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ABSTRACT

After experiencing the global financial crisis and the European debt crisis, most
governments have tended to cut their budgets. Although imposing a tax on luxury goods is a
good way to increase government revenue, it also induces negative consumption externalities
and thereby leads to a possible distortion in economic behavior. In addition to a theoretical
demonstration of the negative influence of a luxury tax on economic growth and the capital
stock, this paper, more importantly, theoretically deduces the timing for starting the exit
mechanism of the luxury tax, which is related to several economic conditions. In addition, we
simulate the optimal luxury tax for Taiwan. Our results should serve as valuable reference to
policy-makers.
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1. Introduction

After experiencing the global financial crisis and the European debt crisis, most governments
tend to cut their budgets so as to mitigate the harm of the global disaster. Despite the way of charging
luxury goods can raise a government’s revenue, it can also accompany with a negative influence on
economic growth. There is a well-known case in the United States. The U.S. government enacted a
luxury tax in November 1990. Meanwhile, consumers had to pay an additional tax for luxury goods-
such as private yachts, planes, furs, jewelry, and luxury cars - when prices of luxury goods were
over the regulated level. Yet, in August 1993, the U.S. Congress decided to end the imposed luxury
tax because the received tax revenue did not meet the original expectation. More importantly, the
livelihoods of the suppliers and workers of producing those luxury products all suffered severely,
since the sales of related luxury goods were decreasing due to the flexible substitution between those
luxury goods for the rich (Browning & Crossley, 2000). As a result, the luxury tax was annulled and
replaced by the 1993 Revenue Reconciliation Act.

Taxation theory suggests that necessity goods (i.e., the price elasticities of demand are low)
should be taxed with a higher level, whereas luxury goods with higher price elasticities should be
taxed lower." However, this is not so in practice. Most countries impose higher tax on luxuries but
lower tax on necessities so that the poor can afford necessity goods without much additional tax
payment (e.g., Deng & Ng, 2004). As a whole, searching for the optimal tax rate becomes one of the
primary lessons for policymakers.

As argued in Veblen (1922), a commodity price is determined not only by its own character,
but also by its package and environmental situation. Any goods of satisfying such a characteristic
are called Veblen goods, and the effect is called the Veblen effect. By definition, when the Veblen
effect occurs, if the willingness of paying for the goods is increasing with its price (i.e., the known
phenomenon “conspicuous consumption’), commodity sales will be better with increasing commodity
price (e.g., real estate issue, see, for example, Velma & Swarn, 2011; Turnbull et al., 2006).
Conspicuous consumption has also been associated with the existent Veblen effects. Note that one
type of luxury goods is regarded as Veblen goods. In addition, luxury goods possess high income
elasticity, but the supply of luxuries is quite inelastic so that levying a luxury tax may hurt suppliers or
their employees, rather than the rich as the case in the U.S. we have discussed above.

Generally speaking, a tax reform or executing a luxury tax can raise government revenue, thereby
suppressing over-priced assets, moderating inequality (e.g., the inequality in terms of competitiveness
among sports teams) as mentioned by Dietl et al. (2010), and narrowing the income gap between the
rich and the poor; however, it can also lead to more deadweight loss on an economy’s social welfare.
Therefore, policymakers need to consider an appropriate rate of luxury tax to balance its triggered
advantages and disadvantages.” Put differently, the government is better off to set an exit mechanism
for luxury tax so that it can improve or stabilize economic development at the right timing.

This paper makes several contributions. First, we theoretically deduce an exit mechanism for
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luxury tax.” Second, we derive the optimal tax rate for luxuries that flexibly depends on economic
performance. Third and finally, our extended tax smoothing model implies that the government should
pay temporary expenditures from original budgets (even though staying in a budget deficit), instead
of levying luxury goods to avoid distorting social costs, unless it is indeed necessary due to some
considerations (e.g., depressing overheated housing markets).

The rest of the paper is organized as follows. Section 1 starts with some important luxury
consumption and tax issues. Section 2 describes the literature related to luxury tax. We set up a
Ramsey-type model of the optimal consumption growth model with tax policy and describe tax
smoothing in Section 3. Section 4 studies the equilibrium and the optimal tax rate. In addition, we use
numerical simulation to discuss tax distortion. The final section provides a conclusion and offers some

suggestions.

2. Related Literature

Tax reforms and luxury taxes are quite important to the government due to their multiple impacts
on economic development, social stability, and so on. Hong Kong and Singapore, for example,
introduced new types of stamp duties on residential property transactions in order to prevent their
land and house prices from bubbles.* In October 2011, Hong Kong imposed an additional 15% stamp
duty on property purchased by foreign buyers. In Singapore, buyers who are non-resident people
and/or firms need to pay 10% more of a home’s value due to the Additional Buyer’s Stamp Duty
(ABSD).” The first consideration of imposing sales tax is to avoid the over-consumption for goods.
For example, imposing a special sales tax can increase the cost of goods effectively and reduce the
individual consumption of those goods. The taxation of luxury goods may increase the consumption
of normal goods, but it possibly decreases the consumption of luxury goods. According to Frank
(1985), positional goods are defined as those commodities whose value depends relatively strongly
on interpersonal comparison. In contrast, goods are called nonpositional goods when they do not
depend on interpersonal comparison. Frank (1985) pointed out that luxury goods are one kind of
positional goods. Under the condition of incomplete markets in the U.S., Mathieu-Bolh (2010) found
that progressive taxation generates more social welfare than uniform consumption taxation does in
the long run (i.e., 12.06% vs. 9.88%) and during the terms from the transition period to the steady
state period (i.e., 12.45% vs. 10.52%) while progressive consumption taxation is imposed on both
necessities and luxuries. Bagwell & Bernheim (1996) proposed that luxury goods have the Veblen
effect for those consumers who are willing to buy high-priced luxury brands to appear their higher
social status. Some people - who consume conspicuous commodities in an attempt to achieve higher
levels of status than their true status levels - induce inefficiency in social welfare. Therefore, Ireland
(1994) had mentioned the welfare loss involved and pointed out that a corrective tax could yield a
Pareto improvement.

Nevertheless, taxation can lead to excess burdens and directly affect a country’s economic

development. A luxury tax may lead to larger welfare losses than its actual gains, as the experience
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in the U.S., so that normal economic behaviors may be distorted. Therefore, policymakers should be
careful in enacting tax policy, especially for luxury tax.’ Barro (1990) considered the externality of
government expenditures financed by a flat-rate income tax on the private sector, and he demonstrated
that taxation had a negative effect on economic growth and distorted economic activities. Mendoza
et al. (1997), in analyzing 18 Organisation for Economic Co-operation and Development (OECD)
countries from 1965 to 1991, found that the excise tax had a positive effect on private investments,
whereas both payroll tax and capital gains tax raised negative impacts on private investments.
Policymakers need to consider the advantages and disadvantages emerged from a new tax policy
simultaneously - that is, an optimal tax rate. The complexity of luxury tax particularly needs to be

clarified.

