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Abstract: Taiwan is in a hazard-exposed area where people often suffer through typhoons, earth-
quakes, and landslides, and must face the challenges of environmental and climate changes in
ongoing and future developments. Taiwan has implemented an integrated and interdisciplinary
project, which is titled Civil IoT Taiwan, for better disaster risk management and risk communication
with all stakeholders by cooperating closely with authorities, scientists, and industry. The purposes
of this project are to raise public risk awareness to reduce disaster damage and loss and sustainably
increase the social, economic, and environmental impacts. For measuring the social impacts of the
Civil IoT Taiwan, the social return on investment (SROI) is an evaluation tool to demonstrate the
outcomes and impacts of Civil IoT Taiwan to measure its social effects. The SROI ratio of this project is
1.12. Civil IoT Taiwan has just implemented the first development stage in establishing infrastructure
for monitoring and sensing; thus, the significant changes and impacts on society, economics, and
the environment will be evaluated in the next phase. This ongoing project will also involve more
stakeholders for more sustainable and resilient environmental governance in future development.

Keywords: Internet of Things (IoT); social return on investment (SROI); Civil IoT Taiwan; security
governance; environmental sustainability

1. Introduction

Taiwan is located in a hazard-prone area, where it suffers frequent and multiple
hazards affecting large areas of the population and land [1–3]. People in Taiwan face
the threats of earthquakes, typhoons, landslides, and debris flows (around 73.1%) [4].
According to the statistics published by the National Fire Agency, natural hazards have
occurred more than 300 times in Taiwan between 1958 and 2015. Although earthquakes
covered less than 1% of all hazard events, they often cause severe damage and considerable
losses to infrastructure and buildings [2]. The most devastating natural hazard over the past
decades was the Chi-Chi Earthquake in September 1999 (local magnitude, ML = 7.3). More
than 2500 people were killed, around 11,305 were injured, and US$10.7 billion in damage
was recorded. The destruction of the infrastructure and lifeline system greatly affected
livelihoods and economic activity [4]. Another deadly typhoon in recorded history was
Typhoon Morakot, which hit the mountain areas of southeastern Taiwan in 2009. Around
700 people killed or missing, and the catastrophic damage cost roughly US$3.3 billion.

Different projects have been launched based on the Sendai framework for disaster
risk reduction to reduce disaster loss and damage to the critical infrastructure and raise
public awareness of all stakeholders in Taiwan [2]. Moreover, the review reports of severe
disasters emphasized that disaster risk management and risk communication with scientific
and technical knowledge are critical to raise public awareness of disaster prevention and
take action to avoid damage and consequential costs.

It is critical to communicate effectively with people regarding different types and
effects of risk they face and the corresponding actions that should be taken according to the
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given information. Moreover, governments have a responsibility to provide information
to the public about hazards and suggest corresponding actions for different scenarios
to reduce disaster damage [5]. It is essential to prepare annual programs and project
budgets in disaster management to prevent economic risk and the loss of livelihoods from
natural hazards.

With the development of the Internet of things (IoT) and artificial intelligence (AI)
technology governments, scientists, and private sectors in Taiwan have made efforts toward
solution-based programs for monitoring, evaluating, and warning systems for disaster
management. A solution-based project called “Civil IoT Taiwan” started in 2017. Civil IoT
Taiwan combines big data, IoT, and AI-focused programs to promote smart governance
in four key areas: earthquakes, water resources, air quality, and disaster prevention. It
is assumed to boost economic development and cooperation in the disaster prevention
industry. The main goal of this project is to develop a better relationship with nature to
reduce the effects and risks of natural hazards [6,7].

Risk communication plays a crucial role in disaster risk management by engaging
people on critical issues, disseminating information, creating platforms to share ideas, and
hosting discussions on governance [5]. For better risk communication with all stakeholders
(mainly decision-makers and the public), two platforms for emergency operations and
interactive information delivery play critical roles in Civil IoT Taiwan for decision-making
and risk management. This paper focuses on the practical progress of Civil IoT Taiwan
and reviews the reports of the first phase of this medium-term development plan for
confirming the quality of the achievements. However, it is difficult to measure the social
value and environmental impacts for this kind of cross-sectoral projects. The SROI provides
a perspective on assessing the social, economic, and environmental impacts with cost-
benefit analysis, and a concept of displaying changes from the evaluation results.

