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Economy, Ecology, and Social Welfare:A Win-Win
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Summary

The development of tourism can lead to economic growth, but excessive develop-
ment can cause ecological and social issues.This paper analyzes the situation of tourism
in Juneau, Alaska, and formulates an optimization model, by which we draw the optimal
development strategy, provide policy suggestions and applications in other scenarios.

For Problem 1, we devised an optimization strategy for Juneau’s tourism industry,
balancing economic profit and implicit costs. Using a Multi-objective Nonlinear Pro-
gramming Model based on Contingent Valuation Method(CVM) and Particle Swarm
Optimization(PSO) Algorithm, we converted implicit costs to dollars, forming a total
social utility function. This function served as our objective, with daily tourist numbers,
government investment, project funding ratios, and tourist taxes as decision variables.
Our model yielded optimal values, leading to three policy suggestions: capping peak-
season daily tourists at 13,993, attracting 1,035 tourists daily in the off-season, and in-
vesting $92,310.46 daily in environmental and social infrastructure at a 54.33:45.67 ratio.
Sensitivity analysis confirmed model stability, highlighting peak-season tourist limits as
the key policy.

For problem 2, Jiuzhaigou in China is selected to verify the adaptability of the model.
According to its characteristics like the number of tourists per day, relevant parameters
are adjusted. It is concluded that the development of tourism in Jiuzhaigou area does
not need to directly limit the number of tourists in the peak season, but should take
appropriate government investment as a more important policy. Subsequently, the re-
sults are compared and analyzed based on the different characteristics between the two
regions. Finally, to publicize less popular scenic spot, one effective way can be increasing
the government’s off-season expenditure to improve its attractiveness.

For problem 3, the optimal values of the decision variables in problem 1 are provided
to the Tourist Council of Juneau as forecast data, and policy suggestions are provided
from the perspective of tourist quantity restriction, government investment in environ-
mental and social construction, and government taxation on tourists, among which the
first policy is considered the most critical measure.

The model of this paper draws on the idea of CVM, enabling a more precise unification
of previously ambiguous variables, and the robustness of the model results proves the ra-
tionality of this method, which is a highlight. Additionally, the model is comprehensive,
adaptable, and has significant policy application value.

Keywords: Sustainable tourism; CVM; Multi-objective nonlinear programming
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1 Introduction

1.1 Problem Background

As the capital of Alaska, Juneau attracts numerous tourists from far and wide every
year with its breathtaking natural resources and mature tourism industries. However,
given the current situation, it is paramount to properly manage the relationships of the
local tourism industry, economy, society as well as ecology.

On one hand, the influx of tourists can increase local economic revenues, thereby sup-
porting the government to improve people’s livelihoods and protect the environment. On
the other hand, the overload of the tourism industry can result in environmental issues
such as increases in carbon emissions, causing severe damage to local natural resources.
Moreover, an excessive number of visitors can put pressure on local infrastructure, affect-
ing the well-being of residents.

How to address these hidden costs is the key to promoting the sustainable develop-
ment of Juneau’s tourism industry, and we must achieve this delicate balance through
means such as adjusting the number of tourists and rationally allocating economic rev-
enues.

(a) (b)

Figure 1: Map and scenery of Juneau[1][2]

1.2 Restatement of the Problem

Considering the background information and restricted conditions identified in the
problem statement, we will specifically carry out the following tasks:

• Establish a mathematical model to depict the tourism development of Juneau. The
optimized factors together with constraint factors should be clearly clarified.
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• Incorporate a strategy for allocating any extra revenue generated and illustrate how
these expenditures are reinvested to foster sustainable tourism practices.

• Conduct a sensitivity analysis of our model, and deliberate on the significance of
various factors.

• Extend the model established above to analyze another resort troubled by over-
tourism, which could prove that it is applicable in various places of interest. Based
upon the above evaluation, make a comprehensive judgment that how the selection
of location influences the significance of different factors.

• Utilize our model to advocate for attractions that are less frequented by tourists,
cultivating a more balanced distribution of visitors.

