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ABSTRACT

The complementarity between public goods and private goods has
been a main focus in recent studies of optimal public good provision.
Specifically, when one applies the cost-benefit analysis to a public
expenditure project financed by distortionary taxes, the marginal cost of
public funds (MCF) may depend on the revenue effect associated with the
complementarity between public expenditures and private goods. The
purpose of this paper is to investigate the effect of public investment on
the revenue of consumption taxes in Taiwan. It follows the theoretical
framework formulated by Wilson (1991) to set forth an empirical model
for the estimation of the tax revenue function. The empirical results
indicate that current public investment has a two- to three-year lag
before it affects consumption tax revenue. During the period of observa-
tion, 1964 to 1996, the revenue effects of public investments in Taiwan are
shown to be positive, implying that public investment in part self-
finances and thus reduces the required public funds. From the perspec-
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tive of the cost-benefit analysis, raising the level of public investment is
justified. However, in view the recent trends of rising pecuniary costs of
public investment and falling revenue effects, the case for increasing
public investment seems to have become less compelling than in earlier
periods.

Key Words: Public Investment, Marginal Cost of Public Funds, Revenue
Effects, Net Public Funds

1. Introduction

The complementarity between public goods and private goods is one of
the central issues in recent studies of optimal public good provision. Specifi-
cally, when one applies the cost-benefit analysis to a public expenditure
project financed by distortionary taxes, the marginal cost of public funds
(MCF) may depend on the revenue effect! associated with the complemen-
tarity between public goods and private goods. According to Browning
(1976), the MCF is defined as the social cost of financing an increase in the
provision of public goods. If the increment of public good provision were
financed by taxes, the MCF would be the direct tax burden plus the mar-
ginal welfare cost engendered in acquiring the tax revenue. Therefore, in a
first-best economy such as Samuelson (1954) characterized, the provision of
public goods can be financed by lump-sum taxes and the MCF must equal
one. While in an economy with only distortionary taxation, public good
provision can no longer be financed by lump-sum taxes and the MCF must
be greater than one, implying that the optimal level of public good provision
is smaller than it would have been with nondistortionary taxation.

However, as Atkinson and Stern (1974), Wilson (1991), Ballard and Ful-
lerton (1992), and Sandmo (1998) indicated, this conclusion may not necessar-
ily hold. If one considers the complementarity between public goods and
private goods, then the MCF will ultimately depend not just on the tax, but
also on the nature of the public good provision under consideration. In an
economy with only consumption-type distortionary taxes, if public goods

1 Schob (1994) refers the revenue effect associated with the corhplementarity between
public goods and taxed private goods to as the ‘self-financing effect’ of public good
provision.
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are complements to most of the taxed private goods, then there will be a
positive revenue effect associated with an increase in the provision of public
goods. This will reduce the magnitude of the MCF and make the increase in
public good provision to be socially desirable. On the other hand, if public
goods are substitutes for most of the taxed private goods, then the MCF will
increase in an association with the negative revenue effect, to leave the
optimal level of public good provision below the first-best level.

Although the significance of the revenue effect of public good provision
is theoretically well understood, the literature does not suggest any empiri-
cal measure for it. Therefore, it is of our interest to examine how the magni-
tude of the revenue effect of public good provision could be in an economy
with distortionary taxes. This paper aims to investigate the effect of public
investment? in Taiwan on the revenue from consumption taxes, including
the value-added tax (VAT) and commodity taxes.3 It follows the theoreti-
cal framework formulated by Wilson (1991) to set forth an empirical model
for estimating the revenue function of consumption taxes in Taiwan. The
empirical analysis incorporates Taiwan’s annual data from tax revenue
reports during 1961-1996 with the Generalized Method of Moments (GMM)
estimation in econometrics. It finds that, during the period of observation
all the revenue effects of public investment on consumption taxes are posi-
tive, implying that public investment in Taiwan is complement to most of
the taxed private goods and it does have a self-financing effect. However,
the revenue effect of public investment also displays a trend of decline dur-
ing the period of observation, i.e., the self-financing effect in more recent
decades were lower than in earlier decades.

