures

The first step in calculating investment expenditures is to calculate the
change in the numbers of service input units. The next step is to calculate the
number of service inputs requiring replacements. The last step is to calculate
total investment expenditures by multiplying the change and the number of
replacements by unit investment expenditures.

(i) Chan~e in the numbers of service input units, by type of input

This procedure calculates changes in the numbers of service input units, by
type of service input, for the terminal year of the projection interval. Each such
change stands for the number of units of the given type of service input (e.g.,
teachers or classrooms) that must be added to (or subtracted from) the stock of
service input units in that year. The changes in question can be calculated from
the projected numbers of service input units using alternative procedures. One
such procedure, which includes steps that vary depending on the projection
interval in question, as well as on assumption about the nature of growth in the
numbers of service input units, is described below. It assumes that growth in the
numbers of service units occurs over discrete intervals or that it is continuous.

Geometric irowth. If it is assumed that growth in the number of service
units occurs over discrete intervals, the change in the number of service input
units for a given type of service input for the terminal year of a given
projection interval (for each interval except the last) can be approximated using
a formula based on this assumption. Thus, changes in the numbers of service input
units for the terminal year of the interval (t to t+5) can be obtained as follows:

CNSIU(j,t+5) - NSIU(j,t+5) .

( NSIU(j, t+lO)/NSIU( j, t+5) )1/10 -

( NSIU(j,t+S)/NSIU(j,t) )-1/10 ];

j-l, .... J,

(6)
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where:

CNSIU( j, t+S)' is the change in the number of units of service input
j for the end of the interval.

This formula is based on an assumption that the number of service input units
changes through each five-year interval according to a constant rate of change.
It calculates the change in the number of units for the terminal year of the
interval as the difference between the numbers of units at the end and the
beginning of that year, which are obtained from the number of units projected for
that year; this number is assumed to refer to the middle point of the year. (For
the derivation of this formula and related formulas, see the annex to the present
chapter.)

The procedure described by equation (6) cannot be used to calculate changes
in the numbers of service input units for the initial year of the projection
period. Those changes are therefore approximated using a formula that utilizes
the projected units for the initial year and the fifth year of the projection.
Changes in the number of input units for the initial year of the projection period
are obtained as follows:

CNSIU(j,O) NSIU(j,O)

( NSIU(j , S) /NS IU(j ,°) )1/10 

( NSIU(j ,S)/NSIU(j ,0) )-1/10 ];

j-l, ... ,J.

(7)

The formula shown by equation (6) cannot be used to calculate changes in the
numbers of service input units for the terminal year of the last projection
interval, which is the terminal year of projection. Therefore, those changes are
approximated using the formula that utilizes the projected numbers of input units
for that particular year and the year that precedes it by five years. Changes in
the numbers of service input units for the terminal year of projection period are
obtained as:

CNSIU(j,T)

where:

T

NSIU(j,T)

[ ( NSIU( j,T)/NSIU(j, (T- S) )1/10 

( NSIU(j, T)/NSIU(j, (T-S) r 1
/

1 0
) ];

j-l, ... ,J;

is the terminal year of the projection.

(8)

Exponential irowth. Where it is assumed that growth in the number of service
input units is continuous, the change in the number of service input units for a
given type of service input for the terminal year of a given projection interval
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can be obtained using a formula based on this assumption. Thus, changes in the
numbers of service input units for the terminal year of the interval can be
calculated as follows:

CNSIU(j,t+S) = NSIU(j,t+S)

[ e(l/lO) • In( NSIU(j,t+lO)/NSIU(j,t+S) ) 

e(-1/10) • 1n( NSIU(j,t+S)/NSIU(j,t) ) ];

j = 1, ... ,J;

where:

(9)

e

1n

is the base of the natural logarithm, and

is the natural logarithm.

Formulas for calculating changes in the initial and the terminal year of the
projection period differ from that shown in equation (9). In particular, the
formula for calculating the change in the initial year of the projection period
is as follows:

CNSIU(j ,0) NSIU(j ,0)

e(l/lO) • In( NSIU(j.5)/NSIUlj.O)) _

e(-l/lO) • In( NSIU(j.5)/IfSIU(j.O)) ];

(10)

j = 1, ... ,J.
Lastly, the formula for calculating the changes in the terminal year of the

projection period (T) is as follows:

CNSIU(j,T) = NSIU(j,T)

e(l/lO) • In( NSIU(j.T)/IfSIU(j.~+5)) _

e(-l/lO) • In(NSlUlj.T)/IfSIU(j.t+5)) ];

j=l, ... ,J.

where:

(11)

T is the terminal year of projection.

(ii) Numbers of service input units requirin& replacement.
by type of input

For each type of service input, the number of service input units requiring
replacement can be obtained for the terminal year of the projection interval by
multiplying the projected number of service input units by the attrition rate for
the year in question and dividing by one thousand. Thus, the number of service
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. input units requiring replacement in the terminal year of the interval is obtained
as follows:

RNSIU(j,t+S)

where:

NSIU(j,t+S)/l,OOO ] • ART(j,t+S);

j = 1, ... ,J,

(12)

RNSIU(j,t+S)

ART(j,t+S)

is the number of service input units of type j
requiring replacement at the end of the interval, and

is the attrition rate for service input j at the end of
the interval.

In equation (12), the number of service input units is divided by one
thousand to obtain the number of service input units requiring replacement. This
division is necessary because the attrition rate is defined as the number of
service input units being retired per thousand service input units.

(iii) Leyels of investment expenditures, by type of service input

Given the changes in the numbers of service input units required, as well as
the numbers of service input units requiring replacement, it is possible to obtain
levels of gross investment expenditures for the terminal year of a given

. projection interval, by type of service input. For each type of service input,
the level of gross investment expenditure is obtained in two steps. First, the
change in the number of service input units is added to the number of service
input units requiring replacement. Then this total is multiplied by the unit
investment expenditure. Thus, levels of gross investment expenditures for the
various types of services inputs for the end of the projection interval are
calculated as follows: Y

IEX(j,t+S) - [ CNSIU(j,t+S) + RNSIU(j,t+S) ] . UIEX(j,t+S);

j-l, ... ,J,

where:

(13)

IEX(j,t+S)

UIEX(j,t+S)

is the level of gross investment expenditure for
service input j at the end of the .interval, and

is the unit investment expenditure for service input j
at the end of the interval.

(iv) Total investment expenditure

The total investment expenditure can be obtained by adding up the levels of
investment expenditure for the various types of services inputs:
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where:

J
~ IEX( j , t+5) ;

j=l
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(14)

IEX(t+5)

(c) Other results

is the total investment expenditure at the end of the
interval.

As part of projecting government consumption and investment, it is possible
to derive several useful indicators. Among such indicators are expenditure
aggregates, indicators of the structure of expenditures, as well as rates of
change in different types of expenditures.

(i) Expenditure a~~re&ates

Expenditure aggregates may include the total government expenditure for the
sector (or subsector). Once aggregates are obtained for different dates five
years apart, it is further possible to calculate increases in those aggregates
over the intervening five-year projection intervals.

Total government expenditure. The total government expenditure for the
sector (or subsector) may be obtained as the sum of the total recurrent
expenditure and the total investment expenditure:

EX(t+5) = REX(t+5) + IEX(t+5);

where:

(15)

EX(t+5) is the total government expenditure for the sector (or
subsector) for the end of the interval.

(ii) Growth in expenditures

Total recurrent expenditures. The increases in total recurrent expenditures
over the projection interval can be obtained as the difference between the levels
of those expenditures at the end and the beginning of the interval. The growth
in the total recurrent expenditure is:

REXGR - REX(t+5) - REX(t);

where:

(16)

REXGR is the growth in the total recurrent expenditure during
the interval.
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TQtal investment expenditures.
expenditure is:

IEXGR - IEX(t+5) - IEX(t);

where:

The grQwth in the tQtal investment

(17)

I EXGR is the growth in the ronal, investment expenditure
during the interval.

TQtal ~Qyernment expenditure. The increase in the tQtal gQvernment
expenditure over the interval can be obt.af.ned as the difference between the levels
Qf that expenditure at the end and the beginning Qf the interval:

EXGR - EX(t+5) - EX(t);

where:

(18)

EXGR is the growth in the t ot.al, goverruaent; expenditure
during the interval.

(iii) IndicatQrs Qf the structure Qf expenditure

Once the varLous expenditure aggregates are obt.ai.ned , it is poasLbl e t.o
derive prQpQrtiQns Qf the tQtal gQvernment expenditure accQunted fQr by tQtal
recurrent and investment expenditures, respectively.

The prQpQrtiQn Qf the tQtal gQvernment expenditure in a given sectQr gQing
tQ recurrent expenditure is Qbtained as a ratiQ Qf the tQtal recurrent expenditure
eo the retial, governaent expenditure. FQr the end of the pro ject.Lon interval, this
prQpQrtiQn is:

PREX(t+5) - REX(t+5) / EX(t+S);

where:

(19)

PREX(t+S) is the prQpQrtiQn Qf the tQtal gQvernment expenditure
devotied t.o recurrent expenditure at the end of the
interval.

The prQpQrtiQn Qf the tQtal expenditure gQing tQ investment expenditure can
be Qbtained as a cQmplement Qf the prQpQrtiQn gQing tQ the recurrent expenditure:

PIEX(t+S) - 1 - PREX(t+5); (20)

where:
PIEX(t+5) is the prQpQrtiQn Qf the tQtal gQvernment expenditure

devQted tQ investment expenditure at the end Qf the
interval.
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(iv) Bates Qf &rQwth Qf expenditures

As part Qf prQjecting gQvernment cQnsumptiQn and investment, it is alsQ
pQssib1e tQ cQmpute annual average rates of growth of the various expenditure
aggregates.

Rates Qf &rQWth Qf tQta1 recurrent and tQtal investment expenditures.
Average annual rates of growth of these expenditure aggregates f'or a given
prQjectiQn interval can be computed from the levels of thQse expenditures at the
beginning and the end Qf the interval. Depending Qn what is assumed about the
nature Qf the grQwth in the variQus expenditure categQries, one can Qbtain either
geometric or exponential rates of growth.

Geometric &rQwth rates. If it is assumed that grQwth occurs over discrete
intervals, then percentage rates of grQwth can be obtained as follows, using the
formula for calculating a geometric growth rate:

The rate Qf growth Qf the total recurrent expenditure is calculated as:

GGRREX - [ ( REX(t+S)jR.EX(t) )1/5 - 1 ] . 100;

where:

(21)

GGRREX is the average annual geometric growth rate of the
tQta1 recurrent expenditure fQr the interval,

The rate Qf grQwth Qf the tQtal investment expenditure is calculated as:

GGRIEX - [ ( IEX(t+S)/IEX(t) )1/5 - 1 ] . 100;

where:

(22)

GGRIEX is the average annual geomet r Lc growth rate of the
total investment expenditure for the interval.

