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The Impacts of Fiscal Policies on Economic Growth:
An Application of the Autoregressive Distributed Lag (ARDL) Maodel

Ming-Hung Yas™

Abstract

This paper considers both public investment and taxation to analyze the impact of
fiscal policy on economic growth in the period of 1955-2014 in Taiwan. The
autoregressive distribaned lag (ARDL) approach is used 1o deal with the series of
different oorders of integration. The resulls indicate thal there 1s a long-run equalibrium
relationship among public mvestment-to-GDP ratie, lax mix, defined as the ratio of
direct to indirect taxes, the average tax rate or tax burden, and Taiwan's economic
growth rate. Tax mix has ificantly negative effe ic growth. The public
investment and average tox rate have no sigmficant effect on economic growth. This
may anse from three reasons. First, the link between public investment and growth has
weakened over time. Second, the effects of direct and indirect taxation on economic
growth cancel each other out. Third, the tax cut money spent on the personal
consumption instead of private investment leads to a negligible effect of taxation on
long-term  cconomic growth. Our results do not coincide with Harberger's
supemeutrality conjecture. Instead, they support the argument of endogenous growth
theory that given same public investment-10-GIDP ratio and tax burden, reducing the
ratio of direet to indirect taxes enhances economic growth.

Keywords: cconomic growth, public invesiment, tax burden, tax mix, ARDL model
JEL Classification: 011, K53, H20
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ceonomic growth. This paper aims to examine the shori-run dynamics and long-run
relationship among Taiwan's cconomic growth and other fiscal policy variables by
using the autoregressive distributed lag (ARDL) approach. This approach was
proposed by Pesaran <t al. (2001), The advantage of smploying this approsch w
cointegration is that a null hypothesis of no cointegration can be tested when vanables
have different orders of integration. We apply this methodology 10 Taiwanese data
during 1955-2014 since the ADF and PP unit root tests show that Taiwan's public
investment to GDP ratio, tax burden, and tax mix, defined as the ratio of direct to
indireet taxation, are all (1) serics and its cconomic growth rate is an 10) serics, Our
estimation results show that a long nm relationship exists among these variables.

Our results indicate that tax mix has significantly negative effects on economic

growth. The public investment s average tax rle or tax burden have no significant
effect on cconomic growth, This may arise from three reasons. First, the link between
public investment and growth has weakened over time. Second, the effects of direct

and mdireet taxation on cconomic growth cancel each other out, Third, the tax cut

money spent on personal consumplion instead of private mvestment leads 1o a
negligible effect of taxation on long-term cconomic growth,
This paper is organized as follows. Section 2 provides a brief erature review.

Section 3 mtrodueces the theoretical model. Section 4 deseribes Tiwan's economic

and fiscal data. Section 5 presents an emparical analysis and section 6 concludes.

2. Literature Review

Ny studies have di: 1 the rels i

weeen public i und
coonemic growth. Aschauer (1989) indicates that nonmilitary public capital stock has

i 1

substantial influcnee on ic growth. 1 public
for the slow LS. ceonomic growth during the 1970s and 1980s. Kocherlakota and Yi
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1. Introduction

In the midst of the 2008 global ic recession, Tai

proposed 1ax cuts i motor vehicle excise 1ax, corporate mcome and personal income
taxes. It also laid out twelve public construction projects, including island-wide
transpodation network, food control and river rectification, sewer construction, and
te. These diseretionary policies regain attention in the long-term effect of taxation
and public investment on economic growth. Whether these expansionary policies are
able 1o revive Taiwan's economy is the question we would like to investigate in this
paper.

The effeets of fiscal policies on economic growth have been widely discussed in
the literature. Endogenous growth theory states that sustained economic growth can
e explained by increasing retums to scale, human capital, rescarch and development,
and public investment (Romer, 1986; Lucas, 1988). Public mvestment aims 1o
accumulate public copital, such as roads, airponts, milways, pons, waler system,
electneity and ete. Provision of public infrastructure reduces private production cost,

enhanees production effii el . Und

s private i
in infrastructure may retard economic activiies, and pose risks 0 a4 nation’s
productivity and standard of living.

