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This study proposes a dynamic model for identifying the optimal amount of tourism taxes at the different stages of a
destination’s lifecycle. Based on the Ramsey-Cass-Koopmans model of economic growth, we reformulate the Cobb-Douglas
function to incorporate new variables to estimate the optimal level of tax that could maximize the total output of the tourism
industry while maintaining below the critical point of the destination’s carrying capacity. We illustrate the model with an
empirical study using time series data collected from 31 administrative regions in mainland China from 2000 to 2016. The
results suggest that the proposed model has satisfactory goodness of fit, and the estimated tax amount was congruent with
the trends of tourism development at the destinations. The study offers practical implications for destination policymakers.

Keywords

sustainable tourism, social-ecological system, tourism tax, dynamic taxation, systems approach, optimal tax

Introduction

Tourism taxes are an important measure implemented in
many countries to reconcile the conflict between tourism
development and sustainability (Schubert 2010; Zhang and
Zhang 2018). It is a valuable instrument to tackle many of
the problems induced by tourism, such as land occupancy,
sewage discharge, solid waste generation, ecological destruc-
tion (Mbaiwa 2003), greenhouse gas emissions (Perch-
Nielsen, Sesartic, and Stucki 2010), energy consumption and
depletion of natural resources (Becken and Simmons 2002).
Modeling tourism tax for sustainability is an emerging topic
in tourism studies and dedicated research is still growing
(Heffer-Flaata, Voltes-Dorta, and Suau-Sanchez 2021;
Palmer and Riera 2003; Piga 2003; Rey-Maquieira, Lozano,
and Gomez 2009; Schubert and Schamel 2020).

Previous studies have predominantly focused on examin-
ing the impact of wvarious tourism taxes in general
(Ihalanayake 2012; Mahadevan, Amir, and Nugroho 2017;
Sheng and Tsui 2009), or in specific such as carbon taxes
(Dwyer et al. 2013), departure taxes (Falk and Hagsten 2019;
Forsyth et al. 2014; Seetaram, Song, and Page 2014), and
accommodation taxes (Heffer-Flaata, Voltes-Dorta, and
Suau-Sanchez 2021; Lee 2014; Sharma, Perdue, and Nicolau
2020). However, there is a lack of theoretical integration in
the literature to develop a dynamic model of tourism taxes
for sustainable development. Economic theories such as
externalities and public goods are often cited as the theoreti-
cal foundation for tourism tax modeling (Allan et al. 2014;

Kilimani, Heerden, and Bohlmann 2015; Schubert 2010), yet
concepts such as destination lifecycle (Butler 1980) have
rarely been integrated with the research on tourism tax. The
current tourism taxation policies around the world are mostly
based on static equilibrium, which does not consider the
changes in the dynamic evolution of a destination, as a result,
cannot arrive at the optimal level of taxes (Jensen and
Wanhill 2002; Schubert and Schamel 2020).

This study thus aims to develop a dynamic tax model for
the estimation of optimal tax amount based on the destination
lifecycle. We argue that the optimal tourism taxation policies
should be a dynamic regime, which balances tourism devel-
opment and its resultant externalities, and achieves the goals
of economic development, social welfare and environmental
conservation. Based on the Ramsey-Cass-Koopmans (RCK)
model of economic growth, we employ the Cobb-Douglas
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production function (CDPF) to calculate the optimal tax
amount. We examine the proposed model using a time series
dataset (from 2000 to 2016) of 31 administrative regions
(including provinces, municipalities, and autonomous
regions) in mainland China. The optimal tax amount was esti-
mated for each of the administrative regions along the respec-
tive stages of their destination lifecycle. The results suggested
that the proposed model had satisfactory goodness of fit.

This study makes several contributions to tourism litera-
ture. First, this study proposes a dynamic taxation model for
sustainable tourism development based on the destination
lifecycle, and establishes an optimal threshold of tourism
tax. The study illustrates the idea that the equilibrium of tour-
ism tax at a certain stage of the destination lifecycle is a
dynamic one. Second, the study provides fresh insights into
leveraging the taxation system for a destination’s tourism
development while maintaining its carrying capacity. Finally,
the dynamic taxation model is particularly important in times
of large perturbations or crises (Ponjan and Thirawat 2016),
as it may support the resilience and recovery of the tourism
industry.

Theoretical Background

Destination Lifecycle

Tourism destinations evolve over time, akin to a product that
goes through the process of a lifecycle (Butler 1980; Oreja
Rodriguez, Parra-Lopez, and Yanes-Estévez 2008; Toh,
Khan, and Koh 2001). Butler (1980) suggests that the life-
cycle of a tourism area usually evolves through six stages. At
the first stage, the exploration stage, the number of tourist
arrivals is small. Tourism has little impact on either the phys-
ical or social environment, and the economic contributions
of tourism are very limited. As tourist arrivals increase
steadily, the destination evolves to the second stage, the
involvement stage. Residents start to be involved in the pro-
vision of facilities and services for tourists. The first two
stages can be considered as a sustainable zone, as the social-
ecological system is self-sustainable (Boyd 2006). Later as
more investments come in, the number of tourists keeps
increasing, the destination enters the third stage, the develop-
ment stage. The impact of tourism is noticeable, particularly
in the physical environment, and some negative social
impacts can also be felt. Residents’ tolerance of the negative
tourism impacts slowly decreases (Boyd 2006).

As the investments in tourism supply and the number of
tourists keep growing, the arrivals of tourists in the destina-
tion reach the critical range of the destination’s carrying
capacity, which includes the fourth and fifth stages. At the
fourth stage, the consolidation stage, there is increasing ten-
sion between tourism activities and the environment.
Residents start to protest against the large numbers of tourist
arrivals that have caused intolerable impacts on their daily
life. Although the number of arrivals is still growing, the rate

of growth reduces. As the destination enters the fifth stage,
the stagnation stage, tourist arrivals reach the peak number,
the social, economic, and environmental problems are preva-
lent. Eventually, the popularity of the destination declines
and enters the final stage, the decline stage, or if proper mea-
sures and resources are available, it may rejuvenate (Butler
1980).