ExpQnential &rowth rates. If it is assumed that growth Qccurs continuously,
percentage rates Qf grQwth can be Qbtained using the fQrmula for calculating an
expQnential grQwth rate as fQllQws:

The rate Qf grQwth Qf the tQtal recurrent expenditure is calculated as:

EGRREX - [ ( 1n ( REX(t+S)jR.EX(t) ) ) / 5 ] . 100;

where:

(23)

EGRREX is the average annual expQnential growth rate Qf the
total recurrent expenditure for the interval.

The rate Qf grQwth of the total investment expenditure is calculated as:

EGRIEX - [ ( In ( IEX(t+S)/IEX(t) ) ) / 5 ] . 100; (24)
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where:

EGRIEX is the average annual exponential growth rate of the
total investment expenditure for the interval.

Rates of irowth of total iovernment expenditure. Depending on the type of
assumption used with respect to growth of the total government expenditure, rates
of growth will be computed using either geometric or exponential growth rate
formulas.

Geometric irowth rate. If it is assumed that growth occurs over discrete
intervals, the rate of growth of the total government expenditure is calculated
as:

GGREX

where:

[ ( EX(t+5)/EX(t) )l/S - 1 ] . 100; (25)

GGREX is the average annual geometric growth rate of the
total government expenditure for the interval.

Exponential irowth rate. If it is assumed that growth occurs continuously,
the rate of growth of the total expenditure is calculated as:

EGREX = [ ( ln ( EX(t+5)/EX(t) ) ) / 5 ] . 100;

where:

(26)

EGREX is the average annual exponential growth rate of the
total government expenditure for the interval.

This completes the description of the method for making national level
projections of government consumption and investment.

3. Urban-rural level

This section will outline a procedure that can be used to make an urban-rural
projection of government consumption and investment in education, health or
housing. The procedure, which is similar to the one that can be used to prepare
a national projection, consists of steps used to project levels of different types
of expenditures, such as operating expenditures and investment expenditures, by
type of service input, as well as levels of total expenditures. Moreover, the
procedure can be used to derive a variety of other results, including indicators
of the urban-rural distribution of total government expenditures for the sector
(or subsector).



- 378 -

(a) Recurrent expenditures

Recurrent expenditures can be calculated by first calculating operating
expenditures and, on the basis of that figure, calculating administrative
expenditures. The two are added to get total recurrent expenditure. The first
step in calculating operating expenditures is to calculate the required numbers
of service input units. These are then converted to operating expenditures by
multiplying by unit operating expenditures.

(i) Operatini expenditures

Numbers of service input units. hy type of input. The numbers of service
input units, by type of service input, can be derived by an urban-rural
counterpart of the steps employed to derive those numbers in a national
projection, which is indicated by equation (1). For example, the number of
service input units for the end of the projection interval (t to t+S) can be
obtained as follows:

NSIU(j,k,t+S) - [ NUS(k,t+S) . SIRT(j,k,t+S) ] / 1,000;

j 1, ... ,J;

k 1,2,

(27)

where:
k - 1,2

NSIU(j,k,t+S)

NUS(k,t+S)

SIRT(j,k,t+S)

are urban and rural locations,

is the number of service input units of type j in
location k at the end of the interval,

is the number of users in location k at the end of the
interval, and

is the service input rate for service input j in
location k at the end of the interval.

Levels of operatini expenditures. by type of servic@ input. For each type
of service input, levels of operating expenditures can be derived using
urban-rural counterparts of the steps indicated by equation (2).

(ii) Administrative expenditures

Levels of total administrative expenditures can be derived in an urban-rural
projection employing an urban-rural equivalent of equation (4).

(iii) Total recurrent expenditures

Levels of total recurrent expenditures can be derived in an urban-rural
projection employing an urban-rural equivalent of the steps shown by equation (S).
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(b) Investment expenditures

Investment expenditures can be calculated by computing the required changes
in service inputs and the number of units requiring replacement. Finally, these
numbers are multiplied by unit investment expenditure.

(i) Chan~es in service input units

Changes in the numbers of service input units and the numbers of units
requiring replacement can be obtained employing urban-rural equivalents of
equations (6) through (8) or equations (9) through (11), which were used to
calculate corresponding results in the national projection.

(ii) Service input units requirin& replacement

The number of service input units requiring replacement can be
calculated by the urban-rural equivalent of equation (12).

(iii) Levels of investment expenditures by type of service input

Levels of investment expenditures are calculated using the urban-rural
equivalent of equations (13) and (14).

(c) Other results

The indicators described in connection with the national projection can also
be derived as part of an urban-rural projection. However, those indicators are
calculated for urban and rural areas and for the entire country, employing steps
that are analogous to those shown in equations (S) through (26). In addition, it
is possible to obtain indicators of the distribution of the total government
expenditure by location -- proportions of the total government expenditure that
are urban and rural.

(i) Proportion urban

The proportion of the total government expenditure that is urban (k - 1) at
the end of a projection interval can be computed by dividing the total government
expenditure incurred in urban areas by the total government
expenditure for the entire country:

PREXURB(t+S) - EX(l,t+S) / EX(t+S);

where:

(28)

PREXURB(t+S)

EX(l,t+S)

is the proportion of the total government expenditure
that is urban at the end of the interval, and

is the total government expenditure in location 1 urban
areas at the end of the interval.
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(ii) Proportion rural

The proportion of the total government expenditure that is rural (k - 2) can
be found as a complement of the proportion urban:

PREXRUR(t+S) = 1 - PREXURB(t+S);

where:

(29)

PREXRUR( t+5) is the proportion of the total government expenditure
that is rural at the end of the interval.

This completes the description of the procedure for making projections of
government consumption and investment in selected sectors at the urban-rural
level.

C. The inputs

This section will first consider the types of inputs used by this method.
Then, it will discuss how these inputs can be prepared.

1. Types of inputs required

To project government consumption and investment by this method, it is
necessary to use the following inputs:

(a) Projected numbers of users bf the services provided by the sector;
(b) Assumed service input rates, by type of service input;
(c) Assumed attrition rates, by type of service input;
(d) Assumed unit operating expenditures, by type of service input;
(e) Assumed unit investment expenditures, by type of service input;
(f) Assumed ratios of administrative to operating expenditures.

Depending on whether one wishes to make a national projection or a projection
for urban and rural areas, these projection inputs will be required for the entire
country or for urban and rural areas. Irrespective of the type of projection
desired, the inputs should refer to individual dates five years apart, starting
with the initial year of projection.

2. Preparation of inputs

If the projected number of users is not already available, the preparation
of inputs may begin with the projection of those numbers.

(a) Projected numbers of users

Depending on the sector for which the projection is being prepared, users may
include students, all members of the population or a group of households. In
particular, if the projection is for the education sector, users may include
students in public schools, at individual school levels or for the various school
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levels combined. The numbers of students in such schools may be projected by the
enrolment ratio method (chap. IV). If the projection is, however, for the health
sector, users may include the entire population, a projection of which can be
obtained by means of the cohort component method (chap. II). In the case of a
projection for the housing sector, users could consist of a special group of needy
households. The number of such households may be obtained as a product of the
projected total number of households and an assumed proportion of all households
that may belong to the needy group. The projection of the total number of
households can be obtained by the headship rate method of household projections
(chap. III).

(b) Observations on service input rates. attrition rates. unit expenditures and
ratios of administrative to operatin~ expenditures

To prepare assumptions on initial and future values of these various
projection inputs, observations on those inputs may need to be prepared for a
recent date or several such dates. The data that may be required in order to
calculate those observations will depend on the sector for which the projection
is to be prepared.

(i) Service input rates

Service input rates are defined as the numbers of service input units of
different types required per thousand users. Service input units may be expressed
in terms of personnel, such as teachers or doctors, or in terms of facilities,
such as classrooms or hospital beds. The number of users may stand for the number
of students, the population size or the number of needy households.

If the projection being prepared is for the various school levels in the
education sector, requisite observations on service input rates will be calculated
as the number of teachers and the number of classrooms per thousand students in
public schools at those levels. For each school level, those rates can be
calculated by dividing the numbers of teachers and classrooms by the numbers of
students, and multiplying by a thousand. The data on the numbers of teachers,
classrooms and students in public schools may be' obtained from compilations of
current educational statistics.

If the projection is for the health sector, the requisite observations on
service input rates may be those on the numbers of doctors, dentists, nurses and
other categories of medical personnel per thousand population. They may also be
on the numbers of hospital beds, health centres, health subcentres and units of
other health facilities per thousand population. The requisite data on medical
personnel and health facilities may be obtained from compilations of current
heal th statistics. Information on the population size may come from the
population census or from intercensal population estimates.

If the projection is being made for the housing sector, it will be necessary
to derive observations on service input rates that stand for the numbers of
different types of housing service inputs per thousand households in need of
housing services. Those observations can sometimes be derived from the data on
the numbers of housing service inputs provided to the specified households by the
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Government and the numbers of those households. Where such data are not available
because the Government, for example, did not have a public housing programme,
"observations" on service input rates will need to be subjective estimates of
current needs for different types of housing service by the relevant types of
households.

(ii) Attrition rates

Attrition rates are defined as the number of service input units, such as
teachers or hospital beds, that are lost annually to the sector, per thousand
service input units available in the year. In the case of personnel, attrition
may be due to retirement, death or change of job. In the of facilities, the
basic form of attrition is mainly due to scrapping of facilities after they have
become obsolete or have completed their useful life.

To obtain observations on attrition rates for various types of personnel,
such as teachers or doctors, it would first be necessary to derive the total
annual loss jointly caused by retirement, death, change of job etc., using the
data from a variety of statistical sources. Since some of those data, such as
those on deaths among active teachers or medical doctors, would be typically very
difficult to obtain, attrition owing to such causes would need to be estimated.
Given the total annual loss for each type of personnel, the observed attrition
rate can be obtained by dividing the annual loss by the yearly number of
personnel, and multiplying by a thousand. Annual data on the relevant personnel
could be readily available in many countries.

In the case of various facilities, such as classrooms or health centres, the
measurement of attrition would be even more difficult since the serviceable life
or "retirement" of fixed assets is often set arbitrarily by policy decisions.
Therefore, data enabling the measurement of attrition of fixed assets, if at all
available, may reflect such policy decisions rather than actual physical
deterioration. Furthermore, as buildings cannot be moved to accommodate the
spatial pattern of demand generated by the population redistribution, classrooms
in areas of falling demand, for example, may be unused even though they are as
serviceable as those classrooms that are being used. In view of all these
difficulties, deriving observations on attrition rates for different types of
facilities may involve a considerable degree of subjective estimation.