3. Theoretical Model

This paper uses an optimum intertemporal consumption dynamic model and the extended
tax smoothing model to analyze the impact of luxury tax on economic behavior. To the best of our
knowledge, this is the first study to incorporate the role of a social planner into a centralized economy.

The deductions of our theoretical model are as what follows.

3.1 The consumer

Suppose that x indicates necessity goods (e.g., food), which are necessary no matter if personal
income is low or high. When people’s income or wealth reaches to a sufficient level, their additional
disposable income is capable of purchasing luxury goods y (e.g., jewelry, sports cars, or deluxe
mansions). Undoubtedly, the rich can be easier to afford luxuries than the poor. The group of wealthier
consumers have a higher absolute value of total EIS (elasticity of intertemporal substitution, see
Browning & Crossley, 2000). Luxury goods can be defined via their characteristics and prices. As a
result, we propose that consumers will choose luxury goods (y) when personal income has exceeded a
certain threshold (x,) Assume that household i’s utility function is expressed as

X when x < x,

s T (1)

X, +(x—x,)y when x> x,,x, ER,

where X, is a constant. In an economy with status-seeking behavior, luxury goods also have high
intertemporal substitution elasticities. Figure 1 illustrates a hyperbolic curve relationship between x
and y. An increase in the price of y leads to a decline in the consumption of y. This thereby implies a
decrease in wealth, and the /C curve moves downward to the new IC curve. The original equilibrium
point E, also moves to the new equilibrium point E,, in which the consumption of necessity goods x is

raised, and the consumption of luxury goods y is reduced.
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Figure 1. IC curve for x and y goods

Proposition 1.

If preferences are represented by a utility function that satisfies additivity over time and goods,
then x and y can be regarded as the necessity goods and luxury goods, respectively, while the utility
function in equation (1) meets a decentralized economy.

Proof: see Appendix A.1.

3.2 The producer

Assume that firms produce only two goods, including normal goods x and luxury goods y. The
relevant consumption information of the goods x includes its nominal price and quality, and the
quantity consumed is observable in public, whereas the consumption information of the goods y is
observed only by a part of specified private consumers. In addition, all firms produce under the same
production technology and tend to maximize profits, and the market is assumed to be completely
competitive. Suppose that the representative household is a household-producer with k units of capital
goods at time 7, and the unit of output can be obtained from f(k,) with a luxury tax rate T, so that after-
tax output at time # is (1-7,)f(k,). The production function is defined as Q = A L f(k,) . where A denotes

the effectiveness of labor, and L is the total amount of labor employed. Combining with equation
(A1.1), the goods and consumption markets to clear of the post-tax competitive equilibrium become

Fk) = PoXg + DX = X)) H (U= T )PV oo 2)

which is the production allocated between basic goods p.x,+ p.(x — x,) and the post-tax
consumption of luxury goods (1-t,)p,y Note that the definite expressions of capital in several
situations are as that: k denotes capital stock; k, denotes after-tax of capital; k is capital at steady-

state, and k , indicates the post-tax capital at market equilibrium. Therefore, we express the household-



60 [EEEHR

representative net output after tax from equation (2) and then differentiate it with respect to y. It yields
that

af(k;)

- (L= TPy oo 3)

3.3 Households

We further denote the variables r as interest rate, p as a discount rate, i.e. rate of time preference,
0 as the elasticity of substitution for consumers, g as the economic growth rate, n as growth rate
of population, and L(t) as the total population of the economy - that is, L(f) = " Given technology
growing at rate g, we have A(f) = ¢”'. Moreover, we consider the Ramsey-Cass-Koopmans framework
with tax policy,” and f(k) indicates the production output. We assume a two-goods production
technology — that is, the output contains only two kinds of goods, and it is thereby the same for
consumption markets. We define c(¢) as consumption per unit of effective labor. Thus, C(#) = A()c(?)
indicates consumption per worker, where A(?) is the effectiveness of labor at time . We assume that
the economy is populated by a large number of identical and infinitely lived individuals by a perfect

foresight. A representative household’ pursues and maximizes the objective function utility expressed

as follows:
© _&I_U 10
U= ft=oe Pm1(C(2) )dt » where u(C(1)) = g 4)
subject to
l.c=f(k)—c—(n+g)k .................................................................................................................. (5)

Let 7, be the tax rates on luxury consumption, and D is the fixed proportion for its tax rates.
In addition, the government taxes the luxury goods, transfers those taxed revenues to households,

maintains a balanced budget at all times, and rebating all tax revenues as lump-sum transfers (TR):

TR =T, f(R)HT €, orreriiiiiiiiiii s 5.1)
where ¢, and ¢, are the consumption of the necessity and the luxury goods, respectively.
Moreover, we let ¢, + ¢, = ¢. Herein we might interpret ¢, as “necessary” or priority goods
consumption and ¢, as “luxury” goods consumption, which are purchased only for acquiring sufficient

necessities as the expression in equation (1). Note that this expression is also similar to Bagwell &
Bernheim (1992). The capital accumulation equation given by (5) is rewritten as:

k= (1= T,) (k) = (147,00 = (14 QKA TR ottt (52)

The arrangement is as follows:
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l.<= (=7 )f(K)=(+T)c=(n+QK+T, f(K)+T € rvrrrmrmmrimiiiiiiiiiciis (5.3)
1.<=f(k)—[1+(1—cy/C)ry]c—(n+g)k .................................................................................... (54)
b

The economy-wide resource constraint yields:

];:f(k)—(1+Dry)c—(n+g)k ................................................................................................. (5.5

Thus, we have

H(k.c.A)=u(C)e" + A[f(k)= (14 DT)C= (4 K] oooooooeeoeseeeseeseseeees e (6)

or the substitute at time ¢

H(K() (O AO)=u(c(DAD)E" + A f(k,) =1+ DT)e(t) = (14 ,D] oo ™)

where A(?) is the co-state variable associated with the budget constraint and the shadow value
of the private capital stock at time 7. Generally speaking, A(f) can be interpreted as a shadow price,
indicating an increase in the value function (i.e., social welfare) for a small (marginal) increase in
u(C(1)). In other words, A(#) gives the social value of individual utility, implying a marginal social cost
of public funds (MCF) due to taxation imposition. The MCF is a measure of the cost of raising tax
revenue from a particular tax instrument. The MCF can be used to identify the changes of tax structure

that raise welfare amounts while keeping expenditures constant.

