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An R&D-based endogenous growth model of
international tourism

Abstract: According to Tourism Area Life Cycle (TALC) model by Butler (1980) the
evolution of a touristic destination folows a S-shaped curve which is upper-bounded by its
carrying capacity, usually assumed as fixed constant. This forecast prevents a
tourism-based economy from maintaining positive growth rates in the long-run. However,
infrastructures, transportation networks, accommodation facilities and the variety of
attractions can be broadened to increase the tourism carrying capacity. In this paper
innovation is the motor of the carrying capacity growth. The model follows the R&D-based
endogenous growth models tradition and allows the long-run sustainability of economic
growth in a tourism specialized economy. Along a balanced growth path, the income from
tourism grows at the same rate as the innovation, and the carrying capacity will grow as
the rate of innovation surpasses the foreign economic growth rate. The long term growth
of the economy depends on the real exchange rate.

JEL Classification: 041, C61, F43.
Keywords: Endogenous economic growth, market equilibrium, open economy,
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Introduction

Innovation is considered the main source of development and economic growth of
countries (Schumpeter, 1934) and economic growth theory has recognized its importance.
Since the 1980's, R&D-based growth models claim that human inventiveness prevents
economic stagnation and keeps improving the standard of livings in societies. Seminal
contributions to this literature include Romer (1990), Grossman and Helpman (1991) and
Aghion and Howit (1992). However, the innovation literature has, until recently, mainly
been concerned with innovation in manufacturing industries and patentable products.
Academics have not paid much attention to innovation in service industries, where new
ideas are usually related to immaterial products (Hjalager, 2010).

One example is tourism. For decades tourism has experienced continued
development and has become one of the major players in international commerce
(UNWTO, www2.unwto.org). This growth has gone hand in hand with an increasing
diversification in the tourism supply (Butler, 2011). Traditionally, tourism destinations
were identified with a sole and specific original attraction. Spain and the Mediterranean
destinations were usually associated with seaside tourism, Egypt with cultural tourism,
Israel with religious tourism, and so on. Nowadays, however, small-scale tourism
resources are being activated in these destinations and new products and services are
appearing in connection with gastronomy, sports and the environment, for example
(Hjalager, 2002). Moreover, new combinations of existing products are being put forward

and some infrastructure are being redefined, in response to environmental regulations



and the new needs and wishes of the tourists (Stamboulius and Skayaunis, 2003; Victorino
et al., 2005). Additionally, other ways of accessing the products and services offered by
the destination are being developed. All new attractions and facilities complement and
boost the tourist appeal, since visitors can enjoy several experiences simultaneously
(Gonzalez and Bello, 2002) and, at the same time, ameliorate the congestion of the
destination since more tourists can be absorbed in the same physical space (Aguil6, Alegre
and Sard, 2005).

Congestion is a key element in the tourism area life cycle model (TALC) according
to Butler (1980). This model predicts a decline in the rate of tourism arrivals as the
number of visitors increases. According to the TALC model, destinations experience
various stages over time, reaching a final stage where it has two options, decline or
rejuvenation. The diversification and the wide range in supplied attractions prevent the
decline and allow the rejuvenation of traditional destinations. But it is not free, it means
devoting efforts to innovate: innovations in the process (supply), facilities, products, and
the improvement of information technology (Camisén and Monfort-Mir, 2012).

To the best of our knowledge, models connecting innovation and tourism growth
have not been developed. In this paper we provide a formal life cycle model for tourist
destinations where innovation boosts of tourism rejuvenation. We use the R&D-based
growth models in economic growth theory (Romer, 1990) to explain the innovation
process and connect it with tourism performance. The result is an endogenous growth
model of tourism where the microdecissions of economic agents (domestic consumers,

producer firms, enterprising firms and tourists) drive economic and tourism development.



It is notable that, not only saving/investment decisions of domestic agents (as is in
economic growth models), but also tourist's decisions, have an impact on long-run
growth.

