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Abstract 
With the rapid development of tourism in Juneau City, while bringing considerable 
income to the city, it also brings problems of congestion and retreating glaciers. In order 
to manage these hidden costs brought by tourism and establish a sustainable tourism 
industry, this paper based on genetic algorithm, established an optimization model to 
study the tourism industry. Aiming at the first problem, firstly, a travelable model based 
on genetic algorithm is established, which determines the objective function by 
maximizing the total utility. Then, we use curve regression to establish the relationship 
between social cost and cost and the number of tourists, respectively. In addition, 
considering the relationship between various factors and existing data, we establish the 
ecological index and survival index SQ, and assign weights to various indicators by 
entropy method. Then we use ARIMA to predict the SQ and Env in 2024 based on the data 
from 2013 to 2023.Then, according to the principle of 3σ, we obtain the constraint 
condition that Env≥〖Env〗_min=0.197 and SQ≥〖SQ〗_min=0.321. Considering the 
tourist situation in Juneau, we also use the same limit on the number of tourists that 
P≤1187782. Finally, the optimal solution is u = 10.886977 (see Table 7). Afterwards, 
according to the requirements of the topic, we conduct the model, and the results show 
that the impact of per capita consumption expenditure y on u is relatively limited, and 
the model is robust. Finally, we use the Analytic Hierarchy Process to compare eleven 
indicators, and the results show that Standard deviation of glacier area, Gross total 
(carbon emission), Median Earnings Growth, Unemployment Rate and other indicators 
have a great impact on the final decision (total income), and they will be used as key 
factors in the later stage. Aiming at the second problem, this paper applies the tours 
model based on genetic algorithm to the ancient city, and extends to the scenic spots with 
few tourists, such as Zhangye Danxia Geopark. First of all, for the ancient city, we 
collected and processed relevant data, analyzed parameters such as the average 
consumption expenditure of tourists, and then used genetic algorithm to optimize, and 
obtained the optimal strategy of the ancient city and the corresponding optimal value as 
shown in Table 9. Then, we extend the model to Zhangye Danxia Geopark. According to 
the characteristics of the small number of tourists, appropriate constraints such as 
ecological index, survival index and number of tourists are used to maximize the total 
utility. Finally, we get the tourism strategy which is suitable for Zhangye Danxia Geopark. 
In response to Question 3, we wrote a memorandum for the Juno City Tourism 
Committee. Through ecological indicators and survival indexes, we proposed that 
tourism can be realized from the aspects of tourist management, strengthening 
infrastructure construction, scenic spots and protection, ecology and protection, and 
policies and regulations. Our model can not only provide scientifically effective policy 
support for Juneau City but also be generalized to other cities affected by tourism. 
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1. Introduction 

Juneau, officially the City and Borough of Juneau, is the capital of the U.S. state of Alaska, located 
along the Gastineau Channel and the Alaskan panhandle. The glacier is Juneau's most iconic 
tourist destination, attracting thousands of visitors annually. Unfortunately, due to the effects 
of global warming, the glacier's melting rate has significantly increased, raising concerns about 
its long-term preservation and the future of tourism in the area. Rates of area shrinkage were 
5 times faster from 2015–2019 than from 1979–1990. [1] Local residents are deeply concerned 
about the potential loss of the glaciers, a vital natural landmark that supports the local tourism 
industry. Some measures concerning this should be taken into account. 

2. The Description of the Problem 

2.1. Current Situation 
Juneau, a small city in the U.S. state of Alaska with a resident population of 30,000, has hosted 
1.6 million cruise travelers in 2023 due to its well-developed cruise tourism industry. These 
visitors contributed about $375 million to the local economy. However, the sheer size of the 
tourist population also raises issues related to overcrowding, which needs to be addressed by 
limiting the number of visitors. In addition, Juneau's iconic natural landscape, the Mendenhall 
Glacier, is rapidly receding due to global warming (partly related to over-tourism). Since 2007, 
the glacier has retreated a distance equivalent to the length of eight standard soccer fields, 
raising concerns that future tourism could be severely impacted by the loss of the attraction. 

2.2. Environmental and Social Challenges 
First, environmental pressures, where local infrastructure is under enormous pressure, such as 
pressure on drinking water resources, problems with garbage and waste disposal, and carbon 
emissions caused by tourists. The second is social: local residents suffer from rising housing 
costs and reduced space, as well as noisy living conditions. Dissatisfied with the status quo, 
some residents have chosen to leave Juneau or have called for a reduction in the number of 
tourists. Other residents who make their living from the tourism industry are concerned about 
reduced income. Finally, current measures include increasing hotel and tourist fees, limiting 
the number of daily visitors, reducing the sale of alcohol, and using tax revenues for 
environmental protection, infrastructure improvements, and community projects. 

