
INFORMATION TO USERS

The most advanced technology has been used to photograph and
reproduce this manuscript from the microfilm master. UMI films the
text directly from the originalor copysubmitted. Thus. some thesis and
dissertation copies are. in typewriter face, while others may be from any
type of computer printer.

The quaUtr of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete

manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

U·M·I
Uruversuy Microfilms International

A Bell & Howellinformallcn Company
300 North Zeeb Road. Ann Arbor. MI 48106-1346 USA

313761-4700 800521-0600

. - - ._--------



-~-~~----------- - --- ---



Order Number 9030513

Optimal fiscal policy for the provision of local public services:
Some simulation results for the case of elementary education in
Korea

Oh, Youngsoo, Ph.D.

University of Hawaii, 1990

U·M-I
300 N. Zeeb Rd
Ann Arbor, MI 48106





._-----". - ".

OPTIMAL FISCAL POLICY FOR THE PROVISION

OF LOCAL PUBLIC SERVICES: SOME SIMULATION RESULTS

FOR TIlE CASE OF ELEMENTARY EDUCATION IN KOREA

A DISSERTATION SUBMI1TED TO THE GRADUATE DIVISION OF
THE UNIVERSITY OF HAWAII IN PARTIAL FULFILLMENT

OF THE REQUIREMENTS FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

IN ECONOMICS

MAY 1990

By

Young-Soo Oh

Dissertation Committee:

Sumner J. La Croix, Chairman
Minja K Choe
Edwin T. Fujii

James E.T. Moncur
John A Dixon



c Copyright by Young-Soo Oh 1990
All Rights Reserved

11l

- - -------



IV

ACKNOWLEDGEMENTS

I wish to express my greatest appreciation. tc my dissertation chairman, Prof.

Sumner J. La Croix, for his invaluable guidance and constructive advice throughout

this research. I am also grateful to the dissertation committee members: Prof. Minja

K Choe, Prof. Edwin T. Fujii, Prof. James E.T. Moncur, Dr. John A Dixon for their

comments and suggestions for the improvement of this study.

I am thankful to the Environment and Policy Institute, East-West Center for

the financial support. I would also like to thank the professors in the Department

of Social Studies, Teachers College, Kyungpook National University, Korea, for their

generous support during my studies in the U.S. My special thanks are due to Dr.

Hyung-Kyu Kim, who always encourages me to complete my study while I have been

out of duties to the Department.

Finally, my deepest gratitude belongs to my wife, Young-Suk, for her great

assistance and sacrifice during the whole period of my study, and to my two sons,

Seung-Ho and Ju-Hyun for their understanding and encouragement.



v

ABSTRACf

This monograph presents policy simulation models for the evaluation of

alternative fiscal policies for the provision of local public services where equity is

relatively emphasized. For this framework, we propose four equalizing grant-in-aid

schemes (the lump-sumgeneral and the lump-sumspecificgrant-in-aid, the matching

grant-in-aid, and the foundation aid plan), and compare them with perfectly

decentralized and perfectly centralized fiscal schemes.

Our models are characterized by an endogenous central government acting

as a grantor cum tax collector. The central government is also subject to a full­

financing constraint (revenue from central taxation = expenditures for equalizing

grants), which makes the central tax rate indicate the relative scale of financial cost

(or the degree of decentralization) of each fiscal scheme.

We simulate the six fiscal models with various values of five selected system

parameters: income and price elasticities of the service concerned, alternative

evaluating criteria, share of expenditures for the service, and welfare cost of central

taxation. The simulation study primarily searches for any systematic relations

between the five parameters and the two key variables: the central tax rate and

relative priority rankings of each fiscal scheme. The simulation results provide

valuable guidance in selecting a particular fiscal scheme for the provision of a

particular public service. In the simulation, Korean elementary education is selected

as an example.

The simulation results show that income elasticity is the most important
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parameter that affects the relative priority rankings of each fiscal scheme as well as

the financial cost. The lump-sum general grant-in-aid scheme turns out to require

the highest, while the foundation aid plan requires the lowest intervention rate. It

is also found that matching grants are more stimulative than lump-sum general

grants.

Based on the results of policy priority rankings and the endogenous central

tax rates in each fiscal scheme, we select the foundation aid plan as the optimal

policy scheme for the provision of elementary education in Korea.

-------- -
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CHAPTER I

INTRODUCTION

1.1 Purpose of Study

Efficiency and equity are central goals to be reconciled in the design of

economic institutions and public policies. In public sector economics, there has been

increasing attention paid to the task of combining equity and efficiency in studies of

optimal taxation, public sector pricing, and evaluation of public expenditure

decisions.

One of the main problems in financing and providing a particular local public

good or service! is how to combine efficiencyand equity goals in an ideal fashion to

maximize the welfare of a society. The answer may depend upon characteristics of

the service concerned (e.g. income and price elasticities) and other related factors

such as society's general attitudes towards horizontal inequalities and costs of the

policy executed.

In providing a particular local public service? the selection of a particular

fiscal institution (or policy scheme) is very important since each fiscal scheme will

result in different specifications of equity-efficiency combinations. In general, the

more decentralized a fiscal scheme is, the more it is preferred from the efficiency

1 Throughout this paper, local public goods are defined to be publicly provided goods excluding
natural environments. As for the relation between local public goodsand services, following Bergstrom
and Goodman (1973), we use the relation G = Q/~, where G: local public service, Q: local public
good, N: number of users, 5: congestion parameter (5 =0 for pure public good, 5 = 1 for pure private
good).

- _. --------- -- --- -
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point of view, while the more centralized a fiscal scheme is, the more emphasis is

given to the equity goal. However, a decentralized fiscal system is accompanied by

horizontal inequalities between local jurisdictions, while a centralized fiscal system

may lose the gains stemming from decentralized fiscal choice. Therefore, the primary

concern of this paper is how to harmonize these trade-offs with particular fiscal

institutions or policy schemes.

This paper presents a comparative fiscal institution analysis using simulation

techniques. The main purpose o!" :.~le study is to establish normative guidelines useful

for the selection of particular fiscal schemes for the provision of particular local

public services, especially for those services in which categorical equity is relatively

emphasizedf For this, we propose four decentralized fiscal choice models in which

a target level of categorical equity is achieved with alternative grant-in-aid policies.

We also compare them with a perfectly centralized and a perfectly decentralized

fiscal scheme. The four alternative fiscal schemes are equalizing grant-in-aid schemes

intended to equalize horizontal inequalities in the local public service concerned.

They are: (1) foundation aid plan, (2) lump-sum general grant, (3) lump-sum specific

grant, and (4) matching grant-in-aid policy.

We employ simulation techniques to examine all the factors potentially

related to relative preferences of each fiscal scheme. The central parameters to be

simulated are selected so as to reflect the basic considerations in the determination

of a fiscal scheme for a particular local public service. They are: (1) income and

2 The principle of categorical equity requires that commodities in particular categories should be
provided equitably regardless of general income inequalities. For more details, refer 1.2.
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price elasticity of the service (p,a), (2) relative share of expenditure for the service

(b), (3) social planner's alternative views on horizontal inequalities (0), and (4)

welfare cost of each fiscal scheme (A).

As a case study of our simulation models, we apply the six models to the case

of Korean elementary education, which is fully financed and provided by the central

government under the current education system. During its recent rapid economic

development, Korea adopted a centralized government system for allocating national

resources. However, Korea is now at' a turning point both politically and

economically facing two seemingly conflicting demands from her people. One is for

a more decentralized political and fiscal system, the other is for a more equitable

distribution of commodities across income classes and regional areas.

Therefore, one of the controversial issues in Korea's forthcoming transition

to a decentralized fiscal systenr' is how to harmonize these two demands with

appropriate institutional designs and policy schemes. Especially for the provision of

local public services, the choice of intergovernmental fiscal policy is critical in

determining the relative emphasis between efficiency and equity.

Given this background, elementary education in Korea provides fertile

grounds for this policy evaluation exercise, since elementary education itself can be

a good example of the type of public service where categorical equity is more or less

emphasized relative to other public services. Moreover, it is provided by the central

government only under the current provision system, which is expected to be

3 In Korea, local autonomy is about to begin. On Dec. 19, 1989, the National Assembly of Korea
finally passed the long disputed acts on local autonomy, which specify the organization of local units.
According to the government schedule, local congress shall be organized in early 1990 by residents'
direct vote, and local governor will be elected until 1991. (Korea Times, Dec. 20, 1989)
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reformed in her forthcoming decentralized fiscal scheme.

The main contribution of this study centers around two points.

First, we present a complete policy evaluation framework operating with

simulation techniques. In particular, this framework is distinguished from existing

simulation models by its endogenous grantor government. Unlike traditional models

for intergovernmental grant-in-aid analysis, the central government in our model is

incorporated into the model as a grantor cum tax collector and also subject to a full­

financing constraint (revenue from central taxation = expenditure for equalizing

grants). From this perspective, our models can be referred to a "general equilibrium

model". This new modeling technique enables our simulation models to produce

many useful results which could not be obtained in traditional models for

intergovernmental grant-in-aid analysis.The most distinctive feature of this structure

is that the endogenous central tax rate can reflect the relative scale of the financial

cost for each fiscal scheme as well as the different stimulative effects of each grant-

in-aid policy.

Second, from the simulation using Korean data, we obtain some valuable

results ranging from theoretical propositions on intergovernmental grants-in-aid to

practical policy implications for the provision of Korean elementary education. The

results are also expandable to other local public services which have similar

characteristics. Moreover, since the results are critically dependent upon the values

of the system parameters specified, the policy implications can be flexibly adjusted

+" -~es :- policy n ... ri.......les e"ngen~"~ variables and oarameter valuesLV UC1ll5 J..ll pvu.... "cu AU. ,Av Vu;:, VCLl.lC1 Ie;:" C111}JC11 L 1 V C.

More specifically, the main questions intended to be addressed In our
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simulation are summarized as follows.

(1) Among the six alternative fiscal schemes, what is the optimal scheme in

terms of social welfare for the provision of elementary education in Korea?

(2) What are the main factors affecting the relative priority rankings of each

policy scheme? Are there any systematic changes of policy rankings when system

parameters change?

(3) How does the central tax rate' differ across alternative fiscal policies?

What are the main factors affecting this rate?

This paper is composed of the following contents.

In the second section of chapter one, we discuss the concept of efficiency and

equity in the economies of local public service more specifically, since they constitute

main goals in designing and evaluating the alternative fiscal schemes.

In chapter two, we survey two topics which provide the theoretical background

for our fiscal models: (1) an economic model of local fiscal choice, i.e., the median

voter model, (2) general theories of intergovernmental grants-in-aid focusing on their

equalization function.

In chapter three, we model six alternative fiscal schemes which provide the

main frameworks for simulation: the perfectly decentralized fiscal system, the

perfectly centralized fiscal system, and four equalizing grant-in-aid schemes.

In chapter four, since our models are constructed and simulated with respect

4 In our fiscal models, the central tax rate represents the degree of decentralization of each fiscal
scheme or the relative scale of financial cost in equalizing the public service targeted.

-------------- ------------
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to elementary education in Korea, we introduce the Korean education system

focusing on its financial structure and regionai distribution of the expenditures on

elementary education.

Chapter five presents simulation results. In this chapter, we focus on two

variables: (1) the central tax rate in each fiscal scheme; and (2) the policy priority

rankings under various ranges of system parameters. As a prelude to the main

simulation study, we estimate the income elasticity of education in Korea using

family income and expenditure survey data (1987).

Chapter six summarizes the theoretical findings and policy implications from

the study.

1.2 Efficiency vs. Equity in the Provision of Local Public Services

The notion of efficiency in the economics of local public good is rather

special in the sense that it requires two different notions: intra- and

inter-jurisdictional efficiency. The condition for intra-jurisdictional efficiency is

equivalent to the Samuelson rule (MRT=I:MRS). In other words, a local public

good (or service) is efficiently provided within a jurisdiction if the marginal cost of

the service is equal to the users' sum of marginal benefits from the service.

However, although the conditions for intra-jurisdictional efficiency are

satisfied, if individuals' inter-jurisdictional mobility are considered, there may be

further room to improve on efficiency from the overall point of view. In other words,

we can enhance inter-jurisdictional efficiency by prompting individuals to segregate

------------ - --~ -~-- -~ --
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themselves into homogeneous groups. The equilibrium where each homogeneous

group has an optimal number of member is called as the 'Tiebout equilibrium',

which is proved to be in the 'core',"

In this paper, we exclude the possibility of Tiboutian migration in modeling

the six fiscal schemes. Therefore, the discussion of efficiency is confined throughout

this paper to intra-jurisdictional efficiency. i.e., each local jurisdiction can maximize

its welfare by choosing its own scale of local public services under given local tastes

and endowments.

However, another important problem for society concerns is how to deal with

the underlying (horizontal) inequalities resulting from a decentralized fiscal choice;

the equity goal is introduced to consider this issue. In the economics of local public

goods and services, a rather new distributive concern - "categorical equity" (Feldstein,

1975) or "specificegalitarianism" (Tobin, 1970) - has been prominent through public

debates and litigations on local school financing in the 1970's in the U.S.

In Serrano vs. Priest (1971)', the landmark case in this area, the California

Supreme Court judged that local expenditures for public education should not be

based solely on the taxable wealth available to each local jurisdictions. This

5 Pauly (1970), Scotchmer (1985, 1986), Wooders (1978, 1980, 1983, 1988)

6 L.A.29820, Superior Court no.93854, 5 Cal. 3d 584 (1971). The Serrano vs. Priest case produced
three distinct rulings: the 1971 California Supreme Court decision (Serrano /), the 1974 trial-court
decision (Supreme Court of Cal., County of LA., No.9382S4) and the 1976 California Supreme Court
decision (Serrano II, 18 Cal. 3d 728). Each ruling stated in same fashion that California's system for
financing public education must be wealth-neutral. The Serrano I was considered a major victory for
reformers, but the movement was slowed by the 1973 Rodriguez vs. San Antonio decision of the U.S.
Supreme Court in which the justices rejected a Serrano-like argument. However, the trial-court decision
(1974) held the California finance system in violation of the state constitution based on the principles
cited in the original Serrano decision. In the 1976 Serrano II case, the California Supreme Court upheld
the 1974 trial-court ruling.

--------- -- -- --
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landmark decision wasfollowed by several similarcases in other states such as Texas

(Rodriguez vs. San Antonio, 19717
) , New Jersey (Robinson vs. Cahill, 19728

) ,

Connecticut (Honon vs. Mesldll, 1974').

The principle of categorical equity singles out particular categories of

commodities which are deemed to be 'fundamental interests' such as education and

medical care, and asserts that the provision of those services should not differ

substantially as a result of differences in ability to pay for them. Therefore, a

distribution rule different from market forces should be applied to those

commodities as they are closely related to the fundamental inequalities of human

capital endowments and to the opportunities to accumulate human capital. The

~derlying philosophy of categorical equity is,

"... The social conscience is more offended by severe inequality
in nutrition and basic shelter, or in access to medical care or to
legal assistance, than by inequality in automobiles, books,
clothes, furniture, boats. ..... There are some commodities
where strict equality of distribution is deemed a crucially
important objective, ....., indeed some are rights or privileges
rather than goods and services in the usual sense." (Tobin,
1970, pp.266-267)

In our study, the notion of intra-jurisdictional efficiency and the categorical

equity constitute the two main pillars for modeling and simulation of the six fiscal

schemes. In each fiscal scheme (except for perfectly decentralized fiscal scheme),

the local choice of the service is targeted to be equalized to a stipulated level by

7 Federal Suppl. U.SDistrict Court of Western Texas, Dec.23, 1971.

8 118, NJ. Superior Court No.223, 1972

9 31 Connecticut Superior Court uesn. 322A, 2d 113. 1974

------- - -- -
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alternative fiscal policies. Each policy is supposed to result in different combination

of efficiency and equity, different policy cost, different local utility levels, and

ultimately different social welfare states. All these aspects of each policy will be

compared within the framework of our evaluative models.

------------- -_. _._----



10

CHAPTER II

LOCAL FISCAL CHOICE AND INTERGOVERNMENTAL GRANT-IN-AID:

A SURVEY

This chapter reviews two theories related to our study: the median voter

model as a basic framework and intergovernmental grants-in-aid as main policy

instruments. In the first section, we review an economic model for collective local

fiscal choice, i.e., the median voter model, from its theoretical foundation to typical

forms for empirical studies. In the second section, major predictions in traditional

grant-in-aid theories are summarized and compared with empirical findings. We also

review other studies related to our simulation study.

2.1 Majority Voting and the Median Voter Theorem

2.1.1 Theoretical Background

One of the main developments in economic theory during the past four

decades is the analysis of non-market decision making processes -- public choice

theory. The central question in public choice theory is whether there exists an ideal

non-market decision making scheme which can satisfy a set of desirous and

minimally required normative criteria, i.e., Pareto-efficiency and non-dictatorial

choice.

WickselI (1896) thought that if net benefits are created by a cooperative
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allocation, a means of redistributing those gains through taxation could be found

which ensures that all citizens preferred the new allocation to the non-cooperative

status quo. The new cooperative allocation would be approved unanimously. Lindahl

(1919) proposed an adjustment process which describes how a government might

achieve in practice such a level of public expenditure. In his equilibrium, the

preferred expenditure level of each individual is equal to their tax share and

unanimity prevails. Johansen (1963) formalized the Lindahl process in a simple

general equilibrium model.

The Wicksell-Lindahl scheme (so called ''voluntary exchange theory") is based

on the explicit assumption of cooperative behavior. However, if the assumption is

discarded, a coercive auctioneer is needed who forces participants to reveal their

true benefits and costs from public activity. Without a coercive auctioneer, the

Wicksell-Lindahl process will be nothing but an another example of the Prisoner's

Dilemma game in the house of government.

Therefore, our next interest is to find a coercive collective choice mechanism

which can be substituted for market institutions. The fundamental question in

coercive collective choice mechanisms is: Are there any democratic collective choice

mechanisms which can allocate the social resources as efficiently as markets can do?

The answer is 'no'. Arrow (1963) in his famous 'Impossibility Theorem' extracts five

axioms that are required in any collective choice mechanism and proves the

inconsistency of the five axioms.' The conclusion of this theorem is quite pessimistic.

! They are Pareto optimality (P), Non-dictatorship (tID), Unrestricted domain (U), Rationality (R) ­
complete rank and transivity-, Independence of irrelevant alternatives (I). Later works by Gibbard

(1973) and Satterthwaite (1975) have extended Arrow's analysis to a more general behavioral structure
and they reach the same negative conclusion.

------------- - --- ----- - -
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The five axioms cannot be satisfied simultaneously in any collective choice

mechanisms.

The majority rule process is recognized as the onlycollective decision making

mechanism which is both democratic and allocatively efficient, but the mechanism

may not have an stable equilibrium because of the "majority voting paradox". The

possibility of cyclical voting can be avoided if all the voters are assumed to have

single-peaked preference profiles," An agenda set in a single dimensional space (e.g.,

determination of a project size) is one of the typical examplesof controlled agendas.

The median voter theorem is that the equilibrium generated by the majority

rule process is the one most preferred by the median voter when preferences are

single-peaked. This theorem originates from Hotelling's duopoly theory (1929) of

spatial competition; it was developed by Bowen (1943), Downs (1957), and Black

(1958), and has been applied in a wide range of economiccontexts such as pollution

control, income redistribution, minimum wage legislation, union behavior, and

especially demand estimation of local public services.

To estimate the demand for public goods in a democratic society, we have to

specify the process of collective choice or at least make assumptions about the

political process that aggregates the profiles of preference in the society. The central

advantage of the median voter model is that it allows us to analyze collective choice

via the preference of a single decisive individual, i.e., the median voter.

2 Under single-peaked preferences of voters, majorityvoting equilibrium will always exist. In other
words, the paradox of majorityvoting arises if some of the preferences are not single-peaked. Where
there are three voters (A,B,C) and three alternatives (X,Y,Z), the paradox of majority voting arises if
A prefers X>Y> Z, B prefers Z> x>Y, and C prefers Y> Z>X. In thiscase, voter B has double peaks
at Z and X.

--------- _. -- _.
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2.1.2 The Median Voter Model for Local Fiscal Choice

In this section, we present a typical median voter model for the analysis of

local fiscal behavior. This framework provides a fundamental foundation for our six

fiscal models in chapter 3.

The preference of a decisive individual, i.e., the median voter, is defined over

after-tax private income X and public service G, U(X, G). Public services are

assumed to flow from a public good (Q) and the number of .people (N) in the

locality, G = G(Q,N). The cost schedule of providing G follows from the

specification of the service technology. Facilities (Q) are assumed to be produced by

a constant returns to scale technology, Q = AL9K1
•
9

• If we assume constant prices

of labor and capital as in a competitive markets for labor (L) and capital (K), the

unit cost of the public good (c) is also constant.

Now if we consider the grant-in-aid from a higher level of government,

residents pay only a part of net expenditures after deducting the lump-sum aid (Z)

and matching aid (m is the matching rate).' The total payment T = (l-m)cQ -Z will

be shared by all residents within the community. If local taxes are proportional, each

resident's share of total cost is equal to his share of tax base (b) out of total tax base

in the locality (BN), where B is the aggregate tax base per resident in the locality.

A typical local resident pays a tax (t) equal to

3 The grants in traditional median voter models are assumed to be given exogenously. However, our
models in chapter 3 are designed to have endogenous grants.

--------- - - -- _.



t = (b/BN)[(I-m)cQ - Z]

14

(1)

And his personal income constraint is X + t = I, where I is personal income. The

budget constraint is

x + (b/BN)(l-m)cQ = (bZ/BN) + I (2)

This relation can be rearranged with regard to the local public service from

the familiar relation G = Q/N6
, where & is the coefficient of congestion. Then

equation (2) is:

X + (b/BNt.6)(I-m)cG = (bZ/BN) + I

Now the problem is:

(2)'

Max. Vmeel = U(X, G)

Sub.to X + PaG = I + (bZ/BN)

where, Pa =(b/BN1-,(1-m)c

In most empirical studies, the demand function is assumed to have a log-log

functional form," The log-log demand function is chosen mainly for simplicity of

estimation since the elasticities are the main parameters to be estimated; the

specification is globally consistent with the Cobb-Douglas demand function.

The functional specification is;

log G = Bo + B1 logPi + B3 log! + B4 logS + p.