The critical point in the evolution process is the destina-
tion’s carrying capacity (Butler 1980). Carrying capacity is
commonly defined as the maximum number of tourists that a
destination can support, without suffering unacceptable neg-
ative impacts on the ecological, economic, socio-cultural
environment (Cupul-Magaina and Rodriguez-Troncoso 2017;
Wang et al. 2020). Within the limit, the destination has the
ability to absorb and manage an increasing number of tour-
ists without causing social and ecological degradation.
Therefore, to be sustainable, it is suggested that tourism
development at a destination should be limited to the first
three stages of exploration, involvement, and development
(Weizenegger 2006).

Externdlities of Tourism Growth and Pigouvian Tax

It is well acknowledged that tourism development has both
positive and negative effects (Heffer-Flaata, Voltes-Dorta,
and Suau-Sanchez 2021). Tourism contributes positively to
the destination’s employment, transportation infrastructure,
resident income, and cultural heritage. However, a large
number of tourist arrivals could bring negative effects on the
ecological, social, and cultural environment, including issues
such as overcrowding, traffic congestion, a saturation of con-
struction projects, noise, litter, increased costs of living,
income inequality, crime, damage to cultural resources,
depletion of wildlife, and environmental degradation
(Schubert and Schamel 2020).

In economics, the term “externality” is used to describe
the impact caused to the third parties that are not directly
involved with the production and consumption activities.
The externalities of tourism growth can be economic, social,
cultural, or ecological. The economic externalities are gener-
ally positive, while the social, cultural, and ecological exter-
nalities tend to be negative (Schubert and Schamel 2020). If
the overall externality changes from positive to negative
when tourism production and consumption activities reach a
certain threshold, the costs of tourism outweigh its benefits.
Depending on the stage of a destination’s lifecycle, the rela-
tionship between tourism and the destination’s social-eco-
logical environment can be in symbiosis, coexistence, or
conflict (Budowski 1976; Yang et al. 2018). Many tourist
destinations (e.g., Venice, Florence) have suffered from
over-tourism, that is, tourism activities have exceeded the
destination’s carrying capacity (Gossling, McCabe, and
Chen 2020). Consequently, the experiences of both tourists
and residents suffer (Chen, Cottam, and Lin 2020; Lin, Chen,
and Filieri 2017).
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The externalities usually are not included in the factors
that tourism businesses and tourists would consider in their
decision process (Palmer and Riera 2003). The price of tour-
ism products and services does not reflect the cost of these
negative externalities. As the price in the market equilibrates
supply and demand, the results are not optimal for society as
a whole. This is what is considered a market failure
(Gooroochurn and Thea Sinclair 2005; Pigou 1920). To cor-
rect this problem, the Pigouvian theory (Pigou 1920) argues
for imposing a tax that is equivalent to the cost of the nega-
tive externalities on the producers or users, so that the tax is
factored in as a cost of the production or consumption, and
consequently is reflected in the price of the product or ser-
vice. In this way, the market becomes efficient, and optimum
social benefits can be achieved. However, the Pigouvian tax
design has practical limitations, for instance, it is difficult to
quantify the negative externalities, particularly those non-
economic externalities (Schubert and Schamel 2020), result-
ing in inaccurate tax calculation (Witkin 2019).

Tourism Taxes

Tourism taxes exist in various forms such as accommodation
tax, air passenger duty, and value-added taxes, and it is esti-
mated that there are about 40 types of tourism taxes around
the world (Heffer-Flaata, Voltes-Dorta, and Suau-Sanchez
2021). Taxes imposed on the tourism businesses (e.g., for air
pollutants and solid wastes) can internalize the environmen-
tal cost into the production cost and market price. Increased
tourism prices may subsequently reduce tourist demand.
With reduced production and consumption activities, the
negative impact of tourism decreases. Similarly, when taxes
are imposed on tourists (e.g., departure tax and accommoda-
tion tax), the higher cost of travel may reduce the number of
visitors and consequently the associated carbon footprints
(Falk and Hagsten 2019; Forsyth et al. 2014; Heffer-Flaata,
Voltes-Dorta, and Suau-Sanchez 2021).

In addition to internalizing externalities, taxes have other
objectives such as promoting social justice, improving effi-
ciency, reducing income inequality, and generating employ-
ment opportunities (Deng 2007; Do Valle et al. 2012; Forsyth
et al. 2014; Nguyen et al. 2021). In times of crisis, tourism
taxes can help the industry to recover (Ponjan and Thirawat
2016). Tax-related policy instruments are often considered to
be superior to other policy tools because they not only serve
the purpose of rectifying the negative externalities but can
also generate revenue to reduce distortion in the existing tax
system (Kilimani, Heerden, and Bohlmann 2015; Palmer and
Riera 2003).

Scholars have recognized that tax regulation may deviate
from economic rationality and degrade efficiency (Mayor
and Tol 2007). Over-taxation will result in a reduction of
economic and social welfare (Dwyer et al. 2013; Ihalanayake
2012) and the destination may lose its competitiveness in the
market (Durbarry 2008). Developing a model of optimal tax

for sustainable tourism development has long been one of the
most perplexing issues facing both academics and policy-
makers (Jensen and Wanhill 2002). An optimal tax is one that
maximizes social welfare and minimizes the risk of ineffi-
ciency. Most existing taxation policies are based on static
equilibrium, neglecting the changes in the dynamic evolution
of a destination (Schubert and Schamel 2020), which cannot
arrive at the optimal level that is efficient in mitigating exter-
nalities and maximizing social welfare (Jensen and Wanhill
2002). Moreover, inefficient taxes can also be inequitable,
and face resistance from tourism businesses and consumers
(Gooroochurn and Thea Sinclair 2005).

