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Abstract 
In order to promote the sustainable development of tourism in Juneau, the article 
constructs a series of models to balance multiple factors in tourism development. By 
integrating the data of the past 15 years, a two-period moving average method is used to 
build a model of tourist numbers; the Pearson correlation coefficient is used to 
determine the strong positive correlation between residents' income and the number of 
tourists, so that the income model is abstracted as a linear function of the residents' 
model; and simplified differential equations are used to simulate the process of glacier 
degradation and build an environmental pressure model. Further, the Tourist Happiness 
Index (THI), Resident Happiness Index (RHI) and Sustainable Development Index (SDI) 
are developed to quantify the above models. Considering the constraints of environment, 
infrastructure, number of tourists and hidden financial expenditures, the TOPSIS model 
was applied to screen the relative optimal strategies. In addition, the social satisfaction 
index (SSI) was constructed using principal component analysis (PCA), and the tourism 
economic benefit function (EBT) was introduced under the Nash equilibrium framework, 
and the optimal sustainable development model was obtained by taking the 
maximization of “SSI + SDI + EBT” as the objective function, which provided the 
sustainable development of Juno tourism with theoretical support and decision-making 
basis. 

Keywords  
Tourism Sustainability; Predictive Model; Optimization Strategy; TOPSIS Model; Nash 
Equilibrium. 

1. Introduction 

At a time when tourism is booming globally, many regions see it as an important engine of 
economic growth, and Juneau is a prime example. However, Juneau faces the challenge of 
balancing economic growth, quality of life, and ecological protection when developing tourism. 
The traditional tourism development model focuses on a single goal and ignores the linkage of 
various factors, which makes it difficult to realize sustainable development [1]. 
Therefore, this paper focuses on the actual situation in Juneau and constructs a series of models 
to quantify the key factors, such as residents' income, the number of tourists and environmental 
pressure. By optimizing the model and setting multiple constraints, we search for the optimal 
strategy for sustainable tourism development, which is expected to provide a reference for 
similar regions [2]. 
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2. Building Basic Model 

2.1. Tourist Number Model 
The number of tourists is a critical variable for sustainable tourism development. By integrating 
data from the past 15 years, we have developed a model based on a two-cycle moving average. 
The formula is as follows: 
 

 MAଶ(𝑡) =
௑(௧)ା௑(௧ିଵ)

ଶ
                                                                  (1) 

2.2. Income Model 

 
Figure 1. Income Trend 

 
As shown in Figure 1, we find that the personal income of local residents is highly correlated 
with the number of tourists. Therefore, we used Pearson correlation coefficient to analyse this 
relationship in both models [3]. The formula is as follows: 
 

 𝑟 =
∑  ೙
೔సభ  (௑೔ି௑‾)(௒೔ି௒‾)

ට∑  ೙
೔సభ  (௑೔ି௑‾)

మ∑  ೙
೔సభ  (௒೔ି௒‾)

మ
                                                           (2) 

 
Through our calculations, the correlation coefficient 𝑟  is 0.73, indicating a strong positive 
correlation between the two models. Therefore, we can abstract the income model as a linear 
function of the resident model. The formula is as follows: 
 

 𝑌 = 𝛽𝑋 + 𝜖                                                                       (3) 

2.3. Environmental Pressure Model 
For the environmental pressure model, we focus primarily on the melting (degradation) 
process of glaciers. Therefore, we employ a simplified difference equation to simulate the 
degradation of the Mendenhall Glacier [4]. The change in its volume can be expressed by the 
following equation: 
 

 
୼ீ(௧)

୼௧
= −𝛼ଵ𝑇(𝑡) − 𝛼ଶ𝑉(𝑡) − 𝛼ଷ𝑆(𝑡) + 𝛼ସ𝑀(𝑡) + 𝛽                            (4) 
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Figure 2. Glacier Volume vs. Time (Juno, Alaska) 

 
From the figure 2, it is evident that without intervention, the glacier will degrade at an 
accelerating rate, posing a significant threat to Juneau's sustainable tourism. 
To this end, we developed three key indicators to quantify the resident income model, the 
tourist volume model, and the environmental pressure model: the Tourist Happiness Index 
(THI), the Resident Happiness Index (RHI), and the Sustainable Development Index (SDI). 

