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TÓM TẮT: Chuyển đổi số trong cuộc Cách mạng công nghiệp lần thứ 

tư đang tác động mạnh mẽ đến kinh tế, xã hội, văn hóa và du lịch toàn 

cầu, thay đổi thói quen con người. Việt Nam cũng không ngoại lệ, đặc 

biệt là tỉnh Khánh Hòa, cũng hưởng lợi lớn từ tiến bộ này. Các công 

nghệ số như công nghệ viễn thám, GIS, trí tuệ nhân tạo và xử lý dữ 

liệu lớn rất quan trọng cho phát triển kinh tế số và du lịch biển bền 

vững. Bài báo sử dụng phương pháp nghiên cứu tài liệu để phân tích 

và tổng hợp kết quả của nghiên cứu khoa học, ứng dụng các công nghệ 

tiên tiến theo dõi nhiệt độ biển, phát hiện ô nhiễm, đánh giá thảm thực 

vật biển ở vùng biển tỉnh Khánh Hòa, nhằm bảo vệ các hệ sinh thái 

biển, góp phần phát triển bền vững biển và đại dương. Đặc biệt, đề 

xuất các giải pháp nhằm thúc đẩy sự phát triển kinh tế số và du lịch 

biển bền vững tại Khánh Hòa theo đúng tinh thần của Nghị quyết số 

09-NQ/TW ngày 28/01/2022 của Bộ Chính trị, phát triển tỉnh Khánh 

Hoà đến năm 2030, tầm nhìn đến năm 2045. 

 

ABSTRACT: Digital transformation in the Fourth Industrial 

Revolution is significantly affecting the global economy, society, 

culture, and tourism, changing human habits. Vietnam, especially 

Khanh Hoa province, has greatly benefited from these advancements. 

Advanced technologies such as remote sensing, GIS, artificial 

intelligence, and big data processing are crucial for developing the 

digital economy and sustainable marine tourism. This article uses 

document analysis method to analyze and synthesize scientific results, 

applying advanced technologies to monitor sea temperature, detect 

pollution, and assess marine vegetation in Khanh Hoa's waters to 

protect marine ecosystems, contributing to the sustainable 

development of seas and oceans. Especially, the article also proposes 

solutions to promote the digital economy and sustainable marine 

tourism in Khanh Hoa, according to Resolution No. 09-NQ/TW dated 

January 28, 2022, by the Politburo, aiming for development by 2030 

with a vision to 2045. 
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1. Introduction 

Digital transformation (DT) is 

revolutionizing industries and global 

economies. Khanh Hoa boasts the longest 

coastline in Vietnam, stretching 385 km and 

encompassing about 200 islands, including 

the world-renowned Nha Trang Bay and Cam 

Ranh Bay. This region's rich marine 

biodiversity creates favorable conditions for 

numerous economic activities and 

contributes to a sustainable environment, 

presenting significant potential for 

developing the marine economy and 

sustainable marine tourism (Figure 1). 

However, to maximize this potential, the 

province must adopt advanced digital 

technologies to promote economic 

development and protect the marine 

environment.

Figure 1. Hon Noi double beach, Nha 

Trang (Source: https://vietnamhoinhap.vn) 

The digital economy is an economic 

model based on the use of digital technology 

to promote sustainable and environmentally 

friendly economic activities [1-3]. With 

advantages in geographic location and 

abundant marine resources, Khanh Hoa can 

apply digital technologies to optimize 

resource utilization, minimize environmental 

impacts, and promote innovation in key 

industries [4, 5]. 

Model of sustainable marine tourism: 

With its long coastline and rich marine 

landscapes, Khanh Hoa has significant 

potential for developing sustainable marine 

tourism  [2], (Figure 2). This model focuses 

on conserving and protecting the marine 

environment while providing economic and 

social benefits to local communities. 

 

Figure 2. Trend of sustainable marine 

economy model (Source: 

https://mic.gov.vn) 

Principles of sustainable marine tourism  

include protecting marine ecosystems such as 

coral reefs, seagrass beds, and mangroves, 

(Figure 3a and Figure 3a), and optimizing the 

use of freshwater and energy through 

advanced technologies. It also involves 

implementing measures to reduce and 

manage waste, especially plastic, 

encouraging tourists to respect local customs 

and participate in cultural activities, and 

providing information to raise awareness 

about the importance of protecting the marine 

environment. 