2.3. Problem Restatement 
For problem one, we need to model a sustainable tourism industry for the city of Juneau, 
considering relevant factors such as the number of tourists, local income and some measures 
to safeguard tourism, and giving the factors we optimize and those that act as constraints and 
show them through the model, and finally giving a sensitivity analysis and deriving the most 
important factors. 
For problem two, we need to show that our model can be applied to other similar situations. 
Which measure is most affected by the location effect and how our model can be utilized to 
strike a balance in scenarios with low patronage. 
For problem three, we will write a one-page memo to Juneau's Tourism Commission about our 
predictions, what the proposed measures would achieve, and suggestions for optimization. 
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2.4. Problem Analysis 
2.4.1. Analysis of Problem 1 
Problem 1 belongs to the optimization category and requires a model of sustainable tourism. 
First, we review relevant information to find data related to over-tourism in the city of Juneau 
and screen which factors can represent the impact of tourism development. Secondly, we need 
to analyze the problem from the social and environmental level. Tourism can bring income to 
local residents and promote economic development, but also bring harm to the environment, 
so it is necessary to protect the environment as well as ensure the income of residents. Based 
on the above analysis, we take the total utility maximization as the objective function, and take 
the total income, environmental protection cost and social cost as the decision variables. Curve 
regression is utilized to establish the relationship between environmental protection cost and 
social cost and the number of tourists respectively. In addition, taking various factors into 
consideration, we established the ecological environment index and the survival quality index 
using the entropy weight method, and determined the lower limit of the ecological environment 
index and the survival quality index and the upper limit of the number of tourists according to 
the 3σ principle. Finally, the social cost, environmental protection cost, ecological environment 
index, survival quality index and the number of tourists is used as constraints to build the model. 
For the sensitivity analysis, we change the coefficient y 20 times consecutively with a step size 
of 10 to check that the model is robust. Finally, we performed AHP hierarchical analysis on 
eleven indicators related to sustainable development to determine which factors are the most 
important. 
2.4.2. Analysis of Problem 2 
For question two, we need to show how our model applies to other places affected by over-
tourism, what impact the choice of location has, and the more important measures. For scenic 
areas with fewer tourists, how should we use our model to achieve a balance. In this problem, 
we use the planning model from the first question, using new data from Phoenix Ancient Town, 
and again use genetic algorithms to solve it, and generalize this planning model to scenic areas 
with fewer tourists. 
2.4.3. Analysis of Problem 3 
We created a poster as a memo to the organizing committee with our predictions for the future 
and some suggestions for sustainable development. 
The flowchart is as follows: 
 

 
Figure 1. Our work 
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3. Assumptions 

Linear relationship between number of tourists and revenue 
It is assumed that the number of tourists has a linear relationship with tourism revenue, i.e., for 
every additional tourist, tourism revenue will increase by a fixed value accordingly. This 
assumption is based on the stability of tourists' consumption behavior, which assumes that the 
average consumption level of each tourist remains relatively stable and does not fluctuate 
significantly when the number of tourists changes. 
Environmental costs have a quadratic relationship with the number of tourists 
When the number of tourists exceeds a certain threshold, the environmental cost will rise 
sharply. This hypothesis is based on the sensitivity of the ecological environment index to over-
tourism, and it is believed that too many tourists will have a significant negative impact on the 
ecological environment. 
Social costs have a quadratic relationship with the number of tourists 
When the number of tourists exceeds a certain threshold, the social cost will rise sharply. This 
hypothesis is based on the sensitivity of the residents' quality of life index to excessive tourism, 
and it is believed that the excessive number of tourists will have a significant negative impact 
on the quality of life of the residents. 
Limitations of Infrastructure Carrying Capacity 
It is assumed that the infrastructure (e.g., transportation, lodging, etc.) in the City of Juneau has 
a fixed carrying capacity. Once the number of visitors exceeds a certain range, the visitor 
experience and quality of life for residents will significantly decline 

4.  Terms, Definitions and Symbols 

Table 1. Symbols and Meanings 
Symbol Definition 

Y Total Income 

C Environmental Protection Costs 

S Social Costs 

Env Ecological Environment Index 

SQ Survival Quality Index 

P Number of Tourists 

5. Models 

Basic Model: A Genetic Algorithm-Based Model for Sustainable Tourism 

5.1. Data Preprocessing 
5.1.1. Data Preparation 
We need to develop a model for sustainable tourism development, and in order to represent 
the way tourism is developed in Juneau, we collected and processed the following data (e.g., 
Table 1): median personal income growth in Juneau from 2013 - 2022, hotel tax revenues, 
traveler volume, traffic volume, diesel particulate air average concentration of diesel 
particulate air pollutants, nitrous oxide concentration, carbon emissions, unemployment rate, 
standard deviation of glacier acreage. 
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Table 2. Raw Data 