We argue that two critical issues should be considered in
a tourism tax model, that is, the time and scale of the dynam-
ics of a destination’s tourism development stage. At the ini-
tial stage of the destination lifecycle when negative
externalities are minor, taxation at this time may be prema-
ture and could hinder the progress of the tourism industry.
Overreaction should be avoided when the negative externali-
ties are well below the critical level. On the other hand, a
belated tax when the destination’s carrying capacity has been
exceeded, the policy may lead to irreversible repercussions.
However, previous studies have rarely incorporated the con-
cept of destination lifecycle (Butler 1980) into the study of
tourism taxes. Therefore, we propose a tax model that con-
siders both the timing and the optimal amount of tourism tax
along the different evolution stages of a destination’s
lifecycle.

Model Development
Determining the Timing of Optimal Tax

We propose that the timing of a tourism tax is determined by
the stage of a destination’s lifecycle. We assess the stages of
the destination lifecycle by the number of tourist arrivals.
This is because most studies in the literature use the maxi-
mum number of visitors that a tourism destination can sup-
port as a measure of its carrying capacity (Ma and Hassink
2013).

The mathematical model for the destination lifecycle curve. We
use a logistic equation to model the evolution of the destina-
tion lifecycle. Formula 1 below represents the growth rate of
tourist arrivals F(N).

dN N
F(N) ZEZFN(I—N—) (1)

m

Where

N=number of tourist arrivals

N,, =maximum number of tourist arrivals that a destina-
tion can accommodate

t=time

r=constant
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Figure |. Destination lifecycle (the solid line) and tourism tax curve (the dotted line).

At the early stage, tourism resources are under-exploited
and the destination has sufficient capacity to accommodate
the growing number of visitors. As tourist arrivals increase,
the growth rate tends to slow down until the number of tour-
ist arrivals reaches its maximum volume N,,. At this point,
F(N)=0. Then Formula 1 is transformed into Formula 2.

NN _ )
N(N, =N)

Solving the above equation gets the value of N.

Nm
AT ©
N,

_ m

Where ¢, is the time when 2 . Formula 3 repre-
sents the function of the destination lifecycle and is illus-
trated as the solid curve in Figure 1. When ¢ is less than ¢,
the acceleration rate of tourist growth is bigger than zero.
The total number of tourist arrivals keep increasing until
t=t,, when tourist arrivals reach the highest number of N, .
After this time ¢, the destination enters the stagnation stage
and tourist arrivals begin to decrease.

The mathematical model for the tourism tax curve. The mathe-
matical model of the tourism tax was deduced according to the
changes in tourist arrivals at the destination. Based on For-
mula 1, the growth rate of tourist arrivals is in proportion to N.
Thus, we obtain:

dN

N )

It is also in proportion to N’”—A:N , and we have

dN _N,-N 5)

dt N

Formula 5 can be transformed into proportional function
as:
dN

N, -N
2 N(T) (6)

Where

N, =maximum number of tourist arrivals at the
destination

p=attenuation coefficient of the changes in tax amount
based on the evolution of destination lifecycle.

After transformation, the integral equation of Formula 6
becomes:

Fvomy [ o

Using the method of undetermined coefficients to solve
the above integral equation, we obtain:

Nm
WA 1+e—u(t—lo) (®)

Formulas 3 and 8 reveal that the tourism tax curve moves
in the opposite direction of the destination lifecycle curve. It
is an inverted S-shaped curve illustrated with the dotted line
in Figure 1. The two curves cross each other at a threshold
point when t= ¢, .
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Table I. Logistic Model for the Stages of the Destination Lifecycle.

Development

T (time) N (tourist arrivals) Velocity V=f(x) Acceleration Rate a=f"(x) Stages characteristics
O, t) Increase slowly Low Approach zero Exploration Gradual development
t (3_\/E)Nm h N /12 0.034 h? N,
6
(t; t) Increase continuously Increase Positive acceleration with Involvement Rapid development
gradually increasing rates
tl (3 _ \/E)Nm h Nm/6 0.048 h? Nm
6
(t), to) Increase rapidly Increase Positive acceleration but rate Development  Accelerated development
slows down
t N_/2 h N_/4 0
(ty t,) Increase continuously but  Decrease Negative acceleration Consolidation ~ Continuous development
speed slows down but speed slows down
t, (3+3)Nn —-h N_/6 -0.048 K> N_
6
(ty t,) Stabilize Decrease Negative acceleration with  Stagnation Further slowdown in
rapidly decreasing rates development
t, (3++/6)N., ~h N_/12 -0.034 2N,
6
(t; 0) Decline Rate of decrease Rate of decrease slows down Decline Development stabilized or

slows down and
approaches zero

and approaches zero

stopped

Estimating the critical time for tax intervention. The intersec-
tion point of the two curves is a threshold for keeping the
balance between tourism development and conservation of
the carrying capacity. It can be defined by Formulas 3 and 8.
Therefore, we have:

Nm _ Nm
L4 0 1401 ©)

The above equation holds when -7, =0 (or ¢ =t¢;). At
this time, N = 7’” . This is the critical point in time that the

number of tourist arrivals reaches its maximum level.
Taxation at this point could help to keep tourism develop-
ment within the destination’s carrying capacity. This is also
the time when the acceleration rate of tourist growth changes
from positive to negative.

As illustrated in Formulas 3 and 8, the two curves have
the common element of N, , which is the maximum number
of tourist arrivals that a destination can accommodate within
its carrying capacity. Before the maximum level is reached,
both tourist arrival and the tax amount will continue to
increase. The optimal level, as determined by Formula 9,
suggests that at this point the destination has the maximum
number of tourist arrivals, which reaches its maximum carry-
ing capacity.