• Provide the tourist council of Juneau with a refined memorandum, which illumi-
nates the prediction and suggests proper measures to optimize the overall welfare.

1.3 Our Work

To avoid complicated description and intuitively reflect our work process, the flow
chart is shown as the following Figure 2.

Figure 2: Overview of our work
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2 Model Preparations

2.1 Assumptions and Justifications

• Assumption 1: External disturbance such as pandemic, wars, and famines can be
neglected, so that the local optimal of the study is the global optimum.

Justification : Despite the impressive COVID-19 pandemic, given the need for sim-
plification, we believe that the effect of these external factors can be ignored during
the study period. In this case, the single-day conclusions are reproducible, resulting
in a globally optimal solution.

• Assumption 2: The assessment of a period can be discretized into a single day for
further analysis.

Justification : Some variables are considered as lump sum payments, on such oc-
casions, we employ the fundamental assumptions of accounting and related treat-
ments to amortize them into each unit of time during their normal operation.

• Assumption 3: Policy adjustments can sufficiently influence the corresponding
variables, affecting the eventual outcome.

Justification : The tax ratio, price of scenic spot tickets, and quota for purchasing
alcoholic beverages are all directly affected by the government’s macro policies.

• Assumption 4: The ecosystem has a conditioned ability to recover and has been
in the state of recovery in this study.

Justification : We need to investigate the correlation between environmental re-
silience and tourist number, so this assumption is necessary,which is in line with
the actual situation of Juneau .

• Assumption 5: We judge the reasonable policies that should be adopted in 2025
by estimating the situation of that year. For subsequent years, the corresponding
correct results can be obtained by changing the data input.

Justification : The statistics like the population and unemployment rate of Juneau
will change over time. Here we take the situation in 2025 as a research example to
make full use of the collected data.

• Assumption 6: The government had not taken effective flow restriction measures
before our research.

Justification : We believe the consulted data reflects Juneau City’s natural passenger
flow, ignoring policy restrictions on passenger flow to simplify the model. In fact,
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the data shows the Juneau City government doesn’t have obvious measures to limit
tourists, so the assumption is reasonable.

2.2 Notations

Table 1: Notations

Symbol Description
U Total social utility
P Total economic profits

Pnormal Profits generated by the main business under normal circumstances
Pextra Other tourism-related revenues and expenditures
E Environmental level based on CVM
E0 Acceptable minimum environmental level based on CVM
S Social well-being level based on CVM
S0 Acceptable minimum social well-being level based on CVM
N The number of visitors in Juneau of the day

I
The amortized value of the total amount of government investment

in existing public infrastructure of the day

p
The profit brought by per capita consumption

under the normal main business of the day
t Date number for the study time period

• Some variables are not listed. Their specific meanings will be introduced below.

2.3 Basic components of sustainable tourism

The basic components of sustainable tourism are shown in Figure 3.

3 Model Design

3.1 Preprocessing

We plan to design a multi-objective nonlinear programming model based on compre-
hensive fuzzy evaluation. In this case, we need to achieve the following multi-objective
planning: 