 

Note: Owing to limited data resources, government expenditure on protection of the 
environment and government expenditure on infrastructure, represented by total government 
expenditure, are used. 
5.1.2. Outliers and Missing Values 
We collect data with missing values, which may lead to biased data analysis results, we use 
mean interpolation to fill in the missing values and improve the quality and reliability of the 
data. For some outliers, we excluded them or corrected them. For the glacier area data, we 
calculated the standard deviation of the glacier area to better reflect the changes in glacier area. 
5.1.3. Min-Max Normalization 
There is a portion of the data that has a large magnitude, which causes the features of these 
data to have too much influence on the model. By scaling the data to the same range ([0, 1]), we 
can eliminate the effect of the magnitude and give each feature equal importance in the analysis. 
The formula for min-max normalization is as follows: 
 

( )

( ) ( )

x max X
x

max X min X


 

  
 
Scale the data to the range [0, 1]. 
 

 
Figure 2. Data after processing 

5.2. Hierarchical Analysis and Entropy Method 
5.2.1. Hierarchical Analysis 
Analytic Hierarchy Process (AHP) is a multiple criteria decision-making tool that has been used 
in almost all the applications related with decision- making[2]. Hierarchical analysis is a 
subjective assignment evaluation method as well as a multi-criteria comprehensive evaluation 
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algorithm, which is commonly used in comprehensive evaluation models. Hierarchical analysis 
is a simple and practical algorithm that breaks down the elements related to decision making 
into multiple levels such as objectives, guidelines, and scenarios, on the basis of which 
qualitative and quantitative analyses are performed. The steps of the hierarchical analysis 
method are as follows: 
(1) Constructing judgment matrix 
In the AHP method, the two-by-two comparison of the importance of indicators by experts is a 
key step. Through this process, a complete judgment matrix can be constructed to quantify the 
relative importance of each indicator. Based on this, this paper first completes the construction 
of the judgment matrix to provide support for the subsequent analysis and decision-making. 

In this paper, the judgment matrix is noted  j *
C i n n

a , judging the element of matrix jia  

represent the results of the comparison of the importance of the i-th indicator with respect to 
the j-th indicator, and are satisfied: 
 

1
ij

ij

a
a

  

 

The specific meanings of the values of a scale of the judgment matrix ija  are given in the 
following table: 
 

Table 3. contains the values 

 

 
(2) Hierarchical single sorting and its consistency test 
In view of the existence of the judgment matrix due to any two indicators between the scoring 
of the importance of different indicators contradict each other, the judgment matrix can be 
consistency test, so as to effectively avoid this situation. 
Only when the judgment matrix passes the consistency test can the calculation continue, 
otherwise the judgment matrix is modified. Assuming that the maximum eigenvalue of the 
judgment matrixC is , define the consistency indexCI : 
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where RI denotes the random consistency index, which varies with n. 0.1CR  indicates 
passing the consistency test. 
(3) Weight calculation 
First, each column of the judgment matrix is normalized: 
 

 
 
The weights are then averaged over the entire matrix to compute the weights 𝒘𝒊: 
 

 
 

This gives the vector of weights 1 2 12( , ,..., )Tw w w w . 

5.2.2. Entropy Method 
Entropy value method is an objective assignment method based on information entropy, which 
is often used in comprehensive evaluation or decision analysis of multiple indicators. It 
determines the weights by calculating the degree of data dispersion of each indicator, and the 
greater the degree of dispersion (i.e., the smaller the entropy value), the more information the 
indicator provides, and the greater the weights should be. The core idea is to calculate the 
entropy value of each indicator to determine its weight, thus avoiding the bias of subjective 
assignment. The entropy value method is as follows: 
Data standardization 
As the magnitude and order of magnitude of different data may be different, it is necessary to 
standardize the raw data to eliminate the effect of the magnitude and normalize it using the 
max-min normalization method. 
Calculating the weight of indicators 

For the normalized data, calculate the weight of each indicator in each sample ,Pi j : 
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where ,'i jx is the standardized value of the jth indicator for the ith sample; n is the sample size. 

Calculating information entropy 

Calculate the information entropy for each indicator je : 
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Where： ,i jp is the weight of the j-th indicator for the i-th sample; n is the sample size; and ln( )n

is the natural logarithm for normalization. 
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Calculation of the information utility value 

The information utility value jd represents the amount of information provided by the j-th 

indicator: 1j jd e  . 

Calculate weight jw : 

1

j
j n

j
j

d
w

d




 . 

Result analysis.  

