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ABSTRACT	Comment by HP: Please abstract is not following the IMRED. There is no clear methods, results, discussion, conclusion and aim of the study.
Ecological conservation engineering and environmental protection engineering are two important thinking directions, whether internationally or domestically, and whether in central or local development plans. The two have their own characteristics, and there are similarities and conflicts between the two in important thinking directions, just as sustainability and resilience have their own characteristics, and there are also differences and similarities in the solutions and means to the problems, so the trade-off becomes an important issue. This article will start with the discussion of the respective characteristics and application levels of ecological conservation engineering and environmental protection engineering, and will especially present the viewpoints, countermeasures and cases of each other on the topic, so as to understand the similarities and differences between them. It will also propose relevant countermeasures based on the application of the characteristics between sustainability and resilience. Of course, the characteristics of artificial intelligence will also combine ecological conservation projects, environmental protection projects, sustainability and resilience, and propose an integrated performance strategy in the conclusion.
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Ecological conservation projects and environmental protection projects:
                          I. INTRODUCTION
1.1 Ecological Conservation Engineering and Environmental Protection
    Engineering
1.1.1. Ecological Conservation Engineering
   Ecological conservation engineering emerged as a new idea in the early 1960s, but its definition has taken several decades to refine. Its implementation is still undergoing adjustment, and its broader recognition as a new paradigm is relatively recent. It refers to the integration of concepts and technologies for protecting natural ecosystems into public construction or environmental governance, combining engineering technology with nature conservation strategies, and trying to protect ecosystems and maintain the sustainable development of the natural environment during construction or environmental improvement, ensuring that the project not only achieves functional goals, but also takes into account the sustainable development of biodiversity and the environment. Meanwhile, ecological conservation engineering uses ecology and engineering to predict, design, construct or restore, and manage ecosystems that integrate "human society with its natural environment for the benefit of both”.
   Ecological engineering design will combine systems ecology with the process of engineering design. Engineering design typically involves problem formulation (goal), problem analysis (constraints), alternative solutions search, decision among alternatives, and specification of a complete solution. A temporal design framework is provided by Matlock et al., (M.D. Matlock and others, 2001) stating the design solutions are considered in ecological time. In selecting between alternatives, the design should incorporate ecological economics in design evaluation (M.D. Matlock and others, 2001) and acknowledge a guiding value system which promotes biological conservation, benefiting society and nature. (W.J. Mitsch & S.E. Jørgensen , 2003; S.D. Bergen et al., 2001). Ecological engineering utilizes systems ecology with engineering design to obtain a holistic view of the interactions within and between society and nature.	Comment by HP: Please cite properly. Correct all the citation throughout the manuscript. There shouldn’t be initial initials of the author.
[bookmark: _Hlk203400672]1.1.2. Environmental Protection Engineering 
   Environmental protection engineering is a professional engineering discipline related to environmental science. It encompasses broad scientific topics like chemistry, biology, ecology, geology, hydraulics, hydrology, microbiology, and mathematics to create solutions that will protect and also improve the health of living organisms and improve the quality of the environment. Environmental engineering is a sub-discipline of civil engineering and chemical engineering. While on the part of civil engineering, the Environmental Engineering is focused mainly on Sanitary Engineering. (Mahamud-López, Manuel María; Menéndez-Aguado, Juan Mariá 2005).
Environmental engineering applies scientific and engineering principles to improve and maintain the environment to protect human health, protect nature's beneficial ecosystems, and improve environmental-related enhancement of the quality of human life. Environmental engineers devise solutions for wastewater management, water and air pollution control, recycling, waste disposal, and public health (‘10 Advancements in Environmental Engineering", 2014) They design municipal water supply and industrial wastewater treatment systems, (Beychok, Milton R, 1967; Tchobanoglous, G.; Burton, F.L. & Stensel, H.D. 2003) and design plans to prevent waterborne diseases and improve sanitation in urban, rural and recreational areas. They evaluate hazardous-waste management systems to evaluate the severity of such hazards, advise on treatment and containment, and develop regulations to prevent mishaps. They implement environmental engineering law, as in assessing the environmental impact of proposed construction projects.	Comment by HP: Please the citations are too old. Citations should not be more than 10 years old.
Environmental engineers study the effect of technological advances on the environment, addressing local and worldwide environmental issues such as acid rain, global warming, ozone depletion, water pollution and air pollution from automobile exhausts and industrial sources (Turner, D.B. 1994; Beychok, M.R. 2005).
1.2 Sustainability and Resilience
   Sustainability has been a core conceptual framework for community development. Resilience emerged more gradually out of ecological studies emerged as a focus of public interest as a way of responding and adapting to the changes. Between them, similarities, differences and indicators are in two major reasons (1) both concepts are defined and used in many different ways to achieve a variety of political goals possibly without reflecting their core definitions, and (2) both concepts share similar goals such as a focus on climate 
   While a development strategy is not sustainable if it is not resilient. Therefore, the two concepts are intertwined and cannot be successful individually as they are dependent on one another. Resilience focuses on the design for unpredictable, while sustainability focuses on the climate responsive designs. Some forms of resilience such as adaptive resilience focus on designs that can adapt and change based on a shock event, on the other hand, sustainable design focuses on systems that are efficient and optimized.
   Resilience, the ability of a system to prepare for threat, absorb impacts, recover and adapt following persistent stress or a disruptive event or the capacity to recover quickly from difficulties and toughness.
   Sustainability, the ability to be maintained at a certain rate or level and avoidance of the depletion of natural resources in order to maintain an ecological balance, is a social goal for people to co-exist on Earth over a long time.
1.3 Artificial Intelligence (AI)
   High-profile applications of AI include advanced web search engines (e.g., Google Search); recommendation systems (used by YouTube, Amazon, and Netflix); virtual assistants (e.g., Google Assistant, Siri, and Alexa); autonomous vehicles (e.g., Waymo); generative and creative tools (e.g., Chat GPT and AI art); and superhuman play and analysis in strategy games (e.g., chess and Go). However, many AI applications are not perceived as AI: "A lot of cutting edge AI has filtered into general applications, often without being called AI because once something becomes useful enough and common enough it's not labeled AI anymore. "Artificial intelligence was founded as an academic discipline and the field went through multiple cycles of optimism throughout its history, followed by periods of disappointment and loss of funding, known as AI winters.
   Funding and interest vastly increased after 2012 when graphics processing units started being used to accelerate neural networks, and deep learning outperformed previous AI techniques. This growth accelerated further after 2017 with the transformer architecture. In the 2020s, an ongoing period of rapid progress in advanced generative. 
   AI became known as the AI boom. Generative AI's ability to create and modify content has led to several unintended consequences and harms, while raising ethical concerns about AI's long-term effects and potential existential risks, prompting discussions about regulatory policies to ensure the safety and benefits of the technology. (Luger, George; Stubblefield, William, 2004)
                      II LITERATURE REVIEW
2.1 Ecological Conservation Engineering and Environmental Protection
    Engineering
2.1.1. Ecological Conservation Engineering
  Ecological engineering was introduced by Howard Odum and others (H.T. Odum et al. 1963) as utilizing natural energy sources as the predominant input to manipulate and control environmental systems. The origins of ecological engineering are in Odum's work with ecological modeling and ecosystem simulation to capture holistic macro-patterns of energy and material flows affecting the efficient use of resources. Mitsch and Jorgensen (W.J. Mitsch and S.E. Jorgensen, 2004) summarized five basic concepts that differentiate ecological engineering from other approaches to addressing problems to benefit society and nature: 1) it is based on the self-designing capacity of ecosystems; 2) it can be the field (or acid) test of ecological theories; 3) it relies on system approaches; 4) it conserves non-renewable energy sources; and 5) it supports ecosystem and biological conservation. Mitsch and Jorgensen (2004) were the first to define ecological engineering as designing societal services such that they benefit society and nature, and later noted (H.T. Odum et al. 1963; W.J. Mitsch ,1993; W.J. Mitsch (1996); W.J. Mitsch & S.E. Jørgensen, 2003) the design should be systems based, sustainable, and integrate society with its natural environment.
Bergen et al, (2001) defined ecological engineering as: 1) utilizing ecological science and theory; 2) applying to all types of ecosystems; 3) adapting engineering design methods; and 4) acknowledging a guiding value system. Barrett (1999) offers a more literal definition of the term: "the design, construction, operation and management (that is, engineering) of landscape/aquatic structures and associated plant and animal communities (that is, ecosystems) to benefit humanity and, often, nature." Barrett continues: "other terms with equivalent or similar meanings include ecotechnology and two terms most often used in the erosion control field: soil bioengineering and biotechnical engineering. However, ecological engineering should not be confused with 'biotechnology' when describing genetic engineering at the cellular level, or 'bioengineering' meaning construction of artificial body parts. Ecological engineering design will combine systems ecology with the process of engineering design. Engineering design typically involves problem formulation (goal), problem analysis (constraints), alternative solutions search, decision among alternatives, and specification of a complete solution. A temporal design framework is provided by M.D. Matlock et al, (2001) stating the design solutions are considered in ecological time. In selecting between alternatives, the design should incorporate ecological economics in design evaluation (M.D. Matlock et al, 2001) and acknowledge a guiding value system which promotes biological conservation, benefiting society and nature. (W.J. Mitsch & S.E. Jørgensen, 2003; Bergen et al, 2001)
Ecological engineering utilizes systems ecology with engineering design to obtain a holistic view of the interactions within and between society and nature. Ecosystem simulation with Energy Systems Language (also known as energy circuit language or energese) by Howard Odum is one illustration of this systems ecology approach. (Brown, M.T. 2004) This holistic model development and simulation defines the system of interest, identifies the system's boundary, and diagrams how energy and material moves into, within, and out of, a system in order to identify how to use renewable resources through ecosystem processes and increase sustainability. The system it describes is a collection (i.e., group) of components (i.e., parts), connected by some type of interaction or interrelationship, that collectively responds to some stimulus or demand and fulfills some specific purpose or function. By understanding systems ecology the ecological engineer can more efficiently design with ecosystem components and processes within the design, utilize renewable energy and resources, and increase sustainability.
2.1.2. Environmental Protection Engineering
[bookmark: _Hlk203474879]The word environmental has its root in the late 19th-century French word environ (verb), meaning to encircle or to encompass. The word environment was used by Carlyle in 1827 to refer to the aggregate of conditions in which a person or thing lives. The meaning shifted again in 1956 when it was used in the ecological sense, where Ecology is the branch of science dealing with the relationship of living things to their environment. The second part of the phrase environmental engineer originates from Latin roots and was used in the 14th century French as engignour, meaning a constructor of military engines such as trebuchets, harquebuses, longbows, cannons, catapults, ballistas, stirrups, armour as well as other deadly or bellicose contraptions. The word engineer was not used to reference public works until the 16th century; and it likely entered the popular vernacular as meaning a contriver of public works during John  Smeaton's time. Environmental engineering is a name for work that has been done since early civilizations, as people learned to modify and control the environmental conditions to meet needs. (Mason, Matthew 2019) As people recognized that their health was related to the quality of their environment, they built systems to improve it. The ancient Indus Valley Civilization (3300 B.C.E. to 1300 B.C.E.) had advanced control over their water resources. (Mason, Matthew 2019) The public work structures found at various sites in the area include wells, public baths, water storage tanks, a drinking water system, and a city-wide sewage collection system. (Mason, Matthew 2019; Jansen, M. 1989) They also had an early canal irrigation system enabling large-scale agriculture. (Angelakis, Andreas N.; Rose, Joan B. 2014)
From 4000 to 2000 B.C.E., many civilizations had drainage systems and some had sanitation facilities, including the Mesopotamian Empire, Mohenjo-Daro, Egypt, Crete, and the Orkney Islands in Scotland. The Greeks also had aqueducts and sewer systems that used rain and wastewater to irrigate and fertilize fields.
The first aqueduct in Rome was constructed in 312 B.C.E., and the Romans continued to construct aqueducts for irrigation and safe urban water supply during droughts. They also built an underground sewer system as early as the 7th century B.C.E. that fed into the Tiber River, draining marshes to create farmland as well as removing sewage from the city. (Mason, Matthew 2019)
Very little change was seen from the decline of the Roman Empire until the 19th century, where improvements saw increasing efforts focused on public health. (Mason, Matthew 2019; "Funding - Environmental Engineering".2013) Modern environmental engineering began in London in the mid-19th century when Joseph Bazalgette designed the first major sewerage system following the Great Stink. The city's sewer system conveyed raw sewage to the River Thames, which also supplied the majority of the city's drinking water, leading to an outbreak of cholera. The introduction of drinking water treatment and sewage treatment in industrialized countries reduced waterborne diseases from leading causes of death to rarities ("Waterborne Infections". Encyclopedia.com. Retrieved” 2019).
The field emerged as a separate academic discipline during the middle of the 20th century in response to widespread public concern about water and air pollution and other environmental degradation. As society and technology grew more complex, they increasingly produced unintended effects on the natural environment. One example is the widespread application of the pesticide DDT to control agricultural pests in the years following World War II. The story of DDT as vividly told in Rachel Carson's Silent Spring 1962, is considered to be the birth of the modern environmental movement (Radniecki, Tyler, 2019).which led to the modern field of "environmental engineering."
2.2 Sustainability and Resilience
   Experts often describe sustainability as having three dimensions (Fig.1): environmental, economic, and social, and many publications emphasize the environmental dimension. In everyday use, sustainability often focuses on countering major environmental problems, including climate change, loss of biodiversity, loss of ecosystem services, land degradation, and air and water pollution.
From the view point of the similarities between resilience and sustainability will be: (1) Keeping consistence between human society and the natural environment is possible; (2) Focusing on the topics of social & ecological systems; climate change impacts; globalization and community or livelihood development is the common targets; (3) Pursuing system survivability, security & well-being is the goals (See Table 1).
While the ideal segments between resilience and sustainability can be done from their purposes, such as Table 2. The adoption indicators between sustainability and resilience are based on the means to achieve the goals (see Table 3)
SUSTAINABILITY is best defined as “to meet the needs of the present without compromising the ability of future generations to meet their own needs”. Net Zero carbons are a cornerstone of sustainability, recycled materials offer another sustainable strategy. Green building certifications like indicate the level of sustainability of a building that reduces its negative impact on the environment.
RESILIENCE in the context of building structures and communities refers to the ability to continue functioning or recover quickly in the face of some chronic or sudden external failure such as water shortage, power outage, or a natural disaster. Resilience instead refers to the ability of a building or environment to achieve self-sufficiency. Efficiency would refer to the ability to use resources with minimal waste, while resilience would refer to being able to produce or maintain resources internally. Think of resilience as an MITIGATION strategies for buildings and communities commonly refer to avoiding risks in the construction/development stage, as well as reducing or eliminating potential hazards for the future (Per Frez Wagner ,2009), indicator of how well a system responds to shock and recovers from natural hazards or human-induced threats. (Fig. 2)
ADAPTATION in the context of buildings was explained as “a range of construction activities that improve existing building conditions and extend the effective lives of buildings, so become entrained at nearly equal discharges. The interaction between mitigation and adaption is expressed in Fig. 3.
2.3 Artificial Intelligence (AI)
   The general problem of simulating (or creating) intelligence has been broken into subproblems. These consist of particular traits or capabilities that researchers expect an intelligent system to display. The traits described below have received the most attention and cover the scope of AI research.
              [image: ]
                 Fig. 1 Three Dimensions of Sustainability
   [image: ]
Figure 2. Resilience versus Sustainability and the United Nations goals. Adapted from
        Echotape (2018)
1. Reasoning and problem-solving:
  Early researchers developed algorithms that imitated step-by-step reasoning that humans use when they solve puzzles or make logical deductions. Methods were developed for dealing with uncertain or incomplete information, employing concepts from probability and economics.
2. Knowledge representation:
  Knowledge representation and knowledge engineering allow AI programs to answer questions intelligently and make deductions about real-world facts. Formal 