(iii) Unit expenditures

Unit operating expenditures for teachers, doctors and other personnel include
various labour costs, the most important of which are gross salaries and employee
benefits. Therefore, observations on unit operating expenditures for the various
types of personnel can be obtained by calculating average annual labour costs for
those categories of personnel. The data on salaries and benefits and those on the
number of employees, which are needed to obtain those average costs, could be
obtained from compilations of current statistics for the relevant sector.

Unit operating expenditures for classrooms, hospital beds and other types of
facilities consist of the various labour and material costs incurred in connection
with operating those facilities. In the case of classrooms, for example, those
costs include outlays required to repair and clean classrooms, and schools in
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general. Such outlays would include salaries and benefits of maintenance
employees, plus expenditures for the relevant materials used in maintenance.
Therefore, observations on unit operating expenditures for the various types of
facilities can be obtained by calculating annual average costs of maintaining
units of those facilities. Data on salaries and benefits of maintenance personnel
and other maintenance costs could come from current compilations of statistics for
the relevant sector. Information on the numbers of units of the facilities can
be obtained from the same source.

This method assumes that investments are initiated and completed in the same
year. This assumption is adopted to simplify the calculations, .though investments
in, say, education and health personnel and facilities are typically spread out
over a period of a few years. Given this assumption, observations on unit
investment expenditure should represent total costs of training new personnel or
installing new facilities no matter whether those costs are incurred in one year
or during several years. In particular, in the case of personnel, observations
on unit investment expenditures relating to training can be obtained as the total
cost to the sector incurred in training new personnel, divided by the relevant
number of persons. Data on the total cost of training- and the number of personnel
trained may be available in the current compilations of statistics for the sector.
Where the sector, however, does not incur the cost of training, observations on
unit investment expenditures for the personnel should be set at zero. •

In the case of facilities, observations on unit investment expenditures can
be obtained as the total cost to the sector of building new schools or hospitals,
divided by the number of classrooms and hospital beds obtained in the process.
This procedure will yield the cost of adding another classroom or hospital bed,
which will reflect not only the expenditure of installing the physical service
units, but also relevant related costs. Thus, in the education sector, costs per
classroom may include those of building school gYmnasiums and other facilities
that are not classrooms per sen In the health sector, cost per hospital bed may
include the costs of building laboratories or hospital operating rooms.

(iv) Ratios of administrative to operatini expenditure

Observations on the ratio of administrative to operating expenditures can be
obtained as the total administrative expenditure, divided by the total operating
expenditure for the sector (or subsector). Those totals can be derived from
information on various administrative costs, such as gross salaries of
administrative personnel and maLntienance expenses, and on various operating costs,
such as gross salaries and employees' fringe benefits of teachers or doctors, as
well as fuel expenses etc. Those data may come from the expenditure statistics
compiled for the sector.

(c) Assumptions on service input rates. attrition rates, unit expenditures and
ratios of administrative to operatini expenditures

To prepare assumptions on values of the various projection inputs over the
projection period, it will be necessary to use observations on those inputs for
the recent past. In particular, those recent observations would be required in
order to prepare values of the projection inputs for the initial year of the
period. This can be done by extrapolation from such recent observations. The
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procedure by which values of the various inputs are prepared for the years beyond
the initial year of projection may vary from one type of input to another.

(i) Service input rates

To specify service input rates for dates beyond the initial year, it will be
essential to consider the Government's intentions regarding the standards at which
services are to be provided by the sector over the plan horizon.

Thus, if the projection is being prepared for the education sector, it will
be important to consider whether or not the Government wishes to reduce the
student-teacher ratio and the average class size at specific school levels. If
this is the Government's intention, future values ~f service input rates should
reflect this. Moreover, depending on the type of projection considered -
national or urban-rural -- it would be necessary to consider the Government's
intentions at the relevant level. Unless the Government's policy in this area is
taken into account, future service input rates could only be specified in an ad
h2.£ fashion.

If the projection being prepared is for the housing sector, additional care
may be needed in specifying service input rates. This is especially true if the
households to receive housing services will each receive only one type of service.
In such a situation, for any given projection date, service input rates should be
selected in such a way that the sum of those rates across different types of
service inputs equals a thousand.

(ii) Attrition rates

Specifying attrition rates for sectoral projections would typically prove
more difficult than deciding on service input rates. This is so because attrition
rates in a government sector, especially for the various types of facilities, are
influenced by policy decisions, which may be fairly arbitrary, even more so than
those relating to the standards at which services will be provided in the future.
In view of this, assumptions on future values of attrition rates need to be made
on the basis of information about the Government's position on the rapidity at
which different types of service inputs are retired.

(iii) Unit expenditures

For the years beyond the base year of the projection, levels of unit
operating expenditures for different types of personnel should reflect expected
future levels of real gross salaries (including fringe benefits) of the relevant
personnel categories. Levels of unit operating expenditures for the various types
of facilities should reflect changes in the cost of labour and material used in
maintaining those facilities. As those unit expenditures could be under

. substantial government control, it will be important to specify their future
levels in conjunction with the Government's views on future trends in labour and
related costs.

In addition, when specifying unit operating expenditures, it may be necessary
to take into account likely future shifts in the age composition of personnel or
facilities and possible effects of those shifts on unit operating expenditures.
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For example, if owing to the expansion of the teaching staff at a particular
school level the mean age of teachers is expected to decline, then one may allow
for a slower increase or even a decline in the operating expenditure per teacher
(assuming that teacher salaries increase with seniority). Similarly, if school
buildings are expected to grow older on average as a result of anticipated slow
additions to or slow replacement of the stock, then the assumption on operating
expenditure per classroom may need to allow for increasing maintenance costs
(assuming that older buildings would require more expensive maintenance).

Assumptions on unit investment expenditures for different types of service
inputs should be baaed on anticipated future shifts in the cost of training
personnel or the cost of adding new or replacing existing facilities. In part,
those shifts will be brought about by changes in the standards at which the
services a~e provided. For example, the cost of adding a new classroom in the
future will in part depend on whether the Government wants to increase the ratio
of expenditures on non-classroom facilities (e.g., school sports facilities) to
expenditures on classrooms. Where those standards are expected to be raised,
assumptions on future unit investment expenditure must reflect that change.

(iv) Ratios of administrative to operatin& expenditures

Ratios of administrative to operating expenditures in years 5 and beyond may
be kept fixed at the level of the initial year of projection since the cost to the
Government of administering a sector or subsector may be proportional to the costs
of service del i very. Al ternative1y, the ratios may be allowed to shift over time,
if administrative expenditures are expected to decline or increase relative to
operating expenditures.

This completes the discussion of the inputs required for making projections
of government expenditures.

D. Illustratiye examples of projections

This section will present three examples to illustrate the use of this method
to project government consumption and investment in the education, health and
housing sectors, respectively. These examples will indicate how the relevant
calculations are made by focusing on the projection interval 0-5. In addition,
they will provide complete projection results for a 20-year projection period.

1. National projection for the education sector

This example will describe how projections of government operating and
investment expenditures can be prepared for different school levels of the
education system. The example assumes that government educational expenditures
are confined to the public segment of the education system, or its various school
levels. The calculations presented in the example will be based on the inputs
shown in table 98, which refers to the lower-primary school level. Indicated in
the table is the number of students in public schools of the relevant school
level, plus service input rates, attrition rates, unit expenditures and ratios of
administrative to recurrent operating expenditures.
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Table 98. Inputs for projecting governaent consUiption and
investlent in the education sector for the lower
prilary school level: entire country

Year

Variable 0 5 10 15 20

(1) (2) (3) (4) (5) (6)

HUJbers of students (thousands) 1 020.9 1 216.7 1 363.3 1 581.1 1 807.8

service input rates
(per thousand students)

Teachers 23.9 25.8 27.7 29.6 31.5
ClassroolS 25.0 26.6 28.2 29.8 31.4

Attrition rates

Teachers 33.0 33.0 33.0 33.0 33.0
ClassroolS 50.0 50.0 50.0 50.0 50.0

unit operating expenditures AI

Teachers 36.3 40.1 44.2 48.9 53.9
ClassroolS 4.7 5.2 5.7 6.3 7.0

unit investaent expenditures il

Teachers 0.0 0.0 0.0 0.0 0.0
ClassroolS 172.0 199.4 231.2 268.0 310.7

Ratios of adiinistrative to
operating expenditure 0.15 0.15 0.15 0.15 0.15

il Local currency units.

,
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Since the same set of computations could be used for each school level, this
example will be limited to one of them -- the lower-primary school level. It will
illustrate a complete set of the relevant calculations for that level.

(a) Recurrent expenditures

Recurrent expenditures are found by first calculating operating expenditures,
then calculating administrative expenditures and finally adding the two types of
expenditures.

(i) Qperatin~ expenditures

The first step in calculating operating expenditures is to calculate the
number of service input units by type of service input. These are then multipl,ied
by unit operating expenditures for each type of input. Finally, total operating
expenditures are calculated by summing up the costs of all inputs.

Numbers of service input units, by type of service input. For each type of
service input, the number of service input units is calculated using the number
of users and assumed service input rates, by type of service input, The
calculations performed for the lower-primary school level for the end of the
projection interval (year 5) are illustrated in table 99, Thus, for a given type
of service input, the number of service input units (column 4) is obtained as a
product of the number of students (column 2) and the service input rate (column 3)
for that type of service input.

For example, the number of teachers required (in thousands) at the end of the
interval, 31.39, is obtained as:

31.39 = [ (1,216.7) (25.8) ] /1,000; (1)

where 1,216.7 is the number of students in year 5 (in thousands) and 25.8 is the
service input rate indicating the number of teachers per thousand students.

Levels of operatini expenditures, by type of service input. After projecting
the numbers of service input units by type of service input, it is possible to
calculate operating expenditures by type of service input. As illustrated in
table 100, operating expenditures for year 5 (column 4) are obtained as products
of the number of service input units (column 2) and unit operating expenditures
(column 3).

For example, the level of operating expenditure for teachers in year 5,
1,258.8, is obtained as:

1,258,8 = (31.39) (40.10); (2)

where 31.39 and 40.10 are, respectively, the number of teachers (in thousands) and
the operating expenditure per teacher in year 5. ~

Total operatin~ expenditure. Given the projected levels of operating
expenditures for different types of service inputs, the total operating
expenditure can be obtained as the sum of those levels.
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Table 99. COlputing the nUlbers of service input units,
by type of service input, for the lower-priMry
school level: entire country, year 5

Type of service IfUJber of service input lfUiber of service
input students II rates M input units 'p./

(Thousands)

(1) (2) (3) (4)

Teachers 1 216.7 25.8 31.39

ClassroolS 1 216.7 26.6 32.36

II Fro. table 98, colUID 3.
bl (Col. 2) • (col. 3)/1,000.
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Table 100. calculating levels of operating expenditures,
by type of service input, for the lower-prilary
school level: entire country, year 5

Type of lfUlber of Unit
service service operating Operating
input input units if eXpenditures 't1.1 expenditures QI

(Per thousand (Thousands of
(Thousands) service input units) LCUs) ~I

(1) (2) (3) (4)

Teachers 31.39 40.10 1 258.7

ClassroolS 32.36 5.20 168.2

Total 1 427.0

II FrOI table 99, col. 4.
't1.1 FrOI table·98, col. 3.
rJ (Col. 2) • (col. 3).
~I Local currency units.



