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Foreword

Enhancing social, economic, and financial resilience in the face of increasing disaster and climate risk will be
one of the most enduring challenges for the Asia-Pacific Economic Cooperation (APEC) finance ministers in
coming years.

Digital technologies are transforming our economies and creating opportunities to build resilience and improve
efficient and effective delivery of outcomes across almost every policy area—including disaster risk management.
Internet access, smartphones, connected devices, cloud computing, artificial intelligence, and other innovations
will likewise transform the way we measure and monitor disaster risk and impacts and provide more comprehensive,
accurate, and timely risk analysis. These developments are also changing how insurance is being designed,
underwritten, distributed, and settled. Indeed, they are offering huge opportunity to broaden access to this financial
tool, distribute some of the financial burden of disaster and climate risk to insurance and capital markets, and assist
vulnerable communities and small businesses.

The coronavirus disease (COVID-19) pandemic vividly illustrates the enormous hardships that can result from a
crisis and underscores the need to prepare for them.

This report is a joint effort by the Asian Development Bank (ADB) and the Organisation for Economic Co-
operation and Development (OECD) to analyze those trends and to provide policymakers and stakeholders in
the APEC region and beyond with suggestions for meeting those challenges in the coming years. While much of
the development and discussion of this report occurred before the pandemic, the current crisis clearly highlights
the importance of embracing new technologies and the need for governments to undertake advance risk planning.
COVID-19 has forced governments and businesses around the world to rethink stakeholder engagement and
service delivery. Many have embraced new online distribution and communication processes—out of necessity
at first, and now because of the efficiencies achieved. COVID-19 will likely accelerate the penetration of digital
technologies and could foster innovation and, in turn, allow the adoption of digital and innovative applications to
strengthen disaster resilience.

To capitalize on emerging technological opportunities, therefore, APEC members need a policy environment that
rewards innovation and a regulatory environment that enhances it. Yet, creating one is no easy task. Technological
development and reliance create a host of issues across many policy areas, from consumer protection and
privacy to security and safety to financial sector supervision and oversight. It also creates new risks that—if poorly
managed—could entrench biases and existing inequalities.

APEC members have much to gain from addressing these challenges together—sharing their expertise and
developing an approach that allows those that wish to apply emerging technologies and innovations to benefit
from the economies of scale of APEC-wide implementation. COVID-19 is also demonstrating that regional
cooperation is critical to containing such a pandemic and crucial in securing a sustainable and resilient recovery.
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In the same vein, regional cooperation will remain important to strengthening disaster resilience in APEC
economies moving forward.

ADB and the OECD look forward to continuing their support to the APEC Finance Ministers’ Process for
strengthening disaster risk resilience.

R

Yasuyuki Sawada Masamichi Kono

Chief Economist and Director General Deputy Secretary-General

Economic Research and Regional Organisation for Economic Co-operation
Cooperation Department and Development

Asian Development Bank



Foreword

The Asia-Pacific Economic Cooperation (APEC) region, the world’s most exposed region to disasters and climate
risks, accounted for more than 40% of all disaster victims and over 80% of economic losses from 2000 to 2019.
Indeed, APEC economies faced 8 of 10 costliest earthquakes and 7 of 10 costliest floods between 2000 and 2018.

As these risks grow, so will the need for boosting social, economic, and financial resilience in the coming years.
Likewise, the potential for significant positive impact of effective action on lives and well-being will be necessary.

Recognizing the challenges ahead, in 2015 APEC Finance Ministers prioritized the building of financial resilience as
a pillar of the Cebu Action Plan. The plan highlights the need for disaster risk financing and insurance mechanisms
and strategies that enable APEC economies exposed to climate hazards to increase their financial response to
disasters and reduce their fiscal burdens. Specificinitiatives and deliverables of the plan relate to enhancing financial
resilience against disaster risks such as through promoting disaster insurance schemes, deepening insurance
penetration, and developing regional risk sharing measures. The dedicated Working Group on Regional Disaster Risk
Financing Solutions for APEC Economies was established at the time and has met under every APEC Host year since.

To aid economies in this effort and as part of the working group’s commitments, APEC Finance Ministers in their
2019 Joint Ministerial Statement asked the Asian Development Bank (ADB) and the Organisation for Economic
Co-operation and Development (OECD) to assess the implications of technology and innovation for disaster risk
management and financing. The report thus examines the potential for emerging technologies and innovation to
improve the management of disaster and climate risks—and the availability and affordability of financial protection
tools—based on practical examples of the implementation of technology and innovation from the APEC region
and across the world.

Thisimportant ADB-OECD report could not come at a better time for the APEC region. The unfolding coronavirus
disease (COVID-19) pandemic demonstrates how quickly crises can emerge globally, with painful humanitarian
and economic consequences, underpinning the need to strengthen disaster resilience. The pandemic will also
likely accelerate penetration of digital technology and lead to an acceleration of innovation. This in turn could
provide opportunities for the adaptation of digital and innovative applications to strengthen disaster resilience.

We are confident that this report beneficially contributes to APEC economies’ efforts to enhance financial
resilience against emerging disaster risks.

Mw,__ % AL

Mark Dennis Y.C. Joven Takaya Kishi

Undersecretary, Department of Finance- Deputy Vice-Minister of Finance for International Affairs
International Finance Group Government of Japan

Government of the Philippines Co-Chair Working Group on Regional Disaster Risk

Co-Chair Working Group on Regional Disaster Risk Financing Solutions for APEC Economies

Financing Solutions for APEC Economies
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Executive Summary

The Asia-Pacific Economic Cooperation (APEC) region is highly exposed to disaster and climate risks, accounting
formorethan 80% of global economiclosses from disaster eventsin the last 20 years. The destruction and disruption
that usually follow disaster events pose an important challenge to economic development and can perpetuate
vulnerability. Despite substantial investment in reducing risk across the region, economic losses from disaster
events continue to increase at a much faster rate than gross domestic product, implying that the relative economic
burden is increasing over time. Efforts to enhance the reach of insurance and other financial protection tools have
not significantly reduced the share of economic losses borne by households, businesses, and governments, which
often lack the capacity to absorb these impacts. A changing climate as well as continued population growth and
asset accumulation in areas exposed to disaster and climate risks is expected to exacerbate these challenges—with
particular implications for vulnerable groups with limited economic resources.

Enhancing resilience in the face of increasing natural hazards, exposure, and vulnerability will require investments
in reducing the economic, social, and financial impacts of disasters by improving risk and impact assessment and
leveraging those improvements to invest in risk reduction, preparedness, and response. APEC finance ministers
have long recognized the need to build financial resilience to disaster risks and have included this objective in
their work for a number of years. The Cebu Action Plan, approved by APEC finance ministers in 2015, aims to
enhance financial resilience against economic shocks, including by “developing innovative disaster risk financing
and insurance mechanisms (including micro-insurance) to enable APEC economies exposed to natural hazards to
increase their financial response to disasters and reduce their fiscal burden” (APEC 2015). Referenced by APEC
finance ministers in their 2019 Joint Ministerial Statement, this report aims to contribute to this objective by
supporting efforts to reduce underlying risk and develop tools to manage the financial consequences.

The ongoing digital transformation of economies offers opportunities to improve the management of disaster and
climate risks and enhance the availability and affordability of financial protection tools, such as insurance. This
report examines the potential contribution of emerging technologies and innovations to improving understanding
and management of disaster risk and impacts and broadening the adoption of financial protection mechanisms.
It focuses specifically on (i) developments in access to data through earth observation technology, street-level
imagery, connected devices and volunteered geographical information; (ii) improvements in the capacity to
process and analyze this data through cloud computing platforms and big data analytical techniques, such as
artificial intelligence; and (iii) increased capacity to transmit risk and risk management information as a result of
the proliferation of internet and mobile access and continued improvements in broadband and data speeds.

