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Abstract

Numerous attempts have been made to evaluate economic impacts by climate change,
and the evaluation method can be classified into two approaches. One is a partial equi-
librium approach and the other is a general equilibrium approach. The former method
includes a travel cost method (TCM) and a contingent valuation method. On the other
hand, the latter method has a computable general equilibrium (CGE) analysis. Con-
siderable studies on economic evaluation of climate change have separately analyzed by
two approaches. Therefore, by explicit linkage between a partial equilibrium approach
and a general equilibrium approach, comprehensive assessments in a general equilibrium
framework are needed. To measure economic impacts of the changes in environmental
quality by climate change, this study develops a theoretical framework of a CGE model
that integrates the utility function that has environmental quality as the independent
variable derived from a recreation demand function in a TCM, confirms the validity of
our CGE model through some numerical experiments using the beach erosion scenarios,
and demonstrates that our CGE model is applicable for empirical analysis of climate
change.
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1 Introduction

Numerous attempts have been made to evaluate economic impacts by climate change, and
the evaluation method can be classified into two approaches. One is a partial equilibrium
approach and the other is a general equilibrium approach. The former method includes a
travel cost method (TCM) and a contingent valuation method (CVM). These methods have
applied in some studies to quantify economic value of natural environment and ecosystem
and value of statistical life. As these methods are partial equilibrium approaches for each
case, however, economic impacts of changes in natural environment by climate change and
environmental conservation policies on the whole economy cannot be captured. On the
other hand, the latter method has a computable general equilibrium (CGE) analysis. As a
computable general equilibrium model explicitly formulates an objective function in economic
agent, direct impacts of climate change on economic activities of agent can be captured. Also,
as a CGE model treats all markets in the economy, indirect impacts of climate change on the
whole economy through change in the behavior of agent can be captured. By using a CGE
model, however, to measure economic impacts of climate change on natural environment and
ecosystem, formulation of impacts on them and estimation of their parameters in a model are
needed. As mentioned above, considerable studies on economic evaluation of climate change
have separately analyzed by two approaches. Therefore, by explicit linkage between a partial
equilibrium approach and a general equilibrium approach, comprehensive assessments in a
general equilibrium framework are needed.

Seung et al. (2000) attempted to apply a recreation demand function into a general
equilibrium model for the water reallocation issues in Nevada, the United States. Seung
et al. (2000) reported that impacts of the water reallocation issues on not some recreation
sectors but agriculture sector could be analyzed by their method. As a recreation demand
function used in their study, however, does not account for the generalized transportation cost,
it is not consistent with a utility function. Ciscar et al. (2011) comprehensively evaluated
economic and physical impacts of climate change on natural environment, ecosystem and
human society in Europe. Ciscar et al. (2011) treated four sectors, which are agriculture,
coastal zone, flood, and tourism, as physical impact term. Though their study calculated
estimates of each physical impact from projected climate data under condition of socio-
economic scenarios, and evaluated the projected economic impacts by economic model, it does

not have a theoretical consistency between estimates of physical impact term and economic



model. On the other hand, in a general equilibrium analysis of the waste problem in Japan,
Miyata (1995) derived a utility function consistent with a pre-formulated demand function
from solving the integrability problem, and integrated an externality like waste into CGE
model.

To measure impacts of damage in natural environment by climate change on the whole
economy, the purpose in this study is to develop a theoretical framework of a general equi-
librium model that integrates the utility function that has environmental quality variables as
the independent variable derived from a recreation demand function in a travel cost method.
Specifically, for tidal flats all over Japan, by solving the integrability problem from recreation
demand function for shellfish gathering, utility function that has composite consumption
goods, visit frequency to tidal flat and the area of tidal frat as the independent variables
is derived, and that utility function is applied to a computable general equilibrium model.
By developing utility function including in the area of tidal flat as the independent variable,
this study can quantitatively measure how economic activities are affected by a loss of tidal
frat due to climate change. In addition, this study extends the way of solving the integra-
bility problem, as with Miyata (1995), to derive a utility function from a recreation demand
function.

The structure of this study is the following. Chapter 2 explains estimation method of a
recreation demand function in this model. Chapter 3 derives utility function from recreation
demand function estimated in Chapter 2, by solving the integrability problem. Chapter 4
integrates utility function derived in Chapter 3 into a CGE model, and performs simplified
numerical analyses. Finally, Chapter 5 presents concluding remarks and topics for future

study.