S: Vector of control variables

From the relation of G = Q / N6 and PI = P~6,

logO - cSlogN = 80 + B1(logPq + cSlogN) + B310gI + B410gS + J1.

4 Borcherding and Deacon (1972), Bergstrom and Goodman (1973), Bradford and Oates (1974),
Feldstein (1975), Ladd (1975), Peterson (1975), Perkins (1977), Lovell (1978), Rubinfeld (1987), etc.

- - ---------
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logO = .80 + .8llogPq + .8%logN + .8310gI + .8410gS + IJ.

where .8% = &(1 + .81) , and .81, .8z, .83 represents the elasticity with respect to each

variable.

This median voter methodology has been used by a large number of authors

to estimate demand functions for public services and most empirical studies have

shown correct signs in the estimation of income and price elasticities with significant

coefficients/'

In this model, if (b/B) = 1, the two components of full fiscal income (private

income and lump-sum grants-in-aid) are expected to have identical effects on the

local demand for public services; this is the case of the traditional grant-in-aid

theory. H (bIB) > 1, the exogenous grant-in-aid will have more stimulative effects

than an increase in residential income, and vice versa. The empirical evidence shows

that lump-sum grants generally have greater effects on the local expenditure for

public services than private income, which is the so called "flypaper effect'",

Summing up, the median voter model is basically a demand-side model and

"competitive" in its spirit, for it assumes that any government that spends far from

the median demand level will soon be driven by the opposition that proposes an

expenditure closer to the median demand level.

5 The results of general demand estimation for various public services are well surveyed in Inman
(1979) and Rubinfeld (1987). The estimation of income and price elasticity of local public education is
summarized in 5.4.2.

6 The term 'flypaper effect' was labeled by Gramlich and Galper (1973), and originally coined by
Okun. According to empirical studies, the flypaper effect is estimated between $0.20 and $0.98 per
dollar of lump-sum grant-in-aid. The results of empirical studies are aptly summarized in Gramlich
(1977) and Inman (1979).
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2.2 The Theory of Intergovernmental Grant-in-aid

2.2.1 EtTects of Grants-in-aid on Local Spending

The traditional theory of grants-in-aid is typically couched in an utility

maximization approach to local fiscal choice behavior. The preference that is defined

over a particular public service and the residual income (or composite private good)

is assumed to be represented by a community indifference curve" or by an

indifference curve of the median voter in the community.

In general, a grant has three different effects: a price effect reflecting changes

in cost, an income effect reflecting the additional available funds, and indirect effects

on other grant programs and complementary private expenditures. In particular, the

analyses of income and price effects are well established within the traditional

framework of indifference curve analysis.

The theoretical predictions of the traditional model can be summarized as

follows.

1) Lump-sum specific grants have more or equally stimulative effects on the

stipulated local public spending than lump-sum general grants do. Wilde (1968) called

the former situation the "deflective effect".

Tneoretically, the larger the amount of a lump-sum specific grant or the larger

7 The existence of community indifference curves requires very strict assumptions such as a fixed
and known distribution of income (Samuelson, 1954).
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the relative portion of expenditure on public services, the more the 'deflective effect'

is likely to occur, and vice versa. However, according to one empirical study (Follain,

1979), the deflective effect was seldom operating. In a study of ten central-city

governments in the U.S., Follain concludes that lump-sum specific grants do not

stimulate local expenditure more than lump-sum general grants do.

2) Matching grants tend to stimulate the grantees' spending more than equal

lump-sum grants do. Therefore, matching grants are generally preferred by the

grantor government as a policy to achieve the target level of public service more

efficiently.

3) A dollar increase in a lump-sum grant has the same effects on the grantee's

spending as a dollar increase in residential income by direct transfers from a grantor

government. "Revenue sharing is just a veil for the tax cut." (Gramlich, 1977p.225).

These theoretical predictions come from traditional community indifference

curve analysis, which is a pure economic model for the analysis of local fiscal choice.

However, in result 3), the two effects may not be equal if we consider the

distributive effect of different sources of funds or conflicts between decision units.

In his review of empirical evidence for various types of grants-in-aid in the

United States, Gramlich (1977) concludes that the levels and structures of grants are

important determinants of the grantee's expenditure. According to his survey, the

following results are verified by empirical studies.
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(A) The local spending stimulated by open matchinggrants8 is generally less than

the amount ofthe grants transferred, ie; the price elasticities of local public services are

less than unity (in absolute value).

(B) Lump-sum general grants stimulate grantee's expenditure less than open

matching grants do.

(e) In the long-run, lump-sum grants tend to stimulate grantee's spending much

more than the same amount of tax cuts from a higher level ofgovernment.

Result (C), known as the 'flypaper effect', directly contradicts the predictions

of traditional grant-in-aid theory. The empirical results confirm the different

stimulative effects of lump-sum and matching grants, while invalidating the

traditional prediction that lump-sum grants have identical effects as direct transfers

to income.

Since the flypaper effect was recognized by Gramlich and Galper (1973), a

large literature has appeared to explain this phenomenon. The literature has

attributed the flypaper effect to various reasons: monopolistic bureaucrats or political

institutions", fiscal illusion of consumers" ,and income effects from tax substitution'].

Those new models offer better explanations for the flypaper effect, but they

are also incomplete in that they cannot predict the different stimulative effects

8 Matching grants are divided into closed and open matching grants. The former has an upper limit
on the total amount of the grant while the latter does not.

9 Niskanen (1968), Romer and Rosenthal (1979)

10 Courant, Gramlich, and Rubinfeld (1979), Oates (1979) Filimon, Romer and Rosenthal (1982),
'tV"mer (1983), Logan (1986)

11 FISher (1979)
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between matching and lump-sum grants within their theoretical frameworks. The

traditional theory as well as the new models for the flypaper effect has not given a

complete explanation for those two main stylized facts in local fiscal choice within

a single framework.

The alternative fiscal models in chapter 3 are based on the framework of

traditional median voter model, since the main concern of this paper lies in the

relative equalizing performances of each grant-in-aid policy rather than in the

explanation of the flypaper effect.

2.2.2 Fiscal Imbalances and Equalizing Grants-in-aid

Intergovernmental grants-in-aid have been developed as one of the main

policies for fiscal problems in the federal government system: spillover of benefits

and costs of local public services, fiscal disparities and imbalances among different

or the same levels of government.P Therefore, the type of grant-in-aid policy

adopted is closely related to the perceived deficiencies of fiscal federalism.

In general, the purposes of grants fall into four categories: (1) Grants to

correct spillover effects of local public services, (2) Grants to enforce the grantor's

preferences for local government actions, (3) Grants to correct fiscal imbalance

between different tiers of governments, and (4) Grants to neutralize fiscal

inequalities among the same level of government,

12 Many alternative policies have been suggested for the adjustment of intergovernmental fiscal
problems: tax base sharing, tax sharing, tax transfer, local tax deductions, and local tax credits, etc.
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Under an ideal federal system, it must be decided which level of government

will perform specific functions, and the revenue sources for these expenditure

functions also must be allocated in a corresponding manner. However, a mismatch

or divergence may exist between the revenue source and functional expenditure

obligations among the governments of a federation, which is referred to as "vertical

fiscal imbalance". This problem results when the central government's tax base is

more income elastic than that of local government, and local expenditures are more

income elastic than their revenue sources. Tax sharing or revenue sharing is usually

adopted as a policy to adjust this vertical imbalance problem.

The horizontal fiscal imbalances mainly come from the difference between

fiscal needs and fiscal capacities among governments of the same level. Because of

residents' mobility across local jurisdictions, horizontal imbalances raise more

complicated problems than vertical imbalances. For example, in the absence of any

equalizing policies, if households at the same income level are differently treated in

differently endowed jurisdictions, i.e., if they have different fiscal residuum", then

a migration tends to occur. Under the assumption of free mobility, migration will

lead to a capitalization of horizontal fiscal imbalances into the land price of each

jurisdiction. If the capitalization occurs perfectly, the horizontal imbalance can be

fully compensated by the differences in land prices and no additional migration

would occur in equilibrium. If this adjustment process worksperfectly, equity as well

13 Fiscal residuum is defined as the differences between the value of benefits received and taxes
paid. (Buchanan, 1950)
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as allocative efficiency can be simultaneously attained within a pure decentralized

fiscal system.

However, in a decentralized fiscal system with imperfect capitalization and

costly migration, the distributive goal of society calls for equalizing policies for these

horizontal fiscal imbalances. The equalizing grants-in-aid policies would contribute

not only to reducing the horizontal inequalities but also to eliminating the incentives

for Tiboutian migration. From this perspective, equalizing grant-in-aid policies can

be justified from an efficiency as well as equity perspective, since Tiboutian

migration produces no social benefits by itself.

As mentioned already, the main concern of this paper concentrates on the

horizontal inequalities in a particular local public service (elementary education)

without Tieboutian migration. Instead, we consider alternative equalizing grant-in­

aid schemes which can eliminate the incentives for Tieboutian migration.

Several studies have dealt with the issue of categorical equity in a particular

local public service (education) and analyzed alternative equalizing policies to

neutralize the underlying categorical inequalities.

Motivated by a series of judicial decisions on school financing", Feldstein

(1975) suggests a wealth neutralizing matching grant-in-aid scheme as a policy to

achieve wealth neutrality without sacrificing local choices in the provision of local

public education. He argues that the traditional "district power equalizing (DPE)

14 The major cases are listed in chapter 1.
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grant scheme,,15 would only be wealth neutralizing in the special case that absolute

wealth and price elasticities are equal. He derives a wealth- neutralizing matching

rate formula and applies it to school expenditure in Massachusetts school districts.

Inman and Wolf (1976) propose a computer simulation program named

SOFA (Simulation of Fiscal Assistance) by which the effect of various grant-in-aid

policies can be analyzed. They apply this model to the case of New York

metropolitan school financing reform and compare the current exogenous grants-in­

aid system with a more pro-poor school financing system (fiscal base equalizing aid).

Based on the SOFA model, Inman (1978) compares six alternative education

reform proposals for the New York metropolitan area: foundation aid program, two

district power equalization plans, property tax credits, expanded Title I assistance

under the Elementary and Secondary Education Act, and the centralized financing/

spending control scheme. He evaluates the alternative proposals under alternative

evaluating rules: Utilitarian rule, Rawlsian rule, and the Atkinson equity criterion.

Friedman (1984) presents four alternative policy schemes for the simulation

of school financing: wealth neutralizing matching grant, DPE matching grant, full

state financing, and pre-reform financing (decentralized provision system). He

employs three welfare criteria for evaluation: a pro-equity (Rawlsian), a pro-

efficiency (Utilitarian), and the Nash criterion.

Kye-Sik Lee (1987) develops Friedman's model and simulates it with the local

income and population data from Korea. In his simulation three variables are chosen

15 The DPE grant scheme in school financing, which is proposed by Coons et al, (1970), purposes
the equalization of target fiscal base per pupil by the grant which equals the difference between the
revenue raised form local jurisdiction's own fiscal bases and the revenue that should have been raised
if the fiscal base were equal to the target.
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as the main parameters to be varied: income and price elasticities, and the share of

the public service expenditure. His simulation results can be summarized as follows

(Lee, p.169).

First, if income and price elasticities are equal, the two matching grant

schemes (wealth neutralizing matching grant, DPE matching grant) and the

centralized provision system result in identical outcomes. Second, as the share of

public service expenditure from personal income increases, the grants to each

jurisdiction increase proportionately. However, matching rates remain invariant.

Third, as the demand for the service becomes more income elastic, per capita

expenditure on the public service increases rapidly.

However, these results do not display any systematic relation between the

policy selected and the parameters considered, which is mainly due to the model's

limitation. In other words, the models are limited not only in the scope of the fiscal

schemes considered (limited to matching grant-in-aid policy only) but also in the

parameters considered. In particular, since the central government is modeled as a

completely exogenous grantor, grants are perceived to be given costlessly to local

residents. Furthermore, since no particular local public service is specified as the

target commodity that needs categorical equity, the price variable is not defined

specifically for that service; therefore, no specific policy is recommended.

In this literature, most studies regarded equalizing grants as exogenous policy

instruments, Therefore, the financial cost of each policy scheme is not explicitly

considered and alternative fiscal policies could not be compared appropriately.

Our models in this paper are more extensive than those in previous studies
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not only in the scope of the policies considered but also in their use of modeling

techniques. More specifically, we consider four different equalizing grant-in-aid

schemes in addition to the perfectly decentralized and perfectly centralized provision

scheme. In modeling these schemes, we incorporate the central government into the

framework as an equalizing grantor cum tax collector. By this modeling technique,

we can obtain theoretical characteristics of each policy as well as their equalizing

performances and relative preferences.

--------- -
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CHAPTER III

THE MODELS· ALTERNATIVE POLICY SCHEMES

FOR THE PROVISION OF LOCAL PUBLIC SERVICES

3.1 Overview

In this chapter, we present alternative fiscal policy schemes for the provision

of a particular local public service in which equity considerations are particularly

emphasized. We select elementary education as a typical example of this service and

intergovernmental grant-in-aid policies as the main policy instrument.

The basic framework for the models is constrained maximization, which is

consistent with the traditional median voter model (which is reviewed in 2.2) for

local fiscal behavior. However, our models are distinguished from the traditional

median voter models in the following aspects:

First, the models are constructed in a general equilibrium framework; the

central government is incorporated within the model as an endogenous grantor cum

tax collector. Tentatively it is assumed that the main concern of the central

government to equalize (or reduce) the horizontal inequalities of the service through

various grant-in-aid policies. The incorporation of the central government within the

framework enables us to compare the financial cost (or the degree of

decentralization) of each policy scheme.

Second, equalizing grant-in-aid policies are constrained to the full-financing

condition of the central government, i.e., the sum of equalizing grants sent to each

--------- --- -- --
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local jurisdiction should be equal to the sum of the central income tax collected

from each local jurisdiction. By this constraint, the scale of central government's

budget is endogenously determined with other variables and system parameters in

each fiscal scheme. The central tax rate indicates the relative scale of this budget

requirements.

3.1.1 Assumptions and General Framework of the Model

The models are based on the following assumptions:

A.l. The selected public service (elementary education) is provided only by

the public sector. No private substitutes are assumed to exist.

A.2. There are 'k' local jurisdictions and one central government. In each

local jurisdiction, population (N), income (I), and the number of pupils in elementary

school (NoS) are assumed to be different} However, the price (a) and income

elasticity (13) of the demand for elementary education are assumed to be identical

(constant) across local jurisdictions.

A.3. The preference of each local jurisdiction is represented by the median

voter. The utility function is defined over per capita expenditure on private

consumption (X) and per pupil elementary education expenditure (G) in the

community, i.e., U = U(X, G).

A.4. The median voter has an average income level in his jurisdiction and

1 In general, 0 denotes the degree of congestion in the following relation between local public goods
(0) and services (G), G = O/~. Uwe interpret (A.2) by this relation, the term (~) implicitly assumes
that the benefit of education emits only to the students attending.
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shares (l/N)th of local education expenditures after paying central taxation.

A.5. The role of the central government is to equalize or reduce the

horizontal inequalities in local spending for elementary education.

A.6. Neither Tieboutian migrations nor spillover effects of education are

considered.

Throughout this paper, we analyze the demand for education by an input unit,

the expenditures on education. Of course, the output (or quality) of a service should

be distinguished from the expenditures on it, especially those in personally dedicated

services such as education and health care. In the case of education, output may

depend on other characteristics such as student's personal ability, desire, and family

background. However, althoughsuch arguments are true, our reason for expenditure

analysis is simple; the production relationships in public schooling are extremely

complex and data are not fully available for additional qualitative factors. For this

reason, we use school spending as a proxy for output by treating dollars spent on

pupils as if they were the direct object of household concern.

The variables in our models are specified as follows:

X = Private consumption expenditure

G = Elementary education expenditure per pupil

N = Residential population

N° = Number of elementary school pupils, 0< 0 < 1

N°G = Total expenditure for elementary education

No-1 = N°/N = Ratio of elementary school pupil to population
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NO-IG (= N°G/N) = Elementary education expenditure per capita

I = Personal income before central taxation

t = Central income tax rate

These variables also can be classified as follows:

Exogenous variables: N, I, and s (therefore, N° and No-I)

Endogenous variables : G, X, t, and grants transferred to each

jurisdiction

Policy variables : Choice of fiscal scheme, target level of education

expenditures per pupif

The main parameters selected for simulation come from the social planner's

(or the central government's) considerations in providing this service: income and

price elasticities (13, a), share of education expenditure (b), inequality-aversion

parameter for alternative welfare criteria (a), and welfare costs of tax distortion (A).

Details on each of these parameters are explained in chapter 5.

Under these assumptions, the fundamental framework of the six models can

be formalized as the following maximization problem in each local jurisdiction.

Max. U = U (X, G)

Sub. to X + No-IG = I

The local utility level (more specifically, utility of the median voter in a

2 Later in this chapter (3.2), we assume this target level to be a national average of local
expenditures on education under the perfectly decentralized provision system.
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locality) is assumed to be determined by private consumption expenditures (X) and

elementary education expenditure per pupil (G) in each jurisdiction.

In the budget constraint, total personal income (I) divides into private

consumption expenditures (X) and per capita elementary education expenditure

(NcS.IG). In this equation, NcS-1 can be interpreted as a relative price of G to X, since,

other things being equal, per pupil educational expenditure (G) in a particular local

jurisdiction tends to be lower (higher) as the relative proportion of students increases

(decreases). In other words, residents' per capita burden of educational expenditure

within a jurisdiction will be heavier as a higher portion of the population requires

education expenditures.

In the typical median voter model, the price of a particular local public

service represents the median voter's share from total costs borne by each locality.

The most common form of price variable in previous estimations was the median

voter's share of the property tax base (=b/NB), where b is median voter's tax base,

B is aggregate tax base per resident, and N is local population. In our model,

however, since the median voter is assumed to have an average income in the

locality, he naturally shares (l/N)th of total costs, NcSG. In our price variable, b is

assumed to be equal to B and the possibility of the flypaper effect is excluded.

In our models, the value of G comes from the presumed Cobb-Douglas

demand function: G = ,APZIP, where P=NcS•1• Once G is derived under given price

and income elasticities (a, P), X can be derived from the budget constraint. Finally,

each ;.....15·di...·:""...'s utili... l ew....l 15' d...• :.....~ bv the values ,..~ r: and X under gi n""u Ju... l"'UVLI. -...u",.& .""... "' .."" u..uu\,oru. J ...., V.L '-'.&. ... ..., ...,......

exogenous variables and parameters.

--------- -- -_. - -
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Now, the next problem is how to specify a particular welfare criterion to

evaluate different distributive states. In the next section, we discuss alternative

evaluating criteria.

3.1.2 Evaluating Criteria for the Optimality

It is impossible to judge between two alternative economic states without

using an ethical welfare function. According to the two pioneering works of Dalton

(1920) and Atkinson (1970), any underlying measure of inequalities (e.g., variance,

standard deviation, coefficient of variation, Gini coefficient) is implicitly embodied

with certain kinds of value judgement about social welfare. For example, the widely

used Gini coefficient tend to attach more weight to transfers affecting middle income

classes' and the standard deviation to transfers at the lower end of the income

distribution.

However, since some of the value judgement may not have wide support, it

seems more reasonable to approach the issue of inequality evaluation directly by

using the social welfare function that we should like to employ rather than evaluating

indirectly through conventional statistical measures. Although there is no agreement

about the form of social welfare function, this method allows us to exclude the

undesirable value judgement in evaluating the underlying inequalities.

In this paper, as a specific welfare criterion to evaluate underlying inequalities

3 The implicit welfare function behind the Gini coefficient weights individual income only by the
ranking of income Dotby their size.
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of local utility indexes, we adopt a social welfare function suggested by Atkinson

(1970), i.e., the inequality-aversion welfare function. The function is characterized

by a parameter for inequality-aversion', by which we can express how seriously a

social planner (or the central government) recognizes horizontal inequalities.

k
,V = {I:Ua}l/a aS1

I-I I ,

U I = U (X., G I) , i = 1, 2, , k

a = inequality-aversion parameter

In this function, we can specify alternative degrees of equity consideration

by the values of a. More specifically, as a decreases, the social planner will attach

more weight to transfers at the lower end of the distribution and less weight to

transfer at the top. One extreme case is a~-oo, giving the function Min{UI } which

only takes account of transfers to the very lowest utility group; this is the 'Rawlsian'

criterion, At the other extreme, we have a = 1 giving the linear welfare function

which ranks distributions solely according to total utility level, which is the

'Utilitarian' criterion.

This welfare function is illustrated in Figure 3.1 for the case of two

jurisdictions. In Figure 3.1, the three solid lines represent alternative social welfare

functions, which are determined by the values of the inequality-aversion parameter,

a. A distributive state D (UI, U2) is equally treated with the state A, C, and B under

4 The increasing/ constant/ decreasing inequality-aversion means that we are increasingly/
constantlyj decreasingly concerned about inequality as the general income level rises. More strictly,
inequality-aversion is increasing/constant/ decreasing according as 8YeJj/8(J is less than/equal
to/great.... than 1. '(J' is absolute additions to income and Yeq is the level of income which, if equally
distributed, would give the same level of social welfare as the present distribution. The value of Yeq wiii
be closer to the average of the present distribution under a more equal distribution.

--------- - - -- --
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the Rawlsian (a=-oo), Benthamite (a=l), and a welfare function between them

where 0<a < -00. In general, as the social planner recognizes the underlying

inequalities among jurisdictions more seriously, i.e., as a decreases, the equally-

distributed-equivalent utility level (Ueq) will be less and closer to A

u~u .
~

~--I~-~i=---- (1" = - 00

-00< 0-<0
0"= I

u

Figure 3.1 Alternative Evaluation Criteria

In this paper, we evaluate alternative fiscal schemes under three alternative

welfare criteria: Utilitarian (a=l), Nash (a=-l), and Rawlsian criteria (a-+o-oo).

3.2 Perfectly Decentralized Provision

In this fiscal system, each local jurisdiction finances and provides elementary

education based on its own fiscal base without receiving any grants and paying any

taxation to the central government. Therefore, the provision of education in each

jurisdiction is determined by the two local specific variables, i.e., the price of

elementary education (N5
•
1
) and the local income (1).
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This model is especially important in this paper because it provides not only

a basic framework but also a target level of equity for the other five models. This

model can be formulated as follows.s

Max. VI = V (XD
I, GD

I)

Sub. to XD
I + NS'-lIG

D
I = II

i = 1, 2, ......, k

From this maximization problem, the demand equation is assumed to be in

log-linear form with constant price and income elasticities:

(1-1)

Since income (I) and population (N) are exogenously given in each

jurisdiction, if we specify the value of a, 13, and A, we can obtain the particular

values of G and X from the equation (1-1) and (1-2).