Evidence from various economies around the world suggests that these technologies and innovations are
contributing to a more comprehensive, accurate, and timely assessment of disaster risk and impacts, more
effective spatial planning, risk reduction investment and preparedness, and (in most cases) more inclusive risk
transfer arrangements. The reduced cost of acquiring hazard exposure and vulnerability data through earth
observation technologies, street-level imagery, connected devices, and volunteered geographic information
provides significant opportunities to broaden the coverage of risk and impact information. The ability to access the
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technologies necessary to analyze and process the increasing amounts of available data has greatly improved with
the proliferation of the necessary data analytical tools and technical skills.

However, leveraging the contribution of these emerging technologies and innovations will require investments by
APEC governments in creating an enabling environment:

* Resilient communications infrastructure: Many emerging technologies rely on fast and reliable access
to the internet.

* Technical skills: Big data analytical techniques require high levels of expertise that may not always be
sufficiently available in all APEC economies.

* Access to data and analytical technologies: Achieving broad coverage through earth observation
and connected cameras or sensors can be costly in economies with large landmasses and/or dispersed
populations and may be constrained by regulatory impediments in policy areas such as privacy protection
and air transport safety.

* Insurance regulatory constraints: The use of emerging technologies and innovation in insurance
underwriting, exposure management, distribution and claims settlement may be somewhat constrained
by insurance regulatory requirements in many APEC economies.

*  User awareness, acceptance, and trust: The benefits of applying emerging technologies and innovations
will only be leveraged if there is broad awareness, acceptance, and trust in the use of these technologies.

The synergies across emerging technologies and innovations (e.g., more high quality data leads to better trained
algorithms) calls for a strategic approach to integrating these tools into disaster risk management and financing.

APEC can provide a critical forum for sharing experiences on how to build an environment that enables the
integration of emerging technologies and innovations into disaster risk management and financing. This would
ultimately increase the financial resilience of the region in the face of increasing disaster and climate risks.
Opportunities exist to further leverage international and regional cooperation initiatives, such as the Global
Financial Innovation Network and APEC’s Cross-Border Privacy Rules system, to support the integration of
emerging technologies and innovations.

In the context of the coronavirus disease (COVID-19) crisis, and the resulting strain on public finances
and household income in APEC economies, this agenda has even greater relevance. Many of the emerging
technologies and innovations discussed in this report also have the potential to support preparedness and
response to pandemic risk.







APEC economies are highly exposed to disaster
and climate risks

Disaster and climate events have had significant economic and social impact on the Asia-
Pacific Economic Cooperation (APEC) economies, leading to many casualties, destroyed
buildings and infrastructure, disrupted basic services, and mass displacements. Between
2000 and 2019, APEC economies faced approximately $2.7 trillion in economic losses and
over 480,000 fatalities as a result of significant natural hazard events, accounting for more
than 40% of all victims and over 80% of economic losses reported globally. APEC economies
faced 8 of the 10 costliest earthquakes between 2000 and 2018 and 7 of the 10 costliest
floods. In some economies, cumulative economic losses between 2000 and 2019 were
equivalent to 10% or more of 2019 gross domestic product (GDP) (including in Chile, New
Zealand, the Philippines, and Thailand).!

Disaster and climate risks constitute one of the most significant threats to socioeconomic
development and large disaster events have been found to lead to significant sustained
declines in productivity (World Bank 2020a). Disasters often affect the poorest segments of
the population disproportionately, those without savings or wealth to recover, destroying their
homes and livelihoods (ADB 2019a). Poorer countries and communities are thus particularly
vulnerable. While financial exposure to disasters is greatest in developed countries due to
the higher value of productive assets in these countries (Figure 1.1), poorer countries’ more
limited capacity to bear and recover from disaster impacts often increases economic and
social vulnerability. One recent analysis suggests that damages and losses resulting from
natural hazards can undermine economic growth and poverty reduction in the region
(UNESCAP 2019). Disaster risk can cause and sustain poverty, with direct disaster impacts
putting 26 million people into poverty every year (Hallegatte et al. 2016). By jeopardizing
economic development, disasters can perpetuate vulnerability, increasing the impacts of
future disasters.

T The study specifically examined the costs and benefits of adopting the 2018 International Residential Code and
International Building Code developed by the International Code Council against construction based on the building
codes in place in the 1990s in the United States (NIBS 2019).
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Figure 1.1: Economic Losses by Income Level, 2000-2019

Lower middle income
2%

Upper middle income
26%

High income
72%

Sources: OECD calculations based on Swiss Re sigma (2020) and the World Bank’s lending groups
classification (World Bank 2020b).

Vulnerability to natural hazards is likely to increase
across APEC

While annual economic losses vary significantly, economic losses resulting from natural
catastrophes have trended upward since 2000. The growth in economic losses has outpaced
growth in GDP across the APEC region, implying that the relative economic burden of
disasters has grown over time (Figure 1.2).

According to some projections, disaster losses in the Asia and Pacific region could reach
up to $160 billion per year by 2030 (UNESCAP 2018) (from $136 billion per year between
2000 and 2019). The INFORM index, which integrates information on historical disasters,
forward-looking probabilistic assessments of disaster risk and indicators of vulnerability and
coping capacity, indicates that, on average, APEC member economies face a “hazard and
exposure” index of 4.9 out of 10, compared to a world average of 3.7. Within APEC, lower and
upper middle-income economies have higher scores on hazard and exposure (3.4 versus
6.1), vulnerability (3.5 versus 1.6), and lack of coping capacity (4.4 versus 2.1) than high-
income APEC economies (Figure 1.3).

Economic and social trends—along with the risks related to a changing climate—are
expected to increase disaster risks across the APEC region:

¢ Continued economic development is expected to lead to an increase in the stock of
physical assets (buildings and infrastructure) exposed to disaster risks, particularly
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in developing APEC economies where growth forecasts have generally been higher
than the global average.?

* Increasing urbanization and land-use change, often with accumulation in coastal
regions facing storm surge hazards and other vulnerable areas, are expected to
increase the number of people and assets exposed to natural hazards. More than
70% of the population of APEC economies is expected to reside in urban areas by
2030, compared to 65% in 2018 and 60% expected for the whole world in 2030
(United Nations, Department of Economic and Social Affairs 2018).

* A changing climate is expected to increase the likelihood of a host of climate-

related catastrophes, including windstorms, pluvial and coastal flooding, droughts,
and wildfires (IPCC 2012).

Figure 1.2: Economic Losses from Natural Catastrophes in APEC Economies by Peril, 2000-2019
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APEC = Asia-Pacific Economic Cooperation, GDP = gross domestic product

Sources: OECD calculations based on Swiss Re sigma (2020); IMF. World Economic Outlook Database
(accessed 18 November 2019).

There are a number of factors that impact the demand for—and supply of—insurance coverage. Insurance demand
(and therefore, willingness-to-pay) may be lower where there are low levels of financial literacy or risk awareness, lack
of trust in insurance companies/products or the existence of alternative sources of funding for post-disaster recovery
and reconstruction. The supply of insurance may be low if the level of risk is high, there is a lack of data to assess risk
or operational and distributional costs are high. For more information on demand and supply challenges, see (OECD
2018c, OECD 2016, Surminski and Vivid Economics 2018).
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Figure 1.3: INFORM Hazard, Exposure, and Vulnerability Scores

[ Hazard and exposure [ Vulnerability [ Lack of coping capacity

N W AN U1 OV 00O

PRC = People’s Republic of China.