- 390 -

For example, the total operating expenditure at the end of the projection
interval 0-5, 1,427.1, is obtained as:

1,427.1 = 1,258.8 + 168.3; (3)

where 1,258.8 and 168.3 are operating expenditures for teachers and classrooms for
year 5. This is illustrated in table 100 (column 4).

(ii) Total administrative expenditure

The calculation of the total administrative expenditure is illustrated in
table 101. This total in year 5 (column 4) can be obtained as a product of the
total operating expenditure (column 2) and the ratio of administrative to
operating expenditure (column 3) for that year.

In particular, the total administrative expenditure in year 5, 214.1, is
obtained as:

214.1 = (1,427.1) (0.15); (4)

where 1,427.1 and 0.15 are, respectively, the total operating expenditure and the
ratio of administrative to operating expenditure in year 5.

(iii) Total recurrent expenditures

The level of total recurrent expenditures can be obtained as the sum of the
levels of total operating expenditure and total administrative expenditure. Thus,
the level of total recurrent expenditure for year 5, 1,641.1, is obtained as:

1,641.1 = 1,427.1 + 214.1; (5)

where 1,427.1 is the level of total operating expenditure in year 5 and 214.1 is
the level of total administrative expenditure in the same year.

(b) Investment expenditures

The first step in calculating investment expenditures is to calculate the
change in required service input units. The second step is to calculate the
number of service input units requiring replacement. The last step is to
calculate the level of investment expenditure by multiplying by unit investment
expenditures.

(i) Cbanies in the numbers of service input units.
qy type of input service

Once the numbers of service input units are obtained for all relevant dates
of the projection period, including the initial year of projection, it is possible
to derive changes in the numbers of service input units during the relevant years.
Changes in the numbers of service input units can be approximated for the years
within the projection interval, as illustrated in table 102 for year 5. The



- 391 -

Table 101. calculating total adlinistrative expenditure for the
lower-priaary school level: entire country, year 5

Type of
expenditure

(1)

Recurrent

Ratio of
Total adlinistrative Total

operating to operating adlinistrative
expenditure AI expenditure bJ eXpenditure 'I

(Thousands of (Thousands of
LCUs) dl LCUs) d/

(2) (3) (4)

1 427.0 0.15 214.0

AI FrOI table 100; in col. 4, ITotal l
•

bl FrOI table 98, col. 3.
" (Col. 2) . (col. 3).
dl Local currency units.
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Table 102. COlputing changes in the nUibers of service input units,
by type of service input, for the lower-priury
school level: entire country, year 5

(Thousands)

Hulbers of service input units
Cbanqe in

Type of nUibers of
service Year Year Year service input
input o i./ 5 bI 10 AI units in year 5 ~

(1) (2) (3) (4) (5)

Teachers 24.39 31.39 37.76 1.36

ClassroolS 25.52 32.36 38.44 1.32

1/ Obtained using the steps illustrated in table 99.
~/ FrOI table 99, col. 4.
Q/ (Col. 3) • (((Col. 4)/(col. 3))1/10 -((col. 3)/(col. 2))-1/10).
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illustrative calculations assume that the growth of the number of service input
units for each type of service input occurs over discrete intervals.

For example, the change in the number of teachers in year 5, 1.37, can be
obtained as follows:

1.37 - (31.39) [ ( 37.76 / 31.39 )1/10 - ( 31.39 / 24.40 )-1/10 ]; (6)

where 24.40, 31.39 and 37.76 are, respectively, the numbers of teachers in years
0, 5 and 10. This procedure is explained in the annex to the present chapter.

Changes in the numbers of service input units in the initial year of
projection are obtained in a way similar to that of deriving changes in the
terminal year of projection. Thus, the change in the number of teachers in year
0, 1.23, is approximated as:

1.23 - (24.40 ) ( (31.39/24.40)1/10 - (31.39/24.40)-1/10 ]; (7)

where 24.40 and 31.39 are, respectively, the numbers of teachers in years 0 and
5.

Changes in the numbers of service input units in the terminal year of the
last projection interval are approximated in a different way. Thus, the change
in the number of teachers in year 20, 2.23, is obtained as follows:

2.23 - (56.95) ( (56.95/46.80)1/10 - (56.95/46.80)-1/10 ]; (8)

where 46.80 and 56.95 are, respectively, the numbers of teachers in years 15 and
20.

(ii) Numbers of service input units reguiriUi replacement.
by type of input service

Given the numbers of service input units, by type of service input, for
different projection dates, it is possible to calculate the numbers of units
requiring replacement at those dates. The numbers of service input units
requiring replacement in year 5 (column 4) are calculated as illustrated in table
103. They are obtained as products of the numbers of service input units (column
2) and attrition rates (column 3).

For example, the number of teachers requiring replacement in year 5, 1.04
(thousand), is obtained as:

1.04 - ( (31.4)/1000 ] (33.0); (12)

where 31.4 and 33.0 are, respectively, the number of teachers (in thousands) and
the attrition rate relating to teachers in year 5.

After calculating the numbers of service input units requiring replacement,
in addition to calculating the numbers of service input units and the changes in
those numbers for the entire projection interval, one obtains the res~ts for the
lower-primary school level shown in table 104.
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Table 103. calculating the nUlbers of service input units requiring
replaCeJellt, by type of service input, for the lower
primy school level: entire country, year 5

Type of ItuIber of ItuIber of service
service service Attrition input units
input input units AI rates W requiring

replaceJellt ~

(Thousands) (Per tbousand) (Thousands)

(1) (2) (3) (4)

Teachers 31.3 33.0 1.03

ClassroolS 32.3 50.0 1.61

l/ Fro. table 99, col. 4.
~/ Fro. table 98, col. 3.
~ ((Col. 2) • (col. 3))/1,000.
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Table 104. Projected nlllbers of service input units, changes in those nlllbers
and mllbers of service input units requiring replacetent for the
lower-prilaIy school level: entire country

(Thousands)

Year

Variable 0 5 10 15 20

HllIbers of service input units

Teachers 24.39 31.39 37.76 46.80 56.94
ClassroollS 25.52 32.36 38.44 47.11 56.76

Changes in nlllbers of service
input units

Teachers 1.22 1.36 1.51 1.92 2.23
Classrooms 1.21 1.32 1.44 1.83 2.11

HllIbers of service input units
requiring replacement

Teachers 0.80 1.03 1.24 1.54 1.87
ClassroolS 1.27 1.61 1.92 2.35 2.83
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(iii) Levels of investment expenditures. by type of service input

To obtain investment expenditure for each type of service, it is necessary
to add the change in the number of service input units to the number of units
requiring replacement and multiply the sum by the relevant unit investment
expenditure. These calculations are illustrated for year 5 in table 105, where
each investment expenditure (column 5) is obtained as a product of the sum of the
change in the number of service input units (column 2) and the number of units
requiring replacement (column 3), and the unit investment expenditure (column 4).

For example, the level of investment expenditure on classrooms in year 5,
586.2, is obtained as:

586.2 - (1.32 + 1.62) (199.4); (13)

where 1.32 and 1.62 are, respectively, the change in the number of classrooms and
the number of classrooms requiring replacement in year 5. In this instance, the
assumed investment expenditure per classroom in year 5 is 199.4. v

The results relating to operating expenditures and investment expenditures
for teachers and classrooms at the lower-primary school level for the 20-year
projection period are shown in table 106.

(iv) Total investment expenditure

Given the projected levels of investment expenditures, by type of service
input, it is possible to calculate total investment expenditure as the sum of
those levels.

For example, the total investment expenditure in year 5, 586.2, is obtained
as:

586.2 - 0.0 + 586.2; (14)

where 0.0 and 586.2 are investment expenditures for teachers and classrooms for
year 5.

The levels of total recurrent and total investment expenditures for the end
of the interval 0-5 are shown in table 107 in the column corresponding to year 5,
along with other results obtained for the lower-primary school level for the
20-year projection period. Those levels over the 20-year period are illustrated
in figure XXXIV.

(c) Other results

Other results that can be obtained as part of a national projection of
government consumption and investment for individual school levels include the
various expenditure aggregates, indicators of the structure of total expenditure
and rates of change of the expenditure aggregates.
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Table 105. calculating levels of investJent expenditures, by type
of service input, for the lower-priury school level:
entire country, year 5

Type of
service
input

(1)

Teachers

ClassroolS

Total

Change in Hulber of
the nUlber service
of service input units unit
input requiring investent Investlent
units AI replaceent hI expenditures ~./ eXpenditures dl

(Thousands of
(Thousands) (Thousands) LCUs) ~I

(2) (3) (4) (5)

1.36 1.03 0.0 0.0

1.32 1.61 199.4 586.2

586.2

AI Frol table 102, col. 5.
bJ FrOI table 103, col.4.
QI FrOI table 98, col. 3.
dl ((Col. 2) + (col. 3)). (col. 4).
~I Local currency units.
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Table 106. Projected operating and investJent expenditures, by type of service input,
for the lower-prilary school level: entire country

(Thousands of LCUs) AI

Year

Variable 0 5 10 15 20

Operating expenditures

Teachers 885.7 1 258.7 1 669.1 2 288.5 3 069.3
Classrools 119.9 168.2 219.1 296.8 397.3

InvestJent expenditures

Teachers 0.0 0.0 0.0 0.0 0.0
Classrooms 428.0 586.2 778.7 1 123.0 1 538.9

AI Local currency units.
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Figure XXXIV. Total recurrent and investment expenditures:
lower-primary school level
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(i) Expenditure aiiregates

Expenditure aggregates include the level of total government expenditure,
which is the sum of total recurrent and total investment expenditures. Moreover,
the aggregates also include changes in those expenditure levels over the five-year
projection intervals.

Total ioyermnent expenditure. The level of total government expenditure can
be derived as the sum of the levels of total recurrent and total investment
expenditures. In year 5, the level of total government expenditure for the
lower-primary school level, 2,227.3, is:

2,227.3 - 1,641.1 + 586.2; (15)

where 1,641.1 and 586.2 are, respectively, the levels of total recurrent and total
investment expenditures in year 5.

The levels of total government expenditures for the lower-primary school
level for the various dates over the 20-year period are indicated in table 107.
They are also shown in figure XXXV.