Based on the calculated weights jw , the importance of each indicator is analyzed. The higher 
the weight, the greater the impact of the indicator on the overall evaluation. 

5.3. Problem 1: Sustainable Tourism Modeling based on Genetic Algorithms 
5.3.1. The Foundation of Model 
(1) Determine the objective function 
Our objective is to maximize total utility (to achieve sustainable development) According to the 
Cobb-Douglas function, we take the total income, social cost and environmental protection cost 
as constraints and set the objective function expressed as: 
 

𝑚𝑎𝑥 𝑢 = 𝐴ଵ𝑌ఈ𝐴ଶ𝑆ିఉ𝐴ଷ𝐶ିఊ 
 
Where u is total utility, Y is total income, C is environmental protection cost, S is social cost, and 
A1 A2 A3 are model parameters. 
We use AHP hierarchical analysis method to give weights to total income, environmental 
protection cost, and social cost, and get α=0.1638, β=0.539, and γ=0.2973. Considering all kinds 
of extrinsic factors, let A1=A2=0.1, A3=0.01. 
(2) Determine the constraints 
1) For Y, let Y=yP, after reviewing the information, we get that the per capita tourism 
consumption expenditure y is 1708 U.S. dollars. 
2) The cost of environmental protection is usually a quadratic function of the number of tourists, 
set 
 

𝐶 = 𝑎ଵ𝑃ଶ + 𝑎ଶ𝑃 + 𝑎ଷ 
 
Based on the data on the number of tourists and the data on the government's expenditure on 
ecological and environmental protection from 2013 to 2022, we fit a polynomial regression 
using curvilinear regression, and get 𝒂𝟏=2.005, 𝒂𝟐=-1286.7, 𝒂𝟑=845.4 
3) Similarly, the social cost is usually quadratic with the number of tourists, set 
 

𝑆 = 𝑎ସ𝑃ଶ + 𝑎ହ𝑃 + 𝑎଺ 
 
Based on the data on the number of tourists and the data on government expenditure on 
infrastructure inputs from 2013 to 2022, polynomial regression was fitted using curvilinear 
regression to obtain 𝒂𝟒= 1.874, 𝒂𝟓= -1389.2, 𝒂𝟔= 11.025 
4) For the ecological environment index 𝑬𝒏𝒗, set𝑬𝒏𝒗=−𝒃𝟏𝑪𝑶𝟐 − 𝒃𝟐𝑪𝑶 − 𝒃𝟑𝑪𝑯𝟒 + 𝒃𝟒𝑪 − 𝒃𝟓𝑷𝟐 
Based on the data of Mean_Concentration_of_Diesel_PM_Air_Pollutant, Gross total, 
Annual_Emissions_Nitrous_Oxide_NonBiogenic and Government_spending on environmental 
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protection for the period of 2013-2022, we use the entropy method to assign entropy values to 
the four indicators to obtain the following results. spending on environmental protection data, 
we use the entropy weight method to assign entropy weight to these four indicators, and get 
the following results: 
 

 
Figure 3. Summary of weight calculation results by entropy method 

 
Set 𝑬 = −𝒃𝟏𝑪𝑶𝟐 − 𝒃𝟐𝑪𝑶 − 𝒃𝟑𝑪𝑯𝟒 + 𝒃𝟒𝑪 ,So 𝑬 = −𝟎. 𝟐𝟗𝟖𝟓𝑪𝑶𝟐 − 𝟎. 𝟑𝟔𝟓𝟓𝑪𝑶 −
𝟎. 𝟏𝟔𝟎𝟓𝑪𝑯𝟒 + 𝟎. 𝟏𝟕𝟓𝟓𝑪  We used the 2013-2023 
Mean_Concentration_of_Diesel_PM_Air_Pollutant, Gross total, 
Annual_Emissions_Nitrous_Oxide_NonBiogenic, and Government spending on environmental 
protection data to obtain E for 2013-2023 and predicted a value of 0.363 for E in 2024 using 
ARIMA. Based on the Passenger volume data from 2012-2022, we calculated the normalized 
mean value of P as 0.366607246, 𝑷𝟐=0.13439556, and set 𝒃𝟓=1, we calculated the ecological 
environment index 𝑬𝒏𝒗  from 2014-2024, and performed descriptive analysis on it, which 
resulted in the ecological environment index 𝑬𝒏𝒗  with a The mean value is 0.401 and the 
standard deviation σ is 0.102. According to the 3σ principle, Set 𝑬𝒏𝒗𝒎𝒊𝒏