The rest of this paper is organized as follows. Section 2 presents a theo-
retical model of public goods provision as that of Wilson (1991) and then
formulates the well-known Samuelson rule for public goods provision in an
economy with distortionary taxes. Section 3 specifies an econometric model
of the revenue function for consumption taxes. Section 4 shows the descrip-
tive statistics for empirical data and analyzes econometric results. The last

2 In this study, we regard public investment as the provision of public goods.

3 Commodity taxes in Taiwan are levied on various selected items. Although its reve-
nue has exhibited a significant reduction after the VAT was instituted in 1986, it
remains an important part of consumption taxes. The revenues from VAT and com-
modity taxes as a percentage of total tax revenues were 18.3% and 12.4% in 1996,
respectively.
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section presents some concluding remarks.

2. The Theoretical Model

2.1. The Optimal Provision of Public Goods with Distortionary Taxes

Consider an economy with H individuals, N private goods, x=(x1, 2, ...,
xn~), and a public good, G. The government aims to maximize the level of
social welfare subject to the production feasibility of the economy, F(x, G)
=0, by providing the public good with distortionary taxes on private goods.
Let z=(n, , .., =v) be the vector of tax rates imposed on private goods.
Then, following Wilson’s (1991) expression, we may assume that all x:s need
not to be taxed optimally and each of the ;s can be regarded as a function
of a vector of tax instruments, b, i.e., r;=r(b).}

The government’s problem thus can be expressed as the following:

(1) max (V! V3 ., VH) St. F(x(q,Y,G),G)=0,

1GbY

where ¥ is the Bergson-Samuelson social welfare function which is
assumed to be twice differentiable and concave in V*, h=1,2,.., H. V"=
V*(q, Y*, G)is the indirect utility function that characterizes individual »’s
preference. g=(q, ¢z, ..., gv) is the vector of consumer prices for private
goods. Y” is individual %’s income and Y=(Y', Y% .., Y#). It is assumed
that the utility function is such that the individual’s demand for a given
private good ¢, x7, is a well-defined function of ¢, Y”, and G. It is also
assumed that all V”s and F are twice differentiable and continuous func-
tions of @, & and all Y*s.

Differentiating the Lagrangian for the government’s optimization with
respect to G and then manipulating with competitive equilibrium conditions
and individual budget constraint, we have the optimal condition for public
good provision in a second-best economy as the following:°

Hogh N
(2) ETMRSg,Yh-FETixﬂ;:FG,

h=1

4 In Wilson (1991), the provision of public goods can be partially financed by limited
lump-sum taxation, which is not allowed in the current study.

5 It is a second-best economy because the provision of public good can be financed only
by distortionary taxes.
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Where B ( th V”h) is the marginal soc1a1 utility of consumption; MRSE y»

(= th ; A is the
0x: oF
Lagrange multiplier; xic=—5~ GG sand Fe= Elek

Equation (2) represents the Samuelson rule for the optimal level of pub-
lic good provision with distortionary taxes on the consumption of private
goods. The term in the right-hand side reflects the marginal cost of public
good provision. The first term in the left-hand side is the marginal social
benefit of the public good, which equals the summation of individual MRS
weighted by a proportion of social marginal utility of individual consump-
tion. The second term in the left-hand side measures the revenue effect of
public good provision associated with the complementarity in demand
between the public good and taxed private goods. Intuitively, a positive rev-
enue effect will reduce the net cost of public good provision and raise the
optimal level of public good provision. The converse holds if the revenue
effect is negative.

2.2. The Revenue Effect of Public Good Provision

Equation (2) may implicitly give the optimal level of public good provi-
sion, G*. This in turn leads the revenue effect associated with the provision
of public good to the following:6: 7

aT . * q Bh h * h
(3) a—G‘—FG(G , Y, Q)_EITMRSG,Y"(G , Y* a),
N
where %L=Zrixic measures the revenue effect of public good provision
and 7 denotes the revenue of consumption taxes.

It implicitly follows from equation (3) that the revenue from consump-

tion taxes can be expressed as a function of the form as the following:
(@ T=T(Y,p, 75 G,
where p=gq—r is the vector of producer prices for private goods and B=
(B, B2 ..., B™). It is worth noting that since 8”= ¥y Vs, the values and pat-

6 As shown by Wilson (1991), the second term in the right-hand side of equation (3) can
be decomposed into an income effect and an equity effect.

7 With this traditional framework of optimal public good provision, there involves only
the revenue effect on consumption taxes. Consequently, the following analyses focus
on the consumption taxation only.
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tern of elements in (B8/A) will depend on the actual distribution of income.8
In addition, increases in Y and p will also result in changes in the distribu-
tion of income. Hence, the revenue effects of Y, p and (8/A) may be cor-
related.