Notes: The hazards and exposure score reflects the probability of physical exposure associated with specific hazards, incorporating
data from United Nations International Strategy for Disaster Reduction Global Assessment Report, Global Seismic Hazard Map,
Agricultural Stress Index (Food and Agriculture Organization of the United Nations), United States Geological Survey (PAGER),
Centre for Research on the Epidemiology of Disasters, and National Oceanic and Atmospheric Administration. The vulnerability
score incorporates data on a variety of vulnerability indicators, including inequality, food security, health conditions, and aid
dependency (among others). The lack of coping capacity score incorporates data on disaster risk reduction practices, governance,
physical infrastructure, communications, and access to health care.

Source: European Commission Joint Research Centre. INFORM Global Risk Index 2020. European Commission, https://drmkc.jrc.
ec.europa.eu/inform-index/Results/Global.

Limited progress in building financial resilience

Asignificant share of disasterand climate-related losses are borne by the affected households,
businesses and governments. Progress has been limited in increasing the contribution of
insurance to absorbing the losses from catastrophes, particularly in middle-income APEC
economies (Figure 1.4). In high-income APEC economies, the share of losses covered by
insurance for 2016-2019 was just over 50%, up from 40% for 2010-2013. In middle-income
APEC economies, the share of losses covered by insurance between 2016 and 2019 was
actually lower than for 2010-2013 (6% versus 9%).

3 In APEC economies classified as lower middle income in 2020 (Papua New Guinea, the Philippines, and Viet Nam),

the share of economic losses insured increased to close to 9% in 2016-2019 relative to less than 4% between 2010
and 2013. No APEC economies are classified as low-income.



Context

Figure 1.4: Share of Economic Losses Insured by Income Level, 2010-2019
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Sources: OECD calculations based on (Swiss Re sigma 2020) and the World Bank’s lending groups
classification (World Bank 2020).

Building resilience against disaster and climate risks

Enhancing resilience to increasing hazards, exposure, and vulnerability will require
investments in reducing the economic, social, and financial impacts of disasters by improving
risk and impact assessment and leveraging those improvements to invest in risk reduction,
preparedness, and response (Figure 1.5).

A comprehensive understanding of hazard, exposure, vulnerability, and impact provides a
sound basis for taking disaster risk management decisions that will ultimately reduce the
impacts of disasters when they occur, including decisions on:

* Spatial and land-use planning, which plays a significant role in defining future
exposure, particularly in urban areas where rapid unmanaged urbanization is a
significant factor in increasing the vulnerability of urban populations, especially the
urban poor.

*  Prioritization of investments in structural and nonstructural risk mitigation measures
(including the development and updating of building codes) to protect vulnerable
communities, particularly where communities developed before the level of risk was
well-known or where the level of risk has increased as a result of changing hazard
characteristics and/or land-use.

*  Measures to improve preparedness, including through more effective early warning
systems that can greatly reduce vulnerability.

* Organizing emergency response, including the delivery of needed supplies,
disbursement of targeted financial assistance, and the prioritization and funding for
recovery and reconstruction over the medium-to-long term.
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Figure 1.5: Reducing the Impact of Disaster and Climate Risk
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Source: OECD.

Better understanding of disaster and climate risk is also the basis for building financial
resilience. Sound understanding of these risks is critical for underwriting insurance and for
the proper management of the exposure to public finances created by disaster and climate
risk. Financial protection tools, such as insurance, can provide households, businesses, and
governments with funding to recover and rebuild after a disaster event and should reduce
the overall impact of the event by supporting quicker recovery and lowering the burden on
government finances. However, as noted above, in many APEC economies, insurance is
making only a minimal contribution to protecting against the financial impacts of disasters.

The potential contribution of technology
and innovation
Technological developments and innovation offer opportunities to improve the management

of disaster and climate risks (before, during, and after disasters) and enhance the availability
and affordability of financial protection tools, such as insurance. New and emerging
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technologies and innovations for data collection (e.g., earth observation), data processing
(e.g, artificial intelligence) and data transmission (e.g., social networks) can be applied to
improving risk assessment, reducing vulnerability, and building financial resilience. Evidence
from various economies around the world suggests that these technologies and innovations
are contributing to improved risk awareness, more effective planning and preparedness, and
more inclusive risk transfer arrangements.

This report examines the potential for emerging technologies and innovation to improve
the management of disaster and climate risks.* It identifies practical examples of the
implementation of technology and innovation from across the world and offers guidance
and recommendations on how APEC finance ministers can further leverage this potential to
enhance financial resilience to disaster risk across the region.

4 The report does not consider in detail various disaster risk reduction technologies that can improve the resilience of

specific assets.
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and Innovation

The impact of digital transformation on data access,
processing, and transmission

Growing ability to access, process, and transmit datais at the core of the digital transformation
of economies and societies (OECD 2019a) and is driven by three main developments:

The increasing amounts of data accessible through the internet (including social
networks) and as a result of the proliferation of devices and sensors (Internet of
Things)—commonly referred to as big data. Total digital data created globally is
expected toincrease from 33 zettabytesin 2018 to 175 zettabytes by 2025 according
to one estimate (Reinsel, Gantz, and Rydning 2018).°

The increasing ability to interpret, manipulate, and transform (or process)
data, including very large and diverse datasets, through data mining, predictive
analytics, natural language processing and machine learning (and other types of
artificial intelligence) and facilitated by the availability of software, platforms, and
infrastructure services increasingly available through cloud computing.

The increasing ability to communicate (transmit) the outcomes of data analytics
as a result of the proliferation of internet and mobile phone users (particularly
smartphones). Across Asia and the Pacific, Latin America, and North America, 73%
of people are expected to be internet users by 2023 (up from 56% in 2018) and 74%
to be mobile users by 2023 (up from 69% in 2018) (Cisco 2018a).

Digital transformation creates opportunities to improve the management of disaster and
climate risks, as do the availability and affordability of financial protection tools:

Increasing access to data can provide more comprehensive, accurate, and timely
information on hazards, exposure, and vulnerability—and more timely and detailed
information on impacts during and after a disaster—including in economies or
regions that have traditionally faced limitations in data availability.

Big data analytical techniques, increasingly available through software, platforms,
and infrastructure that can be accessed in the cloud, can provide new capacity
for processing the greater volume of data and identifying correlations and trends,

5 Azettabyte s a trillion gigabytes, equivalent to the storage capacity of approximately 250 billion DVDs.
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allowing an improved understanding of risks and impacts that can support more
effective decision-making.

*  The proliferation of internet and mobile phone (particularly smartphone) users,
combined with increasing broadband and cellular data speeds,® can support faster,
broader, and more effective transmission of risk and risk management information.

Emerging technologies and innovations
for disaster risk management and financing

Data access technologies and innovations

Earth observation

While not new, recent innovations in earth observation technologies have greatly increased
the range of information and level of granularity available, as well as the reliability,
affordability, and access to this technology. Technical advances and growing competition
in space programs have driven down the costs of satellite imagery, with the price of high-
resolution imagery falling almost 50% in the last decade.” The technology has also benefited
from significant innovation that allows for

* increased coverage and resolution as more satellites in orbit provide very high
resolution imagery globally while innovations in sensor hardware have increased
the spatial (granularity) and temporal (frequency) resolution of imaging, including
through the emergence of “high revisit” satellites;

* improved characterization of the built environment through the development and
application of hyperspectral, Light Detection and Ranging (LiDAR) and Synthetic
Aperture Radar capabilities (LiDAR sensors, for instance, are able to identify
the type of construction material used in a given structure [e.g., concrete versus
asphalt) from hyperspectral images and building heights], which are also able to
provide imagery through cloud cover (which had been particularly problematic in
tropical regions); and

* enhanced reliability as innovations in hardware and sensors have made earth
observation infrastructure more reliable and durable, ensuring that in situ
instruments are no longer vulnerable to natural hazards and can provide a robust
source of near-real-time information.