max Profits

min Environmental cost

min Social cost





m
m
m
m
m
m
m

m
m
m
m
m
m

m
m
m

m

m

m
m
m
m
m
m
m

m

m

m
m
m

m
m

m

m
m

m

m

m

m
m
m

m

m

m
m

m
m

m

m
m

m

m
m
m

m

m

m
m
m

m

m
m
m
m
m

m
m
m

m
m

m
m

m

m

m
m
m

m

m

m
m
m

m

m

m
m

m
m

m

m

m
m

m

m
m
m

m

m

m

m

m

m
m
m

m

m

m

m

m
m
m
m
m
m
m

m

m

m

m

m

m

m

m

m

m

m

m
m
m
m
m
m
m

m
m

m

m

m

m

m

m

m
m

m
m
m
m

m
m
m

m

m

m

m
m

m

m
m

m

m

m
m

m
m

m

m
m

m
m

m

m

m
m
m

m

m
m

m

m

m
m

m
m
m
m

m

m

m

m
m
m
m
m

m
m
m
m

m

m

m

m

m

m

m
m

m

m

m
m
m

m

m
m

m
m

m

m

m

m

m
m
m
m

m

m
m

m
m
m
m
m

m

m

m

m
m

m
m

m

m

m
m

m
m

m
m

m
m
m
m

m

m

m

m
m
m

m

m

m

m
m

m
m

m

m

m

m
m
m

m

m

m
m
m
m

m

m
m

m

m

m

m

m
m

m

m

m
m
m

m

m
m

m
m
m
m
m

m

m
m

m

m
m

m
m
m
m
m
m

m

m
m

m

m

m
m
m
m
m
m
m
m

m
m

m

m
m
m
m

m
m

m
m

m
m
m

m

m

m

m
m

m

m
m
m
m

m

m
m

m
m
m

m

m

m
m

m
m

m

m

m
m

m

m

m
m
m

m
m

m

m
m

m
m

m

m

m

m
m

m
m

m
m

m
m

m
m
m
m
m
m

m

m
m

m

m

m
m

m

m
m
m
m

m

m
m

m
m

m

m
m

m
m

m
m

m

m

m

m

m

m

m

m
m
m

m

m
m

m

m

m

m

m
m
m

m

m

m
m

m

m
m

m
m
m
m
m
m
m

m

m

m

m
m

m
m
m
m
m

m

m
m
m

m

m
m
m
m

m
m

m
m
m
m

m
m

m

m

m
m
m
m

m

m

m
m
m
m
m
m

m

m
m

m
m

m

m

m

m
m
m

m
m

m
m
m
m
m

m

m

m
m

m

m
m

m
m
m
m
m
m
m
m

m
m
m

m

m
m

m

m

m
m
m
m
m

m
m

m

m
m
m
m
m
m
m

m
m

m
m
m

m
m
m
m
m
m
m
m
m
m

m
m

m

m

m

m

m

m
m
m
m
m
m

m

m
m

m

m

m
m

m

m

m

m
m
m

m

m

m

m
m

m

m
m

m
m

m

m
m
m
m
m
m
m
m
m

m

m
m
m

m

m
m
m

m

m
m
m

m
m
m
m

m

m

m

m

m
m
m

m

m

m
m
m
m

m
m

m

m

m
m

m
m

m

m

m
m

m

m

m

m

m
m

m
m
m

m
m

m

m
m
m
m
m
m
m

m
m
m
m
m
m
m

m
m
m

m
m

m
m
m

m
m

m
m

m

关注数学模型

获取更多资讯

2

MATHmodels

Team # 2501687 Page 7 of 24

Consequently, what we plan to establish is the Multi-objective Nonlinear Program-
ming Model Based on Contingent Valuation Method(CVM) and Particle Swarm Opti-
mization(PSO) Algorithm.Apparently, we have two constraints:{

E ≥ E0

S ≥ S0

3.2 Total Economic Profits Section

As previously mentioned, P equals the sum of Pnormal and Pextra. Among them, Pnormal

can be expressed as the daily number of tourists multiplied by the profit they bring to
Juneau city through their consumption, and Pextra can be represented as the value ob-
tained by subtracting I from the impact caused by policy control.

Pnormal =
365∑
t=1

N(t)p

Pextra =
365∑
t=1

(f(t)− I(t))

Here we suppose that one year consists of 365 days. The following calculations all
make use of the hypothesis. And given the official statistics, we define t=1,...,120,271,...,365
as off-season,and t=121,...,270 as peak season,

Based on our former assumption, Juneau has not implemented notably effective re-
strictions on the number of tourists. Therefore, it can be assumed that the number of
tourists conforms to a natural distribution, which is only related to time t.

Statistical data indicates that Juneau experiences a significant influx of visitors during
the summer and less visitors during the winter. Thus, it is reasonable to hypothesize that
the distribution of tourist numbers over time in Juneau can be described using a cosine
function.In case there are too few visitors in winter to be taken into consideration, we
specifically set 0 as a baseline.