3.4 The social planner’s solution

This subsection considers the problem of social planners who choose the optimal path and take
into account the tax impact of luxury consumption on economic performance. To solve the dynamic
optimization problem, we use a current-value Hamiltonian function to derive the following conditions:

I 0= (14 DT YA =W (A" A = U (AN oot )

dc

After taking the logarithm differential, we get
In(1+ D7 )A =Inu'(cA)+(n+g)t

and ) )
u"(C)C g _l c n
2 (C) )C+(n+g)—0(c+g)+(n+g)

A
Therefore, A
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£=—[——+n+(1—0)g] ............................................................................................................. )
C

Moreover,

oH

E =—A+ pﬂ- ........................................................................................................................... (10)

OH (k(),cO M) _ 50y g
ok

) ettt ettt ettt ettt et eteereere e e e ere s (11)
The equivalent conditions of equations (10) and (11) thereby yield
_%ﬂ_(mgw) ................................................................................................................... (12)

Put equation (12) into (8), it yields that

é 1| A
—=—|-—+n+({1-6
"ol (1-0)g].

The optimal growth path is given from the usual Euler relationship:

Equation (13) is also known as the Keynes-Ramsey equation, indicating that along with the
optimal consumption path, the growth rate of consumption is positive whenever the net interest
rate (r—0g) exceeds the time preference rate (p). Moreover, assuming r = f'(k) and incorporating
equation (3) into Euler equation (13), the non-anticipatory tax policy, with respect to the maximum
utility of the effective consumption growth rate per unit for each house, is

Equation (14) indicates the long-term influence of taxes on economic growth. The direct effect
of higher taxes on luxury goods reduces the net interest rate r for a given ratio of physical to human
capital. In the balanced growth path ¢ =0, equation (14) can be simplified as

(Lo T )Py S 008 oot (15)

In equation (15), the total differential formula is
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dp,—dt, p, =T, dp, =dP+0dg+8AO . . . . ..o (16)

After arrangement, we have

_1- p,dz +(dp+0dg+gdo) a7
N B
dt +(dp+6dg+gdb
Suppose that Pty +(dp+0dg+gdb) 1, equation (17) can be replaced by

dp

y

The equilibrium (or the optimal) luxury tax rate can be expressed as the simple form t*yzl—n,
where 77 consists of several economic variables: p, 6, g, and p,. If there were no consumption
externality consideration and the other conditions remained, then an imposed luxury tax might
improve economic growth rate (g).

Furthermore, we are concerned about the relationship among luxury tax, technological progress
rate, and capital stock. First, we assume that p and 6 are constant and are given exogenously so that

dp=d6=0. Then, equation (16) becomes

Ap, =dT Py =T AP, = O | ..ot (19)
and

a _ZP <O, WHETE P00 oottt ettt eaa e e nae e (20)
dtr 6 ’

When social status is determined by its corresponding wealth, the neutrality of constant
consumption taxation does not hold anymore. Consumption tax can impact an economy’s overall
consumption/capital ratio negatively, and it thereby positively affects its steady-state growth rate.
Remark 1.

Taxation on luxury goods from no initial distortion can decrease the steady-state capital stock.

Luxury tax raises a negative effect on the relationship between the economic growth rate or the
rates of technological progress and capital. Remark 1 raises an important implication for policy that
taxing luxury goods may harm capital accumulation, as found in Ikeda (2006).

Second, if p, 6, and g are constant and are given exogenously, then dp=d0=dg=0. Equation (20)
can be substituted with dp —dt p~7,dp,=0. It implies that

(I-7)dp,=p,dt

and
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a, __p
dr, 1l-7,

where 7, is proportional to p,, which indicates the characteristics of ad valorem. For a given

(positive) exogenous variable B, (taxable base) and taxation 7, we can differentiate the tax rate

formulas L _ T, and get that

According to the results of equations (22)-(23), we obtain the following proposition.

Proposition 2.
When a luxury commodity price is high, taxation (T) has an increasing trend.

Proposition 2 spells out that the more a luxury goods price grows, the higher luxury tax rate the
government should charge. As argued in Ng (1987), an increase in luxury commodity prices will not
affect consumers’ utility, and the government thereby should impose a higher tax on luxury goods.

We further assume that the government charges luxury goods with T tax rate. For a given real

interest rate 7(r)=(1-7)f [k(#)]," the growth rate of consumption (¢/¢) has the following deduction and
implication:

£=ﬂ:>£+g=r_p:>0— r_p
C

0 c 0 T @lo)tg

Therefore, the intertemporal elasticity of substitution is less than one, and the case can deal with

capital or goods taxation."” In following, we will discuss the condition with respect to the variable 6.

Assumption A:
For the given condition 0 = 7P , we deduce that
(¢lc)+g
1 ¢
T<1__(_+g+p) .................................................................................................................... (24)
roc

where l(£+ g+p)>0- This result conflicts with the proposition in Rauscher (1997), in which a
rc

tax should not be imposed if 6>1, or the tax rate 7 is inconsistent with a rationale value.
Assumption B: __r-p
Under the condition (¢/c)+g ,we have that
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r—p<£+g=>r—p—g<£=>£>r—p—g .............................................................................. (25)
c c ¢

In equation (25), the optimal path is greater than r—p—g. The process of imposing luxury goods at

7% tax rate is deduced as follows:

__rp _,_(-Df0-p
(¢lc)+g (¢/lc)+g

Hence we get

1_1(£+g+p)<1 .................................................................................................................... (26)
r c

Therefore, we have the following proposition.
Proposition 3.
The government should start the exit mechanism of the luxury tax while it satisfies the following

condition:

(x, %)

Luxury tax
rate

>

t t, time

Figure 2. Diagram of the relationship between luxury tax and time
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r<1-2C4g4p)-
r ¢

Figure 2 illustrates the relationship between luxury tax (7,) and time (7). The exit mechanism of
the luxury tax generates an exit region that varies with time ¢. If authorities continue to levy within tax
exit area, then it may bring out extra costs of tax collection. Moreover, the country can suffer more

excess burdens, and the economy can also experience the dynamic inefficiency problem.