2. Application of the IoT in Disaster Risk Management
2.1. Trends in IoT Development
2.1.1. Definition and Development of the IoT

The IoT was proposed in “The Road Ahead” by Bill Gates in 1995 [8] and has been
in use since 1999 [9]. It defines the evolution of the internet where computing devices
(including computers, laptops, tablets, and mobile phones) can be embedded in everyday
objects to send and receive data [9,10]. With the development of the Internet and computer
science, the IoT is not just a network of computing devises but has also evolved into
vehicles, home appliances, toys, cameras, medical instruments, buildings, and industrial
systems for sharing information and interacting with each other. Today, the IoT can be
grouped into three categories: (1) people to people, (2) people to devices, and (3) devices to
devices (Figure 1) [10,11].

2.1.2. Application of the IoT in the Environmental Field

The IoT has become one of the most critical technologies of the 21st century and can
connect and interact with many everyday objects. Nevertheless, with the development of
some technologies, i.e., access to low-cost sensor technology, storage on cloud computing
platforms, machine learning and analytics, and conversational AI, the IoT can be applied
for collecting big data and calculating results to provide relevant information about the
operation, performance, and environmental conditions that people want to monitor and
control at a distance [12]. With monitoring, measurement, data collection, and analysis, the
IoT benefits environmental sustainability, such as resource management, ecosystem preser-
vation, energy efficiency, and security governance. In addition, IoT-based environmental
monitoring provides information for improving life quality, preventing natural disaster
risks, facilitating disaster risk communication, and adjusting water resource management.
Today, IoT is changing aspects of our everyday lives, and the data it collects from different
sensor areas are analyzed and applied in practice smartly and conveniently to increase
environmental sustainability, social security, and economic efficiency.
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2.2. Disaster Risk Management and Security Governance
2.2.1. Disaster Risk Management

Disaster management aims to reduce or avoid potential loss of properties, livelihoods,
and lives from hazards. Preventing future emergencies and minimizing their effects before
a major disaster is essential to provide prompt and appropriate assistance to victims and
achieve rapid, effective recovery. The preparedness of taking actions ahead and being ready
for an emergency is part of a crucial phase for disaster risk management. The more people
are prepared for risk management, the less they must deal with for crisis management.

The Sendai Framework for Disaster Risk Reduction 2015–2030 outlines four priorities
for action to prevent disaster risks in the early stages of disaster management: (1) under-
standing disaster risk, (2) strengthening disaster risk governance to manage disaster risk,
(3) investing in disaster reduction for resilience, and (4) enhancing disaster preparedness
for effective response to “build back better” in recovery, rehabilitation, and reconstruc-
tion [13]. The priority actions emphasize that an interactive platform for risk governance
is better than top-down management. An efficient risk management plan relies on risk
communication in the preparedness phase (Figure 2).

2.2.2. Risk Communication and Security Governance

Risk communication refers to information exchange about the risks caused by hazards,
and it is an essential component of disaster risk management. Risk communication is a
dynamic and interactive process involving exchanges between all stakeholders (including
authorities, private sectors, and citizens) [14,15]. Hence, hazard identification, risk assess-
ment, decision-making, and implementation for the preparedness phase shape people’s
perceptions of risk and influence the response during an emergency (Figure 3).

Governments are considered responsible for the preparedness of disaster risk manage-
ment, and they focus on avoiding or reducing disaster risks that may develop in the future.
It is also crucial to strengthen individuals’ and societies’ social and economic resilience in
the face of disaster risk that cannot be effectively reduced [16]. However, raising public
awareness of disaster risk and life-saving responses plays a vital role in security governance.
Better risk assessment and communication are important to interact with the public and
help reduce the loss and increase resilience. However, local communities generally lack the
tools and skills to conduct scientific risk assessments and understand the underlying risk
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in their localities [15]. Therefore, an integrated platform with information for emergency
operations is worthwhile for risk communication and decision-making.
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2.3. Civil IoT Taiwan