      [image: ]
Figure 3. Climate Adaptation and Mitigation Synergies. Green Resilience Strategies
        (2017). Graphic concept modified with acknowledgement of David Macleod,
        City of Toronto.
       Table 1. Similarities between Sustainability and Resilience
	Assumptions
	Harmony between Human Society and the Natural Environment is Possible

	Research Focus
	Social & Ecological Systems; Climate Change Impacts; Globalization; Community Development

	Methods
	Climate Change Policies & Actions, especially Governance; Education and Learning as an Implementation Tools

	Goals
	System Survivability, Security & Well-being (Social & Biodiversity); Sense of Place & Belonging (Heritage)


           Source: Alan Lew& Tsung-Chiung Emily Wu (2016)
         Table 2. Differences between Sustainability & Resilience
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	Sustainability
	           Resilience

	Assumptions
	Stability & Balance 
	Unpredictable Change & Chaos

	
Goals
	Normative Ideals on Culture, Economic Environment Conservation; 
	Strategic, Dynamic and Self-organizing on Systems, culture and 
Learning Institutions with Innovation 

	Research Focus
	Environmental & Social Impacts of
Economic Development; Over use of Resources; Carbon Footprints
	Natural & Human Disaster Management;
Climate Change Impacts 

	
Methods
	“Wise Use” Resource Management; Mitigating or Preservation Against Change; Recycling & “Greening”;
Education for Behavior Change
	Reducing Vulnerability & Increasing Physical & Social Capacity for Change (flexibility, redundancy); System Feedback & Performance; Education for Innovation


                 Source: as Table 1 with some modifications.
knowledge representations are used in content-based indexing and retrieval, scene interpretation, clinical decision support, knowledge discovery (mining "interesting" and actionable inferences from large databases), and other areas. A knowledge base is a body of knowledge represented in a form that can be used by a program. An ontology is the set of objects, relations, concepts, and properties used by a particular domain of knowledge. Among the most difficult problems in knowledge representation are the breadth of commonsense knowledge (the set of atomic facts that the average person knows is enormous); and the sub-symbolic form of most commonsense knowledge (much of what people know is not represented as "facts" or "statements" that they could express verbally). There is also the difficulty of knowledge acquisition, the problem of obtaining knowledge for AI applications. (Russell, Stuart J.; Norvig, Peter, 2021)
         Table 3. Adoption Indicators of Sustainability and Resilience
	[bookmark: _Hlk201760536]Category
	Sustainability Indicators
	Resilience Indicators

	Local Government Budgeting
	Conserving environmental Resources – with protection & restoration
	Building Capacity for Change on Level of infrastructure construction & resource access with Innovation for marketing

	Environmental Knowledge
	Maintaining Traditional Resource of
local environmental knowledge and traditional practices 
	Creating New Environmental Knowledge
of Participation in environmental education programs to Innovating the traditional
knowledge

	Community Well Being
	Preserving Cultural & Traditions by based on natural resource to strengthen the traditional livelihoods.
	Improving Living Conditions & Employment to Rate of unemployment & youth outmigration

	Social
Support Systems
	Providing Social Welfare & Equity
to Support elderly & underprivileged populations
	Supporting Social Collaboration
to rate of participation in religious & other local organizations