Earth observation data is also increasingly available from aircraft, particularly unmanned
aerial vehicles (or drones). Improvements in materials and electronic control systems have
provided increasing drone range, along with the ability to attach high-resolution digital
cameras, advanced global positioning technologies, and sophisticated computing power

¢ According to one estimate, fixed broadband and cellular speeds are expected to double and triple (respectively)
relative to 2018 on a global basis, with mobile speeds increasing almost fourfold in some APEC regions (Cisco 2018).

7 One commercial provider listed archival high-resolution imagery at $10-$20 per square kilometer and tailored new
images for $20-$30 per square kilometer.
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(Estrada and Ndoma 2019). Declining drone costs (both acquisition and operation) are
expected to lead to more than 2.6 million drones in commercial use worldwide by 2025
(compared to less than 400,000 in 2019) (Buchholz 2019).

Street-level imagery

Street-level imagery is increasingly available around the world, providing a three-dimensional
view of the earth at ground level. There are a number of commercial and open-source
providers of geocoded street-level maps populated by images collected by the companies
directly or crowdsourced from users. Street-view maps are available for at least some parts of
almost all APEC economies® and fill important gaps in information on the built environment
that is not available through aerial or satellite imagery. Improvements in the availability and
affordability of camera technologies, such as omnidirectional imagery cameras which provide
a 360° image around the photographed location, will continue to enhance the coverage,
quality, and frequency of street-level imagery.

Connected devices

The growing network of connected devices provides a new source of data on the physical
parameters of the natural and built environment. Technological advances in the types and
quality of sensors has increased their reliability and precision and has expanded the scope
and interoperability within networks of connected devices. Sensors are also increasingly
integrated into consumer goods. Smartphones, for example, often include pressure
sensors (which can signal weather changes, storm development), proximity sensors and
accelerometers (which can signal seismic activity). Technological advances have also allowed
a greater diversity of devices to communicate with each other without human intervention.
The implementation of 5G mobile networks will greatly expand the speed and capacity for
information transmission from connected devices.

Volunteered geographic information

The increasing availability of information and images on the internet provides a real-time
(and often geocoded) source of data that can be crowdsourced to complement other
sources of data on natural and built environments. Images and information posted by
individuals on social media (or social network) websites, for example, can provide updated
information on impacts of weather events, such as an indication of the number of people
or structures affected. The increasing availability of broadband internet connections and
access to smartphones should facilitate continued growth in the usage of social networks
(social network users are projected to increase from an estimated 2.95 billion in 2019 to 3.43
billion by 2023 [Statista 2020a]).

Data processing and analytical technologies and innovations

Cloud computing

Cloud computing is transforming the way society accesses software and hardware
(DeStefano, Kneller, and Timmis 2019), providing individuals and businesses with access to
on-demand information technology services via the internet, including software, platforms
(such as application development platforms) and infrastructure (such as data storage and

8 For example, as of June 2020, Google Street View included street-level imagery from 20 of 21 APEC economies.
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servers). Among other benefits, the availability of cloud computing services provides greater
access to low cost processing capacity (which is usually needed in the analysis of large
datasets) and the latest technological developments, while also allowing users to access
these services from anywhere with an internet connection. One recent estimate suggests
that, by 2021, cloud computing data centers could process 94% of computing workloads
(Cisco 2018b). Based on the share of information technology spending allocated to cloud
computing (public cloud), only a few high-income APEC economies (including Australia
and Canada) are (or are near) the level of cloud computing adoption reached in the United
States. However, growth in spending on public cloud services is forecast to be near or above
20% per year in the People’s Republic of China (PRC), Indonesia, Mexico, the Republic of
Korea, and the Russian Federation, with the PRC expected to reach spending allocation
levels similar to Australia and Canada by 2022 (Gartner 2019).

(Big) data analytical tools

A variety of tools have been developed to support the analysis of large volumes of data.
These tools allow analysis of both structured and (increasingly) unstructured data (such
as sensor data, images, e-mails, and social network data) to identify patterns, trends, and
correlations. For example:

* natural language processing techniques can be applied to the analysis of large
volumes of text-based data, such as e-mails, documents, and social media posts;

*  pattern recognition techniques can be applied to the analysis of images to identify
objects (or changes) in catalogues of digital images;

* speech-to-text conversion techniques can be applied to transform audio into
searchable text (Davis 2019).

Artificial intelligence techniques apply algorithms to the analysis of large datasets and
include machine learning techniques (algorithms that can learn from data without relying
on rules-based programming) and deep learning techniques (a subset of machine learning
composed of algorithms that permit software to perform tasks, like image recognition,
by exposing multilayered neural networks to vast amounts of data) (Beal 2019). These
technologies can provide four main types of analytics: (i) descriptive (analysis of current or
past situations), (ii) diagnostic (analysis of causal factors for a given event), (iii) predictive
(analysis of potential future scenarios), and (iv) prescriptive (analysis of actions that should
be taken). Platforms such as GitHub provide open-source code and algorithms that enhance
access to these types of analytical tools.

Data transmission technologies and innovations

The internet, social networks, and mobile phone apps have transformed the way information
is communicated, and the increasing reach of broadband connections and internet-
connected mobile phones will greatly expand the effectiveness and reach of communication
through these channels.

Social networks are increasingly relied on as a source of information in a number of APEC
economies. For example, a recent survey found that close to 70% of adults surveyed use
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social networks as a source of news in Chile; Hong Kong, China; Mexico; and the Philippines,
and approximately 50% in Australia and the United States (Statista 2020b).

Mobile phone apps provide new approaches to communicating information—allowing for
greater interaction with users and advanced use of visualization tools. Downloads of mobile
apps have increased by approximately 13% annually since 2016 to reach 204 billion annual
downloads in 2019 (Statista 2019). Smartphones, which provide the platform for the most
sophisticated mobile apps, are expected to account for an increasing share of mobile phones
in use globally (from 63% of mobile phonesin 2018 to 82% by 2023) leading to approximately
0.84 smartphones per capita by 2023 (Cisco 2018a).

Figure 2.1 illustrates how these emerging technologies and innovations can be applied to
disaster risk management and financing. The next section describes the use of emerging
technologies and innovation in risk and damage assessment. Sections 4 and 5 outline how
emerging technologies and innovations can be used to apply improved risk and damage
information to enhancing risk reduction and preparedness and to the financial management
of disaster and climate risk.

Figure 2.1: Applications of Emerging Technologies
and Innovation to Disaster Risk Management and Financing
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The Contribution of Emerging

Technologies and Innovation
to Risk and Impact Assessment

Emerging technologies and innovation can help reduce the impact of climate and disaster
risks by improving risk and impact understanding.

Quantifying disaster risks (ex ante) requires an understanding of (i) the hazards that might
impact a given location, including the physical parameters of those hazards such as wind
speed, inundation level, or strength of ground-shaking (i.e., hazard); (ii) the people, buildings,
and infrastructure present in a given location (i.e., exposure); and (iii) the resilience of
communities, buildings, and infrastructure against the physical parameters of the hazard
(i.e,, vulnerability).

The quantification of disaster risk has depended extensively on historical experience of
past disasters, building and infrastructure inventories, and engineering studies on structural
vulnerabilities. The types of data sources used made it difficult to account for changes due
to the evolving nature of hazards (e.g., in the context of a changing climate), exposures (e.g.,
in the context of changing land-use patterns and asset accumulation), and vulnerabilities
(e.g.,in the context of changes in building codes and enforcement and the level of protection
offered by structural or nonstructural mitigation measures). These challenges have been
particularly prevalent in emerging economies due to the more limited availability of historical
data on the physical parameters of climatological, hydrological, or geological events (which
also means that low frequency events may not be captured at all); incomplete inventories
of the built environment; and less comprehensive data on the impacts of past catastrophes.