= 𝝁 − 𝒌𝝈 

(5) For the survival quality index SQ. Set 𝑺𝑸 = 𝒄𝟏𝑰 − 𝒄𝟐𝑳 − 𝒄𝟑𝑵 − 𝒄𝟒𝒍𝒏𝒑,  
where I denotes the average income growth rate, L denotes the population unemployment rate, 
and N denotes the number of occupants. 
Using the entropy weighting method with the data of number of occupants, population 
unemployment rate, and average income growth after normalization from 2013 to 2022 
𝐜𝟏=0.2743, 𝐜𝟐=0.3067, 𝐜𝟑=0.419 
Considering all the external factors, take the value of k as 2, i.e., 𝑬𝒏𝒗 ≥ 𝑬𝒏𝒗𝒎𝒊𝒏

= 𝟎. 𝟏𝟗𝟕 

 

 
Figure 4. Summary of weight calculation results by entropy method 



Frontiers in Sustainable Development Volume 5 Issue 3, 2025

ISSN: 2710-0723 

 

36 

 
Figure 5. E Model Fitting Prediction 

 
Set 𝑆𝑄ଵ = 𝑐ଵ𝐼 − 𝑐ଶ𝐿 − 𝑐ଷ𝑁 , so 𝑆𝑄ଵ = 0.2743𝐼 − 0.3067𝐿 − 0.419𝑁 . The same method of 
calculating the data for 2013-2023E was used to obtain the data for SQଵfor 2013-2023,and 
ARIMA was used to predict the value of SQଵfor 2024 as 0.478, with a P-normalized mean value 
of 0.366607246, so 𝑙𝑛𝑝=-0.43579895544931657, set 𝑐ସ=1. We calculated the survival quality 
index SQ for 2014-2024 and analyzed it descriptively, yielding a mean of 0.512 and a standard 
deviation σ of 0.191 for the survival quality index SQ. According to the 3σ principle, set 
𝑆𝑄௠௜௡ =𝜇 − 𝑘𝜎 . Taking the value of k to be 1, considering various external factors, so 𝑆𝑄 ≥
𝑆𝑄௠௜௡ = 0.321.     
 

 
Figure 6.  Model Fitting Prediction 

 
(6) For the number of tourists P, we use the data of the last ten years to calculate the mean value 
of P as 1087100 and the standard deviation as 100682.615. According to the 3σ principle, set 
𝑃௠௔௫ = 𝜇 + 𝑘𝜎.Taking the value of k to be 1, considering various external factors, so  
 

𝑃 ≤ 𝑃௠௔௫ = 1187782 
5.3.2. Genetic Algorithm 
(1) Basic principle: Genetic Algorithm (GA) is one of the first population-based stochastic 
algorithm proposed in the history[3]. GA is an optimization algorithm that draws on Darwin's 
theory of natural selection and Mendel's principles of genetics, and its core idea is to search for 
the optimal solution by simulating the biological evolutionary process. 
(2) Steps 
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Step 1: Initialization. Set the number of iterations M and the maximum number of generations 
G. Generate N random site coordinates as the initial population. 
Step 2: Initial evaluation. Calculate the sum of distances from each coordinate to the target cell 
as the fitness. 
Step 3: Selection operation. According to the number of service cells, divide the population into 
good and bad individuals. 
Step 4: Crossover operation. Cross the inferior individuals with the superior individuals in 
order to approach the superior individuals. 
Step 5: Variation operation. Perform high probability mutation on poor individuals and low 
probability mutation on good individuals to prevent local optimization. 
Step 6: Cyclic operation. Generate a new generation of population through selection, crossover 
and mutation, calculate the fitness and compare with the previous generation to select the 
better result. 
Step 7: Termination condition. If the number of iterations or the fitness target is reached, then 
terminate; otherwise, return to Step 3 and continue. 
 

 
Figure 7. Genetic algorithm flow chart 

 
(3) Optimal solutions and optimal values 
 

Table 4. Genetic algorithm results 
Parameter Value 

u 10.886977 

Y 166321.324 

C 143462.94 

S 153036.342 

P 97.378 

5.3.3. Sensitivity Analysis 
(1) Purpose: In order to assess the impact of the key parameter per capita tourism consumption 
expenditure (y) on our model and the robustness of the model. 
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(2) Method: Change the value of y (1708) in steps of 10 and repeat 20 times to get the value 
interval of y as [1608,1798], keep the other parameters total income (Y), environmental 
protection cost (C), social cost (S) and the number of tourists (P) unchanged, and observe the 
change of the model output (u) 
(3) Sensitivity analysis results: 
 

Table 5. Sensitivity analysis results 

 
 

To visualize the results, we plotted the sensitivity analysis as follows: 
 

 
Figure 8. u and P sensitivity analysis results are visualized 

 