                 Source: as Table 1 with some modifications.
3. Planning and decision-making:
  An "agent" is anything that perceives and takes actions in the world. A rational agent has goals or preferences and takes actions to make them happen. In automated planning, the agent has a specific goal. In automated decision-making, the agent has preferences—there are some situations it would prefer to be in, and some situations it is trying to avoid. The decision-making agent assigns a number to each situation (called the "utility") that measures how much the agent prefers it. For each possible action, it can calculate the "expected utility": the utility of all possible outcomes of the action, weighted by the probability that the outcome will occur. It can then choose the action with the maximum expected utility. A Markov decision process has a transition model that describes the probability that a particular action will change the state in a particular way and a reward function that supplies the utility of each state and the cost of each action. A policy associates a decision with each possible state. The policy could be calculated (e.g., by iteration), be heuristic, or it can be learned. Game theory describes the rational behavior of multiple interacting agents and is used in AI programs that make decisions that involve other agents.
4. Learning:
  Machine learning is the study of programs that can improve their performance on a given task automatically. It has been a part of AI from the beginning. In reinforcement learning, the agent is rewarded for good responses and punished for bad ones. Computational learning theory can assess learners by computational complexity, by sample complexity (how much data is required), or by other notions of optimization. Transfer learning is when the knowledge gained from one problem is applied to a new problem. Deep learning is a type of machine learning that runs inputs through biologically inspired artificial neural networks for all of these types of learning. (Vincent, James, 2019).
5. Natural language processing:
  Natural language processing (NLP) allows programs to read, write and communicate in human languages. Specific problems include speech recognition, speech synthesis, machine translation, information extraction, information retrieval and question answering. Modern deep learning techniques for NLP include word embedding (representing words, typically as vectors encoding their meaning), transformers (a deep learning architecture using an attention mechanism), and others. In 2019, generative pre-trained transformer (or "GPT") language models began to generate coherent text, and by 2023, these models were able to get human-level scores on the bar exam, SAT test, GRE test, and many other real-world applications. (Bushwick, Sophie, 2023).
6. Perception:
  Machine perception is the ability to use input from sensors (such as cameras, microphones, wireless signals, active lidar, sonar, radar, and tactile sensors) to deduce aspects of the world. Computer vision is the ability to analyze visual input.
The field includes speech recognition, image classification, facial recognition, object recognition, object tracking, and robotic perception. (Scassellati, Brian, 2002).
7. Social intelligence:
  Affective computing is a field that comprises systems that recognize, interpret, process, or simulate human feeling, emotion, and mood. For example, some virtual assistants are programmed to speak conversationally or even to banter humorously; it makes them appear more sensitive to the emotional dynamics of human interaction, or to otherwise facilitate human–computer interaction. (Waddell, Kaveh, 2018; Poria, Soujanya; Cambria, Erik; Bajpai, Rajiv; Hussain, Amir, 2017).
However, this tends to give naïve users an unrealistic conception of the intelligence of existing computer agents. Moderate successes related to affective computing include textual sentiment analysis and, more recently, multimodal sentiment analysis, wherein AI classifies the effects displayed by a videotaped subject.
8. General intelligence:
  A machine with artificial general intelligence would be able to solve a wide variety of problems with breadth and versatility similar to human intelligence.
    III THEORETICAL CONSIDERATION AND METHODOLOGIES
3.1 Ecological Conservation Engineering and Environmental Protection
   Engineering
3.1.1. Ecological Conservation Engineering
  Ecological engineering design will combine systems ecology with the process of engineering design. Engineering design typically involves problem formulation (goal), problem analysis (constraints), alternative solutions search, decision among alternatives, and specification of a complete solution. A temporal design framework is provided by Matlock et al. 2001, stating the design solutions are considered in ecological time. In selecting between alternatives, the design should incorporate ecological economics in design evaluation and acknowledge a guiding value system which promotes biological conservation, benefiting society and nature.
Ecological engineering utilizes systems ecology with engineering design to obtain a holistic view of the interactions within and between society and nature. Ecosystem simulation with Energy Systems Language (also known as energy circuit language or energese) is one illustration of this systems ecology approach. The system it describes is a collection (i.e., group) of components (i.e., parts), connected by some type of interaction or interrelationship, that collectively responds to some stimulus or demand and fulfills some specific purpose or function. By understanding systems ecology the ecological engineer can more efficiently design with ecosystem components and processes within the design, utilize renewable energy and resources, and increase sustainability. Mitsch and Jorgensen (2004) identified five Functional Classes for ecological engineering designs with 19 Design Principles for ecological engineering, identified the following considerations prior implementing an ecological engineering design:
1. Create conceptual model of determine the parts of nature connected to the project;
2. Implement a computer model to simulate the impacts and uncertainty of the project;
3. Optimize the project to reduce uncertainty and increase beneficial impacts.
The field of Ecological Engineering is closely related to the fields of environmental engineering and civil engineering. The three broadly overlap in the area of water resources engineering, particularly the treatment and management of stormwater and wastewater. While the three disciplines of engineering are closely related to one another, there are distinct areas of expertise within each field. (Figure 4)
Ecological engineering is primarily focused on the natural environment and natural infrastructure, emphasizing the mediation of the relationship between people and planet. In complementary disciplines, civil engineering is primarily focused on built infrastructure and public works while environmental engineering focuses on the protection of public and environmental health through the treatment and management of waste streams.
[image: ]
Figure 4. Relationship between ecological, environmental, and civil engineering.
(A) Core Concepts:
• Integration of nature and engineering: not just functional infrastructure, but
 incorporating ecological needs into design and construction.
• Protecting habitats and species: Reducing the impact on flora, fauna and habitats
 during construction.
• Environmentally friendly materials and construction methods: Selecting low-impact, 
   highly adaptable materials and designs.
Examples of application areas
Application Fields                  Ecological Conservation Examples
River regulation              Setting up natural revetments and fishway designs
Hillside conservation:         Vegetation techniques, retaining native vegetation
Road construction            Animal passages and habitat avoidance design
Reservoir maintenance        watershed habitat restoration, ecological monitoring
(B) Definition and Core Values:
• Purpose: To reduce damage to the ecological environment and promote biodiversity
          and habitat restoration during engineering design, construction and 
maintenance.
• Principle: Avoid, minimize, mitigate and compensate for the impact of engineering
 on the ecology.
• Application scope: Soil and water conservation, river regulation, road construction,
reservoir management, etc.
(C) Core Strategic Principles:
1. Avoidance, reduction, mitigation and compensation: These four principles are the core strategies of ecological conservation projects and are used to reduce the impact of projects on the ecology.
- Avoidance: Avoid construction in ecologically sensitive areas.
- Reduction: Reduce the scope and scale of the project.
- Mitigation: Use friendly construction methods and materials.
- Compensation: Restore habitats or create alternative habitats.
- Full life cycle review: Ecological reviews are required from planning, design,
 construction to maintenance to ensure that conservation measures are implemented.
  - Public participation and information disclosure: Improve project transparency and
   social support through the participation of local residents and NGOs.
 Practical application cases:
  - In stream regulation projects, retain native vegetation, set up animal passages, and
    control water turbidity to maintain the integrity of the aquatic ecosystem.
- In hillside stabilization projects, retain existing large trees, limit the scope of
 construction, and avoid destroying forest habitats.
2. Main measures and technologies:
Type                            Description
Avoidance measures      Avoid construction in ecologically sensitive areas, such
                       as changing the route or suspending the project
Reduce the scope of       Reduce the degree of interference
Construction and the 
amount of work    
Mitigation measures      Use nature-friendly construction methods and materials, such as highly permeable revetments
Compensation measures   Establish artificial habitats, restore vegetation, and make
                   up for ecological losses
Practical process (taking Taiwan as an example):
(1) Planning stage: Conduct ecological assessment and verification, and draw a map of
   ecologically sensitive areas.
(2) Design stage: Incorporate environmentally friendly 
(3) Design principles and collaborate with the ecological team.
(4) Construction stage: Implement ecological conservation measures, set up animal
   passages, sand settling ponds, etc.
(5) Maintenance stage: Continuously monitor ecological results, track and improve.
Case sharing:
  In the Zengwen Reservoir catchment area management project, measures such as low-drop bed consolidation, retention of stream boulders and vegetation, and establishment of animal passages were adopted to effectively balance disaster prevention and ecological conservation.
Taiwan local case reference;
The river regulation project in Tianliao District, Kaohsiung, uses natural methods (such as gabions and aquatic plant restoration) to not only stabilize the riverbank but also create a habitat for biodiversity. It is regarded as a successful example of balancing flood control and ecology.
(D) Although ecological conservation projects have lofty ideals, they face many
   challenges in practice, especially in an environment like Taiwan where land is
   small, population is dense, and development pressure is high. The following are
   some of the main difficulties:
1. Conflict between engineering and ecological goals:
  • Development priority vs. conservation needs: Projects are often based on disaster
     prevention, transportation or economic benefits, and ecological conservation is
 easily seen as an additional condition.
• Construction period pressure: Conservation measures are simplified or ignored
   Due to tight construction schedules.
2. Insufficient technology and information:
  • Ecological data gap: Some areas lack complete ecological surveys, making it difficult to accurately avoid sensitive habitats in design.
• Lack of cross-disciplinary talent: Engineers may not have ecological knowledge,
   and ecologists may not be familiar with engineering processes, making
   communication difficult.
3. Construction methods and design limitations;
  • High cost of ecological construction methods: such as gabions, fishways, and
     vegetated slope protection are expensive and difficult to maintain.
• Limited space: Urban or mountainous projects often cannot provide enough space
   for habitat compensation or animal passage settings.
4. Administrative and Institutional Challenges:
  • Inconsistent regulations: Different agencies have different requirements for
     ecological conservation, resulting in unclear implementation standards.
• Lack of supervision mechanism: Whether conservation measures are
   implemented or not, there is often a lack of third-party supervision and
   effectiveness evaluation.
5. Social and cultural factors:
  • Insufficient public participation: Local residents have limited knowledge of
     conservation projects and may oppose or refuse to cooperate.
• Value gap: Some developers regard ecological conservation as a "blocking road
   to wealth", resulting in the compression or tampering of ecological reports.
