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Abstract

This paper provides a general equilibrium model of a small open developing economy with
pollution generated by tourism industry. The national government imposes a pollution tax on
pollution emission and constructs tourism infrastructure for the tourism sector. We investigate
the effects of an increase in pollution tax rate on welfare, production, and income distribution.
When the elasticity of substitution in the tourism sector is sufficiently low, an increase in pollution
tax paradoxically expands the tourism sector and narrows domestic wage inequality under the
constant tourism terms-of-trade. In addition to the two traditional channels, there is a new
channel through which pollution tax affects the tourism terms-of-trade and domestic welfare.
The new channel, which arises from the difference between the marginal value product of tourism
infrastructure and its price, improves the tourism terms-of-trade and domestic welfare if (a) the
marginal value product of tourism infrastructure is greater than its price, (b) the output of
tourism infrastructure is increased by higher pollution tax rate, and (c) the excess supply of
tourism service decreases with the pollution tax. Given the above three conditions, starting from
a Pigouvian level, the increase in pollution tax improves the tourism terms-of-trade and domestic
welfare.
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1 Introduction

The tourism industry plays an important role for both developed and developing countries as it
creates employment opportunities and attracts foreign currency. To attract a large number of
tourists, tourism industry requires a large-scale investment, for example, water supply, sewerage
systems, ports, airports, parks, highways, and tourism promotion by authorities (e.g., Visit Japan,
Incredible India, and Malaysia Truly Asia), which is difficult to be financed only by the private
sector. Therefore, a national government needs to construct public infrastructure for the tourism
industry, which is referred to as the tourism infrastructure. At the same time, the tourism sector
causes environmental damage. For example, the concentration of people degrades the water quality
in the local community, and traffic congestion pollutes the air by the emission of fumes. To mitigate
these negative effects, the government imposes pollution tax on the tourism industry. Then the
government uses this tax revenue to construct the tourism infrastructure.

Initiated by Copeland (1991), there are many theoretical studies on the analysis of international
tourism. We fucus on the studies that consider environmental problems, including Beladi et al.
(2009), Chao et al. (2008), Chao et al. (2012), Furukawa et al. (2019), Gupta and Dutta (2018),
Kondoh and Kurata (2021), Yabuuchi (2013), Yabuuchi (2015), Yabuuchi (2018), Yanase (2017).
However, these studies do not consider public infrastructure.

Although Yanase (2015) introduces public infrastructure in a tourism economy, he does not
consider environmental problem. Shimizu (2022a) and Shimizu (2022b) construct a model of public
infrastructure that contributes to both tourism and manufacturing industry. Some infrastructures,
such as wireless network, highway, or airport, contribute to many industries as well as tourism
industry. Shimizu (2022b) develops a model of public infrastructure that includes congestion effect,
that is, an increase in users reduced efficiency, while Shimizu (2022a) a model without congestion
effect. Shimizu and Okamoto (2023) develops a model of tourism infrastructure that contributes
only to the tourism industry and analyzes the effect of decrease in emission permits issued to tourism
industry. This paper analyzes the effect of pollution tax in a similar setting to Shimizu and Okamoto
(2023). Main results of this paper are as follows. When the elasticity of substitution in the tourism
sector is sufficiently small, an increase in pollution tax paradoxically expands the tourism sector and
narrows domestic wage inequality under the constant tourism terms-of-trade. When the tourism
terms-of-trade are endogenous, there are two traditional channels through which pollution tax affects

the tourism terms-of-trade and domestic welfare. In this paper, there is a new channel, in addition



to the two traditional channels. The new channel, which arises from the difference between the
marginal value product of tourism infrastructure and its price, improves the tourism terms-of-trade
and domestic welfare if (a) the marginal value product of tourism infrastructure is greater than
its price, (b) the output of tourism infrastructure is increased by higher pollution tax, and (c) the
excess supply of tourism service decreases with the pollution tax. Given the above three conditions,
starting from a Pigouvian level, the increase in pollution tax improves the tourism terms-of-trade
and domestic welfare.

The remainder of this paper is organized as follows. In section 2, we describe the setup of the
model. Section 3 conducts a comparative static analysis of the supply side of the economy. In
section 4, we examine the total effects of an increase in pollution tax by considering both the supply

and demand sides of the economy. Section 5 concludes.

2 The model

Consider a small open economy that produces a manufacturing good X, tourism service 7', and
tourism infrastructure M. The manufacturing good is traded while the tourism infrastructure is
non-traded. The service is also non-traded in the absence of foreign tourists. Unlike the tourism
infrastructure, the service is exported through international tourism. Thus the manufacturing good
is imported. We call the price of tourism service as the tourism terms-of-trade, which plays an
important role in welfare analysis. Suppose that the production of the manufacturing good requires
capital K and skilled labor H, while the production of the tourism service requires unskilled labor
L and emits pollution Z. The national government imposes pollution tax on tourism industry. The
government uses this revenue to construct tourism infrastructure. For simplicity, suppose that the
tourism infrastructure requires only capital input, and further assume that the formation of tourism
infrastructure only enhances the productivity of the tourism industry.!

The production function of the manufacturing good (or traded good) X is given by
X =X(Kx,H),

where K; denotes the capital input into good j and H is the endowment of skilled labor. Function
X is assumed to be the neoclassical type of production function that exhibits homogeneity of degree

one, and to be strictly quasi-concave.

Yanase (2015) made the same assumption.



The production function of the tourism service T is
T =g(M)Y(L,Z),

where the function g represents the positive externality of the infrastructure and the function Y has
the same properties as function X. M is the amount of tourism infrastructure devoted only to the
tourism industry, L is the endowment of unskilled labor, and Z is the amount of pollution. Keeping
M constant and doubling both L and Z, the output of tourism service T' doubles. This implies
that the tourism infrastructure in this study has no congestion effect and is the creation atmosphere
type in the terminology of Meade (1952). Another type of tourism infrastructure is unpaid factor
of production type, which has a congestion effect.?
We assume the function g is twice continuously differentiable and has the following properties:

g(M)>0, ¢(M)>0, ¢"(M)<0 VM >0, Al/[imog'(M) =00, lim ¢'(M)=0.
—>

M—oo

The production function of the tourism infrastructure is given by
M = Ky /ag, (1)

where a;; is the amount of factor i(= L, H, K, Z) to produce one unit of good j(= X,T,M). We
assume a linear production function for tourism infrastructure and, thus, ax s is constant.

We now examine the equilibrium conditions for the supply side of the economy. Let us assume
that perfect competition prevails in the manufacturing and tourism industries. The zero-profit

condition (the price of the good is equal to its unit cost) for the traded good industry is
AaEXWH + AKXq = PX, (2)

where px is the price of traded good, wy the wage rate of skilled labor, and ¢ the rental rate of
capital.

The zero profit condition for the tourism service industry is

arTwr, + azrs = pr, (3)

where pp is the price of tourism service, wy, the wage rate of unskilled labor, s the pollution tax

rate.

2See Shimizu (2022b) for an analysis of this type of public infrastructure (not tourism infrastructure). In this case,

the production function of tourism service is T'= T'(M, L, Z), where T is homogeneous of degree one in (M, L, Z).



