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Abstract

This paper constructs a general equilibrium model of a small open economy with pollution generated by the tourism
industry. The national government issues emission permits and constructs the semi public infrastructure that contains
the congestion effect. A stricter environmental regulation, by reducing the amount of emission permits, unambiguously
improves the tourism terms-of-trade. If the positive terms-of-trade effect is sufficiently large, a stricter environmental
regulation expands tourism sector. Domestic wage inequality narrows or widens, depending on the elasticity of substitution
in each industry.
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1 Introduction

The tourism sector has become an important sector for both developed and developing countries as it creates employment
opportunities and attracts foreign currency. The tourism sector requires a large amount of 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 rather difficult to be financed only by the private sector. Therefore, a national
government needs to construct public infrastructure for the tourism industry. 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
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traffic congestion pollutes the air by the emission of fumes.! To mitigate these negative effects, the government introduces
an environmental regulation by issuing emission permits to control the amount of pollution.

At the same time, the productivity of tourism industry is largely affected by infrastructure, such as highway, airport,
park. Such a infrastructure improves other industries as well as tourism industry. It also includes congestion effect, i.e., an
increase in users decreases its efficiency.? Thus this paper constructs a model with semi public infrastructure that contributes
all industries in the economy and contains congestion effect. Shimizu and Okamoto (2022) develops a small open economy
model with infrastructure that contributes to only tourism industry and does not include congestion effect. Shimizu (2020)
constructs a model with pure public infrastructure that contributes all industries but does not include congestion effect.
Hence this paper complements the analyses of Shimizu and Okamoto (2022) and Shimizu (2020). The remainder of the
paper is organized as follows. Section 2 sets up the model. In section 3, we analyze the effects of stricter environmental
regulation and improvement in tourism terms of trade, taking only supply side of the economy into account. In section 4, we
examine the effects of stricter environmental regulation, considering the change in tourism terms of trade. Some concluding

remarks are made in section 5.

2 The model

We consider a small open economy consisting of two private sectors and one public sector. Two private sectors are
manufacturing and tourism sectors. The manufacturing product is traded while tourism service is non-traded in the absence
of international tourism. The manufacturing sector employs skilled labor S and capital K to produce manufacturing good.
The tourism sector requires unskilled labor L. and pollution permits Z. The public sector constructs public infrastructure
using only capital. The public infrastructure improves the productivity of both private sectors.

Let X and T denote the outputs of manufacturing good and tourism service, respectively. The production functions of

In Japan, especially in Kyoto, an excessive tourism boom has caused over-tourism, bringing serious damages to the local community. However, this
congestion phenomenon was suddenly terminated with the outbreak of the COVID-19 pandemic. We hope that we will be able to overcome those negative
effects of the COVID-19 pandemic after a period of time as in the case of the other pandemics in the past such as Spanish flu and Soviet flu. In fact, the
number of infected persons is rapidly decreasing since the end of August, 2021. We also believe that there will be rapid growth in inbound tourism as a

repercussion of immigration control. Thus, negative aspects of the tourism boom are still worth considering.
2The public intermediate good is divided into two types. The former, which is also called the pure public intermediate good, has no congestion effect,

i.e., an increase in uses has no effect on efficiency of intermediate good. Examples are information and technology that contribute to economic activities.

The latter, called the semi public intermediate good, contains congestion effect.



two private goods are given by?

X = M*XF(S, Kx), (1)
T =M*TN(L, Z), )

where M is the amount of public infrastructure and &; € (0, 1) is a parameter. S, K;, L, and Z represent the endowment
of skilled labor, the capital input devoted to the production of good j, the endowment of unskilled labor, and the amount
of emission permits, respectively. F (resp. N) is a homogeneous function of degree 1 — &éx (resp. 1 — &7). Hence, X
and T are homogeneous of degree one in primary factors of production and public infrastructure. The public infrastructure
in this paper includes congestion effect: when the input of the primary factors of production doubles, the output becomes
less than twice, keeping the amount of public infrastructure constant. Furthermore, we assume that X and T are strictly
quasi-concave.