XD - I NCS-l GD
1-1- I I

This mechanism can be summarized as follows:

< Model 1 - Perfectly Decentralized Provision >

(1-2)

GD
I = A(NO.iJ~t

XD - I NO.1 GD
I-i- i I

i = 1, 2, ...., k

5 Superscript 0 denotes the perfectly decentralized fiscal scheme.

(1-1)

(1-2)



34

3.3 Perfectly Centralized Provision

In this fiscal scheme, education is assumed to be financed and provided by

the central government. More specifically, the central government raises revenue

from central income taxation in local jurisdictions and redistributes it by providing

education in an uniform fashion.

Let's assume that G is the target level of education expenditure (per pupil)

intended by the central government. The policy variable G is very important since

it determines the actual degree of equalization under each equalizing grant-in-aid

scheme. Throughout this paper, we will assume G to be the national average of

education expenditure which would have been provided under the perfeclty

decentralized provision system.

G = 1:GDJk = 1:[A(N,s·lJCIJ!l/k (2-1)

Since each local jurisdiction receives an equal amount of education

expenditure per pupil (G) while paying the imposed central tax rate (t"), the private

consumption expenditure (X) is determined as follows:(i

XCi = li(1 - tC) (2-2)

tC
: Central income tax rate under the perfectly centralized provision

system

By the full-financing condition, the central tax rate (tC
) is calculated from the central

government's budget constraint.

(; The superscript C denotes the perfectly centralized fiscal system.
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(2-3)

In equation (2-3), LHS represents total revenue from central taxation and

RHS is total education expenditure by the central government.

This mechanism is depicted in Figure 3.2 and summarized as Model 2.

x

* Each local jurisdiction is
supposed to .l!.ave (X\G). They
receive OG of education
expenditure from the central
government after paying central
taxation (tc*I).

Figure 3.2 Perfectly Centralized Provision

< Model 2 • Perfectly Centralized Provision >

u, = U (XCi' GCJ

GC

i :: G = I:GDJk (2-1)

XCi = Ii(1 - tC
) (2-2)

tC = (GI:N'sJ / (I:NiIJ (2-3)

i = 1, 2,...., k

------- - ----
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3.4 The Foundation Aid Plan

In the foundation aid plan, the central government proposes to guarantee a

minimal level (foundation level) of education by transferring lump-sum specific

grants to local jurisdictions where education expenditure (per pupil) is below the

foundation level. However,wealthy jurisdictions are allowedto make additional local

expenditures on education. In general, the effective degree of equalization depends

on the pre-determined foundation level; the higher the foundation level, the stronger

the effective degree of equalization. For example, if the foundation level is set to the

provision in the wealthiest jurisdiction, all but the wealthiest jurisdiction would

receive at least some amount of lump-sum aid for the provision of education.

However, if the foundation level is set to the provision level in the poorest

jurisdiction, no jurisdiction will receive foundation aid and this system will be the

same as the perfectly decentralized provision system.

The foundation level is assumed to be the average of decentralized provision,

G. Then the problem of a local jurisdiction i is :

Max. Vi = U(~, G i)

Sub. to X. + N°·\Gi = 1i(1-t)

i = 1, 2, ....., k

Under this scheme, the amount of lump-sum grant is (G - GJ', where G, is

7 If Gi :> G, grants are zero.
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the local education expenditure after paying central taxation. Therefore, the

education expenditure per pupil in jurisdiction i (G F
i) is:

GF
i = Gi, if Gi > G

= G, if G i < G

where, Gi = A(N6"lJCI[Ii(1-t~]JJ (3-2)

In equation (3-2), tF should also satisfy the central government's full-financing

condition in equation (3-3).

(3-3)

R : number of jurisdictions where Gi < G.

Therefore, Gi and tF are simultaneously determined in equation (3-2) and (3­

3). After Gi and tF are derived, the private consumption expenditures (XF
) can be

derived from the local budget constraint:

(3-4)

The mechanism is summarized in Model 3 and depicted in Figure 3.3.

< Model 3 • The Foundation Aid Plan >

Vi = V (XF
il GFJ

GF
i = G, G j < G

G = I:GDi/k

Gi = A(NO"\)CI[Ij(l-tF)]JJ

(3-1)

(3-2)

(3-3)
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(3-4)

i = 1, 2,..., R,..., k

q'

Figure 3.3 The Foundation Aid Plan

*The wealthy jurisdiction r is allowed to have (XF...Gr) after paying central taxation. But the
poor jurisdiction p will have (XFp'G) since it receives a lump-sum grant (G-G.J from the central
government.

3.5 The Equalizing Grant-in-Aid Plans

In this section, we propose three different equalizing grant-in-aid schemes:

lump-sum general grant, matching grant, and lump-sum specific grant. These

equalizing grant-in-aid schemes require that if a local jurisdiction raises educational

funds in excess of the target level set by the central government, the excess should

be transferred to the central government, which is referred to as the 'recapture'
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clause. In other words, additional local expenditures on education are not allowed

under these equalization grant-in-aid schemes.

Since different grants-in-aid have different stimulative effects on local

spending, the financial costs required in each equalizing grant-in-aid plan are also

expected to be different. In our models, the endogenous central tax rate is supposed

to indicate this effect by the full-financing constraint imposed on each equalizing

policy. The target level is still set to the average of the decentralized provision level,

G.

3.5.1 Equalization with Lump-Sum C-eneral Grant-in-Aid

Under this plan, each local jurisdiction is supposed to pay income taxes to

the central government and receive a lump-sum subsidy (Z) in return. The central

government distributes grants for each jurisdiction to equate the target level of

education expenditure (per pupil) with their final income (= initial income - central

tax + lump-sum grants received). The problem in local jurisdiction i can be

formalized as follows:

Max. U, = U(Xj , Gj )

Sub. to X, + NO.1iGi = li(1-t) + ZJNj

ZI : total lumn-sum zrant to iurisdiction i
• A ~ J

i = 1, 2,....., k
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As in the previous models, the demand function of education expenditure

from this optimization problem is assumed to have the following log-linear form:

G. = A(NcS.lJCI[It(l-tGL) + ZJNJIl

Now, the first step is to determine the central tax rate (tGL) and the amount

of lump-sum grant to each jurisdiction (ZJ. In the previous foundation aid model,

we derived the central tax rate from the central government's full-financing budget

condition. However, in this scheme, the tax rate derived from the central

government's full-financing condition is insufficient to satisfy the equal provision of

G. across jurisdictions. In other words, with the tax rate from central government's

full-financing condition, some wealthy jurisdictions still can have G. higher than the

target level of education (G) after paying the central tax.

By this reasoning, we derive the central tax rate in a manner such that we can

achieve the equalization of G, rather than satisfy the central government's full­

financing condition. After achieving the equalization goal, we then consider the full­

financing condition by returning the central government's budget surplus, if any.

In deciding the central tax rate by this process, we need a specified criterion

since the intervention by central government could be unnecessarily excessive without

this criterion. In an extreme case, for example, it is possible that the central

government collects all local income by central taxation and redistributes it in the

form of both education expenditure and private consumption.

To minimize the administrative effort in each equalizing grant-in-aid policy,

we initially derive the central tax rate from the wealthiest jurisdiction so that the

wealthiest jurisdiction needs no grant to achieve the target level of expenditure
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under the underlying central tax rate. By this mechanism, all jurisdictions except the

wealthiest jurisdiction at least receive some amount of equalizing lump-sum grants­

in-aid.8

If Gwis the education expenditure (per pupil) in the wealthiest jurisdiction

w, the central tax rate (tGL)' can be derived by the following equation:

G" = G = A(NcS-lw)CI[Iw(I-tGL)t

where, G = ~GD.lk

Once tGLis determined as tGL., the amount of the lump-sum grant transferred

to each local jurisdiction (ZJ can be derived from the following equation:

(4-2)

i=I,2, ,k

Next, the private consumption expenditure (XCL) is obtained from the local

budget constraint:

XCL• = 1.(1 - tGL*) + Z.* /Nf - NS-\Gi , (G. = G)

However, this private consumption expenditure is not the equilibrium value

and is subject to change according to the central government's full-financing budget

condition. If there are any budget surpluses (8) under the tax rate tGL., they should

return to each local jurisdiction in proportion to their contribution to central

taxation, i.e., each jurisdiction's income level. The surplus in central government's

budget can be derived as;

8 If the tax rate is determined in the middle income jurisdiction, the central tax rate would be lower.
In this case, only the jurisdictions below middle income will receive some amount of equalizing grants.
However, under this tax rate, since the jurisdictions above middle income still can have additional
education expenditure over the target level, we have to collect additional tax in such jurisdictions. But
that is not an economical way.

9 The superscript GL denotes the lump-sum general grant-in-aid program.

---- ~--- - ~-
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(4-3)

The final value of X including the surplus return is;

xGL
a = 1.(1 - tGL_) + Za*INa - N6-1.G. + (S)IJENili (4-4)

The whole mechanism can be summarized as follows:

< Model 4 • Lump-sum General Grant Policy >

u, = U (XCL., GGLa)

GGLa = G = EGDa/k

xGL
a = la(l-tGL) + ZJNa - NcS-\G + I.S/EN.I. (4-4)

1where, tGL = 1 _(_)[ ]1/1'

I.

k GL k·l
S = E(N.I.)t - E Z.
iii I

i = 1, 2, ..., w, ..., k

(4-1)

(4-2)

(4-3)

Note: The final tax rate (tGL') also should be adjusted by the surplus return.

[tGL' = tGL- S/ENiIal
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This mechanism is graphically depicted in Figure 3.4.

x

• The central government provides a
lump-sum subsidy to each local
jurisdiction so that they can choose
the tar...8et expenditure level (G).
(xGL1'G) is the final combination in
jurisdiction i after receiving surplus
return (IiS/~IIi)'

Figure 3.4 Equalization with Lump-sum General
Grant-in-aid

3.5.2. Equalization with Matching Grant-in-aid

The basic mechanism of this scheme is the same as the previous system

except that the central government now uses matching grants-in-aid instead of lump-

sum grants. The problem in jurisdiction i is:

Max u, = U rx, GJ

Sub. to X, + (1-mJN6
-
1
iGi = l i(1-t)

m = matching rate

Again, the demand equation for education expenditures is assumed to be:
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As in the previous case, we initially derive the central tax rate (tM) 10 from the

wealthiest jurisdiction.

(5-1)

Once tM is determined, the matching rate for each jurisdiction (mJ can be

derived by the following equation:

(5-2)

i = 1, 2, , k

Finally, XM can be derived with the values of tM and ml in each jurisdiction.

(5-3)

By the same analogy as in the lump-sum grant scheme, XM
1 should be

adjusted by s.

where, 0 1 = A[(1-mJN6.1JCI[II(1_~)t

The final value of XM incorporating the surplus return is

XM
I = Ii{l-tM

) - (l-mJN6
•
1
iG + IiS!I:Nili

(5-4)

(5-5)

This mechanism is summarized and graphically displayed as follows.

< ModelS- Matching Grant-in-aid Policy >

U, = U (XM
1, GMt>

GM
i = G = I:GDJk

XM
i = Ii(1-~) - (1-~)N6·\G + IiS!~Nili (5-5)

10 The superscript :M denotes the matching grant-in-aid program.

------ - -- --
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(5-2)

(5-1)
G

A(N6•1
W

)1I

G

AII1(I-tM)]P

fi = 1 - (-1.-1 )[ ~-_]l/JJ

m, = 1 - (Nl -6)[ ]l/1I

(5-4)

i = 1,2,...,w,...,k

Note: The final tax rate would be tM
- S/I:NiII•

x

BUd~et line o.H:er
matching 9ratlt

o~--±:---~--~---~

* The matching rate is determined so
that each jurisdiction can choose the
target level of education expenditure,
G. (XMj,G) is the final combination
of fiscal choice after receiving the
surplus return (lis/mill)' In the
wealthiest jurisdiction, since the
matching rate (Dlw) is zero, the
budget line does not change.

Figure 3.5 Equalization with Matching Grant

3.5.3 Equalization with Central Compensation by Lump-Sum Specific Grants-in-

Aid

Unlike the two previous equalizing grant programs, the central government

in this scheme equalizes the local education expenditure by direct compensation with
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a lump-sum specific grant. Now, the problem in jurisdiction i is:

Max. VI = U(Xa, GJ

Sub. to XI + N6
•
1
IGI = 11{1-t)

i = 1, 2,....., k

Again, the demand for education expenditure is assumed to be:

GI = A{N6.\)CI[II(1_t
l)]P

As in the previous equalizing schemes, we derive the central tax rate (tSL
) from the

wealthiest jurisdiction w.n

(6-1)

Under this tax rate, the target level of education expenditure is attained in

the wealthiest jurisdiction. Based on funds from central taxation, the central

government subsidizes local education expenditure with a lump-sum specific grant

(G -. GI). Since the grant is given for a specified expenditure, the grant is much

smaller than in the lump-sum general grant-in-aid policy. In other words, the amount

of surplus return is excepted to increase. The total surplus (S) is:

The equilibrium value of XSL
i including the surplus return is:

XSL
i = Ii(1-t

SL
) - (NS

•
1JG

i + IiS/~NiIi

This mechanism is graphically depicted in Figure 3.6.

n The superscript SL denotes the lump-sum specific grant policy.

(6-2)

(6-3)
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This mechanism is graphically depicted in Figure 3.6.

x

G=G-w

A------::o...-\--..f' , (X~•G)

o

IwS
1:Nili

<Figure 3.6> Central Compensation with I...ump-sum Specific Grant

• The tax rate is determined at the level where the wealthiest jurisdiction can choos~A. After
receiving the surplus, the final choice in the wealthiest jurisdiction is (XSL",G). Other
jurisdictions will choose \.~Li,Gi)' after paying central taxation. However, the final choice
after surplus return is (X i,G).

< Model 6 - Lump-sum Specific Grant-in-aid >

u, = U (XS
\ GSLJ

GS
\ = G = ~GDJk

XSL
i = Ii(l-tSL

) - (NG-1JGi + IiS/~Nili

1 G
tSL = 1 _(_)[ ]l/P

~ A(NG-l,sz

(6-2)

(6-1)
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(6-3)

i = 1, 2,..., W,n., k

Note: The final tax rate is tSL
- S/:ENiI•.

Summing up, the basic mechanism of these six models can be summarized as

follows. Once the values of exogenous variables (I,N,C1,k), target variables set by the

policy maker (G), and system parameters (a,p,..) are given, endogenous variables (t,

X) are determined simultaneously. By the value of G and X, the indexes of the local

utility function and social welfare functions are determined for each fiscal scheme.

Especially in the three equalizing grant-in-aid schemes, although the central

tax rates (tGL
, tM

, tSL
) appear to be the same in an initial stage, the final tax rates

which are adjusted by the surplus return (S) turn out to be different reflecting

different stimulative effects of each grant-in-aid policy. This framework is

distinguished from the previous models in the following aspects.

First, the central government is included as an endogenous grantor having

its own way of financing (central income tax) for the grants to be transferred. In

this sense, our models can be classified as "general equilibrium models". In the

traditional models for grant-in-aid analysis, additional grants are perceived to be

given costlessly to local residents since they are assumed to be exogenous. In our

models, although local fiscal residuum differs across fiscal policies, grants are

basically given at the direct expense of residents' income.

Second, the central government - the grantor cum tax collector - is also
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subject to full-financing budget condition. The main benefit of this framework is that

the financial cost of each grant-in-aid policy can be easily compared via the

endogenous central tax rate.

Third, the models are constructed regarding a specific service (education)

with intergovernmental grant-in-aid policy instruments. We set a new price variable

(= student-population ratio, NS
0

1
) in our models.

In next chapter, we introduce the current provision system of elementary

education in Korea, with whichwe simulate the sixmodels presented in this chapter.
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CHAPTER IV

THE PROVISION OF EDUCATION IN KOREA

Education in Korea is especiallyimportant not onlyas one of the most critical

factors to determine one's social and economic status but also in its scale of

investment. In this chapter, first, we introduce Korea's current system of financing

and providing education, focusing on public educational expenditures. Next, we

examine the regional distribution of elementary education expenditures, which will

be used as the main data for the simulation of our six fiscal schemes.

4.1 The Financial Structure of Education

By and large, educational expenditure is divided into two categories: public

and private educational expenditure. Public educational expenditures are defined as

the ones expended by public budgeting processes. Hence, the amount of expenditure

is unaffected by private abilities to pay. By contrast, private educational expenditures

are composed of personal spendingfor education-related purposes such as textbooks,

instructional materials and supplies, extra-curricular activities, lodging, and

transportation, etc. These expenditures vary according to the consumer's ability to

pay for them.

In Korea, the total scale of educational expenditure (both public and private)

was estimated at 9,355billion won in 1985,which corresponds to 13.1% of GNP. The

------_._----- --- -_.---
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proportions of public and private expenditure are 49.8% and 50.2%, respectively.'

In this section, we concentrate on the public educational expenditure not

because the private educational expenditure is unimportant, but because no

(aggregate) data for private educational expenditure are formally available.

Table 4.1 shows the share of public educational expenditure in GNP and in

total government expenditure for twenty selected countries.

Table 4.1
Share of Public Expenditure on Education (1985)

(A): Percent of Gross National Product (GNP)
(B): Percent of Total Government Expenditure

Country (A) (B) Country (A) (B'
U. S . 6.2 15. 7 Korea 6 . 5 28.2
Canada 7 . 0 12. 7 Japan 5 . 1 17 . 9
U.K. (84) 5.2 11.3 China (83) 2.7 8.2
France(83) 6.0 18.5 Hong Kong(84) 2.8 18.7
Italy 4.0 9.1 Singapore(82) 4.3 9.6
Y.German 4.6 9.2 Thai1and(84) 3.9 21.1
Swede!.. 7.7 12.6 Philippine (84) 1. 3 7.0
Switzerland 4.8 18.6 India 3.6 9.4
U.S.S.R.(84) 6.8 10.2 Brazil 3.3 17.2
Australia 5,6 12.8 Chile 4.5 15 ! 3
Source: Statistical Yearbook, UNESCO, 1988

Statistical Abstractof U.S., u.s. Department of Commerce, 1988

In Table 4.1, Korea is ranked in the country group which spends a relatively

large portion of GNP on public education, reflecting the traditional emphasis on

education. H private educational expenditures were considered in these figures,

Korea's share of educational expenditure would increase relatively more than those

of many other countries. The figures in Table 4.1 show that developed countries

tend to invest a larger portion of GNP in education than developing countries do.

1 The share of private educational expenditure is not formally available and this figure is based on
estimation by Kong (1985).
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In Korea, the main sources for public educational expenditure consist of three

different budgetary accounts: (1) Central government (the Ministry of Education)

education budget (General account) - (34.7%), (2) Budget of the Provincial Boards

of Education and Local School Districts in each locality (Special account) - (36.9%),

(3) Private school budgets and other funds - (28.4%).2

These three budgetary accounts are closely related to each other since the

central government plays a critical role in deciding the structure and size of the two

other budgets by means of subsidies and other administrative controls. In particular,

the grants from the central government's budget compose the main revenue source

in the local education budget (special account). The net amount of public

educational expenditure from these three sources (excluding overlapping calculations

and. the costs of educational administration) was 4,659 billion in 1985, which

corresponded to 6.5% of GNP.

Total public educational expenditures are composed of expenditures for public

& national schools (61.4%) and for private schools (38.6% in 1985). By school level,

the share of the expenditures for primary schools (K-6) takes the largest portion

(34.5%) and the share of intermediate schools, high schools, and college/university

is 17.9%, 18.4%, and 29.2% respectively.

Table 4.2 shows the distribution of public educational expenditure by public

vs. private school and by school levels in 1985.

2 In Korea, the private school budget is organized by school. However, the actual scale of the budget
is controlled by the central government since private schools are not allowed to set their own tuition,
which is their major source of revenue. At the highschool level (including university), tuition contributes
over two thirds of total revenue.
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Table 4.2
Distribution of Public Educational Expenditure in Korea (1985)

(million won)

School level
Kindergarten

Elementary
school(1-6)
Intermediate
school(7-9)
High school
(10 - 12)
College and
University

Amount (%)
(100,0)
59,978 (1.3)
(100,0)

1,546,717 (33,2)
(100,0)

834,221 (17,9)
(100.0)

856,060 (18.4)
(100.0)

1,362,952 (29.2)
(100.0)

Public&National Private
scbool(%) scbool(%)

15,233 44,745
(25,4) (74.6)

1,524,047 22,670
(98.5) (1.5)
591,645 242,576

(70.9) (39,1)
373,512 482,548

(43.6) (56.4)
357,516 1,005,436

(26.2) (73.8)

Total 4,659,928 (100.0) 2,861,953 1,797,975
aoo ,0) (61.4) (38,6)

Source: Statistical YearbookofEducation (1985), Ministry of Education, Korea

In Table 4.2, elementary and intermediate education (especially, elementary

schooling) is mostly provided by the public school system, while the private schools

dominate at the higher education levels. Since our main concern in this paper is with

elementary education, we concentrate on the two educational budgets which shoulder

the elementary school financing: (1) Central government's education budget

(General account), and (2) Local public education budget (Special account).

The central government education budget (general account) was 2,492 million

won in 1985. This amount corresponds to 19.9% of the central government budget

and 53.5% of the public educational budget (excluding overlapping calculations).

Table 4.3 shows the structure of the national budget in 1985.
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Table 4.3
Functional Classification of Central Government Expenditure in Korea

(General Account, FY 1985)

30,5
19,9
16,3
9,7
8,0
6,9

(million won)
Composition(%)Amount

3,825,800
2,492,308
2,036,750
1,209,621
1,007,594

861,784

Expenditure
National Defense
Education
Economic Development
General Administration
Grants to Local Gov't
Social Development
Repayment of Debt
& Others 1. 098,505 8 , 8
Total 12,532,362 100,0
Source: Economic Statistics Yearbook, (1985) Economic Planning Board, Korea

In Table 4.3, 'Grants to Local Governments' indicates lump-sum general

grants transferred to local jurisdictions. This grant composes the main revenue

source in 'Local Government Budget (general account)', which supports general

activities of local governments except education.3

In each local jurisdiction, public education is supported by a separate budget,

'Local Education Special Account', The Board of Local Education, which is

independent from the local government, is responsible for the provision of education

in each local jurisdiction, Most of the central government education budget is

transferred to each local jurisdiction's Board of Education.