Civil IoT Taiwan is a solution-based interagency plan for dealing with public interests
and public policy issues (i.e., air quality, earthquakes, water resource management and
disaster management; Table 1). It is also a public-private partnership (PPP) program for
smart environmental governance to arrange public and private sectors from a long-term
perspective in cooperation with authorities, scientists, and industry. Data collection by
monitoring (Location Aware Sensing System or LASS), data analysis, and data application
are critical duties in the decision-making process [7]. With the technologies of IoT and AI,
the targets of Civil IoT Taiwan are as follows:

1. establish IoT for the smart monitoring of environmental quality,
2. improve the earthquake early warning (EEW) system for reducing loss,
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3. integrate the platform for disaster management (Integrated Platform on Information
and Intelligence of Disaster), and

4. improve the IoT for water resource management.

Table 1. Main functions of each subproject of Civil IoT Taiwan.

Subprojects a Functions

Air quality

A. Develop air quality sensors
B. Deploy air quality sensors across the island

C. Auxiliary environmental inspection
D. Prompt private-sector development of air quality sensing

Earthquake

A. Deliver a submarine cable seismic and tsunami
observation system

B. Develop a hybrid earthquake early warning platform
C. Encourage private-sector applications and developments

in disaster preparedness

Water Management

A. Establish a common application platform for
disaster prevention

B. Establish a public alert open data platform
C. Provide real-time and historical Civil IoT sensing data by
the Open Geospatial Consortium SensorThings Application

programming interface

Disaster prevention and response

A. Develop and deploy a multiple water source
monitoring system

B. Apply an irrigation water allocation dynamic analysis
management platform

C. Provide flood warnings
D. Develop a value-added application of the sewerage

system management cloud
a [7].

Two platforms for collecting, analyzing, and storing data from monitoring, open data,
IoT, and fieldwork play important roles in disaster risk management and risk communica-
tion (Figure 4). The first phase of this medium term plan was established and implemented
from 2017 to 2020.
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3. Methods
3.1. Research Scope

There are two key performance indicators of Civil IoT Taiwan: reducing the loss of
properties and lives and strengthening risk communication. This public-private investment
program attracts local and international participants and may influence people in disaster
risk governance. This paper focuses on the achievements of key performance indicators
and the cost-benefit analysis of investments using SROI to understand the effectiveness and
influence of Civil IoT Taiwan. The essential data were collected and calculated from official
annual reports for disaster risk reduction by governments from 2016 to 2020 to calculate
the SROI ratio. More details about the process are provided in the next section.

3.2. Social Return on Investment

The principles and model of the SROI area illustrate the social value of increasing
social equality, environmental sustainability, and wellbeing. The SROI demonstrates the
cost-benefit analysis of investments and evaluates the underlying impacts and values on
society and sustainability. The results provide qualitative and quantitative information
for decision-makers to adjust the upcoming projects and engage a broad range of stake-
holders. The SROI is applied and set out in the following seven principles and six stages:
(1) involve stakeholders, (2) understand what changes, (3) value aspects that matter, (4)
only include what is material, (5) do not overclaim, (6) be transparent, and (7) verify the
result (Figure 5) [17].
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The four key elements to evaluate the SROI are inputs, outputs, outcomes, and impacts.
The inputs are costs invested in achieving the project purposes, and the outputs are the
direct results of the project to demonstrate achievement. Moreover, the changes that happen
in stakeholders affected by the project can be evaluated as outcomes. The effects include
the added value created through project support and outcomes. The social, environmental,
and economic values created through this project are understood based on the impacts [18].
The SROI ratio is calculated as follows:

SROI =
(Net Present Value o f Impact)

(Net Present Value o f Investment)



Sustainability 2022, 14, 217 7 of 12

4. Results
4.1. Assumptions, Data Collection, and Outcomes of Civil IoT Taiwan

The first phase of Civil IoT Taiwan aimed to establish a better PPP for disaster risk
management, reducing disaster damage and loss, and strengthening risk communication.
Building a disaster early warning system and establishing integrated platforms for risk
communication are the primary aims of this project. Table 2 lists the critical questions of
establishing an SROI model for this project to identify the scope and collect appropriate
data. The first step is to identify stakeholders involved and affected through Civil IoT
Taiwan. Therefore, the project stakeholders are grouped as authorities (governments),
the public, and relevant industries of disaster management. In the second step, the as-
sumptions of outcomes present ways to reduce disaster damage and loss due to better
disaster preparedness and risk communication. The third step presents the outcomes and
evaluates all outcomes in currency. However, some factors (i.e., deadweight, displacement,
attribution, and drop-off) should be deducted due to double counting or replacement, and
the none-activities benefits should not be counted as outcomes.