The production function of public infrastructure is
M =Ky /akm.

where q;; is the amount of factor j to produce one unit of good j. We assume a linear production technology and thus ag
is constant.

The fee charged for using public infrastructure is determined by the Lindahl pricing, i.e., the price of public infrastructure
is equal to the value of its marginal product. Thus the fee charged for firms in manufacturing sector is

0X

X
IX = PX g0 = prxM = pxéx/amx, 3)

where apx = M/X. Similarly, the fee charged for firms in tourism sector is

oT T
T =PproLs = PT§TM = prér/amr, “4)

where apr = M/T.
Therefore, the price of public intermediate good p,, is given by
pm =tx +17. (5)

The zero profit conditions are

asxws + agxq + amuxtx = px. (6)

3Pi and Zhou (2014) considered a symmetric externality case (in our notation, &x = &1 = &). We allow the extent of externality to differ across

industries.



arTwr + azrr + aMritr = pr, @)

agKmq = Pm, €]

where ws, wr, q, r, px, and pr are the wage of skilled labor, the unskilled wage, the rental rate of capital, the price of
emission permits, the price of manufacturing good, and the price of tourism service, respectively. Note that px is constant
by the assumption of a small open economy.

The market clearing conditions are

agxX +axkuM =K, )
asxX =S, (10)
aprT =L, (1)
azrT = Z, (12)

where K, S, and L are the endowments of capital, skilled labor, and unskilled labor, respectively. Z is the amount of emission
permits, which is a policy instrument of the government. Equations (3) - (12) include 10 unknowns: tx, tr, X, M, T, pum,

ws, wr, ¢, and r. Given pr, the above 10 equations determine 10 unknowns.#

3 Comparative statics analysis: supply side

In this section we analyze the effects of stricter environmental policy (a decrease in Z) and improvement in tourism terms
of trade (an increase in pr), focusing only on the supply side of the economy.

To facilitate the following analysis, we define the elasticity of substitution in each sector o7;:

agx — asx

Oox = —=——> (13)
ws —q

op = EEZAT (14)
wy —r

A hat over a variable denotes the rate of change: e.g., axx = daxx/akx-

4The price of tourism service pr is to be determined by demand and supply of domestic tourism service. See section 4.



Cost minimization in the manufacturing good sector requires

Osxasx + Oxxakx + Ouxamx =0,

5)

where 6;; denotes the cost share of factor i in sector j. Taking 0y x = éx from (3) and apx = M/X into account, we can

rewrite (15) as

Osxdsx + Oxxaxx + Ex(M - X) = 0.
Similarly, cost minimization in the tourism sector requires
Orrarr +0zrazr + Omramt = 0.
Considering 0y = ér from (4) and apr = M /T, (17) is rewritten as
Orrarr + Ozrazr +&r(M =T) = 0.

Orr =wrarr/pr, 0zr = razr/pr

Diffretentiating (6) and considering (3) and (15), we obtain

Osxiws + Oxxq + Ex(X — M) = (1 - &x)px.

Differentiating (7) and substituting (4) and (17), we obtain
QLTWL + QZT?"‘ fT(f - M) = (1 - fT)I?T-

Solving (13) and (16), we obtain?

~Oxxox(Ws — §) + Ex(X — M)
1 -é&x ’

asx =

. Osxox(Ws — @) +éx(X = M)
aKx = 1 _§X .

Similarly, solving (14) and (18), we obtain

~Ozror(Wr, —7) + & (T — M)
1-¢r

arr =

b}

__Oror(By =7 + &(T - M)
azr = 1_§T .

5We have used Osx + Ok x + &Ex = 1.

(16)

a7

(18)

19)

(20)

21

(22)

(23)

(24)



Differentiating (9) and substituting (22), we obtain
AkxX + AkxOsxox(Ws — §) + Ak — Ex)IM = (1 - éx)K, (25)

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

Differentiating (10) and substituting (21), we have
~Oxxox(Ws — ) + X ~ éxM = (1~ £)S. (26)
Differentiating (11) and considering (23), we get
~0zror(WL -1 +T — &M = (1 - &)L @7
Differentiating (12) and substituting (24), we have
Orror(We —7)+T - &M =(1-¢1)Z. (28)
Substituting (3), (4), and (5) into (8) and differentiating, we obtain
M - uxX - prT + G = puxPx + Urpr, (29)

where ux = tx/(tx + tr) and ur = t7/(tx + t7). By definition, ux + ur = 1.