Determining the lifecycle stages. Based on the logistic model
of destination lifecycle (Lundtorp and Wanhill 2001), we use
the velocity and acceleration rate of the growth in tourist
arrivals to determine the lifecycle stages. Table 1 shows the
evolution of the destination lifecycle based on the changes in
tourist arrivals.

The logistic model could be divided into two phases at the
point when ¢ = f,,. When # < {,, the acceleration rate of tour-
ist growth is positive; whereas when ¢ > ¢, , the acceleration

turns negative. When ¢ =¢,, N = % . This is the time when

the growth rate of tourist arrivals reaches its highest level and
the acceleration rate equals zero. The following section pres-
ents the mathematical definition of the variables in Table 1.

The velocity of growth in tourist arrivals is represented
by:

_N—NO_M

v -
t—t, At (10)

The acceleration rate of growth in tourist arrivals is
defined as:

g V-V,
=1, (D

If the growth rate of tourist arrivals is uniform, then V'is a
constant. Thus, the formula for the number of tourist arrivals
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becomes N =N, +V(t—t,)- At the time t, =0, we have
N =N, + Vt. If Vis not constant in a given period, we can
use the average velocity 7 to replace V. Then p and N
could be defined as:

— N-N,
V= "

-y (12)

N =N, +V(t—t,) (13)

If the growth rate of tourist arrivals is not constant but its
acceleration rate a is constant, then we have

V=V, +a(t—t,) (14)

1
N:VOt+Eat2+No (15)

If the acceleration rate a is not constant, we can use the
average acceleration rate o as an approximation of the
acceleration rate in a given period. Thus:

1_
N:V0t+5at2+No (16)

If the acceleration rate is negative, the number of tourist
arrivals becomes:

N=V0t—%c7t2+N0 (17)

In the description hereinafter, the velocity and accelera-
tion refer to their respective average values. Suppose in one
period, the velocity and acceleration of the growth in tourist
arrivals are:

dN
V=" (18)
dv  d*N
T ae (19)

1
By solving the derivative of N = VOH-Eat2 +N,, we
obtain:

dN

— =V, +at (20)
d "’
When 4N _ 0, we get:
dt
V.
f, =—-2 @1)
a4

At this time, tourist arrival reaches its peak value NV, :

2
N, = Ny +2 (22)
2a

Determining the Tax Amount

At the early stage of tourism development, negative exter-
nalities are not an issue of concern. However, when tour-
ism growth exceeds the carrying capacity, negative
externalities make it unsustainable. Therefore, the produc-
tion function should not only factor in the investment in
capital and labor, but also internalize the costs of the neg-
ative externalities as an input. Based on the above
argument, the Cobb-Douglas production function was
reformulated as:

Y, =KPL, n (23)

Where

Y =total production of tourism industry at time ¢

L, ,=tourism industry labor input (measured by the num-
ber of people employed in the tourism sector)

K, =capital input (measured by the fixed assets of tour-
ism enterprises)

p=random disturbance term

B3, 0 are the coefficients of output elasticity of capital and
labor, respectively.

With the imposition of tourism tax, profit for the firms is
given by the following function:

U =Y-1nK,,—FL -0,L, (24)

where U, r,, P, and @, are the profit, interest rate of
capital, labor cost per capita, and the amount of tourism tax,
respectively. A firm maximizes its profit when marginal rev-
enue (MR) equals marginal cost (MC). The MR and MC of
a firm are both determined by the first derivative of the input
factors. By solving the two equations simultaneously, we
obtain the first-order condition for maximizing the profits of
the firm. Thus, to maximize the profit, the first-order differ-
ence equation for 7, should satisfy the condition as shown in
Formula 25 (the derivation of the formula is explained in
Appendix A):

n=BY,/K,,) (25)

The optimal tax amount is represented by Formula 26,
where P, represents the price of labor input (measured by the

wage per capita):

0y,

—_t_
¢ = Iy (26)

t

This is the optimal tax amount proposed as it could maxi-
mize the profit of the production sector, and simultaneously
regulate the firms’ behaviors for conservation of the destina-
tion’s carrying capacity (The detail of deriving the formula is
presented in Appendix B).
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Table 2. Data for the Tourism Production Function at the National Level.

Investment in fixed assets Tourism industry Total tourism

of tourism industry (K) labor input (L) (10 receipt (Y) (RMB

Year (RMB 100 million) thousand person) 100 million) LNK LNL LNY
2000 3,570.09 208.04 4,518.62 8.18 5.34 8.42
2001 3,331.15 200.65 4,995.05 8.11 5.30 8.52
2002 4,008.99 218.95 5,565.62 8.30 5.39 8.62
2004 4,726.99 244.88 6,841.06 8.46 5.50 8.83
2005 6,233.07 260.42 7,685.73 8.74 5.56 8.95
2006 6,934.78 271.341 8,936.07 8.84 5.60 9.10
2007 7,341.95 272.048 10,958.11 8.90 5.61 9.30
2008 7,972.05 272.132 11,585.91 8.98 5.61 9.36
2009 8,275.89 274.930 12,893.91 9.02 5.62 9.46
2010 6,257.53 204.848 15,681.18 8.74 5.32 9.66
2011 6,329.35 204.400 22,435.61 8.75 5.32 10.02
2012 6,597.80 213.525 25,864.21 8.79 5.36 10.16
2013 7,088.91 208.042 29,475.59 8.87 5.34 10.29
2014 7,121.97 291.857 36,785.20 8.87 5.68 1051
2015 7,790.17 290.777 41,273.61 8.96 5.67 10.63
2016 8,284.17 283.049 47,360.52 9.02 5.65 10.77

Source: Tourism Industry Statistical Communique (2001-2017), China Statistical Yearbook (2001-2017).

Empirical Examination

Data

The data were collected from 31 administrative regions in
mainland China. The dependent variable of the Cobb-
Douglas production function is tourism receipt (Y). It is the
total tourism revenue of a region, representing the overall
output and the development status of the region.