3. Optimization Factors 

3.1. Residents' Happiness Index 
We posit that the residents' happiness index is primarily influenced by residents' income and 
tourist volume. Given that Juneau is significantly impacted by tourism, we assume that 
residents' income largely derives from tourist expenditures. Since tourist volume is closely 
related to tourist consumption, we first conduct a composite analysis of the relationship 
between residents' income and tourist consumption. 
 

 Δ𝑉(𝑡) ∝
ఉభ

஼మ(௧)
− 𝜆𝛽ଶ𝑒

ିఒ஼(௧)                                                          (5) 

 
In order to translate the variables of tourist quantity 𝑉(𝑡) and tourist consumption 𝐶(𝑡) into a 
single index, we can integrate them through a weighted or combined approach. Based on their 
interrelationships, the happiness index 𝐻(𝑡) can be modeled. 
 

 𝐻(𝑡) ∝ −𝛾ଵ𝑉(𝑡) +  constant                                                            (6) 
 

 𝐻(𝑡) ∝ 𝛾ଶ𝐶(𝑡) +  constant                                                           (7) 
 
Combining the above relationships, we arrive at the following comprehensive model for the 
residents' happiness index 𝐻(𝑡), and the trend is plotted in Figure 3: 
 

 𝐻(𝑡) = 𝛾ଶ ቀ
ఉభ

௏మ(௧)
− 𝜆𝛽ଶ𝑒

ିఒ௏(௧)ቁ − 𝛾ଵ𝑉(𝑡) +  constant                           (8) 

 



Frontiers in Sustainable Development Volume 5 Issue 3, 2025

ISSN: 2710-0723 

 

209 

 
Figure 3. RHI trend 

 
 𝐻tourist (𝑡) = 𝛾ଵ𝐶(𝑡) + 𝛾ଶ𝐸(𝑡)                                            (9) 

 
The tourist consumption 𝐶(𝑡) can be modeled as a function of tourist quantity 𝑉(𝑡) : 
 

 𝐶(𝑡) =
ఉభ

௏(௧)మ
− 𝜆𝛽ଶ𝑒

ିఒ௏(௧)                                                    (10) 

 
Combining the above models, the Tourist Happiness Index 𝐻tourist (𝑡) can be expressed as: 
 

𝐻tourist (𝑡) = 𝛾ଵ ቀ
ఉభ

௏(௧)మ
− 𝜆𝛽ଶ𝑒

ିఒ௏(௧)ቁ + 𝛾ଶ(−𝛼ଵ𝑇(𝑡) − 𝛼ଶ𝑉(𝑡) − 𝛼ଷ𝑆(𝑡) + 𝛼ସ𝑀(𝑡) + 𝛽) (11) 

3.2. Sustainable Development Index 
The Sustainability Index 𝑆𝐼(𝑡) is determined by two main factors: environmental pressure and 
tourist consumption, which are described by the following models. 
Combining the above models, the Sustainability Index 𝑆𝐷𝐼(𝑡) is given by: 
 

𝑆𝐷𝐼(𝑡) = 𝛾ଵ(−𝛼ଵ𝑇(𝑡) − 𝛼ଶ𝑉(𝑡) − 𝛼ଷ𝑆(𝑡) + 𝛼ସ𝑀(𝑡) + 𝛽) + 𝛾ଶ ቀ
ఉభ

௏(௧)మ
− 𝜆𝛽ଶ𝑒

ିఒ௏(௧)ቁ (12) 

4. Establishment of Optimization Model 

4.1. Environmental Protection Constraint 
The environmental protection constraint is defined as the resource consumption threshold for 
Juneau, expressed as follows: 
 

 𝑔ଵ(𝑉(𝑡), 𝑇(𝑡), 𝑆(𝑡),𝑀(𝑡)) ≤ 𝐶୫ୟ୶                                              (13) 
 
Here we also constrain the melting rate of glaciers: 
 

 
୼௏(௧)

୼௧
≥ −𝛼୫ୟ୶                                                            (14) 
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4.2. Infrastructure Capacity Constraints 
The infrastructure capacity constraints ensure that the resources required to support the 
tourism activities do not exceed the maximum capacity of each infrastructure type. 
The number of tourists is limited by the capacity of the transportation system: 
 

 𝑉(𝑡) ≤ 𝑉୫ୟ୶, traffic                                                             (15) 
 
The number of tourists is limited by the available accommodation units: 
 

 𝑉(𝑡) ⋅ 𝛿stay ≤ 𝐴avail                                                            (16) 

4.3. Tourist Quantity Constraint 
The number of tourists cannot exceed the environmental carrying capacity of the region: 
 

 𝑉(𝑡) ≤ 𝑉୫ୟ୶                                                                 (17) 
 
𝑉(𝑡) is the number of tourists at time 𝑡. 𝑉୫ୟ୶ is the maximum tourist capacity. 