(ii) Growth in expenditures

Total recurrent expenditure. The increases in total recurrent expenditures
for the interval 0-5 can be obtained as follows:

The growth in the total recurrent expenditure, 484.6, is obtained as:

484.6 - 1,641.1 - 1,156.5; (16)

where 1,156.5 and 1,641.1 are the levels of total recurrent expenditure in years
o and 5, respectively.

Total investment expenditure.
expenditure, 158.2, is calculated as:

158.2 - 586.2 - 428.0;

The growth in the total investment

(17)

where 428.0 and 586.2 are, respectively, the levels of total investment
expenditure in years 0 and 5.

Growth in total ioyeroment expenditure. The increase in the total government
expenditure for the interval 0-5, 642.8, is obtained as:

642.8 = 2,227.3 - 1,584.5; (18)

where 1,584.5 and 2,227.3 are the levels of the total government expenditure in
years 0 and 5.

Increases in the various expenditure aggregates over the 20-year period are
shown in table 107.
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Table 107. Expenditure aggregates, structure and rates of growth
for the lower-priMry school level: entire country

Year

Indicators 0 5 10 15 20

Expenditure aggregates
(thousands of LCUs) gf

Levels of total expenditure

Recurrent 1 156.5 1 641.1 2 171.5 2 973.1 3 986.7
Investlent 428.0 586.2 778.7 1 123.0 1 538.9

Total 1 584.5 2 227.3 2 950.3 4 096.2 5 525.7

Growth in total expenditure

Recurrent 484.6 530.3 801.6 1 013.5
Investlent 158.1 192.5 344.2 415.9

Total 642.8 722.9 1 145.9 1 429.4

Indicators of expenditure structure

Proportions accounted for by:

Recurrent eXpenditure 0.72 0.73 0.73 0.72 0.72
InvestJent expenditure 0.27 0.26 0.26 0.27 0.27

Rates of growth in total eXpenditure
(percentage)

Recurrent 7.25 5.76 6.48 6.04
Investlent 6.49 5.84 7.59 6.50

Total 7.04 5.78 6.78 6.16

AI Local currency units.
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Figure xxxv. Total government expenditure:
lower-primary school level
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(iii) IndicatQrs Qf the structure Qf expenditures

IndicatQ=s of the structure of expenditures that can be calculated as part
of this type of projection include proportions of the total government expenditure
accounted for by total recurrent and total investment expenditures.

The proportions of the total gQvernment expenditure accounted for by tQtal
recurrent expenditures in year 5 can be calculated as follows:

The proportion of the total government expenditure accounted for by the total
recurrent expenditure, 0.74, is:

0.74 = 1,641.1 / 2,227.3; (19)

where 1,641.1 is the total recurrent expenditure in year 5 and 2,227.3 is the
total government expenditure in the same year.

The proportion of the total government expenditure accounted for by the total
investment expenditure, 0.26, is:

0.26 = 1 - 0.74; (20)

where 0.74 is the propQrtion of the total gQvernment exp~nditure accQunted for by
the total investment expenditure.

The proportions calculated for the entire projection period are shQwn in
table 107. The proportions obtained for the initial and terminal years Qf this
period are also indicated in figure XXXVI.

(iv) Rates of irowth of expenditures

Rates of growth can be calculated for all the different expenditure
aggregates.

Rates Qf irowth of tQtal recurrent and total investment expenditures. Rates
of growth can be computed assuming that growth in expenditures occurs over
discrete intervals or continuously.

Geometric irowth rates. If growth in expenditures is assumed to occur over
discrete intervals, average annual growth rates of total recurrent and total
investment expenditures for the interval 0-5 are obtained using the geometric
growth rate formula as follows:

The annual rate of growth of the total recurrent expenditure, 7.25 per cent, is
calculated as:

7 . 25 = [ ( 1,641. 1/1,156 . 5 )1/5 - 1 ] . 100; (21)
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Figure XXXVI. Proportions of total government
expenditure accounted for by total
recurrent and investment expenditure
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where 1,156.5 and 1,641.1 are the levels of total recurrent expenditure in years
o and 5, respectively, and 5 is the length of the interval.

The annual rate of growth of the total investment expenditure, 6.49 per cent, is
calculated as:

6.49 - [ ( 586.2/428.0 )1/5 - 1 ] . 100; (22)

where 428.0 and 586.2 are the levels of total investment expenditure in years 0
and 5, respectively.

The rates of growth of total recurrent and investment expenditures for each
five-year period over the 20-year projection period, which were computed using the
geometric growth rate formula are presented in table 107 and shown in figure
XXXVII.

Exponential irowth rates. If growth in expenditures were assumed to be
continuous, average annual growth rates of total recurrent and total investment
expenditures for the interval 0-5 would be obtained using the exponential growth
rate formula as follows:

The annual rate of growth of the total recurrent expenditure, 7.00 per cent, is:

7.00 - [ In ( 1,641.1/1,156.5 ) ( 5] . 100; (23)

where 1,156.5 and 1,641.1 are the levels of total recurrent expenditure in years
o and 5, respectively.

The annual rate of growth of the total investment expenditure, 6.29 per cent, is:

6.29 - [ In ( 586.2/428.0 ) / 5] . 100; (24)

where 428.0 and 586.2 are the levels of total investment expenditure in years 0
and 5, respectively.

Rates of irQWth of total &oyernment expenditure. These rates of growth could
also be computed using either geometric or exponential growth rate formulas.

Geometric &rQWth rate. If growth in total government expenditure is assumed
to take place over discrete intervals, the average annual growth rate for the
interval 0-5, 7.05 per cent, is obtained as follows:

7.05 - [ ( 2,227.3/1,584.5 )US - 1 ] . 100; (25)

where 1,584.5 and 2,227.3 are the levels of total government expenditure in years
o and 5, respectively.

Geometric rates of growth of total government expenditures for the
lower-primary school level over the 20-year projection period are presented in
table 107 and shown in figure XXXVIII.
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Figure XXXVII. Rates of growth of total recurrent and investment
expenditures: lower-primary school level
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Figure XXXVIII. Rate of growth in total government expenditure
lower-primary school level
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ExpQnential zrQwth rate. If growth were assumed t o be cont.Lnuous , the
average annual grQwth rate Qf the tQtal gQvernment expenditure fQr the interval
0-5 WQuld be Qbtained using the expQnential growth rate formula in a way that is
ana'logous t o that of deriving the growth rates of t ot.a'l recurrent and total
investment expenditures.

This completes illustrative calculatiQns fQr the lower-primary schoQl level.

2. Urban-rural prQjection for the health sectQr

This example will illustrate an urban-rural projection of government
cQnsumptiQn and investment for the health sector. The calculations described
below will be based on the inputs shown in tables 108 and 109, which are fQr urban
and rural areas, respectively. The example assumes that the types of health
services inputs available to the rural population are the same as those available
to urban residents, plus two additional types of services inputs, which are rural
health subcentres and medical PQsts.

An urban-rural pro ject.Lcn for the health sect.or can be obtained by performing
calculatiQns that are analogQus to thQse illustrated abQve as part of a national
prQjectiQn fQr the education sectQr. ThQse calculations are, hQwever, made for
urban and rural areas rather than fQr the entire country. The types of service
inputs may vary between the two areas and may exceed the number of the various
types of service inputs used in the projectiQn for the educatiQn sector. In view
Qf the analQgy, this example will focus Qn the steps specific tQ the urban-rural
prQjectiQn.

(a) Recurrent expenditures

Recurrent expenditures can be calculated by calculating operatLng apd
administrative expenditures.

Operatinz expenditures

Operating expenditures can be calculated by cQmputing the number of service
inputs required and then the levels of Qperating expenditures, by type of service
inputs.

Numbers of service input units. by type Qf service input. The numbers Qf
service input units, by type Qf service input, can be calculated using the steps
illustrated in the preceding example. The results obt.ai.ned by t.hoae steps for the
entire prQjectiQn periQd fQr urban and rural areas are shown, respectively, in
tables 110 and 111. Those results can be aggregated acrQSS lQcatiQns tQ obtain
analQgous results fQr the entire country, which are presented in table 112.

Levels of gperatini expenditures. by type of service input. It is possible
t.o project levels of operating expenditures. for different types of service
inputs, by residential lQcatiQn, using the numbers of service input units, along
with assumed unit operating expenditures. PrQjections Qf the levels Qf thQse
expenditures, by type Qf service input, fQr urban and rural areas, are shown in
tables 113 and 114. Those results can be aggregated across LocatLons in order t.o
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Table 108. Inputs for projecting governaent coDSuaption and
investlent in the health sector: urban areas

Year

Variable 0 5 10 15 20

Population size (thousands) 2 983.4 4 067.0 5 334.3 6 697.3 8 140.9

service input rates

Doctors 0.99 1.18 1.37 1.55 1.74
Dentists 0.24 0.37 0.51 0.64 0.77
Nurses 0.28 1.16 2.05 2.93 3.81
Nursing assistants 1.66 2.62 3.58 4.54 5.SO
Hospital beds 4.83 5.18 5.54 5.89 6.24
Health centres 0.02 0.02 0.02 0.01 0.01

Attrition rates

Doctors 30.0 30.0 30.0 30.0 30.0
Dentists 30.0 30.0 30.0 30.0 30.0
Nurses 40.0 40.0 40.0 40.0 40.0
Nursing assistants SO.O 50.0 SO.O SO.O SO.O
Hospital beds 30.0 30.0 30.0 30.0 30.0
Health centres 30.0 30.0 30.0 30.0 30.0

unit operating expenditures (LeUs) AI

Doctors 239.0 263.9 291.3 321.7 355.1
Dentists 150.0 165.6 182.8 201.9 222.9
lfurses 144.0 159.0 175.5 193.8 214.0
Bursing assistants 112.0 123.7 136.5 1SO.7 166.4
Hospital beds 31.0 34.2 37.8 41.7 46.1
Health centres 683.0 754.1 832.6 919.2 1 014.9

unit investlent expenditures (LeUs) il

Doctors 0.0 0.0 0.0 0.0 0.0
Dentists 0.0 0.0 0.0 0.0 0.0
Burses 0.0 0.0 0.0 0.0 0.0
Nursing assistants 0.0 0.0 0.0 0.0 0.0
Hospital beds 104.0 109.3 114.9 120.7 126.9
Health centres 2 330.0 2 448.9 2 573.8 2 705.1 2 843.0

Ratios of adlinistrative to
operating expenditure 0.10 0.10 0.10 0.10 0.10

il Local currency units.
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Table 109. Inputs for projecting governlent consUiption and
investlent in the health sector: rural areas