Our model belongs to the tourism-led-growth models literature developed by
Hazari and Sgro (1995, 2004(ch.12)), Chao et al. (2005), Nowak et al. (2007) and Schubert
and Brida (2011), among others. However, contrary to the mainstream, in this paper,
tourists' arrivals is viewed as an endogenous process. Several studies in micro-economic
analysis lead to the belief that the ability of a country to attract tourists depends on its
characteristics as a tourist destination (facilities, diversification of leisure activities, quality
of hotels and services, environmental endowment and quality, cultural heritage, political
stability, among others).® Some of these elements have an endogenous dimension
(diversification, quality, security) and can be improved through investment. Therefore, the
saving/investment behavior of domestic agents affects the tourist attraction power of the
economy and hence the long-term economic growth rate. Recently, Albaladejo and
Martinez-Garcia (2013) assume that tourists arrive at a rate which depends on the quality
of the tourist services, which can be endogenously improved by the country. Albaladejo,
Gonzdlez-Martinez and Martinez-Garcia (2014) also propose that tourism arrivals and the
quality of tourism services can be endogenously enhanced. Nevertheless, these works do
not take into account congestion and the TALC model. In this paper the TALC hypothesis is
at the core of our analysis and human inventiveness and R&D investment prevent the rate

of tourism arrivals from declining.

4See, for example, Seddighi and Theocharous (2002), Alegre and Pou (2006), Gokovali et al. (2007) and
Eugenio-Martin et al. (2008).



The following section presents a TALC model where the tourism carrying capacity
is not a fixed number, but can evolve over time. Innovation in tourism services will be the
motor of growth for the carrying capacity. In section 3 the tourist' preferences are
modeled and the demand function for tourist services is obtained. Both the tourist
services demand function and the flow of visitors arriving according to the TALC model are
incorporated into a R&D-based growth model d la Romer in section 4. The long-run
growth rate is obtained and a comparative static analysis is carried out. Section 5

concludes.

The tourism carrying capacity

Tourism area life cycle model (Butler, 1980) is one of the most accepted models in
tourism literature. Since 1980 many authors have tested the validity and usefulness of the
TALC model in a variety of destinations (Lagiewski, 2006) and a considerable number of
studies found that the TALC model works well in describing the process of development of
tourist destinations (Butler, 2009 and 2011). This process has six key phases: exploration,
involvement, development, consolidation, stagnation, and a post-stagnation stage where
the destination has two options, decline or rejuvenation (Lundtorp and Wanhill, 2001;
Cole, 2009; Butler, 2009 and 2011). Each stage is characterized by several factors such as
the number and type of attractions and facilities, the number of tourists or residents'
attitudes towards tourism. Butler presented this life cycle as an S-shaped curve
representing the arrivals of tourists until stagnation stage. The upper limit of the S-shaped
curve is achieved as levels of carrying capacity of destination are reached. The implicit

assumption in previousmodels is that the market equilibriumpositions we observe do



trace out the path of demand, meaning that supplyis flexible enough to adjust to demand.
Lundtorp and Wanhill (2001, 2006) showed that the TALC model might be
satisfactorily approximated assuming that the number of tourists arriving in the country,

T, follows the pattern of a logistic growth model, that is
T=oT(1-—)
where o, assumed to be positive, is the intrinsic rate of tourism growth and CC is a
measure of the carrying capacity in the destination and T denotes the time derivative of
variable T. We omit time subscripts in equation (1) and in the subsequent analysis
whenever no ambiguity results.
There are a lot of definitions about carrying capacity within the context of tourism.
In its most traditional sense, it is understood as the maximum number of tourists or
tourist use that can be accommodated within a specific geographic destination (O'Reilly,
1986). This capacity has been identified in terms of limits of environmental, social,
economical or physical factors (Butler, 1980; Saveriades, 2000; Cole, 2009; Diedrich and
Garcia-Buades, 2009). The environmental factor has been widely used in tourism studies
due to the concern for the negative impacts of tourism. Recently, Lozano et al (2008),
using an environmental growth model for an economy specializing in tourism, show that
its evolution does not contradict the evolution derived by the TALC model.
The first tourism destinations used and developed their natural and cultural

resources as attractions for visitors (Saveriades, 2000). The modern destinations are more

sophisticated and complex products (Butler, 2011). New tourism goods and services that

> The differential logistic equation was first proposed by Verhuslst in 1838 as a population model faced with
resource constraints. This equation is easily solved as is seen in Clark (1932).

(1)



overlap original attractions (specially beaches or cultural heritage) emerge in the
traditional destinations and new destinations arise with technological attractions such as
theme parks, massive luxurious hotels, for example. Moreover, the destinations are
characterized by a high level of dynamism (Butler, 2011), their attractions and facilities
vary or change quite quickly over time.