6. Taiwan local case challenge (taking stream management as an example):
  • In a stream improvement project in central Taiwan, fishways and natural
     revetments were designed, but due to the rush of construction and improper
     material selection, the fishways could not be used and the habitat deteriorated.
• In the vicinity of a protected bat habitat, a photovoltaic project did not preserve
   forest land according to ecological recommendations, causing the population to
   disappear, triggering protests from citizen groups.
[bookmark: _Hlk203484549]3.1.2. Environmental Protection Engineering
   Environmental protection engineering (abbreviated as environmental engineering) refers to the engineering technology and practice of monitoring, reducing, treating or disposing of environmental pollution by using physical, chemical, biological and other methods. Its core goal is to improve environmental quality, protect ecosystems and promote sustainable development. Common environmental engineering projects include:
• Water pollution prevention and control: such as wastewater treatment plants,
 rainwater recycling systems
• Air pollution prevention and control: such as chimney dust removal equipment,
   volatile organic compound control
• Noise and vibration prevention: such as soundproof walls, shock absorption
   facilities
• Waste cleaning and treatment: such as garbage incineration plants, resource recovery
   centers
• Soil pollution control: such as heavy metal pollution removal, soil restoration
• Environmental monitoring systems: such as air quality monitoring stations, water
   quality sensor networks
Environmental engineering is not just about technical execution, but also involves planning, design, construction and maintenance. It is commonly found in: 
• Public construction (such as sewage treatment plants) 
• Industrial facilities (such as waste gas treatment in manufacturing) 
• Urban renewal and green infrastructure (such as low-carbon city design)
Environmental engineering combines the fields of environmental science, civil engineering, chemical engineering and public health. Graduates can work as:
• Environmental engineers
• Pollution control technicians
• Environmental consultants and planners
• Technical personnel in environmental protection departments of government agencies
(A) Core concepts and application examples;
   Core concept: Environmental engineering is the use of science and engineering technology to prevent, control and improve environmental pollution and promote human health and ecological sustainability.
Examples of application areas:
• Water resource management: sewage treatment plants, tap water supply systems,
 rainwater recycling.
• Air pollution prevention and control: waste gas treatment equipment, air quality
 monitoring.
• Waste treatment: garbage incineration, resource recovery, landfill design.
• Soil and groundwater remediation: contaminated site investigation and remediation.
• Noise and vibration control: urban traffic noise mitigation, industrial zone sound
 insulation facilities.
• Environmental impact assessment and planning: development case environmental
 impact assessment, urban green space planning.
(B) Definition and core concepts:
   Definition: Environmental Engineering is a branch of environmental science that uses engineering methods to improve the quality of natural resources such as air, water, and soil, and to reduce the negative impact of human activities on the environment.
   Core concepts:
• Pollution prevention is better than post-processing
• Integration of ecology and engineering
• Resource recycling and reuse
• Sustainable development and social responsibility
• Systematic thinking and cross-domain integration
(C) Core strategic principles and practical application cases:
   Strategic principles:
• Avoidance, reduction, mitigation, and compensation (four principles of ecological
   verification)
• Source management and life cycle analysis
• Low impact development (LID) and sponge city design
• Carbon footprint and water footprint inventory
• Smart environmental monitoring and data-driven decision-making
   Actual case:
• Taipei Smart Ecological Community Project: Introducing rainwater retention
 facilities, ecological engineering methods and smart sensors.
• Carbon footprint inventory of the South Link Highway: Analyzing carbon emissions
 during the construction phase and promoting low-carbon materials and construction
 methods.
• Kaohsiung MRT fly ash furnace stone reuse: Reducing cement use, improving
 concrete durability and reducing carbon emissions.
(D) Main measures and technologies:
    Field                 Main technologies and measures
Water treatment     Activated sludge process, membrane separation technology,
                  artificial wetlands.
Air pollution       Electrostatic precipitators, wet scrubbers, selective catalytic
                  reduction (SCR).
Waste management  Incinerators, composting technology, resource recovery systems.
Soil remediation    Bioremediation, chemical oxidation, extraction treatment
Energy and Carbon  Renewable energy integration, carbon capture and storage (CCS),
management      building energy-saving design.
Smart environment  IoT sensors, GIS environmental monitoring platform, 
                  AI prediction model.
(E) Sharing examples of practical processes and application areas:
  Practical process:
1. Problem identification and environmental investigation
2. Data analysis and risk assessment
3. Technology selection and solution design
4. Engineering construction and monitoring
5. Effectiveness evaluation and subsequent maintenance
  Category examples:
• Urban rainwater management: installation of flood retention ponds, permeable
   pavement, green roofs.
• Pollution control in industrial areas: groundwater extraction and treatment, soil
   sealing.
• Building energy-saving transformation: introduction of solar panels, natural
   ventilation design.
3.2 Sustainability and Resilience with Artificial Intelligence Applications
3.2.1 In term of Resilience
A. Disaster prediction and response: AI can analyze data such as climate, earthquakes, 
and epidemics to predict disasters and assist in developing response plans.
B. Supply chain resilience: AI can monitor supply chain risks in real time, predict disr-
uptions, and propose alternatives to enhance the resilience of companies and cities.
C. System simulation and stress testing: Through digital twins, AI can simulate ext-
reme scenarios to help organizations prepare in advance.
3.2.2 In term of Sustainability 
A. Energy and resource optimization: AI can help companies and cities optimize ene-
rgy use, reduce waste and carbon emissions.
B. Environmental monitoring: AI can analyze satellite images and sensor data to track
deforestation, water pollution and biodiversity changes.
C. Sustainable innovation: AI can accelerate the development of green technologies, 
such as carbon capture technology and renewable energy system design.
D. Policy and reporting support: AI can assist companies with ESG reporting, 
sustainable performance tracking and regulatory compliance.
In the AI-driven future, engineers are no longer just “people who write programs”, but multi-faceted talents who can collaborate with AI, solve complex problems, and create value. According to observations from the World Economic Forum and many technology companies, the following are the new skills that engineers of the future must have. In order to stand out in the AI-driven era, future engineers need to develop a new set of skills in addition to traditional professional knowledge. This is not just about "learning to use AI", but "collaborating with AI and amplifying their own value". Here are a few key skills:
Technical aspects:
1. Prompt Engineering
Being able to write precise instructions so that AI tools can produce results that meet the needs has become the "programming language" of the new era.
2. AI tool application ability
Be familiar with AI programming auxiliary tools such as Copilot, ChatGPT, Cursor, and can effectively integrate them into the development process.
3. Data literacy and analysis ability
Be able to understand the meaning behind the data and use AI models for prediction, optimization and decision-making.
4. System architecture and review ability
AI can write programs, but it cannot replace humans in the design and risk assessment of the overall architecture. Knowing how to review AI output and ensure quality and safety is the core task of future engineers.
5. DevOps and automated process design
Be familiar with CI/CD, containerization (such as Docker), cloud deployment and other skills to improve development efficiency.
Soft power and cross-domain capabilities
1. Cross-domain communication skills:
Engineers are no longer just "people who write programs", but must be able to work with product, design, and business teams to understand business needs and propose technical solutions.
2. Creative thinking and problem-solving skills:
AI is good at pattern recognition, but innovation and breakthroughs still rely on human intuition and imagination.
3. Lifelong learning and adaptability:
Technology changes rapidly, and only by having the ability to "learn how to learn" can you avoid being eliminated by the times.
4. Ethics and sense of responsibility:
The application of AI involves privacy, bias, and social impact. Engineers need to have basic technological ethical judgment.
5. Technological ethics and risk awareness: 
Understand the bias, information security and social impacts that AI may bring, and make responsible decisions.
The World Economic Forum also predicts that analytical thinking, resilience, creativity, technological literacy and empathy will be the most important workplace skills in 2025.
IV Research Issues and Analysis Results
4.1 Ecological Conservation Engineering and Environmental Protection
   Engineering
4.1.1. Ecological Conservation Engineering
(A) In Taiwan, especially with rapid urbanization and limited land resources, 
   "Development priority" and "conservation needs" are often like a tug-of-war.
   The following is a detailed analysis:
1. The Nature of the Conflict: Functionality vs. Sustainability:
Development Item             Priority              Conservation needs
Goals          Improve economic benefits,       Maintain biodiversity,
               infrastructure, disaster           habitat integrity, cultural
prevention and safety;          and natural assets
Timeliness        Emphasize quick completion      Emphasize long-term
                                              and short-term results
                                              monitoring and
                                              sustainable management
Evaluation method   Based on cost-effectiveness        Based on ecological
and engineering volume. value and 
environmental sensitivity
Common conflict scenes in Taiwan:
(1) Urban expansion vs. habitat preservation:
o For example, some farmland in Taichung City has been included in the urban
 planning area. Although it has development potential, it is also the habitat of
 protected animals.
o Landowners want to increase the value of the land, while environmental groups
 demand that green land be preserved.
(2) Reservoir construction vs. ecosystem
o The Hushan Reservoir Project provides water for people’s livelihood, but it also
 causes the fragmentation of bird habitats and species migration.
(3) Photovoltaic facilities vs. forest conservation:
  o Some photovoltaic projects failed to preserve forest land according to ecological
   recommendations, resulting in the disappearance of bat colonies and sparking
   citizen protests.
2. Institutional and policy contradictions:
  • Inconsistent regulations: Different agencies (such as the Water Resources Agency,
     Forestry Bureau, and local governments) have different standards for
     conservation, resulting in chaotic implementation.
• Conflict between national and regional plans: Developers often purchase land
   first and then apply for a change of use. If it is not approved, the loss is huge, so
   they force the development project.
• Rights disputes after the establishment of conservation areas: Landowners are
   worried that the value of the land will decrease, and the government needs to
   provide compensation or a land exchange mechanism.
3. The underlying reasons: values and governance models
  • Economic-oriented thinking: Development is seen as a symbol of "progress",
     while conservation is often misunderstood as "hindering development".
• Lack of integrated governance: Engineering units and ecological teams often act
   independently, lacking collaborative design and supervision mechanisms.
• Insufficient public participation: Local residents have limited knowledge of
   conservation policies, leading to communication gaps and resistance.
4. Initial exploration of the solution: How to balance?
(1) Promote "ecological design-oriented" engineering planning
   o For example, reserve animal passages in road design and adopt natural
engineering methods.
(2) Establish a cross-departmental collaboration platform
   o Involve engineers, ecologists, and community representatives in planning and
    monitoring.
(3) Strengthen the land function zoning system
   o Delineate conservation, agriculture, and development zones based on land
    characteristics to avoid subsequent disputes.
