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Abstract: To effectively balance economic gains and ecological conservation in tourism-intensive cities, this study examines
Juneau, Alaska—a quintessential tourism-dependent city—and constructs a multi-objective optimization framework for
sustainable tourism based on a stochastic movement model. By modeling the stochastic fluctuations of beer and housing prices
and incorporating symbolic functions to quantify tourist behavior choices and local residents' response strategies, the framework
establishes a constrained optimization model to systematically optimize overall social, economic, and environmental benefits.
Key parameters were estimated using linear regression methods, combined with Monte Carlo simulation techniques to conduct
stochastic simulations and evaluations of profit and sustainability indicators under various scenarios. Results indicate that setting
hotel accommodation prices at $160 per night and limiting annual visitor numbers to approximately 15,800 can maximize
regional profits while significantly reducing environmental pressure, thereby alleviating resource competition between local
communities and external tourists. The modeling mechanism proposed in this study not only provides a scientific quantitative
decision-making tool for the sustainable development of resource-constrained tourism cities but also holds significant theoretical
value and practical guidance for advancing tourism policy design that balances equity and efficiency.
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identify optimization opportunities. These regression results

1. Introduction are then embedded as input parameters into an optimization

Juneau, Alaska, as a quintessential polar fringe tourism city, =~ Model to derive optimal pricing strategies, visitor capacity
has seen its annual visitor numbers far exceed its local limits, .an.d envi.ror}me.ntal management measures, achieving
population by dozens of times in recent years due to the rapid synergistic optimization b.e.tvslzeen economic benefits and
growth of cruise and ecotourism. Tourism has become the sustainability gpals. Sensitivity analysis assesses model
backbone of its economy [1]. However, the surge in visitors OUtPUtS' reSpOnSIveness to key paramete.r changes, enhanglng
has led to overburdened urban infrastructure, declining polhcy. formul.aFlon robustness [8]. Th{s rese'flrch proyldes
community quality of life, and sustained pressure on fragile scientific dec1519n support for Juno Clt}f while offerlng a
ecosystems. Particularly against the backdrop of climate scalable modeling 'tjramework’ and policy paradigm for
change, issues like glacial retreat and localized greenhouse ecologically  sensitive  destinations  globally  facing
gas accumulation have become increasingly prominent [2-4]. overtourism challenges.

To address these challenges, the local government has .
implemented management measures including increased 2. Overview of the StUdy Area and
hotel taxes, visitor fees, daily visitor caps, and alcohol sales Data Sources

restrictions. These policies aim to alleviate environmental and
social pressures while channeling new fiscal revenues toward
ecological conservation and community development [5].
However, while mitigating tourism's negative impacts, these
policies also pose potential disruptions to economically
dependent industries, revealing significant divisions in
resident attitudes. This underscores the urgent need to achieve
synergistic balance among economic growth, environmental
protection, and social welfare [6-7].

As aremote capital city dependent on tourism, Juneau faces
typical challenges such as environmental degradation and
infrastructure strain driven by tourist growth. Its adaptive
governance strategies—implemented through fiscal and
regulatory tools like hotel taxes and visitor capacity
management—provide a critical case study for examining
policy interventions and socio-ecological resilience in the
sustainable transformation of tourism destinations.

This study employs a multi-source data synthesis approach,
integrating macroeconomic indicators, environmental
monitoring data, and social survey findings to
comprehensively assess Juneau's tourism sustainability [9].
Economic data originate from official statistics of the Juneau
Tourism Bureau and Alaska Department of Revenue,
covering quarterly data from 2015 to 2023, including visitor
numbers, average hotel room rates, total alcoholic beverage

This study addresses Juneau's sustainable tourism
management challenges by employing OLS regression
analysis, optimization techniques, and sensitivity testing to
identify key regulatory variables influencing sustainability
(e.g., visitor caps, pricing mechanisms, and environmental
strategies). Regression analysis explores linear relationships
between alcohol sales, hotel pricing, and tourism demand to
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sales, and tourism-related taxes. Environmental data were
provided by the Alaska Department of Environmental
Conservation and the U.S. Geological Survey (USGS),
primarily including greenhouse gas concentration monitoring
data (CO2 and CH4) in glacial areas, municipal solid waste
disposal volumes, and freshwater resource consumption
records. Additionally, to capture stakeholder subjective
feedback, this study conducted stratified sampling surveys
during 2022-2023, collecting satisfaction ratings from local
residents (n=320) and tourists (n=280) regarding tourism
policies, service pricing, and ecological impacts.