Although the micro-foundations of the life-cycle predicted by TALC model are
demand-oriented (Plog, 1974), appropriate policy measures may not only sustain tourism
flows over time but also rejuvenate resorts initiating a new life-cycle(Papatheodorou,
2004).The goods and services offered by the destination (accommodation, transport,
shopping, attractions, events) can define and switch the maximum number of tourists that
could be accommodated by a destination. The wider and more varied number of services
and attractions the more number of tourists can be received simultaneously in the same
geographical space and they can enjoy several goods and services simultaneously (Aguild,
Alegre and Sard, 2005). Furthermore, if the goods and attractions offered by destination
vary or change or if the quality of their infrastructures and facilities increase, the limits of
capacity of the destination could be modified. Then, the tourism supply of a destination is
a key significant factor in delimiting the number of tourists that can be absorbed.

The tourism services requirements of the individuals that arrive at the destination
can also affect the carrying capacity. The higher per capita consumed services or goods
(longer stays, more meals in restaurants, for example) the fewer the number of tourists
can be attended to the destination. In this paper, the tourism carrying capacity is defined

as the ratio between the tourism services supply and the per capita tourism consumption,



that is

where Y is the supply of tourism services and c¢; is the individual consumption.

An equivalent definition for the carrying capacity has been used in human
population growth models, where the logistic function was first used. In 1925 Albrecht
Penck formulated the carrying capacity as a measure of the population that could be fed
with the existing resources. This measure, which has been widely used, was calculated as
the ratio between the food supply and the individual food requirements (see Cohen
(1995) and references therein).

Traditionally, tourism carrying capacity has been considered as a rigid and static
value. However, several authors argue that it can evolve with time (Saveriades, 2000;
Cole, 2011). The definition given in (2) allows the carrying capacity to evolve with time due
to changes in the tourism services supply (Y) and/or in the individual tourism services
requirement (cy). Changes in the preferences of tourists or changes in their budget could
determine the evolution of ¢y, as is shown in the following section. On the other hand,
the tourism services supply Y can be enlarged by devoting efforts to innovate, as is
shown in section 4.

Note that equation (1) follows the logistic growth pattern (sinusoidal shape) only if
the carrying capacity point (CC) is fixed. Conversely, if CC grows, as we propose in this

paper, the number of tourist could be continuously increasing.

The behavior of tourists

As understood in Eugenio-Martin (2003), tourists face a multi-stage decision

(2)



problem in which the decisions about the destination and budget are taken at different
stages. Following this idea, we shall start assuming that the decision upon the destination
is somehow taken previously. Once this decision has been taken and our country is the
chosen destination, tourists must decide the budget for the vacation, denoted by variable
b, which will somehow determine their tourism consumption.

Tourism is not an everyday consumption good, but just some days a year, usually
concentrated in the holidays season. Therefore, decision about tourism budgets should
optimize the interanual utility of a tourist, taking into account the everyday consumption
that will be lost. At each instant of time (a year) a tourist must decide upon the quantity of
tourism services (nights in hotel, excursions, meals, visits to amusement parks, etc.) to be
consumed abroad, cy, and the quantity of goods consumed in her own country (domestic
consumption), c&. Her interanual utility depends on both quantities, that is,

U=U(cr,c¥)
Where U(.,.) must satisfy the following property
U(O,c?) >0 forall c > 0. (3)
Property (3) means that ¢ is not necessary for welfare. If ¢y = 0, there is no travel and
the whole income is spent on domestic consumption.® Following Deaton and Muellbuer
(1980 a,b) and Lanza et al. (2003), we assume that tourists' international preferences can
be represented by a utility function displaying a constant elasticity of substitution (CES),

that is

_s1—1/8
Uer,cf) = [¢c7? + @ - )(ct) ] (@)

®Note that a Cobb-Douglas utility function is not accurate in representing the behavior of a tourist.