 
Figure 9. Visualization of YCS sensitivity analysis results 

 
(4) Analysis of sensitivity analysis results: 
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Influence of y on u: The value of u shows an increasing trend with the increase of y. The value 
of u shows an increasing trend with the increase of y. Within the interval [1608, 1798] of y, the 
change of u is small, which indicates that the influence of y on u is relatively limited. 
Robustness of the model: Within the range of y, the change of u is relatively smooth, which 
indicates that the model is robust to the change of y. If the range of y is further expanded, the 
model is robust to the change of y. The model is robust to the change of y. If the range of 
variation of y is further expanded, the stability of the model may need to be reassessed. 
5.3.4. Most Important Factors 
Through the hierarchical analysis method, we compared the median personal income growth, 
hotel tax revenue, passenger volume, traffic volume, the average concentration of diesel 
particulate air pollutants, nitrous oxide concentration, carbon emissions, unemployment rate, 
the standard deviation of the glacier area of the data and assigning weights to them (Figure 9), 
and the results of the analysis show that the CI = 0.145,RI = 1.520,CR = 0.096 < 0.1 The result of 
consistency test passes, and the results of weight calculation are consistent. 
 

 
Figure 10. AHP judgment matrix 

 

 
Figure 11. AHP analytic hierarchy process results 
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Standard deviation of glacier area (18.85%) has the highest weight, indicating that glacier 
variability and uncertainty have a significant impact on decision making.Gross trail (18.39%) 
has the second highest weight, i.e., among all the criterion level factors, gross trail has a 
significant impact on the final decision (total return), and is used at the the later stage as a factor 
to focus on. Median Earnings Growth (13.13%) and Unemployment Rate (14.88%) have 
weights close to the median earnings growth, i.e., they have a certain impact on decision making, 
but are not decisive factors. While Annual_Emissions_NitrousOxide_NonBiogenic (5.28%), 
Mean_Concentration_of_Diesel_PM_Air_Pollutant (5.56%), Government infrastructure 
spending (5.95%), Traffic_volume (3.40%), Hospital revenue (4.07%), and Passenger volume 
(4.44%) are low weighted factors that can be considered as secondary in the decision making 
process. 

5.4. Problem 2: Application of the Model to Other Attractions 
5.4.1. Geographic Location of Fenghuang Ancient City and the Current Situation of 

Tourism Industry 
Fenghuang Ancient City is located in the southwest of Xiangxi, Hunan Province, a city with a 
long history and unique culture. Located in the southwest of Xiangxi Tujia and Miao 
Autonomous Prefecture in Hunan Province, Fenghuang Ancient Town has a unique geographic 
location, with a backdrop of green mountains, facing the Tuojiang River, a beautiful shape and 
a unique natural environment. This unique geographical environment adds endless charm to 
Fenghuang Ancient Town, making it a tourist attraction in the hearts of many visitors. The 
geographic location of Fenghuang Ancient Town makes it a transportation hub at the junction 
of Hunan, Guizhou and Chongqing, providing convenient transportation conditions for the 
development of tourism. In addition, Fenghuang Ancient City is located at the edge of Hunan 
Province, close to Zhangjiajie, Changsha and other popular tourist cities, the transportation is 
convenient, which is conducive to attracting tourists and expanding the city's infrastructure 
imperfections, such as traffic congestion in the peak season, poor environmental health, 
insufficient number of public toilets, poor hygiene, and untimely cleaning of garbage, which 
affect the tourists' experience of visiting the city. 
5.4.2. Model Adjustment and Application 
For Phoenix Ancient City, we collected relevant data for its data processing, the data are as 
follows, and the model was adjusted accordingly, adjusting the average consumption 
expenditure of tourists y to 1000.4. By constantly adjusting the strategy variables and 
optimizing again with genetic algorithm to find the optimal strategy for sustainable 
development, the optimal value is 596.15. 
 

Table 6. Phoenix Ancient City data 

 
 