2 Derivation of Utility Function
2.1 Utility Function Consistent with Recreation Demand Function

This study develops the expression for a utility function from a recreation demand function
estimated by the zone travel cost method, and applies it to a computable general equilibrium
model.

First, we assume that some regions are divided into N zones and each zone has natural
environment which is a sandy beach in our study. Also, a recreation demand function from

zone a to zone b is estimated by regression analysis as below. For elimination of negative



estimation of visiting rate and treatment of heteroskedasticity due to difference of population
among each zone, we employ a semi-logarithmic function. For the details, see Cooper and

Loomis (1993).
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In Eq.(1) and Eq.(2), z4 denotes the frequency of visit from zone a to zone b and n,
represents population in zone a. Therefore, (z4,/n4) signifies visiting rate from zone a to
zone b. The price index p,, is represented as travel cost per one visit that is needed to
make a round trip zone a to zone b, and is defined as a relative price of composite goods
price p™M in Eq.(2). The price index p,p is equivalent to pp,. Then, p3 , pi and w denote
price of the petroleum and coal products sector, price of goods and services supplied by the
transport sector, and value of time, respectively, as mentioned below. Also, gup, Cqp and tgp
represent amount of gasoline per one visit, expressway use per one visit and time per one
visit, respectively. Furthermore, ¢, signifies the environmental quality in zone b, which is
treated as a sandy beach in this study. By formulating the environmental quality as the
explanatory variable explicitly, we can make computable general equilibrium analyses by
changes in environmental quality. In Eq.(1), 40, 91 and 42 are estimated parameters and
they are 41 < 0 and A2 > 0, and £, is residual.

A travel cost method measures the consumer surplus C'S from Eq.(1) to economically
evaluate the environmental quality. The consumer surplus is shown to be proportional to the

sum of the frequency of visit as below. In addition, p¥ = (pl’, p3 , p}) is a price vector and

q=(q1, -, qn) is an environmental quality vector.
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In general, when the environmental quality changes in q° — q' in a travel cost method,
from ACS = CS(p™,q')—CS(p*°, q"), the change in the environmental quality is evaluated
by the price vector p¥0 fixed in initial period. Although this evaluation method is a sim-

ple process, without fixing a price vector, benefit by changing in the environmental quality



should be measured by considering the changes in a price vector. Our study aims at benefit
measurement taking into account the changes in price and income.

As a demand function is derived from solving a utility maximization problem of household,
there exists utility function corresponding to its demand function. And, it is known as the
integrability problem. For the details on the integrability problem, see Varian (1992), Mas-
Colell et al. (1995) and Jehle and Reny (2000). By solving the integrability problem, a utility
function with Eq.(1) as a recreation demand function and a budget constraint are derived as

below. For the details of these derivations, see the appendices.
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where u, denotes a household utility in zone a, z, represents consumption of composite
goods in zone a and M, is household income in zone a, respectively. Also, 'y, signifies the
number of visitors from zone a to zone b, when price of gasoline and toll fees between zone
a and zone b equal zero py = py = 0. If 41 < 0, it is 24 < I'yp in subjective equilibrium
of household and the second term of the right-hand side in Eq.(4) is non-negative. For
simplification, as this study is assumed that there exists one household in this model, a
utility function and a budget constraint are formulated by the summation of each variable

with respect to zone in Eq.(4) and Eq.(5) as below.

1
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where U is a utility (= >, us), NH is consumption of composite goods (= Y, z,) and
M is income (= Y, M,), respectively, in household.

2.2 Corresponding to the Social Account Matrix

Let 2 45 be consumption of gasoline and z3 4, be use of expressway needed to visit between
zone a and zone b. Also, the frequency of visit between them is denoted by z4, in independent

variable of utility function. The relationships among them can be expressed as below.



Z2,ab = YabRabs Va,b (9)
T3,ab = CabZab, Va, b (10)

Eq.(9) and Eq.(10) can be shown as optimal solution in cost minimization problem based

on a production function with the Leontief technology as below.

x T
zab:min{zab,&ab}, Ya,b (11)
Gab Cab

From Eq.(11), it can be seen that household produces visit for a recreation site, and that
Eq.(11) is a part of utility function. It is shown as UZg, in Figure.1.
Secondly, consumption of gasoline and use of expressway in household are aggregated

with respect to all zones, respectively, as Eq.(12) and Eq.(13).