The zero profit condition for the public infrastructure sector is

aKMq =DM, (4)

where pjs is the price of tourism infrastructure.

The market clearing condition of capital is
agxX +axkuM = K, (5)

where K is the endowment of capital.

The demand-supply equality of skilled labor requires

agxX = H. (6)
The market equilibrium condition of unskilled labor requires

aprT = L. (7)
The amount of pollution emission is given by

azTT = Z. (8)
The budget constraint of the government is

sZ =pyuM, (9)

where the left-hand side (LHS) denotes the pollution tax revenue, and the right-hand side (RHS) rep-
resents the cost of constructing tourism infrastructure.® Equations (2) - (9) include eight unknowns:
X, T, M, wy, wr, ¢, Z, and py;. Given pp, these eight equations determine eight unknowns.*
Note that the price of tourism infrastructure pj; is determined to satisfy the government’s budget
constraint (9). It follows that the traditional Lindahl pricing rule (i.e., the price of tourism in-
frastructure is equal to its marginal value product) does not necessarily hold; thus, we will obtain
different properties from the standard trade theory.

To facilitate the following analysis, we introduce the elasticity of factor substitution. The elas-
ticity of substitution in each sector o; is defined as
agx — GHX

——— 10
- (10)

ox =

3Equations (1) and (4) imply that paps M = ¢K .
4The price of tourism service pr is to be determined by the demand and supply of domestic tourism service in

section 4. This approach is also adopted by Chao et al. (2010).



op = 22T~ ALT. (11)
wy, — S

A hat over a variable implies the rate of change: for example, Wy = dwy /wy.
The cost minimization in each sector requires

Ouxapx +Oxxaxx =0, (12)

Orrarr + 0zrazr = —9, (13)

where 60;; represents the cost share of factor i in sector j. We define £ = ¢’M/g > 0 as the elasticity
of g with respect to M, or the productivity improvement rate of the tourism industry by additional
tourism infrastructure. By the definition, we have g = 5]\7 .

Solving (10) and (12), we obtain
agx = —Okxxox(Wn —q), (14)

agx =Opxox(Wg — q). (15)

Similarly, solving (11) and (13), we have

arr = —Ozrop(Wr, —5) — 7, (16)
azr = O0pror(Wr —35) — 9. (17)

Differentiating (2) totally and taking into account (12), we obtain
Ouxwpn +0xxq = Px. (18)
Differentiating (3) totally and substituting (13), we obtain
OLr@L + 0715 — €M = pr, (19)
Since ax s is constant, Equation (4) implies
M =1 (20)
Differentiating (5) and substituting (15), we obtain
Mex X + AexOnxox(@m — ) + Ak M = K, (21)

where \;; is the share of factor 4 in the production of good j.



Differentiating (6) and substituting (14), we obtain
—Oxxox (g — ) + X = H. (22)

Differentiating (7) and substituting (16), we have

—

—HZTUT<’L/U\L — :9\) —&EM + ’f = E (23)

Differentiating (8) and substituting (17) yield

—~

Opror(@p —3) —EM+T = Z. (24)
Differentiating (9) and considering (20), we obtain

g+M-5=72. (25)

Equations (18), (19), (21) - (25) are expressed in the matrix form as

0 0 0 Orx 0 Ok x 0 X 0 0

0 0 —¢ 0 Orr 0 0 T 07 1

Akx 0 Axm ArxOuxox 0 —ArxOuxox 0 M 0 0
1 0 0 —Orxox 0 0K x0x 0 oy | = 0 s+|o | pr

0 1 =¢ 0 —0yr07 0 o || —0yr0r 0

0 1 =< 0 O.r07 0 “1|| 7 OLror 0

0 0 1 0 0 1 ~1) \ Z 1 0
(26)

Let the determinant of the 7 x 7 matrix on the LHS of (26) be A. Then, A > 0 by the stability of
the system (see Appendix A).

3 Comparative statics: supply side analysis

Utilizing Equation (26), we analyze the effects of an increase in pollution tax and an improvement
in the tourism terms-of-trade. For the purpose of making the analysis as simple as possible, we
examine the relationship between endogenous variables.

From (18), we have



Since the price of traded good is constant under the assumption of a small open economy, an increase
in the skilled wage is balanced by a decrease in the rental rate of capital. Equation (27) implies

ﬂ)\H — é\: @H/QKX From (22), we have
X = Oxxox (g — §) = ox . (28)

Equation (28) means that an increase in the output of traded good X raises the wage of skilled
labor, which is a specific input to that sector.
Substituting (27) and (28) into (21), we obtain

= AKXOX AKX o
M= DEXOX & AKX % 29
)\KMQKX H )\KMHKX ( )

which states that an increase in the output of traded good reduces the output of tourism infrastruc-
ture by extracting capital input from that industry. Equations (27) - (29) show that g, X, and M

are proportional to Wy.

3.1 Pollution tax

Keeping the price of tourism service unchanged, we examine the effects of an increase in pollution
tax. Note that Equations (27) - (29) hold.

Solving (26), we have

1; _ 800rQ — or[(fzr A+ £017)Q + 077 P , (30)
;AH - erAKMX’T —bur) Z 0iff. o7 Z Orr, (31)
Z\L _ Q1 —or) _AHTZ(P+Q)7 (32)
gZ_UT[(l —E)QJrP] <0, (33)

where P = A0 x and Q = Agxox. From the assumptions g(M) > 0 and ¢” (M) < 0, we have
£ <1for M > 0.

The qualitative effects of an increase in pollution tax, which are determined by the signs of
equations (30) - (33), are ambiguous and depend on the elasticity of substitution in the tourism

sector or. From (30), an increase in pollution tax expands the tourism sector if and only if

£0rr@Q
(Ozr +€017)Q + 021 P

A.

or <

8



We can immediately show that A < 0p7.
From (32), the necessary and sufficient condition for the increased pollution tax to push the

wage of unskilled labor up is

It is straightforward to show that A > B since

(0z7)*P+Q P+ (1-6)Q
§ Q Ozr(P+Q)+&0rQ

Therefore, we have the following relationship in magnitude:

A-B= > 0.

B<A<0Opr.

The above results are summarized in Table 1, which shows how the comparative static results with
respect to s depend on o, with threshold values such as A, B, and 07.°

Thus, we have the following proposition.

Proposition 1 Suppose that the price of tourism service pr s constant. When the elasticity of
substitution in the tourism sector is sufficiently low, an increase in the pollution tax expands the
tourism and tourism infrastructure sectors and contracts the manufacturing sector. This narrows
the wage inequality between skilled and unskilled labor. The rental rate of capital and the price of
emission permits rise. As the elasticity of substitution in the tourism sector increases, all the above

results are reversed.