The structure of the local education budget (special account) is shown in

Table 4,4. On the revenue side, we can see that the 'Grants from Central

Government' is the most important revenue source (75%) in local education budget.

On the expenditure side, the expenditure for elementary education takes nearly half

3 The localgeneralaccountis composedof eachjurisdiction's own revenuesources (local tax, users'
charge, etc.) and lump-sum general grant from central government. The proportion ofgrant from central
government was 23.5% of total revenue in 1985, The proportion is higher in smaller local units where
own fiscal capacities arc relatively weak,
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of total education expenditure. This is because, as was shown in Table 4.2, most of

the elementary education in Korea is provided by the public school system. At the

elementary level, the proportion of public school is 98.9% by number of schools and

98.5% by number of students.

Table 4.4
Structure of the Local Education Budget (Special Account), 1985

(million won)
Revenue
Grants from Central Gov't
Tuition & Fees
Local Education Bond
Transferred Income
Miscellaneous Income

Total

Amount
2,083,373

452,571
71,614
54,399

110,395
2.772,353

Composition(%)
75.1
16,3
2.6
2,0
4,0

100,0

Expenditure
Elementary Schoo1(1-6)
Other Schoo1(7-12)
School & facility
Edqcation Administration
Others

Amount Composition(%)
1,290,360 47,5

812,140 29.9
417,385 15.4

81,314 3.0
117.451 4,3

Total 2.718,652 100,0
Source: StatisticalYearbook0/ Education (1985), Ministry of Educaticn, Korea

4.2 Regional Distribution of Elementary Education Expenditure

Now, we look into the regional distribution of elementary education

expenditures and compare them with other major local economic indicators. In

particular, we focus on the relation between per pupil expenditures for elementary

education and two major local indicators, local income and the ratio of pupil in

elementary school to local population; these two data are used as the income and

price variable in the simulation of our six fiscal models.

Table 4.5 exhibits these data.
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Table 4.5
Regional Distribution of Elementary Education Expenditure

and Major Local Indicators (1985)

Population
CA)

SL
PS
TG
IN
KG
KW
CHB
CHN
CB
CN
KB
KN
JJ
Total

9,645,932
3,516,807
2,030,670
1,387,491
4,794,294
1,726,048
1,391,100
3,001,572
2,202,243
3,748,484
3,013,310
3,519,160

489,464
40,466,557

Gross Regional
Product* CB)

21,593,093
6,753,641
3,485,060
3,119,565
9,144,493
2,961,225
2,375,874
4,401,775
3,225,559
5,473,649
5,208,205
7,688,977

823,890
76,253,194

# of ele.
pupilsCC)
1,090,330

419,589
227,318
155,498
521,713
228,238
173,048
383,679
301,214
493,432
373,028
428,224

61. 441
4.856,752

Per ca~ita GRP
Amount?Cindex)

1,884' C100.0)

Ele.pupil- Ele.edu.
pone ratioCC/A) exp.CD)*

SL 0.1130 225,353
PS 0.1193 87,481
TG 0.1119 53,070
IN 0.1121 33,626
KG 0.1088 123,322
KW 0.1322 77,317
CBB 0.1244 57,491
CHN 0.1278 109,996
CB 0.1368 97,142
CN 0.1316 159,451
KB 0.1238 124,519
KN 0.1217 124,620
JJ 0.1255 16,971

Per pu~jl exp.CD/C) # Pupil
Amount CIndex) per class
206.68 (77.8) 56.2
208.49 (78.5) 53.9
233.46 (87.9) 55.1
216.25 (81.4) 56.2
236.38 (89.0) 46.1
338.75 (127.5) 34.9
332.23 (125.0) 38.0
286.69 (107.9) 41.4
322.50 (121.4) 39.4
323.15 (121.6) 38.3
333.81 (125.6) 36.5
291.02 (109.5) 40.0
276.23 C104.0) 41.2
265.68 ClOO.O) 44.7



57

In 1985, the primary administrative units of Korea were composed of one

special jurisdictional city (Seoul), three direct jurisdictional cities (Pusan, Taegu,

Inchon), and nine local provinces (Kyunggi, Kwangwon, etc.), As sub-administrative

units there were 46 cities and 139 sub-provinces named 'Kun'. Among these local

units, our simulation will be performed with the data from 13 primary local

jurisdictions as the local data (especially local income data) are available only for

the 13 primary administrative units.

In Table 4.5, two relationships are evident. First, relatively wealthy (poor)

jurisdictions tend to have low (high) elementary pupil-local population ratios. Among

the five local jurisdictions where local income is above average (S1.., PS, IN, KG,

KN), four jurisdictions (except KN) have elementary pupil ratios below national

average. Second, the distribution of elementary education expenditure (per pupil) is

inversely related to the distribution of local income (per capita). Among the five

local jurisdictions which have below average per pupil education expenditure (SL,

PS, TG, IN, KG - all of them are urbanized areas), four jurisdictions (except TG)

tum out to have above average per capita income.

This relationship shows that high (low) income jurisdictions tend to have low

(high) student-population ratios as well as low (high) per pupil expenditure for

elementary education. This implies that the underlying criterion for the distribution

of educational expenditure is far from the equalization of local educational

expenditure per pupil. In fact, the school operating budget has been distributed by
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the school or class unit instead of per pupil measures,"

Considering the general tendency that urban families (who are also relatively

wealthy) tend to incur more private educational expenditure than those in rural

areas, the current distribution of education expenditure may be more reasonable

from the output point of view. Nevertheless, as already mentioned in chapter 3, we

use public inputs as the proxy of education output in our models since the education

output production procedure is very complicated and the factors affecting this

procedure are not easily quantified.

However, ifwe can set up any standard, considering the potential capabilities

for residents' private educational expenditures, for educational expenditures in each

local jurisdiction, the target level of per pupil education expenditure (which was set

to the national average of decentralized provision level in chapter 3 can be easily

adjusted to this new standard within the framework of our simulation models.

4 In 1984, the basic rate of school operating cost in elementary school was set to 3,800 thousand won
per school and 420 thousand won per class.
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CHAPTER V

SIMULATION RESULTS

In this chapter, we compare the six fiscal models using the Korean regional

income and population data. In this comparative institutional study, we employ

simulation techniques (rather than comparative static analysis) since we can focus

on any parameters which are potentially related to our analytical purpose.

By and large, our simulation results are divided into two parts: the central tax

rate (as a main indicator for relative scale of financial cost required in each policy),

and the social welfare index (as the main criterion for policy priority ranking). These

variables are simulated with respect to various values of the following four

par~eters which are chosen based on the fundamental considerations in local

public service provision: (1) income and price elasticities of the demand for

education (13, a), (2) parameter for the welfare cost of distortionary taxation (A), (3)

share of educational expenditure from total income (b), and (4) inequality-aversion

parameter in the Atkinson welfare function (a).

5.1 The Endogenous Central Tax Rate - Degree of Decentralization

In our alternative fiscal models, since the central government is incorporated

as an endogenous grantor subject to the full-financing constraint, the central tax rate

indicates the scale of the equ!=IH'71T1g grant that is minimally required to attain the

stipuiated level of categorical equity in the provision of elementary education.

---- ~~ --- ~-
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Especially in the four equalizing grant-in-aid schemes, the central tax rate is

determined by the relative stimulative effect of each grant-in-aid policy.

The main question addressed in this section is whether there are any

systematic relations between demand elasticities (price and income) and the central

tax rate. I We also test the traditional proposition concerning the stimulative effects

of matching and lump-sum grants within the framework of our models.

In each fiscal scheme, we derive the central tax rate from the central

government's full-financing condition which is supposed to satisfy the target level of

education in each jurisdiction. In our models in chapter 3, the target level of

education expenditure was assumed to be the national average of local education

expenditures which are chosen in the perfectly decentralized fiscal system, i.e., G =

EGJk, where G, = A(Ntl)ar.l. (Hence, the target level of expenditure is also

changed if the income and price elasticities are differently specified.) Throughout

this chapter, all the simulation results are based on the presumed target level, G.

However, the simulation results are subject to change according to the target

level specified. As the target level of education set by a policy maker varies, the

absolute level of central tax rate as well as local utility indexes (and also the social

welfare indexes) will change. Other things being equal, as G increases, the central

tax rate also increases, but the absolute level of local utility and social welfare

indexes tend to decrease.' However, the structure of both the central tax rate and

I The other three system parameters (b, A, u) are not directlyrelated to the determination of the
central tax rate but to the determination of policy priority rankings ..

2 This is because the higher the target level of education expenditure, the smaller the budget for
private consumption expenditure. As will be explained in the next section, in our Cobb-Douglas local
utility function, U j = BXa8G

j
b

, where a and b represents the share of Xa and Gj from total income, a
and b are specified to be 0.95 and 0.05 based on the real data of elementary education expenditure in
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the policy ranking structure are unaffected by the changes in the target expenditure

level.

Table 5.1 presents endogenous central tax rates for each fiscal policy under

nine alternative combinations of income and price elasticities. In this table, the value

of A in the education demand function is assumed to be 0.05.3

Table 5.1
The Central Tax Rate

8=1
-0.5

0.017
1.099*10-3

0.180
0.005
0.003

-1.3
0.OD2

1. 22*10-4

0.287
2.726*10-4

3.417*10-4

-1
0.001
5.7*10-5

0.255
1.643*10-4

1. 643*10-4

8=0.5
-0.5

3.976*10-4

1.518*10-5

0.204
8.049*10-5

4.66*10-5

a
PC
P
GL
H
SL

8=1 8=1.3
a -1 -1.3 -0.5 -1
PC 0.050 0.095 0.166 0.483
P 3.735*10-3 7.79*10-3 0.014 0.053
GL 0 • 206 O. 222 0 •175 0 • 195
M 0.010 0.017 0.060 0.115
SL 0.010 0.021 0.037 0.115

-1.3
0.916
0.158
0.208
0.186
0.228

pc: Perfect Central System F: Foundation Aid Plan GL: Lump-sum General Grant
M: Matching Grant SL: Central Compensation with Lump-sum Specific Grant
Note: The perfect decentralized fiscal scheme (PD) is not included in this table since the central tax rate
is always zero.

Korea. Under thisgiven share of expenditure for education, social welfare indexes will decrease as the
target level G increases. For more details, refer section 5.2.1

3 The value ofA affects the absolute scale of elementary education expenditure. The larger the value
of A, the larger the value of G and the smaller the value of X. It also affects the central tax rate
proportionately. For example, under A=O.Ol the central tax rate is one fifth of that under A=O.05.

In this calculation, (A=O.05) is selected so that the central tax rates in each fiscal scheme can
be placed within the range of 0 to 1 (See Table 5.1). Later in this chapter (5.4), this value will be
adjusted so that the target educational expenditure can be equal to the current average level of per pupil
education expenditure in Korea, 265,680 won/year.
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In Table 5.1, the central tax rate turns out to be increasing as income and

price elasticities (absolute value) increase, except for the lump-sum general grant­

in-aid policy. Furthermore, the tax rate increases much more rapidly when the

income elasticity increases than when the price elasticity increases. This means that

when a local public service is more income and price elastic, horizontal inequalities

of the service tend to widen and additional efforts are required to reduce the

inequalities. It is also shown that the lump-sum general grant scheme (GL) requires

the highest central tax rate in most cases, while the foundation plan requires the

lowest intervention rate.

These results come from the simulation based on the real income and price

data of Korea, which are characterized by the inverse relation between them, Le.,

wealthy (poor) jurisdictions generally have a lower (higher) price variable (=

student-population ratio). Therefore, the price effect differs across local jurisdictions.

To measure the changes in the central tax rates more accurately, we standardize the

local price effects by using a constant price variable. Table 5.2 shows the revised

central tax rates calculated under a constant price variable, No-l = 0.2.

The primary distinction of Table 5.2 from Table 5.1 is that the central tax

rate under the lump-sumgeneral grant-in-aid policyis always constant regardless of

the income and price elasticities. Other relationships are almost the same as in

Table 5.1.
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Table 5.2

The Revised Central Tax Rate
(Constant student-population ratio, N6

•
1 = 0.2)

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PC 5.135*10-4 0.00l. 0.002 0.022
F 1. 305*10-5 2.919*10-5 4.732*10-4 1.119*10-3

GL 0.155 0.155 0.155 0.155
H 8.134*10-5 9.82*10-5 1.247*10-4 0.006
SL 4.392*10-5 9.82*10-5 1.592*10-4 0.003

8=1 8=1.3
a -1 -1. 3 -0.5 -1 -1.3
PC 0.05 0.081 0.216 0.483 0.782
F 2.529*10-3 4.148*10-3 0.015 0.039 0.087
GL 0.155 0.155 0.155 0.155 0.155
H 0.008 0.01 0.068 0.092 0.120
SL 0.008 0.013 0.041 0.092 0.149

Figure 5.1 and Figure 5.2 present the effects of price and income elasticities

on the relative scale of the central tax rate in each policy scheme," In Figure 5.1,

the locus of the central tax rate is displayed with respect to consecutive changes of

price elasticities under three representative income elasticities ({3 = 0.5, 1, 1.3).5

Figure 5.2 displays the locus of the central tax rate with respect to consecutive

values of income elasticities under three different price elasticities (a = -0.5, -1, -

1.3).

4 The calculated values of the central tax rates are listed in Appendix A.

5 We choose 13 rather than 15 to avoid negative values in private consumption expenditure under
{J=15.
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The results from these tables and figures are generally consistent with

standard economic theories and can be summarized as follows.

Result 1: The income and price elasticities of a local public service are

importantin determining the degree ofequalizing intervention. The central

tax rate increases as the income and price elasticities (absolute value)

increase. T~ lump-sum general grant-in-aid scheme is the exception.

More specifically, as a local public service is more income and

priceelastic, the horizontal inequalities ofthe service tendto increase and

additional efforts are needed to reduce these inequalities.

Result 2: The incomeelasticity is more important thanthepriceelasticity

in determining the central tax rate for each fiscal scheme. The relative

importance of the income elasticity becomesmore apparent as the price

variables are given smaller values and the income variables are given

larger numbers.

Result 3: The lump-sum general grant scheme generally requires a high

central tax rate since a large portion of the grant tends to leak out to

private consumption. With a constantprice variable, the central tax rate

is always constant regardless of the magnitude of income and price

elasticities.
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Result 4: Among the alternative fiscal schemes, the foundation aidplan

requires the lowest intervention rate. This is because the foundation aid

is a lump-sum specific grant program targeting onlya partialequalization

of the service over the minimum provision leveL

Result 5: The central tax rate in the matchinggrant policy (tM) appears

always to be less than that in the lump-sum general grant-in-aid policy

(t(JL), Le; matching grants are always more stimulative than lump-sum

grants. This is because the grantee's spending is stimulatedmore by the

matching grant than by the lump-s. general grant; this is the core

proposition oftraditional grant-in-aid theory. The stimulative effect tends

to increase as the income and price elasticities become less elastic.

Result 6: The central tax rate in the matchinggrant scheme (M) appears

to be greater thanI equal toI lower than that in the lump-sum specific

grant program (8L) as the price elasticity is less thanI equal to/ greater

than 1. In other words, if a public service is price inelasticI unit elastic/

elastic, the localspending stimulated by a matching grant is lowerI equal

to/greater than the amount of lump-sum direct transfers to the service.6

6 This result is consistent with the empirical result of (A) which is summarized in section 2.2.1.
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Result 6 is illustrated in the following figure.

X

B

A

----~-Id.I>1

.Figure 5.3 Stimulative Effects of Matching
Grants

• The location of the price consumption
curve (PCC) is determined by the price
elasticity of the service. If the demand is
price inelastic (elastic), PCC will pass
through the points above (below) D.

in Figure 5.3, The original equilibrium is at (X; Go). Under a unit price

elasticity, the matching grant stimulates CD of local public service spending which

is equal to the amount of the lump-sum direct transfer. Under an inelastic price

elasticity, since part of the matching grant leaks out to private consumption, the

stimulated local spending is less than CD.

5.2 Policy Priority Rankings among Alternative Fiscal Schemes

In this section, we examine the policy priority rankings under nine

combinations of income and price elasticities and three alternative evaluating

criteria.'.

First, we look for general characteristics and trends of the relative priority

7Therefole, twenty seven cases are compared in total.
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rankings in various cases of income and price elasticities. Next, we consider two

additional factors that may affect the policypriority rankings: the share of education

expenditure and the welfare costs from the central taxation.

5.2.1 General Trends

As in the previous simulation for the central tax rate, the social welfare

indexes are simulated with respect to three representative values of income and price

elasticities (absolute value) each, 0.5, 1, and 1.3. The alternative equity

considerations are represented by the three alternative values of the inequality-

aversion parameter in the Atkinson social welfare function: a= 1 (Utilitarian), a=­

1 (Nash), and a=-9 (Rawlsian criterionj,"

W = ('Zuti,a, aS1

i = 1, 2, , 13

To derive social welfare indexes from the above relation, a particular utility

function (UJ needs to be specified as a common translator from the commodity to

the utility dimension. For this, we assume a Cobb-Douglas utility function, U, =

BxtGi
b

, where a andb represents the weights of X, and G, in total income. In our

model b represents the share of elementary education expenditure (per capita) from

local residential income in each jurisdiction, b= Nt1GJIi .

8 The Atkinson welfare function converges to the Rawlsian criterion when U=..a:J. However, u=-9
is enough to represent the policy rankings under Rawlsian criterion. Originally, I simulated the models
with respect to five cases of social welfare functions (u = 1, -1, -3, -5, -9). However, there were few
changes of policy rankings within the ranges of a from -3 to -9.
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In Korea, the total expenditure for Korean elementary education was

estimated to be about 4.4 percent of GNP (1985) as can be seen in Table 5.3.

Table 5.3

Total Expenditure on Elementary Education

Public Exp.(A) Private Exp.(B) GNP(C) (A/C)
1.547 1.578 71.262 2.17

(Million won. %)
(B/C) (A+B)/C

2.21 4.38
Source: Statistical YearbookofEducation (1986)~ Ministry of Education

Educational Investmentand Rate ofReturn to Education, Kong, E.B. et al.,
Korea Institute of Education, 1985

Following these data, we simulate the six models using the linearly

homogeneous Cobb-Douglas utility function with a=0.95 and b=0.05, i.e., VI =

Bx..fJ.9sGI°.os. Table 5.4 presents the policy priority rankings of six policies for twenty

seven cases; this is the benchmark case of policy priority rankings. The detailed

values of social welfare indexes are presented in Appendix B.

According to Table 5.4, the four equalizing grant-in-aid schemes are generally

preferred to the two extreme fiscal schemes, the perfectly decentralized provision

system (PO) and the perfectly centralized scheme (PC). Among the four grant-in­

aid policies, the lump-sum general grant-in-aid scheme (GL) has the highest ranking

and the rankings of the other three policies change according to changes in income

and price elasticities.
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Table 5.4

Policy Rankings under Alternative Welfare Criteria
(B=O.Ol a=O.95 b=O.05, VI = BX"Gl

b
)

1. Under Utilitarian Criterion «(1= 1)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 3 3 3 5 5 4 4 4 5
PC 5 6 6 6 6 5 5 5 6
F 2 2 2 2 4 6 6 6 4
GL 1 1 1 1 1 1 1 1 2
H 4 4 5 3 2 3 2 2 3
SL 6 4 4 4 2 2 3 2 1
PD: Perfectly Decentralized Fiscal System

2. Under Nash Criterion «(1=-1)

8=0.5 8=1 8-1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 6 6 6 6 5 5 4 6
PC 3 3 3 4 4 4 4 5 5
F 2 2 2 3 4 6 6 6 4
GL 1 1 1 1 1 1 1 1 2
H 3 3 3 2 2 3 2 2 3
SL 3 3 3 4 2 2 3 2 1

3. Under Rawlsian Criterion «(1=-9)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 6 6 6 6 6 5 4 6
PC 3 3 3 4 4 4 4 6 5
F 2 2 2 5 5 5 6 5 4
GL 1 1 1 1 1 1 1 1 1
H 3 3 5 2 2 3 2 2 3
SL 5 3 4 3 2 2 3 2 2
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The main characteristics from the policy ranking tables can be summarized

as follows.

Result 7: Under the efficiency-oriented welfare criterion «(1=1,

Utilitarian), the perfectly decentralized system (PD) is always preferred to

the perfectly centralized provision system (PC). This relation is reversed

under the equity-oriented criterion «(1=-9, Rawlsian).

Result 8: The matching grant scheme (M) is always morel equallyI less

preferredto the lump-sum specificgrant scheme (SL) if theprice elasticity

(absolute value) is less than/ equal to/ greater than ]"

Result 9: Neither the perfectly decentralized (PD) nor the perfectly

centralized provision policy (PC) is highly preferred. The four equalizing

grant-in-aid schemes are more desirable for the provision of elementary

education in Korea.

Result 10: The lump-sum general grant-in-aid scheme (GL) has the

highest social welfare index in most cases. The foundation aid plan (F),

which requires the least intervention rate, is generally preferred in the

'} This is because, by Result 6, part of the matching grants leak out to private consumption
expenditures (X) under inelastic price elasticities. However, the expenditure for private consumption
takes a far higher weight (a=O.95) than the education expenditure (G) in the local utility function.
Therefore, the local utility index under the matching grant scheme tends to be higher than that under
the lump-sum specific transfer program, and the ranking is reversed if the price elasticity is elastic.
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ranges of lower incomeelasticities, ie; in the ranges with a lowercentral

tax rate. By contrast, the matching (M) and the lump-sum specific grant

scheme (SL) are morepreferred as income and price elasticities increase.

5.2.2 Further Considerations in the Determination of Policy Priority Rankings

In this section, we examine the policy priority rankings considering two

additional factors: share of education expenditure and welfare cost of distortionary

taxation.

5.2.2.1 Policy Rankings under Alternative Shares of Elementary Education

Expenditure

In this section we check whether there are any substantial changes in policy

rankings as the share of educational expenditure in total income changes. To

determine this, two alternative cases are examined: (1) a=0.99 and b=O.Ol for the

case of the lower b; (2) a=0.90 and b=0.10 for the larger b case. Details of the

social welfare indexes are given in Appendix C.