The quantification of disasterimpacts (ex post) requires an understanding of the geographical
area impacted by the event, the size of the affected population, the severity of damage to
buildings and infrastructure, and the production and income losses due to the disruption to
economic activities (which may also be incurred in regions outside the area directly affected)
(OECD 2018a). These data have traditionally been collected and aggregated by government
agencies and other organizations by physically accessing the affected area, although the
data collected through these methods have not always provided information on impact with
sufficient granularity.

Advances in technology have facilitated significant improvements in the capacity to quantify
disaster risks and impacts. Greater computational power, the propagation of weather stations
and water level gauges, and the emergence of catastrophe modelling techniques have
provided an increasingly trusted basis for the development of probabilistic risks assessments
that give estimates of annual average losses and probable maximum losses based on a range
of historical and hypothetical events. However, the reach of these techniques remains limited
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as many economies or perils are still uncovered® and access to these tools is restricted by
cost (as many of the most advanced models are developed by commercial firms). Challenges
related to cost and access have led to a number of efforts to develop open-source solutions.

Technology has also improved the collection of data on ex-post damages and losses as
government (or nongovernment) surveyors have been given access to connected mobile
devices and tailored smartphone apps that facilitate data collection and more timely
transmission of information to emergency management operations centers.

Risk assessment
Hazard

The expanding inventory of data and imagery related to past disaster and climate events and
the growing ability to integrate and analyze this data can provide critical inputs for assessing
potential hazards based on the physical parameters and footprints of past events.

As noted above, earth observation data and imagery is increasingly available for more parts of
the world and at greater resolution, providing a growing library of high-quality images of the
impact of hazard events. For example, the European Space Agency’s Earth Observation for
Sustainable Development program has established a Wetland and Water monitoring service
that provides open access to monthly observations on land covered by water for all regions
of the world. The imagery has been used to develop probability indices for the inundation of
water on normally dry land which, over time, will provide an increasingly accurate illustration
of flood risk at 20 meters spatial resolution (Kayitakire et al 2020). The program has also
developed the Rainfall Explorer service, which can provide maximum 1-day, 5-day, and 30-
day precipitation levels for different return periods (10, 20, 50, and 100 years) for areas
across the world based on data from 1979 onward. The service can also be combined with
data on past flood events from the Dartmouth Flood Observatory for better understanding
of the impact of precipitation levels on flooding (Nobakht 2020). A satellite mission (Surface
Water and Ocean Topography) planned to begin in 2021 will provide measurements of water
elevation and inundated areas around the world and is expected to contribute significantly to
the reach and accuracy of flood modelling (Frasson et al. 2019).

Individuals’ use of social networks to describe their environment is an additional source of
data on hazard footprints to complement less frequent imagery or, where installed, data
from sensors such as flood or tidal gauges or seismometers. In some cases, crowdsourced
volunteered geographic information from social networks has been found to be as—if not
more—accurate than hydrological and geological sensors. For example, in Chile, data from
earthquake-related social network posts have been found to provide a similar view of seismic
activity as data from geological sensors (Green 2020). A study in the United States found
that an analysis of social network posts provided a more comprehensive picture of coastal
flooding impacts in many coastal areas than could be derived from the network of tidal
gauges, particularly for lower tide heights (Moore and Obradovich 2020).

The development by commercial firms of catastrophe models for specific perils and regions tends to be linked to
the amount of private insurance coverage acquired for that peril in that region, as the main clients of catastrophe
modelling firms are the insurers providing coverage. As a result, regions or perils with limited private insurance
coverage are often not prioritized for model development by commercial firms.
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Advances in data processing and analytical capacity have significantly increased the ability to
generate (and assess the impacts of ) large numbers of hazard scenarios, greatly improving the
riskand probability measuresthat canbe derived through catastrophe models. Theapplication
of (big) data analytical techniques to earth observation imagery, volunteered geographic
information, and/or data from connected devices allows for a more comprehensive analysis
of causal and correlated factors and can provide a better understanding of risk—overcoming
some of the challenges to traditional approaches to risk assessment. For example, by training
an algorithm with flood gauge data from past floods, researchers at Texas A&M University
in the United States have been able to develop a model for predicting the flow of water
during extreme precipitation events that takes into account the performance of the drainage
network. According to the researchers, the model was able to simulate the water flow from
a major flood in 2016 with 85% accuracy (Suresh 2020). Similarly, in Japan, data from a
2018 heavy rainfall event in Okayama Prefecture was used to train an algorithm to predict
flood impacts in the future and was successfully applied to model flooding from Typhoon
Hagibis in 2019 with a high-level of accuracy when compared to the post-event flood maps
generated by local government (Moya, Mas, and Koshimura 2020). The application of these
techniques also allows risk modelers to assess more complex multihazard scenarios (such
as a flood caused by an earthquake-generated landslide [Green 20207), identify, monitor,
and measure potential sources of accumulation risk—and to take into account a changing
climate. For example, one United States-based company is using artificial intelligence and
machine learning techniques to provide risk scores for wind, flood, fire, and other climate
for specific buildings or regions for up to 50 years (Jupiter n.d.). As outlined in section 4
below, these techniques are also being applied to underwriting insurance and other financial
protection tools.

Exposure

The improvements in the resolution and coverage of earth observation imagery as well as
the increasing ability to integrate different data sources on the natural and built environment
can fillimportant gaps in the availability of data on exposure—particularly in regions without
well-developed or updated building and infrastructure inventories.

Space-based earth observation imagery can now provide sufficient resolution to map
exposure (i.e,, the built and natural environments, including buildings and infrastructure
as well as crops and natural ecosystems) and can also provide complementary estimates
of population distribution based on characteristics such as nighttime light (Le Cozannet
etal. 2020).

Street-level imagery, gathered by companies such as Google or Mapillary or crowdsourced
through platforms such as OpenStreetMap (or both) can provide additional data on the
characteristics of the built environment that may not be available through earth observation,
such as occupancy, shared walls,and connecting roofs, as well as information on the structural
condition. These technologies can also provide platforms for initiatives aimed specifically
at addressing gaps in information on the built environment. For example, in Viet Nam, the
Missing Maps initiative supported an effort to enhance Vulnerability Capacity Assessments
for flood risk undertaken by the Viet Nam Red Cross. It did this with geocoded street-level
imagery incorporated into OpenStreetMap to provide a more accurate assessment of the
spatial layout of local communities and their potential exposure to coastal floods and storm
surge (Duong and Levine 2018).
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More recently, artificial intelligence techniques (particularly pattern recognition techniques)
are being applied to derive better exposure information from earth observation imagery.
For example, an algorithm was trained to identify bridges from earth observation imagery of
Uganda and was able to find 70 bridges that had previously not been accounted for in street-
level imagery maps or census data (Intel 2020).

Vulnerability

Improvements in the resolution of earth observation imagery also allow relevant information
to be derived for assessing the vulnerability of exposed assets. Satellite imagery has sufficient
resolution to provide basic structural characteristics (building shape, materials) that can be
complemented by other survey methods including sample visits to provide assessments of
structural vulnerability to different types of hazards (Le Cozannet et al. 2020). For example,
one assessment of structural vulnerability to earthquakes in Padang (Indonesia) found that
a model using satellite imagery verified by sample site visits was able to provide a catalogue
of municipal building vulnerability with fairly high accuracy (error rate of 10%) (Gei3, Klotz,
and Taubenbdck 2014). Earth observation data can be supplemented by street-level imagery
as well as data gathered by lower-altitude imagery (aircraft or drones) to more accurately
assess structural vulnerability. In some cases, insurance companies are relying on this type of
data for underwriting insurance coverage (see section 4).