The intuition is as follows. When the elasticity of substitution in the tourism sector or is
sufficiently low, an increase in pollution tax raises the tax revenue sZ since a decrease in emission
is small. Then the output of tourism infrastructure M increases (see (9)).% If an increase in M
is significant, the output of tourism service T rises despite the reduction in emission permits Z.
Consequently, the wage of unskilled labor, which is a specific factor into the tourism sector, increases.
At the same time, capital flows from the manufacturing sector, leading to a decrease in the output
of manufacturing good X. The decrease in the output of manufacturing good reduces the wage of

skilled labor, which is a specific input into that industry. Since the price of the manufacturing good

The stability condition (A > 0) imposes the restriction on the value of or: o1 < C = 07 /& + 017 P/(£Q) (notice
that A =07 (P + Q) — £or@). Since £ < 1, it is straightforward to show that C' > 0r7. Thus, this restriction is not

binding for the range of o7 considered here.

From (33), we have 5+ Z = [(0Lr — o) (P + Q)/AJ5. Therefore, if o is less than 6,7, an increase in pollution

tax raises tax revenue sZ.



or cee B cee A cee HLT

0X/os - - - - = 0 +
orjos + 4+ 4+ 0 - — —
oM/ds  + + + + + 0 -
owg/ds - — — - = 0 +

owr/os + 0 — — - — —

0q/0s + + + + + 0 -

Table 1: Effects of pollution tax (the tourism terms-of-trade are constant)

is constant, the decrease in the wage of skilled labor is offset by the increase in the rental rate of
capital (see (18) or (27)).

When o7 is sufficiently high, the increase in pollution tax decreases pollution tax revenue since
the amount of emission decreases significantly. Then the output of tourism infrastructure decreases.
It follows that the output of the tourism service falls due to a decrease in both emission and positive
externality of tourism infrastructure. The wage of unskilled labor, which is a specific factor to the
tourism service sector, decreases despite the increase in demand. Meanwhile, capital flows from the
tourism infrastructure sector to the manufacturing sector, leading to an increase in the output of the
manufacturing good. The increased output of the manufacturing sector raises the wage of skilled

labor, which is a specific input to that sector.

3.2 Improvement in the tourism terms-of-trade

We examine the effects of an improvement in the tourism terms-of-trade. Note that (27), (28), and
(29) still hold. Comparative statics procedure is given in Appendix B.

The effects of an increase in pp are summarized in Table 2 and Proposition 2.

0X/0pr OT/Opr OM/Opr Owg/Opr Owr/Opr Oq/Opr OZ/Opr

- + + - + + +

Table 2: The effects of an increase in pp
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Proposition 2 An improvement in the tourism terms-of-trade expands the tourism service and
tourism infrastructure sectors, while it contracts the manufacturing sector. This narrows the wage
inequality between skilled and unskilled labor. The rental rate of capital and the amount of emission

rise.

The intuition is straightforward. The improvement in the tourism terms-of-trade expands the
tourism service sector and, thus, the wage of unskilled labor and the amount of pollution rise. The
tax revenue sZ and the output of tourism infrastructure increase at the expense of the manufacturing
sector; this leads to a decrease in the wage of skilled labor. Since the price of manufacturing good

is unchanged, the rental rate of capital rises.

4 The total effect of pollution tax

The previous section treated the price of tourism service py as a constant. However, ppr must be
determined by the market equilibrium condition of the domestic tourism service, that is, supply
and demand for it. We examine the effects of pollution tax, considering that pr is endogenously

determined.

4.1 The effects on the tourism terms-of-trade and welfare

To determine the price of tourism service, we need to introduce the demand side of the economy.
Suppose that both domestic residents and foreign tourists consume the manufacturing good and the
domestic tourism service. The demand side of the economy is described by the expenditure function
of domestic residents and the ordinary demand function of foreign tourists. The expenditure function
is defined as

E(pT, Z, u) = min[pXCX +prCr i u = (Cx)b + f(Z) . (CT)b],

where C'x is the consumption of the manufacturing good by domestic residents, Cr the consumption
of tourism service by domestic residents, and u the level of utility. b € (0,1) is a parameter and
f'(Z) < 0. The utility function has the property that the marginal utility of the tourism service
(resp. the manufacturing good) decreases with (resp. is not affected by) the amount of pollution.
The expenditure function is derived as follows (see Appendix C):

J oL [((I)X)—b +f- ((I)T)_b —1/b7

b

1 b 1 b
where ®x = px + (fpx)™?(pr) T and &7 = pr + (pr/f) T (px) T-0.
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The compensated demand for tourism service is given by (see Appendix C)

y1/b y /b

1/b b 1/b°
1 f b /P +
@{l |:($ )b + @ )b] [( T/ X) f]

Cr= (34)

The envelope theorem implies Cp = OF/Ipr = Ep. Then the downward demand function ensures
Err = 0*E/0p2% = 0Cr/0pr < 0. Since 9[(®x) "0 + f - (27)7Y/0Z = (®1)bf', T we have

By =98 (‘1> (@) + £ (@)L (@) £ (@)

0z b oz
= Lpj@n) 4 g @)@
1 FE

I

which denotes the marginal damage to domestic residents caused by pollution. E, = 0E/0u > 0
represents the inverse of the marginal utility of income. Er, = 0°E/0udpr = 0Cr/0u > 0 is the
(positive) income effect on the demand for the tourism service.

We examine the effect of an increase in pollution on the compensated demand for the tourism

service. Differentiating equation (34) with respect to Z, we obtain

b OB _00r 1 Cr d[(@x)""+ f(@r)"]  Cro®r
T2 = 0Zopr — 0Z  b[(@x)C+ f(r)] oz dr 07
1 CT —b gl C’T a(I)T
S o _ZrZTr
b [@x) 7+ f@n T e oz

© o b[(@r/ex)P+fIT  @p 07

where 0®7/0Z > 0 (see Appendix Appendix D). The first term indicates the effect that an increase
in pollution raises the amount of compensated demand required to offset the disutility of pollution,
while the second term reflects that the increase in pollution decreases the attractiveness of the
tourism service. If the latter effect dominates the former, the compensated demand for tourism
service decreases with the amount of pollution.

Foreign tourists also consume the manufacturing good and domestic tourism service. Their
utility function is given by

u* = (Dx)? + f*(Z) - (Dr)”

where Dx is the consumption of the manufacturing good by foreign tourists, and Dy is the con-
sumption of the domestic tourism service by foreign tourists. S € (0,1) is a parameter and

f*(Z) < 0. Foreign tourists’ ordinary demand for the domestic tourism service is derived as

"See Appendix Appendix D.
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Dr = I*/®% (see Appendix C), where I* is the exogenously given budget of foreign tourists and
% = pr+ (pr/ )Y B (px)=P/(1=B)  Note that dDp/0Z < 0 because an increase in pollution
reduces the attractiveness of the tourism service.

Following Beladi et al. (2009), Chao and Sgro (2013), Chao et al. (2008), Copeland and Taylor

(2003), and Yanase (2017), we define the “after-tax” or “net” revenue function:
R(pr,s) = max[pxX +prT —sZ : Kx + Ky = K, X = X(Kx,S5),T = g(Km/axm)Y (L, Z)].

The properties of the net revenue function with a positive externality of tourism infrastructure are
given in Appendix E. Note that standard envelope theorem does not hold in the absence of the
Lindahl pricing rule.