 

Figure 3a. Typical marine ecosystem in 

Khanh Hoa  

(Source: https://tapchinganhang.gov.vn) 
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Figure 3b. Coral reef ecosystem in 

Khanh Hoa  

(Source: https://tapchinganhang.gov.vn) 

Sustainable marine tourism  offers 

numerous benefits, including minimizing 

negative impacts on the marine environment, 

creating stable income sources for local 

communities, and improving the quality of 

life for local residents. Additionally, it 

provides tourists with unique and 

environmentally friendly experiences, 

contributing to a sustainable economy and 

society. 

Digital technology in marine tourism: 

Digital technology plays a crucial role in 

developing sustainable marine tourism  in 

Khanh Hoa by efficiently managing 

resources, enhancing tourist experiences, and 

minimizing environmental impacts. Mobile 

applications provide information on tourist 

attractions, services, and environmental 

protection activities, integrating digital maps 

and weather updates. Online booking 

systems enable tourists to easily book 

services, manage visitor numbers, and reduce 

overcrowding at tourist sites. 

Customer relationship management 

(CRM) systems store information about 

tourists to support personalized services and 

enhance their experiences. These systems 

also enable data analysis to understand 

tourists' needs and preferences, helping to 

develop new products and services. Virtual 

reality (VR) experiences offer virtual travel 

opportunities to destinations, reducing the 

environmental impact of physical travel, 

while augmented reality (AR) guides provide 

detailed information on tourist sites and 

marine ecosystems, enhancing educational 

experiences [6]. 

Environmental monitoring and protection 

systems use sensors to measure indicators 

such as water quality and temperature, 

ensuring the protection of tourist areas. 

Surveillance cameras monitor sensitive areas 

to detect and prevent harmful activities. 

Social media and digital marketing promote 

sustainable marine tourism  by sharing 

information and images about destinations 

and environmental protection activities. They 

also develop marketing campaigns aimed at 

attracting environmentally conscious tourists 

and promoting sustainable marine tourism  

products and services. 

2. Theoretical basis and research methods 

2.1. Theoretical basis 

2.1.1. Remote sensing and GIS applications 

Remote sensing technologies, such as 

satellites  [7-9], unmanned aerial vehicles 

(UAVs) [10], and Geographic Information 

Systems (GIS) [11], can be used to manage 

and monitor Khanh Hoa's marine 

environment, including mapping submerged 

aquatic vegetation (seaweed, seagrass) along 

the central Vietnamese Coast [8, 12] and 

island resources. Remote sensing provides 

critical data on environmental factors like 

water quality, topographic changes, and 

marine ecosystems, helping managers make 

informed decisions [13, 14]. 

These technologies offer valuable tools 

for monitoring sea surface temperature along 

the coast, which supports climate change 

research and marine ecosystem management. 

These remote sensors can also detect marine 

pollution, including oil spills and plastic 
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debris in coastal waters, enabling timely 

response and mitigation efforts. Additionally, 

high-resolution images produced by these 

technologies help map critical coastal 

habitats such as mangroves, coral reefs, and 

seagrass beds, thereby supporting 

conservation and restoration initiatives. 

2.1.2. Artificial intelligence and big data 

analytics  

Artificial intelligence (AI) and Big data 

analytics [15-18], optimize economic 

activities and marine resource management 

in Khanh Hoa. AI can predict economic 

trends and patterns, while Big data provides 

insights into complex interactions in marine 

ecosystems, helping optimize activities like 

fishing, aquaculture, and related industries. 

AI algorithms significantly enhance 

marine research by processing underwater 

images and videos to identify marine species, 

thereby reducing the time and effort required 

for manual identification. Moreover, 

machine learning models can predict 

phenomena such as harmful algal blooms, 

supporting early warning strategies and 

mitigation efforts. These AI tools are also 

invaluable for interpreting complex 

oceanographic datasets, aiding in climate 

change research, marine ecosystem 

monitoring, and fisheries management. 