4.4. Fiscal Recessive Expenditure Restraint 
Regarding the hidden financial expenditures of Juneau, we focus primarily on the tourism 
industry, with particular emphasis on infrastructure construction and maintenance. These 
expenditures are assumed to have a positive correlation with both the annual number of 
tourists V(t) and tourist consumption C(t), expressed as follows: 
 

 𝐹୧୬୤୰ୟ(𝑡) = 𝛾ଵ ⋅ 𝑉(𝑡) ⋅ 𝐶(𝑡)                                                       (18) 
 
The second category is environmental protection expenditure, which we posit is directly 
proportional to the rate of glacier melting. This relationship is expressed as follows: 
 

 𝐹 ୬୴(𝑡) = 𝛾ଶ ⋅
୼௏(௧)

୼௧
                                                             (19) 

 
The total hidden fiscal expenditure in Juneau City due to tourism is: 
 

 𝐹hidden (𝑡) = 𝛾ଵ ⋅ 𝑉(𝑡) ⋅ 𝐶(𝑡) + 𝛾ଶ ⋅
୼௏(௧)

୼௧
                                       (20) 

 
The total hidden fiscal expenditure must be constrained by a maximum allowable expenditure 
𝐹max  : 
 

 𝐹hidden (𝑡) ≤ 𝐹୫ୟ୶                                                            (21) 

5. Topsis Model - the Exponential Optimal Solution 

Under the TOPSIS model, we construct a decision matrix where each row represents an 
alternative and each column represents a target indicator (RHI, THI, and SDI). 
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We define the decision matrix 𝑋  as an 𝑚 × 𝑛  matrix, where 𝑚  represents the number of 
alternative solutions, and 𝑛 represents the number of criteria. Each element 𝑥௜௝  represents the 
score of the 𝑖-th alternative on the 𝑗-th criterion [5]. 
The decision matrix is as follows: 
 

 𝑋 = ൮

𝑓ଵଵ 𝑓ଵଶ 𝑓ଵଷ
𝑓ଶଵ 𝑓ଶଶ 𝑓ଶଷ
⋮ ⋮ ⋮

𝑓௠ଵ 𝑓௠ଶ 𝑓௠ଷ

൲                                                   (22) 

 
The normalized decision matrix 𝑋ᇱ is calculated as: 
 

 𝑋௜௝
ᇱ =

௑

ට∑  ೘
೔సభ  ௙೔ೕ

మ
                                                                   (23) 

 
The ideal solution (𝐴ା)and the negative ideal solution (𝐴ି)are defined as: 
 

 𝐴ା = (max𝑓ଵ, max𝑓ଶ, max𝑓ଷ)                                                     (24) 
 

 𝐴ି = (min𝑓ଵ, min𝑓ଶ, min𝑓ଷ)                                                     (25) 
 
The Euclidean distance from each alternative to the ideal solution 𝐷௜

ା and negative ideal 
solution 𝐷௜

ିare computed as: 
 

 𝐷௜
ା = ට∑  ௡

௝ୀଵ   ൫𝑓௜௝
ା − 𝑓௜௝൯

ଶ
                                                 (26) 

 

 𝐷௜
ି = ට∑  ௡

௝ୀଵ   ൫𝑓௜௝
ି − 𝑓௜௝൯

ଶ
                                                       (27) 

 
The closeness coefficient 𝐶௜ is then calculated as: 
 

 𝐶௜ =
஽೔
ష

஽೔
శା஽೔

ష                                                                  (28) 

 
Subsequently, the four major dynamic constraint ranges mentioned above are introduced. 
Different schemes are screened within the decision matrix, and the objective function is 
adjusted according to the constraint conditions. Finally, the maximum value of 𝐶௜ is calculated, 
and the corresponding countermeasures are identified as the optimal policies under these 
conditions. 
According to the results of the calculations, three optimal strategies have been identified, 
yielding values of 0.9986, 0.9769, and 0.9511 respectively. 
These strategies maximize the closeness coefficients for the three indices (RHI, THI, and SDI) in 
a relative sense. Under these strategies, it was observed that the sustainability index achieved 
its maximum value under environmental protection constraints, while the residents' happiness 
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index reached its peak under constraints related to tourist numbers; conversely, the tourists' 
happiness index remained generally at a low level. 
 