where 0 < ¢ <1 and § > —1.
A representative tourist must solve the following static optimization problem

maxU (cy, c%)
(,'T,Crl‘z

s.t. pTer=b

where R is the tourist's annual income, b is the budget for tourism and p? is the price
of domestic consumption goods. Solving (5)-(7), the relative demand as a function of the

prices can be obtained, that is,

T
where ¢ = 1/(1 + 6) is the elasticity of substitution and p is the ratio of prices z—d.The

shadow price of the tourism budget (the shadow price of b)is

du* _ au (b R—b) 1
db dcr \pT’ pd ) pT"
The rent not spent on tourism, R — b, will be spent on inboard consumption, c?. Its

value (in terms of utility) is the shadow price of R — b:

v’ au (b :R—b) 1
d(R-b) 6674 pT’ pd ) p&

The tourist will chose the level of b that satisfies that (9) and (10) are equal, that is’
ou (b RbyL_ 00 (b by
dcr \pT’ pd ) pT — acf \pT’ pd ) p&’
Therefore, the utility of a tourist is maximized when the budget is allocated so that the

marginal utility per unit of money spent is equal for domestic consumption and for

"Note that the maximization of U [b/pT, (R — b)/p?] with respectto b gives the same result.

(5)

(6)
(7)

(8)

(9)

(10)

(11)



tourism consumption. If this equality did not hold, the consumer could increase her utility
by cutting spending on the good with lower marginal utility per unit of money and
increase spending on the other good.

The following proposition, using (11), obtains the optimal budget for a
representative tourist with a CES utility function.

Proposition 1 If a CES function represents the tourists preferences (see equation
(4)), then the tourism budget is proportional to the tourist's annual income R and

inversely related to the ratio of prices p, according to the following equation

R

() oo

h =

where ¢ is the constant elasticity substitution between tourism consumption, ¢, and
domestic consumption, c%.

Expression (12) leads to different special cases. The ratio of prices p will have a
positive or a negative effect on the budget depending on the value of ¢. Recently, Lanza
et al. (2003), using data series referring to 13 European countries from 1975 to 1992,
conclude that the elasticity of substitution is below one. This means that p has a positive
effect on the tourism expenditure. Note that in the extreme case (¢ — 1), when the CES
function converges to a Cobb-Douglas, the ratio of prices p will not have an impact on
the tourism budget, which is not realistic. This supports our assumption of a CES utility
function.

Moreover, equation (12) establishes a relation between p and the marginal

propensity to tourism consumption t = b/R. That is,

(12)



o (597

being t a parameter which usually depends on the idiosyncrasy of the visitors. If ¢ is
lower than 1, this is a positive relation: If the tourist agrees to pay a higher price it would
be since she has a higher marginal propensity to tourism consumption.

We have started this section taken from granted that the decision of visiting our
country had been taken previously, and our country was the chosen destination. We ask
now, who are those tourists who had decided to come to our country?, where are they
from?.

To characterize our country's tourists we assume that those destinations with
higher price are the ones which bring the tourists more utility (other things equal). It is not
a strong assumption given that higher price is usually directly related with higher quality
(Keane, 1997; Alegre and Juaneda, 2006; Alen et al., 2007). Under this asumption, the
following proposition establishes a characterization:

Proposition 2 If a CES function represents the tourists preferences (equation (4)),
then those tourists visiting our country are characterized by a marginal propensity to

tourism consumption t which satisfies that
o (L)"’ 1-¢
1-t 1-¢ p )
Proof. The real exchange rate p between our country and the potential visitors'

country is known. Those individuals with a low marginal propensity to tourism

consumption t such that

S )

~

(13)

(14)



would choose another destination with a lower p.
Otherwise, the individuals with a high marginal propensity to tourism consumption

such that

> (5) e

would choose another destination, one with a higher price, since as we are assuming, it

will bring him a higher utility. =

The supply of tourism services and market equilibrium

The R&D-based endogenous growth model of tourism we propose relies on
innovation to increase the carrying capacity and avoid a decrease in the rate of tourism
arrivals as this number increases. The following equations summarize the main features of
the productive sector of the economy:

Y = ALY Z?’ﬂ X]-‘" 0<a<l,
Y =cL+c;T+nN

Xi=X=L (Uj_KA)l/(l—a)

forall j=1,..,N.

where Y is final output (a composite good that, for the sake of simplicity, is used either
as tourism services and for domestic consumption and investment). This production
function characterizes technological change as increasing variety, in the tradition of Dixit

and Stiglitz (1977) and Ethier (1982). Production of this good needs labor L and

intermediate inputs X;, j=1,...,N. Full employment of inputs and population is

(15)

(16)