(4) Implement the "polluter pays, beneficiary compensates" principle
   o Let developers bear the compensation costs for ecological losses and invest in
    local conservation.
(B) Comparison table of development and conservation conflict cases:
1. Field: water resources.
Conflict Cases: Hushan Reservoir (Yunlin). 
Development Goals: Providing water for industry and people's livelihood.
Conservation Controversy Focus: Destruction of Pitta habitat and misleading
                      discussion on blackfoot disease.
Policy Evolution and Institutional Gap: There was no adequate environmental
 assessment and ecological survey before the reservoir was built, and the
 conservation and development regulations were out of sync.
2. Field: water resources.
Conflict Cases: Reservoir catchment area management (Shimen, Zengwen).
Development Goals: Reduce siltation and stabilize water supply.
Conservation Controversy Focus: Insufficient upstream soil and sand management
 and ecological restoration
Policy Evolution and Institutional Gap: Unclear division of responsibilities among
 multiple ministries and commissions, lack of integrated soil and sand management
 and long-term monitoring
3. Field: urban development.
Conflict Cases: Shezi Island Development Project (Taipei).
Development Goals: Lifting the ban on construction and improving living functions.
Conservation Controversy Focus: Wetland ecological damage, resident resettlement
 disputes
Policy Evolution and Institutional Gap: The environmental impact assessment
 system does not integrate key projects, and citizen participation is just a formality.
4. Field: urban development.
Conflict Cases: Lincoln County (Xizhi).
Development Goals: Hillside residential development.
Conservation Controversy Focus: Landslide risk, illegal construction in conservation
 areas
Policy Evolution and Institutional Gap: During the Regional Planning Act period,
 control was loose and the National Land Planning Act was not fully implemented.
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Conflict Cases: Zhiben Wetland Photovoltaic Project (Taitung).
Development Goals: Solar photovoltaic installation, energy transformation.
Conservation Controversy Focus: Disputes over consultation procedures in
 traditional fields and destruction of ecological hotspots.
Policy Evolution and Institutional Gap: Photovoltaic installations are exempt from
 environmental impact assessments; the Basic Law for Aboriginal Peoples is out of
 sync with energy policies.
6. Field: Green energy transformation.
Conflict Cases: Pitang Optoelectronics (Taoyuan).
Development Goals: Fish-electric symbiosis, ground-based photovoltaic propulsion.
Conservation Controversy Focus: Loss of migratory bird habitats, conflicts between
 agriculture and fisheries.
Policy Evolution and Institutional Gap: Lack of ecological inspection mechanism,
 insufficient coordination between the Council of Agriculture and the Bureau of
 Energy.
7. Field: Green energy transformation.
Conflict Cases: Yantian Optoelectronics (Buda, Chiayi).
Development Goals: Reuse of abandoned salt pans.
Conservation Controversy Focus: Black-faced Spoonbill habitat threatened.
Policy Evolution and Institutional Gap: Local governments and the central
 government act independently, lacking overall environmental and social inspections.
(C) Policy evolution and institutional gap diagram concept
   We recommend drawing the diagram in the following three layers:
1. Policy evolution axis (timeline)
o For example: from Regional Planning Act → National Land Planning Act →
 Renewable Energy Development Act → Indigenous Peoples Basic Act →
 Environmental Basic Act
2. Institutional gap level
o Unintegrated laws and regulations (such as energy and conservation)
o Unclear division of labor between ministries and commissions (such as water
 resource management)
o Insufficient citizen participation (such as urban development projects)
[bookmark: _Hlk202972139]o Low information transparency (such as photovoltaic site selection)
3. Case marking
o Mark the time and dispute points of each case on the timeline, and use colors to
 distinguish the fields (blue: water resources, gray: urban development, green: green
 energy transformation)
If the “institutional gap” refers to the governance challenges between water conservation, urban development, and ecological conflicts, then we can start from the strategies of Germany, Japan, and China, and compare them with the current situation in Taiwan. The following is my summary of the key points of the analysis:
(1) Taiwan's challenges and institutional gaps
• Planning system faults: The National Land Comprehensive Development Act has
   not yet been enacted, resulting in a lack of coherence between upper and lower plans.
• Conflict between ecological conservation and development: The excessive
   reclamation of hillsides, conversion of farmland, and homestay development have
   damaged the ecology, and there is a lack of effective compensation mechanism.
• Weak landscape and nature protection laws: Landscape planning and nature
   conservation is not included in the main urban planning, resulting in chaotic
   development.
• Lack of an intrusion compensation system: There is no clear compensation or
   restoration mechanism for ecological damage caused by development.
(2) Germany’s Institutional Response Strategy:
•Item: land planning system.
German System Features: Hierarchical planning: There are statutory plans at the
 federal, state, regional and township levels.
Taiwan Comparison: Taiwan has not yet completed the highest-level legal system,
 and the planning system is incomplete.
•Item landscape planning.
German System Features: Landscape planning is parallel to land use planning and is
 legally binding.
Taiwan Comparison: Taiwan's landscape planning is not included in the statutory
 Plan.
•Item: Interference with natural resource control.
German System Features: Developers must provide ecological compensation or
 monetary compensation, and have an ecological value calculation formula.
Taiwan Comparison: Taiwan lacks a similar system, and development damages are
 often not compensated.
•Item : Ecological engineering orientation.
German System Features: River management combined with ecological restoration,
 such as fishway design and habitat diversity restoration
Taiwan Comparison: Taiwan is mostly engineering-oriented, with insufficient
 ecological considerations
(3) Japan’s Strategic Characteristics
• Concept of symbiosis between city and nature: such as the concept of “Satoyama”,
   which emphasizes the mutual benefit between man and nature.
• Disaster prevention and ecological integration: Introducing rain gardens, green roofs
   and other facilities in urban renewal.
• Complete legal system: such as the Natural Environment Protection Law and the
   Urban Greening Law, which clearly regulate the boundaries between development
   and conservation.
• Strengthening of local autonomy: Local governments have a high degree of
   autonomy in environmental planning and community participation.
(4) China's Institutional Evolution and Challenges:
•Item: Integration of green energy and water resources.
China Strategy: Promote the construction of "sponge cities" and emphasize rainwater
 recycling and urban infiltration
Taiwan Comparison: Some cities in Taiwan have introduced it, but a systematic
 policy has not yet been formed
•Item: Ecological red line system.
China Strategy: Delineate undevelopable areas and include them in national land
 space planning.
Taiwan Comparison: Taiwan does not have a similar red line system, and
 conservation areas are often developed.
•Item: Policy driven and technology introduction.
China Strategy: Promoting smart water services and recycled water utilization
 through central policies
Taiwan Comparison: Taiwan's technology is mature but its policy integration is weak.
•Item: Local differences.
China Strategy: Institutional design has improved, but local enforcement and
 transparency remain challenges 
Taiwan Comparison: Taiwan has high enforcement capabilities, but a weak legal
 foundation
According to the above topics on different countries, preliminary comparison and recommendations are as followings:
Topics                  Taiwan,      Germany,     Japan,      China
Legal integrity            Medium       High       High     Medium High
Ecological compensation    Weak         Strong   Medium Strong  Medium
System
Local participation         Medium       High       High        Medium
Technology introduction      High        High       High         High
Planning integration         Weak        Strong   Medium Strong  Medium
(H) Here, we are very suitable for cross-national policy comparison and systematic
   analysis. Let’s analyze and compare the urban conservation strategies of Japan
   (Tokyo and Kyoto) and China’s “sponge city” and “ecological red line” systems as
   follows:
1. Comparison of Urban Conservation and Ecological Resilience Policies: Japan
 vs. China:
(1) Comparison table of policy concepts and objectives:
   Japan: Urban conservation strategy (Tokyo/Kyoto):
   Core goals: Providing diversified and high-quality childcare support, reducing the
    number of children on waiting list, and promoting family and community
connections.
   Main challenges: Declining birthrate, lack of urban space, and shortage of
Childcare personne
   Strategy tools: Approved daycare centers, certified daycare centers, extended
daycare centers, night daycare centers, childcare support centers.
   Spatial planning orientation: Regional childcare support and urban childcare
    Facility Integration.
   Policy promotion agency: Tokyo Metropolitan Welfare and Health Bureau, Kyoto
    City Child Care General Support Office
   China: Sponge Cities and Ecological Red Lines:
   Core goals: Enhance urban rainwater management capabilities, restore
hydrological cycles, and protect ecological space and resource security.
   Main challenges: Urban flooding, water shortage, water pollution, ecological
Damage.
   Strategy tools: Six major measures: infiltration, retention, storage, purification, use
  and discharge; ecological red line delineation and supervision
   Spatial planning orientation: Integration of urban green space, water system,
wetland, blue-green infrastructure.
   Policy promotion agency: State Council, Ministry of Housing and Urban-Rural
    Development, Ministry of Water Resources, Ministry of Ecology and Environment.
(2) Extended analysis: Policy integration and resilience enhancement potential:
   Highlights of Japan's Urban Conservation Strategy:
  • Tokyo promotes a certified nursery system to respond to urban childcare needs
     (such as childcare for children aged 0 and 13-hour opening hours).
• Kyoto emphasizes childcare concepts such as "physical and mental development",
 "natural experience", and "interaction with children of different ages".
• Challenges: Insufficient gardens, high turnover of childcare workers, and
 insufficient staffing of facilities due to the declining birthrate.
   Highlights of China's sponge city and ecological red line system:
• Sponge cities emphasize the six major measures of "infiltration, retention, storage,
    purification, use, and discharge" to restore the urban hydrological cycle.
• The ecological red line system defines the bottom line of ecological protection
    through spatial control and incorporates it into the national land planning and
    monitoring mechanism.
• Challenges: In extreme climates, waterlogging may still occur (such as the
    Zhengzhou case), and the implementation of the system requires cross-
departmental coordination.
(3) Application suggestions: research and proposal directions:
• Cross-national comparative research: focus on "spatial integration strategies 
urban resilience and childcare support".
• Policy proposal: suggest that Taiwan introduce a dual-track integration of "childcare
facilities + green infrastructure" in urban renewal.
• Visual report: the above framework diagram and table can be included in briefings
    or policy proposals to enhance persuasiveness.
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(A) Difficulties in promoting environmental protection projects in Taiwan:
Main dilemmas are:
• Limited land resources: It is difficult to set up large-scale treatment facilities.
• High development pressure: Environmental impact assessments are often
   interfered with by political and economic factors.
• Insufficient enforcement of laws and regulations: Environmental laws are difficult
   to implement and penalties are light.
• Low public participation: Insufficient environmental awareness and lack of
   community support.
• Difficulties in cross-departmental coordination: Engineering, environmental
   protection, and urban planning departments act independently.
(B) Analysis of the conflict between "development first" and "environmental
  protection" in Taiwan:
  1. Nature of conflict: Development pursues short-term economic benefits, while
    environmental protection emphasizes long-term ecological and social values.
  2. Common conflict scenarios:
    • Industrial expansion vs. wetland conservation
• Highway construction vs. habitat destruction
• Urban renewal vs. green space reduction
    3. Institutional and policy contradictions:
      • The environmental impact assessment system is often seen as a "formal
         review"