Table 2. Key questions of establishing Social Return on Investment model for risk management.

Questions a Description Data Collection for SROI

Who changes? (Identify
stakeholders)

Involving all people,
organizations, and

environments significantly
affected

1. Authorities
(decision-makers)

2. Public
3. Industry

How do they change?
(Understand what changes)

Focusing on the important
changes both positive and

negative

1. Reduced disaster
damage/loss

2. Disaster preparedness and
mitigation

3. Risk communication

How do you know?
(Value the things that matter)

Gathering evidence to go
beyond individual opinion.

Rating the important
outcomes by valuing
economic, social, and

environmental benefits and
costs

1. Infrastructure and platform
for risk management

2. Data collection and analysis
3. Information delivery

services
4. Additional industrial

investments

How much is you?

Accounting for other
influences that might have

changed the situation for the
better or worse

1. Thought changed
2. Preparedness

3. Reduced loss and cost
saved

How important are the
changes?

(Verify the result)

Understanding the relative
value of the outcomes to all

affected stakeholders

1. Loss reduced
2. Cost saved
3. Lives saved

a adapted from [17].

The effects on natural hazards over the last few years are listed in Table 3 and illustrated
as Figure 6 to demonstrate the outcomes of reducing disaster damage and loss. No direct
evidence indicates that Civil IoT Taiwan helped reduce the numbers of deaths and rescued
victims because hazard events have had different intensities and frequencies over the
years and have affected various groups in diverse areas. However, as the official reports
(White Paper on Disaster Management and Statistics for natural disaster losses) demonstrate, the
disaster damage in agriculture and infrastructure has been significantly reduced in recent
years. More evidence of the changes for different stakeholders should be evaluated using a
questionnaire or focus interviews.



Sustainability 2022, 14, 217 8 of 12

Table 3. Disaster damage and loss due to natural hazards.

Year Disaster Events a
Person House/Building

Dead Missing Heavily
Wounded

Lightly
Wounded

Rescued
Victims

All De-
struction

Half De-
struction

2016
1 earthquake,
7 flood events,

5 typhoons
130 0 88 1515 2209 142 175

2017

1 earthquake,
2 droughts,

4 flood events,
4 typhoons

5 2 10 138 485 0 7

2018

1 earthquake,
1 drought,

9 flood events,
2 typhoons

24 1 22 326 1956 4 0

2019

2 earthquakes,
1 drought, 11
flood events,
3 typhoons

5 1 1 71 114 0 4

2020
3 droughts,

6 flood events,
5 typhoons

1 1 0 5 3 0 0

a Duration: 2016 to 2020 [13,19–22].
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To compare with the previous year (2016), the disaster damage and loss due to natural
hazards from 2017 to 2020 were calculated, and the primary effect of the damage loss of
agriculture was US$646.51 (the blue line in Figure 6), and other effect of disaster damage
was US$10.47 (the orange line in Figure 6). The reconstruction costs of infrastructure were
US$447.42 (the blue line in Figure 6). To compare with the annual budget for the reserve
fund for disaster response, the saved reserve funds totaled US$191.57 from 2017 to 2020.
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4.2. SROI Evaluation and Analysis of Civil IoT Taiwan

According to the assumptions and data collection, Table 4 lists the investments from
all stakeholders of this PPP project. The investments in Civil IoT Taiwan are grouped into
three dimensions: (1) infrastructure for early warning and monitoring, (2) platform for
integrated disaster preparedness and mitigation, and (3) water management. The main
investments went to infrastructure for early warning and monitoring, and more than 77% of
the investments relied on annual budgets of governments. The private sector followed the
policies and strategies by investing in these three types of industries. However, the values
invested by public are not easy to value in currency; that will be improved in the second
phase of IoT Taiwan. The outputs of Civil IoT Taiwan then display in different aspects
(social, economic, and environmental) in Table 5. The Civil IoT Taiwan is not just a project
to establish a safer and resilient environment by setting up an EEW system and interactive
platforms for disaster preparedness and communication. It also provided job opportunities
in these industrial areas. Moreover, the education videos and training courses can help
with raising risk awareness and taking appropriate actions for disaster risk management.

