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Abstract: Archaeological sites are invaluable cultural assets that embody a community’s history,
traditions, and heritage. While their protection is crucial for preserving future generations' connection
to the past, these sites often face threats from real estate development, which promises short-term
economic gains but may lead to long-term cultural and tourism losses. This paper proposes an
innovative approach to balancing the preservation of archaeological heritage with the demands of
land development, leveraging cutting-edge artificial intelligence (Al) technologies to optimize
decision-making processes. By integrating Al-driven models such as cost-benefit analysis, dynamic
land rental models, and scenario simulations, the research aims to enhance predictions and resource
allocation for stakeholders involved in archaeological site management and urban planning. Al’s
ability to analyze large datasets—ranging from tourism trends to real estate pricing and demographic
data—enables the development of more accurate forecasts on the economic impacts of site
preservation versus land development. Furthermore, this paper explores the use of natural language
processing (NLP) for analyzing policy documents and legal frameworks to identify potential
regulatory hurdles or opportunities for integrated development. The ultimate goal is to provide a
comprehensive, data-driven decision support system that not only predicts economic outcomes but
also facilitates collaboration between stakeholders like governments, developers, and archaeologists.
This Al-enabled framework offers a sustainable path forward for managing the delicate balance
between protecting cultural heritage and fostering economic growth in rapidly developing regions.

1. Introduction

As irreplaceable cultural heritage, archaeological sites carry important historical, cultural and social
values. They not only represent the remains of past civilizations, but also become an important part of
today's social and cultural identity. The protection of archaeological sites plays an important role in
inheriting historical culture and maintaining social memory. However, with the acceleration of
urbanization, the demand for land development and infrastructure construction is increasing, and
archaeological sites are facing huge threats. Especially when the location of the site is suitable for real
estate development, the conflict between protection and development is particularly prominent. This
conflict is not only a trade-off between cultural value and economic interests, but also involves the
game between different social interest groups [1]. The protection of archaeological sites has significant
long-term economic benefits for society. On the one hand, as a tourist attraction, the site can attract a
large number of tourists and drive the development of related industries (such as hotels, catering,
transportation, etc.), thereby bringing sustainable benefits to the local economy [2]. On the other hand,
land development can promote the rapid growth of the regional economy, provide housing,
commercial space and related employment opportunities, and meet the needs of urban expansion.
However, if not properly planned, overdevelopment may lead to the destruction of cultural heritage
and ultimately affect the sustainability of the tourism industry [3].

Therefore, how to promote local economic development while protecting cultural heritage has
become a challenge that society must face today. Although traditional economic models provide a
theoretical basis for decision-making, they often lack sufficient predictive power and flexibility when
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dealing with the complex economic trade-offs between archaeological site protection and land
development. In recent years, the rapid development of artificial intelligence (AI) technology has
provided new ideas for solving this problem. In particular, predictive models based on big data and
machine learning can effectively simulate economic benefits under different scenarios, optimize
resource allocation, and assist policymakers in making more scientific and sustainable decisions
between archaeological site protection and development [4].

This paper aims to build a comprehensive decision support system by introducing artificial
intelligence technology, including natural language processing (NLP) and machine learning
algorithms, to help policymakers, urban planners, and stakeholders find a balance between
archaeological site protection and land development. This article will explore how to optimize
economic decisions on archaeological site protection and land development through artificial
intelligence-driven cost-benefit analysis, dynamic simulation, and stakeholder coordination models,
ultimately achieving a win-win goal of cultural heritage protection and economic development.

2. Related Work

The integration of Al in archaeological site protection and land development has gained significant
attention in recent years. Al technologies, particularly machine learning (ML) and NLP, provide
powerful tools to optimize decision-making, simulate various scenarios, and balance the trade-offs
between heritage conservation and urban expansion.

2.1 Al in Archaeological Site Protection

The application of Al in heritage preservation has evolved significantly. Recent studies highlight
the use of Al-driven models for site monitoring and risk assessment. For instance, satellite synthetic
aperture radar (SAR) has been employed for the detection and protection of archaeological sites. This
technique enables high-resolution monitoring of land areas, identifying potential risks and aiding in
the development of conservation strategies [5].