Year

Variable 0 5 10 15 20

Population size (thousands) 7 016.6 7 130.6 7 258.0 7 433.5 7 503.1

service input rates
Doctors 0.13 0.15 0.17 0.20 0.23
Dentists 0.03 0.03 0.04 0.05 0.05
Nurses 0.04 0.05 0.05 0.06 0.07
Nursing assistants 0.29 0.34 0.39 0.45 0.52
Hospital beds 0.15 0.17 0.20 0.23 0.27
Health centres 0.01 0.01 0.01 0.02 0.02
Health subcentres 0.01 0.01 0.01 0.02 0.02
Medical posts 0.01 0.01 0.01 0.02 0.02

Attrition rates
Doctors 30.0 30.0 30.0 30.0 30.0
Dentists 30.0 30.0 30.0 30.0 30.0
Burses 40.0 40.0 40.0 40.0 40.0
Bursing assistants 50.0 50.0 50.0 50.0 50.0
Hospital beds 30.0 30.0 30.0 30.0 30.0
Health centres 10.0 10.0 10.0 10.0 10.0
Health subcentres 20.0 20.0 20.0 20.0 20.0
Medical posts 70.0 70.0 70.0 70.0 70.0

Unit operating expenditures (LCUs) M
Doctors 239.0 263.9 291.3 321.7 355.1
Dentists 150.0 165.6 182.8 201.9 222.9
Burses 144.0 159.0 175.5 193.8 214.0
Hursing assistants 112.0 123.7 136.5 150.7 166.4
Hospital beds 31.0 34.2 37.8 41.7 46.1
Health centres 550.0 607.2 670.4 740.2 817.3
Health subcentres 200.0 220.8 243.8 269.2 297.2
Medical posts 100.0 110.4 121.9 134.6 148.6

Unit investlent expenditures (LCUs) AI
Doctors 0.0 0.0 0.0 0.0 0.0
Dentists 0.0 0.0 0.0 0.0 0.0
Burses 0.0 0.0 0.0 0.0 0.0
Bursing assistants 0.0 0.0 0.0 0.0 0.0
Hospital beds 104.0 109.3 114.9 120.7 126.9
Health centres 2 330.0 2 448.9 2 573.8 2 705.1 2 843.0
Health sub-centres 1 200.0 1 261.2 1 325.5 1 393.2 1 464.2
Medical posts 700.0 735.7 773.2 812.7 854.1

Ratios of adlinistrative to
operating expenditure 0.10 0.10 0.10 0.10 0.10

M Local currency units.
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Table 110. Projected nUlbers of service input units for the
healtb sector: urban areas

(Thousands)

Year

Variable 0 5 10 15 20

NUibers of service input units

Doctors 2.95 4.79 7.30 10.38 14.16
Dentists 0.71 1.50 2.72 4.28 6.26
Nurses 0.83 4.71 10.93 19.62 31.01
Nursing assistants 4.95 10.65 19.09 30.40 44.77
Hospital beds 14.40 21.06 29.55 39.44 50.79
Health centres 5.96 8.13 0.10 6.69 8.14
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Table 111. Projected nUlbers of service input units for the
health sector: rural areas

(Thousands )

Year

Variable 0 5 10 15 20

NllIbers of service input units

Doctors 0.91 1.06 1.23 1.48 1.72
Dentists 0.21 0.21 0.29 0.37 0.37
Nurses 0.28 0.35 0.36 0.44 0.52
Nursing assistants 2.03 2.42 2.83 3.34 3.90
Hospital beds 1.05 1.21 1.45 1.70 2.02Health centres 7.01 7.13 7.25 0.14 0.15
Health subcentres 7.01 7.13 7.25 0.14 0.15Medical posts 7.01 7.13 7.25 0.14 0.15
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Table 112. Projected I1UIbers of service input Units for the
healtb sector: entire country

(Thousands)

Year

Variable 0 5 10 15 20

HUJbers of service input units

Doctors 3.86 5.86 8.54 11.86 15.89
Dentists 0.92 1.71 3.01 4.65 6.64
Hurses 1.11 5.07 11.29 20.06 31.54
Hursing assistants 6.98 13.07 21.92 33.75 48.67
Hospital beds 15.46 22.27 31.00 41.15 52.82
Healtb centres 0.12 0.15 0.17 0.21 0.23
Healtb subcentres 7.01 7.13 7.25 0.14 0.15
Medical posts 7.01 7.13 7.25 0.14 0.15
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Table 113. Projected operating expenditures, by type of service input,
for the health sector: urban areas

(Thousands of LCUs) al

Year

Variable 0 5 10 15 20

Operating expenditures

Doctors 705.9 1 266.4 2 128.8 3 339.5 5 030.0
Dentists 107.4 249.1 497.3 865.3 1397.2
Rurses 120.2 750.1 1 919.1 3 802.9 6 637.6
Nursing assistant 554.6 1 318.0 2 606.7 4 582.1 7 450.5
Hospital beds 446.7 720.4 1 117.0 1 644.9 2 341.8
Health centres 40.7 61.3 88.8 61.5 82.6

II Local currency units.
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Table 114. Projected operating expenditures, by type of service input,
for the health sector: rural areas

(Thousands of LCUs) A/

Year

Variable 0 5 10 15 20

Operating expenditures

Doctors 218.0 282.2 359.4 478.2 612.8
Dentists 31.5 35.4 53.0 75.0 83.6
Nurses 40.4 56.6 63.6 86.4 112.3
Nursing assistants 227.8 299.8 386.3 504.1 649.2
Hospital beds 32.6 41.4 54.8 71.2 93.3
Health centres 38.5 43.2 48.6 110.0 122.6
Health subcentres 14.0 15.7 17.6 40.0 44.5
Medical posts 7.0 7.8 8.8 20.0 22.2

A/ Local currency units.
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obtain operating expenditures, by type of service input, for the entire country.
The results are indicated in table 115.

(b) Investment expenditures

Investment expenditures for rural and urban areas can be projected using
procedures that are analogous to those used in making a national projection.

(c) Other results

As part of this projection, it is also possible to obtain a variety of
additional results, such as expenditure aggregates, indicators of the structure
of the total government expenditure and rates of change of expenditure aggregates.
Those additional results can be obtained for urban and rural areas, as well as for
the entire country, using procedures that are analogous to those illustrated above
as part of the national projection for the education sector. The results obtained
in this illustrative projection are shown in tables 116 to 118.

In the course of making an urban-rural projection, it is also possible to
project the proportions of the total government expenditure that will be incurred
in urban and rural areas. The rest of this section illustrates the calculation
of those proportions.

(i) Proportion urban

The proportion of the total government expenditure that is urban is
calculated for the end of the given projection interval as the ratio of the total
government expenditure incurred in urban areas to the total government expenditure
for the entire country. The proportion urban in year 5, 0.73, is therefore
obtained as:

0.73 = 5,054.0 / 6,970.0; (35)

where 5,054.0 is the total government expenditure incurred in urban areas in year
5 and 6,970.0 is the total government expenditure for the entire country in the
same year.

(ii) Proportion rural

The proportion of the total government expenditure that is rural, 0.27, is
calculated as a complement of the proportion urban:

0.27 = 1 - 0.73; (38)

where 0.73 is the proportion of the total government expenditure that is urban.
I

The proportions of the total government expenditure that are urban and rural,
which were calculated for the entire projection period, are shown in table 118.
They are also indicated in figure XXXIX.
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Table 115. Projected operating expenditures, by type of service input,
for the health sector: entire country

(Thousands of LCUs) AI

Year

Variable 0 5 10 15 20

Operating expenditures

Doctors 923.9 1 548.7 2 488.2 3 817.7 5 642.8
Dentists 138.9 284.6 550.3 940.4 1 480.8
Burses 160.7 806.8 1 982.8 3 889.3 6 749.9
Nursing assistants 782.5 1 617.9 2 993.0 5 086.2 8 099.7
Hospital beds 479.3 761.9 1 171.9 1 716.2 2 435.2
Health centres 79.3 104.6 137.4 171.6 205.2
Health subtentres 14.0 15.7 17.6 40.0 44.5
Medical posts 7.0 7.8 8.8 20.0 22.2

AI Local currency units.
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Table 116. EXpenditure aggregates, structure and rates of growth
for the health sector: urban areas

Year

Indicators
0 5 10 15 20

Expenditure aggregates
(thousands of LCUs) AI

Levels of total expenditure

Recurrent 2 173.2 4 802.2 9 193.6 15 726.1 25 233.9
Investient 171.6 251.6 317.4 400.7 535.4

Total 2 344.9 5 053.9 9 511.1 16 126.8 25 769.4

Growth in total expenditure

Recurrent 2 628.9 4 391.3 6 532.4 9 ~7.7
Investlent 80.0 65.7 83.2 134.7

Total 2 709.0 4 457.1 6 615.7 9 642.5

Indicators of expenditure structure

Proportions accounted for by:

Recurrent eXpenditure 0.92 0.95 0.96 0.97 0.97
Investient expenditure 7.31 4.98 3.33 2.48 2.07

Rates of growth in total expenditure
(percentage)

Recurrent 17.18 13.86 11.33 9.91
InvestJent 7.96 4.75 4.76 5.97

Total 16.60 13.48 11.13 9.82

AI Local currency units.
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Table 117. Expenditure aggregates, structure and rates of growth
for the health sector: rural areas

Year

Indicators
0 5 10 15 20

Expenditure aggregates
(thousands of LCUs) ~/

Levels of total expenditure

Recurrent 671.1 860.9 1 091.8 1 523.7 1 915.0
Investlent 14.0 16.5 44.2 80.8 35.5

Total 685.2 877.4 1 136.1 1 604.6 1 950.5

Growth in total expenditure

Recurrent 189.7 230.9 431.8 391.3
Investlent 2.4 27.7 36.6 -45.3

Total 192.1 258.7 468.4 345.9

Indicators of expenditure structure

Proportions accounted for by:

Recurrent expenditure 0.97 0.98 0.96 0.94 0.98
Investlent expenditure 2.05 1.88 3.89 5.04 1.82

Rates of growth in total expenditure
(percentage)

Recurrent 5.10 4.86 6.89 4.67
Investlent 3.24 21.77 12.81 -15.18

Total 5.06 5.30 7.14 3.98

i/ Local currency units.
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Table 118. Expenditure aggregates I structure and rates of growth
for the health sector: entire country

Year

Indicators
0 5 10 15 20

Expenditure aggregates
(thousands of LCUs) M

Levels of total expenditure

Recurrent 2 844.4 5 663.1 10 285.5 17 249.9 27 148.9
Investaent 185.6 268.2 361.7 481.6 571.0

Total 3 030.1 5 931.4 10 647.2 17 731.5 27 719.9

Growth in total expenditure

Recurrent 2 818.7 4 622.3 6 964.3 9 899.0
Investlent 82.5 93.4 119.8 89.4

Total 2 901.2 4 715.8 7 084.2 9 988.4

Indicators of expenditure structure

Proportions accounted for by:

Recurrent eXpenditure 0.93 0.95 0.96 0.97 0.97
Investaent expenditure ~.12 4.52 3.39 2.71 2.05

Indicators of the distribution of total
governent expenditure

Proportion of total governent expenditure

Urban 0.77 0.85 0.89 0.90 0.92
Rural 0.22 0.14 0.10 9.04 7.03

Rates of growth in total expenditure
(percentage)

Recurrent 14.76 12.67 10.89 9.49
Investaent 7.63 6.16 5.89 3.46

Total 14.37 12.41 10.73 9.34

AI Local currency units.
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Figure XXXIX. Proportions of total government expenditure
in the health sector: urban and rural
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3. Urban projection for the housing sector

This example will illustrate the use of this general method to prepare a
projection of government consumption and investment in the housing sector. The
example, which assumes that the Government provides housing services onl.y to
selected urban households, is based on the inputs shown in table 119. The
discussion of the example will focus on the projection results rather than on the
calculations to obtain them since the calculations are fully analogous to those
discussed above.