Now, we can derive the equilibrium conditions for both the demand and supply sides of the

economy. First, the budget constraint of the economy is given by
E(pT>Z7u) = R(pTaS) +SZ(pT75), (35)

which states that the total expenditure equals the total revenue. The second term on the RHS
denotes the reward on capital devoted to tourism infrastructure sector.

Second, the market equilibrium condition of the tourism service is
Er(pr, Z,u) + Dr(pr, Z) = T(pr, 5)- (36)

The LHS denotes the demand for the domestic tourism service and the RHS its supply.
(35) and (36) simultaneously determine the tourism terms-of-trade pr and domestic welfare
u. Utilizing these two equations, we analyze the effects of pollution tax on pr and u. Totally

differentiating equations (35) and (36), we obtain

~Dr —T8L+(Ez —8)5%  Eu\ (dpr\ [ TGl —(BEz—9)% . (37
—Sr + (ETZ + %) gTZT Er, du %% — (ETZ + %) ?Tf

where I' = pp - (0T /OM) — pyy is the difference between the marginal value product of tourism
infrastructure and its price, Sy = 91/0pr — Err — 0D /Opr > 0 denotes the slope of the excess
supply function of the tourism service, and subscripts with respect to the expenditure function
denote partial derivatives, for example, Er, = 0*E/0udpr. Note that 0Z/ds < 0, M /Opr > 0,
OT/Opr > 0, and 0Z/0pr > 0 from the analyses in sections 3.1 and 3.2. Notice that the Lindahl

13



pricing rule implies I' = 0. Let A* be the determinant of the 2 x 2 matrix of the LHS of (37). The
stability condition then requires A* > 0.8

We assume three conditions: (a) I' > 0 (the marginal value product of tourism infrastructure is
greater than its price), (b) 9M/ds > 0 (the output of tourism infrastructure is increased by higher
pollution tax rate)?, and (c) (T — Cp — D7) /0s = 0T /ds — Erz - (0Z/0s) — (0D /0Z)(0Z/0s) =
0T /0s — (Epz +0Dr1/0Z)(0Z/0s) < 0 (the excess supply of the tourism service decreases with the
pollution tax).

Solving equation (37), we obtain

«dpr 0z oT

Os

oD\ 0Z oM
(e %)

A 85] E, + FWET’UJ (38)

Ldu oM 0z [oT 0D\ 07
O0Dr\ 07 oM 0z
_ [—ST+ <ETZ + 97 ) 8pT] [F D5 — (EZ — 8)88:| .
Equation (39) is rewritten as (see Appendix F):
d oz oD ZT oT oD o0z
AN = (B —8) |5 (Brr+ 5 )+ 0| ~Dp |5 — (Brz+ 5 )
ds 0s opr prs 0s 0Z ) 0s (40)
M 0D oM 0D

where U = Qor/A > 0. In Appendix F, we also show that 70z — (Erz + 0D1/0Z)Z > 0 if the
conditions (b) and (c) are satisfied. An increase in pollution tax affects the tourism terms-of-trade
and domestic welfare through two traditional channels, as stated by Beladi et al. (2009) and Yanase
(2017). On the one hand, if the marginal damage of pollution to domestic residents is greater than
the pollution tax rate (Ez > s), the pollution reduction caused by an increase in pollution tax raises
the real income of domestic residents (see Copeland (1994)).19 This positive income effect improves
the tourism terms-of-trade. On the other hand, if a pollution tax decreases the domestic excess
supply of the tourism service (O(T — Cp — Dr)/ds = 0T /0s — (Erz + 0Dp/0Z)(0Z/ds) < 0), the
price of the tourism service rises (see Yanase (2017)). These positive terms-of-trade effects improve

domestic welfare. We call the former channel the “pollution distortion” channel and the latter the

8Let Q = Er + Dr — T be the domestic excess demand for tourism service. From (35) and (36), we have dpr/dQ) =

—FE./A*. Hence, the stability of tourism service market requires A™ > 0.
“From equations (28), (29), and (31), this condition is equivalent to or < Or7.
Recall that 8Z/ds < 0 from the analysis of section 3.1.
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“excess supply” channel. In (38) or (40), the first (resp. second) term corresponds to the “pollution
distortion” (resp. “excess supply”) channel.

This paper includes the third channel. If the marginal value product of tourism infrastructure
is higher than its price, an increase in tourism infrastructure raises real income, which improves the
tourism terms-of-trade. We call this the “tourism infrastructure” channel, which is represented by
the third term in (38) or (40). If the conditions (b) and (c) are satisfied, an increase in pollution tax
rate increases the tourism infrastructure both directly and indirectly. In addition, if the condition
(a) holds, the increase in tourism infrastructure improves welfare. Therefore, if the conditions (a) -
(c) are satisfied, the tourism infrastructure channel improves the tourism terms-of-trade and welfare.

Thus, we have the following proposition.

Proposition 3 The tourism infrastructure channel, which arises from the difference between the
marginal value product of tourism infrastructure and its price, improves the tourism terms-of-trade
and domestic welfare if the following three conditions are satisfied: (a) the marginal value product of
tourism infrastructure is greater than its price, (b) the output of tourism infrastructure is increased

by higher pollution tax, and (c) the excess supply of tourism service decreases with the pollution taz.

The condition (a) is likely to hold when the marginal value product of the tourism infrastructure
is sufficiently high. The condition (b) is satisfied if and only if the elasticity of substitution in the
tourism industry is sufficiently low to increase the pollution tax revenue. The condition (c) tends
to hold when the output of the tourism service decreases with the pollution tax, which occurs if the
elasticity of substitution in that sector if not very low. Therefore, for both the conditions (b) and
(¢) to hold simultaneously, the elasticity of substitution in the tourism sector must be a moderately
small value. By numerical simulations in Appendix G, we show that there exist parameter values
that satisfy the conditions (a), (b), and (c).

Similar to Yanase (2017), we consider a departure from the Pigouvian tax rate. Setting s = F

in (38) and (40), respectively, we obtain

dpr or ODr) 92 o
ArdPT =— |5 | Brz+ ) 5| Bu+T——Eru, !
| [85 ( TZ + 3z> 83] + ds © )
zZ
du or ODr) 02
x O =_D — — | B a7 | 9.
ds|—p, ’ [83 < Y/ ) 83] (42)
M Qor ODr oM D1
+F{PT3A [THZT_(ET”az)Z]‘ E (ETTWPT)}‘

Thus, we have a corollary to Proposition 3.
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Corollary 1 Suppose that the conditions (a) - (¢) hold. Starting from a Pigouvian level, an increase

in pollution tax unambiguously improves the tourism terms-of-trade and domestic welfare.

At the Pigouvian tax level, the pollution distortion channel vanishes. If the condition (c) is satisfied,
the excess supply channel is positive. In addition, if the conditions (a) - (c) are satisfied, the tourism
infrastructure channel is positive. Therefore, an increase in pollution tax unambiguously improves
the tourism terms-of-trade and domestic welfare.