From (27) and (28), we have

or(w, -1 =Z. (30)
Substituting (30) back into (27) or (28) yields®
T=04Z+&M. 31
Then we substitute (31) into (29) to obtain
(1= prér)M — uxX +q = pr(pr + 0z Z) (32)

(19), (25), (26), and (32) constitute a system of X , M , ¢, and wg, which can be described in the matrix form as

&x —&x Ok x Osx X 0
Akx  Axkm —€x  —AxxOsxox  AxxOsxox || M _ 0 . .
1 —&x Okxox -Okxox || ¢ 0
-ux 1 —prér 1 0 Ws ur(pr + 0zrZ)

6This equation can also be obtained by differentiating the production function of the tourism service (2) and substituting the profit maximization

condition (pr g—; =r).



3.1 Environmental regulation

Solving (33), we obtain” 8

_prOzr(1 = éx)’ox(Akmbxx — Akxéx)

N) | »<)

A

_ prbzr(1 = &x)*ox(1 = ux)Akmbxx <0

A

@ _ prfzr(1 - éx)* Akxox 0
Z 2

A

_ (1= &urbzr[Exox(Okx + Akxbsx) + Akmbsx] -0

N) <)

A

ws  purbzr(l = &x)[éxox(Okx + Akxbsx) — AkmOkx]

z

A

_ urbzr (1 — Ex)ox(ux + préx) — 1AxkmOxx

where A = (1 — éx){ox[éx + ux(1 — éx)(Okx + AkxOsx) + Akxoxpur(l — &)1 — éx) + OsxAkm} > 0.

A

From (31), we have T/Z =0zr + §TM/Z > 0.

7Substituting (5) and (8) into (3), we have

IXM7

T X T

Thus, we obtain

tx pyM _ puM - ux Ok xAKM

X
pm pxX pxX Ak x

AKMOKX — Ak xEx = AkMOKkX —uxOk X AK M

8Note that the following relationship holds.

=1 -ux)AkmOkx > 0.

Ex(Okx + Ak xOsx) = AkmOkx — (1 = Ex) Ak MOk x — Ak x €X)

=AkmOkx — (1= &x)(1 - ux)Ak MmOk x
=[1-(01-&x)(1 - px) ik mOkx
=[1-(-px - &x +Expux) Ak MOk x
= (ux +€x — Expx)Ak MOk x

= (ux +uTEx)AKMOK X»

(34)

(35)

(36)

(37



Substituting (30) and (31) into (20), we obtain

M O +orérfzr

;.‘
==ér—= - (38)
z 7 or(l1-¢&r)
Substituting (35) into (38), we have
7 _ orérbzr[(1 = &r)pr(l - Ex)Akxox — Al - 07 A <0
Z or(1 =ér)A )
Substituting (38) into (30),
w71 M 00 -
W _r 1 M 0 -0 oy e s (39)
Z Z oOr Z or(l - ér)
From (3), (34), and (35), we have
x X M
X-Z_Z <o (40)
Z Z Z
From (4), (31), and (35), we have
o T M M
T ==-==0z2-(1-é)=>0 (41)
V4 zZ Z Z
X T M Wws wL q 7 Tx Ir
zZl + - - +4 +b - + + -

a: negative (positive) if and only if oy > (<)1/(uréx + pux)

b: negative if | — éror > 0

Table 1: stricter environmental policy

Proposition 1 Suppose that the tourism terms of trade pr are constant. A stricter environmental regulation contracts the

tourism sector and public infrastructure sector while it expands traded good sector. The rental rate of capital falls while

the price of pollution permits rises. If the elasticity of substitution in the tourism sector is not so large, the wage of unskilled

labor declines. When the elasticity of substitution in the manufacturing sector is large (small), the wage of skilled labor falls

(rises). The price of public infrastructure charged for firms in manufacturing sector rises while that for firms in tourism

sector falls.