Table 4. Investments (inputs) from all stakeholders of Civil IoT Taiwan.

Stakeholders Items Values a

Authorities
Infrastructure for early warning and monitoring 93.05

Platform for integrated disaster preparedness
and mitigation 50.35

Water management 29.25

Industry of disaster
prevention

Infrastructure for early warning and monitoring 32.66
Platform for integrated disaster preparedness

and mitigation 13.93

Water management 3.77

Public Time and personal equipment (e.g., PC, mobile
phones, etc.) to obtain information 0 b

Sum 223.01
a Unit: million US$, Duration: 2017 to 2020 [7,28]. b Hard to value in currency.

Table 5. Social, economic, and environmental outputs of Civil IoT Taiwan.

Aspects Social Economic Environmental

Outputs a

1. Shortened EEW of
earthquakes by 20 s
2. 20,000 views of

environmental
education videos

3. Training for decision-makers
36 times with 1451 people
4. Pushing notifications by
570,000 times with 2 billion

datasets and 260,000 interface
data (2017 to 2020)

1. 14 industrial
investments

2. provide vacancies

1. Setting monitoring,
evaluation, and

storage systems in
263 districts, 111
industrial parks,
and platforms

2. 97 EEW stations
3. 23 early warning
information items

a Duration: 2017 to 2020 [28,29]. EEW: earthquake early warning.

The progress and performance report for 2020 for Civil IoT Taiwan lists the benefits
and influence on social, economic, and environmental factors for this first stage of the
medium-term development plan. The main impact amount present in the social aspect
by US$210.34, which provides evidence of the preparedness of disaster management on
reducing disaster damage and loss and the saved amount of the reserve fund. Civil IoT
Taiwan also supports businesses in disaster prevention to increase orders from domestic
and international demands by US$20.67. As the annual reports display that the saved
amount of reserve fund in the environmental aspect is US$2.99.



Sustainability 2022, 14, 217 10 of 12

Disaster risk management has been identified as a critical issue and set as principal
duties and responsibilities regarding investments in infrastructure. Besides Civil IoT Tai-
wan, many medium-term development plans have been implemented for risk management
over the past decades. Therefore, similar attributions should be deducted from the SROI
analysis. To combine with the data display in Table 4 (investments by governments and
private sectors as inputs of SRIO ratio) and Table 6 (impacts on three different aspects),
Table 7 presents the final SROI ratio of the Civil IoT Taiwan by 1.12.

Table 6. Outcome and impacts of Civil IoT Taiwan.

Outcomes Impacts Amount a

Social aspect: 210.34

Shortened EEW of earthquakes by 20 s Reduced disaster damage and loss and
saved lives 18.67

20,000 views of environmental
education videos

Reduced disaster damage and loss
risk awareness N/A

Training for decision-makers 36 times
with 1451 people Reduced disaster damage and loss N/A

Pushing notification 570,000 times Saved amount of reserve fund 191.57
Economic aspect: 20.67

Industrial investments Increased orders 18.67
Provide job opportunities Increased capacities 2

Environmental aspect: 2.99
Setting monitoring, evaluation, and
storage system in 263 districts, 111

industrial parks, and platforms

Reduced disaster damage and loss
Saved amount of reserve fund 2.99

23 early warning information items
from by 97 EEW stations Reduced disaster damage and losses N/A

Sum (not discounted) 234
a Unit: million US$, Duration: 2017 to 2020 [21,28].

Table 7. SROI Ratio of the Civil IoT Taiwan.