Table 5.5 shows the new policy rankings when b is 0.01 (a=0.99). In Table

5.5, although there are some changes in the policy rankings as b declines, most

rankings are unaffected and the four major results (Result 7 - 10) still hold.

Table 5.6 shows the policy rankings when b is assumed to be 0.1 (a=0.9). The

generai trends in policy rankings are almost the same as when b=0.05 and the four

main results are also unaffected.
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Table 5.5

Policy Rankings under Altemative Welfare Criteria
(B=O.Ol a=0.99 b=O.Ol, UI = BXtGlb)

(1) Under Utilitarian Criterion (a= 1)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 3 3 3 5 4 (5) ·4 4 4 5
PC 5 6 6 4 (6) 5(6) 5 5 5 6
F 2 2 2 6(2) 6(4) 6 6 6 4
GL 1 1 1 1 1 1 l. 1 1(2)
M 4 4 5 2(3) 2 3 2 2 3
SL 5 (6) 4 4 3(4) 2 2 3 2 2 (1)
• Numbers in the parenthesis are policy rankings when b=O.OS

(2) Under Nash Criterion (a=-I)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 3 (6) 6 6 5 (6) 4(6) 4(5) 4 (5) 4 6
PC 3 2(3) 2(3) 4 4 5(4) 5(4) 5 5
F 2 2 2 5(3) 6(4) 6 6 6 4
GL 1 1 1 1 l. 1 1 1 1(2)
M 3 2 (3) 2 (3) 2 2 3 2 2 3
SL 3 2 (3) 2 (3) 3(4) 2 2 3 2 2 (1)

(3) Under Rawlsian Criterion (a=-9)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 6 6 6 5 (6) 4(6) 4 (5) 4 6
PC 2(3) 2(3) 2 (3) 4 4 4 5(4) 5(6) 5
F 2 3(2) 4(2) 5 6(5) 5 6 6(5) 4
GL 1 1 1 1 1 1 l. 1 1
M 2 (3) 3 4 (5) 2 2 3 2 2 3
SL 5 3 3(4) 3 2 2 3 2 2
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The result from Table 5.5 and 5.6 is summarized as follows.

Result 11: Alternative shares of educational expenditure do not produce

any substantial impact on the structure ofpolicy priority rankings among

the six fiscal schemes.

5.2.2.2 Policy Rankings under Alternative Parameters for Tax Distortion

All taxes affect economic behavior. No matter what the taxes are, an increase

in taxes always makes people worse off through reduced consumption of

commodities, less leisure, and more working, so on. To minimize the welfare losses

from taxation, individuals adjust their behavior and these adjustments result in

distortions. The social cost from distortionary taxation is called 'welfare cost' or

'excess burden'.

In economies of local public sector, taxation tends to produce distortionary

effects for two reasons. First, since the central tax is designed to be imposed

proportionately upon individual income, individuals may have less incentive to work

and will substitute leisure for consumption goods; this is the substitution effect of

income taxation. Second, as already mentioned in section 2.2, additional costs stem

from the mobility of individuals. More specifically, differences in the fiscal residuum

(i.e., grants received - taxes paid) among local jurisdictions may cause migration of

residents from jurisdictions with low (or even negative) fiscal residuum to

jurisdictions with high fiscal residuum. This migration, however, is unproductive from

the social point of view.
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In our models, the migration cost is not explicitly included since we assumed

no Tieboutian migration among local jurisdictions. Therefore, the main concern of

this paper lies in how to incorporate these welfare costs into our frameworks rather

than in their actual size and measurement of these welfare costs, which is beyond

the scope of this paper.

We incorporate the welfare cost of central taxation in the value of private

consumption expenditures (X) because educational expenditure (G) is the main

target to be equalized by each fiscal policy. In the fiscal models in chapter 3, the

private consumption (X) is derived as follows:

X = net income (after central taxation) - education expenditure (per capita)

+ surplus returz from the central government's full-financing constraint

To consider additional welfare costs from central taxation, we use a tax

distortion parameter, ~, expressed as t(1 + ~).IO With this device, we can represent

the welfare costs as a certain proportion of the central taxation imposed. With this

revised central tax rate, t(1 + x), new formulae; for private consumption expenditure

are expressed as follows:

PD . XD - I NO.IGD
. i - i- i i

PC: XCi = Ii{1 - tC(1+~)}

F: XF
i = Ii{1-tF(1+~)} - GiNtl

GL : XCL
i = li{1-tGL(1 +~)} + Zi/Ni - NO.liG + liS/~Nili

M : XM
i = Ii{1-t

M(1+~)} - (l-mt>N°'\G + liS/I:Nili

SL : XSL
i = Ii{l_tSL(l +~)} - (No•1JGi + liS/~Nili

10 This type of consideration for the welfare costs from distortionary taxation is also found in Laffont
and Tirole 0.987).
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In the formulas above, it is generally expected that the higher the tax

distortion parameter (x), the lower the value of private consumption expenditure

(X) and the lower the level of local utility indexes (VI). With the inclusion of x in

our model, relative policypriority rankings are also expected to change. In general,

fiscal schemes with a relatively low (high) tax rate will be more (less) preferred than

before.

Using these new formulas for private consumption (X), we simulate the six

fiscal schemes with respect to five alternative values of tax distortion parameters

which range from 0.1 to 0.5 with intervals of 0.1. The following tables (5.7 - 5.9)

display the policy rankings under three representative values of the tax distortion

parameters: x = 0.2, 0.3, and 0.5.

The tables show that consideration of the welfare costs of central taxation

brings forth systematicchanges in the policy rankings as .\ increases. At lower values

of x, the general structure of the policy ranking is maintained except fora few minor

changes in the relative rankings of the PO and the PC plans. The four equalizing

grant-in-aid schemes generally take high rankings, while the PD and the PC plans

still retain low rankings.

However, as .\ increases beyond 0.3, the policypriorities are totally changed.

The most preferred fiscal scheme (GL) in the original rankings falls to the lowest

ranking and the fiscal schemes with a relatively low central tax rate (especially, the

foundation aid scheme) improve their rankings. Other relations continue to hold

regardless of the size of x: the PD is always preferred to the PC under Utilitarian

criterion, while the PC is always preferred to the PD under Rawlsian criterion
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Policy Ranklngs under Alternative Parameters of Tax Distortion
(.\ = 0.2, VI = O.OlX.03SG1°.os)
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(1) Under Utilitarian Criterion (a=1)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 3 3 3 3 (5) 2 (5) 4 4 4 5
PC 6(5) 6 6 6 6 6(5) 6(5) 6(5) 6
F 2 2 2 2 5(4) 5(6) 5 (6) 5(6) 5(4)
GL l. l. 1 a 1 1 a 3 (1) 4(2)
H 4 4 4(5) 4(3) 3(2) 3 2 1(2) 2 (3)
SL 5(6) 4 4 5(4) 3(2) 2 3 1(2) 1
• Numbers in the parenthesis are policy rankings when .\ =0

(2) Under Nash Criterion (a=.1)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 6 6 5 (6) 5(6) 4(5) 4 (5) 4 5 (6)
PC 3 3 5(3) 6(4) 6(4) 6(4) 6(4) 6(5) 6 (5)
F 2 2 2 2(3) 4 5(6) 5(6) 5(6) 4
GL l. l. l. l. 1 1 1 1 3 (2)
M 3 3 3 3(2) 2 3 2 2 2 (3)
SL 3 3 3 4 2 2 3 2 1

(3) Under Rawlsian Criterion (a=-9)

8-0.5 8=1 8-1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 6 5(6) 6 6 5(6) 4 (5) 4 5 (6)
PC 3 5(3) 4(3) 5(4) 5(4) 6(4) 6(4) 6 6 (5)
F 2 2 1(2) 4(5) 4(5) 4(5) 5 (6) 5 4
GL l. 1 6(1) l. 1 1 l. 1 3 (1)
H 3 3 2(5) 2 2 3 2 2 2(3)
SL 3 (5) :3 2(4) 3 2 2 3 2 1(2)
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Policy Rankings under Alternative Parameters of Tax Distortion
(.\ = 03, Vi = O.01Xt03SG1o.os)
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(1) Under Utilitarian Criterion (a= 1)

8~0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 2(3) 2(3) 2 (3) 2(5) 2 (5) 1(4) 1(4) 1(4) 1(5)
PC 5 5(6) 5 (6) 5(6) 5 (6) 6(5) 6(5) 6 (5) 6
P 1(2) 1(2) 1(2) 1(2) 1(4) 4(6) 4 (6) 5 (6) 4
GL 6 (1) 6(1) 6 (1) 6 (1) 6 (1) 5 (1) 5 (1) 4 (1) 5(2)
H 3 (4) 3(4) 3 (5) 4(3) 3(2) 3 3(2) 2 2 (3)
SL 3 (6) 3(4) 3 (4) 3(4) 3 (2) 2 2 (3) 2 3 (1)

(2) Under Nash Criterion (a=-I)

- 8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 5 (6) 5(6) 5 (6) 5 (6) 5 (6) 2(5) 3(5) 1(4) 2 (6)
PC 2 (3) 2(3) 2 (3) 6(4) 6(4) 6(4) 6(4) 6 (5) 6(5)
P 1(2) 1(2) 1 (2) 2 (3) 3(4) 4(6) 5(6) 5 (6) 5(4)
GL 6 (1) 6(1) 6 (1) 1 3 (1) 4 (1) 2 (1) 4 (1) 4(2)
H 2 (3) 2(3) 2 (3) 3(2) 1(2) 2(3) 1(2) 2 1(3)
SL 2 (3) 2 (3) 2 (3) 4 1(2) 1(2) 3 2 3 (1)

(3) Under Rawlsian Criterion (a=.9)

8=0.5 8=1 8=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PD 6 5(6) 5 (6) 6 5 (6) 5(6) 4(5) 2 (4) 4 (6)
PC 5 (3) 4(3) 4 (3) 5(4) 6(4) 6(4) 6(4) 6 6(5)
P 2 1(2) 1(2) 4(5) 4 (5) 4(5) 5 (6) 5 5(4)
GL 1 6(1) 6 (1) 1 1 1 1 1 2 (1)
H 3 2(3) 3 (5) 2 2 3 2 3 (2) 1(3)
SL 3 (5) 2(3) 2 (4) 3 2 2 3 3(2) 3(2)

------- - ---
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Policy Rankings under Alternative Parameters for Tax Distortion
(A = 0.5, UI = 0.01XI0.95Glo.OS)
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(I) Under Utilitarian Criterion (a = 1)

13=0.5 13=1 13=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PO 2(3) 2(3) 2 (3) 1 (5) 1(5) 1(4) 1(4) 1 (4) 1(5)
PC 5 5(6) 5(6) 5 (6) 5(6j 5 6(5) 6(5) 6
F 1(2) 1(2) 1(2) 2 2(4) 4(6) 3 (6) 4 (6) 3(4)
GL 6 (1) 6 (1) 6(1) 6 (1) 6 (1) 6 (1) 5 (1) 5 (1) 5(2)
H 3(4) 3(4) 4 (5) 4 (3) 4(2) 2 (3) 4(2) 2 2(3)
SL 3 (6) 3(4) 3(4) 3 (4) 3(2) 3(2) 2 (3) 2 4 (1)

(2) Under Nash Criterion (a=.I)

13=0.5 13=1 13=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1. 3
PO 5(6) 4 (6) 4 (6) 4 (6) 1(6) 1(5) 1(5) 1(4) 1 (6)
PC 2 (3) 4 (3) 4 (3) 5(4) 5(4) 5(4) 6(4) 6 (5) 6 (5)
F 1(2) 1(2) 1(2) 1(3) 1(4) 4(6) 4 (6) 4 (6) 4
GL 6(1) 6(1) 6 (1) 6 (1) 6 (1) 6 (1) 5 (1) 5 (1) 2
H 2 (3) 2 (3) 2 (3) 2 1(2) 3 2 2 5(3)
SL 2 (3) 2 (3) 2 (3) 2 (4) 1(2) 2 2 (3) 2 3 (1)

(3) Under Rawlsian Criterion (et=-9)

- 13=0.5 8=1 13=1.3
a -0.5 -1 -1.3 -0.5 -1 -1.3 -0.5 -1 -1.3
PO 5 (6) 5 (6) 5 (6) 6 4 (6) 4 (6) 3 (5) 1(4) 2 (6)
PC 4(3) 4(3) 4 (3) 5 (4) 6(4) 6(4) 6(4) 6 6 (5)
F 1(2) 1(2) 1(2) 4 (5) 3 (5) 3(5) 5(6) 4 (5) 4
GL 6 (1) 6(1) 6 (1) 2 (1) 5 (1) 5 (1) 1 5 (1) 5 (1)
M 2(3) 2(3) 2 (5) 3 (2) 1(2) 2(3) 2 2 1(3)
SL 2(5) 2 (3) 2(4) 1 (3) 1(2) 1(2) 4 (3) 2 3 (2)
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However, Result 8 (relative preference between the policy M and SL) no

longer holds. In our benchmark case (Table 5.4), when price elasticitiesare inelastic,

the matching grant-in-aid scheme (M) is always more preferred to the lump-sum

specific grant-in-aid scheme (SL) with a relatively low central tax rate. However,

once the additional welfare costs are considered, this relation is disturbed by welfare

costs of policy which are expressed as additional deductions from the value of

private consumption expenditure (X).

In Table 5.9 (where), =0.5), relative rankings between the M and the SL are

reversed against the original ranking. The main changes prompted by the tax

distortion parameter can be summarized as follows.

Result 12: The incorporation ofwelfare costs from central taxation results

in substantial changes in the policy priority rankings among fiscal

schemes.

Fiscal schemes that have a low tax rate (especially, the foundation

aid plan) are more preferred than before, while fiscal schemes with a

relatively high tax rate (e.g. the lump-sum general grant-in-aid scheme)

are less preferred. This phenomenon is more apparent as income and

price elasticities increase.

However, since the final policyrankings depend greatly on the size of the tax

distortion parameter (x), the importance of x depends on the actual degree of

distortion measured in a particular economy.

---- -~---- -
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5.3 The Demand for Local Public Education

According to the simulation results above, there were no major changes in

policy rankings by alternative values of share of educational expenditure (b) and

inequality-aversion parameter (0). Major changes result from the changes in income

and price elasticities and the taxdistortion parameters (especially over high values).

However, since the welfare costs of distortionary taxation are not easily

measurable, our primary concern is on the income and price elasticity of demand.

In particular, income elasticity turns out to be the most critical parameter for the

determination of the central tax rate and policy priority rankings in our simulation.

In this section, we estimate the income elasticity of Korean education demand,

following a brief review of existing empirical estimation studies.

5.3.1 Empirical Studies on the Estimation of Income and Price Elasticity

In the empirical studies of traditional local public finance, the main concern

was on cross-sectional variations of per capita public spending and various socio­

economic and demographic factors determining them. The models in early studies

are no more than an ad hoc collection of variables that seem to work; there is no

theoretical basis for fiscal choice and no hypothesis to be tested.

One of the most plausible dangers in such studies is that key variables may

be omitted. If the included variables are correlated with omitted variables, the

estimated coefficients may be biased. This problem can be avoided by formally

modelling the budgetary process, generating hypotheses about model specification
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and variable effects, and then testing the effects econometrically.

The median voter model emerged as a methodological framework for the

analysis of local fiscal behavior. As already reviewed in chapter 2, this model views

the process of local fiscal choice as an 'as if preference maximization subject to a

budget constraint. The typical median voter model for local fiscal choice was already

introduced in chapter 2.

In the empirical studies using the median voter model, the main parameters

to be estimated are the demand elasticities for a service with respect to the median

voter's income and his tax-price. The tax-price term was introduced by the median

voter model; it is supposed to represent the median voter's share of total costs in

providing a particular local public service. The most common form of price variable

in previous estimations was the median voter's share of the local property tax base.

Several different forms of the price variable are summarized in Table 5.10 along

with results of the estimation.

Bradford and Oates (1974), using the Cobb-Douglas demand equation,

estimate income and price elasticities for local education expenditure (per pupil)

with the data of 53 school districts in New Jersey. The income and price elasticities

are estimated to be 0.65 and -0.36 respectively. In their equation the pupil­

population ratio (NslN) is specified as the price variable.

Feldstein (1975) estimates the demand elasticity of local public education

with data from 105 towns in Massachusetts. In his estimation, the price of local

public education expenditure was chosen as the local share of school financing, 1­

m, where m is the matching rate. His results show a relatively high price elasticity

(-0.940 to -1.599) and low of income elasticity (0.152 to 0.639).
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In Peterson (1975), income and price elasticities of education are estimated

with data from five different areas: California (138 school districts), Michigan (187

school districts), New Jersey (270 school districts), New York (196 school districts),

and Kansas City SMSA (38 school districts). He uses the ratio of the median voter's

property tax base (H) to per pupil property value (V) as the tax-price term in each

school district. In his five equations, the price elasticities are estimated to be rather

low (-0.36 to -0.70) while income elasticities are fairly high (0.84 to 1.35).

Ladd (1975), using school expenditure data from 78 school districts in the

Boston SMSA, estimates demand elasticities. In her equation, price elasticities are

estimated with two different price variables: the residential fraction of the assessed

local property tax base (PI) and. the local tax share after a matching grant-in-aid

(P2 = 1-m). The results are rather inelastic both in price and income elasticities: a 1=­

0.3091, Q 2 = ··0.4853, and /3 =0.4590.

Perkins (1977) estimates a demand equation of school expenditure for 38

school districts in Massachusetts. Unlike previous estimations, total school

expenditure was regressed on median family income and a price variable specified

as the per capita burden of total school expenditures. The result of this estimation

shows that income and price elasticities are elastic: a=-1.29 to -1.86, /3=1.02-1.07.

In Lovell (1978), the school expenditure equation is estimated with data from

136 school districts in Connecticut. He uses the ratio of housing value to total

property value as the representative resident's price for local school expenditure.

The elasticity of school expenditure estimated with respect to median family income

is 0.247 to 0.386, while the price elasticity is -0.143 to -0.169.

------- --
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Table 5.10 summarizes the empirical results for the income and price

elasticities of the demand for local public education.

Table 5.10

Estimation of Income and Price Elasticity of Education

(- a)
0.36
0.94-1.60
0.36-0.70
0.309
0.459

1.29-1.86
0.143-0.169

8
0.65

0.15-0.64
0.84-1.35

0.459

Perkins (1977) 1.02-1.07
I=?,vell (1978) 0.247-0.386

N.: Number of pupil, N: Local population
2 m: Matching rate
3 H: Median voter's housing value V: Per pupil property value in the locality
4 b: Median voter's tax base B: Aggregate tax base per resident
5 C: Total costs for school expenditure

In the empirical results above, both income and price elasticities are

estimated in widely different ranges according to the data used. However, the

estimated income and price elasticities are generally less than one; this phenomenon

is almost the same in the estimation results for other local public services." What

is encouraging for this demand framework is that most of the estimation results are

within the range of estimates obtained with individual household data of the same

region.P

11 For the empirical results of demand elasticities for various public services, see Inman (1979)
pp.286-288.

12 In education, refer to the results obtained in the micro-voting studies of Peterson (1975) and
Rubinfeld (1977). For examples of other services, see Inman (1979) p.289.
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5.3.2 Income Elasticity of Education in Korea

In this section, we estimate the income elasticity of education in Korea. As

already shown in chapter 4, since the financing and spending for education (both

public and private) are actually controlled by Korea's central government, the local

data for cross-sectional estimation of local public education are not available.

Instead, we use family income and expenditure data surveyed by the National

Bureau of Statistics in Korea (1987).

It should be mentioned again that this estimation is different from those

studies reviewed in the previous section both in the data used and the parameter to

be estimated. The data used in our estimation are individual family income and

expenditure data which cover 3,700 households residing in 50 cities."

The parameter, income elasticity of education, is not exactly consistent with

13 The data are monthly survey report and the number of observations totals 52,462. From thisdata,
we first drop the observations which have zero education expenditure regarding those households as
none pupil households. Next, we select 30% of them by random sampling, leaving 5,353 in the fmal
sample. Table 5.11 shows the means of major variables in the fmal sample.

Table 5.11
Means or the Major Variables in Family Income and Expenditure Suney Data (1987)
Earners per household = 1.33
Variables Male (N=4465.) Female (N=888) Total (N=5.353)
1) INC (won) 620,417 393,337 582,747
2) ED (won) 54,765 54,643 54,745
3) NUM 4.67 3.73 4.51
4) AGE 40.87 37.42 40.30
5) EY 11.44 8.79 11.00
6) 2){l) 8.83% 13.89% 9.39%
Male (Female): Male (Female) headed household INC: Average monthly income
ED: Expenditure for education NUM: Number of family member AGE: Age of household head
EY: Household head's year of education

One of the distinct features of this table is that iU~C household heads tend to have more
education and higher income level, but spend a lower portion of income on education expenditures. This
phenomenon will appear again in the regression results of the next section.
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the one needed for our simulation study, i.e., the income elasticity of local demand

for elementary education. Moreover, since our estimation is different from those

based on the median voter model, no price variable is specified in our estimation

equation. Nevertheless, our estimation is expected to reveal some useful information

on the education demand in Korea, since no other studies ever provided the

information.

Following standard demand estimation as reviewed in section 2.1, we use a

log-log demand equation assuming constant income elasticity of education

expenditure (ED).14

Log(ED) = a + ,8Log(INC) + S + u,

S: Vector of control variables

Followings are the results of OLS regression of ED with respect to income

and other chosen control variables:

Log(ED) = 1.0400 + 0.5285 Log(INC) + 0.3033(SEX) + 0.0437 (EY)
(2.355) (14.240) (6.459) (8.251)

+ 0.0426 (NUM) + 0.0189 (AGE)
(2.952) (9.965)

R% = 0.1146

SEX = 0, for male headed household
= 1, for female headed household

From the equation, the income elasticity of education expenditure is

estimated to be 0.5285. This figure is rather inelastic compared with other

14 Since tuition is not a normal expenditure item expended monthly, we exclude tuition from the
category of ED. ED is mainly composed of private educational expenditures such as expenditures for
extra-curricular activities, instructional materials, stationery, etc.

- ._._----- - --
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expenditure items. In Table 5.12, we compare income elasticities of each expenditure

item and their shares from total consumption expenditure.