3. Research Framework and Methods

To solidify the theoretical foundation for constructing
sustainable profit models, this study first focuses on
establishing a dual-subject economic system. The
construction of this foundational system aims to provide a
clear and actionable starting point for subsequent analyses in
more complex scenarios. Its core lies in capturing the
interaction mechanisms, profit distribution patterns, and
resource flow pathways between the two economic entities.
Building upon this foundation, the analysis framework is
further extended to encompass a more universally applicable
economic scenario involving n entities. This expansion aims
to comprehensively reflect the complex dynamics of multiple
entities coexisting and influencing each other within real-
world economic environments.

At the theoretical hypothesis level, this study adopts a
perfectly competitive market as its analytical backdrop. This
assumption not only aligns with the analytical paradigm of
classical economic theory—eliminating monopolistic
interference in market mechanisms—but also facilitates
clearer revelation of how market supply-demand dynamics
and price formation mechanisms influence subject decision-
making [10]. Regarding specific research subjects, this study
conducts an in-depth examination of purchasing decisions for
a particular category of goods.

Establish the demand equation:

Q= Py+Q, (4>0, Q.€R)
The supply equation also satisfies a linear relationship:
Q=B Q. (B>0. Q.€R) @

(The coefficients for the two equations can be determined
by performing a least-squares fit using historical data.)

In a perfectly competitive market, the supply price and the
demand price are identical, thereby establishing the profit
equation.

Assume P, = Pgq = P
established:

I (P)=[@ W+ L)+B ]PIHQ (i) -Q [P (3)

To characterize the impact of decision-making behavior on
the system, this studydefine two binary decision indicator
variables I;; and I,;. When an agent executes a decision
action, I;; is assigned a value of 1; if no decision is made, it
takes the value 0. The variable I,; follows the same
assignment logic, thereby clearly delineating the occurrence
or absence of a decision.

From the perspective of system evolution, there exists a
well-defined mapping mechanism: a system originally
operating in a continuous mode, denoted as QugPyq ,
transitions into a discrete system upon the introduction of
decision variables, expressed as Q.qPq (11 + 15 ). Here,
QiqPiq represents the system in its continuous dynamic state
in the absence of decision intervention, while QgqPq(I1¢+]2t)

M

,the following equation is
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exhibits discrete state changes contingent on the presence or
absence of decisions. This formulation precisely captures the
shaping effect of decision variables on the system’s
operational mode, providing a foundational mathematical
framework for subsequent analysis of system behavior under
decision-driven dynamics.

To derive the optimal price, this study takes the first-order
condition with respect to profit, resulting in the following
equation:

Setting the first-order condition equal to zero yields the
optimal solution for price (this belongs to the solution
obtained from the continuous system):

. (Ilt+12t)QC_Qe (4)
' 2[@ 1, )+

Research has revealed a direct and significant correlation
between the formation mechanism of market equilibrium
prices and the decision-making behavior of participants.
Within the analytical framework of a two-agent game, this
study defines each economic agent's decision space as a
binary discrete choice (where the decision variable takes
values of 0 or 1), with their decision-making behavior
following specific probability distribution characteristics.
This setting aligns with the reality that economic agents often
face either-or choices in practice.