Big data analytical techniques are also providing improved methods for monitoring the
vulnerability of structures over time. For example, researchers in the United Kingdom
have used deep learning to train an algorithm to assess the integrity of bolt connections in
steel frame structures (e.g., bridges, dams) using accelerometers (a sensor that measures
acceleration), which has the potential to greatly enhance the accuracy and efficiency of
structural health monitoring methods (Zhang, Biswal, and Wang 2019). In Guatemala,
artificial intelligence analytical techniques applied to earth observation and street-level
imagery have been used to identify structures susceptible to collapse in the event of an
earthquake. The approach was able to identify approximately 85% of the buildings identified
as vulnerable based on traditional civil engineering assessments (GFDRR 2018).

A comprehensive assessment of vulnerability to hazards should also account for other
factors beyond the structural vulnerability of buildings or infrastructure. Earth observations
of nighttime light intensity can provide useful information on local population levels (Le
Cozannet et al. 2020). Big data analytical techniques such as machine learning and deep
learning have been successfully used to analyze earth observation and street-level imagery
to identify indicators of poverty and well-being in regions in Africa and India not well-
covered by census data (Lee et al. 2020; Yeh et al. 2020). A similar approach was applied
to identifying businesses most vulnerable to damage and disruption from an earthquake
in the San Francisco Bay Area (United States) (Gupta, Wein, and Haveman 2019).The
Humanitarian OpenStreetMap initiative is working to integrate self-reported information on
access to water and housing conditions with its geocoded street-level imagery data.

Figure 3.1 illustrates how these emerging technologies and innovations can be applied to
disaster risk assessment.
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Figure 3.1: Applying Emerging Technologies to Risk Assessment
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Damage and impact assessment

Emerging technologies are making a particularly significant contribution to increasing
the speed and accuracy of disaster impact assessments. Cloud computing technologies,
combined with the development of tailored mobile phone applications, have greatly
enhanced the speed and efficiency of collecting damage information by individual assessors.
For example, a mobile rapid damage assessment app, automatically synced to the cloud, has
been developed for use by engineers in Haiti for assessing damage to individual buildings
after disaster events (Miyamoto International and USAID 2019).

Earth observation imagery now available provides sufficient resolution to assess the area
impacted by a disaster event (e.g., land not previously covered by water, buildings and
infrastructure assets that have sustained structural damage, and declines in nighttime light
intensity indicating disruption to energy availability or demand). The large and increasing
number of satellites in circulation provide a pass-over frequency that makes it possible to
generateimagery to facilitate impact assessment within hours or days of the occurrence of the
event. For example, the Copernicus Emergency Management Service, a service established
to provide earth observations from European satellites for emergency management, was able
to provide authorities with before and after satellite images of Tacloban City (Philippines)
within 4 days of the occurrence of Typhoon Haiyan. The image resolution provided sufficient
granularity to identify sections of the city destroyed, highly affected, moderately affected,
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or possibly affected (Paunan 2020) (satellite images were also used for settling claims
[Swiderek and Wipf 2015]). A feasibility study has recently been completed on expanding
this service to provide an automated flood monitoring tool based on earth observation
imagery that would be available globally (Matgen et al. 2020).

As in the case of risk assessment, satellite-generated earth observation imagery can be
supplemented by other forms of aerial imagery (aircraft and drones) and street-level
imagery. For example, in the Philippines, the Philippine Red Cross and American Red
Cross collaborated on the Tindog Tabang Leytefio project that used drone and street-level
cameras to develop maps of areas affected by Typhoon Haiyan to inform the recovery effort.
In the aftermath of Hurricane Maria in 2017, a team of assessors used street-level imagery to
provide accurate mapping of damage across the entire affected island of Puerto Rico (United
States) (Higgins 2018).

Connected sensors can provide real-time information on a variety of physical characteristics,
such as temperature, water pressure and level, and the presence of smoke, among others,
which can provide critical information on geographical areas impacted by a flood or wildfire
(Tremaine and Tuberson 2017). Geocoded data from smartphone accelerometers, which
measure proper acceleration (i.e., an object’s acceleration due to external factors rather than
own motion) can be harnessed to measure the intensity of earthquake shaking in different
locations to provide real-time information on where damage may have occurred.

Sensor data can be supplemented by leveraging volunteered geographic information on
the damage and impacts from individual posts on social networks. Many governments
(particularly emergency management agencies) around the world have developed specific
smartphone apps to collect this type of information, including the Federal Emergency
Management Agency (United States) (Adamski 2019), the state government of Andhra
Pradesh (India) (Ghosh 2020), and Badan Nasional Penanggulangan Bencana (Indonesia)
(Ogie etal. 2019). While these crowdsourcing applications face challenges (such as user take-
up and accuracy of reporting (Ogie et al. 2019, Sukhwani and Shaw 2020), some studies have
shown that crowdsourced data can provide relatively high accuracy in identifying impacted
areas. For example, one global study involving the application of a geoparsing algorithm to
Twitter posts related to flooding allowed for the correct detection of 90% of flood events
reported in Munich Re’s NatCatService database (and many that were not included in the
database) (de Bruijn et al. 2019).

Big data analytical techniques can be applied to leverage these data sources for damage
assessments. Change detection algorithms can be applied to earth observation imagery
to quickly identify impacted geographic regions and damage to individual buildings and
infrastructure. For example, one platform based on change detection using artificial
intelligence was able to provide a complete mapping of the 2019 floods in Ottawa (Canada)
and an inventory of flooded infrastructure and buildings in less than an hour—a process that
often can take 5 days (Opt/Net 2020). Another study applied a change detection algorithm
to pre- and post-earthquake imagery of buildings in Port-au-Prince (Haiti) and Bam (Iran)
and was able to correctly classify damaged buildings in 93% of cases (Khodaverdizahraee,
Rastiveis, and Jouybari 2020). A group of researchers at the University of Texas at Austin
trained a machine learning algorithm with data from Hurricane Harvey to more quickly
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analyze requests for assistance posted on Twitter and identify those in need of rescue
(Devaraj, Murthy, and Dontula 2020).

Data analysis platforms have been developed to facilitate the integration of data and
imagery from various sources to provide comprehensive postdisaster damage assessments.
The I-REACT project, funded by the European Commission, has developed a platform to
integrate emergency management data from various traditional and innovative sources,
including earth observation imagery, historical event data, and weather forecasts, as well as
volunteered geographic information, drone imagery, and data from connected wearables
(I-REACT n.d.).

Figure 3.2 illustrates how these emerging technologies and innovations can be applied to
damage assessment.

Figure 3.2: Applying Emerging Technologies to Damage Assessment
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Applications of Emerging

Technologies to Risk Reduction
and Preparedness

Improvements in risk and damage assessment can be applied to enhance the effectiveness
and efficiency of land use and spatial planning, risk reduction investments, preparedness,
and disaster response. Emerging technologies and innovations, such as big data analytical
techniques, can also be applied to support better decision-making in all of these areas.

More effective land use and spatial planning

Land-use and spatial-planning policies play a critical in role in risk management and in
determining the level of future exposure to disaster and climate risks, particularly in urban
areas. Rapid unmanaged urbanization is a significant factor in increasing the vulnerability of
urban populations, especially the urban poor.