3.5 Government

Assume that the government can finance public expenditures G(t) through executing a luxury
tax with an average rate T,. Suppose that the government imposes luxury tax on only two kinds of
luxury goods. One kind of luxury goods has high price p,; with quantity y,, and the other has low
prices p,, with quantity y,. The no-borrowing constraint is binding for both goods. Hence, one part of

government expenditures and capital stems from the luxury taxes, which satisfies

GUETUD11 Y1 et 27
and
G2=typyZy2 ................................................................................................................................. (28)

When government spending exceeds tax revenue, the government runs a budget deficit (i.e.,
G=G,); when G=G,, the government has a budget surplus. The level of taxes is determined by
the intertemporal budget constraint which implies that the present value of spending (which is
exogenously given) has to be equal to the present value of taxes. Therefore, budget deficits and
surpluses are used as a buffer; deficits occur when spending is temporarily high, and surpluses occur
when it is low. A high tax rate causes a cost on society by discouraging economic activity. Because
this disincentive is so costly at particularly high tax rates, the total social cost of taxes is minimized by
keeping tax rates relatively stable, rather than making them high in some years and low in others. A
tax-smoothing policy keeps tax rates smooth; a deficit is necessary in years of unusually low revenue

or unusually high expenditure.

3.6 Extension of Barro’s tax smoothing model

Herein, we extend Barro’s (1990) tax smoothing model to examine government expenditures
associated with luxury tax rates. Assume that both output and the real interest rate r are constant, the
level of outstanding government debt keeps steady, and distortion costs are quadratic. Suppose two
possible values with respect to government expenditures G, and G, (see equations (27) and (28)) with
G >G,. To facilitate the derivation operation, the T,p,,y, and T,p,,y, are shown as following G, and G,,
respectively. The transitions between the two values obey the Poisson process. If in the case of G=G,,
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G2

X t

Figure 3. Diagram of government spending (G), budget (B), luxury tax (T), and time (t)

the probability of falling to G, to purchase per unit time is a. If G=G,, then the probability of raising
to G, for purchases per unit time is 3. Figure 3 illustrates the conditions. When the government’s

expenditures grow from levying luxury tax and achieve a high level T,, we have that

1
Solving the integral with the substitution of =7, = P, , we get
r

R Ny (30)
r(a+pB+r)
Proof: see Appendix A3.
1
Now, if we substitute —7; = B into equation (30), we have
r
R R 31)

! (a+B+r)

Similarly, when G=G,, the government should impose luxury tax T,, which can be expressed as

T, - (a+r)G,+ G, oy
(a+p+r)

Figure 3 illustrates the path of government spending (G), budget (B), and luxury tax (7) with

time (f) that varies according to equations (31) and (32).
From Figure 3, we can see that the path of tax revenue is decreasing during an interval with a

constant G conditional on budget B. In general, we propose that the changes of budget deficit have the

form:
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- (dB
where the sign of a dot added on variables represents the time derivative; for example, B = (—) .

. . dt
According to equation (33), the tax path can be expressed as

T,=rB=r(G,-T,+rB).
To replace equation (31) with the above equation, we can obtain that

aG,+(f+r)G

T1=r[Gl—( ‘)+rB].

a+f+r

Furthermore, we rearrange it to be:

(a+B+r)G,-aG, - (B+71)G, ]_ ar(G,-G,) >0
a+p+r a+pf+r

fi=r]

In equation (34), the case of G = G, indicates that the government runs a budget deficit since
government expenditures are over budget, and we can expect the situation of risen luxury tax in the
future, owing to the increasing interest rates on the extra debt. In addition, when G falls to G,, the tax
revenue will go from 7, down to 7,. The path of tax revenue under the condition G=G, is again driven
by the path of the budget deficit so that the change of tax revenue in period 2 can be expressed as

T,=B=r(G,-T,+rB).

Incorporating this into equation (30), it yields that

T2=F[G2—(M+r3)+r3]=r[ (a+p+1r)G, -G, - (a+r)G, ]
a+f+r a+p+r
_Br(G=G)) () o (35)

a+f+r

In equation (35), when G equals to G,, the government stores budget revenue since the
government’s budget is higher than its expenditure. The luxury tax rate will thereby decrease with a
span of time in the future, owing to decreasing interest rates on the budget deficit. Intuitively, if the
government realizes that there will be a high probability of increasing its expenditures in the future,
the government will keep its budget revenue to smooth its expenditures in the future. As a result, we
obtain the following proposition.

Proposition 4.

The results from equations (34) and (35) plotted in Figure 3 show that if government spending G
rises to G,, then luxury tax will rise to T, with time; at the moment that government spending G
falls to G,, then the tax revenue will drop from T, to T,.

According to the derived results above, we have several important implications. First, if tax
revenues are maintained smoothly and thereby there is an increase in the government’s temporary
expenditures, then the government should finance its budgets via other financial channels (e.g., issuing
bonds), rather than by levying luxury tax. These issued bonds can be redeemed when the economic
situation gets better. Luxury tax is not an appropriate policy for short-term economic development due
to the excess burdens of tax collection. Therefore, financing by issuing bonds is a better policy than

the policy of levying luxury tax for a government’s temporary expenditures.



The Optimal Luxury Tax Policy and Its Exit Mechanism 69

Second, the government pursues the minimization principle of distortions for the costs of tax
collection or excess burden while searching for the optimal intertemporal tax structure, but the budget
deficit helps to maintain the efficiency of taxes.'* When the government adopts imposition taxation to
minimize the excess burden of taxation principles, the tax rate will be maintained at a constant level

so as to ensure a balanced budget, and budget deficits appear when unanticipated expenses arise.

Third and finally, the optimal tax rate should be maintained at the level 7" =1-7. If the luxury

1 ¢
tax rate is less than 1- ;(;+ g+p), dynamically inefficient will be generated.” Moreover, the target

of injecting into public revenues cannot be practiced by imposing luxury tax on various conspicuous
consumptions for the rich. Instead, low luxury taxes only drive increasing costs. As a result, a luxury

tax should have an exit mechanism.

4. Simulation Analysis and Results

In this section, we simulate the case of luxury tax in Taiwan. In choosing the parameter values
for the model, we employ the following strategy. First, we select a subset of more common parameters
in accordance with similar work in this field or in the existing literature, such as Romer (2006), Barro
& Sala-i Martin (2004), and Yang et al. (2011). Then, the remaining parameters are set so as to match
the various features of Taiwan’s data. To obtain the optimum luxury tax rate for Taiwan, as expressed
in equation (17), we incorporate a discount rate (p), the elasticity of substitution (6), an economic
growth rate (g), capital accumulation (k), and other economic variables. Note that the discount rate (p)
is traditionally set as p=0.02, and the economic growth rate (g), following Romer (2000), is set at 3%.
We collect the other variables or proxy variables from several databases described in Appendix B (Table

B1). The empirical data we apply cover the period from January 2012 to May 2013 in Taiwan.