Based on the above assumptions, the strategic interaction
between the two agents will yield four possible decision
combinations, which can be fully characterized in the two-
dimensional vector space {(0,0), (0,1), (1,0), (1,1)}. It is
particularly noteworthy that due to the symmetry in the
decision-making structure between the two agents (i.e., no a
priori status differences or weighting disparities exist between
them), the decision combinations (0,1) and (1,0) exhibit
complete equivalence in the market price formation
process—both exert identical effects on supply and demand
dynamics, ultimately converging toward the same price
determination pathway.

At the same time, the optimal prices obtained from solving
the three scenarios above can be summarized into a general
formula:

OO
When 0<msn =2 e (5)
Z[maﬁ-ﬁt]
Substituting into the profit equation yields:
— —\2
oy (mQQ)
IT; (Pt (m)):% 6)
4(m0'¢+[3[)

To clarify the intrinsic relationship between the number of
optimal profit values and the number of participants'
decisions, this study integrates mathematical induction with
visualization techniques. Through multiple rounds of
inductive analysis, this study finds that: When the total
number of market decision-makers is n, the possibility space
of system decision schemes exhibits 2”n distributions—this
result stems from the combinatorial expansion of each
participant's binary decision dimensions (basic decision units
such as participate/not participate, choose strategy A/choose
strategy B, etc.). Correspondingly, optimal profits manifest
(n+1) distinct value patterns. Crucially, the dynamic evolution
of these value patterns is profoundly constrained by the
probabilistic distribution characteristics of the n participants'
decision-making behaviors. Shifts in the mean, fluctuations in
variance, and differences in distribution types (e.g., normal
distribution, Poisson distribution) directly shape the
distribution center, dispersion level, and evolutionary



trajectory of optimal profit values, constituting the core
intrinsic mechanism for profit regulation.

Analyze the profit equation and complete the model
feasibility proof.:

Solve the first-order condition for IT with respect to m to
obtain the following equation:

ar,(P;m) (mQ,-Q,) (Q@m+2Q,B+eQ,)

7
in () v
- («Q428.Q,)
m=—————"->= (8)
X

From the second-order condition, this study obtains the
following equation:

d’11,(P,(m)) _ (&Q};E@)z

®
dm? 2(m*@t+§t)3
m*d\tﬂi:w%m (10)

Assuming the commodity is normal and satisfies & >
0, Q; >0, Q\e <0, B\t > 0, and given that m* > 0, it follows
that @&Q. + 2B:Q. < 0 Additionally, since Q.f; + &Q. <
@.Q. + 2BQ.and QP > 0, this study can conclude that
@.Q, + B:Q. < 0. Therefore, the second-order condition is
greater than 0.

Mathematical derivation clearly demonstrates that,
theoretically and in the absence of other constraints, profits
exhibit a positive correlation with the number of decision-
makers involved—in the context of tourism operations, this
refers to the number of visitors.

However, by reasonably setting specific visitor thresholds
and precisely adjusting pricing strategies, profits can be made
to fluctuate within a predefined range. This approach lays a
solid foundation for the long-term sustainability of business
operations, ensuring the stable and continuous development
of the operational system.

4. Modeling and Empirical Results
Analysis

4.1. Data Description

The following section further extends the optimization

approach introduced in this study to model the tourism
economy of Juno City. Focusing on the core arena of
economic activity in tourism cities, this research
systematically explores the dynamic game-theoretic
mechanisms among three key actors: residents, tourists, and
tourist attractions. Against the backdrop of a booming tourism
industry, the continuous expansion of visitor numbers not
only brings significant economic growth to destinations—
driving job creation, infrastructure upgrades, and synergistic
development across related sectors—but also inevitably
exerts multifaceted impacts on local socio-ecological systems.
—specifically manifested as the compression of residents'
daily living spaces, increased pressure on public service
resources (such as transportation, healthcare, and education),
and disturbances to the ecological environment surrounding
scenic areas (including vegetation coverage, water quality,
and air quality). These negative externalities derived from
tourism activities exhibit more concentrated and pronounced
characteristics in areas adjacent to scenic spots, becoming a
key bottleneck constraining the sustainable development of
tourism destinations.