Capital input is based on the investment in fixed assets of
the tourism industry (K). The data was obtained from the
China Tourism Statistical Yearbooks for the years from 2001
to 2017, which publish the fixed assets of tourism enterprises
including tourist attractions, hotels, and travel agencies, as
well as the total fixed assets of these tourism enterprises in
each province, city, or autonomous region. The total fixed
assets of the tourism enterprises in a destination were used as
a proxy. Labor input (L) refers to the total number of person-
hours worked in the tourism industry and the total number of
employees in the tourism industry was used as a proxy. The
data for the above variables were collected from the National
and Regional Statistical Yearbooks and the Tourism Industry
Statistical Communiques published from the year 2001 to
2017. Table 2 presents a sample of the dataset at the national
level. Although regional differences exist, a region’s devel-
opment is generally consistent with the overall trend at the
national level. Therefore, the parameters of the Cobb-
Douglas production function were estimated using the data
at the national level. The data for all variables in 2003 were
considered as outliers due to the outbreak of SARS epidemic
in that year and removed from the empirical estimation.

Estimating the Tourism Tax Amount

We employed Eviews7.2 to estimate the parameters of the
function and test the goodness-of-fit of the model. First, by
taking logarithm on both sides of the function, we get:

LNY =BLNK +0LNL +p @7)

Then by applying the least square method, we obtain the
estimated production function:

LNY =4.392+0.616* LNK —0.109 * LNL (28)

Some of the independent variables are highly correlated
(0.855, and 0.884), indicating a multicollinearity problem.
We, therefore, used ridge regression to re-estimate the equa-
tions (See Appendix C for the coding used for the estimation
in R language). Ridge regression is an improved least-
squares method. When applied to data that suffer from mul-
ticollinearity, the tolerance of ridge regression is much
stronger than that of the ordinary linear least squares regres-
sion, and thus can provide a more precise parameter estimate
(Assaf, Tsionas, and Tasiopoulos 2019). The modified model
becomes:

LNY =-0.450+0.975* LNK + 0.269 * LNL (29)

The estimation results are optimized, and the LNK coef-
ficient was positive. The estimated and actual values of the
fitted model are shown in Figure 2.
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Figure 2. Estimated and actual values.

The final production function is represented by Formula
30.

Y =0.64x K2 (30)

Based on Formula 26, the estimated optimal tax amount is
given by:

0.269%0.64 x K %975 1026
¢, = I

1

-P 31

Identifying the Lifecycle Stages

Based on the formulas illustrated in the previous section
(Formula 10-20), the evolutionary stages for the 31 destina-
tions were estimated using Eviews7.2, and the results were
presented in Table 3.

A hierarchical cluster analysis was conducted with the
17-year tourist arrival data. The results are shown in Table 4,
which indicate that three regions (9.7% of the total) had
reached the consolidation stage, 18 regions (58.1%) have
entered the development stage, and 10 regions (32.3%) were
at the involvement stage.

Estimation Results of the Tax Amount

The tax amount was the aggregate amount for a region at
each stage of its lifecycle. Table 5 shows the estimated tax
amount for each stage as well as the optimal tax amount at
the critical time point for each of the 31 regions.

Validity Test

To test the validity of the estimated tax amount, we fitted the
estimated tax amount to the model of destination lifecycle. If
the estimated tax amount changes in accordance with the
evolution of a destination along with its lifecycle evolution,
then the validity of the model can be partially confirmed. The
formulas for fitting the estimated tax amount into the desti-
nation lifecycle model are presented below.

Exploration stage. Estimation is not attempted for this stage,
because the base value of tourist arrivals is small, and the
minor environmental repercussion may not require the inter-
vention of taxation at this stage.

Involvement stage. The acceleration rate of tourist arrivals is
small, and thus the velocity of tourist growth can be approxi-
mately regarded as a constant. In line with the change of
tourist arrivals, tourism taxation should also follow the pat-
tern of a linear equation. Thus, the tax amount could be rep-
resented by the following formula:

y=A+Bx (32)
Where A corresponds to @, and B corresponds to V'

Development stage. The acceleration rate of tourist growth is
positive, and tourism develops rapidly in this stage. The
function of tourist arrivals is a parabola opening to the top. In
line with the growth of tourist arrivals, taxation should also
increase with a positive acceleration rate and the tax amount
can be formulated as:

y=A+Bx+Cx* (33)

Where A corresponds to ¢, B corresponds to V, and C
corresponds to %a .

Consolidation stage. The acceleration rate of tourist growth
turns negative, and velocity begins to decline. The function
of tourist arrivals is a parabola opening to the bottom. Cor-
respondingly, the function for tax amount estimation
becomes:

y=A+Bx—Cx* (34)

To assess the validity of the proposed model, we applied
the above functions to data from two sample regions in
China, namely Beijing and Jiangsu. Beijing is selected as an
example of regions entering the consolidation stage and
Jiangsu as one entering the development stage. For those
regions that have just entered the involvement stage, the
optimal tourism taxes cannot be accurately estimated, hence
model evaluations are not conducted.

Beijing. As shown in Table 6, the period from 2000 to 2008
for Beijing was the involvement stage. The number of tour-
ists increased, but the acceleration rate was approximately
zero. It came to the development stage between 2009 and
2012, during which both the velocity and acceleration rate of
the growth in tourist arrivals were positive. From 2013 to
2016, it reached the consolidation stage. Although tourist
arrivals still increased, the acceleration rate turned negative.

The fitted trends of tourism taxes and tourist arrivals for
the three lifecycle stages are shown in Figures 3 to 5 for the
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Table 3. Estimation of Stages of Tourism Development and Tourist Arrivals.