Tax revenue is the main source to finance govemment expenditure. Taxes

reallocate resources and alfect capital . Enxh wrowth state.
that public invesiment directly affects a country’s long-term production capacity
through public capital aceumulation. Taxes alter the retums of production factors and
indirectly affect market activities. When it comes to economic growth, both taxation
and public investment are important ¢lements.

Unlike previous rescarch, which uses solely taxes or public investment in
estimation, this paper considers both 1o analyre the impact of fiscal policies on

.

(1996) further propose that a 1 pereent increase in the ratio of nonmilitary equipment
capital to GNP will permanently raise GNP per capita by 2 percent, Frutos of al, (1998)
show when public capital stock inereases by | percentage point, equilibrium eutput
level in Spain will grow by 2.8 percentage points. However, Cheung et al. (2012)
suggest that the link between public investment and growth has weakened over time.
pressions, public i in

high-iconse countries is more likely to have a negative effect on economic growth,

A

ing o their ional and

Ramos and Roca-Sagales (2008) use a vector mutoregression approach 1o estimate the
effect of fiscal policies on GDP. They find an increase in public spending has a
negative impact on long-term output growth, Mo (2007} decomposes the effect of
government expenditures on real GDP growth rates, He concludes that | percentage

point merzase i the share of 1 | rinses the

cquilib GDP growth rate by 0167 ge points, Yel, go
consumption expenditures have negative marginal effects on cconomic growth,

The impmact of tax policies on cconomic growth remains wnresolved (Myles,
2000). Supementrality conjecture proposed by Harberger (1964) argues that tax
policies have limited impact on kabor supply, private savings, investment and
ceonomic growth. Kocherlakota and Yi (1996, 1997) present that the highest and
effective personal income X rates have no significant effects on US. and UK.
long-term economic development. Mendoza et al. (1997) estimate the effective tax
rtes of consumption 1ax, labor income 1%, and capital income tx for 18 OECY
countries. Their results indicate that these effective tax rates have small and
insignificant impact on the average growth rate of GDI per capita,

Other empirical studies provide evidences that tax pelicies may affeet cconomic
growth, Auerbach and Kotlikoll (1957) evaluate fiscal policies with a dynanie

simulation model and find that ption tax tends to savings and




capital formation. Skinser (1987) estimates data of 31 Afican countries dusing
1963- 1952 and concludes that given the same tax revenue, mereased consumption tax
rates associated with decreased import duty, personal income, and corporate income
tax rates help boost economic growth. Wang and Yip (1992) find that the consumption
tax has a positive effect but income tax has a negative effeet on coonomic growth, The
opposing effects of these two taxes result in an insignificant impact on output. They
suggest Ut individual rather than aggregate tax rates should be used o examine the
effect of taxation on cconomic growth. Branson and Lovell (2001} estimate the
combination of o burden and tax mix that maximizes New Zealnd's economic

growth rates. Their results show that during the sample period, the actual 1ax burden

and tax mix exeeed the h imizing levels, 1f the rednces the

Turden, real GDP will increase and people will olbstain more purchasing power,

3. Theoretical Model

Suppose a representative agent maximizes his utility defined as equation (1.

UiE,) = Eg Eizy plIn(Cy) [
where Cp denotes the consumplion level o time € p is the discount factor. The
production function is assumed as equation (2).