Table 5.12 shows that the education expenditure is one of the most inelastic

items; only Utility and Food are more inelastic. Considering the general trends that

essential goods are usually income inelastic, we can conclude that education in

Korea is regarded as one of the most 'essential goods'.

Using these data, we also estimate the 'Engel curve' of education expenditure.

The details are presented in Appendix E.

Table 5.12

Income Elasticity and Share of Each Expenditure Item (1987)

0.7368

0.4598
0.5405
0.3580
0.7914
0.8643
0.5998
0.5285
0.7410

Income Elasticityz>
34.7
4.5
6.4
5.3
7.8
7.1
8.1
3.5

Share (%) 15Expenditure
Food
Housing
utility & Energy
Furniture & utensils
Clothing
Medical Care
Education3

)

Recreation
Transportation &
Communication 6.6
Other 16.1
Total Consumption 100.0
1) Shares are calculated from the whole data.
2) Income elasticities are estimated by log-log demand equation with 5,160sample. The control variables
are a little different equation by equation. For instance, a dummy variable (OWN) that represents the
status of housing ownership was introduced in the Housing and Utility demand equations. In most
eguations, NUM and SEX are commonly controlled.
3) The share of education expenditure is different from that in Table 5.11.This is because actual revenue
of the month surveyed was used in this table instead of average monthly income.

- ------- ---
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5.4 The Optimal Policy for the Provision of Elementary Education in Korea

In the previous section, the income elasticity of education in Korea is

estimated fairly inelastic as 0.5285. This figure comes from the estimation with whole

educational expenditure data, but the main concern of our paper is on elementary

education.

In general, since lower levels of educations are regarded as a more essential

commodity, the income elasticity tends to be more inelastic in elementary education

which is generally provided by the public sector. Therefore, differences in private

educational expenditures at the elementary education level are likely to be less than

for general education. For this reason, we choose 13 =0.5, the lowest income elasticity

among our three representative values, as our benchmark estimate for elementary

education in Korea.

The price elasticity is relatively less important in policy ranking

determination; only minor changes occur when price elasticities change. Considering

the general trends that essential goods are usually price inelastic, we choose Q = -0.5

as a hypothetical price elasticity of elementary education in Korea.

5.4.1 The Optimal Policy· The Foundation Aid Plan

Among the nine alternative combinations of income and price elasticity, we

select (Q=-0.5, f3 = 0.5) as the typical case for elementary education in Korea. Based

on these demand parameters we examine the six alternative fiscal policies to select

the optimal policy.
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Table 5.13 summarizes the policy rankings of six fiscal schemes under eight

different cases when a = -0.5 and 13 = 0.5.

Table 5.13

Policy Rankings of Alternative Fiscal Schemes
(a =-0.5, 13 =0.5)

b: Share of education expenditure from total income, U =BXBGb

x: Distortion parameter for central taxation, t(l +~)

1. Un4er utilitarian Criterion (0'=1)
Fiscal b 0=0) x Cb=0.05)
Scheme 0.01 0.05 0.1 0.1 0.2 0.3 0.4 0.5
PD 3 3 3 3 3 2 2 2
PC 5 5 6 6 6 5 5 5
F 2 2 2 2 2 1 1 1
GL 1 1 1 1 1 6 6 6
H 4 4 5 4 4 3 3 3
SL 5 6 4 5 5 3 3 3

2. Under Nash Criterion (a=-1)
Fiscal b (.\=0) ~ Cb=0.05)
Scheme 0.01 0.05 0.1 0.1 0.2 0.3 0.4 0.5
PD 3 6 6 6 6 5 5 5
PC 3 3 3 3 3 2 2 2
F 2 2 2 2 2 1 1 1
GL 1 1 1 1 1 6 6 6
H 3 3 3 3 3 2 2 2
SL 3 3 3 3 3 2 2 2

3. Under Rawlsian Criterion (0'=-9)
Fiscal b (.\=0) ~ Cb=0.05)
Scheme 0.01 0.05 0.1 0.1 0.2 0.3 0.4 0.5
PD 6 6 6 6 6 6 6 5
PC 2 3 3 4 3 5 5 4
F 2 2 2 2 2 2 2 1
GL 1 1 1 1 1 1 1 6
H 2 3 3 3 3 3 3 2
SL 5 3 3 4 3 3 3 2

- ._------ --- .
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In Table 5.13, although there are some variations in rankings according to the

criterion adopted, the lump-sum general grant-in-aid scheme (GL) is ranked highest

in most cases until it falls to the lowest ranking as the tax distortion parameter

counted is over 0.3. Meanwhile, the foundation aid program (F) is ranked second

best next to the GL, but the foundation plan rises up to the top ranking as A

increases beyond 0.3. This ranking structure changes little under other values (-lor -

1.3) of the price elasticity.

Since the basic purpose of our equalizing grant-in-aid policies is in reducing

the underlying horizontal inequalities in a particular public service, those policies are

generally expected to improve the overall income distribution although the degree

of redistribution differs policy by policy.

However, the lump-sum general grant-in-aid scheme has so strong a

redistribution power that it results in an inverted final income distribution after the

policy is implemented.

To examine this problem in more detail, we compare the four equalizing

grant-in-aid policies in Table 5.14 and Table 5.15, focusing on the redistributive

effects of each scheme. The final incomes are compared in a standard case where

a = -0.5, J3 =0.5, b =0.05, A=O. In particular, the value of A in the demand function

of education expenditure, G = A(N6-l)ClJP, is assumed to be 2.1851. With this value,

the target level of education expenditure can be equal to the per pupil education

expenditure in 1985, 265.68 thousand won."

15 The amount 265.68 thousand won is the national average of (per pupil) elementary education
expenditure in 1985. H A is still assumed to be 0.05, the target level of education expenditure is 6,079
won. But under thisvalue, all the other variables are unrealistic. For example, the required central tax
rate is 0.0015% and the largest amount of grant is not more than 1,000 won.

- ._------
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Table 5.14

Initial vs, Final Income under Four Grant-in-aid Policies
(a=-O.5, p=O.5, b=O.05, ).=0, G=2.18531(N6•1)CIJJl)

Final Income (index)
(Thousand won, per capita)

Initial
Income (index)* GL (t-0.204)

SL 2238 (99.6) 1802 (100.7)
PS 1920 (85.4) 1876 (104.9)
TG 1716 (76.3) 1755 ( 98.1)
IN 2248 (100) 1789 (100.0)
KG 1907 (84.8) 1720 ( 96.2)
KW 1715 (76.3) 2055 (114.9)
CBB 1707 (76.0) 1939 (108.4)
CHN 1466 (65.2) 1975 (110.4)
CB 1464 (65.1) 2108 (117.8)
CN 1460 (64.9) 2031 (113.5)
KB 1728 (76.9) 1931 (108,0)
KN 2184 (97.2) 1927 (107.7)
JJ 1683 (74,9) 1954 (109.2)

If (0,004)
2231 (99.6)
1920 (85.7)
1717 (76.6)
2240 (100 )
1904 (85.0)
1722 (76.9)
1712 (76.4)
1476 (65.9)
1476 (65.9)
1470 (65.6)
1732 (77.3)
2180 (97.3)
1688 <75,4)

SL (0,002) F (0,00067)~

2234 (99.6) 2237 (99.6)
1920 (85.6) 1919 (85.4)
1716 (76.5) 1715 (76.3)
2244 (100) 2247 (100 )
1905 (84.9) 1906 (84.8)
1719 (76.6) 1717 (76.4)
1710 (76.2) 1708 (76.0)
1472 (65.6) 1470 (65.4)
1471 (65.6) 1469 (65.4)
1466 (65.3) 1464 (65,2)
1730 (77.1) 1728 (76.9)
2182 (97.3) 2183 (97.2)
1686 (75,1) 1684 (74,9)

• Income indexes are calculated with IN = 100•
.. Central tax rate in each policyscheme
SL:Seoul PS:Pusan TG:Taegu IN:lnchon KG:Kyunggi KW:Kangwon CHB:Chungbuk CHN:Chungnam
CB:Chonbuk CN:Chonnam KB:Kyungbuk KN:Kyungnam JJ:Jeju

Table 5.15

Final to Initial Income Ratio under Four Grant-in-aid Policies

GL M SL F GL If SL F
SL 0.805 0.996 0.996 0.999 PS 0.977 0.999 0,999 0.999
TG 1.022 1.000 1.000 0.999 IN 0.796 0.996 0,998 0.999
KG 0.902 0.998 0.999 0.999 KW 1.198 1.004 1,002 1.001
CBB 1.135 1.002 1.001 1.000 CHN 1.347 1.006 1,004 1,002
CB 1.439 1.008 1.005 1.003 CN 1.391 1.007 1,004 1.003
KB 1.117 1.002 1.001 0,999 KN 0,882 0.998 0.999 0,999
JJ 1,161 1.003 1,002 1,000
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The two tables compare each locality's initial income with the final income

level which is expected from each policy. In Table 5.15, the lump-sumgeneral grant­

in-aid scheme (GL) has the widest, while the foundation aid program (F) has the

narrowest variation of final income from initial income level. This implies that the

fiscal scheme GJ.J has the strongest, and the policy F has the weakest redistributive

effect. This redistributive performances are also closely related to the central tax

rate presented in Table 5.14; the higher the central tax: rate, the stronger the

redistributive power.1' In each fiscal scheme,the central tax: rate required to achieve

the stipulated level of categorical equityin elementary education provision(= 265.68

thousand won per pupil per year) turns out to be 20.4% (GL), 0.4% (M), 0.2% (SL),

and 0.067% (F).

In particular, the final income indexes in Table 5.14 show that the final

income distribution under the GL plan is inverted against the initial income

distribution. In other words, wealthy jurisdictions turn into poor and poor

jurisdictions tum into wealthy jurisdictions under a policy that intends an

equalization of a particular public service, elementary education.

This inverted income distribution is mainly due to the distinctive distribution

of the student-population ratio (N6•1) for each jurisdiction in Korea. As was already

shown in Table 4.5, relatively poor (wealthy) jurisdictions in Korea tend to have a

high (low) price variable for the local expenditures on elementary education, N6
•
1
•

Because of the relatively high level of the price variable, poor jurisdictions generally

16 This means that a high central tax rate may cause tax resistance or tax avoidance (especially in
a local economy) from the residents. This is the main reason we additionally consider the welfare cost
of tax distortion in the previous section, 53.2.

- -----
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need a larger amount of money than wealthy jurisdictions to provide a given level

of elementary education. This is supported by the fact that final income distribution

is no longer inverted under a constant price variable."

The final income distribution under the GL plan inverts more as the tax

distortion parameter (A) is introduced into the model; the higher the vaiue of

parameter 'A', the more inverted the final income distribution. However, the

inverted final income distribution is unaffected by variations in b, the relative share

of education expenditure from total income.

In any cases, since the lump-sum general grant scheme (GL) inverts the final

income distribution, we exclude it from the optimal fiscal policy for the elementary

education in Korea. Any equalizing fiscal policies, tax or expenditure policy, which

are intended to improve the existing state of distribution cannot be expected to

invert the original state of distribution. Under the current situation of Korea, which

is characterized by the opposite distribution of local incomeagainst pupil-population

ratio, the lump-sum general grant-in-aid scheme is an unacceptable policy.

Now, according to the policy rankings in Table 5.13, next candidate is the

'Foundation Aid Plan'. Unlike other equalizing grant-in-aidpolicies, this policyleads

to a partial equalization; each jurisdiction is guaranteed to have the minimal

provision level of the service, i.e., the foundation level. Therefore, it is natural that

the foundation aid scheme has the lowest rate of central government's intervention

for the equalizing purpose.

17 Under the national average price variable, ~.I=O.l2, the final income indexes are as follows:
SL=99.9, PS=99.2, TG=98.7, IN=l00, KG =99.1, KW=98.6, CHB=98.6, CHN=98.0, CB=98.0,
CN=98.0, KB=98.7, KN=99.8, JJ=98.6, and the central tax rate is t=0.154.

~- -------- - -
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The foundation aid plan has been practiced (in several different versions) in

the United States as a policy for equalizing the local provision of education." The

equalization aid is typically computed by the following formula:

GFI = F - rVI

GFI : Grants per pupil to the jurisdiction i

F : Foundation level of education expenditure per pupil

r : Mandated tax rateI'

VI : Fiscal base per pupil in jurisdiction i

The grant is calculated as the difference between the foundation level and the

local government's contribution to the fund. However, if GF is negative in the above

formula, the equalization aid is zero. Under this scheme, since the effective degree

of equalization depends on the pre-determined foundation level, education

expenditure per pupil still remains a function of wealth in part, especially in the

wealthier jurisdictions where no aid is needed. In general, the higher the foundation

level is, the stronger the equalization effect would be.

In our model, the foundation level is set equal to the national average of

decentralized provision of elementary education, which is temporarily equated to the

average value of current education expenditure per pupil in Korea (=256.68

thousand won in 1985). Therefore, only the jurisdictions under the national average

level of provision would receive the foundation aid.

18 During 1m-7S, forty two states operated some version of the foundation aid plan in the U.S. For
d..t ..;l" SDD Cohu (1979\...... .........." ""'''''' ,-,A4A&... J-

D The mandated tax rate may be calculated on the basis of the tax levy that would yield the
foundation level of support (F) in the wealthiest district, h. Then, r = FIVh' where Vh is the per pupil
property valuation in the wealthiest district. Vh can be replaced by average per pupil valuation of fiscal
base (VJ. ":Vith this rate, the formula is: GFi = F*(1-V/VJ.

- ---~--_._-
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5.4.2 Optimal Values under the Foundation Aid Plan

Next, we look into the optimal values of main variables under the foundation

aid policy in our model in Table 5.16.

Table 5.16

Optimal Values under the Foundation Aid Plan
(a=-0.5, fJ=0.5, ~=O, A=2.1583, G1 = A(N/·1)«"Jt )

(Thousandwon)
Private Per pupil edu. expenditure Per capita Fiscal re­
cons. (X) Tota1(A+B) Loca1(A) Grants(B) Grants(C) Tax(») siduum(C-D)

SL 2,202 307.48 307.48 0 0 1.49 -1.49
PS 1,886 277.17 277.17 0 0 1.28 -1.28
TG 1.685 270.55 270.55 0 0 1.14 -1.14
IN 2,212 309.39 309.39 0 0 1.50 -1.50
KG 1.875 289.25 289.25 0 0 1.27 -1.27
KW 1,68Z 265.68 248.87 16.81 2.22 1.14 1.08
CBB 1,675 265.68 255.97 9.71 1.21 1.14 0.07
CHN 1,436 265.68 234.02 31.66 4.05 0.98 3.07
CB 1,433 265.68 226.05 39.63 5.42 0.97 4.45
CN 1.429 265.68 230.12 35.56 4.68 0.97 3.71
KB 1,695 265.68 258.13 7.55 0.94 1.15 -0.21
KN 2.148 292.72 292.71 0 0 1.45 -1.45
JJ 1.650 265.68 253.00 12.68 1.59 1.12 0.47
SL:Seoul PS:Pusan TG:Taegu IN:Inchon KG:Kyunggi KW:Kangwon CHB:Chungbuk CHN:Chungnam
CB:Chonbuk CN:Chonnam KB:Kyungbuk KN:Kyungnam JJ:Jeju

Under the foundation aid plan as a policy to subsidize poor local districts for

the equitable provision of elementary education in Korea, seven local districts (KW,

CHB, CHN, CB, CN, KB, JJ) are expected to receive lump-sum specific grants

which increase their elementary education expenditure to the pre-determined

foundation level, 265,680 won per pupil. Chonbuk (CB) will receive the largest

amount of grant 39,630 won per pupil and Kyungbuk (KB) will receive the least

foundation aid, 7550 won per pupil. The other six districts (S1.., PS, IN, TG, KG,

------------ --
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KN) need no grants, instead they can spend additional expenditures for their

provision of elementary education after paying the central taxation.

By this scheme, the six relatively wealthy jurisdictions have negative fiscal

residuum which is defined as the difference between the tax paid and the grants

received, while the seven poor jurisdictions have a surplus in fiscal residuum. This

differences in fiscal residuum may cause Tiboutian inter-jurisdictional migration,

which is not explicitly considered in our model. However, the parameter

representing the welfare costs of distortionary taxation (x) (which was designed to

be reflected in the private consumption expenditure (X» was introduced to consider

this migration cost in addition to the traditional welfare costs of taxation. Details of

the other equalizing policies are presented in Appendix D.

In conclusion, our policy recommendation is that the foundation aid plan is

the most desirable fiscal policy for the provision of elementary education in Korea

both from the categorical equity and efficiency point of view. In other words, the

target level of education expenditure can be attained most desirably (in terms of

social welfare) by the foundation aid policy.

- - - - 0
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CHAPTER VI

CONCLUSIONS

One of the main problems in the economics of the local public sector is how

to reconcile the trade-offs between efficiency and equity goals in the provision of

local public goods or services. Since the relative emphasis between efficiency and

equity is critically dependent upon the choice of a particular fiscal scheme', it is

important to establish normative guidelines for the selection of particular fiscal

schemes for the provision of particular local public services.

This paper presents policy evaluation models operating with simulation

techniques. The purpose of this study is to search for any normative guidelines which

are useful in the evaluation of alternative fiscal institutions and policy schemes for

the provision of particular local public services. For this purpose, we concentrate on

discove:ring any systematic relation between the major policy variables determining

the choice of a particular fiscal scheme and the parameters potentially influencing

this decision.

As basic frameworks of the study, we propose four alternative fiscal schemes

(in addition to a perfectly decentralized and a perfectly centralized provision system)

in which a target level of equity goal can be achieved with various intergovernmental

grant-in-aid policies. They are: (1) foundation aid plan, (2) lump-sum general grant-

in-aid, (3) lump-sum specific grant-in-aid, and (4) matching grant-in-aid policy. We

1 It is generally recognized that the more decentralized (centralized) a fiscal system is, the more
emphasis tends to be placed on the efficiency (equity) goal in the provision of local public services.
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model each of the six fiscal schemes and simulate them using Korean elementary

education data.

In simulation, five variables are selected as main parameters to be examined:

(1) demand characteristics of the service, i.e., income and price elasticity (13 and ex);

(2) relative share of expenditure for the service (b); (3) social planner's alternative

views on horizontal inequality (a); and (4) welfare cost of each policy (x), These

variables are selected to reflect the main considerations in choosing a particular

fiscal scheme for the provision of a particular local public service.

By and large, the contribution of this paper can be divided into two parts; one

is the simulation models and the normative results from them, and the other is policy

implications specifically for Korean elementary education.

The primary contribution of this paper is the construction of the simulation

models for comparative institutional analysis. The models are basically median voter

models. However, they are distinguished from the traditional framework by

incorporating the central government into the model as an endogenous grantor cum

tax collector - this is the most distinct feature of our fiscal models. The central

government is assumed to be concerned with equalizing (or reducing) the underlying

inequalities among local jurisdictions in the provision of a particular public service.

In each fiscal scheme, the central government is also subject to the full-financing

condition, i.e., revenue from central taxation should be equal to expenditure for

equalizing grants. Under this framework, the centra! tax rate is endogenously

determined along with the amount of grants transferred in each fiscal scheme.

This new aspect of the model enables our models to produce many useful

-- ._--- ----
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results which could not be obtained in traditional models. In traditional models of

intergovernmental grant-in-aid, grants are perceived to be given with no additional

cost. In our models, however, grants are transferred at the direct expense of

residents' income, although changes in fiscal residuum are different among local

jurisdictions and rcross policies. With this theoretical structure, the endogenous

central tax rate can reflect the relative scale for financial cost of each fiscal scheme

as well as the different stimulative effects of each grant-in-aid policy.

The results concerning the central tax rate are summarized in Result 1-6,

which come from the simulation with respect to various combinations of income

and price elasticities." The main results are as follows.

The central tax rate increases as the demand for education becomes more

income and price elastic. In particular, income elasticity turns out to be the most

important parameter in determining the scale of equalizing grants-in-aid (therefore,

the central tax rate). In the simulation it is also confirmed that matching grants tend

to stimulate local spending more than lump-sum general grants do.

Among the six fiscal schemes, the lump-sum general grant-in-aid policy

generally requires a high central tax rate, since a large portion of the grants received

tends to leak out for other expenditures. In particular, the central tax rate turns out

to be always constant if the price variable is constant. On the other hand, the

foundation aid plan requires the lowest central tax rate among the four grant-in-aid

policy schemes. The central tax rate under the matching grant-in-aid policy is always

2 In thissimulation, the other three parameters (b,a,A) are not directly related to the determination
of the central tax rate.
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higher (lower) than that under the lump-sum specific grant-in-aid policy if the public

service is price inelastic (elastic).

Next, the simulation results regarding the relative preferences of each fiscal

scheme are summarized in Results 7.12, which come from the simulation with

respect to five system parameters: {3, a, a, b, A. The results are summarized as

follows.

Neither the perfectly decentralized (PD) nor the centralized provision system

(PC) is preferred under most demand elasticities. The matching (M) and the lump­

sum specific grant-in-aid schemes (SL) are relatively favored under elastic ranges of

income and price elasticities, while the foundation aid plan (F) is relatively preferred

under an inelastic range of income and price elasticities. The lump-sum general

grant-in-aid scheme (GL), which has the highest ranking in most cases, has the

strongest redistribution effect just beyond the equalization of local expenditures on

elementary education. However, this scheme results in an inverted final income

distribution; this phenomenon is due to the unique relation between local income

and the pupil-population ratio (which was set to the price variable of local

elementary education) in Korea.

In the simulation with respect to alternative values of a, the general direction

of the policy ranking change is as anticipated; the fiscal schemes with a relatively

high rate of intervention (PC, GL) are favored under a pro-equity welfare criterion

(Rawlsian), while fiscal schemes with a relatively low degree of intervention (PD, F)

are relatively preferred under a pro-efficiency criterion (Utilitarian), These results

are generally consistent with economic common sense.

- ---------
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The parameters for the share of educational expenditure (b) induce no major

changes in the overall structure of policy rankings. However, the parameter for the

welfare cost of taxation (x) brings forth rather considerable changes in policy ranking

as >. increases. In particular, when ~ increases over 0.3, the initial ranking structure

is totally changed; the mostly preferred lump-sum general grant-in-aid scheme (GL)

falls to the lowest ranking, while the fiscal schemes with a relatively low intervention

rate (PD,F) become more favored. The matching (M) and lump-sum specific grant

policies (SL) still remain high in the rankings. However, since the policy priority

rankings depend critically on the size of the tax distortion parameter, the importance

of parameter '>.' relies on the actual value measured in a particular economy. But

the estimation of parameter >. is beyond the scope of this paper.