 
Figure 4. TOPSIS Result 

 
In this case, we achieved a relatively optimal solution. 
The composite index derived from the fitting of the three individual indicators peaks when the 
environmental protection limits and the number of tourists approach their respective limits. 
However, this level of optimization is not sufficient to support sustainable development. 
Therefore, in subsequent analyses, we will adopt stricter fitting constraints to maximize 
economic benefits while maintaining the integrity of the three key indicators, as shown in 
Figure 4. 

6. Build Sustainable Models 

6.1. PCA 
We constructed a new function by fitting RHI and THI and named it the Social Satisfaction Index 
[6]. 
The covariance matrix Σ of these two variables is defined as: 
 

 Σ = ൬
Var(𝑇𝐻𝐼) Cov(𝑇𝐻𝐼, 𝑅𝐻𝐼)

Cov(𝑅𝐻𝐼, 𝑇𝐻𝐼) Var(𝑅𝐻𝐼)
൰                                     (29) 

 
The covariance between THI and RHI is calculated as: 
 

 Cov(𝑇𝐻𝐼, 𝑅𝐻𝐼) =
ଵ

௡ିଵ
∑  ௡
௜ୀଵ   (𝑇𝐻𝐼௜ − 𝑇𝐻‾ 𝐼)(𝑅𝐻𝐼௜ − 𝑅𝐻‾ 𝐼)                         (30) 

 
We begin by decomposing the covariance matrix Σ as follows: 
 

 Σ = 𝑉Λ𝑉்                                                                    (31) 
 
The eigenvalues 𝜆௜ and eigenvectors 𝑣௜  satisfy the following relationship: 
 

 Σ𝑣௜ = 𝜆௜𝑣௜                                                                    (32) 
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Next, we select the principal component 𝑘. The principal components are ordered based on the 
size of their corresponding eigenvalues. The component with the largest eigenvalue is the most 
significant, as it explains the largest proportion of the data's variance. 
To compute the proportion of variance explained by each principal component, we use the 
following formula: 
 

 Variance Proportion =
ఒ೔

∑  
೛
ೕసభ

 ఒೕ
                                             (33) 

 
This formula expresses the proportion of the total variance explained by the 𝑖-th principal 
component. 
To evaluate the goodness of the fit for a given 𝑘, we use the following approximation formula: 
 

 
భ

೘
∑  ೘
೔సభ  ቛ௫

(೔)ି௫approx 
(೔)

ቛ
మ

భ

೘
∑  ೘
೔సభ  ฮ௫

(೔)ฮ
మ ≤ 𝑡                                                  (34) 

 
By evaluating the variance proportion for different values of 𝑘 , we determine that 𝑘 = 1 
maximizes the variance explained, yielding the best fit. 
So we can get this figure 5: 
 

 
Figure 5. RHI VS THI 

 
In this way, we defined Social Satisfaction Index is: 
 

 𝑆𝑆𝐼 =
ଵ

௘య(ೃಹ಺ష೅ಹ಺)
                                                              (35) 

6.2. Nash Equilibrium 
Under the Nash Equilibrium framework, we examine three key dimensions of balance: the 
Social Satisfaction Index (SSI), the Sustainable Development Index (SDI), and the Economic 
Benefits of Tourism (EBT) [7]. 
Here, we introduce a new function: the tourism economic benefit function. 
Based on our previous assumptions, for the entire city of Juneau, the economic benefits are 
primarily reflected in consumer expenditures. Additionally, we incorporate ecological 
conservation fees (such as carbon footprint neutralization fees) and excise taxes (such as hotel 
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taxes) imposed by the municipality on visitors. This enhances the realism of the function and 
improves the accuracy of its data simulation. 
To model the overall economic benefit of tourism in Juneau City, we consider the following 
components: 

Consumer Spending: Tourists' total expenditure 𝐶total 
(௜)  consists of accommodation, dining, 

transportation, etc. 