N0(t) = max{− A cos

(
2π

365
t

)
+B, 0}. A,B > 0, t = 1, 2, ..., 365

A simple inspection is as follows: When t=0, which corresponds to the beginning of
January in winter, the number of tourists in the image is quite small, while when t=180,
whose corresponding season is summer, the relevant number is relatively large. There-
fore, it can be preliminary judged that the establishment of this model is reliable.
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Then we will introduce the policy of restricting the number of tourists. In the off-peak
season, we hope to increase the number of tourists by increasing the intensity of publicity,
etc., and in the peak season, we reduce the number of tourists by limiting the number of
cruise ships, etc.

The adjusted expression for N(t) should be:

N(t) =

{
min{N0(t), c1} t = 121, ..., 270

max{N0(t), c2} t = 1, ..., 120, 271, ..., 365

(a) Natural distribution (b) Distribution affected by policy

Figure 4: Distribution of tourists in one year under different circumstances

Due to the prohibitive computational cost of summing discrete variables, given the
extremely dense nature of the dataset, we have opted to treat the calculation process as
continuous. In addition, the vast majority of travelers to Alaska pass through Juneau.
Based on this observation, we simplified the data processing[4] and derived the following
system of equations (∆t = 1 day) :

270∑
t=121

N0(t)∆t ≈
∫ 220

121

N0(t)dt = 1669500

120∑
t=1

N0(t)∆t+
366∑

t=211

N0(t)∆t ≈
∫ 120

1

N0(t)dt+

∫ 365

211

N0(t)dt = 398000

After programming operation, we successfully acquire the solution:{
A = 16822

B = 5514

It can be considered that the financial profit f(t) and N0 are positively correlated, as we
can reduce the number of tourists by taxation in the peak season, and attract tourists by
increasing investment in tourism projects in the off-season. Therefore, f(t) is positive in
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the peak season, and negative in the off-season. Aware that government policies remain
stable in the short term, it is reasonable to simplify f(t) as a cosine function:

f(t) = −x1 − x2

2
cos

(
2π

365
t

)
+

x1 + x2

2

x1 is the function’s peak value while x2 is its trough value(x2≤ 0).

3.3 Environmental Level Section

Similar to the analysis of economic profits, we divide the assessment of environmental
levels into three main aspects: the human impact, self-recovery ability of ecosystem, and
government investment in environmental protection, namely E1, E2, and E3.

3.3.1 Human Impact

Human activities are closely intertwined with the environment, thereby causing count-
less transformations in it. We will focus on discussing the negative aspects, which occupy
a dominant position and have diverse pathways as shown in Figure 5.

Figure 5: Negative influences of tourism on nature

This article will emphasize carbon footprint, a factor that has an apparent interven-
tion on the global environment and is easy to quantify. According to the data we have
collected, the carbon emissions of each tourist per day in the natural scenic area e are ap-
proximately 66.13 kg[5], and the cost to process each ton of carbon emissions is around
190 US dollars[6] (SCC, i.e. Social Cost of Carbon=190$/ton). So we can describe the
damage upon nature from human behaviors as:

−E1 =
365∑
t=1

N(t)× e× SCC = 12564.7×
365∑
t=1

N(t)
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3.3.2 Self-Recovery Ability of Ecosystem

This part measures the impact of human activities on the environment in terms of
the ecosystem’s self-recovery capability, which is crucial for the final assessment. Here,
we use the Ecosystem Resilience Index (ERI)[7] to depict it. If ERImax represents the
maximum resilience in the absence of human disturbance, and β represents the negative
impact coefficient of tourist numbers on resilience, the following formula can summarize
the relationship between ERI and N(t):

ERI =
365∑
t=1

1

1 + βN(t)
× ERImax

3.3.3 Government Investment

To make the analysis more detailed, we first divide I into environmental and social
aspects, namely I1 and I2, corresponding to different proportions. Such division can be
expressed as:I1 = γ1I, I2 = γ2I .

γ1and γ2 are coefficients, and γ1 + γ2 =1.