Other things being equal, if there are proportional increases in incomes
of all individuals or proportional increases in producer prices for all taxed
goods, then the distribution of income will remain unchanged. There will be
only a revenue effect associated with income growth or inflation. If in-
creases in individual incomes or producer prices are not proportional, then
there will be a direct revenue effect resulting from income growth or infla-
tion and an indirect revenue effect through changes in income distribution.
Finally, if per capita income and the general price level remain constant, a
relative change in individual incomes or producer prices can only give rise
to a revenue effect associated with a change in the income distribution. In
order to clarify these revenue effects, we may rewrite the revenue function
as follow:

(5) RT=f(y, P, IDX, t, G*),

where RT is real tax revenue; y is real income per capita; P is the general
price level; and /DX is the income distribution index. Holding others being
equal, the revenue effect of public good provision evaluated at G* is thus

. oRT
given by - 30

3. The Econometric Model

3.1. Econometric specification

In the light of equation (5), this section sets forth an empirical model for
estimating the revenue function of consumption taxes in Taiwan. Before
proceeding further, some assertions about the measurement of public good
provision need to be explained. First, since infrastructures usually contain
characteristics of public goods, we may consider public investment in infras-
tructure to be the provision of public good. Second, since infrastructures
continue to be available for all individuals and producers, the revenue effect
of public investment may last for periods. Finally, the observed level of in-

8 This allows us to translate the normative notions characterized in equations (3) and (4)
into a positive notion shown in equation (5) below.
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frastructure investment is generally not equal to its optimal level, G*,
because of the partial adjustment process in public investment. Hence, the
current tax revenue that depends on the optimal level of public investment
in the current period will also depend, in part, on the tax revenue of the last
period.

In accordance with these assertions, we can rewrite the revenue func-
tion for consumption taxes in a given period of time, ¢, as the following:

(6) RT:i=f(y:, Pi, IDX:, Gt, Gi-y, ..., Ge—g, 1, RT-1), Vi=1,2,.., T,

where 7; denotes the rate structure of consumption taxes in time {. Under
the premise of constant elasticity, the revenue function can be specified as a
log-linear form characterized by the following stochastic difference regres-
sion:

J
(7) mMRT:=av+ aniny: + :lnP;+ asinIDX, + %aa,j mGe-;+

M
YinRT: 1+ Eldem't + &4, \vd t=1,2,.. T,

In the regression, as are respective coefficients to be estimated for real in-
come, the price level, income distribution index, and real public investment.
The revenue effect of public investment is characterized by as,;. 7 is the
unknown coefficient for last period’s revenue, and it is expected that |y|<1.
Ds are dummy variables for the effects of structural changes associated
with external shocks to the economy and statutory changes in the rate struc-
ture of consumption taxes. ds represent unknown coefficients for respective
dummy variables and ¢ is the disturbance term in the regression.

By construction, a dollar increase in the current public investment can
lead the tax revenue in each of the next J +1 periods to rise by the following
amount:

(8) dRTt+,-:a4,j[—@—GTf—f} V=012 .7

The revenue effect of a dollar increase in public investment (RVEG;) thus
can be measured by the sum of dRT from period ¢ to £+, i.e,

J 7 .
(9) RVEG.=$dRTr o= S| KL |

Jj=0

Intuitively, public investment is a complement to most of the taxed private
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goods and revenue productive to the government treasury as long as RVEG;
is positive.

Subtracting the revenue effect from the one-dollar increase in the cur-
rent public investment, we obtain the net pecuniary cost of public invest-
ment as the following:

L ( RT.,
00 NPCG=1-3 a4,j[—5§—+—] .

The net pecuniary cost can be regarded as the net public funds (NPF:) spent
on public investment. The revenue effect of public investment will reduce
the amount of funds required to finance the same quantity of public invest-
ment. The greater is the revenue effect, the smaller the net pecuniary cost of
public investment will be. Moreover, since the MCF decreases with the reve-
nue effect of public investment, it may justify increase in public investment
from the perspective of the cost-benefit analysis.