Considering the model results and the unique geographic location of Fenghuang Ancient City, 
the local government should take measures such as appropriately raising taxes, limiting the 
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number of tourists, strengthening management and regulatory measures, and enhancing the 
treatment of wastewater and garbage, so as to promote the sustainable development of 
Fenghuang Ancient City. 
5.4.3. Promotion of Cold Cities 
(1) Tourism Development in Zhangye City 
Zhangye City is located in the southwestern part of Gansu Province, China, with a long history, 
is an important city on the ancient Silk Road, and has unique natural scenery, known as “South 
of the River on the Seas”. The Zhangye Danxia National Address Park has helped revitalize this 
cold city. According to the Zhangye Culture and Tourism Bureau, the Zhangye Danxia National 
Geopark received about 3 million visitors in 2019, contributing 30% of Zhangye's tourism 
revenue[4]. The unique landscape of Danxia landform contributes to Zhangye not only in terms 
of tourism, but also in terms of politics, economy. For politics, with the development of tourism, 
Zhangye receives more policy support and financial investment for building infrastructure and 
environmental protection. For economy, Danxia Park drives the development of tourism in 
Zhangye, and the increase of tourists directly contributes to the prosperity of hotels, 
restaurants, transportation and other related industries.  
(2) Related Suggestions 
1) Dynamically adjust the number of tourists 
Firstly, adjust the number of tourists appropriately during peak seasons[5] (e.g. Chinese New 
Year, summer vacation) and reduce the number of tourists during low seasons to achieve 
balance throughout the year. Secondly allocate tourist numbers to different time slots to avoid 
overcrowding during peak periods which may result in lower satisfaction of local residents 
2) Optimize resource allocation 
Firstly, dynamically adjust the use of infrastructure according to the number of tourists, e.g. 
close some facilities when there are fewer tourists to save resources.Then, enhance 
environmental protection measures when there are fewer tourists, such as vegetation 
restoration and garbage disposal. 
3) Enhance visitor experience 
Firstly, provide personalized tourism services, such as customized tourism routes and special 
catering, to attract more tourists. Also, increase cultural experience programs, such as 
handicraft production and folklore performances, to enhance tourists' participation and 
satisfaction. 
(3) Model Extension to Zhangye Danxia Geopark 
In order to maximize the total utility (sustainable development) and at the same time promote 
the development of local tourism, we improved the model. 
1) Objective function 
Objective function: 
 

max u = AଵY஑AଶSିஒAଷCିஓ 
 
Among these, α=0.1638, β=0.539, γ=0.2973. 
2) Adjustment constraints 
A. Ecological environment index 𝐸௡௩: 
For attractions with fewer tourists and relatively less ecological pressure, the lower limit of 𝐸௡௩ 
can be appropriately relaxed. According to the 3σ principle, set 𝐸௡௩೘೔೙

= 𝜇 − 𝑘𝜎. Considering 
all kinds of external factors, in order to make the conclusion more scientific, take the value of k 
3, i.e. 𝐸௡௩ ≥ 𝐸௡௩೘೔೙

= 0.095. 
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Survival Quality Index SQ: 
Since there are fewer tourists and the quality of life of residents is relatively less affected by 
tourists, the lower limit of SQ can be appropriately relaxed. According to the 3σ principle, set 
𝑆𝑄௠௜௡ =𝜇 − 𝑘𝜎.  Considering all the external factors, in order to make the conclusion more 
scientific, take the value of k 2, i.e. 𝑆𝑄 ≥ 𝑆𝑄௠௜௡ = 0.13. 
Number of tourists P: 
As the number of visitors to this attraction is relatively low, the upper limit  
of the number of visitors can be appropriately adjusted upwards to attract more visitors and 
bring greater benefits. Set 𝑃௠௔௫ = 𝜇 + 𝑘𝜎  ,considering all the external factors, to make the 
conclusion more scientific, the value of k is taken as 2, i.e.  
 

P ≤ 𝑃௠௔௫ = 1288464 

5.5. Model Advantages and Disadvantages 
5.5.1. Advantages 
This paper uses hierarchical analysis to decompose the complex sustainable tourism problem 
into multiple levels (e.g., economic, environmental, social), and systematically assesses the 
relative importance of each factor, and uses entropy method to determine the weights through 
the degree of discrete data to avoid the interference of subjective judgments, and finally genetic 
algorithm is used to optimize the number of tourists and resource allocation, which is suitable 
for use in complex optimization problems, and is robust. This model has a comprehensive, 
taking into account the influence of multiple factors, the model solution is scientific and 
objective, and can adjust the weights and constraints according to the different situations in 
different regions, which is flexible and has the ability to predict and optimize. 
5.5.2. Disadvantages 
Our model has high requirements for data, and needs to find a large amount of data before 
integration. In addition to this, the model has high computational complexity and involves a 
variety of complex mathematical methods and algorithms, requiring high computational 
resources and specialized skills. 
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5.6. Memorandum 
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Appendix 

AHP hierarchical analysis (codes in Figures V and VI) 
import pandas as pd 
import numpy as np 
df = pd.read_excel('Juneau data.xlsx') 
# Guideline layer factors 
criteria = [ 
    'Median Earnings Growth', 'Hotel tax revenue', 'Passenger volume', 'Gross total', 'Traffic 

volume', 
    'Mean_Concentration_of_Diesel_PM_Air_Pollutant', 

'Annual_Emissions_NitrousOxide_NonBiogenic', 
    'Unemployment Rate of a Population', 'Standard deviation of glacier area', 
    'Government infrastructure spending','Government spending on environmental 

protection',  
] 
 