2.1.3. Intelligent monitoring systems  

Using sensors and Internet of things (IoT) 

[19, 20] technologies to monitor water 

environments and the health of marine 

species optimizes production activities. For 

example, sensors can measure temperature, 

salinity, and oxygen levels in water, helping 

aquaculture farmers adjust farming 

conditions timely. 

2.1.4. Blockchain applications  

Blockchain [3, 21] can trace the origin of 

seafood products, ensuring transparency and 

enhancing product value. For example, 

through Blockchain, consumers can access 

detailed information about the farming and 

transportation process of products, building 

trust and increasing brand value. 

2.2. Research objectives 

This research aims to: 

- Evaluate the role of DT in developing the 

digital economy and sustainable marine 

tourism  in Khanh Hoa. 

- Propose specific strategies for applying 

digital technology in the economic and 

marine tourism sectors of the province. 

2.3. Research methods 

The research method employed is the 

document research method, involving steps 

such as collecting, classifying, analyzing, 

synthesizing, and summarizing scientific 

documents. This approach enables a 

comprehensive analysis of digital 

transformation and digital technology 

applications in the development of the 

economy and marine tourism in Khanh Hoa. 

2.4 Proposals and recommendations 

2.4.1. Establishment of the national center 

for ocean technology   

To support research and the application of 

digital technology in the development of the 

economy and marine tourism in Khanh Hoa, 

planning for the establishment of the 

National Center for Ocean Technology 

(NCOT) is a crucial step. This center will 

bring together experts, researchers, and 

businesses to develop and apply advanced 

technological solutions to address 

environmental and economic challenges in 

the marine sector. 

Objectives: The center will focus on 

researching and developing new 

technologies, providing training and 

consultancy to businesses and organizations 

in the marine economy and sustainable 

marine tourism sectors. 
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Functions: The center will act as a bridge 

between researchers, businesses, and local 

authorities, promoting public-private 

partnerships and developing DT projects. 

Activities: Organize workshops, training, 

and events to raise awareness and skills in 

digital technology; implement applied 

research projects; develop digital products 

and services for the economy and marine 

tourism. 

2.4.2. Strategies for developing the digital 

economy and sustainable marine tourism 

a. Developing digital infrastructure 

Investing in digital infrastructure is a key 

factor in supporting DT activities. Khanh 

Hoa needs to focus on building modern 

network infrastructure, data centers, and 

integrated information management systems. 

Upgrading and expanding broadband 

Internet networks is essential to ensure fast 

and stable connectivity for both coastal and 

island areas. Building modern data centers is 

also crucial for storing and managing data 

related to the marine economy and tourism. 

Additionally, developing integrated 

information management systems will 

support data-driven decision-making, 

enhancing the efficiency and effectiveness of 

these sectors. 

b. Training and developing human 

resources  

Digital transformation requires highly 

skilled human resources in technology and 

management. Khanh Hoa needs to strengthen 

training programs and skill development for 

the workforce in marine economy and 

tourism sectors. 

Organizing professional training courses 

on information technology, data 

management, and other digital skills for 

officials and employees in related sectors is 

crucial. Establishing cooperation programs 

with international organizations will further 

enhance local human resource capabilities 

and skills. Additionally, supporting research 

and innovation programs will promote the 

development of new technological solutions 

in the marine economy and tourism. 

c. Encouraging business and community 

participation 

Successful DT requires active 

participation from businesses and the 

community. Khanh Hoa needs to create a 

favorable environment to encourage 

businesses to invest and apply digital 

technologies and involve the community in 

sustainable development initiatives. 

d. Developing policies and legal 

frameworks  

Establishing clear policies and legal 

frameworks is crucial for supporting DT and 

ensuring sustainable development. The local 

government needs to develop regulations that 

promote digital innovation while protecting 

the marine environment and the interests of 

local communities. 

2.5. Promoting public-private partnerships 

Public-private partnerships (PPPs) can 

play a significant role in leveraging resources 

and expertise from both the public and 

private sectors. By fostering collaboration 

between government agencies, businesses, 

and non-profit organizations, Khanh Hoa can 

accelerate DT and sustainable marine tourism  

initiatives. 