Al-based risk assessment models have also been explored. Vasiliev et al. analyzed the potential of
Al in environmental, cultural, and geological heritage conservation, emphasizing its role in evaluating
economic impacts and supporting data-driven decision-making for stakeholders involved in heritage
management [6]. Similarly, NLP technologies have been utilized to analyze legal documents and
policy frameworks, enabling researchers to extract relevant regulations and identify constraints
affecting archaeological site conservation [7].

Furthermore, Al has been instrumental in digital reconstruction and documentation of
archaeological sites. Li et al. systematically reviewed the application of Al in cultural heritage
conservation, highlighting its role in reconstructing historical structures and enabling virtual tourism
experiences, which promote both education and economic sustainability [8].

2.2 Al in Land Development and Economic Modeling

Beyond archaeological protection, Al plays a crucial role in land development decision-making.
Machine learning models have been employed to predict real estate market trends and assess land use
changes over time. These models integrate large-scale datasets, including demographic data, economic
indicators, and environmental factors, to provide accurate predictions of land value fluctuations [9].

Recent research has explored Al-driven cost-benefit analysis (CBA) models to optimize land
development strategies. Yao et al. demonstrated how Al-based predictive models can assess the
economic viability of various land development scenarios, taking into account long-term profitability
and cultural preservation concerns [10]. Additionally, Castillo explored computational and machine
learning tools for archaeological site modeling, showcasing their potential in predicting future land-
use trends and mitigating risks associated with uncontrolled urban expansion [11].

Land rent estimation, a key factor in determining development feasibility, has also benefited from
Al advancements. Elhosary introduced a machine learning-based framework that integrates real-time
data sources, such as satellite imagery and urban planning records, to enhance land rent prediction
accuracy [12].
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2.3 AI-Driven Decision Support Systems for Stakeholder Collaboration

Effective heritage conservation and land development require collaboration among policymakers,
urban planners, developers, and archaeologists. Al-driven decision support systems facilitate this
coordination by offering transparent data-sharing platforms and automated recommendation systems.

The study proposed an Al-driven decision support system that utilizes NLP to analyze policy
documents, extract relevant legal information, and provide insights for balanced decision-making in
cultural heritage management [4]. Additionally, blockchain technology has been suggested as a means
to enhance transparency and accountability in decision-making processes. The research explored
blockchain-based smart contracts to regulate agreements between developers and conservation
authorities, ensuring compliance with legal frameworks [13].

Furthermore, stakeholder engagement has been enhanced through Al-powered sentiment analysis.
The study highlighted the use of Al to analyze social media and public opinion data, allowing
policymakers to gauge community perspectives on heritage conservation versus urban development
[14].

3. Methodology

This study proposes an Al-driven framework for optimizing the economic trade-offs between
archaeological site preservation and land development. The methodology integrates machine learning,
predictive modeling, dynamic simulations, and stakeholder collaboration tools to enable data-driven
decision-making. The approach consists of four core components: Al-driven cost-benefit analysis,
machine learning-based land rent prediction, Al-supported dynamic simulations, and stakeholder
collaboration decision-support systems.

3.1 Al-Driven Cost-Benefit Analysis Model

CBA is essential for assessing the economic viability of archaeological site preservation versus land
development. Traditional CBA models rely on historical data and static assumptions, limiting their
predictive power. In this study, We develop AI-Driven CBA model by integrating real-time data,
predicting long-term economic impacts, and simulating various policy scenarios.

The CBA model collects data from multiple sources, including archaeological site tourism revenue,
real estate market trends, environmental impact assessments, and urban development projections. Al
algorithms process these datasets to generate precise cost-benefit estimates. We utilize long short-term
memory (LSTM) networks to predict the economic impacts of site preservation and development over
20-year periods, capturing temporal dependencies in economic fluctuations, and random Forest and
XGBoost models to improve short-term and long-term economic forecasting by integrating a wide
range of influencing factors such as policy changes, market volatility, and socio-economic shifts.
Monte Carlo simulations are applied to assess the probabilistic distribution of outcomes, considering
variables such as fluctuating tourism demand and changing land values [15].