With increased investment, the returns initially increase rapidly, then the growth rate
slows down, and eventually reaches a constant value, denoted as Γ1m. Therefore, here we
can employ the Logistic Model:

dΓ1

d (γ1I)
= α1

(
1− Γ1

Γ1m

)
Γ1, Γ1(I10) = Γ10

α1 is a coefficient for evaluation. The solution is:

Γ1(I) =
Γ1m

1 +
(

Γ1m

Γ10
− 1

)
e−α1(γ1I−I10)

The Contingent Valuation Method (CVM) is an environmental valuation technique
that, in a hypothetical market scenario, directly surveys and inquires about people’s max-
imum willingness to pay (WTP) for environmental improvements or their minimum
willingness to accept (WTA) compensation for environmental losses. Here we utilize
reasonable estimation of magnitude to substitute survey. Since all the above indicators
can be equivalently regarded as money, in accordance with the theory of CVM, we can
define E2 as the yearly sum of ERI , and define E3 as the yearly sum of Γ. Additionally,
that’s why the three factors can be added together directly:

E =
365∑
t=1

(−12564.7×N(t) +
1

1 + βN(t)
× ERImax +

Γ1m

1 +
(

Γm

Γ0
− 1

)
e−α1(γ1I−I10)

)
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3.4 Social Welfare Section

3.4.1 Positive Impact

The positive impact of tourism on residents is mainly reflected in economic growth,
which can be simply divided into two parts. The overall income growth of residents
has already been accounted for in P and will not be repeated here. Comparatively, the
promotion of employment is the focus of this part.

For the convenience of data processing, we believe that the median and the mean are
not significantly different and can be used interchangeably. If we define its value as S1, the
population of Juneau as pop, the growth rate of unemployment as η, the median of Juneau
citizens’ yearly income as Med, and the inflation rate as π, then S1 can be calculated by
the following equation:

S1 = pop× (−η)× Med

365
× 1

1 + π
× 365

We base our analysis on the recent population and median personal income data of
Juneau[8][9][10], and perform a linear regression fit to obtain the following results:

(a) (b)

Figure 6: Linear regression analysis of the population and median income in Juneau

Due to the immediacy of policy promulgation, we use the forecast data for 2025 here.
At this time, the corresponding population is 33460, and the median income is 47401 $/
year.

The estimation of the unemployment rate growth utilized the ARIMA (p, d, q) model.
Firstly, by calculating the autocorrelation function graph and the partial autocorrelation
function graph of the data from January 2023 to December 2023, it is concluded that d =
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0. Then, by circulating the network search for the values of p and q and using the BIC
criterion, it is calculated that p = 0 and q = 1.

(a) (b)

Figure 7: ARIMA(d,p,q) analysis

Finally, using the ARIMA (0, 0, 1) model for prediction, it is concluded that the unem-
ployment rate in January 2025 is 3.4%, and the calculated growth rate of the unemploy-
ment rate is -0.004.

After careful investigation, we find that π is approximately 0.02[11]. Substitute all the
data and get S1= 7774865 $.

3.4.2 Negative Impact

Tourism has a variety of adverse effects on residents, as shown in Figure 8.

Figure 8: Negative influences of tourism on local residents

Owing to the abundance of negative factors that makes it hard to quantify, we treat
them altogether as a fuzzy function named negative. After fundamental processing, we
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use the fuzzy statistical method to reasonably estimate its specific value, which S2 is
defined as.

What is worth noting is that it is necessary to determine the coefficients β1 and β2

corresponding to the linear addition of S1 and S2. Therefore, we searched for a 2023
tourism report in Juneau and learned about the general attitude of residents towards
tourism, as shown in Figure 9.

(a) Initial survey (b) Further survey towards residents
who chose "Both"

Figure 9: Result of the survey

For the sake of convenience, we set β2 as 1, and neglect the proportion of people choos-
ing other answers, consequently:

β1 =
31% + 46%× 38%

11% + 46%× 25%
= 2.155

3.4.3 Government Investment

Similar to 3.3.3, where definitions as well as clarifications can be found, here we utilize
the Logistic Model.