(17)



assumed. Moreover, population L is constant.’The number N is the available variety of
intermediate inputs, which, in the context of a tourism specialized country, will be
understood as the available variety of tourism services in relation to transport,
accommodation, catering, and other activities, like recreation, cultural or sport activities,
among others. The final output Y is a bundle of different tourist services. Equation (16)
expresses that the gross domestic product, Y, must be allocated to consumption of
residents and tourists, cL + c;T, and to the creation of new varieties N, each of which
costs 1 units of Y. Letter X denotes the same quantity produced of each intermediate
good, resulting from the profit maximizing behavior of output producers and monopolistic
entrepreneurship. Variable pg is the rental rate of a unit of capital.

In equations (15)-(17), we are considering an R&D-based growth model d /la Romer
(1990) in an open economy whose traded good is tourism in exchange of foreign capital.
The price of the domestic output is chosen as the numeraire. Consequently, the ratio of
pricespis also the real exchange rate. Since R&D-based growth models are well
established in the literature, the micro-foundations are given in the Appendix.

Here, we briefly comment that equations (15)-(17) emerge from a three-sector
economy. The final-output sector produces the consumption good (for investment and
residents/tourists consumption) using labor and a set of non-durable intermediate goods.
In the intermediate-goods sector, monopoly firms transform foreign imported capital K
into non-durable intermediate goods using new invented designs. Intermediate good

producers are monopolists and each of them sets the same price and sells the same

8A constant population size in a compulsory assumption in R&D-based endogenous growth models because
they predict scale effects.



guantity of its product X.

Domestic consumers accumulate assets in the form of property rights on new
intermediate firms (nN in units of Y) or on imported foreign capital (K/p in units of Y).
We assume that both types of assets are perfect substitutes, so they must yield the same
return, that is,

T=pg P 5 — 9,
where 7 is the rate of return on intermediate firms, py is the price paid by intermediate
producers for one unit of household's foreign capital K,p/p is the depreciation rate of
the value of foreign capital due to increases in the real exchange rate and § = 0 is the
rate of capital depreciation.

In its simplest form, the R&D-based endogenous growth model assumes that one
unit of capital can be effortlessly transformed into a single unit of intermediate input
according to a one-to-one production technology (see Appendix). Thus, the assumption of
full employment of capital implies that

K=3%Y,X =NX
which yields that the production function for the final-goods sector can be expressed as

Y = AK*(LN)*"¢,
which means that technological innovation is neutral (Harrod neutral). In other words, the
relative input shares, (K -Yy)/(L -Y,), remain unchanged for a given capital-output
ratio.

It is well known that the optimal behavior of all different agents in this

decentralized economy with imperfect competition in the intermediate-goods sector

(18)

(19)

(20)



obeys to two rules:
The rate of return on assets is lower than the social rate of return: This is due to the
existence of imperfect competition. Monopolistic producers of intermediate goods
know the demand function and charge a price over the marginal cost or
competitive price. The rate of return is calculated in the Appendix, and takes the

following form:
1 Y
r —;a(l—a)ﬁ. (21)
That is,
1 _ 1- _ — —
r= ;LAl/(l @) (7“) @2/ (p, )~/(1-a), (22)

where (15) and (17) have been used.

The Ramsey rule: the relation between the rate of return on assets, r, and the rate
of time preference, p, determines whether households choose a growing pattern
of consumption over time, a constant one or a falling one. A lesser willingness to
substitute present for future consumption implies smaller responsiveness of the

growth rate of consumption to the gap between r and p, thatis,

ve=-(-p), (23
with o being the inverse of the elasticity of the intertemporal substitution of
consumption. As it has been proved in the Appendix, this expression stems from
farsighted consumers who can invest on assets and have a utility function with a
constant elasticity of intertemporal substitution.

Here, and henceforth, y, denotes the growth rate of variable x.



After describing the model, we focus on equilibrium solutions. In a
perfect-foresight equilibrium, all agents take as given the time paths of variables that they
do not control: consumers take the time paths of wages and rate of return as given;
intermediate-goods producers take price of capital and the demand for intermediate
goods as given; and so forth. In equilibrium, markets clear and supply equals demand for
all relevant quantities.