n = len(criteria) 
comparison_matrix = np.array([ 
    [1.000, 0.200, 0.500, 1.000, 0.333, 0.500, 0.250, 1.000, 2.000, 0.333, 0.333], 
    [5.000, 1.000, 4.000, 4.000, 2.000, 2.000, 2.000, 4.000, 4.000, 0.500, 0.500], 
    [2.000, 0.250, 1.000, 3.000, 1.000, 3.000, 3.000, 4.000, 5.000, 2.000, 2.000], 
    [1.000, 0.250, 0.333, 1.000, 0.250, 0.333, 0.333, 0.500, 0.500, 0.250, 0.200], 
    [3.000, 0.500, 1.000, 4.000, 1.000, 3.000, 3.000, 5.000, 5.000, 2.000, 2.000], 
    [2.000, 0.500, 0.333, 3.000, 0.333, 1.000, 1.000, 4.000, 5.000, 2.500, 2.500], 
    [4.000, 0.500, 0.333, 3.000, 0.333, 1.000, 1.000, 4.000, 4.000, 3.000, 3.000], 
    [1.000, 0.250, 0.250, 2.000, 0.200, 0.250, 0.250, 1.000, 2.000, 0.250, 0.250], 
    [0.500, 0.250, 0.200, 2.000, 0.200, 0.200, 0.250, 0.500, 1.000, 0.250, 0.250], 
    [3.000, 2.000, 0.500, 4.000, 0.500, 0.400, 0.333, 4.000, 4.000, 1.000, 1.000], 
    [3.000, 2.000, 0.500, 5.000, 0.500, 0.400, 0.333, 4.000, 4.000, 1.000, 1.000] 
]) 
# Calculate eigenvalues and eigenvectors 
eigenvalues, eigenvectors = np.linalg.eig(comparison_matrix) 
max_eigenvalue = np.max(np.real(eigenvalues)) 
CI = (max_eigenvalue - n) / (n - 1) 
print(CI) 
print(max_eigenvalue) 
# Selection of appropriate RI values based on the number of guidelines n 
RI_value = 1.520  # RI value when n=11 
 
# Calculate CR 
CR = CI / RI_value 
if CR < 0.1: 
    weights = np.real(eigenvectors[:, np.argmax(eigenvalues)]) / 

np.sum(np.real(eigenvectors[:, np.argmax(eigenvalues)])) 
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    print("Criterion weights:", weights) 
else: 

    raise Exception("Unacceptable consistency of judgment matrices") 
 

(α β γ AHP hierarchical analysis) 
import pandas as pd 
import numpy as np 
 
df = pd.read_excel('Alpha AHP hierarchical analysis.xlsx') 
 
# Guideline layer factors 
criteria = ['Gross total','Government infrastructure expenditure','Government spending on 

environmental protection'] 
 
n = len(criteria) 
comparison_matrix = np.array([ 
    [1.000, 0.333, 0.500], 
    [3.000, 1.000, 2.000], 
    [2.000, 0.500, 1.000] 
]), 
# Calculate eigenvalues and eigenvectors 
eigenvalues, eigenvectors = np.linalg.eig(comparison_matrix) 
max_eigenvalue = np.max(np.real(eigenvalues)) 
CI = (max_eigenvalue - n) / (n - 1) 
print(CI) 
print(max_eigenvalue) 
# Selection of appropriate RI values based on the number of guidelines n 
RI_value = 0.52 # RI value when n=3 
 
# Calculate CR 
CR = CI / RI_value 
if CR < 0.1: 
    weights = np.real(eigenvectors[:, np.argmax(eigenvalues)]) / 

np.sum(np.real(eigenvectors[:, np.argmax(eigenvalues)])) 
    print("Criterion weights：", weights) 
else: 
    raise Exception("Unacceptable consistency of judgment matrices") 
 

(Data normalization code) 
import pandas as pd 
from sklearn.preprocessing import MinMaxScaler 
import numpy as np 
# Read Excel file with engine xlrd 
df = pd.read_excel('Juneau.xls', engine='xlrd') 



Frontiers in Sustainable Development Volume 5 Issue 3, 2025

ISSN: 2710-0723 

 

47 

 
# Negative sign in data, replace Unicode negative sign with ASCII negative sign 
df = df.replace('−', '-', regex=True) 
 
# Initialize the MinMaxScaler object 
scaler = MinMaxScaler() 
 
# Select all numeric columns for normalization 
numerical_columns = df.select_dtypes(include=[np.number]).columns 
df[numerical_columns] = scaler.fit_transform(df[numerical_columns]) 
 
# Normalized data saved to Excel file, specify engine as openpyxl 
df.to_excel('normalize.xlsx', index=False, engine='openpyxl') 
 

print("Normalization is complete, data has been saved to 'normalize.xlsx'") 
 