• National land planning and urban planning lack environmental integration
• The compensation mechanism is not transparent and the ecological value is
   difficult to quantify
    4. Deep reasons:
      • Policy orientation focuses on economic growth
• Insufficient environmental education and citizen participation
• Lack of cross-sector integration and systematic thinking
    5. Suggested solution:
      • Strengthen the independence and transparency of environmental assessments
• Promote the inclusion of ecological inspection systems and carbon
   inventories in engineering processes
• Establish environmental trusts and ecological compensation funds
• Enhance citizen participation and community collaboration mechanisms
• Develop smart environmental monitoring and early warning systems
(C) Taiwan's local and international innovative technology cases:
   Taiwan case:
· Zhuluo tree frog habitat compensation project: combining ecological engineering methods and community participation to conserve rare species.
· Shimen Reservoir sludge reuse: making lightweight aggregate concrete to reduce waste and carbon emissions.
International innovative technology:
 • Room for the River project in the Netherlands: Expanding river space in an
ecological way, reducing floods and improving landscapes.
 • Marina Barrage in Singapore: A multi-purpose water conservancy facility that
    combines flood control, water resources and recreational functions.
 • Ecological engineering in Germany: Near-natural river management,
   emphasizing ecological restoration and flood adaptation.
(I) How to Incorporate Environmental Engineering Strategies into Taiwan’s
   Land Resilience Planning:
   Integration goal: 
   Create a sustainable spatial development framework that can respond to
   extreme climate, disaster risks and resource scarcity.
   Core integration strategy:
   1. Regional climate resilience measures:
     o Combine environmental monitoring and AI prediction models to introduce
       low impact development (LID) technology for flood-prone and high heat
       island effect areas.
     o Apply the "sponge city" method in urban renewal to improve rainwater
       retention, filtration and reuse.
   2. Land use and development control:
     o Incorporate environmental assessment results into the core of national land
       planning decisions to enhance the environmental sensitivity of land use
       allocation.
     o Implement the "Carbon Inventory and Environmental Compensation
       System" in construction and development projects to encourage low-
       carbon construction methods and green design.
   3. Ecological resilience construction:
     o Introduce an “ecological check” mechanism to ensure that ecological
       corridors are not interrupted when planning public facilities.
[bookmark: _Hlk203031367]     o Establish an ecological trust fund to support local communities in
       maintaining natural habitats.
   4. Smart governance and public participation:
     o Develop a regional “environmental digital dashboard” to allow the public
       to understand the current status of air, water quality and land use in real
       time.
     o Enhance community consensus and participation through open data and
       environmental education, and form policy momentum.
(D) Examples of representative planning projects:
   1. Area: Xitun District, Taichung City
     Strategic integration project: Smart Community Rainwater Retention
       System + Ecological Green Corridor Design
     Resilience contribution: Strengthening urban water management and
       biodiversity
   2. Area: New Taipei City Bali Area
     Strategic integration project: Wastewater Recycling + Coastal Wetland
       Conservation
     Resilience contribution: Improving water self-sufficiency and coastal
       disaster resilience
   3. Area: Yuchi Township, Nantou
     Strategic integration project: Forest Water Conservation Protection Area +
       Citizen Monitoring Platform
     Resilience contribution: Improving water stability and community
       resilience in mountainous areas
(E) Regarding the above-mentioned key points, please conduct more in-depth
    strategic model planning in urban planning, rural land planning and
    design, ecological conservation and flood prevention of water
    environment, etc. and also create a local resilience promotion blueprint
    unique to Taiwan.:
Here’s a structured, interdisciplinary planning model and a Taiwan- specific resilience blueprint that aligns with your focus on urban-rural integration, ecological sustainability, and flood risk management.
   Strategic Model Planning Framework:
   1. Urban Planning:
     - Green-Blue Infrastructure Integration: Embed green corridors, bioswales, and
       permeable pavements to reduce urban heat and increase flood resilience.
- Smart Zoning & AI-Powered Simulation: Use predictive models for land use and
       disaster risk analysis to support evidence-based decisions.
- Transit-Oriented Development (TOD): Densify near transit hubs to reduce
   carbon emissions and optimize space in vulnerable areas.
   2. Rural Land Design
    - Agro-Ecological Buffer Zones: Strategically plant native species around farms to
       reduce runoff and bolster biodiversity.
- Resilient Housing Prototypes: Promote modular, flood-adapted housing using
   local materials and passive cooling techniques.
- Community Land Trusts (CLTs): Empower rural communities with stewardship
   over land, promoting long-term sustainability.
   3. Ecological Conservation
    - Watershed-Based Zoning Policies: Regulate land use based on hydrological
       boundaries to protect ecosystems.
   - Biodiversity Corridors: Link fragmented habitats using elevated or underground
       crossings to preserve genetic flow.
- Citizen Science Initiatives: Engage local residents in monitoring species health,
    using mobile-based AI for classification.
   4. Flood Prevention & Water Environment Management:
- AI-Powered Early Warning Systems: Use real-time hydrological and weather
    data to alert communities.
- Wetland Restoration Projects: Rehabilitate key flood plains and mangroves,
    particularly along Taiwan’s western coastline.
- Decentralized Water Retention Zones: Redesign public parks and plazas as dual-
use spaces to absorb excess rainfall.
Taiwan-Specific Local Resilience Blueprint:
1. Strategic Pillars
 (1) Pillar: Ecosystem Synergy
    Focus Area :| Integrate nature-based solutions with infrastructure
Taiwan Application: Use watershed protection zones across Central Taiwan
 (2) Pillar: AI + Indigenous Knowledge
    Focus Area: Blend traditional ecological practices with AI modeling
Taiwan Application: Collaborate with Bunun and Atayal communities on land
 stewardship
 (3) Pillar: Public Health + Planning
    Focus Area: Link climate adaptation with health system resilience
    Taiwan Application: Include anti-microbial surface designs in flood-prone
                     clinics 
2. Implementation Roadmap (2025–2040)
  - Phase 1: 2025–2030
- Establish regional innovation hubs (Taichung, Tainan, Hualien)
- Launch pilot flood-resilient rural housing projects
- Digitize conservation maps with AI-driven biodiversity modeling
- Phase 2: 2030–2035
- Scale ecological zoning across all counties
- Expand nature-smart public transport incentives
- Deploy AI-assisted community resilience dashboards
- Phase 3: 2035–2040
- Integrate resilience goals into Taiwan’s SDGs reporting
- Create exchange programs between Taiwanese and international eco-communities
- Standardize AI-powered land planning tools nationwide
3. Comparative Case Study: Miaoli vs. Chiayi
(1) Dimension: Terrain & Risk
   Miaoli (Inland): Hillside erosion, river sedimentation
   Chiayi (Coastal): Lowland flooding
(2) Dimension: Conservation Focus
   Miaoli (Inland): Upland forest protection & river basin zoning
   Chiayi (Coastal): Coastal wetland restoration & aquaculture resilience
(3) Dimension: AI Integration
   Miaoli (Inland): Landslide risk mapping & slope stabilization monitoring
   Chiayi (Coastal): Real-time tide level prediction & community alert systems
(4) Dimension: Community Engagement
   Miaoli (Inland): Hakka cultural integration in land use decisions
   Chiayi (Coastal): Fishermen cooperatives using mobile AI for flood prep
(5) Dimension: Infrastructure 
   Miaoli (Inland): Terraced agroforestry and riparian buffers
   Chiayi (Coastal): Elevated housing and floating gardens in flood zones
  Key Insight: Miaoli’s strategy leans into watershed ethics and hillside hydrology, while Chiayi’s coastal positioning demands hybrid infrastructure and nature-based flood absorption. Both reveal the flexibility required in Taiwan’s national planning model.
(F) How to establish an effective execution framework to implement
   environmental engineering and resilience strategies
  To make the strategy more than just a paper talk, a cross-departmental, quantifiable and feedback-based execution framework must be established. The following is a recommended framework:
1. Core architectural elements
  Element                            Description
 goal setting.           Clearly define resilience targets (e.g. increase water self-
                      sufficiency by 10%, reduce urban heat island effect by 2°C).
Cross-departmental       Establish a coordination platform for environmental
collaboration mechanism.  protection, engineering, urban planning, public health and 
                       other departments.
Resource Inventory and    Inventory of land, water, energy and other resources, and
Risk Assessment          conduct climate and disaster risk analysis.
Technology and policy     Incorporate environmental engineering technologies into
Integration               policy tools such as national land planning, urban
                        renewal, and building regulations.
Civic Engagement and     Community promotion and participation, environmental
Education               education, and open data platforms.             
Monitoring and feedback   Establish KPI and sensing system, evaluate and adjust
mechanism              strategy regularly.
2. Implementation process recommendations
(1) Strategic integration: Incorporate environmental engineering into national 
   resilience policies (such as the Executive Yuan's "Special Regulations on
   National Security Resilience")
(2) Pilot promotion: Select high-risk areas (such as Xitun, Taichung, and Xinyi,
   Taipei) for demonstration projects
(3) Digital tool introduction: Use GIS, AI prediction, and IoT sensors for
   environmental monitoring and decision support
(4) Rolling revision: Conduct performance evaluation and strategic adjustments
   every year.
3. International resilience planning success stories
  The following are some representative country and city cases that demonstrate how environmental engineering and resilience strategies are implemented in policies and spatial governance:
  (1) Room for the River Project in the Netherlands
     • Goal: Improve flood adaptation capacity.
     • Practice: Give rivers "space", remove embankments, expand river channels,
        and rebuild ecological wetlands.
     • Results: Reduce flood risks, improve ecological and landscape quality.
   (2) Marina Barrage, Singapore
     • Goal: Integrate flood control, water resource management and recreational
        Space.
     • Practice: Build a multifunctional dam that combines rainwater collection,
        flood control and urban landscape.
     • Results: Improve water resource self-sufficiency and become a symbol of
        urban resilience.
   (3) German Ecological Engineering and Near-Natural River Management:
     • Goal: Restore river ecology and flood adaptation capacity.
     • Method: Remove hard embankments, rebuild natural river channels, and
        introduce ecological engineering methods.
     • Results: Improve biodiversity and community disaster prevention capabilities.
   (4) Kobe, Japan, rebuilds resiliently after earthquake:
     • Goal: Improve urban earthquake resistance and community resilience.
     • Practice: Introduce disaster-resistant building design, community shelter
        system, and disaster education.
     • Results: Become a global model for urban resilience reconstruction.
   (5) New York City OneNYC Resilient City Plan:
     • Goal: Address climate change and social inequality.
     • Approach: Integrate environmental engineering, social policy and digital
        Governance.
     • Results: Establish a cross-sector resilience governance framework to enhance
        the overall urban resilience.
4.2 Sustainability and Resilience for Ecological Conservation Engineering and
   Environmental Protection Engineering
4.2.1 From the perspective of sustainability and resilience, how should we face and
    solve ecological conservation engineering and environmental protection
    engineering?
A. Guiding Principles:
Sustainability ensures long-term viability by balancing environmental, social, and economic goals.
Resilience focuses on adaptability and recovery from disturbances like climate shocks, biodiversity loss, or infrastructure failure.
Together, they demand engineering solutions that are not only efficient but also regenerative and flexible.
B. Strategic Frameworks for Engineering Solutions:
	Dimension
	Ecological Conservation Engineering
	Environmental Protection Engineering