The solution is:
Γ2(I) =

Γ2m

1 +
(

Γ2m

Γ20
− 1

)
e−α2(γ2I−I20)

Likewise, given the theory of CVM,S3 can be described as
∑365

t=1 Γ2(I),and:

S =
365∑
t=1

(β1 ×
7774865

365
+ β2 × negative+

Γ2m

1 +
(

Γ2m

Γ20
− 1

)
e−α2(γ2I−I20)

).
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3.5 The Model Results

In summary, U can be expressed as:

U = Pnormal + Pextra + E1 + E2 + E3 + S1 + S2 + S3

=
365∑
t=1

[N(t)× p+ (f(t)− I(t))

−N(t)× e× SCC +
1

1 + βN(t)
× ERImax +

Γm

1 +
(

Γm

Γ0
− 1

)
e−α1(γ1I−I10)

+ pop× (−η)× Med

365
× 1

1 + π
+ negative+

Γ2m

1 +
(

Γ2m

Γ20
− 1

)
e−α2(γ2I−I20)

].

From practical experience, we know that economic development, environmental pro-
tection, and social welfare are all indispensable. Therefore, we need to make their magni-
tudes approximately equal. To this end, we use the Contingent Valuation Method (CVM)
to value the following variables, reflecting the impact of environmental and social factors
on the total utility: 

ERI = 2× 105

I10 = I20 = 0

α1 = α2 = 1× 10−4

β = 1× 10−4

Γ1 = 1

Γ1m = Γ2m = 1× 105

Γ10 = Γ20 = 1× 104

E0 = S0 = 0

In summary, the condition we want to optimize is max U .

The constraints are: 

E ≥ E0

S ≥ S0

c1 ≥ c2

x1 ≥ x2

γ1 + γ2 = 1

I ≥ 0

I ≤ B × p

x1 ≤ (A + B)× 25%× p
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The value of p can be found in relevant research[12], which is multiplied the aver-
age daily consumption per tourist by the average profit margin of the natural scenic
area(25%). We invoke the PSD function of the pyswarm library in Python for Particle
Swarm Optimization (PSO) algorithm solving. To ensure that the result is as close to the
global optimum as possible and the computational cost is within an acceptable range, we
set the number of particles as 50 and the maximum number of iterations as 100.

After 10 iterations, we get the statistics as Figure 10.

Figure 10: Statistics of 10 iterations

By averaging the results over ten iterations, we obtain

c1 = 13993

c2 = 1035

I = 92310.46

γ1 = 0.5433

γ2 = 0.4567

x1 = 195643.33

x2 = −5797.52

U = 187448693.71

It indicates that the government needs to control the number of people at around
13993 during the peak season and increase the total tax to $195643.33. During the off-
peak season, it guides the number of tourists to increase to 1035, with an investment
value of $5797.52, and invests funds valued at $92310.46 in infrastructure construction,
with the proportion used for environmental protection and resident welfare being 0.5433
and 0.4567, respectively.

Every result is within a reasonable range, proving that our model is valid. Addition-
ally, according to data provided by the official, current number of daily cruise ships is 7,
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and the residents wish it to be 5[13].The ratio of 13993:22336, which is quite close to 5:7!

4 Sensitivity Analysis

4.1 Policy Variables and Further Discussion

Firstly, we conduct a sensitivity analysis on the controllable policy optimization vari-
ables. They include c1, c2, I , and γ1. Below, we take c1 as an example to explain the
evaluation process.

The standard value of c1 has been provided in 3.5, to reflect the generality of the cal-
culation process, we set it as σ. Within the interval [σ−σ× 0.001× 50, σ+σ× 0.001× 50] ,
we use the Monte Carlo Method to select 101 values at equal intervals with a step size of
0.001σ, and calculate the Objective Value. The same method is adopted for c2, I , and γ1.

Data visualization is performed, resulting in Figure 11.

Figure 11: Sensitive analysis 2

The sensitivity of the Objective Value (denoted as u) with respect to c1 when c1 is at its
standard value is calculated as s(u, c1):

s (u, c1) =
du
u
dc1
c1

= 0.2078
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Similarly, for other variables: s (u, c2) = 0.0085, s (u, I) = 0.0305, s (u, γ1) = 0.0517.