Xog = DY Taa (12)

a b

Xsg = D> 34 (13)
a b

According to MIC (2009), gasoline is produced in the ”petroleum refinery” sector and
use of expressway is produced in the "travel agency and other services relating to transport”
sector, in the input-output table for Japan composed of 190 sectors. This study is assumed
that hypothetical sectors produce gasoline and expressway to visit a sandy beach.

This study estimates parameters in a recreation demand function by using travel cost
data in Japan and annual traffic data among all prefectures. Therefore, by use of these data,
annual consumption of gasoline and use of expressway to visit a sandy beach can be measured
in money metric. Annual consumption of gasoline for visiting a sandy beach is divided from
household consumption of the petroleum refinery products in the input-output table. Also,
intermediate inputs and factor inputs in the petroleum refinery sector are divided at the same
rate as household consumption. In a similar way, annual use of expressway for visiting a sandy
beach is treated. Other production sectors are aggregated as the composite goods sector. In
summary, our model has three goods and sectors that include consumption of gasoline for

visiting a sandy beach, use of expressway for visiting a sandy beach and composite goods.



3 Outline of Model and Scenarios

3.1 Structure of CGE Model

Our CGE model consists of one household sector and three production sectors that product
the composite goods, the petroleum and coal products, and transport. Figure.l shows the
consumption structure of household in our CGE model, where index R is used as house-
hold consumption for visiting a sandy beach and index H is used as household consumption
excluding that for visiting a sandy beach. The set of all affordable bundles that satisfy con-
sumer ’ s budget constraint is derived from solving the basic problem of utility maximization.
Then, consumption of the petroleum and coal products and transportation for visiting a
sandy beach depends on a recreation demand function that has travel cost (the price of the
petroleum and coal products, the price of goods and services supplied by the transport sector,
and value of time) and the area of sandy beach. On the other hand, Figure.2 shows the
structure of production sectors. For the details of formulations of each economic agent, see

the appendix.

3.2 Setting of Parameters

Parameters of a recreation demand function are estimated by function form shown in Eq.(1).
Ohno (2009) created data set with travel cost and amount of traffic for visiting a sandy beach,
from MLIT (2000) and MAFF (2004) database, and estimated parameters of a recreation
demand function. Also, environmental quality data is created as logarithmic value of the
area of sandy beach by prefecture estimated by Mimura (1994). Then, we employ the same
data set as Ohno (2009) and the environmental quality data and estimate parameters of
our recreation demand function by the least-square method. Table.1l shows the estimated
parameters. As regression coefficients of travel cost are estimated as negative and coefficient of
environmental quality is positive, sign condition is satisfied. Also, all variables are significant.
It can be seen that coefficient of environmental quality is less than 1, and that the frequency
of visit decreases gradually as the area of sandy beach decreases. On the other hand, Ohno
(2009) assumed that changing the area of sandy beach changes proportionally the frequency
of visit.

Next, for the numerical experiment by using our CGE model constructed above, we need
to create the social account matrix as the baseline data set. The input-output table by

MIC (2009) is used for our baseline data set. By using this baseline data, all parameters in



our CGE model are estimated by calibration. Also, parameters of elasticity in the constant
elasticity of substitution function ¢ are assumed as 2.0 exogenously. In addition, all estimated

parameters in the production function are shown in Table.2.

3.3 Setting of Scenarios

The purpose of the numerical experiment in this study is to verify the model validity that we
construct the CGE model consistent with a recreation demand function, by welfare measure-
ment through changes in household behavior by environmental quality changes. Therefore,
by assuming environmental quality change as the beach erosion, our scenario changes the

erosion ratio from 10% to 90% by 10%. Our scenarios are called the beach erosion scenario.

3.4 Definition of Benefit

It is assumed that benefit in this study is defined by the equivalent variation (EV). As the
indirect utility function converts the sum of the factor income and the consumer surplus into

the composite goods term, it can be shown as below.

_ M+CS(pY,q)
- pNH

As the expenditure function is inverse function of the indirect utility function with respect

V(p", M,q) (14)

to income, it can be derived from solving for M, where V is the level of utility.
E(",V,q) =p""V - CS(p",q) (15)

We assume that the beach erosion causes the changes in the area of sandy beach from q°
to q'. From the viewpoint of the general equilibrium analysis, such a change in the exogenous
variable makes impacts on prices and factor income. With this beach erosion, it is assumed
that price system changes from p*° to p¥*, and factor income changes from M9 to M. Then,

the equivalent variation is shown as below.