	Goal
	Preserve and restore ecosystems
	Prevent and mitigate pollution and degradation

	Approach
	Nature-based solutions, habitat connectivity, biodiversity metrics
	Pollution control, circular design, life-cycle analysis

	Resilience Tactics
	Adaptive land use, ecological redundancy, dynamic monitoring
	Redundant systems, disaster-proof infrastructure, early warning systems

	Sustainability Metrics
	Ecosystem services valuation, carbon sequestration, biodiversity indices
	Triple bottom line (environmental, social, economic), emissions reduction, resource efficiency


C. Integrated Engineering Practices:
1. Tiered Quantitative Assessment of Life Cycle Sustainability and Resilience
  TQUALICSR: A framework that quantifies both sustainability and resilience
  across technical, environmental, and social dimensions.
2. Ecological Engineering: Moves beyond traditional infrastructure to co-design with
  nature — e.g., restoring wetlands to buffer floods while enhancing biodiversity.
3. Multi-Criteria Decision Analysis (MCDA): Helps weigh trade-offs between
  ecological integrity, cost, and resilience under uncertainty.
D. Taiwan-Specific Opportunities
  Given your interest in Taiwan’s regional strategies, here are some tailored directions:
1. River Basin Resilience Planning: Integrate ecological corridors with flood control 
  infrastructure to enhance both biodiversity and disaster resilience.
2. Green Retrofit of Urban Systems: Use AI to optimize energy and water systems
  while embedding ecological buffers in dense urban zones.
3. Policy Coordination: Align local conservation efforts with national SDG targets
  and resilience indicators, especially in areas like Taichung where urban-rural
  interfaces are critical.
E. Case Study Inspiration
1. Japan’s CASBEE® Tool: Successfully integrates resilience and sustainability into
  building assessments, offering a model for Taiwan’s appraisal systems.
2. ASEAN Vision 2025: Emphasizes harmonized resilience and sustainability goals
  across member states, including disaster risk reduction and sustainable urban
  development.
4.2.2 A visual framework comparing Taiwan’s ecological conservation engineering
    strategies and Environmental protection engineering strategies with China’s.
Ecological Conservation Engineering vs. Environmental Protection Engineering
	Dimension
	Taiwan: Ecological Conservation Engineering
	Taiwan: Environmental Protection Engineering
	China: Ecological Conservation Engineering
	China: Environmental Protection Engineering

	Core Focus
	Biodiversity, habitat connectivity, nature-based solutions
	Pollution control, waste management, water/air quality
	Large-scale ecological restoration, ecological barriers, reforestation
	Industrial pollution control, urban sanitation, emissions reduction

	Key Programs
	Taiwan Ecological Network (TEN), Satoyama Initiative, ECI mechanism
	Environmental Management Administration (EMA), GreenLife EMS, Waste Incineration Systems
	Ecological Redlines, Ecological Barrier System, Loess Plateau Restoration
	National Environmental Protection Plans, Three Simultaneous System, EIA enforcement

	Planning Tools
	Biodiversity Mapping Platform, TBIA database, spatial corridor planning
	Waste tracking systems, air/water monitoring platforms, sanitation audits
	GIS-based ecological zoning, restoration modeling, biodiversity corridors
	Emissions databases, pollution source tracking, industrial audits

	Governance Model
	Cross-sectoral, community-based, regional cooperation platforms
	Central-local coordination, digital infrastructure, public reporting
	Top-down strategic planning, national ecological security zones
	Centralized enforcement, sectoral integration, legal mandates

	AI Integration Status
	Emerging: AI-assisted citizen science (e.g. AI Ocean Project), species recognition, ecological monitoring
	Emerging: AI in waste flow tracking, air quality prediction, smart sanitation
	Expanding: AI in ecological barrier modeling, satellite-based restoration tracking
	Mature: AI in emissions modeling, industrial compliance, smart city pollution control

	Public Engagement
	High: citizen scientists, local stewardship, education campaigns
	Moderate: public reporting systems, sanitation awareness
	Moderate: eco-tourism, rural participation in reforestation
	Low to moderate: public compliance, urban awareness campaigns

	Challenges
	Fragmented data, limited AI scaling, balancing development with conservation
	Infrastructure gaps in rural areas, coordination across agencies
	Ecosystem diversity, regional disparities, balancing growth with restoration
	Enforcement consistency, rural-urban gaps, industrial resistance