Corollary 1 is a generalization of Corollary 2 in Yanase (2017). Yanase (2017) does not consider
the tourism infrastructure. Thus, in his model, starting from the Pigouvian pollution tax level and

free trade, the effect of pollution tax is solely determined by the excess supply channel.!!

4.2 Effects on outputs, pollution, and factor prices

We now examine the effects of the increase in pollution tax on outputs, pollution, and factor prices,
considering that the tourism terms-of-trade are endogenous. The total effect (including the change
in the tourism terms-of-trade) of the increased pollution tax on each endogenous variable is

a6 _ 96 , 00 dpr
ds 9s  Opr ds

or

sd® s00 pr dO s dpr
S _ 29T P YY ° AT 4
O ds @8s+68prT ds’ (43)

where © = X, T, M, wy,wr, q, Z. The first term on the RHS of (43) represents the direct effect, while
the second term represents the indirect effect that arises from the change in the tourism terms-of-
trade. Since the sign of the direct effect is ambiguous except for the amount of pollution, we consider
the necessary and sufficient conditions for the indirect effect to be dominant. The indirect effect is
proportional to the change in the tourism terms-of-trade and, thus, the indirect effect dominates
the direct effect if the absolute value of the tourism terms-of-trade effect is sufficiently high.
Substituting (31) and (B.1) into (43) for © = wy, the increased pollution tax raises the wage of

skilled labor if and only if
s dpr _or—0Orr
— <
pr ds or

From (27), (28), (29), and (43), the total effects on ¢, X, and M are proportional to those on

=D. (44)

WH.

"Yanase (2017) introduces import tariff, which yields the trade distortion. The trade distortion vanishes when

import tariff rate is zero.
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Similarly, substituting (30), (B.6), and (B.1) into (43) for © = T, the necessary and sufficient

condition for the increase in pollution tax rate to increase the production of tourism service is

sdpr . §Q(orfzr +brr)
pr ds O’T[QZTP—F (HZT-FOQ]

Substituting (32), (B.5), and (B.1) into (43) for ® = wy, the pollution tax rate and the wage of

F (45)

unskilled labor move in the same direction if and only if

ide S [QZT—F{(O'T— 1)]Q+QZTP
pr ds P+Q

=G. (46)

Substituting (33), (B.2), and (B.1) into (43) for © = Z, a stricter environmental policy in the form

of increasing the pollution tax rate raises the amount of pollution if and only if

sdpr  (1-§Q+P _
P > P10 =H >0. (47)

If the tourism terms-of-trade effect is positive and sufficiently large, the increase in pollution tax
rate can increase the amount of pollution. This possibility is also pointed out by Yanase (2017, p.
615).

In Appendix H, we show that D < F' < H and G < H. There are three cases to be considered:
(i) when o < £Q/[0zr(P+Q)+£Q], D < F < G < H; (ii) when £Q/[0zr(P+ Q) +£Q] < or < 1,
D < G < F < H; and (iii) when o7 > 1, G < D < F < H. The results are summarized in Tables 3
- 5.

Thus, we have the following proposition.

Proposition 4 When (s/pr)(dpr/ds) > H, an increase in pollution tax expands the tourism and
tourism infrastructure sectors while it contracts the manufacturing sector. It narrows the wage
equality between skilled and unskilled labor. The rental rate of capital and the amount of pollution

increase. If (s/pr)(dpr/ds) < min(D,G), all the above results are reversed.
Focusing on the total effect on domestic wage inequality, we have the following proposition.

Proposition 5 When (s/pr)(dpr/ds) > max(D,G), an increase in pollution tax unambiguously
narrows domestic wage inequality. If (s/pr)(dpr/ds) < min(D,G), domestic wage inequality unam-

biguously widens.

From Proposition 5, when the absolute value of the tourism terms-of-trade effect is sufficiently

large, there is a trade-off between reducing pollution and narrowing domestic wage inequality.
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For a double dividend in narrowing wage inequality and reducing pollution to exist, the tourism
terms-of-trade effect must be moderate. More specifically, if (s/pr)(dpr/ds) < min(D,G) or
(s/pr)(dpr/ds) > H, there is a trade-off; for (s/pr)(dpr/ds) € [max(D,G), H), there is a dou-
ble dividend.

If the conditions (a), (b), and (c) are satisfied, a pollution tax can provide a further benefit in
improving domestic welfare (see Proposition 3).

When the production of the tourism sector is Cobb-Douglas (i.e., o = 1), the above analysis
becomes quite simple (see Appendix I). In this case, at constant tourism terms-of-trade, an increase
in pollution tax reduces the tax revenue, leading to a decrease in the output of tourism infrastructure.
This results in a decline in the output of tourism service and the wage of unskilled labor. At the
same time, capital flows from the tourism infrastructure sector to the traded good sector. It follows
that the output of traded good and the wage of skilled labor go up. Since the price of traded good

is constant, the rental rate of capital goes down.

(s/pr)(dpp/ds) =+ D e+ F e G e H

dT/ds - - - 0 + 4+ + + +
dwy /ds + 0 - - - - - - -
dwr,/ds - - - - - 0 + + +

dZ/ds - - - - - - =0y

Table 3: The case of o < £Q/[0z17(P + Q) + £Q)]

(s/pr)(dpr/ds) =+ D = G = F e H

dT/ds - - - - - 0 4+ 4+ +
dwyr /ds + 0 - - - - - - -
dwr,/ds - - - 0 + 4+ + + +

dZ/ds - - - - - - = 0 +

Table 4: The case of £Q/[0z7(P + Q) +£Q] < or < 1
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(s/pr)(dpp/ds) ++ G =+ D - F - H

dT /ds - - - - -0 4+ o+ ¥
dwy /ds + + + 0 - - - = -
dwy,/ds -0 + + + + + + +

dzjds - - - - — — - 0 +

Table 5: The case of o > 1

5 Conclusions

This paper sets up a small open developing tourism economy with tourism infrastructure and ex-
amines the welfare, production, and income distribution effects of an increase in pollution tax. The
tourism service is non-traded in the absence of foreign tourists. The tourism sector emits pollution
and its productivity is enhanced by tourism infrastructure. Since the Lindahl pricing rule is not
assumed, the usual envelope theorem and reciprocity relationship do not necessarily hold. Thus,
we can obtain interesting comparative static results. In particular, if the elasticity of substitution
in the tourism sector is sufficiently low, an increase in pollution tax paradoxically expands tourism
sector at the constant tourism terms-of-trade. Furthermore, the wage inequality between skilled and
unskilled labor narrows.