The ranking c1 > γ1 > I > c2 implies that for Juneau, the primary task is to restrict pas-
senger flow through direct policies, a factor of utmost importance. In addition to this,
significant consideration should be given to the allocation of investments in environ-
mental protection and the improvement of residents’ quality of life. Following this, the
amount invested in infrastructure should be considered, while increasing off-season
tourist numbers through promotional efforts is of least significance.

4.2 Reasonably Estimated Parameters Based on CVM

Secondly, we conduct a sensitivity analysis on the fixed parameters of the model. Here
we choose ERI , κ1, and κ2. κ1, and κ2 are substitutions for the original Γ1 and Γ2:

κi =
1(

Γim
Γi0

− 1
)
eαiγiIi0

i = 1, 2.

For ERI , κ1, and κ2, we perform the same operations as for c1, except that the number
of sample is transformed from 101 to 11. Then we plot Figure 12.

By observing the images, it is found that for different values of ERI , κ1, and κ2, the
calculated data of c1, c2, I , γ1, x1, and x2 are relatively stable, indicating that our model
has a low sensitivity and high stability.

5 Application of our Model
To address Question 2, we have selected a natural attraction different from Juneau:

Jiuzhaigou in Sichuan Province, China.

5.1 Similarities and Differences between Jiuzhaigou and Juneau

Since Jiuzhaigou is an attraction also affected by overtourism, the overall structure
of the model remains unchanged when applied. However, some indicators need to be
adjusted according to the actual situation:

• Value of N0 : Based on data from the official website of Jiuzhaigou, we selected the
average number of tourists from December 27, 2024, to January 5, 2025, which is
8,376.9, and from June 26, 2024 to July 5, 2024, which is 17,772.4[14], as the tourist
numbers for the peak and off-peak seasons, respectively. Using the same method,
we obtain the corresponding N0(t).

• Principal component of E1 : Jiuzhaigou is not directly affected by glacier melting.
Therefore, in E!, instead of using carbon footprint as the core measure of human
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Figure 12: Sensitive analysis 2

Figure 13: Negative influences of tourism on local residents
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activity’s environmental impact, we adopt the indicator of waste treatment. Ac-
cording to the data, the daily waste treatment cost per tourist in Jiuzhaigou Scenic
Area is about $1.06.[15]

• Values of α1, α2, Γ1m, Γ2m : We believe that compared to Juneau, the overall utility
of Jiuzhaigou Scenic Area is more significantly affected by the environment. Com-
pared to the greater impact of social welfare, we adjust the ratios of α1 and α2 to
0.0001 and 0.0002, respectively, and Γ1m and Γ2m to 20,000 and 10,000, respectively,
to adapt to the actual situation of Jiuzhaigou Scenic Area.

• Value of p : According to the data obtained, p ≈ $71 × 0.20 for Jiuzhaigou[16].

To simplify the parameter determination process, we omit constant terms in the model
irrelevant to the optimization process, such as S1. This will not affect our optimal solution
except our total social utility value. For simplicity, we do not calculate U here. Meanwhile,
other parameters do not change significantly, so we do not consider them and still use the
same data as for Juneau.

5.2 Specific Application in The Tourism Development of Jiuzhaigou

By substituting the above-adjusted parameters into our model and using the same
method, we acquire the results, as shown in Figure 14.

Figure 14: Programming results of Jiuzhaigou

5.3 Policy Analysis and Comparison Based on Model Results

Based on the programming results above, we can learn that:

• c1 is larger than the maximum tourist volume during the peak season, indicating
that controlling the upper limit of tourists has insignificant effects on the develop-
ment of Jiuzhaigou’s tourism industry.
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• c2 is extremely small, suggesting that there is no need to take excessive measures to
attract tourists during the off-season.

• The large value of I proves that appropriate investment in environmental and social
construction still contributes to improving the overall social utility.

• γ1 is greater than γ2, proving that the government of Jiuzhaigou should invest more
in environmental protection than in improving the quality of life for residents.

• x1 reaches the maximum value under the constraint conditions, indicating that it
is still possible to increase the overall social utility through appropriate taxation
during the peak season.