4.3 The Function of AI
Roadmap: AI Integration into Taiwan’s Ecological Conservation & Environmental Protection Infrastructure
A. Phase 1: Foundation (2025–2026)
(A) Data Consolidation
   1. Integrate TEN, TBIA, EMA, and ECI datasets into a unified biodiversity and
     pollution database
 2. Standardize formats for ecological and environmental indicators
(B) Infrastructure Mapping
1. Use AI to analyze satellite imagery for habitat fragmentation, pollution hotspots,
  and corridor gaps.
2. Deploy IoT sensors in priority biodiversity areas and urban sanitation zones.
(C) AI Literacy & Training
   1. Launch training programs for local governments, NGOs, and citizen scientists
    on AI tools
2. Partner with universities for AI-environmental research fellowships
B. Phase 2: Deployment (2026–2028)
(A) Ecological Conservation Applications
1. AI-powered species recognition (e.g. underwater image classification)
2. Predictive modeling for habitat resilience and corridor connectivity
3. Smart restoration planning using generative design algorithms
(B) Environmental Protection Applications
1. AI-driven waste flow optimization and illegal dumping detection
2. Real-time air and water quality forecasting using machine learning
3. Smart sanitation routing and resource allocation
(C) Cross-Platform Integration
1. Link AI tools with TEN Mapping Platform, EMA systems, and citizen science
apps
2. Enable feedback loops between AI predictions and field data
C. Phase 3: Governance & Scaling (2028–2030)
(A) Policy Integration
1. Embed AI insights into national biodiversity and pollution control strategies
2. Use AI to simulate policy outcomes and optimize resource allocation
(B) International Collaboration
1. Share AI models and datasets with regional partners (e.g. ASEAN, Japan)
2. Participate in global biodiversity AI initiatives (e.g. GBIF, IUCN tech platforms)
(C) Monitoring & Evaluation
1. Establish AI ethics and transparency guidelines for environmental applications
2. Use AI to track SDG progress (e.g. SDG 14, 15, 11) and report to UN platforms
                 V. DISCUSSION AND CONCLUSIONS
5.1 Explanation and analyses in depth the differences between ecological
  conservation projects and environmental protection projects:
  Although both of them aim at sustainability and environmental improvement, they differ significantly in core concepts, technology applications, scales and policy orientations. The following is an in-depth analysis:
A. Differences between basic definitions and core concepts:
   1. Core goals:
     Ecological conservation engineering: Maintain and restore natural ecosystems.
[bookmark: _Hlk203058777]     Environmental protection engineering: Control and mitigate man-made pollution
                                     and environmental damage.
   2. Conceptual basis:
     Ecological conservation engineering: Adapt to nature and respect biodiversity.
     Environmental protection engineering: Technology Orientation, Pollution
                                     Prevention and Resource Management.
   3. Scale category:
     Ecological conservation engineering: Habitat conservation, species restoration,
                                    and ecological corridor construction.
     Environmental protection engineering: Air, water, soil pollution treatment, waste
                                     Management.
   4. Representativeness principle:
     Ecological conservation engineering: Ecological verification, habitat connection,
                                   minimal disturbance.
     Environmental protection engineering: Pollution source control, regulatory
                                     enforcement, technical efficiency.
B. Differences in technology and engineering approaches:
   1. River Basin and Water Management:
     Ecological conservation engineering: Preserve wetlands and deep pools, and set
                                    up fishways.
     Environmental protection engineering: Sewage treatment plants, artificial
                                     Wetlands.
   2. Land Facilities:
     Ecological conservation engineering: Ecological corridors, animal passages, and
                                    habitat restoration.
     Environmental protection engineering: Waste incineration plants, air purification
                                     Systems.
   3. Policy orientation and institutional differences:
     (1) Ecological conservation engineering: 
        o Often included in land conservation, national parks, and ecologically
          sensitive area management.
o Planned in accordance with the Wildlife Conservation Act, the National
  Land Planning Act, etc.
o Emphasize the four principles of "avoidance, reduction, mitigation, and
 compensation."
     (2) Environmental protection engineering: 
        o Implemented in accordance with the Basic Environmental Law, the Air Pollution Control Law, the Water Pollution Control Law, etc.
o Focuses on pollution source management and achievement of
  environmental quality standards.
o Often closely integrated with urban planning and industrial development.
   4. Comparative analysis of practical cases:
     (1) Case: Nantou Baishiya Wild Stream Renovation
        Ecological conservation engineering: Set up animal passages and preserve
 deep pools and rock wall vegetation.
        Environmental protection engineering: Controlling debris flow and
                                        stabilizing slopes.
     (2) Case: Taipei Smart Ecological Community
        Ecological conservation engineering: Rainwater retention and ecological
                                       green corridor design.
        Environmental protection engineering: Air quality monitoring, wastewater
                                        recycling system.
     (3) Case: Room for the River, Netherlands
        Ecological conservation engineering: Expand river space and rebuild
                                       Wetlands.
        Environmental protection engineering: Flood adaptation and urban drainage
                                        system integration.
   5. Integration and synergy possibilities:
     Even the two have differences in technology and concepts, they often need to be integrated in practice:
• For example, in urban renewal, ecological conservation projects can improve green space and biodiversity, while environmental protection projects can ensure the safety of air and water quality.
• In land resilience planning, both can jointly support the dual goals of "ecological resilience" and "environmental safety".
C. Visualizing the strategic relationship between ecological conservation and
   environmental protection projects, then dive into how Taiwan coordinates
   them across key domains.
   Shared Objectives: (1) Biodiversity resilience. (2) Sustainable development
                    (3) Climate adaptation
   Ecological Conservation: (1) Habitat restoration. (2) Species protection. 
                        (3) Connectivity.
   Environmental Protection: (1) Pollution Control. (2) Waste & water Management.
                         (3) Urban greening.
   Integration Mechanisms: (1) Nature-based solutions (NbS). (2) TEN corridors.
                        (3) Satoyama nitiative.
(A) Taiwan’s Policy Coordination Across Three Domains
1. River Management
(1) Ecological Conservation:
   - Stream Corridors in TEN: Focus on restoring migratory routes, floodplains, and
     riparian habitats.
   - Species Protection: Targeted efforts for aquatic species like Formosan salmon and
     otters.
(2) Environmental Protection:
   - Water Environment Improvement Plan: Integrates pollution control, sewage
     interception, and landscape restoration.
   - Constructed Wetlands: Used for natural purification and biodiversity support (e.g., 
    Shuimokeng Wetland in Guandu).
(3) Coordination Mechanism:
   - Whole-watershed planning: Combines ecological restoration with water quality
     monitoring and flood resilience.
   - Public-private partnerships: Local governments and civil groups co-manage river
     sections.
2. Urban Development
(1) Ecological Conservation:
   - Urban Corridors in TEN: Include valley and plain corridors that integrate green
     spaces, ponds, and biodiversity hotspots.
   - Satoyama Initiative: Promotes eco-friendly farming and community-led
     conservation in peri-urban zones.
(2) Environmental Protection:
   - Urban Renewal Policies: Emphasize disaster prevention, green infrastructure, and
     climate adaptation.
   - Sponge City Concept: Enhances water retention, reduces heat islands, and
     supports biodiversity.
(3) Coordination Mechanism:
   - Green Building Standards: Require ecological design and water-sensitive urban
     planning.
   - Integrated EIA Criteria: Mandate biodiversity and climate resilience in 
    development projects.
3. Habitat Conservation:
(1) Ecological Conservation:
   - Protected Areas & TEN Corridors: Cover 19% of land and prioritize connectivity
     across fragmented habitats.
   - Community Forestry & OECMs: Engage local communities in managing
     biodiversity-rich landscapes.
(2) Environmental Protection:
   - Pollution Control & Invasive Species Management: Protect habitat quality and
     native species.
   - Climate Adaptation Programs: Reduce ecological stress through afforestation and
     ecosystem restoration.
(3) Coordination Mechanism:
   - Spatial Planning with Biodiversity Data: TEN uses GIS layers to guide land use
     and restoration priorities.
   - Regional Platforms: Facilitate cross-sector collaboration among ministries,
     academia, and communities.
(B) An in-depth analysis of how Taiwan reconciles these two engineering
   philosophies in three major areas:
1. River management: from flood prevention to ecological integration:
   Traditional environmental protection practices:
     - Strengthening embankments, hardening channels, and dredging rivers.
     - Emphasis on flood control safety and water purification.
   Ecological conservation integration strategy:
     - Constructing natural river channels (such as pebble beds, flow rate diversity).
     - Setting up fishways, wetland restoration, and introducing ecological inspection.
   Taiwan's coordination approach:
     - Typical case: Da'an River Basin Management Plan
     - Combining flood adaptation and waterfront ecological restoration
     - Promoting levee-friendly planting, preserving floodplains and deep pools
     - Policy docking: "Water and Green Plan", "Six-Year Plan for Water Environment
      Improvement"
2. Urban development: introduction of green infrastructure:
   Traditional environmental engineering thinking
     - air quality monitoring, wastewater treatment systems, garbage management.
   Ecological conservation orientation:
     - Rainwater retention and purification green space, green roof, ecological
      corridor design.
   Taiwan's coordinated approach:
     - Typical case: Taipei Songshan Smart Ecological Community
     - Construction of green roofs, underground flood retention ponds, and ecological
      sensing systems
     - Policy docking: "Urban Resilience Guidelines", "Low Impact Development
      (LID) Design Manual"
3. Habitat conservation: from engineering intervention to ecological restoration:
   Traditional environmental protection goals
     - Prevent pollution from entering natural habitats.
     - Improve water and air quality to ensure biosafety.
   Ecological conservation focus
     - Preserving habitat continuity, preserving species, and establishing animal
      Passages.
   Taiwan's coordination approach
     - Typical case: Zhuluo tree frog conservation area compensation project
     - Reconstruction of wetlands, establishment of natural vegetation and observation
      platforms
     - Policy docking: "National Land Conservation Zoning Design Guidelines",
      "Guidelines for Ecological Compensation Mechanism"
5.2. From the perspective of sustainability and resilience, what are the similarities
   and differences between ecological conservation projects and environmental
   protection projects?
A. Shared Foundations: Similarities:
   Both ecological conservation and environmental protection projects aim to safeguard natural systems, but they share deeper strategic goals when viewed through a sustainability and resilience lens:
1. Long-term ecosystem health: Both prioritize maintaining or restoring ecosystems
  to ensure they continue providing essential services like clean water, air, and
  biodiversity.
2. Climate adaptation and mitigation: Each contributes to climate resilience —
  conservation by preserving carbon sinks (e.g. forests, wetlands), and protection by
  reducing pollution and environmental degradation.
3. Community engagement: Increasingly, both types of projects involve local
  communities, recognizing that sustainable outcomes require inclusive governance
  and cultural sensitivity.
Policy integration: They often align with national and international frameworks like the SDGs, Paris Agreement, and biodiversity conventions.
B. Key Differences: Strategic Focus and Scope:
	Aspect
	Ecological Conservation Projects
	Environmental Protection Projects

	Primary Goal
	Preserve or restore biodiversity and ecosystem integrity
	Prevent or reduce pollution and degradation of natural resources

	Focus Area
	Species, habitats, ecological processes
	Air, water, soil quality; waste and emissions

	Approach
	Often place-based, long-term, adaptive management
	Regulatory, preventive, sometimes reactive

	Resilience Strategy
	Enhances ecosystem resilience by increasing diversity and connectivity
	Builds human and infrastructure resilience by reducing exposure to hazards

	Examples
	Wetland restoration, wildlife corridors, coral reef rehabilitation
	Industrial pollution control, waste management, clean energy transitions


C. Resilience Implications
• Ecological conservation strengthens natural resilience — enabling
        ecosystems to absorb shocks like floods or droughts.
• Environmental protection enhances human and infrastructural resilience —
        reducing vulnerability to health risks, disasters, and resource scarcity.
Here’s a comparative visual framework coming by the way — highlighting how Taiwan balances biodiversity preservation and pollution management through strategic conservation and protection initiatives. I think you’ll find the distinctions quite illuminating.
[image: ]
D. How can AI intervene to help deal with the above problems?
   Let’s unpack the similarities and differences between ecological conservation and environmental protection through the lens of sustainability and resilience—and then explore how AI can be a game-changer in both domains.
1. Ecological Conservation vs. Environmental Protection
	Aspect
	Ecological Conservation
	Environmental Protection

	Focus
	Preserving biodiversity, ecosystems, and natural habitats
	Preventing and mitigating pollution, resource depletion, and environmental degradation

	Scope
	Often localized and species/ecosystem-specific
	Broader, including air, water, soil, and human health impacts

	Goal
	Maintain ecological integrity and natural balance
	Safeguard human health and ensure sustainable resource use

	Approach
	Restoration, habitat management, species protection
	Regulation, pollution control, sustainable practices

	Resilience Role
	Enhances ecosystem adaptability to climate and human pressures
	Builds systemic capacity to withstand environmental shocks (e.g. floods, droughts)

	Sustainability Role
	Supports long-term biodiversity and ecosystem services
	Promotes sustainable development and resource efficiency


Overlap: Both aim to ensure long-term environmental health and are essential pillars of sustainability. Conservation focuses more on nature’s intrinsic value, while protection emphasizes human-environment interactions.
5.3 How AI Can Intervene
   AI offers powerful tools to enhance both sustainability and resilience in these projects:
A. In Ecological Conservation
1. Wildlife Monitoring: AI-powered camera traps and acoustic sensors identify
  species and track populations in real time
2. Habitat Mapping: Satellite imagery + AI detect deforestation, land degradation, and
  ecosystem changes
3. Predictive Modeling: Machine learning forecasts species migration, extinction
  risks, and climate impacts
B. In Environmental Protection
1. Pollution Detection: AI analyzes air and water quality data to identify
  contamination hotspots
2. Smart Resource Management: AI optimizes water usage, waste recycling, and
  energy efficiency
3. Disaster Prediction: AI models forecast floods, wildfires, and droughts, enabling
  early interventions
C. Cross-Cutting Benefits
1. Decision Support Systems: AI helps policymakers simulate scenarios and evaluate
  trade-offs between conservation and development
2. Citizen Science & Engagement: AI chatbots and platforms educate the public and
  crowdsource environmental data
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