4 1 Calibration

Under some specified functions, we set the basic parameters as follows:

Taxes with variation parameters: d1=0.0421, and dp,=0.05. Note that the value dT herein is
regarded as the proxy of a’ty.'6

Taste parameters: g=0.03, r=0.035, p=0.02, 0 is set as 0.1, 0.3, 0.5, 0.7, and 0.9 respectively,
dp=0,d0=0.2 and dg is in turn set as 0.01,0.02,0.03, 0.04, and 0.05.

Relative price: the threshold of levying luxury tax is set to be p,=103,000 (USD), which is the
threshold of levying luxury tax for a deluxe car in Taiwan.

4.2 Simulation results

Figure 4 shows the trends of total luxury tax revenue and the variation during sample periods,
in which the tax revenue reaches to a peak in March 2012. Furthermore, Figure 5 illustrates the

simulation results of the model,"” aiming at the luxury tax exit mechanism with a particular economic
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Figure 5. Optimum luxury tax rate against variation growth rate

growth rate of the optimal tax rate. The optimum luxury tax we simulate is approximately 13%. Even
with different levels of 0s, the optimal tax rate is still estimated in the range between 12% and 13%.
In particular, Figure 5 also illustrates that the optimal tax rate is decreasing with the intertemporal

elasticity of substitution 6, which is consistent with the findings in Mandel (2009).

4.3 Optimal taxation policy

The result displays the effect of different economic performances on the optimal tax rate of
luxuries. Accordingly, the optimal tax rate region against economic growth, as well as Figure 6 below,
illustrates that the curve shown as steady state (balanced growth path) may be in or close to the
prohibitive range of the Laffer Curve."

The previous literature tends to calculate the average effective tax rate rather than the optimal
tax rate because the optimal tax rate is always difficult to find out, and it depends on various

economic conditions. The optimal tax rate in the past may not be applied appropriately nowadays.
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Figure 6. Optimal tax rate region against economic growth

Cary & Harry (2000) calculated, aiming at the OECD countries from 1965 to 1991, and found that
the average effective tax rates in the subperiods were 16.1% during 1980-85, 17.2% during 1986-
90, and 17.1% during 1991-97. These empirical results are somewhat different from some previous
findings. For example, Mendoza et al. (1994) employed the U.S. data from 1965 to 1988 and found
the capital tax rate at about 0.43, consumption tax rate at 0.06, and payroll tax rate at about 0.25. The
simulated optimal tax rate in our study is closer to Taiwan’s practical luxury tax rate. Concerning the
formulation of the optimal tax rate in this paper, the performance of numerical simulation includes not
only a framework, but also the robustness with respect to feasibility approaches. The result is slightly
different from the findings of Mathieu-Bolh (2010) due to the different conditions of incomplete

markets with progressive consumption taxation and the taxing of necessities and luxuries at different

g
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DOR dg=0.04
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0.04% -

0.03% T T

Figure 7. Economic growth rate against different 8 in optimum tax rate region
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Figure 8. Growth rate of per capita consumption against different 6 in optimum tax rate region

rates compared to Mathieu-Bolh’s study. When the economic growth rate is below 0.07% (or 0% in
the GDP growth rate per year), the government needs to think about the exit mechanism for luxury
tax as shown in Figure 7. On the other hand, Figure 8 shows the starting point of the exit mechanism
when the average growth rate of consumption is less than -1.925%.

The authorities should think about luxury tax determination - that is, starting the exit mechanism
of luxury tax. In the U.S., the economic growth rate fell down to -0.2% in 1991. The luxury tax was
implemented, and the initial tax revenue was expected to collect $9 billion at that time. Unfortunately,
this goal failed and the manufacturing of luxury commodities suffered huge losses instead, which
resulted in a worse economic situation. As a consequence, the luxury tax was replaced in 1993 and the
exit mechanism began. Similarly, there have been some debates on the issue of luxury taxes in Taiwan
recently. Taiwan’s authorities have attempted to prevent a housing bubble from occurring due to
speculators in future housing markets. In addition, levying luxury taxes further reduces the inequality
between rich and poor people to perform social justice. However, this is just a conceptual problem.
The excess burdens that result from luxury taxes discourage a country’s economic development.
Importantly, the exit mechanism should be done according to the rules of the country’s economic
growth data. The timing of the exit mechanism should be avoided implement as changes in tax
structures are often tied to who is in power and their political leanings. It therefore follows that a
policy implemented according to a rule will achieve lower distortionary taxation than a discretionary

policy.

5. Conclusions and Implications

Jean Baptiste Colbert said: “The art of taxation consists in so plucking the goose as to obtain the
largest possible amount of feathers with the smallest possible amount of hissing.”

This paper focuses on the study of an optimal luxury tax and its timing of starting an exit
mechanism. Several findings and suggestions are offered as follows. First, the paper deduces that the

optimal luxury tax rate is T =1-7, where economic growth rates, or the rates of technological progress
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g, are the determinants of 7. Moreover, as learned from Remark 1, the luxury tax is only imposed
appropriately while the economic growth rate is at a general level. The wrong timing of implementing
a luxury tax would lead to large losses. The unsuccessful experience in the U.S. in 1990 is a mirror (see,
for example, Rosen & Gayer, 2008).

Second, according to our theoretical demonstration, a government should start the luxury tax exit
mechanism when the optimal tax rate is lower than a specific equilibrium value we estimated. If this
does not happen, the country will suffer more excess burdens, and the economy will experience the
dynamic inefficiency problem. As found in the theoretical framework, there will be a lock-in effect for
taxation on capital gains when taxpayers consider the cost of taxes on the sale of assets or securities,
which makes taxpayers unwilling to change their asset portfolios. In particular, luxury tax is generally
higher than other kinds of taxes. Policymakers must be careful in manipulating such a tax to prevent
investors from the lock-in effect and thereby a bias in capital allocation and depressed market
activities.

Third and finally, this paper simulates the case in Taiwan and offers a practicable exit
mechanism. For example, the authorities should execute the exit mechanism when the annual
economic growth rate is less than 0.07% and the average growth rate of consumption is less than
-1.9%. The optimal growth rate can be attained in a decentralized economy only if the consumption
tax rate is time-varying (see, for example, Rauscher, 1997, and Fisher & Franz, 2000, for other models
about economic growth). An increasing (decreasing) tax rate over time leads to an increase (decrease)
in future commodity prices.