The intuition is as follows. A stricter regulation on pollution, by reducing the amount of pollution permits, contracts
the tourism industry and raises the price of pollution permits. Thus the demand for public infrastructure by the tourism
sector declines, which decreases its price 77. If the elasticity of substitution in the tourism sector is not so large, the demand
and the wage of unskilled labor, which is a specific factor to that sector, decline. An inflow of capital into the traded good
sector expands its production, leading to increase in demand for public infrastructure and its price tx. If the elasticity of

substitution in the traded good sector is large (small), the demand for skilled labor and its wage decrease (increase).

3.2 Tourism terms of trade

From (33), the effects of the change in pr on X, M, g, and wg are proportional to the effects of the change in Z:

Yool v
¥ @)
pr Ozrz
where ¥ = X, M, g, ws. When Z is constant, (30) implies w; /pr = r/pr and from (31) we have
T/pr =& M/pr > 0. (43)
Substituting wy, = 7 and (43) into (20), we have
F-&M = pr, (44
which implies that
7 M T
A R e T 45)
pr pr pr

Differentiating (3), we can show that an improvement in tourism terms of trade decreases the public fee paid by firms in

manufacturing sector:
x X M
=== - =<0 (46)
pr pr pr
From (4), (42), and (43), the improvement in tourism terms of trade raises the price of public infrastructure paid by firms
in tourism sector:

7 T M M1 M 1 M
Toolt - =1-(1-&)==— [HZT—(l—fT)QZTA—l = [QZT—(l—.fT)T
pr pr 0 Z

— = — >0, 47)
pr pr Pr OzT 7T

where the last inequality follows from (41).

Proposition 2 An improvement in tourism terms of trade expands tourism and public infrastructure sectors and contracts
manufacturing sector. The wage of unskilled labor, the rental rate of capital, and the price of pollution permits rise. If the

elasticity of substitution in the manufacturing sector is large (small), the wage of skilled labor rises (falls).



—~ —~ —~ —~

5(\ T M I/T/S wy, a 2 Ix Ir

pr 1 - + + +€ + + + - +

c: positive (negative) if and only if ox > (<)1/(uréx + ux)

Table 2: an improvement in tourism terms of trade

The intuition is as follows. A rise in the price of tourism service increases the output of tourism service, which increases
the price of emission permits, the price of public infrastructure charged for tourism sector, and the wage of unskilled labor.
There are conflicting effects on the output of traded good. On the one hand, the expansion of public infrastructure sector
extract capital from traded good sector. On the other hand, the increase in public infrastructures enhances the productivity
of trade good sector. The former effect dominates the latter, the output of traded good declines. When the elasticity of
substitution in the traded good sector is large (small), outflow of capital increases (decreases) the demand for skilled labor
and the wage of skilled labor. The expansion of tourism service sector raises the price of emission permits while the increase

in public infrastructure pushes up the rental rate of capital.

4 The toral effect

4.1 Tourism terms-of-trade and welfare

The previous sections have treated the tourism terms-of-trade pr as constant. However, pr is eventually determined by
the market equilibrium condition of the domestic tourism service. In this section, we consider the effects of stricter
environmental regulation, taking into account that pr is determined endogenously.

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 manufacturing good and domestic tourism service. The demand side of the
economy is represented by the expenditure function of domestic residents and the demand function of foreign tourists. The

expenditure function is defined as
E(pr, Z,u) = min[pxCx + prCrlu = C4C2Z"],

where Cx is the consumption of manufacturing good and Cr the consumption of domestic tourism service by domestic

10



residents. u is the level of the utility. a and b are parameters that satisfy a + b = 1. p > 0 represents the magnitude
of disutility from pollution. Since the utility function is specified as the Cobb-Douglas form, the expenditure function is
derived as E = upg(p?Zp /(a®b"). By the envelope theorem, we have Er = 0E /dpr = bE /pr = Cr. The negatively sloped
demand function implies Err = 0°E/ 6p%. < 0. Ez = 0E/0Z > 0 denotes the marginal environmental damage perceived
by domestic residents and E,, = dE/du > 0 the inverse of marginal utility of income. Note that Ey, = O%E [0Zdpr =
0Cr /0Z > 0 since domestic residents increase the compensated demand as disutility from pollution rises.