2.6. Enhancing international cooperation  

International cooperation can provide 

valuable opportunities for knowledge 

exchange, technology transfer, and 

investment in DT and sustainable 

development. Khanh Hoa should actively 

seek partnerships with international 

organizations, universities, and research 

institutions to benefit from global best 

practices and innovations. 

3. Results and discussion 
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3.1. Results 

Initially, studies conducted in the coastal 

waters of Khanh Hoa demonstrate significant 

advances in climate research and marine 

ecosystem management through the use of 

remote sensing, satellite imagery, and GIS. 

These technologies are employed to monitor 

sea surface temperatures, detect pollution, 

and assess marine vegetation, such as 

seaweed and seagrass, thereby supporting 

conservation efforts [7, 8, 12]. 

In developed countries, AI significantly 

enhances marine science [3, 15-19, 21] by 

identifying species and improving early 

warning systems for harmful algal blooms. 

This efficiency ensures timely responses to 

threats, sustaining marine ecosystems. 

Additionally, AI tools and big data 

analytics enhance climate modeling, 

biodiversity assessments, and fisheries 

management. Data centers and integrated 

information systems in the modern world 

(such as Cloud Data Centers, Software-

Defined Data Centers (SDDC), and AI-

Driven Data Centers) enable comprehensive 

data analysis and informed decision-making 

in marine research and management [22]. 

3.2. Discussion 

The above results highlight the significant 

impact of digital technologies on marine 

research and ecosystem management in 

Khanh Hoa. Tools like remote sensing, 

satellite imagery, GIS, AI, and big data 

analytics have enhanced monitoring, 

pollution detection, and marine vegetation 

assessment. They have also improved climate 

modeling and fisheries management. 

Implications: Digital technologies are 

crucial for advancing marine research and 

management, supporting sustainable 

economic growth, and protecting the 

environment in Khanh Hoa. 

Challenges: Key challenges include 

limited digital infrastructure, a shortage of 

skilled workers, resistance to change, and 

data privacy concerns. 

Opportunities and future directions: 

Digital transformation offers substantial 

opportunities for sustainable development, 

enhancing global competitiveness, and 

ensuring the long-term health of marine 

ecosystems. Future research should focus on 

developing tailored digital solutions and 

fostering public-private partnerships to drive 

these initiatives. 

The establishment of the National Center 

for Ocean Technology is essential for 

promoting research, innovation, and the 

development of digital solutions suited to 

local needs. Successful digital transformation 

requires collaboration among government 

entities, businesses, and the community, 

coupled with continuous investments in 

digital infrastructure and innovation. Clear 

policies and legal frameworks are necessary 

to support these initiatives and protect local 

interests, fostering an environment 

conducive to digital advancements. 

Continuous research is vital for 

developing specific digital solutions in areas 

like climate modeling, biodiversity 

assessment, and sustainable fisheries 

management. By adopting these strategies, 

Khanh Hoa can achieve balanced economic 

growth and environmental sustainability. The 

synergy between advanced technology, 

collaborative efforts, and strategic 

investments will enable the province to 

harness its full potential in the digital age. 

4. Conclusion 

Digital transformation is crucial for 

enhancing Khanh Hoa's digital economy and 

promoting sustainable marine tourism . 

Leveraging technologies like remote sensing, 

GIS, AI, and Big data can optimize resource 
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management and ensure environmental 

sustainability. These tools are vital for 

pollution detection, marine habitat 

monitoring, and environmental impact 

assessments, thus supporting conservation 

efforts. Furthermore, blockchain technology 

improves seafood traceability, and digital 

marketing strategies attract eco-conscious 

tourists, boosting sustainable tourism. 

The establishment of the National Center 

for Ocean Technology is essential for driving 

research, innovation, and the development of 

digital solutions tailored to local needs. 

Successful digital transformation requires 

collaboration among government entities, 

businesses, and the community, coupled with 

continuous investments in digital 

infrastructure and innovation. Clear policies 

and legal frameworks are necessary to 

support these initiatives and protect local 

interests, fostering a conducive environment 

for digital advancements. 

By addressing these key areas, Khanh Hoa 

can harness the power of digital 

transformation to leverage sustainable 

development in its marine economy and 

tourism sectors, ensuring long-term 

economic prosperity and environmental 

health. 
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