Region Exploration Involvement Development Consolidation

Beijing Stages — (2000, 2008) (2009, 2012) (2013, 2016)
Average 1.23 1.99 2.68

Shanghai Stages — (2000, 2008) (2009, 2012) (2013, 2016)
Average 0.98 2.13 2.83

Guangdong Stages — (2000, 2006) (2007, 2013) (2014, 2016)
Average 0.97 2.20 4.20

Sichuan Stages — (2000, 2003) (2004, 2016) —
Average 0.74 341

Zhejiang Stages — (2000, 2003) (2004, 2016) —
Average 0.86 3.80

Shandong Stages — (2000, 2004) (2005, 2016) —
Average 0.90 4.03

Jiangsu Stages — (2000, 2006) (2007, 2016) —
Average 1.34 4.64

Jiangxi Stages (2000, 2004) (2005, 2009) (2010, 2016) —
Average 0.32 0.71 2.70

Hebei Stages (2000, 2003) (2004, 2008) (2009, 2016) —
Average 0.35 0.89 2.63

Shaanxi Stages (2000, 2004) (2005, 2008) (2009, 2016) —
Average 0.36 0.76 2.66

Guangxi Stages (2000, 2005) (2006, 2010) (2011, 2016) —
Average 0.51 1.06 2.80

Yunnan Stages (2000, 2004) (2005, 2008) (2009, 2016) —
Average 0.49 0.89 2.98

Shanxi Stages (2000, 2003) (2004, 2008) (2009, 2016) —
Average 0.32 0.76 242

Hubei Stages (2000, 2005) (2006, 2008) (2009, 2016) —
Average 0.65 1.02 3.64

Guizhou Stages (2000, 2004) (2005, 2007) (2008, 2016) —
Average 0.21 0.47 243

Hunan Stages (2000, 2005) (2006, 2008) (2009, 2016) —
Average 0.59 1.10 3.41

Henan Stages (2000, 2003) (2004, 2006) (2007, 2016) —
Average 0.56 1.04 3.51

Anhui Stages (2000, 2005) (2006, 2008) (2009, 2016) —
Average 0.38 0.8l 3.12

Chongging Stages (2000, 2004) (2005, 2007) (2008, 2016) —
Average 0.440 0.70 2.66

Fujian Stages (2000, 2003) (2004, 2007) (2008, 2016) —
Average 0.37 0.65 1.81

Liaoning Stages (2000, 2003) (2004, 2006) (2007, 2016) —
Average 0.55 1.05 3.21

Tianjin Stages (2000, 2003) (2004, 2016) — —
Average 0.37 1.07

Heilongjiang Stages (2000, 2003) (2004, 2016) — —
Average 0.32 I.16

Jilin Stages (2000, 2005) (2006, 2016) — —
Average 0.25 0.85

Gansu Stages (2000, 2005) (2006, 2016) — —
Average 0.08 0.78

Neimenggu Stages (2000, 2004) (2005, 2016) — —
Average 0.11 0.53

Hainan Stages (2000, 2003) (2004, 2016) — —
Average 0.11 0.30

Xinjiang Stages (2000, 2003) (2004, 2016) — —
Average 0.10 0.36

Xizang Stages (2000, 2004) (2005, 2016) — —
Average 0.01 0.10

Ningxia Stages (2000, 2003) (2004, 2016) — —
Average 0.02 0.11

Qinghai Stages (2000, 2004) (2005, 2016) — —
Average 0.04 0.16

Note: The unit of the average value of tourist arrivals is 100 million. In some destinations’ lifecycle stage estimation, the year 2003 was included for the sake of continuity.
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Table 4. Cluster Analysis Results of the Stages in Destination Lifecycle.

Stages Number Region

Involvement -development -consolidation 3 Beijing, Shanghai, Guangdong

Involvement- development 4 Sichuan, Zhejiang, Shandong, Jiangsu

Exploration -involvement- development 14 Jiangxi, Hebei, Guangxi, Shaanxi, Yunnan, Shanxi, Hubei, Guizhou,
Hunan, Henan, Anhui, Chonggqing, Fujian, Liaoning

Exploration -Involvement 10 Tianjin, Jilin, Gansu, Heilongjiang, Neimenggu, Hainan, Xinjiang, Xizang,
Ningxia, Qinghai

Table 5. Estimation of Tourism Tax Amount for Each Lifecycle Stage (RMB 100 Million).

Optimal tax amount Exploration Involvement Development Consolidation
Guangdong 163.1 — 238.38 241.03 297.98
Beijing 241.72 — 173.99 295.11 241.12
Shanghai 116.79 — 101.1 110.85 165.36
Sichuan 50.33 — 24.1 80.24 —
Zhejiang 103.62 — 56.43 142.34 —
Shandong 85.63 — 64.9 123.1 —
Jiangsu 113.82 — 91.21 154.28 —
Henan 38.03 9.33 42.48 42.45 —
Hubei 36.79 30.04 46.65 52.68 —
Hunan 36.22 14.2 38.74 55.42 —
Anhui 24.28 16.92 26.55 36.9 —
Shaanxi 2991 22.18 29.29 38.58 —
Jiangxi 33.11 8.0l 4451 21.38 —
Hebei 68.75 13.32 84.66 90.37 —
Shanxi 20.41 10.8 24.06 37.38 —
Guizhou 69.48 28.19 79.31 64.24 —
Guangxi 24.76 26.11 34.25 34.39 —
Yunnan 61.95 25.35 63.94 64.27 —
Liaoning 58.09 52.14 67.35 78.49 —
Fujian 33.37 24.6 29 4556 —
Chonggqing 16.79 12.5 19.74 22.12 —
Tianjin 12.96 11.87 15.2 — —
Gansu 12.12 6.24 17.61 — —
Jilin 17.74 16.45 20.35 — —
Heilongjiang 16.14 14.53 20.19 — —
Neimenggu 19.47 4.55 22.1 — —
Xinjiang 17.7 10.9 30.1 — —
Hainan 17.86 19.56 24.33 — —
Qinghai 3.62 1.04 3.81 — —
Xizang 3.16 1.23 417 — —
Ningxia 5.04 1.93 5.46 — —

Table 6. Estimated Destination Lifecycle for Beijing.