Suppose that the utility function of foreign tourists is given by u* = D;waZ‘V, where @ + 8 = 1 and y > 0. Given the

budget Y* of foreign tourists, the demand function for domestic tourism service is derived as Dy = 8Y*/pr.

The revenue function is given by
R(pr,Z) = max|px X + prT|Kx + Ky = K, X = (Kng /agp)*X F(S, Kx). T = (Knr [ak )" N(L, Z)].

Applying the envelope theorem, we have Ry = dR/dpr =T and Rz = dR/dZ = r.° The positively sloped supply function
implies Ryp = 62R/6p% > 0. Note that Ry, = 0*R/0Z0pr = 0T /OZ > 0 from the above analysis.
The budget constraint of the economy is

E(pT’ Z» M) = R@T? Z)’ (48)

which requires that total expenditure equals total revenue.

The market clearing condition for domestic tourism service is given by

Er(pr,Z,u) + Dr(pr) = Rr(pr, Z) (49)

The left-hand side represents demand for domestic tourism service, while the right-hand side its supply by domestic firms.
The above two equations simultaneously determine the tourism terms of trade pr and the domestic residents’ welfare u.

Differentiating (48) and (49), we obtain

—DT Eu de r—= EZ
= dz, (50)

=St Ery||du Rrz — Erz

oD} . . . . .
where St = Rrr — Err — apTT > 0 denotes the slope of excess supply function of domestic tourism service. Solving the

above equation, we obtain

rEy (prEru _ pr _or
dpr _rpr E, r opr

dz =~ A* ’

9Since Lindahl pricing is assumed, the usual envelope theorem holds. See Okamoto (1985).

(51

11



du Dr(Rrz — Erz) + Sr(Ez —r)
= . 2
dz A* (52)

The stability condition requires A* > 0'°. prEr,/E, = b € (0,1) is the marginal propensity of domestic residents to

consume tourism service. Since the elasticity of permits price with respect to the tourism terms of trade pr—T 6?:7 is greater

than unity (see (45)), a stricter environmental regulation unambiguously improves the tourism terms of trade (dpy/dZ < 0).
The stricter environmental regulation improves welfare if and only if emission reduction decreases the excess supply of
tourism service (aiz(RT — Er — D7) = Ryz — Erz > 0) and the marginal damage of pollution to domestic residents is greater
than the marginal cost of pollution emission (Ez > r).

Differentiating (48) and substituting (49), we obtain
Eudu = DpoT — (EZ — }’)dZ. (53)

It follows that a sufficient condition for stricter environmental regulation to improve domestic welfare is Ez > r.

4.2 Effects on outputs and factor prices

The total effect (including the change in tourism terms-of-trade) of stricter environmental regulation on each endogenous

variable is given by
d® 00 00 dpr

@ _90 90 4
dZ ~ 9z " apr dz >4

or
Zd® 7200 pr 40 Z dpr

£49 _ 209 pr 9B 2 dpr 55
®dZ ©0Z  © aprpr dZ (55)

where ® = X, T, M, ws, wr, g, 7. The first term represents the direct effect of the environmental regulation while the second
term the indirect effect that works through the change in the tourism terms-of-trade.
Therefore, utilizing (42) and (55) for ® = ¥ = X, M, ¢, ws, the total effect on each endogenous variable (¥ = X, M, ¢, ws)

is written as

Zd
92T+—ﬂ), ¥ = X, M, q,ws. (56)

Zd¥ pr 0¥
pr dZ

Ydz ¥ opr
Since 0X/dpr < 0, the necessary and sufficient condition for the pollution reduction to decrease the output of traded good

(dX/dZ > 0) is
Z dpr

— —— < —lzr.
pr dZ “r

10 et Q = ET + D1 — Rt be the domestic excess demand for tourism service. From (48) and (49), we obtain dpr /dQ = —E,, /A. Hence, the stability

of tourism service market requires A > 0.

