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ABSTRACT

The visitor education programmes are the most effective and light handed management strategies to address the
visitation-related resource and culture impacts in the protected areas. The triple-parameters stochastic dynamics of
ecological tourism systemis proposed to study the efficacy of the visitor education intervention. The model assumes
that the intrinsic increasing rate of stakeholders, the immigration rate of stakeholders outside the system, the
emigration rate of stakeholders from the inner system are both stochastically perturbed by the visitor education
intervention. The simulations result shows that the ecological tourism system develops steadily and sustainably,
when employing effective visitor education intervention programmes.
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INTRODUCTION

The fast expanding visitation to some protectedsne China severely challenges the protectioh@®nvironment
and precious natural resource, cultural resourdesacial conditions. In the peak of tourist seasolgt of scenic
spots are in a state of overload reception .Thil rigrease of scenic tourist causes congestiomagement and
service quality drop, potential safety hazard artsstanding, a sharp increase in carbon dioxide ®artis serious
environmental damage [1]. United state was alsinfathe same situation in 1970s, and the land nensagf

protected area managers, tourism providers and stileeholders commonly employ regulations, siteagament to
address resource and social impacts by fast expgrdiitation [2]. Visitor education is designedpersuade visitors
to adopt low-impact practices. And it is considesednore appropriate, light-handed and indirect rgameent

response to reduce resource impacts or improv@rexperiences [3]. And many visitor educationggeznmes such
as Leave No Trace, Code of conduct, Environmentatéines for Tourists have already been applymgniany

countries [4]. Many researches has being done inabkb Australia, Canada, including discussions afcaton

messages content, delivery, audience charactergstid theoretical grounding, the efficacy of ediocat efforts and
so on [5-6].

However, the most of researches in references factugxperiential results based on some visitor afilut
interventional experiment data. Few researchezd to construct mathematical model to describelyin@mics of the
tourism system under visitor education. The ecalalgiourism system contains all the natural ressurcluding air,
rocks, mountains ,soils, trees, wildlife, etc. aildthe stakeholders in visitation destination. Tiakeholders in
ecotourism destinations can't survive without tbpport from one another, and they must unite togaufation in a
certain space [7]. It is valuable to analysis tlypaic property of the ecological tourism systendemthe visitor
educational intervention. Wei,D. and Wen,S. prodase ordinary differential equation and stochaBiymamics to
study the efficacy of the visitor education intartien [8]. Their model only considered one stocitagarameter
perturbed by visitor education intervention. Intfdlce simulation results of their model show tigtem is unstable or
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chaos at some small interval time. It is valuabje¢d propose a model to study whether the sysemagoid the chaos
situation or not. This paper assumes triple-pararseif the system are perturbed by visitor educatitervention.

The Triple-Parameter s Stochastic Dynamics of Ecological Tourism System

x(t) is defined as stakeholders in an ecological tausgstem at timet. Stakeholders in the ecological system can
move into the system freely. And stakeholders &ave the system freely when they finished theiivitiets or
business. Firstly, it is necessary to propose thenary differential equation of ecological tourismithout visitor
educational intervention

dx 1

E—x(a+,8—y—;x> (2)
where the parametets is the intrinsic increasing rate of stakeholdeithiw the ecological tourism system. The
parameter is the immigration rate of stakeholders from algsdf the system. The paramejeis the emigration
rate of stakeholders from the inner system. Thamater K is the maximum carrying capacity of the ecological
tourism system.

It is not difficult to prove that the solution ofjiation (1) cannot avoid explosion when giving éaigjtial valuex,.
The population of stakeholder(t) must be positive value on time> 0. Wei,D. and Wen,S. in 2013 obtained the
solution of Equation (1) as following

a+pf -y

x(t) = 1 1
_?"‘ e~ (@B (g + B —y— fxo)/xo

where the parameters af 8,y € (0,1), K € R*. But it is a local the solution, becaugg) explodego infinity when
t—>T

1 —x %o

l
I (a-i-ﬁ—y—%xo)
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In another words, the solution of Equation {}) explodes to infinity in a finite tim&. It means that the ecological
tourism system is unstable and collapse easily. [®bal solution of Equation (1y(t) shows that the ecological
tourism system without visitor education cannotedep sustainably. The following simulation can shibw result
clearly.Fig.1 shows that the ordinary differenggjuation of ecological tourism system without wsieducational
intervention explodes at different time with diffet parameters. Table.1 shows the explosion tintieeo$olutions of
Equation (1) when the parameters are different.