This paper provides new insights regarding welfare effect of pollution tax. In addition to two
traditional channels pointed out by Beladi et al. (2009) and Yanase (2017), this paper contains an
additional channel through which an increase in pollution tax affects the tourism terms-of-trade
and domestic welfare. The new channel, which arises from the difference between the marginal
value product of tourism infrastructure and its price, increases the tourism terms-of-trade and
domestic welfare if (a) the marginal value product of tourism infrastructure is greater than its price,
(b) the output of tourism infrastructure is increased by the increase in pollution tax, and (c) the
excess supply of a tourism service decreases with pollution tax. Given the above three conditions,
starting from a Pigouvian level, the increase in pollution tax improves the tourism terms-of-trade

and domestic welfare.
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Appendix A Stability condition

Following Chao et al. (2012), Okamoto (1985), Yabuuchi (2015), and Yabuuchi (2018), we consider

the following adjustment process:
X = a1(px — agxwg — axxq),
T = az(pr — arTwr — azrs),
M = a3(pm — qaxmr),
Wy = ag(agx X — H),
wr, = as(arrT — L),

(j = (IG(CLKXX +agpyM — K)

(A1)
(A.2)
(A.3)
(A.4)
(A.5)

(A.6)

The first three equations assume a Marshallian quantity adjustment while the last three equations

a Walrasian price adjustment. A dot over a variable represents the differentiation with respect to

time, and a parameter ay (k= 1,---,6) measures the speed of adjustment.

The Jacobian matrix associated with (A.1) - (A.6) is'?

0 0 0 —afgx 0 —aKx
0 0 gnr 0 —arT 0
e 0 2z e 22 0 HZ-0rror —aKM
agx 0 0 _QKXUX% 0 GKXO'X%
0 arr —¢L 0 —QZTUTw% 0
akx 0 aKM eHXUX% 0 _QHXUX%
=aVJW,
where
ag 0 0 O O O
0O ao 0 0O 0 O
0O 0 a3 0O O O
a = )
0 0 0 a4 O O
0 0 0 0 a5 O
0O 0 0 0 O ag

2From (8) and (9), we have

PM=0r T M
This equation is substituted into (A.3).
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px 0 0 0 0 0
0O pr 0 0 0 0
po| 0 0 000 |
0 0 0 H 0 0
0O o0 0 0 L O
0 0 0 0 0 K
X 0 0 0 0 O
0O T 0 0 0 0
wa_ |00 M 0 00 |
0 0 0 wg 0 O
0 0 O 0 wp O
00 0 0 0 ¢
0 0 0 —Opx 0 —Okx
0o 0 ¢ 0 . 0
s loor e 0 Orror -1
1 0 0 —Oxxox 0 Ok xox
0 1 ¢ 0 S — 0
Akx 0 Axm AxxOuxox 0 —AxkxOnxox
A necessary condition for the stability is |J| > 0.
It is straightforward to show that A = |.J| > 0.
0 0 0 Orx 0 Ok x 0
0 0 —¢ 0 017 0 0
Akx 0 Axm AxxOnxox 0 —AxkxOuxox 0
A=11 0 0 —Oxxox 0 Orxox 0
0 1 —¢ 0 N —— 0 0
0 1 —¢ 0 0707 0 ~1
0 0 1 0 0 1 -1
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Substract the seventh row from the sixth row to obtain

0 0 0 O x 0 Ok x 0
0 0 —¢ 0 017 0 0
Akx 0 Axnm AxxOuxox 0 —AxxOuxox 0
=11 0 0 —Orxox 0 O xox 0
0 1 —¢ 0 S 0 0
0 1 —¢-1 0 Orror -1 0
0 0 1 0 0 1 -1
Expand ty the seventh column to obtain
0 0 0 Omx 0 Ok x
0 0 —¢ 0 017 0
 [Prx 0 Axm AxxOrxox 0 —AxxOnxox
Sl 0 0 —fkyox 0 O xox
0o 1 ¢ 0 —OzroT 0
0 1 —£—1 0 Orror 1
The interchange of the third and sixth rows yields
0 0 0 Omx 0 Ok x
0 0 ¢ 0 Orr 0
o1 e 0 Orror 1
- 1 0 0 —bOrxox 0 O xox
0o 1 ¢ 0 —OzroT 0
Akx 0 Axm AxxOuxox 0 —AxxOnxox
0 0 0 —Opx 0 —Okx
0 0 ¢ 0 —O.r 0
| 01 € 0 Orror -1
1 0 0 —Oxxox 0 Oxxox
0 1 —¢ 0 S —— 0
Akx 0 Axkm AxxOuxox 0 —AxxOnxox
=1J].

Then the stability of the system requires A > 0.
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Appendix B Proof of Proposition 2

Solving (26), we have
Wa _ OrkxAkMmOT

P A < 0. (B.1)

We can show that the effects on other endogenous variables are proportional to the effect on wy.
Equation (28) implies
sgn X /pr = sgn @ /pr-
From (29), we have
sgn M/pr = —sgn @y /pr.

Substituting (27) and (29) into (25), we obtain

Z_ @ M _ Oux®n_ xxox Bu _ MewOux+Mexox®u _ P+Q @n g,
pr  br bpr Oxx pr AxmOxx Pr Ak MmOk x pr AxmOxx pr
From (23) and (24), we have
or(ip —3) = Z. (B.3)
From (B.3), we obtain
A
orak = 2 (B.4)
pr pr
Substituting (B.2) into (B.4), we have
_ p _
Yr_ __PHQ wm (B.5)
pr orAkmOKxx pr
From (B.2) and (B.5), it follows that
sgn @, /pr = sgn Z/pr = —sgn Wy /Dr-
Substituting (29) and (B.5) into (23), we have
~ O,7P + (6 w
T/pp = —fzrP + Ozr T0)Q 0 (B.6)

Ak MOk x pr
Thus, we have

sgn T'/pr = —sgn Wy /Dr.
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Appendix C Consumer problem
Consider the following utility maximization problem:
maxu = (Cx)" + f(2) - (Cp)°

subject to £ = pxCx + prCr.

The usual optimal condition requires that the relative price equals the marginal rate of substitution:

pr _ Ou/0Cr _ f Cx e (C.1)
px Ou/OCx Cr ' '
Solving the utility maximization problem, we obtain the ordinary demand function: Cx=FE /Px
and Cp = E/®p where Dy = px+(fpx )Y (pr) =0 and &7 = pr+(pr/ )Y Y (px )~/ 00,
Then, the indirect utility function is given by u = [(®x)~° + f - (®r) "] Eb. Solving the indirect
utility for E, we obtain the expenditure function E = u!/® [(®x)~0 + f - (®7) "] I Substituting
the expenditure function into the ordinary demand for tourism service, we have the compensated
demand function of tourism service:

1/b 1/b

U u

16 b /b
14 _f Or/Dx)b +
¢Tv&¢XP<+(¢TV] [(27/®x)" + f]

Cr =

Substituting Cx /Cr = ®7/Px into equation (C.1) yields

1-b
% —f. (;I;T() . (C.2)

Appendix D Marginal damage to domestic residents by pollution

(ffz[(q)X>_b +f- ((I)T)—b] — _b((I,X)—b—laéi)ZX 4 f, ) ((I)T)_b B fb(q)T)—b—lag{)ZT
= b (@) T @) T ()

:f’-(I);b,
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where

b b
(Px)"" 57 T (@)~ 57 — (‘I’X)fbfll i 5 (2);) pxf —f- (‘I)T)fbflﬁfﬁm’ (q))T() f