Moreover, we focus on those equilibria where international trade is balanced. Our
model represents an open economy which exports tourism services (domestic output) in
exchange for foreign capital. International trade is balanced if the following equality holds

perT = iL
where i is per capita imports of foreign capital. Note that, foreign capital accumulation is
driven by domestic household investment minus physical depreciation, that is,
K =il — K.

Long-run balanced growth path

As has been known since Kaldor (1963), there are some empirical regularities on
long-run growth rates of countries. In the long run, per capita output and physical capital
grow over time, the rate of return on assets remains constant and the ratio of physical
capital to final output is nearly constant. With this inspiration, economic growth theory
uses the concept of balanced growth path, defined as the equilibrium where variables are
constant or grow at constant rates.

The following propositions characterize a balanced growth path and identify the

innovation as the motor of tourism growth.

(24)

(25)



Proposition 3 Along a balanced growth path, the rate of return r remains
constant and output production Y, capital K and the number of intermediates N grow
at the same constant rate, say y".

Proof. From (23) the growth rate of consumption is constant if and only if the rate
of return on assets, 1, remains constant. Then, from (21), final output Y and the number
of new intermediates N grow at a common rate. Taking this into account in (20) and
knowing that L is constant, it is obtained that capital grows at the same rate. =

Proposition 4 Along a balanced growth path, the real exchange rate p must be
constant.

Proof. By definition, along a balanced growth path r and p/p must be constant.

Then, since § is constant, from (18), pxp must be constant, that is

Yo +¥p =0.
Then, from (17),
1
Yx =1z Y»
and from (19)
1
Yk =Vn TV

which is compatible with the result in the previous proposition if and only if y, = 0.=

As a direct consequence from the previous propositions, it is obtained that per
capita domestic consumption grows, along a balanced growth path, at the same rate y*
as output and innovation.

Proposition 5 Along a balanced growth path, per capita domestic consumption c

grows at the rate y*



Proof. Taking into account (16), (24) and (25) it is obtained that

e e () Kt
Therefore, since the growth rates K/K and N/N must be constant on a balanced
growth path, and, from the previous propositions, so must Y/N, K/N and p, the result
follows. =
The following proposition expresses the growth rate of the economy, y*, as a
function of the parameters of the model and of the real exchange rate.

Proposition 6 Along a balanced growth path, the economic growth rate for our

economy is given by

V*=§h“ﬁﬂ (26)

with r* the unique positive solution of the equation

1-a

Ar™a =r+6 (27)

and A a positive constant given by

1-a

L] ¥ i (257 ()7
na 3 1-t

A

Proof. Equation (26) comes from (23). Moreover, taking into account that y, =0
on a balanced path in (18) and the relation between px and r given in (22) it follows

that

1
—_— 1 2 1-
[L(l_—“)] E A;azr‘—aap =r+56.
na

Using the value of p given by (13), the equation (27) follows.

It is easy to probe that equation (27) has a unique positive solution. Note that the



left-hand-side of this equation is a strictly decreasing function of r such thatlim,_yA -

1-a 1-a
r « =40 and lim, A7 @« =0, while the right-hand-side is an increasing linear

function. There exists an unique positive value r* where both sides coincide. =

In an open economy, the long-run economic growth rate depends, not only on its
own economic efficiency (cost of innovation (1), capital or labor production elasticities
(a), production technology (4)), but also on the idiosyncrasy of the visitors, that is, on
their marginal propensity to tourism consumption (t) and on the elasticity substitution
between tourism and domestic consumption (¢) (both parameters determine the value of
p).

The growth rate given in (26) will be positive as long as p is relatively low with
respect the rest of the parameters of the model. Note that, other things equal, a higher
marginal propensity to tourism consumption (t) yields to a higher real exchange rate (p),
higher interest rate (r*) and higher growth rate (y*). A higher elasticity substitution
between tourism and domestic consumption (¢) will have also a positive impact on these
variables.

Taking above propositions into account, the following proposition shows that the
long-run evolution for the income from tourism coincides with the evolution of innovation
on a balanced growth path.

Proposition 7 Along a balanced growth path, the income from tourism grows at

the same growth rate than the innovations, y*, that is

*

Yi=Y

where [ = ¢;T is the income from tourism.



