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Abstract

Water industry heritage is the historical witness of mankind overcoming resource, environmental,
and health crises. Starting from the practical problems of water industry heritage protection in
China’s Yangtze River Delta region, a technical route and the related AI-based interdisciplinary
technologies are proposed in this article. It shows a new idea of “data-driven preventive protection”
for heritage protection practice. The proposed methods are technologically portable and helpful for
promoting the technology innovation of heritage protection from passive restoration to active
prevention.
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1. Introduction

In recent years, disasters caused by climate change occurred frequently around the world. Climate
change has become one of the most crucial factors threatening World Heritage, which makes
heritage protection a more challenging work. This study aims to explore a new protection mode of
heritage rather than the traditional ones, so as to improve the effectiveness of protection while
reducing the financial expenditure in heritage maintenance. In 2020, the Ministry of Science and
Technology of the People’s Republic of China, together with National Cultural Heritage
Administration（NCHA), advocated a special study on cultural heritage protection with the theme of
"Monitoring, Early Warning and Prevention of Major Natural Disasters". The application of artificial
intelligence (AI) technologies in this field is raised to become the key to solve previous heritage
protection difficulties, and to promote the change of protection work from passive to active, from
temporary to long-term, especially for heritages that are more environment-sensitive, such as the
water industry heritage. It is crucial to develop low-cost and less human intervention conservation
models. Therefore, the ultimate goal of this study is to form a preventive protection system for water
industry heritage that can effectively prevent both macroscopic natural risks and microscopic
deterioration risks.

2. The witness of urban civilization - water industry heritage

All human civilizations originated from water. The water industry plays a key role in the evolution of
urban development. Due to industrialization and the consequent concentration of urban populations,
the modern water industry was developed to meet the demand. New technologies and projects are
constantly proposed to form and improve huge systems of the modern urban water industry. The
water industrial history has witnessed the scientific and technological progress in solving the



environmental, resource, and public health crisis faced by urban development, and the water industry
heritage constitutes a part of the history of urban civilization.1 As the product of urbanization and
socialization, the water industry heritage is a dynamically developing system with multiple values in
science, history, and culture.

The sites of water industry heritage are mostly adjacent to the water source, and some are parts of the
historical water systems, which makes them vulnerable to natural disasters such as heavy rains,
floods, hurricanes, etc. Some of them are still working as parts of the water conservancy or
transportation systems. Therefore, proper protection methods are urgently needed for this type of
heritage. Low-cost preventive protection measures should be used to enhance the defensive capacity
of the large historical areas where water industrial heritage is located, and reduce the vulnerability
under the influence of climate change or other natural disasters.

3. More possibilities - preventive protection

The concept of preventive protection firstly emerged in the field of the art protection in European
museums.2 Brandi, who is an art critic, a historian, and also a specialist in conservation-restoration
theory, proposed that preventive measures are the most important and primary consideration in the
protection of cultural heritage.3 After decades of development, the focus of the protection field has
expanded from movable cultural relics to immovable architectural heritage, and the prevention
objects have expanded from micro-indoor environment to macro-outdoor environment. Until now,
series of studies about the impact of climate change on cultural heritage and the sustainable
development of heritage have emerged.4 For example, combined with GIS technology,
environmental hazard assessment for architectural sites has been carried out in Italy,5-6 refinement
mapping and preventive protection of the Potala Palace is undergoing in China,7 Internet of Things
(IoTs) technologies have been employed in protection of sloping ancient pagodas, etc.8 In these
studies, huge amounts of information and basic data were obtained through field mapping and
various sensors, while they are mostly limited to statistics and simple visualization. Quite rare
research on heritage protection based on big data analysis and effective prediction models was
reported.

Compared with the traditional protection methods, the concept of preventive protection has been
expanded in time and space by big data. Its systematic approaches cover two types of risk scenarios:
slow erosion of architectural heritage and sudden disasters, which can specifically solve the
difficulties that the protection of water industry heritage faced with due to the heavily depending on
natural factor changes and the large scale of the sites. Big data-based factors forecasting could
promote conservation by reducing the risk of natural erosion and increasing its defense ability
against major natural disasters. However, the existing preventive protection methods have a large
room to be optimized in terms of effectiveness and practicability.

4. A new attempt - data mining and deep learning application in heritage conservation

AI technologies such as data mining and deep learning have had huge impacts on many aspects of
human life. These technological advantages can be also taken in the field of industrial heritage



protection. In the studies mentioned above, the methods of preventive protection are mostly based on
risk assessment and management methods. Lacking of in-depth analysis and mining of massive data,
the accuracy and effectiveness cannot be fully guaranteed. Therefore, how to use deep learning
methods for fully mining the massive data, so as to predict the short-term and long-term threats to
heritage, is a new subject for heritage protection under the background of global climate change and
in the age of AI.