Ecological Protection Fees: The municipality charges tourists an ecological protection fee 𝐸eco 
(௜) , 

such as carbon footprint neutralization fees. 

Consumption Taxes: The municipality imposes a consumption tax 𝑇tax 
(௜) , including hotel taxes 

and dining taxes. 
The total economic benefit from tourism in Juno City is represented by the following function: 
 

 𝐸tourism = ∑  ே
௜ୀଵ   ቀ𝐶total 

(௜)
− 𝐸ୣୡ୭

(௜)
− 𝑇୲ୟ୶

(௜)
ቁ                                        (36) 

 
The total expenditure of each tourist can be broken down as follows: 
 

 𝐶total 
(௜)

= 𝐶୦୭୲ୣ୪
(௜)

+ 𝐶food 
(௜)

+ 𝐶transport 
(௜)                                               (37) 

 
The ecological protection fee is proportional to the total expenditure: 
 

 𝐸eco 
(௜)

= 𝛼 ⋅ 𝐶total 
(௜)                                                             (38) 

 
where 𝛼 is a constant reflecting the ecological impact per unit of expenditure. 
The consumption tax is also proportional to the total expenditure: 
 

 𝑇tax 
(௜)

= 𝛽 ⋅ 𝐶total 
(௜)                                                               (39) 

 
Thus, the tourism economic benefit function becomes: 
 

 𝐸tourism = ∑௜ୀଵ
ே   ቂቀ𝐶hotel 

(௜)
+ 𝐶food 

(௜)
+ 𝐶transport 

(௜)
ቁ − ൬𝛼 ⋅ ቀ𝐶hotel 

(௜)
+ 𝐶food 

(௜)
+ 𝐶transport 

(௜)
ቁ൰ −

൬𝛽 ⋅ ቀ𝐶hotel 
(௜)

+ 𝐶food 
(௜)

+ 𝐶transport 
(௜)

ቁ൰ቃ                                            (40) 

 
So our objective function is: 
 

 maxℱ = max(SSI + SDI + EBT)                                              (41) 
 
As shown in Figure 6, it is evident that the comprehensive value of ℱ is primarily influenced by 
the Social Satisfaction Index (SSI) and the Economic Benefits of Tourism (EBT). To maintain a 
high Sustainable Development Index (SDI), which is crucial for forming a sustainable 
development model, it is inevitable that the number of tourists will be reduced, thereby 
affecting the Tourism Happiness Index (THI) and overall tourism revenue. After applying the 
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final dynamic comprehensive constraints, we obtained a maximum value of ℱ  at 27.3493, 
leading to the optimal sustainable development model under these social conditions. 
 

 
Figure 6. NASH 

7. Conclusion 

The series of models constructed in this study around the sustainable development of tourism 
in Juneau effectively integrate multiple factors and provide a comprehensive quantitative 
analysis framework for regional tourism planning. From the perspective of the basic model, the 
relationship between the number of tourists, residents' income and environmental pressure is 
accurately portrayed, revealing the intrinsic connection between the key elements of tourism, 
which provides a solid foundation for the subsequent development of optimization strategies. 
In terms of optimization factors and model construction, the quantification of residents' 
happiness index, tourists' happiness index and sustainable development index, combined with 
the solution of TOPSIS model under multiple constraints, successfully screened out the relative 
optimal strategy, and to a certain extent, achieved the balance of multi-objectives. The social 
satisfaction index constructed by PCA and the optimal sustainable development model derived 
from the introduction of the tourism economic benefit function under the Nash equilibrium 
framework further enhance the knowledge and planning ability of tourism development from 
a comprehensive perspective. 
However, the study also has some limitations. Some of the parameter assumptions and data 
processing methods in the model may deviate from the actual situation, and the impacts of 
external contingencies (e.g., natural disasters, global public health events, etc.) on the model 
have not been adequately considered. Future studies may consider incorporating more real-
time data and complex influencing factors to improve the adaptability and accuracy of the 
model. Overall, this study provides valuable ideas and methods for the sustainable 
development of the tourism industry in Juneau and similar areas, and is of positive significance 
in promoting the scientific development of the tourism industry. 
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