The advantages and disadvantages of the luxury tax issue have been discussed since Taiwanese
tax authorities levied an additional tax based on the Specifically Selected Goods and Services Tax
Act. Here we offer the optimal luxury tax and an appropriate exit mechanism that depends on one
country’s macroeconomic conditions, such as economic growth, technological progress rates, and so
on. Our findings involve several policy implications and are beneficial for policymakers. For example,
luxury tax is the tool considered by Taiwan’s government recently to restrain speculative activities of
housing markets, for which Proposition 2 is available to mitigate soaring housing prices in Taiwan.
From Proposition 3, our theoretical demonstration offer an appropriate tax exit area, by which it
reduces possible extra costs of tax collection and excess burdens. In addition, Proposition 4 implies
the co-movement of a government’s spending and luxury tax that implicates the optimal “dynamic”

luxury tax rate. Overall, we believe that this paper is referable and valuable to luxury tax policy.
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8:

Note

: According to the Ramsey Rule, the tax rate should be inversely proportional to commodity price

elasticity so that the excess burdens resulting from taxing are relatively less.
In addition to luxury tax regarded as one kind of fiscal policies, monetary policy can also impact

housing markets through the channel of interest rate.

: Herein, the exit mechanism for luxury tax means that the government should defer or stop levying

luxury taxes. In practice, the government may set the thresholds of executing and stopping luxury
taxes based on our suggestions in this paper.

There are also several factors that affect housing markets (see, for example, Chen et al., 2011;
Zeng et al., 2013). On the other hand, in addition to fiscal policies (e.g., luxury tax), monetary
policies are also influential to housing markets (e.g., Chen et al., 2012), the banking sector (e.g.,
Chen et al., 2014), etc.

: Source: South China Morning Post, Hong Kong, October 28, 2012. http://www.scmp.com/news/

hong-kong/article/1071453/new-15-cent-stamp-duty-may-hit-expatriate-homebuyers.

Ohanian (1997), who analyzed Britain’s tax policy during World War II and the postwar period,
found that the British government substantially increased the income tax rate to raise funds
during World War II but did not decrease the tax rate after World War II. As a result, there was a
huge tax distortion in the British economy, which caused a slowly developing economy for a long

time.

: Chen and Hsu (2009) argued that a single good is produced by O=f(k), where Q is output

per capita and k is capital stock per capita with an initial value k(0), and capital stock does
not depreciate. The A, L production factors are given. The technology exhibits standard
properties in a neoclassical production function, and the Inada conditions are expressed as
W7 _ o 2 K)

dy ok
['(k)<0, and lim f(k)=co

We thank an anonymous referee for many helpful comments on a preliminary draft. In general,

k=0~ f'(k)=r , because f{.) is an increasing concave function of k. f'(k)>0,

the consumption utility function u(C(?)) = u(x)y), i.e., u(C(¥)) is the implicit function of x and y.
Because u(C(¢)) consists of the consumption of x and y goods, optimal consumption has been
solved in equation (A4.1), and optimal consumption (x & y) post-tax on luxury goods can also be
w _pxx0 w _px'xo
2p, 2p,(1+7)

Here, we consider the straightforward approach into the neoclassical growth model with a Cobb-

solved, i.e., | Xo* - Therefore it is no longer substituted into equation (1).

Douglas production function to solve the steady-state values of the other economic variables
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10:

11:
12:
13:

14:

15:

16:
17:

18:

(;*/c,ry,k,e,g) by equations (4)-(13). Furthermore, u(C(1)) = F(7,, k, 0, g), where u(e) is the
function of the economic variables (i.e., 7,, k, 6, and g) u(C(?)) denotes the implicit function of

equation (1).

: The authors would like to thank anonymous reviewers for their useful comments. Most of

the consumption theory literature with respect to consumption growth are based on the i.i.d.
assumption (see Abel, 2005), and we consider that consumers have the same utility function (e.g.,
Ljungqvist & Uhlig, 2000) and follow the existing research on the analysis of luxury tax impacts
(e.g., Rauscher, 1997; Ikeda, 2006).

In particular, the utility function u(e) is of endogenous growth models. It is necessary to use
a CRRA felicity in order to ensure the existence of a balanced growth path. Particularly, it is
known that a CRRA felicity with individual and average consumption is homothetic along with
the equilibrium path (Chen & Hsu, 2009).

More about 1/6 see Appendix A2.

For more details, one can refer to Barro (1990).

Rauscher (1997) pointed out that capital must be taxed along with the optimal path if 6 < 1, and
capital should be subsidized while 6 > 1. If the intertemporal elasticity of substitution is small,
the competition of social status stimulates economic growth, and capital accumulation should be
slowed down.

Efficiency is an important issue that has been discussed for a long time and over several fields,
such as stock markets and energy markets (see, for example, Malkiel, 2003; Chen et al., 2014).
Phelps (1961) pointed out that if the luxury tax rate is lower at a particular level, a firm will
overproduce luxury goods, and its capital stock will be over the optimal level of the golden rules.
In this case, the economy is in a state of dynamic inefficiency; Romer (2006) mentioned this
concept too.

Please see equation (23).

The authors thank Jim Alm for insightful suggestions. We use the actual consumption data of
luxury goods to simulate a luxury tax rate that is not just over the level of aggregate consumption
and illustrate luxury goods with y in the preceding subsection 3.1.

The Laffer Curve obviously illustrates the point at which taxes become so high that tax revenue
begins to decline; otherwise it is known as the Prohibitive Range of the curve (see, for example,
Laffer, 2004).



76 AFEEHE

References

Abel,A. B.
2005 “Optimal Taxation When Consumers Have Endogenous Benchmark Levels of
Consumption,” Review of Economic Studies. 72(1): 21-42.
Bagwell, L. S. & B. D. Bernheim
1992  “Conspicuous Consumption, Pure Profits, and the Luxury Tax,” NBER Working Papers
4163, National Bureau of Economic Research, Inc.
1996 “Veblen Effects in a Theory of Conspicuous Consumption,” American Economic
Review. 86(3): 349-373.
Barro,R.J.
1990 “Government Spending in a Simple Model of Endogenous Growth,” Journal of Political
Economy. 98(2): 103-125.
Barro, R. J. & X. Sala-i-Martin
2004 Economic growth. 2nd ed. Cambridge: MIT Press.
Browning, M. & T. F. Crossley
2000 “Luxuries are Easier to Postpone: A Proof,” Journal of Political Economy. 108(5): 1022-1026.
Cary, D. & T. Harry
2000 ““Average Effective Tax Rates on Capital, Labour and Consumption,” OECD Economics
Working Paper 258 .Chang, W. Y.
Chen,B.L. & M. Hsu
2009 “Consumption Externality, Efficiency and Optimal Taxation in One-Sector Growth
Model,” Economic Modelling. 26(6): 1328-1334.
Chen,M.C.,C.L.,Peng,S.D., Shyu & J. H. Zeng
2012 “Market States and the Effect on Equity REIT Returns due to Changes in Monetary
Policy Stance,” Journal of Real Estate Finance and Economics. 45(2): 364-382.
Chen, P.F., M. S. Chien & C.C. Lee
2011 “Dynamic Modeling of Regional House Price Diffusion in Taiwan,” Journal of Housing
Economics. 20(4): 315-332.
Chen, P.F.,C.C.Lee & J. H. Zeng
2014 “The Relationship between Spot and Futures Oil Prices: Do Structural Breaks Matter?”
Energy Economics. 43: 206-217.