EV = E@©, Ve, M. q"),q") - E@°, V(e M q"),q")

Nm, | M'+CS(p™.d") M+ CS(p,q")

= b PN pNHo (16)

The travel cost method based on the partial equilibrium analysis is often to measure
benefit without considering the changes in price and factor income. If the utility function is

quasi-linear, as shown below, the equivalent variation by the change in only the area of sandy



beach is equal to the differences in consumer surplus AC'S, where this equivalent variation

shows EV'.

EV = E@@", V(e M d).q") - Ep@E°, Ve, M q°),qd)

M°+CS(p™,q') M°+CS(p™,q°)
pNH(] pNHO

pNo. (17)

= CS(p",q") - CS(p™,q°) = ACS

From the differences between EV and EV’, it can be seen as below.

M+ CS(p™,qt) B MO+ CS(p™,ql)
pNH]_ pNHO

EV —EV' = pNt.

_ . NHp M M° 1 vi 1 Yo 1
=P ) [{W_W’}_%;Xb:{zab(p +qy) — Zab(P 7Qb)}] (18)
Therefore, both cannot be equivalent theoretically. From the second term of the second
equation in Eq.(18), if a recreation demand varies significantly according to price change
through the change in environmental quality, it can be seen that there is large differences
between EV and EV’. Also, the income change evaluated in the composite goods term makes
impact on the differences between EV and E'V’. In our numerical experiments, the equivalent
variation calculated by our CGE model is compared with the differences in consumer surplus

ACS(= EV’) calculated from the estimation of recreation demand function.

4 Results from Numerical Experiments

First, Figure.3 and Figure.4 show that both the equivalent variation (EV') and the differ-
ences in the consumer surplus (ACS) run from about 3.5 billion yen per year to about 55
billion yen per year in economic damages, as the rate of the beach erosion increases, with
decline of a recreation demand. Also, it can be seen that £V and AC'S are close to the same
in any scenario. This is likely to result from the slight differences in price change and income
change in Eq.(16), as Figure.5 and Figure.6 indicate that the rates of change of price and
income in each scenario are close to zero. However, though the difference between EV and
ACS is very close, there exists the difference and both are not equivalent. In the definition
of the equivalent variation in Eq.(16), it is clear that our CGE model reflects price change
and income change that are not taken into account in the definition of the consumer surplus

derived from the partial equilibrium approach.



Secondly, in any beach erosion scenarios, Figure.6 shows that the prices of the petroleum
and coal products and the transportation rise, and Figure.7 indicates that the outputs of
them decrease. On the other hand, in any scenarios, Figure.8 shows that household con-
sumptions of the petroleum and coal products and the transportation increase, and Figure.9
indicates that household consumptions for visiting the sandy beach, consumption of gasoline
and use of expressway, decrease. This is likely that, as a recreation demand decreases due to
the beach erosion, consumption of gasoline and use of expressway for visiting the sandy beach
decrease and household consumptions excluding the consumption for visiting the beach, con-
sumption of the petroleum and coal products and the transportation, increase respectively.

It follows from our numerically experimental results by the beach erosion scenarios that
our CGE model incorporating a recreation demand function is confirmed appropriate and
valid, as the behaviors of calculated variables, that are price, income, demand, and output,

can be explained in economics.

5 Concluding Remarks

To measure economic impacts of the changes in environmental quality by climate change,
this study developed a theoretical framework of a computable general equilibrium model
that integrates the utility function that has environmental quality factors as the independent
variable derived from a recreation demand function in a travel cost method, and confirmed
the validity of our CGE model through some numerical experiments using the beach erosion

scenarios. The findings in this study are shown below.

1. By solving the integrability problem in the consumer’s behavior theory, we derived
the utility function that has composite goods, visit frequency to recreation sites and
environmental quality in the site as the independent variable from the estimation of
a recreation demand function in a travel cost method, and developed the theoretical
framework of computable general equilibrium model consistent with the utility function

derived in this study.

2. Through some numerical experiments by the beach erosion scenarios, we revealed that
our CGE model can evaluated the changes in price and income that are not taken into
account in the definition of the consumer surplus derived from the partial equilibrium

approach.
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3. By testing the economic validity of numerically experimental results, we demonstrated

that our CGE model is applicable for empirical analysis of climate change.