Now, if we consider every possible combination of the five main parameters

(a, 13, a, b, x), the total number of simulation would be very large.' To select an

optimal fiscal policy for a particular public service in a particular economy

(elementary education in Korea), we have to specify parameter values.

According to the simulation results, the main parameters which have a

substantial effect on the policy ranking determination are the demand elasticities (c,

13) and the tax distortion parameter (x), In particular, income elasticity turns out to

be the most important variable both for the determination of the central tax rate and

the policy priority rankings. However, in Korea, it is impossible to estimate the

demand function with cross-section data, since elementary education is fullyfinanced

3 U we just count the cases which are explicitly presented in this paper, total number of simulation
is 243 (3·3·3·3*3) under the following parameters: " = -05, -I, -13; fJ = 05,1,13; a = 1, -1, -9; b =
0.01, 0.05, 0.10; x = 0.2, 03, 0.5
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and provided by the central government. Instead, we use individual household data

(family income and expenditure survey, 1987) for the estimation of income elasticity

of education expenditure. Although there are some limitations in this estimation" we

expect useful information on the demand characteristics of education in Korea from

this estimation.

The income elasticity of education expenditure in 1987 was estimated as

rather inelastic, P= 0.5285; this value is relatively inelastic compared with other

expenditure items. Considering the general tendency for essential goods to be price

inelastic, we choose (P=0.5, a=-0.5) as the most plausible case among our nine

cases of income and price elasticity combination.

Under this specification of demand parameters, the lump-sum general grant­

in-aid policy (GL) has the highest ranking for any value of b and a, unless). is over

0.3. However, in the Korean case, the lump-sum general grant-in-aid scheme is

excluded from the potential 'optimal' policy since this scheme has too strong a

redistribution effect to be generally accepted as a real policy. More specifically, this

scheme inverts the initial states of income distribution, i.e., it turns wealthy

jurisdictions into poor and poor jurisdictions into the wealthy jurisdictions. This

phenomenon is mainly due to the unique distribution of the price variable (student­

population ratio) in local jurisdictions of Korea.

The main conclusion of our simulation for policy priority rankings is to

recommend the foundation aid plan, which is ranked next to lump-sum general

4 The estimation equation is not derived from the median voter model (therefore, no price variable
is specified) and the educational expenditure estimated is not limited to elementary education only.

- ._------
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grant-in-aid scheme, as the 'optimal' policy for the provision of elementary education

in Korea. Since the foundation aid plan requires the lowest central tax rate among

the four grant-in-aid policies, it tends to sacrifice the least efficiency to obtain a

target level of categorical equity in elementary education. Thus, the foundation aid

plan is most preferred when we explicitly take into account the welfare costs of

distortionary taxation.

Another strength of the foundation aid scheme is that we can achieve various

degrees of equalization by varying the foundation level. In our model, since the

foundation level was set to the national average of education expenditure which

would have been resulted under the perfectly decentralized provision scheme, all

the jurisdictions with below average education expenditures are supposed to receive

some amount of lump-sum specific grants-in-aid. However, if the target level is set

to the highest expenditure level among jurisdictions, all but the wealthiest jurisdiction

will receive the foundation aid. In general, the higher the foundation level, the larger

the number of jurisdictions receiving equalizing grants and the higher the effective

degree of equalization.

According to the foundation aid program for Korean elementary education,

seven out of 13 primary local jurisdictions (KW, CHB, CHN: CB, CN, KB, JJ) will

receive the foundation aid from the central government. The other six relatively

wealthy jurisdictions (IN, S1., PS, TG, KG, KN) will not receive any grants, since

they prefer to make additional education expenditures above the foundation level

even after paying the central taxation. Fer this partial equalization policy, 0.067%

of central taxation is enough since the policy is confined to one local public service

------- - - --
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only, i.e., elementary education.

This policyimplication is derived from our benchmark case where a = -0.5and

f3 =0.5. Of course, the results are subject to change if the target level of education

expenditure changes, or the parameters are differently specified, or exogenous

variables are differently endowed. For example, if income elasticity is estimated to

be elastic (e.g., f3 = 1.3), the matching grant-in-aid policy would be more preferred

to the foundation aid plan.

Our study is intended to produce some useful normative guidelines for the

evaluation of alternative fiscal institutions and policy schemes. In this study, we

mainly focus on intergovernmental grant-in-aid schemes and do not consider other

policy schemes and further complications in the local public sector (such as

Tieboutian migration and capitalization of local public goods). We hope our model

can provide a step towards a more extensive evaluation framework for comparative

policy analysis.
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APPENDIX A

The Central Tax Rate under Various Demand Elasticities

Al Income elasticity (13) = 0.5

Q 0 -0.1 -0.3 -0.5
PC 2.296*10-4 2.697*10-4 3.722*10-4 5.135*1.0-4

F 5.839*1.0-6 6.856*10-6 9.459*10-6 1. 305*10-5

GL OQ155 0.155 0.155 0.155
H N.]!i•• 1. 278*10-4 8.532*1.0-5 8.134*10-5

SL 1.964*10-5 2.307*10-5 3.1.83*10-5 4.392*10-5

Q -0.75 -1 -1..3 -1.5
PC 7.678*1.0-4 1.1.50*10-3 1. 860*10-3 2.570*10-3

F 1..952*10-5 2.919*10-5 4.732*10-5 6.259*1.0-5

GL 0.1.55 0.155 0.155 0.155
H 8.532*1.0-5 9.82*10-5 1.247*10-4 1. 503*10-4

SL 6.567*1.0-5 9.82*10-5 1. 592*10-5 2.196*10-4

A2 Income elasticity (13) = 1

Q 0 -0.1 -0.3 -0.5
PC 0.01 0.012 0.016 0.022
F 4.985*10-4 5.859*10-4 8.098*10-4 1.119*10-3

GL 0.1.55 0.155 0.1.55 0.155
H N.A. 0.0069 6.08*10-3 0.006
SL 0.0016 0.0018 \.1.0025 0.0035

Q -0.75 -1 -1.3 -1.5
PC 0.033 0.05 0.081 0.112
F 1.682*10-3 2.529*10-3 4.148*10-3 5.79*10-3

GL 0.155 0.155 0.155 0.155
H 6.57*10-3 0.00775 0.01 0.012
SL 0.0052 0.00775 0.OJ.255 0.0173

A3 Income elasticity (13) = 1.3

Q 0 -0.1 -0.3 -0.5
PC 0.0965 0.1134 0.1564 0.2158
F 0.0064 0.00759 0.0107 0.0152
GL 0.155 0.155 0.155 0.155
H N.A. 0.069 0.067 0.068
SL 0.018 0.022 0.030 0.041

Q -0.75 -1 -1.3 -1.5
PC 0.3228 0.4826 0.7822 N.A.
F 0.0240 0.0392 0.0866 N.A.
GL 0.155 0.155 0.1.55 0.155
11 0.077 0.0916 0.1.20 0.146
SL 0.061 0.092 0.149 0.205
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A4 Price elasticity (a) = -0.5

B 0 0.1 0.3 0.5
PC 1.187*10-5 2.52*10-5 1.137*10-4 5.135*10-4

F 0.00 1. 30*10-7 1. 76*1.0-6 1. 305*10-5

GL N.A. 0.155 0.155 0.155
H N.A. 9.198*10-7 1.159*10-5 8.134*10-5

SL N.A. 4.674*10-7 6.074*10-6 4.392*10-5

§ 0.75 1 1.1 1.2 1.3
PC 3.39*1(,-Z 0.022 0.048 0.101 0.216
F 1. 275*10-4 0.00112 0.00263 0.00625 0.0152
GL 0.155 0.155 0.155 0.155 0.155
H 7.391*10-4 0.006 0.014 0.031 0.068
SL 4.132*10-4 0.0035 0.00795 0.018 0.041

AS Price elasticity (a) = -1

8 0 0.1 0.3 0.5
PC 2.653*10-5 5.634*10-5 2.542*10-4 0.00115
F 0.00 2.91*10-7 3.91*10-6 2.919*10-5

GL N.A. 0.155 0.155 0.155
H N.A. 1.045*10-6 1. 358*10-5 9.82*10-5

SL N.A. 1.045*10-6 1. 358*10-5 9.82*10-5

B 0.75 1 1.1 1.2 1.3
PC 0.008 0.05 0.106 0.227 0.483
F 2.86*10-4 0.00253 0.00604 0.0149 0.0392
GL 0.155 0.155 0.155 0.155 0.155
H 9.24*10-4 0.00775 0.018 0.041 0.092
SL 9.24*10-4 0.00775 0.018 0.041 0.092

A6 Price elasticity (a) = -1.3

B 0 0.1 0.3 0.5
PC 4.3*10-5 9.131*10.5 4.12*10-4 0.00186
F 0.00 4.70*10-7 6.30*10-6 4.732*10-5

GL N.A. 0.155 0.155 0.155
H N.A. 1.308*10-5 1.712*10-5 1. 247*10-4

SL N.A. 1. 694*10-6 2.201*10-.1 1.59*10-4

8 0.75 1 1.1 1.2 1.3
PC 0.012 0.081 0.172 0.367 0.782
F 4.65*10-4 4.148*10-3 0.0101 0.0257 0.0866
GL 0.155 0.155 0.155 0.155 0.155
H 0.00118 0.01 0.023 0.053 0.120
SL 0.0015 0.01255 0.029 0.066 0.149

- ----------
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Social Welfare Indexes and Policy Rankinis of Each Fiscal Scheme under
Alternative Share of Education Expenditure

B.I a=O.99 b=O.01, (where U = O.01X8Gb
, W = (I:Ui~l/~
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B.l.I Under Utilitarian Rule (a = 1)

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 221.358(3) 223.538(3) 224.728(3) 225.958 (5)
PC 221. 340(5) 223.523 (6) 224.716 (6) 225.971(4)
F 221.443 (2) 223.648 (2) 224.843 (2) 225.869(6)
GL 234.628(1) 240.914(1) 244.653 (1) 237.770 (1)
H 221. 342 (4) 223.526 (4) 224.722 (5) 226.251 (2)
SL 221.340(5) 223.526(4) 224.727(4) 226.108(3)

&:1 P-1.3
a -1 -1.3 -0.5 -1 -1.3
PD 220.955(4) 212.012(4) 196.585(4) 125.318(4) 24.958 (5)
PC 220.835 (5) 211. 869 (5) 196.405(5) 123.742 (5) 20.700 (6)
F 220.221 (6) 210.567 (6) 194.162 (6) 120.522 (6) 30.294(4)
GL 234.793(1) 227.171(1) 207.830(1) 137.263 (1) 36.466(1)
H 221. 398 (2) 212.855(3) 200.096 (2) 131.684 (2) 34.870(3)
SL 221.398(2) 213.128(2) 198.581(3) 131.684 (2) 37.831 (2)

B.I.2 Under Nash rule (a = -1)

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 1.282(3) 1.294(6) 1.301(6) 1.308(5)
PC 1.282(3) 1.295 (2) 1.302 (2) 1.309(4)
F 1. 283 (2) 1. 295 (2) 1.302 (2) 1.308(5)
GL 1.383 (1) 1.404 (1) 1.410(1) 1.406(1)
H 1.282(3) 1.295(2) 1.302 (2) 1.311(2)
SL 1.282(3) 1.295 (2) 1.302 (2) 1.310(3)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 1.279(4) 1.228(4) 1.139(4) 0.733(4) 0.113 (6)
PC 1.279(4) 1. 227 (5) 1.138 (5) 0.717(5) 0.120 (5)
F 1. 275 (6) 1. 220 (6) 1.126 (6) 0.705(6) 0.170(4)
G!: 1..384(1) 1.335(1) 1.230(1) 0.812(1) 0.21.6(1)
H 1. 282 (2) 1.232(3) 1.167 (2) 0.768(2) 0.203(3)
SL 1. 282 (2) 1. 235 (2) 1.151 (3) 0.768 (2) 0.221 (2)

-------- -- - - - ---
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B.l.3 Under Rawlsian rule (a = -9)

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 11.704 (6) 11.815(6) 11.875(6) 1.1. 932 (6)
PC 11.717(2) 11.832 (2) 11.895 (2) 11.962(4)
F 11.716(4) 11.831(3) 11.893(4) 11.941(5)
GL 13.333 (1) 12.961(1) 12.563 (1) 13.700(1)
II 11.717 (2) 11.831(3) 11.893 (4) 11. 996 (2)
SL 11.716(41 11.831(31 11.894(31 11. 964 (3)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 11.665(5) 11.217(4) 10.417 (4) 6.877 (4) 0.546(6)
PC 11.690(4) 11.217 (4) 10.397 (5) 6.550(5) 1.096(5)
F 11.648(6) 11.157 (5) 10.304 (6) 6.618(6) 1.339(4)
GL 13.333 (1) 12.712(1) 12.012 (1) 7.906 (1) 2. 0~5 (1)
H 11.720(2) 11.234(3) 10.847 (2) 7.158(2) 1.846(3)
SL 11.720 (2 I 11. 297 (2) 10.538(3) 7.158 (2 I 2.055(2)

B.2.1 Under utilitarian Rule (a = 1)

8-0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 176.274 (3) 185.695(3) 224.728(3) 191.482(3)
PC 176.196(5) 185.615(6) 224.716 (6) 191. 407 (6)
F 176.625(2) 186.192 (2) 224.843 (2) 192.068 (2)
GL 186.400(1) 199.477 (1) 244.653 (1) 207.657(1)
M 176.198(4) 185.618(4) 224.722 (5) 191. 412 (5)
SL 176.196(5) 185.618(41 224.727(4) 191.415(4)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 213.621 (5) 210.731(4) 200.505(4) 135.814 (4) 29.373(5)
PC 213.531 (6) 210.539(5) 200.267 (5) 134.170 (5) 24.754(6)
F 213.747 (4) 210.118(6) 198.797 (6) 131. 232 (6) 35.677(4)
GL 226.545(~) 225.176(1) 211.520(1) 148.268 (1) 42.638 (2)
M 214.055 (2) 211.477 (3) 203.904 (2) 142.444(2) 40.829(3)
SL 214.055(2) 211.742 (2) 202.399(3) 142.444(2) 44.160 (1)

- --------
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B.2.2 Under Nash rule (a = -1)

8=0.5 g-].
Q -0.5 -1 -1.3 -0.5
PD 1. 021 (6) 1. 076 (6) 1.109(6) 1.211(6)
PC 1. 022 (3) 1. 077 (3) 1.111(3) 1.214 (4)
F 1. 024 (2) 1.079(2) 1.113(2) 1.215(3)
GL 1. 099 (~) 1.164 (1) 1.199(1) 1.299(~)

H 1. 022 (3) 1.077 (2) 1.111 (3) 1.216(2)
SL 1.022(3) 1.077 (21 1.111(31 1.214(4)

8=1 8=1.3
Q '-1 -1.3 -0.5 -1 -1.3
PD 1.236 (6) 1.220(5) 1.161 (5) 0.793(4) 0.137 (6)
PC 1.239(4) 1.222(4) 1.162 (4) 0.779(5) 0.144(5)
F 1.239(4) 1.218(6) 1.153(6) 0.768(6) 0.201(4)
GL 1.336(~) 1.324 (~) 1.251(1) 0.877 (I) 0.252(2)
H 1.242 (2) 1.226(3) 1.190 (2) 0.832 (2) 0.237(3)
SL 1. 242 (2) 1. 229 (2) 1.175 (3) 0.832 (2) 0.259(1)

B.2.3 Under Rawlsian rule (a = -9)

8=0.5 8=1
Q -0.5 -1 -1.3 -0.5
PD 9.339(6) 9.822 (6) 10.119 (6) 11.036(6)
PC 9.386(3) 9.887(3) 10.196(3) 11.142(4)
F 9.388(2) 9.890(2) 10.199 (2) 11.127 (5)
GL 10. 607 (~) 10.790(1) 10.754 (1) 12.664 (1)
H 9.386(3) 9.887(3) 10.194 (5) 11.172(2)
SL 9.385(5) 9.887(3) 10.195(4) 11.144 (3)

8=1 8=1.3
Q -1 -1.3 -0.5 -1 -1.3
PD 11.255(6) 11.113 (6) 10.590 (5) 7.416(4) 0.691(6)
PC 11.374(4) 11.215(4) 10.668(4) 7.147 (6) 1.319(5)
F 11. 340 (5) 11.164 (5) 10.580 (6) 7.216(5) 1.613(4)
GL 12.884(~) 12.633(1) 12.226(~) 8.543 (~) 2.451(1)
Ii 11. 402 (2) 11.233 (3) 11.105 (2) 7.777(2) 2.175(3)
SL 11.402 (2) 11. 293 (2) 10.806(3) 7.777 (2) 2.411(2)
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B.3.1 Under Utilitarian Rule (a = 1)

8=0.5 8=1
ex -0.5 -1 -1.3 -0.5
PD 132.604 (3) 147.269(3) 156.755(3) 190.061(4)
PC 132.492 (5) 147.146(6) 156.633 (6) 189.910(6)
F 133.137 (2) 148.069 (2) 157.737 (2) 191.206(2)
GL 139. 808 (~) 157. 561 (~) 169.186(~) 199.075(~)

H 132.494 (4) 147.149(4) 156.638(5) 190.129(3)
SL 132.492(5) 147.149 (4) 156.640(4) 190.014(5)

8=1 8=1.3
ex -1 -1.3 -0.5 -1 -1.3
PD 204.913(5) 209.144 (5) 205.518 (4) 150.186(4) 36.036 (5)
PC 204.751(6) 208.900 (6) 205.210 (5) 148.457(5) 30.957(6)
F 205.924(2) 209.562(4) 204.748 (6) 145.970 (6) 43.776(4)
GL 216.644(~) 222. 710 (~) 21.6.226(~) 163.274(~) 51..842(2)
H 205.228(3) 209.779(3) 208.772 (2) 157.1.53 (2) 49.733(3)
SL 205.228(3) 210.037 (2) 207.283(3) 157.153 (2) 53.581(~)

B.3.2 Under Nash Rule (a = -1)

8=0.5 8=1
ex -0.5 -1 -1.3 -0.5
PD 0.769(6) 0.853 (6) 0.908(6) 1.100 (6)
PC 0.770(3) 0.856(3) 0.911(3) 1.1.04 (5)... 0.773(2) 0.859(2) 0.915 (2) 1.109 (2)~

GL 0.8250) O. 921. (~) 0.979(~) 1.177(~)

H 0.770(3) 0.856(3) 0.911(3) 1.106 (3)
SL 0.770 (3) 0.856 (3) 0.911(3) 1.105(4J

8=1 8=1.3
ex -1 -1.3 -0.5 -1 -1.3
PD 1.185 (6) 1.209 (6) 1..189 (5) 0.876(4) 0.174(6)
PC 1.190 (5) 1. 21.5 (5) 1..193(4) 0.863(5) 0.180(5)
F 1.194 (2) 1.216(4) 1..188(6) 0.854(6) 0.248(4)
GL 1. 278 (~) 1.311.(~) 1.. 279 (~) 0.9650) 0.306(2)
M 1.193 (3) 1.219(3) 1.220(2) 0.919(2) 0.289(3)
SL 1.193 (3 J 1. 221 (2 J 1.206(3) 0.919 (2) 0.314 (1)
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B.3.3 Under Rawlsian Rule (a = -9)

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 7.042(6) 7.797(6) 8.283(6) 10.009(6)
PC 7.111(3) 7.898(5) 8.407 (3) 10.193(4)
P 7.116(2) 7.905(2) 8.416(2) 10.185(5)
GL 7.969(1) 8.578(1) 8.852(1) 11.478(1)
H 7.111(3) 7.898(3) 8.406(5) 10.219(2)
SL 7.111(3) 7.898(31 8.407 (31 10.195(31

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 10.763 (6) 10.983(6) 10.809 (6) 8.147 (4) 0.926(6)
PC 10.990(4) 11. 212 (4) 11.014(4) 7.968(6) 1. 662 (5)
P 10.965(5) 11.172(5) 10.934(5) 8.039(5) 2.034(4)
GL 12.342(1) 12.533 (1) 12.499(1) 9.412 (1) 2.982 (1)
K 11.015(2) 11.231(3) 11.436(2) 8.628(2) 2.669(3)
SL 11.015(21 11. 286 (2 1 11.149(31 8.628 (2) 2.943(2)
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APPENDIX C

Social Welfare Indexes and Policy RankinKs of Each Fiscal Scheme under
Alternative Degrees of Tax Distortion

C.l Under Utilitarian Rule (a=l)
[Ui = o.01X035GMS

, W = I:(ut)I'1

C.l.l Tax Distortion (x) = 0.1

ex
PD
PC
F
GL
K
SL

-0.5
176.274(3)
176.190(6)
176.625(2)
182.001(1)
176.197(4)
176.195(5)

8=0,5
-1

185.695(3)
185.595(6)
186.190 (2)
193.880(1)
185.615 (4)
185.615(4)

-1.3
191.482 (3)
191.367 (6)
192.066(2)
201.333(1)
191.408 (5)
191. 409 (4)

8=1
-0.5
209.235(4)
208.815 (6)
209.725(2)
215.124 (1)
209.305(3)
209.220(5)

8=1 8=1.3
ex -1 -1.3 -0.5 -1 -1.3
PD 213.621 (5) 210.731 (4) 200.505(4) 135.814 (4) 29.273 (5)
PC 212.463 (6) 208.444(6) 196.471(6) 122.247(5) N.A. (6)
F 213.667 (4) 209.945 (5) 198.474(5) 129.908 (6) 31. 331 (4)
GL 221.100(1) 219.194 (1) 206.561(1) 142.406(1) 35.816 (2)
K 213.834 (2) 211.108(3) 202.541 (2) 139.611(2) 35.763(3)
SL 213.835(3) 211. 285 (2) 201.564 (3 I 139.627 (2 I 37.967(11

C.l.2 Tax Distortion (x) = 0.2

8=0.5 8=1
ex -0.5 -1 -1.3 -0.5
PD 176.274(3) 185.695(3) 191.482(3) 209.235(3)
PC 176.183 (6) 185.575 (6) 191.328 (6) 208.466 (6)
F 176.625(2) 186.190 (2) 192.064(2) 209.703 (2)
GL 177.596 (1) 188.274(1) 194.998(1) 210.521(1)
K 176.196(4) 185.612 (4) 191.403 (4) 209.196(4)
SL 176.195(5) 185.612(41 191.403(4) 209.155(51