• x2 is zero, indicating that there is no need to subsidize tourists to attract them during
the off-season, which aligns with the result of c2.

The data above show significant differences from those of Juneau City. This indicates
that the most important measures required for sustainable tourism development vary
depending on the location.

• The natural tourist volume formed due to climatic conditions varies with different
locations. In cities like Juneau, where the experience of off-season and peak-season
tourism differs greatly, it is necessary to take direct measures to limit the number of
tourists. However, for places like Jiuzhaigou, where the situation is different, regu-
lating the number of tourists has insignificant impacts on the overall social benefits.
Regarding indirect measures, because of the intrinsic characteristics of overdevel-
oped tourism, we can increase the overall social benefits by taxation during the peak
season, while the government of Juneau needs to invest funds to attract tourists
during the off-season to maximize the overall social utility. Yet Jiuzhaigou does not
need additional funding due to its stable tourist numbers. (Based on the values of
c1, c2, x1, x2)

• Due to the different ecological compositions in various regions, the vulnerability of
the ecological environment affected by external conditions varies. The main land-
scape of Juneau City is glaciers, which are extremely sensitive to global warming;
therefore, E1 corresponds primarily to carbon footprint in Juneau City. Meanwhile,
Jiuzhaigou has a richer ecological composition, and human activities mainly affect
species diversity; hence, the corresponding main indicator is the cost of waste man-
agement.(Based on the data source of E1)
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MEMORANDUM

To: the Tourist Council of Juneau

From: Team #2501687

Subject: Policy Advice on the Sustainable Tourism of Juneau

Date: January 27, 2025

Juneau, Alaska, is celebrated as a paradise for nature enthusiasts, particularly high-
lighted by Mendenhall Glacier, attracting tourists from around the world. We sincerely
admire the economic benefits brought to the city by its abundant natural resources.

However, it is with regret that we also acknowledge the considerable ecological and
social pressure that the surge in tourist numbers has imposed upon Juneau. Since 2007,
the glacier has retreated significantly, and the community faces housing shortages, high
costs, overcrowding, and disruptive tourist behavior. In recognition of these challenges,
our team has developed a mathematical model for sustainable tourism, giving compre-
hensive consideration to economic, ecological, and social benefits, hoping to offer some
support to your endeavors.

Based on our model, we predict that the maximum daily tourist number during the
peak season in Juneau will be 22,326. Therefore, it is necessary to limit the total number
of tourists during the peak season through direct flow control or indirect methods such
as increasing hotel taxes. According to our model, controlling the daily total tourist num-
ber to around 14,000 (equivalent to approximately 5 large cruise ships) during the peak
season would maximize the overall economic, ecological, and social benefits.

Through sensitivity analysis, we found that this is the most important one among all
our policy variables. For the off-season, we recommend intensifying promotional efforts
and reducing ticket prices to attract around 1,000 tourists per day.

Apart from limiting tourist numbers during the peak season and increasing them dur-
ing the off-season, our model also considers government investment in infrastructure for
ecological and social projects. By solving our optimization model, we have concluded
that to maximize the overall economic, ecological, and social benefits, the optimal daily
total expenditure by the government on ecological and social construction is approxi-
mately $90,000, with an optimal allocation ration of $48,600 for ecological construction
and $41,400 for social construction. Furthermore, based on our established model, we es-
timate that it is advisable to limit the additional revenue obtained through measures such
as increasing scenic spot ticket prices or imposing hotel taxes to within $200,000 on aver-
age per day during peak seasons. Conversely, during off-peak seasons, it is recommended
to cap the expenditures required for reducing scenic spot ticket prices or intensifying pro-
motional efforts at $5800 on average per day.

While our model has yielded some reliable conclusions, it also has areas that require
further optimization. We humbly request that you conduct more specific examinations of
these contents, such as the proportion of expenditures on social construction that should
be allocated to address issues arising from excessive tourist numbers, such as water
scarcity and waste disposal. We sincerely hope that our suggestions can contribute to
the formulation of a comprehensive and effective policy system that will benefit Juneau
and achieve sustainable tourism development in the city.