3.2 Machine Learning-Based Land Rent Prediction

Land rent estimation plays a crucial role in urban planning and economic modeling. Al-powered
rent prediction models provide more precise assessments by incorporating real-time market dynamics
and spatial data.

This study employs multiple machine learning algorithms, including Support Vector Machines
(SVM), XGBoost, and LASSO regression, to predict land rent fluctuations. The models incorporate
geospatial data, infrastructure investments, historical property transactions, and economic indicators.

3.3 AI-Supported Dynamic Simulation Models

LSTM networks are employed for time-series forecasting, allowing the system to predict long-term
trends in urban growth and land-use changes. Agent-Based Modeling (ABM) is used to simulate the
behavior of different stakeholders, including real estate developers, government agencies,
conservationists, and the general public. This approach enables the model to account for dynamic
interactions between various actors and their responses to policy decisions and economic conditions.
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The model also includes spatial analysis components that leverage GIS and satellite imagery to
enhance the accuracy of urban growth predictions. By analyzing historical patterns of land expansion
and infrastructure development, the Al system identifies emerging trends and predicts how urban areas
are likely to evolve under different policy scenarios.

To improve decision-making processes, the Al-supported simulation model is integrated into a
policy recommendation system. This system provides policymakers with data-driven insights by
evaluating different land-use strategies and their projected long-term impacts. It also allows decision-
makers to simulate the effects of potential regulatory changes before implementation, helping them
choose policies that balance economic growth with cultural and environmental preservation.

3.4 Stakeholder Collaboration Decision-Support System

In this study, we develop an Al-powered decision-support system to facilitate stakeholder
engagement by integrating data-driven insights and real-time policy evaluations. NLP models analyze
legal documents, policy reports, and public discourse to extract relevant regulations and sentiment
trends.

The system employs the Legal BERT model [16], which have been pre-trained on legal corpora, to
enhance accuracy in recognizing specific terms related to land use, zoning laws, conservation policies,
and urban planning frameworks

Al-powered sentiment analysis assesses community perspectives on heritage preservation and
development projects by analyzing social media posts, news articles, and public feedback surveys.
Sentiment analysis is performed using DistilBERT [17], which is fine-tuned on large-scale datasets of
social media posts, news articles, and public feedback surveys. The model classifies sentiment into
categories such as positive, neutral, or negative, enabling policymakers to gauge community support
or resistance to proposed development projects.

4. Results
4.1 AI-Driven Cost-Benefit Analysis Outcomes

The Al-driven CBA model was tested on multiple datasets, including historical economic data,
tourism revenues, real estate market fluctuations, and environmental impact reports. The model
demonstrated superior accuracy in predicting long-term economic trends compared to traditional
economic models.
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Fig.1 Cost-Benefit Analysis Model Accuracy Comparison

As Fig. 1 shows, the Al model achieved 83.7% accuracy in predicting long-term economic impacts,
compared to 72.4% for conventional regression-based CBA models. Monte Carlo simulations
generated 10,000 economic scenarios, revealing that in 68% of cases, archaeological site preservation
provided higher long-term economic returns due to sustained tourism revenue and cultural heritage
appreciation. In contrast, land development offered higher short-term profits, but in 45% of cases, it
led to an economic downturn due to the loss of tourism income.

A comparative economic impact analysis revealed that site preservation led to an annual 6.8%
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increase in tourism revenue, while land development resulted in a 15-25% revenue spike in the first
five years, followed by a 9.2% decline in tourism revenue after 10 years. These results suggest that
Al-driven CBA enhances decision-making by integrating both short-term and long-term economic
factors.

4.2 Machine Learning-Based Land Rent Prediction

The machine learning-based land rent prediction model was evaluated using real estate transaction
data, zoning laws, and infrastructure investment records. The model provided accurate predictions of
land rent fluctuations under both preservation and development scenarios.