Table 120 presents the projected numbers of service input units, changes in
those numbers and numbers of service input units requiring replacement for the
20-year projection period. Projected operating expenditures and investment
expenditures, by type of service input, for the entire period are indicated in
table 121. The various other results - - expenditure aggregates, indicators of the
structure of expenditure and rates of growth of expenditure aggregates are
presented in table 122.

E. Summary

This chapter has described a method for making projections of government
consumption and investment in the education, health and housing sectors. The
method can project different types of expenditures incurred by the Government in
providing the relevant services, which are the total recurrent and total
investment expenditures, as well as the total government expenditure for a given
sector (or subsector). Procedures have been described that can be used to prepare
projections at the national and urban-rural levels. Also, the types of inputs
required by the method have been described and the preparation of the inputs was
discussed. Lastly, three examples of projections have been described, one for
each of the three sectors. A complete listing of the outputs that can be
generated by the method is presented in box 33.
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Table 119. Inputs for projecting govel1llent consUlption and
investJent for the housing sector: urban areas

Year

Variable 0 5 10 15 20

Total nober of households 144.45 268.52 354.24 574.00 732.30
to receive public
housing services
(thousands)

service input rates

serviced lots 300.0 290.0 280.0 270.0 260.0
"Progressive' housing 280.0 270.0 260.0 250.0 240.0
Basic housing 250.0 260.0 270.0 280.0 290.0
Econolic housing 170.0 180.0 190.0 200.0 210.0

Attrition rates

serviced lots 80.0 80.0 80.0 80.0 80.0
'Progressive' housing 70.0 70.0 70.0 70.0 70.0
Basic housing 40.0 40.0 40.0 40.0 40.0
Econolic housing 40.0 40.0 40.0 40.0 40.0

unit operating expenditures (LCUs) il

serviced lots 0.0 0.0 0.0 0.0 0.0
"Progressive" housing 0.0 0.0 0.0 0.0 0.0
Basic housing 0.2 0.2 0.2 0.2 0.2
Econolic housing 0.3 0.3 0.3 0.3 0.3

Unit investaent eXpenditures (LCUs) il

serviced lots 50.0 55.2 60.9 67.3 74.3
'Progressive' housing 75.0 82.8 91.4 100.9 111.4
Basic housing 130.0 150.7 174.7 202.5 234.8
Econolic housing 200.0 231.9 268.8 311.6 361.2

Ratios of adlinistrative to
operating expenditure 0.05 0.05 0.05 0.05 0.05

il Local currency units.
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Table 120. Projected nUibers of service input units, changes in those nUibers
nUibers and nUibers of units requiring replacelent for the
housing sector: urban areas

(Thousands)

Year

Variable 0 5 10 15 20

NUiber of service input units

serviced lots 144.45 194.67 247.96 309.96 380.79
"Progressive" housing 134.82 181.25 230.25 287.00 351.50
Basic housing 120.37 174.53 239.11 321.44 424.73
Econolic housing 81.85 120.83 168.26 229.60 307.56

Changes in nUibers of service
input units

serviced lots 8.62 10.49 . 11.52 13.28 15.67
"Progressive" housing 7.98 9.67 10.57 12.13 14.25
Basic housing 8.94 11.94 14.59 18.45 23.67
Econolic housing 6.37 8.68 10.79 13.83 17.98

IUibers of service input units
requiring replacelent

serviced lots 11.55 15.57 19.83 24.79 30.46
"Progressive" housing 9.43 12.68 16.11 20.09 24.60
Basic housing 4.81 6.98 9.56 12.85 16.98
Econolic housing 3.27 4.83 6.73 9.18 12.30
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'fable 121. Projected operating and investlent expenditures
for the housing sector: urban areas

(Thousands of LCUs) AI

Year

0 5 10 15 20

Operating expenditures

serviced lots 0.0 0.0 0.0 0.0 0.0
IProgressive l housing 0.0 0.0 0.0 0.0 0.0
Basic housing 24.0 34.9 47.8 64.2 84.9
Econolic housing 24.5 36.2 50.4 68.8 92.2

Investlent expenditures

serviced lots 1 008.9 1 438.8 1 909.8 2 562.9 3 428.1
IProgressivel housing 1 306.3 1 851.6 2 439.5 3 251.1 4 328.8
Basic housing 1 789.0 2 852.5 4 219.8 6 340.6 9 547.6
Econolic housing 1 930.3 3 134.5 4 710.0 7 173.5 10 940.2

if Local currency units.
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Table 122. Expenditure aggregates, structure and rates of growth
for the bousing sector: urban areas

Year

Indicators 0 5 10 15 20

Expenditure aggregates
(thousands of LCUs) II

Levels of total expenditure

Recurrent 51.0 74.7 103.2 139.8 186.0
Investlent 6 034.6 9 277.6 13 279.3 19328.3 28 245.0

Total 6 085.7 9 352.3 13 382.5 19468.1 28 431.1

Growth in total expenditure

Recurrent 23.6 28.5 36.6 46.2
Investlent 3 242.9 4 001.7 6 048.9 8 916.6

Total 3 266.6 4 030.2 6 085.5 8 962.9

Indicators of expenditure structure

Proportions accounted for by

Recurrent expenditure 8.39 7.98 7.71 7.18 6.54
Investaent expenditure 0.99 0.99 0.99 0.99 0.99

Rates of growth in total expenditure
(percentage)

Recurrent 7.90 6.67 6.25 5.88
Investlent 8.98 7.43 7.79 7.88

Total 8.97 7.42 7.78 7.86

i/ Local currency units.
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Box 33

outputs of a lethod for projecting governlent
consUlption and investlent

1. IuJbers of service inputs unit, cbanges in those nUlbers and DUlbers of units requiring
replacetellt, by type of serviceinput (national or urban, rural and national)

2, Ojlerating expenditures and investlent expenditures, by type of service input
(national or urban, rural and national)

3, Expenditure aggregates (national or urban, rural and national)

Levels of total erpenditures

Recurrent
Investlent

Total

Growth in total expenditures

Recurrent
Investlent

Total

4. Indicators of the structure of expenditures (national or urban, rural, and national)

Proportions of total governent expenditure accounted for by .

Recurrent eXpenditure
Investent expenditure

5. Indicators of the urban-rural distribution of total qoVmtMDt expenditure (national only:
if governlent consUlption and investlent are being projected at the urban-rural level)

Proportions of total governent expenditure that are

Urban
Rural

6. Rates of growth of total expenditures (national or urban, rural and national)

Recurrent
Investlent

Total
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F. Notation and equations

1. Indices. yariab1es aDd special symbols

(a) List of indices

j - 1,.t.,J

k - 1,2

t

(b) List of variables

AEX(t+S)

ART(j,t+S)

CNSIU(j,t+S)

EGREX

EGRIEX

EGRREX

EX(k,t+S)

EX(t+S)

EXGR

GGREX

GGRIEX

GGRREX

are various types of service inputs

are urban and rural locations

is the year of the projection period

is the total administrative expenditure at the
end of the interval

is the attrition rate for service input j at the
end of the interval

is the change in the number of units of service
input j for the end of the interval

is the average annual exponential growth rate of
the total government expenditure for the interval

is the average annual exponential growth rate of
the total investment expenditure for the interval

is the average annual exponential growth rate of
the total recurrent expenditure for the interval

is the total government expenditure in location k
at the end of the interval

is the total government expenditure for the
sector (or subsector) for the end of the interval

is the growth in the total government expenditure
during the interval

is the average annual geometric growth rate of
the total government expenditure for the interval

is the average annual geometric growth rate of
the total investment expenditure for the interval

is the average annual geometric growth rate of
the total recurrent expenditure for the interval



IEX(j,t+5)

IEX(t+5)

I EXGR

NSIU(j, k, t+5)

NSIU(j,t+5)

NUS(k,t+5)

NUS(t+5)

OEX(j,t+5)

OEX(t+5)

PIEX(t+5)

PREX(t+5)

PREXRUR(t+5)

PREXURB(t+5)

RAOE(t+5)

REX(t+5)

REXGR
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is the level of gross investment expenditure for
service input j at the end of the interval

is the total investment expenditure at the end of
the interval

is the growth in the total investment expenditure
during the interval

is the number of service input units of type j in
location k at the end of the interval

is the number of service input units of type j at
the end of the interval

is the number of users in location k at the end
of the interval

is the number of users at the end of the interval

is the level of operating expenditure for service
input j at the end of the interval

is the total operating expenditure at the end of
the interval

is the proportion of the total government
expenditure devoted to investment expenditure at
the end of the interval

is the proportion of the total government
expenditure devoted to recurrent expenditure at
the end of the interval

is the proportion of the total government
expenditure that is rural at the end of the
interval

is the proportion of the total government
expenditure that is urban at the end of the
interval

is the ratio of administrative to operating
recurrent expenditure at the end of the interval

is the total recurrent expenditure for the end of
the interval

is the growth in the total recurrent expenditure
during the interval



RNSIU(j,t+S)

SIRT(j ,k, t+S)

SIRT(j,t+S)

UIEX(j,t+S)

UOEX(j,t+S)

(c) List of special symbols

e

J

In

T

(a) Research expenditures
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is the number of service input units of type j
requiring replacement at the end of the interval

is the service input rate for service input j in
location k at the end of the interval

is the service input rate for service input j at
the end of the interval

is the unit investment expenditure for service
input j at the end of the interval

is the unit operating expenditure for service
input j at the end of the interval

is the base of the natural logarithm

is the number of different types of service
inputs

is the natural logarithm

is the terminal year of the projection

2. Equations

National level

(i) Operating expenditures

Numbers of service input units. by type of input

NSIU(j,t+S) - [ NUS(t+S) . SIRT(j,t+S) ] / 1,000;

j-1, ... ,J

Levels of operatiD& expenditure. by type of service input

OEX(j,t+S) - NSIU(j,t+S) . UOEX(j,t+S);

j-l, ... ,J

(1)

(2)
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Total operatini expenditure

J
OEX(t+S) - ~ OEX(j,t+S);

j-l

(ii) TQtal administrative expenditure

AEX(t+S) - OEX(t+S) . RAOE(t+S);

(iii) TQtal recurrent expenditure

REX(t+S) - OEX(t+S) + AEX(t+S);

(b) Investment expenditures

(i) Chan&e in the numbers Qf service input units. by type Qf input
&eQmetric irQwth

CNSIU(j,t+S) - NSIU(j,t+S)

[ ( NSIU(j, t+lO)/NSIU(j, t+S) )1/10 -

( NSIU(j,t+S)/NSIU(j,t) )-1/10 ];

j - 1, .... J

CNSIU(j,O) - NSIU(j,O) .