Further consideration must be made of the environmental valuation that is not discussed
herein. In the environmental economic valuation, it is of significant importance not only to
measure the use value, but to measure non-use value. In a general equilibrium analysis, we

need the consistent measurement of non-use value.
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Table 1: Estimated parameters in the utility function

coefficient estimated value t-value
o —4.604 —7.575
A —4.110 x 107*  -14.029
o 0.329 3.178
R? 0.477
N. of observations 227
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Table 2: Estimated parameters in the production function

l.composite 2. gasoline 3.expressway -

af 0.495 0.607 0.519 -
ay4 0.545 0.779 0.613 -
aly 0.720 0.687 0.460 -
ap; 0.096 0.170 0.261 -
ab) 0.184 0.143 0.279 -
ai 0.778 0.070 0.151 -
oy 2.000 1.912 1.997 —~
oy 4 1.984 1.526 1.903 -
N 1.778 1.917 2.796 -
pNH - — —~ 1.579

B Market Clearance Conditions

About the market clearance conditions, the goods market can be shown as Eq.(19), the
labor market as Eq.(20), and the capital market as Eq.(21), respectively. Also, L and K are

represented as initial labor and capital that household has as the initial endowment.

Vi =Y X+ Xig + Xig Vi (19)
j
L=>L; (20)
j
K=Y K; (21)
j

C Formulation of Household’s and Producer’s Behavior

In our model, Table.3 shows the formulation of household’s behavior, and Table.4 shows

the formulation of producer’s behavior, respectively.
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Table 3: Formulation of Household’s Behavior

Level | Optimal problem ‘
1
U=NH+ — 1 —InTy —1
NH}lIEEib + 3 Za: zb: Zab(In 2gp — I Ty )
[1] s.t. pNHNH + Z Z (p%/gab +p3ycab) Zab = M
a b
Demand function
Zab = Ma €XP (50 + Y1Pab + F2q6 + €ap)  Va,b
1
NH = pNH [M - Z Z (pggab + pgcab) Zab‘|
a_b
[2-1] | Optimal problem
NH . Y
NH = min . ¢
P X1, Xom, X3H Zi:pz A
1
SNH
st. NH = oVH [Z oNH (XiH)PNHl :
i
oNH _q
where pM = NH i oY =1(i=1,2,3)
Demand function ‘
1 1
N (a;{}f{H) 1-pNH (pNH) PNH 1 .
XiH = NH 1 VZ,
¢ (ANH)NT
1 NH
NH __ NH\1-pNH Y\ ,NH 1
where A7 = Z (%‘H ) ’ (pi )P
i
Price ‘
NH
(ANH> oNH
NH _ ~
p = NI Vi
X, . consumption of i-th goods excluding for visiting sandy beach,
aﬁlH , ™M parameters in the CES utility function (0 < ali < 1),
oVH. elasticity of substitution
[2-2] | Optimal problem ‘

: Y Y
min . ps T2 ab + P3 T3,ab
X2,abyL3,ab

. | T2ab T3,ab
S.t. zgp = mln{’a, ’a} Ya,b
Jab Cab

Demand function ‘

Z2.ab = YabZab; T3,ab = CabZab Va,b

Xom =Y GabZab X3 = Y > CabZab
a p a b

Expenditure function ‘

€ab = (p%/gab + pg,/cab) Zab va7 b
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Table 4: Formulation of Producer’s Behavior

Level | Optimal problem ‘
Y
pjYi= i pj'N;+py V4,
B Y
Y oY or —1
1] s.t. Y = Qﬁ}/ {a}/ij] + (1 —aq; )VA ] i, where p}/ = ]O'Y
J
Demand function ‘
1 1 1 1
y\1-el [ N\eY-1 YNy [ vA)eY 1
N ﬁ(%) J<pJ>J VA—XO aﬂ) j<pJ>J
' AT ~ ’
J o} J P
(AJ) ’ (a7)"
Y Y
Ly v Ly v
where AY (a}/) 17 (py) 7T 4 (1 — a}/) 7 (p}/A) s
Price ‘
p}/—l
Y) r
P = (AJ ) ’
J ¢3’
p}/: price of the j-th output,
pﬁ-v : price of the j-th composite intermediate goods,
p}/A: price of the j-th composite factor,
Y;: output by the j-th firm,
Nj: composite intermediate goods, produced in the level [2-1] and used in the level [1],
V' Aj: composite factor, produced in the level [2-2] and used in the level [1],
a}/, qﬁ}-/: parameters in the CES production function (0 < a}/ <1),
UJY: elasticity of substitution in the CES production function
[2-1] | Optimal problem ‘
N
“N; = min
pj I 1]7X2j7 37 ;p
1
NPy |7
st. Nj = qu Za Xj ,Wherepj Za”— (1=1,2,3)
Demand function ‘
1 1
N l*p].v N pN*l 1 pg.v
N' Qs - J p J N F
Xijzjf,( U) (j) Vi,whereAsz(ag)lpf(ZN)py1
J (AN> oy i
J
Price ‘
pjvfl
AN) ?j
v (&
Py = N Vi
¢
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X;;: intermediate input of the i-th good used by the j-th firm,