3.2. The Method of Estimation

The estimation method applied to this study is the Generalized Method
of Moments (GMM) (Hansen, 1982). There are two reasons for using the
GMM estimation. First, GMM is a procedure of instrumental variables that
aims to avoid any possible bias associated with the reverse causation
between dependent and independent variables. Second, it is appropriate to
regressions with autocorrelated errors. The criterion for GMM estimation is
to choose a set of parameter estimators that minimizes the following func-
tion:

1 M(a)=e(a) WWQRW) 'Wela),
where
(12) €t(a)= h’lRTt‘—f(yt, Pt, IDXt, Gt, veey Gt—j, Dl,t, . DM,t, RTt—l),

@ is the vector of regression coefficients, W=(wi, ws, ..., wr) is a (NxK)
matrix of instrumental variables,® and 2 is the expected value of
(1/T)Z‘,twte%w2

When proceeding to estimate the revenue function for consumption
taxes, it is important to avoid misspecifying the dimension of parameter
space. This study employs the information criterion suggested by Schwarz

9 The instrumental variables in W include v:-1, Pi-1, Ge-1, ...y Ge—s, Dty ooy Dty RTe1.
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(1978) to specify appropriate model. Schwarz’s criterion chooses the model
that minimizes the following function:

13 SC(K)=log S*;E + Kl%? T

where K is the number of independent variables in regression, SSE is the
error sum of squared for the regression, and T is the number of observa-
tions.

4. Empirical Analysis

4.1. Sources of Data

This study uses annual data from 1961 to 1996 to conduct the estimation
of the revenue function for consumption taxation (the VAT and commodity
taxes) in Taiwan.l0 Data sources for variables other than dummies are
three government publications in Taiwan. Investment in infrastructure (G),
general price level (P;), and national income per capita (v:) were obtained
from National Income in Taiwan (1996), published by the Directorate-
General of Budget, Accounting and Statistics. Revenues for consumption
taxes (R7T:) were extracted from Yearbook of Tax Statistics (1997), publi-
shed by the Ministry of Finance. The index for the inequality of income
distribution (IDX;) is measured by the ratio of annual personal income in
the top quintile households to that in the bottom quintile. Its annual values
were obtained from Taiwan Statistical Databook (1982-1997) of the Council
for the Economic Development and Planning.

To capture the effects of the structural changes arising from the
exogenous economic shocks and the statutory changes in consumption
taxes, dummy variables are employed. OLC74 and OL8182 are variables
representing the effect of structural changes resulting from the first and
second worldwide oil crises in 1974 and during 1981-1982, respectively.
FNC8586 purports to capture the effect of structural change associated with
the financial scandal of Taipei Tenth Trust Cooperative in 1985.11 The

10 All the values of annual data are based on calendar year (from January 1st to Decem-
ber 31st in the same year) rather than on fiscal year (from July 1st in the current year
to June 30 in the next year).

11 The scandal involved the illegal loans to the president of the trust cooperative, and
resulted in a national-wide financial crisis. Although it occurred in 1985, Taiwan’s
economy took almost two years to recover from its negative impacts.
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variable YR9496 was meant to account for the structural change effect
along with the economic downturn during 1994-1996. During the period of
observation, there are also many statutory changes in consumption taxes.
These include changes in commodity tax rates during 1965-1968, 1968-1970,
1972-1979, 1979-1981, 1986-1989, and a tax reform from a general sales tax
to a VAT in 1986. The respective variables for these statutory changes,
along with their definitions and sample statistics for variables in the regres-
sion, are shown in Table 1.

4.2. Estimation Results

Presented in Table 2 are the GMM regressions for the revenue function
of consumption taxes in Taiwan. Comparing values of the Schwarz crite-
rion among all regressions shown in the table, we note that the Model 6 has
the lowest value for the criterion. Therefore, we will use this regression to
represent the revenue function and analyze the revenue effect of public
investment in Talwan.

The Income Elasticity, Price Elasticity, and the Effect of Income Distribution

The coefficient for national income per capita (y:) in the regression is
0.23993, which is less than one, indicating that the revenue from consump-
tion taxes is inelastic to changes in income and thus, according to Musgrave
and Musgrave (1989), is a regressive tax. The regressivity arises mainly
from the fact that the fraction of income spent decreases as income rises.!2
The coefficient for the general price level (P;) is negative and statistically
significant, reflecting the negative effect of a change in the general price
level on the consumption tax base; other things being equal, the demand for
taxed goods falls as the price level increases.