!t 1 [(@T)l‘bpx—f‘l-(¢>x)1_pr}
1-bDxPr
" opxf! [ 1-b 1_bPT}
i) — (P —
Tbayay [P0 /(@00
= “(C.2)
since
0P 1 1 1 _
w7 =1l )T )T
1 b 1 b,
= I ) o) TS
B 1 f)lb 1% ,
1—b<PT Px /
b
1 pr>1b —1% 1% /
_1b<pT Px Px f
1 ¢>X>” ,
= —= C.2
1—b<<I>T pxf (C.2)
and
0P 1 _ Lo b
aZT__l_bf -3 lf/p%—bpxl—b
b
1200 oy (pp \ T —gly b
- = PSS B o 1 =z £/
gl T <p f v

Appendix E Properties of the “net” revenue function

The first-order conditions for profit maximization in the manufacturing sector are

0X

pX87H = wy, (El)
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0X

= _yq. E.2
PX e — ¢ (E.2)

Similarly, the first-order conditions for profit maximization in the tourism sector are

oT
br oL wr,, ( 3)
orT
_ E.4
pTaZ S (E.4)
Utilizing (4), (5), (E.1) - (E.4), we have
pxdX + ppdT = wygdH + wrdL + sdZ + qdK + I'dM, (E.5)

where I' = pp - (0T/OM) — pys is the difference between the marginal value product of tourism
infrastructure and its price.

The “after-tex” or “net” revenue is
R=pxX +prT — sZ.
Taking (E.5) into account, the change in the “net” revenue is given by
dR = Xdpx + Tdpr +wgdH +wrdL — Zds + qdK + I'dM. (E.6)

The last term in (E.6) implies that an increase in tourism infrastructure raises the net revenue R
if and only if the marginal value of product of tourism infrastructure is larger than its price (i.e.,
pr - (OT/OM) > pu).

From (E.6), we have

OR oM
Rp= 22 _p 2% B.7
= opr opr (E7)
_OR oM

Thus, the envelope theorem holds if I' = 0.
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Appendix F Welfare effect of pollution tax

The numerator of du/ds is

—Dr —TM 4 (BEy—s)pZ T —(E;—35)%

dpr opr Bs
~Sp+ (Brs+ %) 22— (Bry+ %) %
=— (DT—FF;JQ\;[) r;f - <ETz+ aaDZT> ({;f] + (Ez —s)ng [gf - (ETz-l- a@’f) %f}
+STP88M - (ETZ+ %IDZT) g}ira@]‘j

@) (i)

0Z oT 07
E, — i B el
+(Ez =) Opr 0s St Js

(iii)

or 0Dt \ 0Z MT oM oD 0D\ MZ
oo (oo ) 2] e )] o )

prs Js Opr 07 ) prs
ZT 07 oD
+(Bz—s) | =60+ —— (Err+ —— ||, ¥=Qor/A>0
prs 0s Opr

oT oD oz MT oM 0D oD MZ
=—Dp|— — | Erz+ i B + I —077¥ —T'—— ETT-i-iT —I'( Epz + T U
Os 07 ) Os prs 0s opr

ZT 07 oD
Bz = 9) o €W+ (By = 5) (ETT+ T>
T

0s opr
oT oDr\ 071 .OM oD 07 oD
= Do | (B + 2 22 12 (B + 220 4 By — ) (Bpp+ &2
T[@s <TZ+ 6Z>83] Ds <TT+8pT>+( z 8)83<TT+8pT>
M oD 2T
+I'—9 [TQZT — <ETZ + T) Z:| +&(Ez —s)—,
prs 0z pTS

which is equation (40) in the main text. The terms (i), (ii), and (iii) can be calculated as follows.

e The term (i)
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dM OT OM M OT [ IT dDr\ OM

opr 05 T&S_é‘p:ras_<0pT_ETT_0pT>a9
&M@T__8T8A1+8A[<E _+8DT)

opr 0s  Opr 0s | 0s \" T 9pr

MT (MT MT oM oDy
=— === | + = ETT‘F*
prs \prs s pr Os Opr
MT oM oD
=——0Oz7V+ —— | Err + =T
prs 0s Opr

since

@i B @j B Q  wyor[(0zr +80rr)Q + 0710 P] — §007Q
prs  Spr  AxmOkx br A
Q  wpbzrP+ (0zr +§)Quwm
EE v Sye— Z/?\iT . (29), (30), and (B.6)
B Q 1/177 or[(0zr + E0r7)Q + 0727 P] — E07Q
"~ AxmbOkx Pr A
Ok x Ak (Opr — or) Oz7P + (0270 +§)Q| (31)
A ArMmOKx '

Q wyl
=% WH g Q@ — oré) + P
AxmOxx pr A zr|@cr — o18) + 011 T

A
__Q wm,
MmO x Pr
Q  OxxAxmor
= — 0 - (B.1
MmO x A 7T (B-1)

zZT

= —0z7V.

e The term (ii)

oMoz _9ZoM _MZ(MZ _ZM\_ MZ,
Opr s Opr Os  prs \prs pr s prs
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since

Mz ZM___Q wwZ,  _Q @nZ .,
prs Dr s AxvOxx pr S AxmOxx S Pr
_ Q@ | waZ wuZ
A MOK x pr s 5 pr
J O Z  ©y Agmbsx + Axxox O
=3 5 | T="=<—"—= T~ (B'2)
A MmOK x pr S s A MOk x pr
. Q  ®m| Z WuIkmbsx +Akxox
MmO x Pr s s A MOk x
Q  wm |:UT[(1 —§)Q + P n OxxAxm(Orr —or) P+Q }
AxMOkx Dr A A A MOk x
“(31) and (33)
Q wy 1
= 17— = tor[(1 = §Q+ P+ (0T — o) (P + Q)}
AxmOrxx pr A
Q wy 1
- & Y 00— 0,1 P
Nenrfrx br A[Q( rr —&or) + 07 P]
__Q wm
MmO x Pr
Q  OxxAxkmor
= — - (B.1
A MmOk x A (B-1)
_ _Qor
A
S
e The term (iii)

From (30), (33), and (B.6), we obtain

ozor oz _ozor (or . oDp\oz
Opr Os T gs T Opr Os B (8pT o 0pT> Js

L OO 02 (1, O00)
Opr 0s  Opr 0s  Os

zr (ZT TZ\ 07 ODr
=—|==—-—=—=|+—— | Err + —
prs \prs prs 0s Opr
ZT 0z 0D
=—&0+ (ETT + T) ;
pTS 0 opr
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TZ P+Q @yorl(Bzr+&00r)Q+0zrP) — £001Q

prs  AxmOxx Dr A

_ Oz10P + (021 + §Q Wy or[(1 — §)Q + P
A MOk X pr A

- W;};{(P + Q){UT[(HZT + geLT)Q + QZTP] — SGLTQ}

— (020 P + (021 + §)Qlor[(1 - §)Q + Pl}

B 1 Ok x Ak MmOT N
A AT QA (B)
~ Sor@Q

A

=&y,

- (30), (33), (B.2), and (B.6)

where

(P+Q){or[(0zr +&0Lr)Q + 021 P] — §01rQ} — [027 P + (027 + €)Qlor[(1 — §)Q + P
=or{(P+ Q)[(0zr +&0r1)Q + 070 P] — [0z0P + (027 + QI[(1 — )Q + P} — (P + Q)E0rQ
= or8?Q* — (P + Q)¢01rQ

= —€Q[(P + Q)0rr — 0réQ)

= —{QA.