Table.1 The solution explosion time t with different parameters

Xg a B y K Explosion timet
30 0.15 0.12 0.08 1000 8.90
40 0.12 0.05 0.07 1500 9.95
50 0.14 0.08 0.06 1200 7.89

Because the ecological tourism system without atgr¥ention is unstable, it is necessary to fireliost effective
way to suppress the explosion of the system. ds@imed that the ecological tourism system intexvday visitor
education. The intrinsic increasing rate of stakedws within the ecological tourism system is ststftally
perturbed with

a - a+ecw(t)

Hence, the stochastic dynamics of ecological toursg/stem with one stochastic parameter can be eered
following

dx=x(a+,8—y—%x) dt + ex*dw(t) @)

Wei,D. and Wen,S. in 2013 proved that the stocbalgthamics of ecological tourism system can eféetyi suppress
the explosion of the solution of Equation (1) ifiréte time with any initial valuex,. So the ecological tourism system
visitor education programme can be more stable, aadl profitable. Model (2) never explodes at amg twith same
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parameters shown in Fig.1.
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Fig.1 The smulations of Modd (1) and Model (2) with different parameters

It is clearly to see that Model (2) can effectivelyppress the explosion of the system (1), busyseem (2) is still
unstable or chaos at some small interval time. jdek value of stakeholdergt) is larger than the maximum
capacity. Although the peak value returns to norimal short time, it is obvious to see that sys(@jris improper to
describe the system at sometime. Hence it is viduatimprove Model (2) to avoid the chaos situatibhe stochastic
dynamics of ecological tourism system (2) only asad the intrinsic increasing rate of stakeholdestdchastically
perturbed by the visitor education interventionfdct, the immigration rate of stakeholders fronsaie of the system
and the emigration rate of stakeholders from theiiisystem are also stochastically perturbed byi#itor education
intervention. Hence, the triple-parameters stoatelt dynamics of ecological tourism system ispwsed to study
the efficacy of the visitor educational programmBse immigration rate of stakeholdefsmay be larger than the
acceptable level without visitor education. Afidstochastically fluctuates from time to timg. can be considered
as a Brownian Movement. Meanwhile, the emigratiate of stakeholderg may be lower than acceptable level
without visitor education. The immigration ratestbkeholdery also fluctuates according to the effects of visito
education interventiop. can be also considered as a Brownian Movement.

Hence, it can suppose that the parameterg, y are both stochastically perturbed with
a - a+ew(t),f - B+ ew,(t),y -+ ews(b).

€1, &, &5 are the intervention level of the intrinsic incsiy rate of stakeholders, the immigration ratstakeholders
from outside of the system, the emigration ratstakeholders from the inner system induced byorsgtiucation
respectively.w,, w,, w5 are the Brownian movements. These Brownian moveg@ncause the intrinsic increasing
rate of stakeholders, the immigration rate of dtakders from outside of the system, the emigratiate of
stakeholders from the inner system change stocladigti

Then the triple-parameters stochastic dynamics coflogiical tourism system perturbed by visitor ediocel
intervention can be described as following

dx =x (a +p—vy-— %x) dt + x%(e,dw; (1) + e,dw, (1) + £3dw; (1)) (3)
RESULTSAND DISCUSSION

It is necessary to define a probability space. Wth same definition of the reference pagé,F, {F;}is0, P) is @
complete probability space with a filtratidtF, },»o . {F.}:»o Satisfies the usual condition that it is right ¢donbus.
F, contains all p-null sets [9;(t) # 0,(i = 1,---,3) is a multi-dimensional Brownian motion defined tre
proceeding probability space. The following twoules can be obtained by stochastic differentiabtiieand Doob’s
martingale convergence theorem [10 ].

Result 1: For any system parametersp,y, K € RT and any given initial value, € R*, if ¢, #0,(i =1,---,3)

then there is a unique valugt) to Equation (3) ort = 0 and the solution is positive with probability omamely
x(t) > 0 whent > 0 almost surely.
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It is useful to give the definition of stochastigaliltimately bounded. For any initial valug > 0, Equation (3) is
said to be stochastically ultimately bounded withbability one when the solution of Equation (3)t, x,) has the
property that

lim,_, infx(t,x,) >0 4)

The following result shows the condition of Equati{®) when it is stochastically ultimate bounded.

Result 2: If the coefficients of Equation (3) satisfy the diions as following

K <1/(g% + 5% +&52) (5)
Z—24a(e et e+ @+ )P0 (6)

then the solution of Equation (3]t, x,) is stochastically ultimate bounded with probabitine. Hence, given any
initial value x, € R*, if the conditions (5) and (6) are satisfied ,ttie® solution of Equation (3) has the property that

lim;_., supx(t, xg) < @)
Inequality (7) shows that the supremum of the smhubf Equation (3) is not infinite.

Result 1 shows that the stochastic dynamics obgaxdl tourism system (2) never explode with antiahvalue x,.
In another words, although there are large amoigitovs in public vocation, the visitation negatiirapacts in
protected areas will be minimizing by the high @ént low impact visitor education programmes. Re8shows
that the solution of Equation (3)(t) is varying in the interval oflim,_.inf x(t), lim,_, supx(t)]. Result 2 also
shows that the population of stakeholder undetarigducational can be retained in a safety inténtarvention.