In some cases of heritage protection, various sensors capture a large amount of data, such as
environmental data (temperature, light, humidity, wind speed, etc.), structural data (vibration,
distortion, resistance, etc.). Most of the data can be regarded as time series for they are sampled in
chronological order. There is a certain recursive relationship in time series data. Therefore, sequence
analysis should consider logical and recursive relationships between different time points. In recent
years, with the development of hardware devices, computing has been speeded up greatly. Artificial
neural networks (ANN) have been widely used in different domains. Among them, the long
short-term memory (LSTM) network has been applied to data prediction and achieved satisfactory
results, such as probability prediction of flash floods,9 weather forecast in the meteorological field,10

air quality prediction,11 people flow prediction in the field of urban management and service,12 etc.

Deep learning methods based on LSTM network model can analyze the natural environment and
self-deterioration variables more accurately for the water industry heritage. This technology can
enable in-depth analysis of massive data, optimize the heritage disaster management of preventive
protection, and make up for the limitations of existing risk assessment methods.

5. Preventive protection framework for water industry heritage

In order to reduce the vulnerability of the environment-sensitive heritage, a new method of
preventive protection based on big data and AI is proposed. Through new technological means,
governments and conservation organizations can proactively take interventions related to the
predictable disasters and risks, thereby improving the ability to recover historic areas and achieving
resilient and sustainable development of the water industrial heritage.

The framework of the proposed preventive protection system is shown in Figure 1, which includes
the process of data acquisition, screening, and the use of AI-based machine learning models to
predict the natural environment changes and self-deterioration of the heritage. In the part of data
acquisition, firstly, data collection is carried out on the census results of water cultural heritage that
have been obtained in the past years. Then, combined with meteorological and geographic big data
cloud platforms, the datasets are integrated. At the same time, the research uses sensors linked to
IoTs to collect and transmit real-time monitoring data of micro-environment and self-deterioration,
and then performs correlation analysis and screening of the obtained data to establish a time series
data set suitable for training AI model. In the model and algorithm research part, the research mainly
establishes a memorable network model based on LSTM that can accurately predict environment
changes in different scales. This study focuses on the practicability of its prediction results in
heritage conservation practice, provides reasonable conservation guidance, and promotes the
comprehensive construction of preventive protection systems.



FIGURE 1 Preventive protection framework for water industry heritage, drawn in 2021 by Li Shuyi.

6. Key technologies employed in the protection framework

Data acquisition, filtering, and storage

The collected data shared from census data, geographic data cloud platforms, detection equipments
linked to IoTs, are stored in a comprehensive database. Through structured query language (SQL),
the users can get in touch with the data as will, while the unstructured data is kept as images or other
forms as reference. This is convenient for data storage and retrieval. Thanks to professional statistical
tools such as Minitab and SPSS, the structured data is prepared for big data analysis. Variance
analysis and Pearson correlation analysis are the most commonly used techniques for rough filtering
of massive data.

Natural environment variables forecast

After preliminary screening of basic big data, an AI model for predicting various environmental
elements is established based on the LSTM network, and the prediction results are visualized through
the ArcGIS pro platform and Python programming language to generate dynamic risks maps of
natural environment variables. With the forecast results, protectors can read which area needs to be
put more attention and take proper measures in the valid period. The specific forecasting network
model structure is designed as shown in Figure 2.



FIGURE 2 The LSTM-based forecasting network model, drawn in 2021 by Li Shuyi.

Prediction of the deterioration risk of the heritage

In practice, in addition to the macroscopic natural environment risks, the heritage sites also face the
risk of their own slow deterioration. In order to make the prediction results more visible for heritage
protectors to take corresponding measures, based on the environmental variable prediction model, we
establish a more complex multi-channel LSTM-based model to predict the local deterioration of the
heritage. In addition to the LSTM units, the core module of the model also has a convolutional layer
and a fully connected layer. For specific heritage erosion and deterioration problems, the input
variable is the indicator of the deterioration of the heritage. In this way, the key factors that
accelerate its deterioration can be accurately identified, the effectiveness of the protection measures
can be judged, and then the heritage protector can be assisted in formulating the optimal protection
plan.

7. Conclusion

As an important part of cultural heritage, water industry heritage has received more attention in
recent years. Due to the intensification of global climate change and the frequent outbreak of public
health events, it is imperative to protect it. Different types of relics have different characteristics in
spatial distribution, scale and construction materials, and the protection measures should be more
targeted according to their characteristics. The results of census, listing and rating of heritage give a
good research base for protection, but it is not sufficient for the protection. With the development of
artificial intelligence, the current preventive protection system and paradigm need to be further
improved in terms of accuracy and reliability. In order to improve the guiding effectiveness of
conservation strategies, an AI and big data-based intelligent protection framework and related
techniques in the context of environmental changes are illustrated for water industry heritage in this
article.



These technical proposes were firstly tested with the data from the Yangtze River Delta region, a
region with a large amount of water industry heritage. The first stage results show that it can
accurately identify the high-risk environmental factors and high-risk parts of super-large linear relics.
So that, it can greatly improve the accuracy, timeliness and economy of protection. To fulfill our
ultimate goal to build an effective and portable preventive protection system for water industry
heritage even for more types of heritage, there is still a long way to go. Not only much more work
should be done, but also strong support from the government should be given.
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