af}z, gb;-vz parameters in the CES production function (0 < af»}[ <1),

U§V . elasticity of substitution

[2-2] | Optimal problem ‘

pyVA; = min p“L;+p K,

RN
1 VA
VA VAl VA ol —1
A A7 P A p . A
st. VA; = gb}/ a;-/ Ly + (1 — a}/ )ij ]pi , where p}/ = JO—VA
J
Demand function ‘
1 1 1 1
— VA VA 1T VA VA
va, ()™ () v (mayt) e ()
MO AENATE
J J
1 ”;’/A 1 p;‘/A
where AY4 = (aVA) 1-p) 4 (pL) pj A-1 + (1 — aVA) 1-p] 4 <pK) Py A-1
J J J
Price
p;/A—l
vA) oV4
VA _ (AJ' ) ’
pj - ¢VA
]

pl: labor price, p™*: capital price,
L;: labor used by the j-th firm, K;: capital stock used by the j-th firm,

a}/A, gzb}/A: parameters in the CES production function (0 < a;-/A <1),

oY 4: elasticity of substitution

J
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D The Integrability Problem

From a recreation demand function identified in Eq.(1), in accordance with Varian (1992),
we derive a utility function that has it as an optimal solution in the utility maximization
problem. This is known as the integrability problem. For the details of this problem, see
Varian (1992).

First of all, the budget constraint that a consumer faces in zone a is shown as follows.

To + Zpabzab = Mg (22)
b
M,
My = — 23
«=7 (23)

For simplicity, Eq.(22) is rewritten as follows.
Zab = €XP (Yab + Y1Pab) » Vb (24)

Yab = Yo + Y2qp + Eap +Inng, Vb (25)

Since Eq.(24) is independent of income, it means the Marshallian demand function as well
as the Hicksian demand function. Also, if such an expenditure function exists, it is known
that it certainly must satisfy the system of partial differential equations given by Eq.(26) and
the boundary condition in Eq.(27).

9¢ (Pa; V(Pa; Ma))

) = exp (Yab + 91Pab) Vb (26)
Pab

e(paav(pmma)) =My (27)
where pq = (1,41, PaN), Pa = (1,Da1," ", Pan), €(-) is an expenditure function, and

v(+) is an indirect utility function. The solution to this partial differential equation is derived
as follows.

Pab
/ exp (Yap + Y1t) dt + C
iz

ab

€ (I_)aa v(paa ma)) = Z
b
1

= Z exp(Yap + Y1Pab) — €xp(Yab + Y1Pab) } + C (28)
b

where C denotes the constant of integration, and it yields C' = m, from the boundary

condition. Therefore, an indirect utility function is shown as below.

(paa ma — ’Y Zexp f)/ab + f)/lpab) + Mg (29)
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Recalling that both travel cost and income are in real terms of composite goods price, the

minimization problem to derive a utility function is written as follows.
1 . . M,
min  — ) exp {'yab + % (p;b> } + = (30)

PsPal,sPaN '71 b p
M
s.t. x4 + Z PabZab _ Ma (31)
~ D p
Dab = D2Gab + P3Cap + Wiap (32)

The optimum value function by solving this problem means a utility function, and it is

shown as follows.

1 — (144
Ua =24+ Z {Zab 1 Zab ’7(1 + 'Yab)zab} (33)
b

The recreation demand function in Eq.(1) is derived from maximizing a utility function
in Eq.(33) under a budget constraint in Eq.(22). However, a budget constraint equation in
Eq.(22) includes the value of time wt,pz45. Then, by focusing on that a utility function is
quasi-linear, we have incorporated time needed visiting a recreation site into a utility function

as disutility.

Ua =24+ Z { Zab In Zab _A(l + ’s/ab)zab _ wtabzab} (34)
b 71 p

Rearranging Eq.(34), we have Eq.(4). Also, considering incorporation of time needed to

visit a recreation site into a utility function, a budget constraint is rewritten in Eq.(5).
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