Addressing these contradictions, the theoretical model
developed in this study centers on achieving synergistic
optimization among tourism economics, social welfare, and
ecological conservation. It sets total profit maximization as
the primary objective function while simultaneously
embedding dual constraints: ecological costs (encompassing
environmental  restoration  investments, ecological
compensation mechanisms, and sustainable resource
utilization costs) and social costs (including compensation for
diminished resident quality of life, governance costs for
overloaded public services, and community relations
coordination costs). By integrating multidimensional
influencing factors—such as tourist consumption preferences,
resident acceptance thresholds, and attraction operational
efficiency—the model conducts comprehensive optimization
analysis. It aims to precisely identify the dynamic equilibrium
zone among resident satisfaction, tourist experience quality,
and attraction profitability. Ultimately, it provides an
actionable theoretical framework and decision-making basis
for tourism cities to achieve a win-win scenario of economic
growth and sustainable development.

Price and Sales of Alcohol
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Figure 1. Price and sales of alcohol
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Figure 1 visually demonstrates a significant positive
correlation between the sales volume of alcoholic beverages
and their prices. This phenomenon carries particular
economic significance in tourism contexts, revealing that
tourist demand for alcoholic beverages exhibits high price
elasticity during price fluctuations—meaning minor price

changes trigger more pronounced corresponding adjustments
in sales volume. This sensitive demand-side response
mechanism provides crucial empirical evidence for
understanding the supply-demand dynamics of alcoholic
beverages in tourism markets and lays a vital demand-side
foundation for subsequent profit function modeling.

Supply and Price of Alcohol
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Figure 2. Supply and price of alcohol

Figure 2 clearly reveals the correlation pattern between the
supply volume and price of alcoholic beverages: the two
exhibit an overall positive linkage trend, meaning that when
prices rise, supply tends to increase, and vice versa. This
aligns with the incentive mechanism of price on supply in
classical supply theory. However, the data series exhibits

significant volatility, indicating that the supply curve does not
follow a strictly monotonic, smooth trajectory but is instead
influenced by multiple exogenous variables beyond price.
The complex volatility observed on the supply side
underscores the necessity for systematic modeling of supply
uncertainty when constructing theoretical frameworks.

Price and Need of Hotel
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Figure 3. Price and need of hotel

Figure 3 shows the dynamic interplay between supply

volume and price within the alcoholic beverage supply system.

Overall, the two exhibit a pronounced positive correlation: as
price levels rise, supply volume generally increases. This
aligns with the core proposition of classical supply theory that
“price signals guide production decisions.” However, the data
series exhibits pronounced volatility—manifested in large
and uneven residuals deviating from the fitted regression line.
This indicates that dynamic adjustments on the supply side
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are driven not only by price as the core independent variable
but also significantly influenced by a series of exogenous
disturbance factors.

4.2. Model Establishment

Based on the principles of the supply-demand model, the
following model is established for the tourism industry in
Juno City, incorporating constraints to ensure sustainable
economic operations:



ITt=P g4g00d (Bgood_agoodptgood) (i Z Lidigood TJ Z Idjgood)

+(Ptdrive+Ttrive) (Blive_aliveptrive)i Z Itdilive

TPice (i Z Lisice 1J Z Itjice) TPirain (i Z Littrain Z Itjtrain) an

- [Pdgood (8g00d+yg00dpdgood) +Ptliverlive
- [thater+ztmbbish+(Pcoz_Ttlive) (1 Z Itice +j Z Itjice)]

Sustainable Economy Constraints:

Z It(i)ice + Z It(j)ice =¢eXp —F Z Itiice + Z Itjice (12)
i j i j
z Itice + Z Itdlive + z Itwhale + Z Ittrain :Yt
i i i i

(13)

(14)

Z Liice + Z Ljice |<maxY
i j

The following continuous optimal pricing formula is
obtained using the Lagrange multiplier method:

Bgood (Zl Itdigood + Zj Itdjgood)_®

p :dgood: - - (1 5)
2 [agood (Zl Itdigood + Zj Itdjgood)_i_'ygood
ﬁT “Tlive O'Ti;e
P* - live 16
tdlive zaTi;e ( )

4.3. Model results

Profit Analysis($)

Profit
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Figure 4. Profit analysis

Figure 4 visually illustrates the optimization characteristics
of discrete optimal solutions while clearly depicting the
dynamic relationship between optimal price and optimal
profit. Specifically, when the price is set at $140, the
corresponding profit level is approximately $300 million;
whereas when the price is adjusted to $160, profit reaches its
maximum value of approximately $350 million. This
outcome reveals the significant impact of the price variable
on profit levels, indicating the existence of an optimal price
range that maximizes profits.

From a practical perspective, these findings provide clear
quantitative guidance for formulating pricing strategies.
Based on the characteristics of the optimal solution reflected
in the graph, it is recommended to stabilize the price around
$160 with minor fluctuations. This pricing strategy not only
achieves the core objective of profit maximization but, more
importantly, enables moderate price regulation to balance
market supply-demand dynamics and resource allocation
efficiency while safeguarding economic returns. It lays the
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foundation for sustainable development and steady-state
growth within the economic system. This dynamic
equilibrium pricing mechanism accommodates both short-
term profit targets and long-term sustainability requirements,
fostering a virtuous cycle of “profit enhancement—resource
optimization—steady-state growth.”

4.4. Elasticity Analysis

Building upon the initial model, this section further
incorporates the temporal dimension and tax -elasticity,
abandoning the assumption of constant taxation. It examines
how changes in price, visitor numbers, and tax rates over time
influence profit-maximizing strategies (11). The model
objective shifts to identifying the elastic equilibrium point
between visitor numbers and price within a dynamic
environment, ensuring the system maintains a dynamic
equilibrium between ecological carrying capacity and
economic profit.



Profit and Price
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Figure 5. Profit and price

In Figure 5, by extending the random walk model to
account for the impact of variable taxes on profits, this study
finds that optimal profits reach their minimum at a price of
$140, amounting to approximately $3.18 million. Conversely,

optimal profits peak at a price of $175, reaching roughly
$3.47 million. Therefore, the optimal housing price can be set
at around $170.

Profit and Vistors
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Figure 6. Profit and visitors

In Figure 6, by extending the model through a random walk
approach and accounting for the impact of fluctuating visitor
numbers on profits, it was found that optimal profits reach
their minimum value of approximately $3.18 million when
visitor numbers are 17,400. Conversely, optimal profits peak
at approximately $3.47 million when visitor numbers are
15,600. Therefore, the optimal visitor count can be
maintained around 15,800.

5. Conclusions

This study uses Juneau, Alaska as a case study to construct
a multi-objective optimization model integrating economic
benefits and sustainability goals, aiming to reconcile the
conflicts between economic growth, environmental
protection, and social welfare in tourism development. Based
on tourism economic and environmental monitoring data
from 2015 to 2023, OLS regression analysis reveals the
elastic relationship between hotel prices and tourist demand.
Combined with a constrained optimization model, optimal

61

management strategies are derived. Results indicate that
regional tourism profits are maximized when accommodation
prices stabilize at $160 per night and annual visitor volume is
capped at 15,800, effectively alleviating infrastructure strain
and resource competition conflicts. Sensitivity analysis
further confirms that price and visitor volume are critical
variables regulating system stability. Moderately increasing
prices while controlling visitor flow enables a sustainable
“high-revenue, low-impact” pathway. These findings provide
quantifiable decision support for Juneau and other
ecologically sensitive tourism destinations.

Future research may optimize data collection methods to
enhance the Markov properties of data sequences and reduce
the model's path dependence on historical data. Additionally,
incorporating more granular behavioral data and expanding
non-economic indicators could strengthen the model's
applicability and policy guidance value within complex
socio-ecological systems.
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