12



If the indirect effect is sufficiently large, stricter environmental policy expands tourism sector.
From (55) for ® = T, the necessary and sufficient condition for stricter environmental regulation to decrease the output

of tourism service (% > 0)is

Z ar
Zdpr _ Toz
pr. oT

oM Z
Ozr + &1 57 37
é*_— oM pr
ATapT M
oM p
Ozr +&r0zr 5,0 51

- & OM pr.
T(?p'r M

OM pr
_ 1+§T(9]7T M

= —QZT—f oM o1
TapT M

A.

we have used (31), (42), and (43). It is straightforward to show that A < —67.
Since X /dpr < 0, the necessary and sufficient condition for the pollution reduction to decrease the output of traded
good (dX /dZ > 0) is

—— < —Oyz7.
pr dZ “r

Since M /dpr > 0, stricter environmental regulation decreases the output of public infrastructure if and only if

Z dpr
e L -
pr dZ “r

If Ows/Opr > (<)0 (i.e., ox > (<)1/[€x + ux(1 = &x)] = 1/(uréx + ux)), the necessary and sufficient condition for

stricter environmental policy to decrease the wage of unskilled labor is

Z dpr
—— > (<) —0Oz7T.
oy dZ (<) = Ozr
Since dq/dpr > 0, the amount of pollution and the rental rate of capital move the same direction if and only if

Z d
_ﬂ > _GZT'
pr dZ

From (55) for ® = wy, the necessary and sufficient condition for stricter environmental regulation to decrease the wage

13



of unskilled labor is

Z owr

Zdpr w9z
dz PT Owr

pr wr Opr

Ozr(1-orér) +& oM Z
or(1-&r) T97Z M

pr _or
r BpT

Ozr(1-orér) Ty oM Z
or(1-&r) T97Z M

M Pr
1+ é:T opr M
Ozr(1-orér) OM pT
or(zr) TEr0zr G5 1
oM pr
U+ &g ar

l-orér OM pr.
or (-2 T T apr M

oM pr
U+ &rGpr ar

= —0yr B.

where we have used wy /pr = 7/pr, (39), (42), and (45). It is straightforward to show that or E 1B E —0z7.

From (54) for ® = r, the total effect of stricter environmental regulation on the price of emission permits is unambiguously

positive:
dr  Or or dpr

—_ = — 4 —
dZ 0Z Odpr dZ
=) + )

We can show that B > Aif oy > 1/(2 — &71):

l-orér OM pT. IM pr.
B A g, o0 P 1 g,
=—0zr |+ £ 00 pr zT £ 2 pr
T opr M Topr M
OM pr l-orér OM pr.
=07 1+§T6PT M or(1-¢r) +ér opr M
- OM Pr. OM pr
§T opr M U+ ér g5

2
OM pr\~ _ g OM pr [ l-orér M pr
(1 +ér opr ﬁ) &r opr M ((TT(l—fT) +ér opr M)

=0zr >0 ifor>1/2-¢&r),
(Er o B (L + & S48
since the numerator is
M pr\’ oM pr ( 1-orér oM pr
1 P PT) _ g OPPT [ 2" OTST o rr
( Y Gy M) T opr M \or(—&n) " opr M
OM pr oM pr\’ 1 —orér OM pr M pr\’
=14 IPT  ( OM PN L Oorer OMpr |, OM PT
e opr M (fT opr M & or(l1-¢&r)opr M Topr M
1 —orér ) oM pr
=1+2-——— ——>0 ifor >
( or(l-ér) fTapTM =2 g

Therefore, if oy > 1, A < =077 < B. Whileif 1/(2—¢&7) < or < 1, A < B < —=0z7. The above results are summarized

by Tables 3 - 6 and Proposition 3.