The inequality of income distribution (/DX.) also exhibits a negative
effect on the revenue of consumption taxes. Its coefficient in the regression
is —0.41727. Since lower income individuals tend to spend a greater fraction
of their incomes on consumption than higher income individuals do, the
marginal propensity to consume out of national income will decrease with
the inequality of income distribution at a given level of income per capita.
The revenue and base of consumption taxes may thus fall with rising in-
equality of income distribution.

12 See Bruce (1998), p.616.
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Table 1. Definitions and Sample Statistics for Regression Variables

Variable Definition Mean Standard Dev.
ImRT; the logarithm of real revenue of from consumption 25.07995 .94688
taxes
Iny:  the logarithm of real national income per capita 11.42909 63682
mP,  the logarithm of national income deflator 4.01041 61636
mIDX, the logarithm of income distribution index 1.55472 .09421
InG:  the logarithm of real public investment 25.02338 1.18584

OLC74 dummy variable for the first oil crisis in 1974. — —
OLC74=1 if year=1974; else OLC74=0.
OLC8182 dummy variable for the second oil crisis during — —
1981-82. OLCB182=1 if year=1981-82; else
OLC8182=0.
FNC8586 dummy variable for the financial scandal during — —
1985-86. FNC8586=1 if year=1985-86; else
FNC8586=0.
YR6568 dummy variable for the tax rate increases and new — —
taxes imposed on some commodities during 1965-
68. YR6568=1 if year=1965-68; else YR6568=0.
YR6870 dummy variable for the tax rate increases and new — —
taxes imposed on some commodities during 1968-
70. YR6870=1 if year=1968-70; else YR6870=0.
YR7279 dummy variable for the tax rate increases in textile — -—
materials and non-alcohol beverages during 1972-
79. YR7279=1 if year=1972-79; else YR7279=0.
YR7981 dummy variable for the repealing of taxes on — —
textile materials, new taxes imposed on electrical
products, and tax rate increases in automobiles
during 1979-81. YR7981=1 if year=1979-81; else
YR7981=0.
YR8689 dummy variable for the tax rate reduction and — —
repealing in some commodity during 1986-89.
YR8689=1 if year=1986-89; else YR8689=0.
VATS8696 dummy variable for the tax reform from a general — —
sales tax to a VAT since 1986. VAT8696=1 if year=
1986-96; else VAT8696=0.
YR9496 dummy variable for the economic downturn during — —
1994-96. YR9496=1 if year=1994-96; else YR9496=
0.

Sources:  (1)National Income in Taiwan Area of the Republic of China, DGBAS, 1996.
(2) Yearbook of Tax Statistics, Ministry of Finance, 1997.
(3) Taiwan Statistical Databook, CEDP, 1982-97.
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Table 2. GMM Regressions for the Revenue Function of
Consumption Taxes in Taiwan

Indep. Vars. Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Constant 1.1206 1.97078***  1.05166***  1.11137***  1.83166*** 98779**
(.373) (3.006) (1.992) (2.450) (3.629) (1.943)
ny: .01773 10726 .24574* .22094** 146089 .23993**
(.047) (.568) (1.582) (1.645) (1.249) (1.823)
InP: —.07621 —.16154*** —.26622*** — 25926*** —.19395*** — 27623***
(—.638) (—1.255) (—3.216) (—4.691) (—3.044) (—4.095)
nIDX, —.09759 —.46205*** —.41369*** —.41921*** — .48535*** — .41727***
(—.268) (—3.264) (—3.55) (—3.587) (—4.824) (—3.661)
nG, —.13973 —.06819 —.01381 — —.04384 —
(-1.121) (—.798) (—.326) (—1.130)
InG:, .17556 .01994 — .05026 — -
(1.160) (.272) (.979)
nG:—2 —.18482 — —.07509 —.15042** — —.08319**
(—1.113) (—1.169) (—1.697) (—1.812)
nG:—s .24262*** .20613*** .30335*** .33587*** .22352%** 31577%**
(2.310) (2.716) (4.210) (5.858) (6.327) (6.827)
ImRT, B7614*** .76578*** .70494*** .69186*** 742567*** .69395***
(6.117) (7.530) (8.681) (13.176) (14.162) (13.578)
OLC74 —.27973***  —22120*** —.19447*** —.18658*** —.20836*** —.18708***
(—7.988) (—4.045) (—4.805) (—9.377) (—7.563) (—7.853)
OLC8182 —.09797*** —.08397**  —.06184*** —.06867*** —.07776*** —.06172%**
(—4.125) (—3.347) (—3.575) (—4.531) (—4.979) (—4.065)
FNC8586 —.08181*** —.08257*** —.08682*** —.09161*** —.08467*** — (08758***
(—2.624) (—3.748) (—3.059) (—3.200) (—3.929) (—3.225)
YR6568 .03510** .03160*** .03801*** .04531*** .03275%** .03854***
(1.725) (2.134) (2.350) (2.508) (2.218) (2.458)
YR6870 11047*** 13170%** .13093*** 12657*** .13253*** .13135***
(3.676) (6.520) (7.257) (6.757) (6.756) (7.356)
YR7279 .07819*** 04227*** .05167*** .04601*** .04006*** .04891***
(2.856) (2.162) (2.817) (2.853) (2.73) (2.763)
YR7981 .00497 - - — — —
(.146)
YR8689 .04079 — - - — —
(.392)
YR9496 —.16550**  —.15655*** —.17887*** — 18555*** —.15869*** —.18404***
(—1.757) (—3.927) (—5.105) (—5.078) (—4.042) (—5.535)
VATS8689 .14701* .20558*** .15931*** .16253*** .19868*** .15991***
(1.623) (4.924) (3.952) (4.489) (6.663) (4.469)
T 33 33 33 33 33 33
GMM Criterion 16.28868 15.34893 16.73961 16.33206 15.68912 16.89639
SC —1.89731 —1.97763 —2.01588 —2.01783 —2.02691 —2.06189
Notes: (1)*, ** and *** indicate that the coefficients are significant at 159, 109% and 5%