Yo = (ADKIG] &)
where Yy 15 the outpat level, Ay represents the technology shock, Dy is the rato of
direct to indirect tax, K, is the private capital stock, and G, is the public capital
stock at time €. Equation (2) implics that tax policies affect not only the aceumulation
of private capital through the changes of tax burden, but the ouiput level with varying
ratios of direct to indirect tx. Equation (3) defines the law of nwtion for private

capital accumulation.

coomomy according to the IMF World Economic Outlook, September 2011

Figure | Taiwan cconomic growth rate, 1955.2014

In this paper. public investment is defined as the gross fixed capital formation of
govenment sector. Figure 2 shows the public investment-GDF ratios between 1935

and 2004, During the oil cnsis in the 1970, Taiwan government expanded the

of i and shipyards. The ighted average ratio of public
investment to GOP is 4.07% in 19705, and 4.41 in 1980 In the lae 19805 and early
19905, Taiwan government started the transport infrastroctuse investment projects.
However, the mtio has continuously dropped since then dus to the substantial bucdget

dieficits.
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Ky = Ky — Kyoy = BKy, {'-'ci‘-l-}'s 3

where & represents the mte of depreciation and 0 <8< 1. [, is the pr

investment at time t= 1. Assume 1, is the effective tax rate. After-tax output level

will be allocated between I amd i m. The relationship between

i output level ean be exp das

Cotlo=(1—-m)¥, 1“4y
The representative agent maximizes his utility with respeet to equations (2), (3)
and (4. € ption and i can be obtained as'
C = (1-S)N1-1)¥, 5)
and
=501 - ¥, ()

where 5 = opd/[1 =p(1 = &)].
Referring to Kocherlakota and Yi (1997), the growth rate of output level can be
expressed in struetural form as”

Ay, = In¥, = In¥y_y = F(G,, 7., 0,) 7

4. Economic and Fiscal Data in Taiwan

During the sample peniod (1955-.20014), the unweighted average |

an
coonomic growth rate was 7.62% (Figure 1) Except for the periods of technology
bubble burst in 2001 and financial erisis between 2008 and 2009, Taiwan has had
positive cconomic growth rtes, Taiwan cconomic growth rates gradually declined
from 10.86% in the 1970s, 8.48% in the 1980s, 6.63% in the 1990s, to 3.81% in the
20005, Nevertheless, real GDP per capita by using 2001 as the base year increascd
from S1,194 in 1960 to $22.600 in 2014, Taiwan has twmed mto an advanced

'_ See Appendix | in Kocherlabota and Yi (1997) for details,
See Appendix 2 m Kocherlakota and Y1 (1997) for details.

L

L

Figure 2 Ratio of public investment to GDP, 19552014

Figure 3 represents the ratios of tax burden between 1955 and 2014, The ux

burden during this period was between 11.4% and 18.9%. In 2003, the ratio dropped

1o its Jowest level around 11. Figure 4 shows the ratios of tax mix between 1935
and 2014, The ratio has constantly nsen except for several vears in the carly 19905
and 206Kk, Taiwan's economy soared in the 19705, which mereased personal income
and broadened the tax base. Income taxes henee beeame the main source of tax
revenue. Since the 19805 Taiwan has reduced s tandl bariers 1o promote rade with
the LS. The share of customs duties in total tax revenue gradually declined. Taiwan
stock markel has developed rapidly since 19588, Before the Astan financial erisis in
1997, the share of securities transaction taxes in total tax revenue increased and
slightly increased the ratio of direct to indirect taxes. In general, before 1989, the tao
mix was less than one, implying that indireet taxes accounted for a larger share of
tofal tax revenue. After 1989, direct tax revenue gradually exceeded indirect tao
revenue, In 2004, the tax mix was 1,48, Direct taxes contributed about 60% o total

AN TEvenue.
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Figure 3 Tax burden (ratio ol tax revenue Lo GDP). 1955-2014

A

Figure 4 Tax mix (ratio of direct to mdirect taxes), 19552014

5. Empirical Analysis

We follow Bal and Rath (2014) and Morley (2006) by applying on ARDL model
1o Taiwanese annual data from 1935 1o 2004, The data of all empirical variables are
obtained from the AREMOS database. GIDPGR, PUBINY, TH and TX denote the GDP
wrowth mte, the public investment-lo-CGOP ratio, 1 burden, amd ax mix, respectively.
Table 1 summarizes the descriptive statistics of these vanables. Table 2 shows

correlation coefficients of vanables: the GDF growth rate is negatively comrelated o