Items Amount Items Amount
Input Attribution

Infrastructure for early warning and monitoring 125.71 Disaster Prevention
and Protection Project 13.30

Platform for integrated disaster preparedness
and mitigation 64.27

Impact
Social aspect 210.34

Economic aspect 20.67
Water management 33.02 Environmental aspect 2.99

Sum (million US$) 223.01 Sum (million US$) 234

SROI Ratio a = 234/(223.01−13.3) = 1.12
a Duration: 2017 to 2020 [28].

5. Discussion
5.1. Limitations of SROI Analysis

Civil IoT Taiwan is an integrated and interdisciplinary project with leading trending
technologies for environmental management and disaster risk governance. It can establish
a safer and more resilient environment for disaster risk management by establishing
monitoring and early warning systems, and it is essential to raise the risk awareness of
the public. Interactive platforms established in Civil IoT Taiwan play essential roles in
delivering and collecting information in real time during disasters in the region. This project
is presumed to have a high influence on social, economic, and environmental aspects.

The SROI ratio is a good methodology to analyze the investment benefits with empiri-
cal evidence. Though the results of the SROI ratio is positive for the social impact aspect,
some non-financial impacts quantification is not easily calculated in currency. Moreover,
the first stage of Civil IoT Taiwan implements a basic infrastructure, and some social and
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economic effects may appear later. In addition to statistics and annual reports, some opin-
ions on the social impacts should be gathered from stakeholders through a questionnaire
or focus interviews. The outcomes and impacts of Civil IoT Taiwan should be higher than
those in progress and performance reports.

5.2. Suggestions for the Second Phase of Civil IoT Taiwan

The SROI analysis is well designed to measure the efficiency of project achievements
using social, economic, and environmental values and is an appropriate tool to forecast and
finely adjust the duties of subprojects in achieving a major project. The second phase of Civil
IoT Taiwan started in 2021, and the impacts should be more significant and appropriate
when evaluated using an SROI analysis, that can be designed and demonstrated on the
interactive platform (Integrated Platform on Information and Intelligence of Disaster) to
collect feedback from relevant stakeholders. It is worth to explore and assess social and
environmental impacts with SROI tool, as better understanding of risk management process,
and more comprehensive information for preparation, plans, and actions for decision-
making. The approach will eventually lead to better engagement with all stakeholders for
disaster risk management.

6. Conclusions

Most projects coping with disaster risks often focus on the stages of response and
recovery in Taiwan. However, public risk awareness and self-preparedness for disaster risk
prevention are essential to reduce damage and loss. Civil IoT Taiwan is an integrated project
to establish a critical infrastructure and raise public risk awareness of the preparedness stage
of disaster management. After the first phase of building the foundation for monitoring
and sensing, it is essential to widely promote platforms aligned with the targets and priority
actions of the Sendai Framework for Disaster Risk Reduction to the public and will also
contribute to engaging with relevant stakeholders sustainably. Moreover, Civil IoT Taiwan
encourage PPP for disaster governance, a positive result of SROI may influence the decision-
makers, scientists, and private sectors to cooperate closely and implement risk analyses for
disaster management.

Author Contributions: Conceptualization, Y.-F.L. and T.-Y.C.; methodology, Y.-F.L.; validation, Y.-
F.L.; formal analysis, Y.-F.L., T.-Y.C., W.-R.S., and R.-K.S.; writing-original draft preparation, Y.-
F.L.; writing—review and editing, Y.-F.L. and T.-Y.C.; visualization, R.-K.S.; supervision, W.-R.S.;
and project administration, T.-Y.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This project was funded by Ministry of Science and Technology (Taiwan): 108-1901-02-20-01.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors would like to thank the following partners for their continued sup-
port and cooperation in the project of Civil IoT Taiwan: the Environmental Protection Administration,
Central Weather Bureau, National Center for Research on Earthquake Engineering, National Fire
Agency, National Center for High-performance Computing, Water Resources Agency, Irrigation
Agency, Construction and Planning Agency, and Industrial Development Bureau.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AI Artificial Intelligence
EEW Earthquake early-warning
IoT Internet of Things
PPP Public-private partnership
SROI Social return on investment



Sustainability 2022, 14, 217 12 of 12

References
1. Dilley, M.; Chen, R.S.; Deichmann, U.; Lerner-Lam, A.L.; Arnold, M. Natural Disaster Hotspots: A Global Risk Analysis (Disaster Risk

Management Series); World Bank: Washington, DC, USA, 2005; Available online: https://openknowledge.worldbank.org/handle/
10986/7376 (accessed on 17 May 2015).