In most economies, local and regional governments have significant responsibility for land-
use and spatial-planning decisions, although national governments often provide guidelines
or frameworks for implementation at local levels. Local governments face three main
challenges to implementing risk-sensitive land-use planning:

* access to sufficiently detailed data on hazard, exposure, and/or vulnerability;

* access to the modelling and decision-making tools to derive a resilience-oriented
land-use plan; and

*  capacity to monitor and enforce land-use and spatial-planning requirements (for
example, ensuring no illegal construction in areas identified as high-risk, such as
seismic or flood-prone areas).

The emerging technologies and innovations described above can be leveraged to address
these challenges. Improved access to data and imagery through earth observation, street-
level imagery, connected devices, and crowdsourcing volunteered geographic information
can fill important gaps in the understanding of hazard, exposure, and vulnerability. Big data
analytical techniques are increasing the capacity of existing tools for spatial analysis. The
sophistication and capacity of spatial (or geospatial) analysis tools (i.e., software platforms
that integrate data and imagery on the attributes of the natural and built environment into
models based on geographic coordinates) has increased significantly through the integration
of big data sources and the use of algorithms as tools for analysis (i.e., geocomputational
methods) (de Smith, Goodchild, and Longley 2020). Access to these tools has also increased
as open-source software platforms and spatial analysis tools become increasingly available
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in the cloud. Innovations in cloud computing technology that enhance throughput between
users and the cloud-based software—combined with increasing broadband connection
speeds—should address connectivity challenges and improve the utility of cloud-based
spatial analysis over time (Altaweel 2020).

Earth observation imagery can also support improved monitoring and enforcement of land-
use and spatial planning policies. More frequent and higher-quality imagery from satellites
should provide the necessary resolution to monitor land use across all regions and could
potentially be combined with change detection analytical techniques to automate the
identification of breaches of land-use policies.

Better targeted investment in risk reduction

Structural (e.g., flood barriers) and nonstructural (e.g., building codes) risk reduction
investments can make an important contribution to managing risks to people, buildings,
and infrastructure in areas prone to disaster and climate hazards, including those developed
before the associated level of risk was known. Numerous studies have demonstrated
the benefits of investments in risk reduction. One comprehensive global examination of
structural and nonstructural risk reduction investments for all types of natural hazards found
that, using a consistent cost-benefit analysis approach, the vast majority of investments
(102 of 117) resulted in benefits that exceeded costs (Hugenbusch and Neumann 2016).
An assessment of costs and benefits of adopting model international building codes™ in the
United States found that the benefits would exceed costs 12 times for earthquake risk, 10
for wind risk, and 6 for river flooding—with overall benefits of 11 times the cost of adopting
the codes (NIBS 2019).

However, despite these benefits, most economies underinvest in risk reduction. For example,
between1991and 2010, only 12.8% of the estimated $106.6 billion in development assistance
allocated to disaster risk management was invested in risk reduction (Tanner et al. 2015).
This underinvestment is generally driven by both technical challenges (such as difficulties
in assessing the costs and benefits of risk reduction investments) and political impediments
(e.g., such as governance failures, limited public resources and high opportunity costs, short-
term horizons of elected officials, difficulty in demonstrating benefits of avoided losses)
(Vorhies 2012, OECD 2014).

The emerging technologies and innovations described above can address some of the
technical challenges that impede investment in risk reduction. Improvements in risk
assessment capacity, including greater accuracy in the identification of hazard-prone regions
and structures at risk, should allow better decisions on the investment of scarce risk reduction
resources. Emerging technologies and innovations can also enhance the processing and
analytical capacity of decision support systems. Such systems are technology (software)
tools that support decision-making by facilitating the comparison of different options for (in
the context of natural hazards) risk management (e.g., through a calculation or visualization
of the costs and benefits of different approaches). These tools are particularly valuable for

10 See footnote 1on page 1.
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decision-makingin complex problemsinvolving multiple actors and/or significant uncertainty
(Newman et al. 2017). In particular, improvements in data integration and optimization
capabilities (e.g., through the application of artificial intelligence) have greatly improved
the capacity of decision support systems while the availability of open-source software has
increased access to these tools.

More effective communication of risk (and potential risk mitigation approaches)—enabled
by innovations in internet- and smartphone-based risk visualization tools—can also address
some of the informational challenges thatimpede investments by households and businesses
in risk reduction. Increased access to broadband and cellular networks and smartphone
penetration provides the infrastructure to achieve broader reach for these types of tools and
the valuable information they can provide.

Improved preparedness

Increasing communities’ preparedness and implementing effective early warning systems
can greatly reduce disaster and climate risks. In the context of imminent emergencies, the
ability to provide timely and accurate information on risk and likely impacts can save lives and
significantly reduce damage and loss. Emerging technologies and innovations can enhance
the timeliness and accuracy of hazard forecasts and support broader and more effective
communication of coping strategies.

Improvements in hazard forecasting

Advances in the understanding and modelling of climate phenomena have greatly increased
the accuracy of forecasting over time. For example, in the United States, the track error for
tropical cyclones (i.e., average error in forecasting the path of the eye of a tropical cyclone)
has declined since 1990 from approximately 100 miles to 50 miles for 24-hour forecasts and
from 300 miles to 100 miles for 72-hour forecasts (Schleifstein 2019). The application of big
data analytical techniques to the increasing amount of available data on disaster and climate
risks is significantly improving forecasting capacities—and therefore allowing more time to
react to an impending hazard. Various combinations of earth observation imagery, data from
connected devices, and big data analytical techniques are being applied to the monitoring
and forecasting of different hazards:

*  Flood: Earth observation imagery, data from connected devices, and volunteered
geographic information crowdsourced from social networks are increasingly being
used to provide real-time forecasting of flood risks in different regions of the world.
Satellite-generated precipitation data is available from a number of sources and
increasingly accurate as a result of the integration of ground-level data and the
application of big data analytics. Some of these sources can provide data with little
or no time delay. For example, Japan Aerospace Exploration Agency’s Global Rainfall
Watch data is available in real-time and, since 2019, for all regions of the world
(Perera et al. 2020, OECD 2017d). Developments in modelling techniques allow
precipitation data to be applied to real-time flood risk forecasting. For example, a
United Kingdom-based company has developed a software tool (FloodMap Live)
that uses rainfall forecasts along with high-quality topographic and hydrological
data to provide real-time surface water flood risk maps (Previsico n.d.). Increasingly
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sophisticated cameras with high-speed connections to control centers are being
used to monitor water levels and water flow and discharge characteristics. For
example, in the Métropole Toulon Provence Méditerranée region of France,
cameras equipped with infrared projectors for nighttime monitoring and connected
to image analysis and processing software are being used to monitor water levels
and flow velocities in real-time for all of the region’s major river basins (Tenevia
n.d.). Crowdsourced volunteered geographic information from social networks is
also being harnessed for real-time forecasting. In Jakarta (Indonesia), for example,
social network posts on Twitter have been leveraged to provide real-time mapping
of floods and have demonstrated a relatively high-level of accuracy when compared
against post-event imagery (Perera et al. 2020). In Japan, a system to detect heavy
precipitation events has been developed by applying natural language processing
techniques to the identification of tweets related to heavy precipitation in a given
locationand to validating the social network data against sensor data to provide users
with maps showing heavy precipitation hazards (lwakura et al. 2018). In Kolkata, the
Asian Development Bank has supported the development of a cloud-based early-
warning system that integrates data on rainfall and water levels generated by sensors
installed by public authorities in strategic locations as well as by small businesses
that have been encouraged to install low-cost sensors outside their premises (ADB
2018a). In the PRC, disaster risk management officials are implementing a range of
emerging technologies to monitor and visualize flood risk during the annual rainy
season (Box 4.1).