Table 3 Results of unit rool test

ADF 3
Variable level first diflerenced level first diflerenced
GDPGR S2TT[A] . -S.920[1]*** -
PUBINY 43550 1024(3] AATA[I]
" T913[0]* -2.020{2) RLTE)
™ -6.257[0]*** 2.6691] -6.227[3

Notes: The mumbers m parentheses indicate the selected lag order. The regressions include
an intercept and trend, The superscript *, **, and *** indicates significance at the
10%%, 5% and 1% level. The null hypothesis for both tests that a variable has o unit

ool

In the second step, we estimate cquation (8) to test the null hypothesis:

5 =6,

= &, = 0 against the null hypothesis: §,,8,,8,, 8, = 0. According 10
the interpretation of Jower bound and upper bound eritical valses stated in Pesaran et

al. (2001}, a computed Fostatistic less than the lower bound value fails 1o reject the

I hesis. A d Fstatistic ding the upper bound value indicates that a
long-run relationship exists between variables. No conclusions can be drawn if a
compuated Fstatistic is between the lower and upper bound values. Based on the AIC
and SC eriteria, the optimal lag orders for GDPGR, PUBINT, TB, and TX are all one.
The results in Table 4 show that the caleulated F-statistic in owr ARDL (1, 1, 1, 1
model is greater than the critical value at the 5% significance level. Hence, we
conclude there exists a long-nun relationship between economic growth and fiscal

policy variables.

AGDPGR, = 1+ 8, - GDPGR, _, + 8- PUBINV,_, + &, - TB,_, + §, -TX,_,
I af O AGDPGR, ; + T af VT - APUBINV,

+ES " ATB + I " - ATXp + & (%)

12

public investment and tax mix, and positively corrclated to tax burden.

Table | Deseriptive statistics

Mean | Maximum | Minimum | $td. Dev. | Observations |
lGpPGR | 4975 6496 | 318 | Losd | G0 |
pemiv [op2 | oes | oo | ool a0
™" 0046 | 0189 | 01 | 0020 60
53 0812 1862 | 0245 | 049 60
Note: The sample period is from 1955 10 2014,

Table 2 Comelation coeflicients of varishles

GorGR | Pusvw| 18 | X

GDPGR | 1000 -

CPUBINV| 0205 | Looo -
1| 0260 | naa | oo |

TX | 0652 | 049 | 0326 | Lo |

A complete ARDL approach to cointegration involves four steps. First, identify
the order of integration of each vanable. Sccomd, select the lag order of the ARDL
mode] and compute the Wald statistics to see whether a bong mun relationship exists

among variables. Third, estimate the long mn coeflicient. Founh, estimate the

short-run dynamics We apply two Iy used unit foot tests: the
augmented Dickey and Fuller (1979, 1981; ADF) and Phillips and Perron (1988; PP)
to verify the stationarity of cach time serics. Table 3 shows that GDP growth rate is 2

Lt series and the public i GDP ratio, tax burden, and tax mix arc all I{1)

series al the 5% significance level,

Table 4 Bound Fetest resules

5% bound entical values
Festanstic value length
¢ Lagleg 1) [
7668 [T P i | 3 4.35

Note: Critical values are cited from Pesaran ot al, (2001)

In the third step, we proceed 10 estimate the bongenn coeflicients estimation
from equation (9% The results in Table 5 indicate that tax mix has o significantly
negative impact on Taiwan's economie growth. It implies that higher ratio of direet 1o
indirect taxation reduces Taiwan's economic growth m the long nun. The public
investmeent and average tax rate has no significamt effect on economic growth. This
may arise from three reasons. First, the link between public investment and growth
has weakened over time. According to Cheung et al. (2012). public investment in
high-developed economies is more likely 10 have a negative effect on economic
arewth. Second, the effects of direct and indirect taxation on economic growth cancel
each other out. Third, the tax cut money spent on the personal consumption instead of
private investment beads o a negligible effect of taxation on long-term economic

growih

GDPGR, = 8 + 1, fF™"™ - GDPGR,_ + 12, f"™™ - PUBINV,_;