8=1 8=1.3
ex -1 -1.3 -0.5 -1 -1.3
PD 213.621 (2) 210.731(4) 200.505(4) 135.814 (4) 29.273 (3)
PC 211. 395 (6) 206.348 (6) 192.672(6) 110.263(6) N.A. (6)
F 213.587 (5) 209.772(5) 198.150(5) 128.582 (5) 26.945(5)
GL 215.647 (1) 213.204(1) 201.596 (1) 136.531(3) 28.922 (4)
K 213.614 (3) 210.738 (3) 201.177 (2) 136.793 (1) 30.658(2)
SL 213.614(3J 210.828 (2) 200.729(3J 136.793(lJ 31.716(1)
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C.l.3 Tax Distortion (~) = 0.3

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PO 176.274 (2) 185.695 (2) 191.482 (2) 209.235(2)
PC 176.176(5) 185.554(5) 191.288 (5) 208.118 (5)
F 176.625(1) 186.189(1) 192.062 (1) 209.681(1)
GL 173.186(6) 182.658 (6) 188.651 (6) 205.913(6)
H 176.194(3) 185.609 (3) 191.398(3) 209.086(4)
SL 176.194(3J 185.609 (3 J 191. 397 (3 J 209.090(3J

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1. 3
PO 213.621 (2) 21~.731(1) 200.505(1) 135.814 (1) 29.273(1)
PC 210.327 (5) 204.251 (6) 188.869 (6) 98.210 (6) N.A. (6)
F 213.507 (1) 209.599(4) 197.826 (4) 127.256 (5) 22.505(4)
GL 210.186 (6) 207.204 (5) 196.624 (5) 130.641(4) 21.935 (5)
H 213.394 (3) 210.368 (3) 199.814 (3) 133.956 (2) 25.508(2)
SL 213.394 (31 210.371 (2 J 199.893.(2 ) 133.956(2J 25.388(3J

C.1.4 Tax Distortion (x) = 0.5

8=0.5 8=1
a -0.5 --1 -1.3 -0.5
PO 176.274(2) 185.695 (2) 191.482 (2) 209.235 (2)
PC 176.163 (5) 185.514 (5) 191.209 (5) 207.420 (5)
F 176.624(1) 186.187 (1) 192.057 (1) 209.636(1)
GL 164.345 (6) 171.397 (6) 175.920(6) 196.680 (6)
H 176.191(3) 185.603 (3) 191.308 (4) 208.867(4)
SL 176.192(3) 185.603(3) 191. 384 (3 J 208.961(3J

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PO 213.621(1) 210.731(1) 200.505(1) 135.814(1) 29.273(1)
PC 208.189 (5) 200.054 (5) 181.251(6) 73.854(6) N.A. (6)
F 213.347(2) 209.253 (4) 197.179(3) 124.602 (4) 13.380(3)
GL 199.242 (6) 195.176(6) 186.660(5) 118.818 (5) 7.409(5)
H 212.953 (3) 209.629(2) 197.084 (4) 128.242 (2) 15.025(2)
SL 212.953(3J 209.458(3) 198.222(2) 128.272(2) 12.302(4)
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C.2 Under Nash Rule (a=-1)

C.2.1 Tax Distortion (.\) = 0.1

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 1. 021(6) 1.076 (6) 1.109 (6) 1. 211 (6)
PC 1. 022 (3) 1. 077 (3) 1.110(3) 1. 212 (5)
F 1. 024 (2) 1. 079 (2) 1.113 (2) 1. 215 (2)
GL 1. 073 (.1) 1.129(1) 1.159 (.1) 1.272(1)
H 1.022(3) 1. 077 (3) 1.111(3) 1. 215 (2)
SL 1.022(3) 1. 077 (3) 1.111(3 ) 1.214(4)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 1. 236 (5) 1.220(4) 1.161(4) 0.793 (4) 0.137 (5)
PC 1.233 (6) 1.209 (6) 1.140(6) 0.709 (6) N.A. (6)
F 1.238(4) 1.217(5) 1.151(5) 0.760 (5) 0.171(4)
GL 1.303(.1) 1. 288 (1) 1.222(1) 0.842(1) 0.212(2)
H 1.241 (2) 1.224(3) 1.182 (2) 0.815(2) 0.208 (3)
SL 1. 241 (2) 1.226(2) 1.170(3) 0.815 (2) 0.220(1)

C.2.2 Tax Distortion (x) = 0.2

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 1. 021 (6) 1. 076 (6) 1.109 (6) 1.211(5)
PC 1. 022 (3) 1. 077 (3) 1.110 (5) 1.210(6)
F 1.024 (2) 1.079 (2) 1.113 (2) 1. 215 (2)
GL 1. 046 (.1) 1. 095 (I) 1.119 (1) 1.244(1)
H 1. 022 (3) 1. 077 (3) 1.111(3) 1.214(3)
SL 1.022(3) 1. 077 (3) 1.111 (3) 1.213(4)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 1.236(5) 1.220(4) 1.161(4) 0.793(4} 0.137(5)
PC 1.227(6) 1.197 (6) 1.118 (6) 0.640 (6) N.A. (6)
F 1.238(4) 1. 216 (5) 1.149(5) 0.752 (5) 0.138(4)
GL 1.270(1) 1.252 (.1) 1.193 (.1) 0.807(1) 0.170(3)
H 1.239 (2) 1. 222 (3) 1.174(2) 0.799 (2) 0.178(2)
SL 1. 239 (2) 1. 224 (2) 1.166 (3) 0.799 (2) 0.179 (1)

------- - --
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C.2.3 Tax Distortion (.x) = 0.3

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 1.021(5) 1. 076 (5) 1.109 (5) 1.211(5)
PC 1.022(2) 1. 077 (2) 1.111 (2) 1. 208 (6)
F 1.024(~) 1. 079 (1) 1.113 (1) 1.215 (2)
GL 1. 020 (6) 1. 060 (6) 1. 079 (6) 1.217 (1)
H 1. 022 (2) 1. 077 (2) 1.111 (2) 1.214 (3)
SL 1. 022 (2) 1. 077 (2) 1.111 (2) 1.213(4)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 1.236 (5) 1.220(2) 1.161(3) 0.793(4) 0.137 (2)
PC 1.220(6) 1.185(6) 1. 096 (6) 0.570(6) N .A. (6)
F 1.237(3) 1.215(4) 1.141 (5) 0.74.5 (5) 0.095(5)
GL 1.237 (3) 1.215(4) 1.163(2) 0.771(1) 0.127(4)
H 1.238(~) 1.220(2) 1.167 (~) 0.782(2) 0.148(1)
SL 1.238(~) 1.221(1) 1.161 (3) 0.783 (2 J 0.135(3J

C.2.4 Tax Distortion (x) = 0.5

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 1.021(5) 1.076(4) 1.109(4) 1.211(4)
PC 1.022(2) 1.076(4) 1.109 (4) 1.204(5)
F 1.024(~) 1. 079 (~) 1.113 (1) 1.215(~)

GL 0.966(6) 0.989(6) 0.997(6) 1.162 (6)
H 1.022(2) 1. 077 (2) 1.110(2) 1.212 (2)
SL 1.022 (2) 1. 077 (2: 1.110 (2 J 1.212(2J

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 1.236(~) 1.220(~) 1.161(~) 0.793 (1) 0.137(1)
PC 1.208(5) 1.161(5) 1.052 (6) 0.429(6) N.A. (6)
F 1.236(~) 1.213(4) 1.144(4) 0.729(4) 0.104(4)
GL 1.171(6) 1.141(6) 1.104 (5) 0.700(5) 0.135(2)
H 1.236(~) 1.215(3) 1.151(2) 0.749(2) 0.087(5)
SL 1.236(1) 1. 216 (2 J 1.151(2) 0.750 (2 J 0.126(31

-- ------- -
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C.3 Under Rawlsian Rule (0=-9)

C.3.1 Tax Distortion (x) = 0.1

B=0.5 B=l
a -0.5 -1 -1.3 -0.5
PD 9.339(6) 9.822(6) 10.119 (6) 11.036(6)
PC 9.385(4) 9.886(5) 10.194 (4) 11.123 (5)
F 9.388(2) 9.890(2) 10.199 (2) 11.126(4)
GL 10.335P) 10.417 (1) 10.318 (1) 12.390 (1)
II 9.386(3) 9.887(3) 10.194 (4) 11.166 (2)
SL 9.385(4) 9.887 (3) 10.195 (3) 11.140 (3)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 11.255 (6) 11.113(5) 10.590(4) 7.416(4) 0.691(5)
PC 11.317(5) 11.103 (6) 10.465(6) 6.512(6) N.A. (6)
F 11.336(4) 11.155(4) 1(;.563(5) 7.145(5) 1.235(4)
GL 12.546(1) 12.252(1) 11.936(1) 8.194 (1) 2.051(1)
II 11. 390 (2) 11.214 (3) 11. 033 (2) 7.627 (2) 1.905(3)
SL 11. 390 (2) 11.269(2) 10.762(3) 7.627 (2) 1. 959 (2)

C.3.2 Tax Distortion (x) = 0.2

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 9.339(6) 9.822(6) 10.119 (5) 11.036(6)
PC 9.385(3) 9.885(5) 10.192 (4) 11.104 (5)
F 9.388(2) 9.890(2) 10.199(1) 11.125 (4)
GL 10.060(1) 10.040(1) 9.876(6) 12.115 (1)
K 9.385(3) 9.886(3) 10.194 (2) 11.160 (2)
SL 9.385 (3) 9.886(3) 10.194 (2) 11.137 (3)

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 11.255(6) 11.113 (5) 10.590(4) 7.416(4) 0.691(5)
PC 11.260(5) 10.992(6) 10.263(6) 5.873(6) N.A. (6)
F 11.331(4) 11.146 (4) 10.545(5) 7.075(5) 0.836(4)
GL 12.205(1) 11.867(1) 11. 644 (1.) 7.840(1) 1.624(3)
II 11. 379 (2) 11.194(3) 10.960(2) 7.476(2) 1.633(2)
SL 11. 379 (2) 11.244 (2) 10.717 (3) 7.476 (2) 1. 646 (1)

- ---------- - --
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C.3.3 Tax Distortion (A) = 0.3

8=0.5 8=1-
a -0.5 -1 -1.3 -0.5
PD 9.339(6) 9.822(5) 10.119(5) 11.036(6)
PC 9.384(5) 9.884(4) 10.189(4) 11.086 (5)
P 9.388(2) 9. 890 (~) 10.199(1) 11.123(4)
GL 9.783 (1) 9.658(6) 9.430(6) 11.837(1)
H 9.385(3) 9.886(2) 10.193(3) 11.154 (2)
SL 9.385 (3 1 9.886 (2 1 10,194(21 11.133 (3)

8=1 8=1.3
a -1 -1. 3 -0.5 -1 -1.3
PD 11.255 (5) 11.113 (5) 10.590(4) 7.416(2) 0.691(4)
PC 11.204 (6) 10.880(6) 10.061(6) 5.231(6) N .A. (6)
P 11.327(4) 11.137 (4) 10.528(5) 7.004(5) 0.415(5)
GL 11.861(~) 11.477 (~) 11. 350 (1) 7.481(~) 1.150(2)
H 11.367(2) 11.174 (3) 10.887 (2) 7.325(3) 1.359(1)
SL 11.367(2) 11. 220 (2) 10.673(3) 7.325(3) 0.908(3)

C.3.4 Tax Distortion (A) = 0.5

8=0.5 8=1
a -0.5 -1 -1.3 -0.5
PD 9.339(5) 9.822(5) 10.119 (5) 11.036(6)
PC 9.384(4) 9.882(4) 10.185(4) 11.049(5)
P 9.388(1) 9. 890 (~) 10.198 (1) 11.121(4)
GL 9.219(6) 8.880(6) 8.520(6) 11.275(1)
M 9.385(2) 9.886(2) 10.193(2) 11.143(3)
SL 9.385 (2 J 9.886 (2 J 10.193(2J 11.127 (2 )

8=1 8=1.3
a -1 -1.3 -0.5 -1 -1.3
PD 11.255 (4) 11.113 (4) 10.590(3) 7.416(~) 0.691(2)
PC 11.090(6) 10.656 (6) 9.655(6) 3.934(6) N .A. (6)
P 11.319(3) 11.119(3) 10.494(5) 6.863(4) 0.237(4)
GL 11.161(5) 10.684 (5) 10.753 (1) 6.743(5) 0.095(5)
H 11.343(~) 11.135 (2) 10.742(2) 7.021(2) 0.800(1)
SL 11.343(1) 11.171 (1 1 10.584(41 7.021(2) 0.274 (3)

- ---------
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APPENDIX D

Optimal Values under Alternative Grant-in-aid Policies

0.1 Optimal Values under the Lump-sum General Grant-in-aid Policy
Policy (a=-0.5, 13=0.5, >.=0, A=2.1583, G. = A(Ntl)~lJ)

(Thousandwon)
Private Per pupil edu, expenditure Per capita Fiscal re­
cons,(X) Tota1(A+B) Loca1(A)* Grants(B) Grants(C) Tax(D) siduum(C-D)

S~ 1,772 265.68 84,27 181,41 20,51 457,38 -436,87
PS 1,844 265,68 -2,651.46 2,917.1~ 348.10 392.37 - 44.27
TG 1,725 265.68 -3,210.95 3,476.63 389.20 350.65 38.55
IN 1,759 265.68 265.68 0 0 459.38 -459.38_
KG 1,691 265.68 -1,595.30 1,860,98 202,50 389.71 -187.21
KW 2,020 265,68 -4,948.17 5,213.85 689.68 350.53 339,15
CHB 1,906 265,68 -4,397.19 4,662.87 580.07 348.96 231.11
CRN 1,941 265,68 -6,057.31 6,322.99 808.23 299.63 508,60
CB 2,072 265,68 -6,626.43 6,892,11 942.60 299.26 643,34
CN 1,996 265.68 -6,335.03 6,600.71 869.01 298.35 570.66
KB 1,898 265.68 -4,227.28 4,492.96 556.10 353.14 202,96
KN 2,895 265.68 -1,284.68 1,550,36 188.65 446.41 -257,76
JJ 1.920 265.68 -4,630,07 4,895,75 614,50 343.92 270.58
• The amount of grants (per pupil) which leaks to private consumption

(Thousandwon)

0.2 Optimal Values under the Matching Grant-in-aid Policy
(a=-0.5, 13=0.5, >.=0, A=2.1583, G. = A(Nt1)lIJt)

Private
cons. (X)

SL 2,201
PS 1,888
TG 1,687
IN 2,210
KG 1,875
KW 1,687
CHB 1,679
CRN 1,442
CB 1,440
CN 1,436
KB 1,699
KN 2,148
JJ 1.655

Per pupil edu. expenditure Per capita
Tota1(A+B) Loca1(A) Grants(B) Grants(C) Tax(D)

265.68 262.34 3.34 0.378 8.227
265.68 213.21 52.47 6.259 7.058
265,68 203.08 62,60 7.004 6.307
265,68 265.68 0 0 8,263
265.68 232.18 33.50 3.645 7.010
265,68 171.86 93.82 12,402 6.305
265.68 181.87 83.81 10.426 6.277
265,68 151.97 113.71 14,532 5.389
265.68 141.85 123,83 16.940 5.383
265.68 146.94 118.74 15,626 5.366
265,68 184.95 80.73 9,995 6.352
265.68 237.85 27.83 3.387 8.030
265.68 177.63 88,05 11.050 6.186

- -------

Fiscal re­
siduum(C-D)

-7.849
-0.799
0,697

-8.263
-3.365
6.097
4.149
9.143

11,557
10.206

3.643
-4.643
4.864
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D.3 Optimal Values under the Lump-sum Specific Grant-in-aid Policy
(a=-0.5, /3=0.5, ~=O, A=2.1583, Gl = A(NI

6
•
1)aJl )

(Thousandwon)
Per capita Fiscal re-

Grants(C) Tax(D) siduum(C-D)
SL
PS
TG
IN
KG
KW'
CRB
CRN
CB
CN
KB
KN
JJ

Private Per pupil edu, expenditure
cons, (X) Tota1(A+B) Loca1(A) Grants(B)

2,204 265,68 264.04 1.64
1,888 265.68 238,01 2.77
1,687 265,68 232,33 33.35
2,214 265.68 265,68 °
1,876 265.68 248,39 17.29
1,684 265,68 213,71 51.97
1,677 265.68 219.81 45,87
1,438 265.68 200.96 64,72
1,435 265,68 194,11 71.57
1,431 265,68 197.61 68,07
1,697 265.68 221.66 44.02
2,150 265,68 251.36 14.32
1,653 265,68 217,26 48,42

0,185
3,300
3,372

°1,881
6,870
5,706
8,272
9,790
8.958
5.449
1. 743
6,077

4.477
3,841
3,432
4,497
3,815
3.431
3,416
2,933
2,929
2.920
3,457
4,370
3,367

-4,292
·0,541
·0,059
-4,497
-1. 934
3,439
2,290
5,279
6.861
6,038
1.992

-2,627
2,710
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APPENDIXE

Estimation of En~el Curve of Educational Expenditure in Korea (+987)

Based on family income and expenditure survey data, we also estimate the

Engel curve of educational expenditure to see the changes of income elasticity by

income level. For this, we divide the family income into eight brackets and estimate

demand for education expenditures by the following equation, a piece-wise linear

regression.1

EO = [a1+P1(INC)]=01 + [az+pz(INC-300,000)]*Oz + [a3+P3(INC­

500,000)]*03 + [a4+P4(INC-700,000)]*04 + [as+Ps(INC-900,OOO)]-n, +

[a, +P,(INC-1,100,000)]*0, + [a7+P7(INC-l,300,000)]*07 + [as+ps(INC-

1,500,000)]*Os + 'Yl(SEX) + 'Yz(EY) +'Y3(NUM) + 'YiAGE) + u (1)

where, 0 1 = 1, if INCI•l S INC S INCI
= 0, Otherwise, IS i s8

The coefficients are constrained to obviate the discontinuity of the estimated linez:

1 If the estimation is just for the Engel curve, the spline regression method may result in bette, flt,
Refer Suit, 0., Mason, A, and Chan, L. (1978) for the specification of spline function. In this paper,
however, since the main concern of our estimation lies in the income elasticity by income bracket, piece­
wise linear regression is preferred for the calculation of income elasticity.

z Substituting this constraint into (1) simplifies the estimation equation as follows:
EO = al+Pl*[(INC)*Ol + 3OO,000*0:z + 200,000*(03+ .,. +D&>]

+ P:z*[(INC-300,OOO)*Oz + 200,000*(03+ ... +D&>]
, 1'1 .rn>o.Tr" ~"" """" *r- . "'IV\ """"(D' ..... "T JJ3 L\1.1'~-..IVV,vvv) v;; -t- ':".:V,VUV 4 T ••• TVs)J

+ P4*[(INC-700,OOO)*04 + 2OO,000*(Os+ ... +D&>]
+ ,8s*[(INC-900,ooo)*Ds + 200,000*(0,+ '" +Dg)l
+ P,*[(INC-l,l00,OOO)*O, + 2OO,000*(07+0&>]
+ ,8,[(INC-1,300,OOO)*07 + 2OO,000*(O~]

+ ,8s*[(INC-1,3OO,000)*Og + Control vanables + u ... (2)
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The following table summarizes the estimated coefficients of equation (1) by

OLS regression and the income elasticity in each income bracket.

Table E.I

Coefficients by Piece-wise Linear Regression Estimation for Education Expenditure

Income bracket (won) «1 8 1 (t-value) elasticity
o - 300,000 14,589 0.0018 (0.205) 0.018
300,000 - 500,000 15,129 0.0412 (6.837) 0.856
500,000 - 700,000 23,369 0.0171 (2.222) 0.409
700,000 - 900,000 26,789 0.0323 (3.415) 0.861
900,000 - 1,100,000 33,249 0.0291 (2.063) 0.805
1,100,000 - 1,300,000 39,069 0.0779 (3.837) 1.995
1,300,000 - 1,500,000 54,649 -0.0236 (-1.207) -0.631
Over 1,500.000 49.929 0.0109 (4.341) 0.394
Note 1. The intercept term in equation (2) is estimated to be -13,663 (t=-3.881). The intercept terms
in this table are calculated by using the average value of control variables.
Note 2. Income elasticities are calculated at the middle income level of each bracket.
Note 3. R2 = 0.4382 •

In Table E.1, income elasticities are estimated 0.41 to 0.86 in the middle

income ranges. In one particular income bracket which can be regard as the border

line between middle and high income class, education expenditure turns out to be

exceptionally elastic. Afterwards, income elasticitiesare very low value, even negative

(although it is/insignificant).

The variables controlled in this estimation are the year of household head's

education (EY), sex of household head (SEX), number of house family (NUM), and

age of household head (AGE). The estimation result is:

ED = -13663 + (SLOPES: {31, {32,...) + 944(EY) + 6447(SEX) + 237(NUM)
(-3.88t (8.49) (6.49) (0.79)
+ 389(AGE)

(9.68),

Among the control variables, the household head's sex influences on the level

-_.- -------- -- ---



124

of education expenditure. Other things being equal, female-headed households

(SEX= 1) generally tend to spend more for the educational purposes compared with

male headed households, which was already expected in Table 5.11.

Figure E.1 presents the Engel curve of education expenditure based on the

estimated coefficients in Table E.1. The coefficient is calculated with the mean value

of control variables: EY=11.000, SEX=O.166, NUM=4.512, AGE=40.30.

Educat100 Expl!Dd1turl! (Voo)

70.000 .-------.----~--..,..__--.,.._--r__-____,r__-___,r__-_____,

6O.0oa

eo.OOO

to.coa

'U.GOO

ZD.Coa

::::::::::::::::::::: :::::::::::::::::::: :::::::::::::::::::: .:::::::::::::::::::1:::::::::::::::::::: .:::::::::::::"':::: :::::::::::::::::... :::::::::::::::::...::

10.000 t+---....--*_---'t------..ae------.,llte------nile------nile------..lld
loco.. Bracket (Thousand voo)

Figure E.1
Engel Curve of Educational Expenditure in Korea (1987)
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