The Optimal Luxury Tax Policy and Its Exit Mechanism 77

Deng, X. & Y. K. Ng
2004 “Optimal Taxation on Mixed Diamond Goods: Implications for Private Car Ownership
in China,” Pacific Economic Review. 9(4): 293-306.
Dietl, H., M. Lang & S. Werner
2010 “The Effect of Luxury Taxes on Social Welfare in Team Sports Leagues,” International
Journal of Sport Finance. 5(1): 41-51.
Fisher, W. H. & X. H. Franz
2000 “Relative Consumption, Economic Growth, and Taxation,” Journal of Economics.
72(3): 241-262.
Frank, R. H.
1985 “The Demand for Unobservable and Other Nonpositional Goods,” American Economic
Review.75(1): 101-116.
Ikeda, S.
2006 “Luxury and Wealth,” International Economic Review. 47(2): 495-526.
Ireland, N. J.
1994  “On Limiting the Market for Status Signals,” Journal of Public Economics. 53(1): 91-
110.
Laffer, A. B.
2004 “The Laffer Curve: Past, Present, and Future,” The Heritage Foundation. 1765: 1-16.
Ljungqvist, L. & H. Uhlig
2000 “Tax Policy and Aggregate Demand Management under Catching up with the Joneses,”
American Economic Review. 90(3): 356-366.
Malkiel, B. G.
2003 “The Efficient Market Hypothesis and Its Critics,” Journal of Economic Perspectives.
17(1): 59-82.
Mandel, B. R.
2009 “Art as an Investment and Conspicuous Consumption Good,” American Economic
Review.99(4): 1653-1663.
Mathieu-Bolh, N.
2010 “Welfare Improving Distributionally Neutral Tax Reforms,” Economic Modelling. 27(5):
1253-1268.



78 AFEEH

Mendoza, E. G., M. Milesi-Ferretti & P. Asea
1997 “On the Ineffectiveness of Tax Policy in Altering Long-Run Growth: Harberger’s
Superneutrality Conjecture,” Journal of Public Economics. 66(1): 99-126.
Mendoza, E. G., A. Razin & L. Tesar
1994 “Effective Tax Rates in Macroeconomics: Cross-Country Estimates of Tax Rates on
Factor Incomes and Consumption,” Journal of Monetary Economics. 34(3): 297-323.
Ng, Y. K.
1987 “Diamonds are a Government’s Best Friend: Burden-Free Taxes on Goods Valued for
Their Values,” American Economic Review.77(1): 186-191.
Ohanian, L. E.
1997 “How Capital Taxes Harm Economic Growth: Britain Versus the United States,”
Federal Reserve Bank of Philadelphia Business Review. July-August: 17-28.
Phelps, E.
1961 “The Golden Rule of Accumulation: A Fable for Growthmen,” The American Economic
Review. 51(4): 638-643.
Rauscher, M.
1997 “Conspicuous Consumption, Economic Growth and Taxation,” Journal of Economics.
66(1): 35-42.
Romer, D.
2006 Advanced macroeconomics. 3rd ed. Boston: McGraw-Hill Irwin.
Rosen, H. S. & T. Gayer
2008 Public finance. 8th ed. Boston: McGraw-Hill Irwin.
Shapiro, C. & J. E. Stiglitz
1984 “Equilibrium Unemployment as a Worker Discipline Device,” American Economic
Review. T4(3): 433-444.
Turnbull, G. K., J. Dombrow & C. F. Sirmans
2006 “Big House, Little House: Relative Size and Value,” Real Estate Economics. 34(3): 439-
456.
Veblen, T.
1922 The Theory of the Leisure Class. London: George Allen Unwin.
Velma,Z.H. & C. Swarn
2011 “What is the Value of a Name? Conspicuous Consumption and House Prices,” Journal

of Real Estate Research.33(1): 105-126.



The Optimal Luxury Tax Policy and Its Exit Mechanism 79

Yang, Z., C. O. Ewald & O. Menkens
2011 “Pricing and Hedging of Asian Options: Quasi-Explicit Solutions via Malliavin
Calculus,” Mathematical Methods of Operations Research. 74(1): 93-120.
Zeng,J.H.,C.L. Peng, M. C. Chen & C.C. Lee
2013 “Wealth Effects on the Housing Markets: Do Market Liquidity and Market States
Matter?” Economic Modelling. 32: 488-495.



80 [FEEEH

Appendix
Appendix A1

A luxury good has an income elasticity superior to one and is purchased by people above a
certain income level. Suppose w>p x, for a constant x, and a budget constraint on wealth w. We have

MAX X (X0)Y trrreeeerreeeeereeeeeteeeeeetreeeeeteeeestseeeeaaeseeasssesesssseeassseeaasssasesssseeaassseeeassssesnssseeans (A1)
S.t.
PiXo D (X0) DY TW e (A1.1)

Without a loss of generality, we let z=x—x,. Then we can get

Max Max zey s.t. pz+p,y=w—pX=Ww,.

To solve it with the method of Lagrange multipliers, we have

£ =2y+(W-p.z—p,y)

The f.0.c. with respect to z, y, and 4, respectively, gives the following equations:

GES
T Y T D =0 et (A2)
Jz
[T A3
ay' ....................................................................................................................... (A3)
0L
a:w1 PiZ 7Dy Y =0 e (A4)

3
In particular, we have a—i - % from dividing (A2) by (A3). Substitute it into equation (Ad), we

get 7= and y= M with z=x—X, As a result, we have
2p, 2p,
YW PHo and o TP e (Ad.1)

X=Xx,+
2p, 2p,

We further solve the second-order condition for the constrained optimization. We now derive the

bordered Hessian determinant of the Lagrange function as follows.