Proof. According to (24), income from tourism equals iL/p. Thus income from
tourism drive the accumulation of foreign capital, that is, K =iL — 6K = pI — 6K.
Therefore, yx =y =V, + v, since K/K is constant if and only if the first equality is
satisfied. Since y, = 0 according to proposition 3, the result follows.=

We have assumed that the temporal evolution of the number of tourists is given
by the differential logistic equation (1) with a time-evolving carrying capacity (2). This
differential equation has two stationary equilibria: T =0 and T = CC. The first is
unstable since, given an initial condition 0 < T, < CC, the number of tourists will grow,
trying to reach the level CC. Similarly, if T, > CC, the number of tourists will fall trying to
approach the CC level. Since we allow the carrying capacity to evolve with time (thanks
to the growth of Y and affected also by the growth of c;), awareness of possible
short-run deviations, in the long-run, the growth rate of the number of tourists equals the
growth rate of the carrying capacity, that is

Yr =Yec =V ~Vep

where y* is the growth rate of output and innovation on a balanced growth path. The
last equality means that the carrying capacity will grow as the economy grows, driven by
innovative entrepreneurship, but this growth will be offset by the growth of individual
tourist consumption. Longer stays, higher use of transportation, restaurants, beaches, etc.
will reduce the carrying capacity. The growth of tourists' individual consumption will be
connected with the growth rate of their income, R, that of their origin country. The
following proposition shows this.

Proposition 8 Along a balanced growth path, the growth rate of the carrying

(28)



capacity is given by
Yee =V —Vw

where yz is the growth rate of foreigners' income (exogenously given to our economy).

Proof. From (28) and (8) we obtain that

Yec =V ~Vea + 0V =V —Vr

since y, = 0 according to proposition 3 and Ved is the growth rate of consumption of
tourists in their origin countries, which is exogenously given and equal to y5.

Consequently, while the innovation growth rate of the domestic country surpasses
the foreign growth rate, the carrying capacity will grow and also the tourist arrivals.
Otherwise, the carrying capacity will remain constant or decline, causing a reduction in the
growth rate of tourist arrivals. The lower flow of tourists arriving in our country will be
offset with a higher per capita tourism consumption, ensuring a positive domestic

economic growth.

Concluding remarks

The carrying capacity of a touristic destination can be increased by investing in
innovation. We propose a model where the R&D investment allows the sustainability of
tourism income in the long run. The long-run growth rate of the host economy depends
not only on its own economic efficiency, but also on the real exchange rate with the
country where visitors come from. Tourists with a higher marginal propensity to tourism
consumption will increase the real exchange rate and the host country long-run economic
growth rate. Tourists with a higher elasticity substitution between tourism and domestic

consumption will have also a positive impact on these variables. On a balanced growth



path, the income from tourism grows at the same rate as innovation, and the carrying
capacity will grow while the rate of innovation surpasses a certain value. Specifically, while
investing in tourism innovation, the rate of tourism arrivals could be increased as the

number of visitors increases and the destination is set away from its stagnation stage.

Appendix: The market economy

This appendix describes the behavior of agents in each sector of the domestic
economy and derives the rate of return on assets and the Ramsey rule for consumption.

Final good-sector

The final output production in this economy will be of the form (15). Since
final-goods production is constant returns to scale, without loss we can consider a single
price-taking firm when solving for the competitive outcome. When the price of Y is
normalized to unity in every period, profit maximization,

max Y —-wL—Y, p;X;,
yields the following conditional demand functions
A-a)r=w, (29)
AaLl'™ Xt = p;, (30)
where w is the wage paid to labor in the final-good sector, and p; is the price paid for
intermediate good .

Enterprising Firms

At a given date, there exits a number N of enterprising firms. An expansion of the

number N requires purposive effort of entrepreneurs. However, the creation of a new



intermediate good J, is costly but could then be used in a nonrival way by all potential
producers of good j. That is, one producer's use of the idea would not affect the output
that could be generated for given inputs by other producers who use the same idea.
Entrepreneurship have to be compensated in some manner, in order to motivate
innovation. Patents could provide the necessary incentives to innovation. However, in
service industries, like in tourism, innovation produces new ways of offering existing
goods, new combinations or presentations of cultural or environmental resources, which
is not easily patentable. Acknowledging this difficulty in tourism, it is also realistic to
assume that, during a period of time, the creator of a new service would obtain monopoly
rental. The reason is just because she has been the first one. This monopoly power will
erode gradually over time as potential competitors learned about the new good and
imitated it or created substitutes. However, in this period of time, monopoly rentals
would provide the incentives to innovate.