significance level, respectively.
(2)The numbers in parentheses are asymptotic z values for respective coefficients.
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The Effects of Structural Changes

As mentioned above, the structural change effects result mainly from
exogenous shocks and statutory changes in consumption taxes. Obviously,
the increase in tax rates and the imposition of taxes on added items of com-
modities during 1965-1968, 1968-1970 and 1972-1979 did cause positive and
statistically significant structural changes in the tax revenue function,13
helping to raise revenues in the respective periods. During 1979-1981, the
government repealed commodity taxes on textile materials and imposed
taxes on electrical products, which might have offset one another and result-
ed in insignificant structural change effect on tax revenue. Although the tax
rates on some of the taxed goods were reduced further or repealed during
1986-1989, it also did not give rise to a significant revenue effect.

The adoption of the VAT was one of the major tax reforms in Taiwan,
and as indicated by the coefficient of VAT8696 in Table 2, it had a positive
and statistically significant revenue effect. In 1986, the government replaced
the existing sales tax with a consumption-type VAT and removed a large
portion of taxed goods from commodity taxes. The removal of commodity
taxes on some commodities may reduce the consumption tax base; however,
since the VAT is applicable to most of the consumption goods and services,
it broadens the consumption tax base and helps raise revenues. The coeffi-
cients for OLC74, OLCS8182, FNC8586, and YR9496 are all negative and sta-
tistically significant. Our finding indicates that the exogenous shocks
caused by the two worldwide oil crises in 1974 and 1981, the financial scan-
dal in 1985, and the economic downturn during 1994-1996 did bring about
reductions in revenues from consumption taxes during the respective
periods.

The Revenue Effects of Public Investment

As for the coefficients of public investments, only two- and three-year
lagged public investments have significant effects on the current revenue of
consumption taxes. Intuitively, when public investment was initiated, it
would engender a rise in demand for taxed goods that serve as its inputs on
the one hand and a crowding out effect on private investment and consump-
tion on the other hand. These two effects could offset one another and in

13 These refer to the respective coefficients for dummy variables YR6568, YR6870 and
YR7279 in Model 6 of Table 2.
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turn lead the current and one-year lagged public investments to have no
significant effects on consumption tax revenue. The coefficient for two-year
lagged public investment is statistically significant and negative, indicating
that the crowding out effect may dominate. Three years after its initiation,
public investment starts to generate significantly positive effects. The rea-
son is twofold. After a period of construction, public infrastructure begins to
operate and serves as complement to the consumption of taxed goods on the
one hand, and it could be a critical input for the production of taxed goods
on the other hand. Both would bring in positive revenue effects on consump-
tion taxes.