The Optimal Luxury Tax Policy and Its Exit Mechanism 81

?’£ 9’L
0z0z  0zdy P 0 -

—_ 7L 9L L 0 : 5 0 (A5)
aviz aydy p, é? A=2P. D, >0

where H, = (1) (1) =-1 and it is thereby non-positive. Since H ,=H >0, this positive shows that

w _pxxo w _pvcxo o e . ey . .
the x and y values at (X, + 2. 2p’ ) have a satisfied maximum utility function with a
x y

strictly quasi-concave condition. Thus we are sure that the tangency point between the indifference
cure and the budget line belongs to the local maximum points when the indifference cure is strictly
convex to the origin. The income elasticity of goods for x and y goods are the income elasticity of

demand with

dlnw dxw 1 w w
gxw= =———=_ = <1
dlnx dw x 2D, $ YT PKo WHD XY s (A6)
0 2px
and
W=d1nw=ﬂK:>L w =1+ px'x() >1
" dlny dwy 2p W-DPX Wm DXy oot eeen (A7)
2p,

The income elasticity of the necessity goods is smaller than one, and the income elasticity of
luxury goods is greater than one. This result implies that x belongs to necessity goods, and y belongs

to luxury goods.

Appendix A2

The wealthier agents who consume more luxuries can be described by stating that the consumers
are wealthier because they prefer luxuries. We assume that there are two kinds of goods (i = x, y) during
two periods (¢ = 1, 2). Let ¢; be the consumption of the goods i in the period ¢, and let preferences be
represented by the additive stationary utility function. In the intertemporal consumption theory, we set
that 0 is the marginal utility of consumption for the elasticity of substitution, p, is the normal goods
price, p, is the luxury goods price, and w indicates wealth. We have that

1-6 1-6

(o) =t o e (A8)
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subject to p,c,+p,c,=w or p,c,+p.c,=w. Applying the method of Lagrange multipliers, we have

1-6 1-0
_G + 1 ¢
1-0 1+pl-0

+ AW = P,Cl = P,Cy) ottt (A9)

The first-order condition with respect to ¢, and ¢, implies that

FY I

0y E 2D e (A10)
dc,

L 1

e 0 E D e sse e eeeneee (A1)
dc, 1+p ’

Moreover, we have

S A SO B Y

6 ( T T T T
l+pp, (+p)e;” p. l+p p. o

1 1 1
= 1 )§=(&)§i:(_l ﬂﬁ:ﬁ
1+ P, G 1+p p, c,

Taking the logarithm, we have

4

LT YL 2 S B (A12)
0 0 c,

X

p
The differential hl(p—y) is

X

a[ln(cl)} Ay Py
c, c

= 2 px = l
5 Dy Gy T (A13)
olln| = || ()
px px c2

The ratio of relative consumption to relative price shows the relationship 1 between normal and
luxury goods. 0

Appendix A3

First, we apply the Shapiro-Stiglitz(1984) model to find an expression for the expected present
value of revenue the government must raise when G=G,. This is expressed as

At

BN = [ "¢ (G +rB)di+e ™ [¢ ™ P(AN+ (1= ™) P,(AD] oo (Al4)

t=0
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The ¢” term indicates the discount with the constant interest rate r, and the first term on the right-
hand side of (A14) reflects that the government’s revenue must rise during the interval (0, Af). The
probability of more expenditures for the government at time 7 is ¢, in which the government must
raise G,+7B. The second term reflects the revenue necessary after Az. At that time, the government’s

“M and it has switched into a low probability 1-¢“*'. P, and

purchases are still high with probability e
P, denote the expected present values of the revenue the government must raise in each case. And this

is discounted by the ¢“* term. The integral in equation (A1) can be solved by the following steps.

At
=0]"

First, we know that

At
[ &G, +rB)dt =(G,+rB) L
(a+r)

This can be simplified to

jl‘e—(aw)t (Gl + }’B)dt — (Gl + I’B) [l _ e—(a+r)t]
(a+r)

=0

Substitute equation (A15) into (A14), and it yields that
(G, +1B)

Fan= (a+r)

[1 _ e—(a+r)t ] + e_aAlR(At) + (1 _ e—(lAt )P2 (At) .

Furthermore,
_ (G, +rB)

Ranfi-e ] -G

[1 _ e—(a+r)t ] + e—rAT (1 _ e—(ZAt )P2 (At)

which can be simplified to be

(G,+rB) N e (1-e™™)
(o+71) [ =g (@nar 72

F(Ar) =

Now take the limit of equation (A16) as At goes to zero. The derivative with respect to At of the
second term on the right-hand side of equation (A16) yields

At—0
—rA - A
—re"™ +(a+r)e” " — q.

The derivative of the denominator of the same term approximates to a+r as At—0. That is, (a+r)
e-(a+r)A1_)a+r.

Thus, as At—0, we rearrange and get the expressions of P, as follows:

P=(Gl+rB)+ o P=(Gl+rB)+aPz

rr) orr S (A17)
Similarly, it can yield the following expressions for P,:

G, +rB)+ BP,
R (A18)

’ (B+r)



84

FEEH

We can solve (A17) and (A18) for P,and P, with the matrix form:

a+r -a
- B+r

Applying Cramer’s rule to the solution, we have

P
P2

G,+rB
G,+rB

G +rB -«
G,+rB p+r
Pl B L N (A19)
a+r -a r(a+pf+r)
- B+r
and
a+r G +rB
- G,+rB
P = ’ P O BTGy B e (A20)
a+r -a r(a+p+r)
=B B+r
Appendix B
Table B1. Data Description and Source
Title Variable Data description and source

Luxury taxes
XU XSS r—ar
with variation

In the beginning, a luxury tax was imposed in Taiwan from June to December
2011 and aggregated only NT$2.206 billion without tax revenue monthly
data. The monthly collection data illustrate that the minimum taxes fell to
NT$197.776 million, the maximum taxes rose to NT$513.731 million, and
the mean taxes were NT$352.982 million since January 2012.Moreover, the
monthly variation d7T has been applied as a proxy variable for dt since 2012.

The data is from the Ministry of Finance, Statistics Database.
http://web02.mof.gov.tw/njswww/WebProxy.aspx ?sys=100&funid=defjspf2

Consumer price
index growth  dp,

rate (annual)

From the decade in Taiwan. In our comprehensive judgment, the construction
cost index was 4.95%, and the import price index was 6.1% (in Taiwan, luxury
items contain short-term property transactions and import commodities). This
article is set at 5%, which is still a reasonable range. The data is from the
Directorate General of Budget, Accounting and Statistics, Executive Yuan,
Taiwan, Statistics Database.

http://www.stat.gov.tw/mp.asp ?mp=4
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