For the sake of simplicity, we will consider that the creator of good j retains
perpetual monopoly right over the production and sale of good X;. This is the main
stream in endogenous growth literature, although some authors are working for relaxing
this assumption in order to obtain more realistic models.

If monopoly power never erodes, the present value of return from discovery the

Jj — th intermediate good is given by
V(t) = f;m nje_f(t's)(s_t)ds
where ;(s) is the profit flow at date s and #(t,s) = [1/(s —t)] f: r(v)dv is the

average interest rate between times t and s.

(31)



The producer's revenue at each date equals the price p; times the amount of
goods sold less production costs, given by the rental price of capital, pg, times the
quantity of used capital, K; inthe production of good j. That s

mj = piXj — prK;.

The assumption of a one-to-one production technology in this sector together with
monopoly power (producers of intermediates know the downward-sloping demand
curves for their produced intermediate goods given is (30)), allows to write instantaneous
benefits as:

A
maxr; = (p; = Pi)L (“—
]

1/(1—-a)
)

Profit maximization yields the following equations for price:
pj =" >pg V.

Thus, the capital is underpaid, compared to the competitive case, in order to
compensate for the investment in the R&D sector. Taking into account (32), equation (17)
follows and

r=n=1-apX=>10- a)a% Vj.
These equations demonstrate that each intermediate firm sets the same price and sells
the same quantity of its product.

Free entry into the business of being an inventor is assumed, so that anyone can
pay the R&D cost 7 (in units of output) to secure the net present value, V(t), shown in

equation (31). Therefore, on equilibria,

V() =n

(32)

(33)

(34)



holds for all t. If V(t) > n an infinite amount of resources would be channeled into
R&D at time t and V(t) >n cannot hold in equilibrium. If V(t) <7, no resources
would be devoted at time t to R&D, and, therefore, the number of intermediates, N,
would not change over time. We focus the main discussion on equilibria with positive
R&D and, hence, growing N at all points in time.

Differentiating equation (31) with respect to time t we get

+¥ (35)
where m is the constant profit flow given by equation (33). Equation (35) says that the

rate of return to bonds, r, equals the rate of return to investing in R&D, which is the

profit rate, m/V, plus the rate of change in the value of the research firm. Since 1 is
constant, the free entry condition implies that V = 0, therefore r = m/n and equation

(21) is obtained.

Domestic Consumers

Capital is a necessary input for intermediate goods production. A tourism based
economy is by definition an open economy so we assume that capital must be imported
by trading domestic production with nonresidents, that is, tourists. Therefore, total
domestic households' assets equals the market value of firms (nN) and the value of the

imported capital K. Thus per capita households' assets reads
k
assets = nn +5 (36)

where n = N/L and k = K/L. The tradable good Y has been chosen as the numeraire,

so p isthe relative value of the foreign capital with respect to the domestic's output.



In addition to financial assets, households own labor. Assets deliver a rate of
return and labor is a paid wage. The total income received by households is the sum of
asset and labor income. Households use the income that they do not consume to

accumulate more assets,9

d(assets)

prai assets +w —c¢ (37)

where w is the wage rate and c is per capita consumption.
Accumulation of foreign capital is the result of decision taking on investment. Thus,
per capita inversion in foreign capital, i, drives per capita capital accumulation:
k=i- 5k (38)
Equations (36), (37) and (38) drive the expression for the evolution of the number of

tourism varieties n

fl=rn+%[(r+6+§)§+w—c—é]. (39)

Multiplying by L equation (39) and taking into account (18), the number of
intermediate goods evolves according to
N = rN+%[pKK+WL—cL—cTT],
where (24) has been used. Taking into account (21), (29) and that pxK = a?Y the
equation (16) is obtained.
Following the usual convention, we shall assume that consumption and inversion

decision can be characterized by a representative consumer maximizing an additively

"We omit time subscripts in Eq. (37) and in the subsequent analysis whenever no ambiguity results.



separable function
+00
-pt
max Jy, e Ptu(c)dt

subject to the dynamic budget constraint (37) and capital accumulation law (38).
Parameter p > 0 is the rate of time preference. Assuming that the utility function u(-)
exhibits constant relative risk aversion equal to o, we can write the first order conditions

for consumer's problem as the Ramsey rule (23).
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