14



p_ZT(ilLZT v A e Oy B

dX/dzZ + o+ o+ 0 - - -
dT/dz - 0 + + + o+ o+
am/dz - - - 0 + o+ o+
dws/dZ + + + 0 - - -
dwp/dZz - - - - -0 +
dql/dZ - - - 0 + + +

Table 3: ooy > 1l and ox < 1/(uréx + ux)

Z d
P_T% A —0,7 B

dX/dz + + + 0 - - -

dT/dZ - 0 + + + + o+
dM /dZ - - - 0 + o+ o+
dws/dZz - - - 0 + o+ o+
dwrp/dz - - - - - 0 +
dq/dZ - - - 0 + o+ O+

Table 4: or > 1 and ox > 1/(/1fo +,llx)

Proposition 3 Assume o > 1/(2 — &r). When pl ‘ZD—ZT < A, a stricter environmental regulation expands the tourism and
public infrastructure sectors while it contracts the manufacturing sector. The wage of unskilled labor and the rental rate of

capital rise. If ZT dpr. max(B, —0z7), all the above results are reversed.
Focusing on the total effect on the domestic wage inequality, we have the following proposition.

Proposition 4 When ox < 1/(uréx + ux), a stricter environmental policy narrows or widens wage inequality for a large

tourism terms of trade effect. That is, the stricter environmental regulation narrows (resp. widens) domestic wage inequality
z d

for o dz < min(B, —0z7) (resp. o deT > max(B, —0z7)). When ox > 1/(uréx + ux), the stricter environmental policy

narrows or widens wage inequality for a moderate tourism terms of trade effect (between B and —0z7 ). That is, the stricter

environmental regulation narrows (resp. widens) domestic wage inequality for op > 1 (resp. 1/(2—&r) < o < 1).

15



Z dpr vee _
pr dZ A B Ozr

dX/dzZ + + + o+ 4+ 0 -

dT/dZ -0 + + + + +
amjdz - - - - - 0 +
dws/dZ + + + + + 0 -
dwp/dz - - - 0 + + +
dq/dZ - - - - = 0 +

Table 5: 1/2 - é7) < or < land ox < 1/(uréx + ux)

p_ZTddLZr v A+ B el

dX/dz + + + + + 0 -
dT/dZ - 0 + + 4+ + +
am/dz - - - - - 0 +
dws/dz - - - - - 0 +
dwrp/dz - - - 0 + + +
dq/dz - - - - - 0 +

Table 6: 1/2-¢é7) < or < land ox > 1/(uréx + ux)

When ox < 1/(uréx + ux) (i.e., dws/dpr < 0), indirect effect working through the change in tourism terms of trade
goes the opposite direction for the skilled wage and the unskilled wage. In this case, if the terms-of-trade effect is sufficiently
large, stricter environmental regulation leads to lower skilled wage and higher unskilled wage, narrowing domestic wage
inequality. While if the tourism terms-of-trade effects is sufficiently small, stricter environmental regulation widens domestic
wage gap (see Tables 3 and 5).

When ox > 1/(uréx + ux) (i.e., dws/dpr > 0), the indirect effect goes to the same direction for the skilled wage and
the unskilled wage. In this case, if the terms-of-trade effect is moderate, the total effects on the skilled wage and unskilled
wage work to the opposite direction (see Tables 4 and 6). If o > 1, stricter environmental regulation narrows domestic

wage inequality. While if 1/(2 — &7) < op < 1, stricter environmental policy leads to widening domestic wage inequality.
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5 Conclusions

We have developed a polluted small open economy model with tourism and public infrastructure which includes congestion
effect. Pollution is emitted by the tourism sector. By reducing the amount of pollution, a stricter environmental regulation
expands the tourism sector if the tourism terms-of-trade is sufficiently large. In addition, the stricter environmental
regulation can narrow or widen the domestic wage inequality, depending on the elasticity of substitution in the tourism
and manufacturing sectors. When the elasticity of substitution in the manufacturing sector is small, stricter environmental
regulation narrows (widens) domestic wage inequality for a large (small) terms of trade effect. When the elasticity of
substitution in the manufacturing sector is large, stricter environmental regulation narrows or widens domestic wage gap for
moderate terms-of-trade effect, depending on the elasticity of substitution in the tourism sector.

In this paper, pollution is treated as an input and the environmental regulation decreases the amount of pollution permits.
One can consider the effect of pollution tax rate as in Yanase (2017). Alternatively, pollution may be emitted as a by-product

as in Beladi et al. (2009) and Chao et al. (2008).
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