Three machine learning models—XGBoost, Support Vector Machines (SVM), and Random
Forest—were tested for predictive accuracy. As Fig. 2 shows, XGBoost outperformed the other models
with an R? score of 0.92, followed by Random Forest at 0.87 and SVM at 0.81. These results indicate
that Al-based rent prediction models outperform traditional econometric approaches.
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Fig.2 Machine Learning Land Rent Prediction Accuracy

The model's predictions revealed that in preservation zones, land rent values increased by 8.4%,
reflecting the economic benefits of sustained tourism and historical significance. In contrast, areas
undergoing rapid development experienced a 13.7% increase in land rent over five years, followed by
a4.6% decline as tourism attractions diminished. These findings confirm that while land development
can yield short-term rent growth, it may lead to long-term devaluation if not managed sustainably.

4.3 AI-Supported Dynamic Simulation Findings

Al-powered dynamic simulations provided critical insights into long-term urban development
patterns and their economic and environmental impacts. The simulations incorporated ABM and
LSTM to predict urban growth over the next 20 years.

The results revealed that protected heritage zones experienced 5.6% higher property value growth
compared to non-protected areas. Conversely, unregulated development led to a 12.4% increase in
land consumption, resulting in environmental degradation and loss of cultural landscapes.

As Fig. 3 shows, three policy scenarios were simulated:

1) Strict Preservation Policy: Led to 4.8% annual economic growth, sustained by tourism and
cultural investments.

2) Balanced Development Policy: Achieved 7.2% GDP growth while maintaining 68% of
archaeological site integrity.

3) Unrestricted Development Policy: Generated an initial 9.5% GDP surge, but cultural tourism
revenue dropped by 35% after 15 years.

These simulations demonstrate that a balanced approach to land development—one that integrates
conservation policies with controlled urban expansion—offers the most sustainable economic benefits.
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Economic Impact of Different Development Policies
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Fig.3 Economic Impact of Different Development Policies
4.4 Stakeholder Collaboration Decision-Support Effectiveness

The Al-driven stakeholder collaboration system significantly improved transparency and policy
formulation, providing real-time insights into public sentiment and regulatory compliance.

The NLP module analyzed 1.2 million social media posts, public surveys, and news articles. The
analysis revealed that:

¢ 78% of public sentiment supported archaeological site preservation.

® 22% favored land development, primarily advocating economic expansion and housing
availability.

5. Discussion

This study explores the application of Al technology in the economic trade-off between
archaeological site protection and land development. The results show that Al-driven cost-benefit
analysis, machine learning-based land rent prediction, dynamic simulation system, and stakeholder
collaborative decision support platform have significant advantages in optimizing the decision-making
process. In particular, the introduction of Al improves the accuracy and sustainability of decision-
making in economic forecasting, policy simulation, and public participation.

The application of Al in CBA shows excellent predictive ability, with an accuracy rate of 83.7%,
which is lower than the traditional regression analysis model (72.4%). In addition, 10,000 economic
scenarios generated by Monte Carlo simulation show that in 68% of cases, archaeological site
protection can bring higher long-term economic benefits, while in 45% of cases, the short-term
economic growth of land development is unsustainable. These results show that Al-driven CBA can
provide more scientific data support, enabling decision makers to find a better balance between
economic benefits and cultural heritage protection. In terms of land rent prediction, the prediction
accuracy of the XGBoost model reached R? = 0.92. This finding suggests that Al can not only improve
the predictability of the land market, but also help urban planners develop more precise land use
strategies.

Dynamic simulation results further validate the application value of Al in urban planning. ABM-
and LSTM-based simulations show that real estate values around protected sites increase by 5.6%,
higher than unprotected areas, while unconstrained development leads to a 12.4% increase in land
consumption and exacerbates environmental degradation. Policy scenario simulations further show
that strict heritage protection policies can promote an average annual GDP growth of 4.8%, while
moderate mixed development policies can achieve a GDP growth of 7.2% while maintaining 68% of
heritage integrity. In contrast, unconstrained development brings a 9.5% GDP growth in the short term,
but cultural tourism revenue drops by 35% after 15 years, demonstrating the negative impact of
overdevelopment on long-term economic sustainability. This result highlights the importance of Al-
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driven policy simulations in optimizing long-term economic planning, providing data support for
governments and urban planners to develop policies that balance economic growth and cultural
protection.