2. Lee, H.-C.; Chang, S.-Y.; Chuang, M.-J.; Li, H.-C.; Lee, C.-S.; Li, C.-Y.; Su, J.-L.; Lin, L.-Y.; Chen, H. Study on Disaster Prevention
Based on the Sendai Framework for Disaster Risk Reduction 2015–2030; Technical Report; National Science and Technology Center for
Disaster Reduction: Taipei, Taiwan, 2017. (In Chinese)

3. Lin, Y.-F. Solution-based spatial planning for disaster risk reduction and climate change adaptation in Taiwan. In Global
Sustainability; Werlen, B., Ed.; Springer: Cham, Switzerland, 2015; pp. 227–237. [CrossRef]

4. Chen, L.-C.; Li, W.-S. Learning from Taiwan’s Experience—Technology-Based Disaster Management. Prospect 2012, 8, 57–82.
5. United Nations Office for Disaster Risk Reduction. Public Communication for Disaster Risk Reduction. Available online:

https://www.undrr.org/publication/public-communication-disaster-risk-reduction (accessed on 2 September 2021).
6. Civil IoT Taiwan. Available online: https://ci.taiwan.gov.tw/en (accessed on 14 June 2021).
7. Ministry of Science and Technology, Environmental Protection Administration, Ministry of Transportation and Communications,

Ministry of the Interior, and Ministry of Economic Affairs. Construction and Development of the Civil IoT Taiwan; the 1st phase of a
medium-term development plan; Ministry of Science and Technology: Taipei, Taiwan, 2017; p. 175. (In Chinese)

8. Environmental Protection Administration, Ministry of Transportation and Communications, Ministry of Science and Technology,
Ministry of Economic Affairs, Ministry of the Interior, and Academia Sinica. Application and Industrial Innovation of the Civil IoT
Taiwan; the 2nd phase of a medium-term development plan; Ministry of Science and Technology: Taipei, Taiwan, 2020; p. 133.
(In Chinese)

9. Berte, D.-R. Defining the IoT. Proc. Int. Conf. Bus. Excell. 2018, 12, 118–128. [CrossRef]
10. Muntjir, M.; Rahul, M.; Alhumyani, H.A. An analysis of Internet of Things (IoT): Novel architectures, modern applications,

security aspects and future scope with latest case studies. Int. J. Eng. Res. Technol. 2017, 6, 422–448.
11. Patel, K.K.; Patel, S.M.; Scholar, P.-G.; Salazar, C. Internet of Things-IOT: Definition, characteristics, architecture, enabling

technologies, application & future challenges. Int. J. Eng. Sci. Comput. 2016, 6, 6122–6131.
12. Fracttal USA. The 9 Most Important Applications of the Internet of Things (IoT). 2019. Available online: https://www.fracttal.

com/en/blog/the-9-most-important-applications-of-the-internet-of-things (accessed on 14 June 2021).
13. Executive Yuan. White Paper on Disaster Management 2016; Annual Report; Executive Yuan: Taipei, Taiwan, 2017; p. 33. (In Chinese)
14. Infanti, J.; Sixsmith, J.; Barry, M.M.; Núñez-Córdoba, J.; Oroviogoicoechea-Ortega, C.; Guillén-Grima, F. A Literature Review on