[ ( NS IU( j , S)/NSIU(j , 0) ) 1/10 

( NSIU(j,S)/NSIU(j,O) )-1/10 ];

j-l, ... ,J

CNSIU(j,T) - NSIU(j,T)

[ ( NSIU(j,T)/NSIU(j,t+S) )1/10 _

( NSIU(j,T)/NSIU(j,t+S) r 1
/

10
) ];

j-l, ... ,J

(3)

(4)

(S)

(6)

(7)

(8)
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Exponential irowth

CNSIU(j,t+5)

CNSIU(j,O)

NSIU(j,t+S) .

[ e (1/10) • 1n( HSIU(1.t+10)/NSIU(1.t+5» _

e (-1/10) • 1n( HSIUlj.t+5l/NSIUlj,t) l ];

j = 1, ... ,J

NSIU(j,O) .

[ e(l/lOl • 1n( HSIU(1.5)/NSIUlj.Ol) _

e(-l/l Ol • 1n(HSIU(1.5l/NSIU(1.Ol l ];

j = 1, ... ,J

(9)

(10)

CNSIU(j,T) = NSIU(j,T) .

[ e(1/10). 1n( HSIU(j,T»/NSIU(j.t+5) ) _

e(-l/lOl • 1n( HSIUlj.Tl/HSIU(j.t+5) l] ;

j = 1, ... ,J

(11)

(ii) Numbers of service input units requirini replacement. by type of
.inPYt

RNSIU(j,t+S) = [ NSIU(j,t+S)/l,OOO . ART(j,t+S) ];

j = 1, ... ,J

(12)

(iii) Leyels of investment expenditure. by type of service input

IEX(j,t+5) - [ CNSIU(j,t+S) + RNSIU(j,t+S) ] . UIEX(j,t+S); (13)

j = 1, ... ,J

(iv) Total investment expenditure

J
IEX(t+5) - ~

j=l

(c) Other results

IEX(j , t+S) ; (14)

(i) Expenditure aiireiates



- 433 -

Total &overument expenditure

EX(t+S) = REX(t+S) + IEX(t+S);

(ii) Growth in expenditures

Total recurrent expenditures

REXGR = REX(t+S) - REX(t);

Total investment expenditures

(15)

(16)

(17)IEXGR = IEX(t+S) - IEX(t);

Total &overument expenditure

EXGR = EX(t+S) - EX(t); (18)

(iii) Indicators of the structure of expenditure

PREX(t+S) = REX(t+S) / EX(t+S); (19)

PIEX(t+S) 1 - PREX(t+S); (20)

(iv) Rates of growth of expenditures

Rates of growth of total recurrent and total investment expenditures

Geometric growth rates

GGRREX =

GGRIEX =

( REX(t+S)/REX(t) )1/5 1

( IEX(t+S )/IEX(t) )1/5 1

100;

100;

(21)

(22)

Exponential growth rates

EGRREX = (In ( REX(t+S)/REX(t) ) ) / 5

EGRIEX = (In ( IEX(t+S)/IEX(t) ) ) / 5

Bates of growth of total government expenditure

Geometric growth rate

100;

100;

(23)

(24)

GGREX = [ ( EX(t+S)/EX(t) )1/5 - 1 ] . 100

Exponential growth rate

EGREX = [ ( ln ( EX(t+S)/EX(t) ) ) / 5 ] . 100;

(25)

(26)
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Urban-rural level

(a) Recurrent expenditures

Operatinl expenditures

Numbers Qf service input units. Ry type Qf input

NSIU(j,k,t+S) - [ NUS(k,t+S) . SIRT(j,k,t+S) ] / 1,000; (27)

j - 1, ... ,J;

k = 1,2

(b) Inyestment expenditures

(c) Other results

(i) PrQpQrtiQn urban

PREXURB(t+S) - EX(l,t+S) / EX(t+S);

(ii) PrQpQrtiQn rural

PREXRUR(t+S) - 1 - PREXURB(t+S);

(28)

(29)

11 Examples Qf such cQmputer-based techniques are described in United
States (1972), BilsbQrrQw (1984) and GQliker (1984).

21 This is mathematically equivalent ee REX(t+S) - OEX(t+5) • (1 +
RAOE(t+5» .

.JI Implicit in this equatLon is a simplifying assumptiQn that investment
expenditures aasocf.at.ed with adding new or replacing existing service input units
are incurred fully in the year when the new units are added or the existing units
replaced. This equatiQn can be mQdified by adding additiQnal terms utilizing
values Qf the variables fQr previQus periQds in situatiQns where expenditures
incurred in Qrder tQ add new Qr repJace existing units are spread Qver several
years. The equatiQn CQuld take the fQllQwing fQrm IEX(j,t+S) - [ CNSIU(j,t+i)
+ RNSIU(j,t+i) ]. UIEX(t+i).
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~ Since the projected numbers of service input units are expressed in
thousands of respective units and because unit operating expenditures are given
in local currency units, the projected operating expenditures are expressed in
thousands of local currency units.

'jj The changes in the numbers of service input units and the numbers of
units requiring replacement are given in thousands of respective units. Unit
investment expenditures are in local currency units. As a result, investment
expenditures are expressed in thousands of local currency units.
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DERIVATION OF THE FORMULAS TO COMPUTE CHANGES IN THE NUMBERS
OF SERVICE INPUT UNITS, ASSUMING THAT GROWTH IN THOSE

NUMBERS OCCURS OVER DISCRETE INTERVALS

To derive the formula indicated in equation (2) in the text, it is
necessary to make the following assumptions for each type of service input j:

(a) The number of service input units for year t+5 refers to the middle
of that year;

(b) The growth in the number of service input units during the interval
t to t+5 occurs at an average annual geometric rate of growth applying to that
interval;

(c) The growth in the number of service input units during the interval
t+5 to t+10 occurs at an average annual geometric rate of growth applying to the
interval.

Under those assumptions, change in the number of service input units in
year t+5 can be calculated as a difference between the numbers of units at the
end and the beginning of that year as follows:

where:

CNSIU(j,t+5) - NSIU(j,t+5) .

[ 1 + GGRNSIU(j, t+5 - t+lO)/lOO ]1/2 

NSIU(j,t+5) .

[ 1 + GGRNSIU(j,t - t+5)/lOO ]_1/2

(1)

CNSIU(j, t+5)

NSIU(j,t+5)

is the change in the number of units for type of
service input j in year t+5,

is the number of service input units of type j in
year t+5,

GGRNSIU (j,t+5 - t+lO) is the average annual geometric rate of
growth of the number of service input units of
type j for the interval t+5 to t+10, and

GGRNSIU (j,t - t+5) is the percentage average annual geometric rate
of growth of the number of service input units
for type of service j for the interval t to t+5.
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The first term on the right-hand side of equation (1), NSIU(j,t+S) • [ 1
+ GGRNSIU(j, t+S - t+10)/100 ]1/2, indicates the projected number of service input
units for the end of the year t+S. The number is obtained by forward projecting
the number of service input units over a one-and-a-half-year interval, from the
middle till the end of year t+S, using the number of service input units that
refer to the middle of the year and the average annual growth rate that refers
to the interval t+S to t+10.

The second term, NSIU(j,t+S). [l+GGRNSIU(j,t - t+S)/lOO ]_112, shows the
projected number of service input units for the beginning of year t+S. The
number is obtained by backward projecting the number of service input units over
a one-and-a-half-year interval, from the middle till the beginning of year t+S,
using the number of service input units that refer to the middle of the year and
the average annual growth rate that refers to the interval t to t+S.

Equation (1) can be rewritten by substituting formulas for calculating
geometric growth rates for the rates themselves:

CNSIU(j,t+S) - NSIU(j,t+S) .

[1 + «(NSIU(j,t+lO)/NSIU(j,t+S»1/5 - 1) • 100 ) / 100]1/2 

NSIU(j,t+S) .

[1 + «(NSIU(j,t+S)/NSIU(j,t»1/5 - 1) • 100 ) / 100]_1/ 2 ,

where:

(2)

NSIU(j, t)

NSIU(j,t+lO)

is the number of service input units of type j in
year t, and

is the number of service input units of type j in
year t+10.

After rearranging equation (2), the following expression can be obtained:

CNSIU(j,t+S) - NSIU(j,t+S) .

[ (NSIU(j, t+lO)/NSIU( j, t+S »1/5 ]1 /2 -

NSIU(j,t+S) .

[ (NSIU(j,t+S)/NSIU(j,t»1/5 ]_1/2

Further rearrangement leads to the following expression:

CNSIU(j,t+S) - NSIU(j,t+S) .

[ (NSIU(j, t+lO)/NSIU(j, t+S »1/10 

(NSIU(j, t+S )/NSIU( j, t»-1/10 ],

(3)

(4)
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which is the formula for calculating the change in the number of service input
units indicated in equation (2) in the text.

Formulas for computing changes in the numbers of service input units in
years 0 and 20, which are based on the assumption that growth in those numbers
occurs over discrete intervals (equations (3) and (4) in the text) can be
obtained in a way analogous to that of deriving the formula obtained above in
this box. However, an additional assumption is used in those derivations. In
particular, in the case of the formula for year 0, it is assumed that the number
of service input units five years before and five years after that year increases
at an average annual geometric growth rate applying to interval 0-5. In the case
of the formula for year 20, it is assumed that the number of service input units
five years before and five years after that year increases at an average annual
geometric growth rate applying to interval 15-20.



- 439 -

References

Bilsborrow R. (1984). A quantitative model for the integration of population and
education planning. Workshop on Approaches and Methodologies for
Population, Human Resources and Development Planning, Geneva, 20-24 May.
Geneva: International Labour Office.

Go1iker T. (1984). Demo&raphic Chan&e and Educational P1anoin& in Deye10pin&
Countries, vo1s. I and II. Washington, D.C.: The Futures Group.

United States Bureau of the Census (1972).
Washington, D.C.

Lon& RanU P1annin& Model 2.