From the condition (c):

T D A
a—<ETz+a T>a <0

0s 0Z ] Os

TT oDr\ Z 7

- (B i
53 < Tz 8Z> sS

o _pzror[l —Q + Pl + (ot — 0r7)Q

N +<ETZ + 8DT) 7orlE=90+ P . (30) and (33)

0z A

> O'T[(l — E)Q + P] [—T@ZT + <ETZ + %DZT> Z:| — Tf(O'T — 9LT)Q <0

< or[(1-§Q + P [T9ZT - <ETz+ 06DZT> Z} —TEOrr —or)Q >0

ODr T¢(Orr — or)Q
o [rorr - (Bre+ 7 ) 2] > S g >0

Note that 0,7 — op > 0 from the condition (b).
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Appendix G Numerical Simulations

We conduct numerical simulations to find out a set of parameter values that satisfy the conditions
from (1) to (3). Numerical simulations utilize MATLAB 2021a.
For this purpose, we specify the production function. Suppose that the production function of

the traded good is a Cobb-Douglas function:
X = AxH°(Kx)'?, (G.1)

where Ay is productivity parameter for the traded good sector, and we specify Ax = 6 9(1—§)~(1-9)
for the notational simplicity. 6 € (0,1) is the factor cost share of skilled labor. Thus, we have
Ox =6 and A x = 1 — 0. The associated unit cost is then given by (wg)%q¢* 0.
The production function of the tourism service is assumed to be the constant elasticity of sub-
stitution (CES) function:
T = MS[pL=" 4 (1 — )27 Y/°, (G.2)

where n € (0,1) and p > —1 are parameters. It is well known that the elasticity of substitution is
or = 1/(1 + p). We specify g(M) = M¢, where £ € (0,1) is a constant. The associated unit cost is
derived as M~E[n/ (1+0) (wp )P/ O4r) 4 (1 — i)t/ (4p) 5o/ Atp)|(1+0) /o
From (7) and (8), we obtain
arT L

azT — E (GS)

The cost minimization in the tourism sector yields

we 0 (azr\"_ _m (Z\" (G.4)
s 1—n \arr 1-n\L ' ’

Utilizing Shephard’s lemma, we obtain the unit requirement of emission in the tourism sector

by differentiating the unit cost function with respect to pollution tax rate:
azr = M 4[n(Z/L)" + (1 —n)]"/*. (G.5)

Using (G.4), the factor cost share of emission in the tourism sector is

P ¢ Sr) i A )1
0T (wp) T + (1 — ) Terte 2P+ (1—n)L?

The zero-profit condition for the traded good sector (2) becomes

5 1-6 _

(ws)’q PX- (G.6)
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Using (G.4), the zero-profit condition for the tourism sector becomes

1+p

M~[(Z/L) +1—n] v =pr (G.7)

S
1—n

Substituting (4), the budget constraint of the government (9) becomes
sZ = qagpyM. (G.8)
Substituting (G.5) into (8), we have
M~E[p(Z/L)f + (1 - )T = Z. (G.9)

Substituting (G.8) and taking into account that the factor cost share of capital in the traded

good sector is 1 — 4, the market clearing condition of capital (5) can be rewritten as
(1—-0)pxX +sZ =qK. (G.10)

Recalling that the factor cost share of skilled labor in the trade good sector is ¢, the demand-supply
equality of skilled labor (6) becomes
opx X = wyH. (G.11)

The utility function of domestic residents is specified as

1
u = \/OX+E\/CT.

The utility maximization yields
Zprv/Cr =px/Cx. (G.12)
Suppose that the utility function of foreign tourists is given by
1
u* =+/Dx + 2\/DT.
The tourists’ ordinary demand function of the tourism service is derived as
I*

Dr=—Fr——%¢ro. G.13
T pr(+ 72 (613)

The market-clearing condition for the tourism service is given by
Cr+Dr="T. (G.14)
The budget constraint of the economy requires
pxX +prT =pxCx + prCr. (G.15)

32



Equations (G.6) - (G.15) determine X, T', M, wy, q, Z pr, Cx, Cr, and Dp. We set the parameter
values as follows: px =1, =1=0.6, =08, p=2, L =3, H=1, K =25 axy =2, [* =4, and
s = 0.5. The elasticity of substitution in the tourism sector is op = 1/(1 + p) = 0.3333. The factor
cost share of pollution tax is 0z = (1—n)L" /[nZP+(1—n)LP] = 0.4164. Since £ > 077, the condition
(a) is satisfied. By the definition, 67 = 1 — 077 = 0.5836. Then, op < Op7, implying that the
condition (b) holds. Finally, 9(T —Cr— Dr)/0s = 0T /0s — (Erz+0Dr/0Z)0Z/0s = —3.5241 < 0.
Therefore, the condition (c) holds.

Appendix H Proofs of Proposition 4 and Proposition 5
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Therefore, G > D if and only if 1 — o > 0.
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Then, the necessary and sufficient condition for F' > G is

£Q
HZT(P +Q)+£Q

Appendix I The case where the production function of the tourism

sector is Cobb-Douglas

When the production function of the tourism industry is Cobb-Douglas, that is, o = 1, the com-

parative static results in section 3.1, where the tourism terms-of-trade are fixed, are simplified as

T _wp  Ozr(P+Q)
=== X <0, (1.1)
H  OzrAkMmOKx
= = A > 0, (L.2)
Z  [(1-9Q+P
5= A < 0. (L.3)
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0X/0s 0T/0s OM/0s Owg/ds Owr/ds dq/0s  0Z]0s

- - — - — - -~

Table 6: The effects of pollution tax (the tourism terms-of-trade are constant and o = 1)

The total effect

Now, consider the total effect of an increase in pollution tax, taking into account the indirect effect
induced by the change in the tourism terms-of-trade. Letting op be unity in equation (44), the
necessary and sufficient condition for an increase in pollution tax raise the wage of skilled labor is

s dpr

— < Ozr.
r ds zZT

Similarly, from (45), the increase in pollution tax expands the tourism sector if and only if

s dpr o1 EQOzr +0LT)
pr ds Oz7P + (0270 +&)Q

=F.

From (46), the necessary and sufficient condition for raising pollution tax to increase the wage
of unskilled labor is
s dpr
———>0z7.
pr ds

From (47), the pollution tax rate and the amount of pollution move in the same direction if and

only if
sdpr  (1-6Q+P

or ds P+ 0 =H > 0.
It is straightforward to show that
Ozr < F' < H.

;%dc% v Oyp e F e H
dT'/ds — — — o + + +
dwyg/ds  + 0 - - - = -
dwr/ds — — 0 + + + + +
dZ/ds - - - - = 0 +

Table 7: The case of o =1
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