In terms of stakeholder collaboration, AI technology shows the potential to improve the
transparency of public decision-making. The study analyzed 1.2 million pieces of public opinion data
through NLP, and the results showed that 78% of the public supported the protection of archaeological
sites, while 22% supported land development, mainly based on housing demand and economic growth
considerations. The results show that Al can optimize the policy-making process, improve the
coordination efficiency between governments, developers and heritage protection organizations, and
promote a more sustainable land management model.

Although Al technology has shown obvious advantages in optimizing the decision-making process,
it still has certain limitations. First, data quality issues remain a key challenge to the accuracy of Al
predictions. The economic impact of archaeological site protection is often difficult to quantify, and
the volatility and uncertainty of real estate market data may affect the stability of Al models [5].
Second, the uncertainty of policy changes may have an impact on Al prediction results. The predictions
of this study are based on current market trends and regulatory environment, but with the adjustment
of government policies, changes in economic cycles, and changes in social values, the economic value
of archaeological sites and the feasibility of land development may change. Therefore, future research
can introduce adaptive learning algorithms to enable Al models to continuously update prediction
results to adapt to changes in policy and market environments. In addition, the promotion of Al
technology still faces certain obstacles, especially in local governments and archaeological institutions,
where the application of Al systems may be limited due to technical capabilities and resource
constraints. Therefore, in the future, Al skills training for policymakers should be strengthened, and
more user-friendly Al tools should be developed to facilitate policymakers and urban planners to use
these technologies more effectively. Future research can focus on interdisciplinary data fusion to
enhance the capabilities of Al in economic forecasting and site protection. For example, remote
sensing technology and archaeological data can be combined to monitor the damage of sites in real
time, and these data can be combined with economic models to achieve more accurate economic
impact assessments. In addition, Al-based policy simulation tools can be further developed so that
policymakers can test the economic and cultural impacts of different policy options in real time against
the backdrop of regulatory changes. At the same time, improving public participation is also an
important direction for future research. An Al-based interactive public consultation platform can be
developed and combined with augmented reality (AR) and virtual reality (VR) technologies to increase
public awareness of the value of archaeological sites and thus enhance social acceptance of policies.

This study shows that Al technology can effectively optimize the economic decision-making
process for archaeological site protection and land development. Al-driven cost-benefit analysis, land
rent prediction, dynamic simulation, and stakeholder collaboration tools provide policymakers and
urban planners with a more data-based decision-making framework. Although there are still challenges
such as data quality, policy uncertainty, and technology promotion, with the enhancement of data
integration, model optimization, and public participation, Al will play an increasingly important role
in future urban planning and cultural heritage management.

6. Conclusion

This study demonstrates that Al technologies play a crucial role in optimizing the economic trade-
offs between archaeological site preservation and land development. By integrating Al-driven cost-
benefit analysis, machine learning-based land rent prediction, dynamic simulations, and stakeholder
collaboration platforms, this research provides a data-driven decision-making framework that
enhances the accuracy, efficiency, and sustainability of urban planning and cultural heritage
management. The findings suggest that Al-based cost-benefit analysis improves economic forecasting
accuracy, reducing prediction errors by 18% compared to traditional models. Al-supported simulations
reveal that a balanced development policy, integrating controlled urban expansion with heritage
conservation, yields the highest long-term economic benefits. Machine learning-based rent prediction
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models outperform conventional methods, aiding policymakers in making informed land-use decisions.
Furthermore, Al-powered stakeholder collaboration tools enhance transparency, reduce conflicts, and
improve regulatory compliance. Despite its advantages, the study highlights challenges such as data
quality, policy uncertainty, and technical adoption barriers. Future research should focus on integrating
remote sensing, adaptive learning algorithms, and interactive public engagement platforms to enhance
decision-making. Overall, Al presents a transformative opportunity for sustainable urban development,
ensuring economic growth while preserving cultural heritage for future generations.
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