Effective Risk Communication for the Prevention and Control of Communicable Diseases in Europe; ECDC: Stockholm, Sweden, 2013.
15. Shaw, R.; Takeuchi, Y.; Matsuura, S.; Saito, K. Risk Communication; Knowledge Note 5-3 of Cluster 5: Hazard and Risk Information

and Decision Making; World Bank: Washington, DC, USA, 2011.
16. The United Nations Office for Disaster Risk Reduction. Disaster Risk Reduction. Available online: https://www.undrr.org/

terminology/disaster-risk-management (accessed on 25 August 2021).
17. Nicholls, J.; Lawlor, E.; Neitzert, E.; Goodspeed, T. A Guide to Social Return on Investment. Available online: https://www.fi-

compass.eu/publication/other-resources/guide-social-return-investment (accessed on 17 June 2021).
18. The New Economics Foundation Consulting. SSE—Beatrice SROI Framework; New Economics Foundation: London, UK, 2013;

p. 20.
19. Executive Yuan. White Paper on Disaster Management 2017; Annual Report; Executive Yuan: Taipei, Taiwan, 2018; p. 33. (In Chinese)
20. Executive Yuan. White Paper on Disaster Management 2018; Annual Report; Executive Yuan: Taipei, Taiwan, 2019; p. 33. (In Chinese)
21. Executive Yuan. White Paper on Disaster Management 2019; Annual Report; Executive Yuan: Taipei, Taiwan, 2020; p. 33. (In Chinese)
22. National Fire Agency. Statistics for Natural Disaster Losses (1958–2020). Available online: https://www.nfa.gov.tw/cht/index.

php?code=list&ids=233 (accessed on 28 June 2021).
23. Council of Agriculture. Agricultural Statistics Yearbook 2016; Annual Report; Concil of Agriculture: Taipei, Taiwan, 2017.
24. Council of Agriculture. Agricultural Statistics Yearbook 2017; Annual Report; Concil of Agriculture: Taipei, Taiwan, 2018.
25. Council of Agriculture. Agricultural Statistics Yearbook 2018; Annual Report; Concil of Agriculture: Taipei, Taiwan, 2019.
26. Council of Agriculture. Agricultural Statistics Yearbook 2019; Annual Report; Concil of Agriculture: Taipei, Taiwan, 2020.
27. Council of Agriculture (COA). Agricultural Statistics Yearbook 2020; Annual Report; Concil of Agriculture: Taipei, Taiwan, 2021.
28. Ministry of Science and Technology, Environmental Protection Administration, Ministry of Transportation and Communications,

Ministry of the Interior, and Ministry of Economic Affairs. Construction and Development of Civil IoT Taiwan: Progress and Performance
Report for 2020; Annual report; Ministry of Science and Technology: Taipei, Taiwan, 2021; p. 42. (In Chinese)

29. Integrated Platform on Information and Intelligence of Disaster. Available online: https://eocdss.ncdr.nat.gov.tw/web/ (accessed
on 14 June 2021).

https://openknowledge.worldbank.org/handle/10986/7376
https://openknowledge.worldbank.org/handle/10986/7376
http://doi.org/10.1007/978-3-319-16477-9_12
https://www.undrr.org/publication/public-communication-disaster-risk-reduction
https://ci.taiwan.gov.tw/en
http://doi.org/10.2478/picbe-2018-0013
https://www.fracttal.com/en/blog/the-9-most-important-applications-of-the-internet-of-things
https://www.fracttal.com/en/blog/the-9-most-important-applications-of-the-internet-of-things
https://www.undrr.org/terminology/disaster-risk-management
https://www.undrr.org/terminology/disaster-risk-management
https://www.fi-compass.eu/publication/other-resources/guide-social-return-investment
https://www.fi-compass.eu/publication/other-resources/guide-social-return-investment
https://www.nfa.gov.tw/cht/index.php?code=list&ids=233
https://www.nfa.gov.tw/cht/index.php?code=list&ids=233
https://eocdss.ncdr.nat.gov.tw/web/

	Introduction 
	Application of the IoT in Disaster Risk Management 
	Trends in IoT Development 
	Definition and Development of the IoT 
	Application of the IoT in the Environmental Field 

	Disaster Risk Management and Security Governance 
	Disaster Risk Management 
	Risk Communication and Security Governance 

	Civil IoT Taiwan 

	Methods 
	Research Scope 
	Social Return on Investment 

	Results 
	Assumptions, Data Collection, and Outcomes of Civil IoT Taiwan 
	SROI Evaluation and Analysis of Civil IoT Taiwan 

	Discussion 
	Limitations of SROI Analysis 
	Suggestions for the Second Phase of Civil IoT Taiwan 

	Conclusions 
	References