Beijing Involvement Development Consolidation Optimal time (N_/2)
Period (2000, 2008) (2009, 2012) (2013, 2016) 2014
Acceleration rate of growth 0 + -

Velocity of growth + + +

years 2000-2008 (involvement stage), 2009-2012 (develop-  respectively. The fitted correlation coefficients for each stage
ment stage), and 2013-2016 (consolidation period), are 0.98, 0.89, and 0.97. The fitted regression lines in the
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Figure 3. Fitted trendline between the number of tourist
arrivals and estimated tourism tax: Beijing from 2000 to 2008.
Note: The dashed line is the regression line between the two variables,
indicating the overall evolutionary trend.
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Figure 4. Fitted trendline between the number of tourist
arrivals and estimated tourism tax: Beijing from 2009 to 2012.
Note: The dashed line is the regression line between the two variables,
indicating the overall evolutionary trend.

three figures show that the fit between tourism environmen-
tal tax and the number of tourists at each stage is high, indi-
cating that the evolutionary trend of tourism tax is generally

Figure 5. Fitted trendline between the number of tourist
arrivals and estimated tourism tax: Beijing from 2013 to 2016.
Note: The dashed line is the regression line between the two variables,
indicating the overall evolutionary trend.

consistent with the evolutionary trend of the tourism
lifecycle.

Overall, the estimated amount of tourism tax in Beijing
shows an upward trend, which was consistent with the over-
all trend of tourist arrivals. By 2012, the estimated tourism
tax reached its peak value of RMB 48.44 billion. Then
¢,, /2 would equal RMB 24.22 billion, and this value was
very close to the estimated tax amount for 2014. The year
2014 happened to be the critical time for tax intervention
with an estimated optimal tax amount of RMB24.17 billion.
Taking into consideration of a reasonable margin of error, the
two values (24.22 and 24.17) were close to each other. It can
be inferred that the curve of the destination lifecycle and the
curve of tourism taxes intersected in 2014, a critical time for
optimal tax intervention. The results suggest that by fitting
the predicted value of tourism tax in the evolution stages for
Beijing, the predicted tax amount is generally consistent with
the overall trend of its lifecycle evolution.

Jiangsu. As shown in Table 7, the province had grown from
the involvement (years 2000-2006) to the development
stages (years 2007-2016), with correlation coefficients
between tourism tax and tourist arrivals equaling 0.98 and
0.94 respectively. The trend of tourism tax evolution is basi-
cally consistent with that of the evolution of lifecycle stage
from involvement (years 2000-2006, Figure 6) to develop-
ment (2007-2016, Figure 7). For the study period, the esti-
mated tourism tax reached the highest value in 2016, which
is RMB 21.44 billion. Then ¢,, /2 would equal RMB10.72
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Table 7. Estimated Destination Lifecycle for Jiangsu Province.

Jiangsu Exploration Involvement Development Consolidation Optimal time (N /2)
Period - (2000, 2006) (2007, 2016) - 2008
Acceleration rate of growth 0 0 + -
Velocity of growth 0 + + -
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Figure 6. Fitted trendline between the number of tourist
arrivals and estimated tourism tax: Jiangsu from 2000 to 2006.
Note: The dashed line is the regression line between the two variables,
indicating the overall evolutionary trend.

billion. This value was highly close to the estimated tax
amount of the year 2008, which is RMB11.38 billion. The
two values could be considered approximately equivalent.
Therefore, it can be concluded that the curve of the destina-
tion lifecycle and the curve of tourism tax intersected in
2008, which was the critical time for optimal tax intervention
for Jiangsu.

The above analysis suggests that the predicted tourism
taxes are generally consistent with the evolution of the desti-
nations’ lifecycle, confirming the validity of our proposed
model. Nevertheless, it should be noted that the optimal
amount of tourism tax is a theoretical value, and the actual
amount of tax in practice may fluctuate with the optimal value.

Discussion and Conclusion

The present study proposes a dynamic model that helps to
quantify the optimal tax amount for the sustainable tourism
development of a destination. The model considers both the
tax amount and the timing of taxation based on the destina-
tion lifecycle and offers practical implications for destination
management.

Figure 7. Fitted trendline between the number of tourist
arrivals and estimated tourism tax: Jiangsu from 2007 to 2016.
Note: The dashed line is the regression line between the two variables,
indicating the overall evolutionary trend.

This study contributes to the tourism literature by incor-
porating the concepts of destination lifecycle into modeling
tourism tax. We establish a coupled-evolution model of both
tourism lifecycle and tourism tax curves based on the shared
research indicators (the number of tourist arrivals). As illus-
trated in Figure 1. The point of intersection of the two curves
(i.e., Point A in Figure 1) is a critical point in time. Before
this time point (Z,), the destination is in a growth stage and
the social-ecological system is kept in relatively good condi-
tions that are capable of self-sustaining. After this time point,
the development of tourism exceeds the destination’s carry-
ing capacity. We provide the mathematical models for esti-
mating the timing of the intersection point A and the
corresponding tax amount, thus extending the research on
destination lifecycle (Butler 1980; Oreja Rodriguez, Parra-
Lopez, and Yanes-Estévez 2008; Toh, Khan, and Koh 2001).
Specifically, we incorporate tourism tax as an important
parameter into the RCK model, and solves the problem of
maximizing the benefits of each stakeholder in the tourism
environment under the tourism tax policy by incorporating
the changes in the number of tourist arrivals at different
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stages in the lifecycle of the destination into the production
function of the tourism sector. Therefore under the dynamic
optimal tourism tax policy, we ensure all stakeholders will
benefit from the tourism activities at the destination from a
long-term sustainable perspective.