+E BT TR + B BT TH ©



Table § Estimation of long run effect

Variable Coeflicient st statistics
GINGR 0084 0618
PUBINV 0439 1068
" 01,065
™ 052
CONSTANT 0.102%*
Adjusted R-squared 0408
Fstatist 101
Prob{ F-statistich 0.000
Akaike info. eniferion 4257
Schwarz enterion 4081
1.913
Naote: The ipt ** and *** indicates signil at the 3% and 1% level.

We also apply the cumulative sum of recursive residuals (CUSUM) and the
CUSUM of square (CUSUMSQ) tests to check the stability of the regression
coeflficients, In figures $ and 6, the plots of CUSUM and CUSUMSE sty within the
5% enitical bounds, suggesting the stability of the parameters and the overall model. A
LM test is used for examining the serial comelation of the restduals. Table & indicates

that the null hypothesis of po serial comelation canmot be rejecied at the 5%

significanee level.
13
AGDPGR, = i+ 0 ECTo_y + EF2, p7"™ - AGDPGR,
+ S,y APUBINV, + T, v[" - ATE,
+El T ATR L+ ()
where ECT,., represents the lagged emor ion term from the

maxde]. Table T presents the results. A stable long-ran relationship among the variables
15 venfied since the error comection term with a value of <0894 s significant
(Banerjee < al. 1998), A significantly negative ligged error comection term implies
that the dependent vaniable AGDPGR will converge 1o iis long-run equilibrium level,
suggesting that deviations from equilibrivm are corrected at about 89.4% annually. In
our medel, a significant error comection lerm running from fiscal policy variables o

the growth rate of GDP is indicative of long-mn cansal

. Moreover, the lagged
differenced terms of public mvestment-o-GDP mio are significant, providing

evidence of short-run causality.

Table 7 Results of error comection representation

Variahle Coeflicients F-lest sttistics
ECT 089424 6,725
APUBINY, 25150 2803
ATR,, 0522 1169
ATS, 0067 1439
Adjusted Resquared 0,475
Festatistic 13872
Probi{ F-statistic) 0.0
Akaike info. eriterion 4343
Sehwarz eriterion 166
Durbin-Watson stat. 1.5969
Note: Dependent variable AGOPGR. The ipt *** indicates signi at the
1% level.

15

Figures 6 CUSUM SOHest

Table 6 Residual autocomrelation test

Muodel LM{1) LM{2) LMi4) LMi&)
ARDLAL L1, 1) LI25[0.289]  1L347(0.397)  3237[0519)  5.618{0.690]
Mote: Numbers in brackets represent p-values.

In the final

ep. we estimate an error eomection model (ECM) in equation (3) to

examine the short-mn dynamics of variables.

6. Conclusion
This paper discusses the effects of fiscal policses on Tarwan's economic growth.

Both taxes and public i are idered as expls variables in the

coimtegration analysis, Tax mix hos significantly negative effects on longenn
economic growth. The average tax rates have no sipnificant effect on economic
growth. The short-an dynamics indicate significant interactions between public
investment and economic growth. Our results do nol coineide with Harberger's
supernemrality conjecture. Instead, they support the angument of endogenous growth
theory that given same public investment-to-GDP ratio and tax busden, reducing the
ratio of direct to indirect taxation enhances economic growth,

Our results implicate that the effect of public investment on Taiwan's economic
growth may be limited due to its crowding-out effect on private investment. Besides,
cutting taxes may not be useful to Taiwan cooncmy when the tax cut money is not

allocated away from personal consumptaon 1o privite investment. In order 10 promote

long-te i growth, the g should focus on adjusting tax streeures,

such as bowering the ratio of direct to indirect taxation.
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