Table 3 shows the revenue effect (RVEG,) and the net pecuniary cost
(NPCG,) of a dollar increase in real public investment during the period of
observation. We note that the revenue effect shows a clear trend of decline,
especially highlighted during the periods of economic recession such as
1974-1975, 1980-1986, and 1994-1996. This in turn leads the net pecuniary
cost or the net public funds for public investment to rise over period. On the
average, the revenue effect and the net pecuniary cost of public investment
in the 1960s are higher and lower, respectively, than those in the rest period
of observation. The reason is that during the 1960s, Taiwan’s economy was
in a highly expanding stage while there was a deficiency in public infras-
tructure. A dollar increase in public investment during that period would
have induced a greater increment in the consumption tax base. The Big-Ten
Infrastructure Construction project, which began in 1972, soon led to strong
revenue effects during the earlier part of 1970s, but then it declined signifi-
cantly following the first worldwide oil crisis during 1974-1975. In 1980, in
the aftermath of the second worldwide oil crisis, the effect was to its histori-
cal low.

The revenue effect continued to decline during the first half of the 1980s
because of the persisting of economic recession attributable to the oil crisis
and the financial scandal of the Tenth Trust Cooperative in Taipei, reach-
ing another historical low of 0.21783 in 1985. During the second half of 1980s,
the revenue effect showed a reversing trend, rising to 0.40239 in 1990 and
then declined gradually thereafter. Eventually, it significantly fell to all-
time low of 0.18959 in 1996. On the average, the revenue effect in the 1980s
and 1990s were lower than those in previous decades. In addition to the eco-
nomic recession, one other reason may help explain this result: the increas-
ing cost of land and materials for infrastructure construction which became
increasingly more pronounced during the 1980s and the early 1990s.



Evaluating the Revenue Effect of Public Investment 671

Table 3. The Revenue Effect and Net Pecuniary Cost of
a Dollar Increase in Public Investment (1964-96)

Year RVEG: NPCG:
1964 42683 57317
1965 .45660 .54339
1966 .50098 .49902
1967 .48305 .51695
1968 .58888 41111
1969 .64024 .35976
1970 .61825 .38175
1971 .59004 .40997
1972 .57152 42848
1973 .54512 .45479
1974 .44654 .55346
1975 .43689 56311
1976 44162 .55838
1977 47385 .52615
1978 .35705 .64294
1979 .31190 .68809
1980 .26628 73372
1981 .28209 71791
1982 .26849 73151
1983 .26201 73799
1984 .25556 74443
1985 21783 78217
1986 .29261 70739
1987 34269 65731
1988 .34747 .65253
1989 39651 .60349
1990 40239 .59761
1991 .35494 .64506
1992 .35531 .64469
1993 30997 .69003
1994 27264 72736
1995 22878 77122
1996 18959 .81041
1964-1970 average .53069 46931
1971-1980 average .44409 55591
1981-1990 average 30677 .69323
1991-1996 average .28521 71479
1964-1996 average .39196 60804

Note: The calculations of RVEG: and NPCG; (of equation (9) and (10}, respectively) are based on
the regression coefficients of Model 6 in Table 2 and annual values of public investment
and tax revenue.
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In sum, the revenue effects of public investment on consumption taxes
in Taiwan were all positive during the period of observation, 1964-1996. It
signifies that public investment has been complement to most of the taxed
goods, and increases in public investment have been socially desirable. How-
ever, since the effect displays a trend of decline, the net pecuniary cost
shows to increase over time.

5. Concluding Remarks

The complementarity between public goods and private goods has been
a focus in recent studies of optimal public good provision. Having examined
the revenue effect of public good provision with the second-best Samuelson
rule formulated by Wilson (1991) and having transformed the rule into an
empirical revenue function for consumption taxes in Taiwan, this paper
contains its own distinctive features with rich policy implications. It finds
that the income elasticity of consumption taxes in Taiwan is less than one,
signifying that the consumption taxation is regressive. Most of the rate
changes in commodity taxes, the adoption of VAT, the exogenous shocks
from worldwide oil crises, and the financial scandal have significant struc-
tural-change effects on the revenue from consumption taxes in Taiwan.

Most importantly, the current public investment takes two- to three-
year lags to affect the revenue from consumption taxes. During the period
of observation, 1964-1996, all the revenue effects of public investments on
consumption taxes in Taiwan are positive, implying that public investment
is able to self-finance and accordingly reduce the net public funds. From the
perspective of cost-benefit analysis, it justifies a higher level of public
investment. However, with the observed trend of rising pecuniary costs of
public investment and falling revenue effects, the case for increasing public
investment seems to have less compelling than in earlier periods.
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