This study further extends the line of research on tourism
tax (Heffer-Flaata, Voltes-Dorta, and Suau-Sanchez 2021,
Palmer and Riera 2003; Schubert and Schamel 2020), by
highlighting that tourism taxation needs to dynamically
interact with other constituents of the destination system,
that is, the level of tax needs to adapt to the changes in the
tourism system at different stages as the system evolves.
Unlike most of the prior studies that adopt static methods for
researching tourism taxation, we introduced a dynamic
model that incorporates the two dimensions of changes in
time and space, based on a synthesis of two theoretical bases,
that is, the systems thinking and the lifecycle of the tourism
area. Our proposed model addresses two key tax policy
issues for the sustainable development of a destination, that
is, the point in time and the optimal amount of tourism tax.
Specifically, to determine the point in time, we analyze the
intersection point between the lifecycle curve of the destina-
tion and the tourism tax curve. Based on the changes in the
number of tourist arrivals in different stages of the lifecycle
evolution of the tourist destination, we can determine the
intersection point of the two curves where the tourism tax is
levied at the optimal level, which ensures that the social-
ecological environment of the tourism area is in a good con-
dition, while the tourism resources can be effectively used
without exceeding the destination’s carrying capacity.

The essence of a tourism tax model is to factor in the neg-
ative externalities as a cost of the production function so that
the behaviors of the tourism service producers and consum-
ers are adjusted to reduce negative externalities (Palmer and
Riera 2003). By formulating tax as a cost in the production
function, the optimal tax estimated is a volume that could
simultaneously maximize the total output of the tourism
industry and maintain the social-ecological integrity of the
destination.

The study offers practical implications for destination
policymakers. To maintain the sustainable development of
tourist destinations, policymakers should decide the timing
and amount of tourism tax at different stages of the destina-
tion lifecycle evolution through estimating the dynamic opti-
mal threshold of the tourism tax using our proposed model.
Economic modelers and destination policymakers should
consider tourism tax as an endogenous variable in managing
the sustainable development of a destination.

Tourism tax can play a significant role in reducing demand
and improving carrying capacity if it is designed and applied
properly (Dwyer et al. 2013; Heffer-Flaata, Voltes-Dorta,
and Suau-Sanchez 2021; Leo6n, Hernandez, and Gonzalez
2007). However, taxation is not the only approach to rectify-
ing the damages caused by tourism development.
Policymakers may need to set up regulations or standards

and stakeholders must be committed to taking sustainability
actions, for example, the use of green technologies, volun-
tary carbon offsetting, and energy-saving schemes (Zhang
and Zhang 2018).

The world is currently facing a global coronavirus (Covid-
19) pandemic, which is an unprecedented, unpredictable but
major perturbation to the social-ecological system. In such a
dire environment, the importance of adopting the dynamic
taxation model becomes highly prominent, not only for the
tourism industry but also for the economy as a whole. Based
on our model, the tourism tax at the current stage must match
the drastic decline in the number of tourists. Thus, not only
should there be no tax for the industry, there should be tax
rebates and bailout funds in place to help the industry to sur-
vive the harsh time and recover when it is over. It is expected
that the outbreak of a large-scale crisis such as the Covid-19
pandemic will not interrupt the long-term cyclical develop-
ment trend of the world tourism industry. Tourism taxes must
also evolve with short-term derails as well as the long-term
cycle of the tourism industry.

The focus of the present study is to determine the optimal
tax amount at an aggregate level. This is an important but
only one of the many factors that need to be coordinated to
ensure that the tourism taxes contribute to the sustainable
development of the destination. For example, how the aggre-
gate tax amount can be allocated to enhance social welfare
and ecological conservation is a topic that deserves further
investigation. Moreover, the actual taxation policy is often
the result of a political bargaining process involving various
interest groups (Sheng and Tsui 2009). Future research may
explore to what extent the intended tax objectives can be
achieved, taking into consideration of different political sys-
tems and power relations of the stakeholders in a destination.
Additionally, future studies can improve the modeling of
tourism tax by accounting for other co-existing factors that
intervene with the tax system, such as the destination’s
resource management policies, the types of tourists and the
intensity of tourist usage of natural resources, the elasticity
of tourism demand, and the development in environmental
technology. Finally, future research may aim to develop a
model that provides an early warning mechanism that enables
the regulators to timely adjust their tourism tax policies.

Appendix A

Derivation of Formula 25

TR : Total revenue of tourism firms

TC : Input costs of tourism firms when conducting tourism
activities

MR : Marginal revenue

MC : Marginal cost

K, ,: Variable input factor

The firm’s profit is maximized when the following condi-
tions are met:
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It can be seen from the above:
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Thus, it can be obtained that the first-order condition for

maximizing the profit of tourism firms is: 7; =B(¥; / K, ,)

Appendix B

Derivation of Formula 26
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Appendix C

Coding used in R for the ridge regression analysis
## Ridge Regression

# install.packages(“glmnet”)

library(glmnet)x <- model.matrix(lny~.,tm[,-1])[,-1]
class(x)

y <- tm$lny

fit <- glmnet(x,y,alpha=0) # ridge regression
plot(fit,label =TRUE) # coefficient path
plot(fit,xvar="“lambda,”label=TRUE) # use lambda as
x-variable

fit

head(fit)

fit_data <- print(fit)

head(fit_data,3)

tail(fit_data,3)

coef(fit) # Coefficient matrix for different values of lambda
dim(coef{(fit))

coef(fit)[,50] # Coefficients associated with the 50th
lambda

coef(fit,s=0.1) # Coefticients for lambda=0.1

##Find the optimal solution

set.seed(1)

cvfit <- cv.glmnet(x,y,alpha=0)

plot(cvfit) # CV along with upper and lower standard devia-
tion curves

cvfit§lambda.min # lambda.min that minimizes CV
cvfit§lambda.1se # the most regularized model such that
error is within one standard error of the minimum
coef(cvfit, s=“lambda.min”)
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