The numerical solutions of Equation (3) with difat parameters can be obtained by Euler-Maruyanthang11].
The following simulation data and figures can pntske Model (3) has some improvements comparirt Miodel
(2). Result 1 shows that there is unique positigkiteon of Equation (3). Result 2 shows that théutson of
Equation (3) is not infinite. In another words, thelution of Equation (3) never explode. The sirtiata data
confirms that the two results are true. Fig. 2 shakat Model (3) can also effectively suppresseékplosion of
Model (1) with same parameters. It is necessanyite definition of the chaos situation as followinfthe peak
value of visitors and other stakeholders is overrtiaximum capacity of ecological tourism systers, ghistem is
under chaos situation. In fact, the stochastic ohyos of ecological tourism system (2) cannot avaidne chaos
situations. For example, Figure 2 shows that Md@¢lhas five times of chaos situation when= 0.25,8 =
0.09,y =0.06 ,K =1000,x, =900 . Table.2 shows that the five chaos situations appeat
t =12,13,14,4728,4729 and peak value of stakeholders are 1054, 1058,1078,1136. Table.2 also shows that
Model (2) has 2 times of chaos situation when= 30. And 2 times of chaos situation appear whgn= 800.
The similar results Table.3 can be seen from when 0.15,8 = 0.07,y = 0.04 ,K = 1000. Table.1 and Table.2
show that chaos situations is getting larger whearglarger initial valuex,.

Fortunately, Model (3) can keep the peak valueisitars and other stakeholders under the maximupaaty of
ecological tourism system comparing with Model (2)another words, Model (3) can effectively avthe chaos
situations. For example, it is interesting to e the chaos situations disappear in model asrsioWwig.2. In fact,
Model (3) can reduce the times of chaos situatibviausly. Table.2 shows that none chaos situatapyzear in
Model (3) with the same parameters 0.25,8 = 0.09,y = 0.06 ,K = 1000, x, = 900. And Table.3 also shows
none chaos situations appear in Model (3) withplsameterse = 0.15,8 = 0.07,y = 0.04 ,K = 1000.
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Fig.2 The smulations of Modd (2) and Model (3), when ¢ =0.25,8=10.09,y =0.06 ,K = 1000,x, = 900

It is no difficult to find from the simulations, &h Model (2) is not stable in some chaotic situatieo it is
necessary to develop a more stable model. Compaitthgviodel (2), Model (3) assumes that three pastams are
perturbed by continuous visitor educational intetien. Model (3) can keep the property of Model {Bat is
avoiding the explosion of the solution. Furthermdviodel (3) has much more stable properties as shavihe
simulations. Model (3) can catch the propertiest thffiective continuous visitor educational intertien is
affecting all the parameters of the ecological ismar system. But Model (2) only consider one paramét
intervened by the visitor education. Hence, in ottdekeep the ecological tourism system develogingtainably,
the governments and parks managers should trytivia all of the stakeholders including the visdatproduct
sellers group and the special interest group, etdhe visitor education programmes. Because fasitakeholders
should finish their visitation related activitieermally and orderly. In that case the ecologicafigm system can
develop sustainably.

Table.2 the over maximum capacity of ecological tourism system times (x(t) > 1000)

a=0.25,=0.09,y =0.06 ,K =1000
Model (2) Model (3)
Xg t x(t) Over maximum points
4728 1075 .
30 4729 1336 2 points
14 1030
800 4728 1075 3 points
4729 1336 No over maximum capacity points
12 1054
13 1058
900 14 1144 5 points
4728 1075
4729 1336
Table.3 the over maximum capacity of ecological tourism system times (x(t) > 1000)
a=0.15,8=0.07,y =0.04 ,K = 1000
Model (2) Model (3)
Xo t x(t) Over maximum points
30 No points
850 14 1017 1 points No over maximum capacity points
950 ﬁ ﬂf? 2 points
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CONCLUSION

The stochastic dynamics of ecological tourism sys{@) is not stable in some chaotic situation. Hertbe
triple-parameters stochastically dynamics of edal@gourism system is proposed to improve thegrerince of
the system. the theoretical results show that thetiens of the triple-parameters stochastic dyanoif ecological
tourism system is varying in a finite interval. Thanulations of the triple-parameters stochastioadyics of
ecological tourism system shows that the populatiminthe system retain in an acceptable levek #asy to find
from the simulations that the triple-parameterslséstic dynamics of ecological tourism system denost get rid
of the chaos situations. So the triple-paramettrshastic dynamics can describe the ecologicaligousystem
with visitor education intervention much better nhsystem (2). It can conclude that ecological smrisystem
with visitor education intervention can developtausably. In another words, the visitor educationgpammes
can keep sustainable opportunities for high qualigjtor experiences while avoiding or minimizingsaciated
negative impacts to protected area resources gththere is very large amount of tourists in a stiore.
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