Wildfire: Earth observation, connected devices, and artificial intelligence
techniques are also being used to improve the forecasting of wildfire risk. Earth
observation imagery can provide regular information on vegetation growth to
ascertain the fuel loads that drive wildfire potential. In Australia, a satellite with
infrared technologies that is specifically calibrated to monitor the dominant local
vegetation (eucalyptus and shrub) is under development to provide improved
wildfire forecasting accuracy (Amos 2020). A California Forest Observatory has
been established to dynamically map wildfire risk at the level of individual trees
across the state using increasingly available high-resolution imagery and data on
weather, climate, population settlements, and infrastructure that will be analyzed
using artificial intelligence techniques (O’Shea 2019). One company has developed
a camera and sensor system, using optical and thermal cameras and a spectrometric
system for identifying chemical properties, that can identify fires in remote areas
(up to 15 kilometers away) using artificial intelligence techniques that analyze
the generated imagery against the properties of past fires (Sullivan 2019, Compta
Emerging Business n.d.).

Landslide: Earth observation imagery providing precipitation data and information
on indicators of landslide susceptibility has been integrated into a model developed
by the United States National Aeronautics and Space Administration to provide
real-time forecasting of landslide risk globally. The Landslide Hazard Assessment
for Situational Awareness model monitors rainfall levels that could trigger landslides
and matches that data against landslide susceptibility factors such as recent forest
fire or tree removal, proximity to tectonic fault, bedrock strength, and land grade
to provide a real-time assessment of potential landslide risk that is updated every
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30 minutes (NASA Global Precipitation Measurement Mission 2018). According
to one estimate, the model would have provided false positive landslide warnings in
3% of cases and true positive warnings for 60% of the landslides that have occurred
historically (GFDRR 2018). In the PRC, a potential disaster was recently avoided
as imagery from the BeiDou Navigation Satellite System facilitated the detection
of a geological anomaly in the aftermath of heavy rainfall, allowing local officials
to organize an evacuation in advance of the landslide (which occurred on 6 July)
(Meiping 2020).

e Earthquake: While it is possible to calculate the probability that a major earthquake
will occur in a given area over a given period of time, it is not possible to specifically
predict exactly when a major earthquake will occur (USGS n.d.)—which is one of
the reasons major earthquakes have often resulted in significant damage and loss
of life. However, the application of big data analytical techniques can provide more
rapid verification of the occurrence of an earthquake (and its characteristics) which
can provide critical early warning that can support preparedness, particularly in
communities farther from the epicenter. Earlier warning can provide additional time
for evacuation, preventative shutdowns of power and transport services, and other
mitigation measures to save lives and reduce disruption. In the PRC, for example,
researchers have applied artificial intelligence techniques to the measurement of
earthquake properties that will allow measurement of important parameters such
as epicenter, magnitude, and depth within two seconds of the earthquake (with
greater accuracy than traditional methods) (Dai 2020). One group of researchers
has developed a smartphone application that can be used to harness data from
smartphone accelerometers to enhance early warning and measure shaking
intensity (Kong et al. 2016). More recently, Google announced that it will begin
collecting geocoded data from the accelerometers included in its devices to provide
early detection of earthquakes in regions around the world (Dave 2020).

* Temperature extremes: Big data analytical techniques are also being applied to
improve weather forecasting. For example, a group of researchers has applied deep
learning techniques to identify patterns of atmospheric circulation present before
past heat waves and cold spells to create a model that can highly accurately forecast
such climate extremes 1and 5 days in advance (Sima 2020).

Improved imagery, data, and analytical techniques have also been used to model longer-term
weather characteristics, including variations in the El Nifio/Southern Oscillation—a periodic
warming of sea surface temperatures in the Pacific and Indian oceans that has historically led
to a variety of climate risks, including flooding and droughts. While models exist to predict
when an El Nifio may occur and with lead times of approximately 1 year, a recent application
of deep learning to identifying patterns in sea surface temperatures was able to provide
accurate forecasts 18 months in advance and with greater detail on the zonal distribution
of sea surface temperatures (Ham, Kim, and Luo 2019). Greater advance warning would
allow households and businesses to implement more substantial risk mitigation strategies.
For example, farmers could integrate advance information on future weather patterns into
decisions on the types and varieties of crops they plant.
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Box 4.1: Assessing Rainy Season Flood Risk
in the People’s Republic of China

The annual rainy season in the People’s Republic of China is often marked by significant
flooding in regions adjacent to the Yellow River, its second-longest river and home to well
over 100 million people. To manage flood risk, disaster risk management agencies have been
leveraging emerging technologies to provide a continuous view of water levels and flood risk.
Improved forecasting techniques are allowing earlier (and more accurate) warnings of heavy
rainfall events and convective storms. Earth observation imagery from satellites and drones
is being generated for more than 300 large and medium-sized reservoirs throughout the
basin, while connected flood gauges are used to monitor and transmit information on water
levels in smaller tributaries in mountainous regions. Artificial intelligence is applied for real-
time assessment of flood risk. In Anging City, a local telecoms operator has connected 360°
cameras through a 5G cellular network to virtual reality goggles to provide flood monitoring
personnel with real-time images of water levels.

Sources: Meiping (2020), Shuang (2020).

Communicating warnings and information on effective coping strategies

Effective early warning systems can save lives and reduce property loss from natural hazards,
and a number of studies have demonstrated the relationship between improvements in
early warning and reductions in mortality and damage" (Rogers and Tsirkunov 2010). The
effectiveness of an early warning system depends on (i) the reliability of the system in
its ability to monitor, detect, analyze, and forecast hazards while minimizing false alarms;
(i) awareness of—and trust in—the early warnings among the targeted population; iii) ability
to disseminate and communicate this information to the population at risk;"? and (iv) ability
of the targeted population to understand and appropriately respond to the information
provided. Improvements in the accuracy and timeliness of hazard forecasting can support
more effective communication of early warnings by (i) increasing forecast accuracy, which
should build confidence among those vulnerable to an impending hazard and encourage
them to take mitigating steps; and (i) providing earlier warning, which should allow more
time for the vulnerable to implement appropriate coping actions.

The increasing reach of broadband connections and internet-connected mobile phones
will greatly expand the reach of early warning communications through the internet, social
networks, and mobile phone apps. Large technology companies are already harnessing
this capacity to provide early warning information to relevant users of their products. For
example, during the Australian bushfires in 2019-2020, both Google and Facebook worked
with government agencies and emergency responders to provide emergency management
information to users potentially affected or at risk from the fires (Haritos 2020).

" Forexample, if provided with sufficient warning of a flood, those at risk would have an opportunity to move high-value

items to higher ground and therefore ultimately reduce the overall level of damage.

The ability to quickly communicate warnings faces technical and governance challenges. For example, an assessment
of the effectiveness of the tsunami early-warning system in the 2018 Palu-Donggala Tsunami found that system
limitations in the ability to forecast a tsunami triggered by a submarine landslide as well as the need to secure local
approval of evacuation orders (among other factors) reduced the time available for individuals to effectively evacuate
(UNDRR and UNESCO-10C 2019).
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Technological developments and innovations have also allowed increasing automation of
early warning communication. For example, in Colombia, a network of water level and air
temperature sensors has been installed along major river systems that, with the support of
an installed mesh network to address weaknesses in the cellular network, provide automated
warnings to relevant local officials when a potential hazard is detected. Big data analytical
techniques offer opportunities to automate the integration of forecast information on
hazards into early warnings and communications on appropriate coping strategies. For
example, the Odisha State Disaster Mitigation Authority in India has developed a web and
smartphone-based platform (SATARK) that translates generic weather forecast information
into early warnings of impending hazards and provides tailored advice on coping strategies
in response to the identified hazard. The platform also applies a machine learning algorithm
that allows the platform to learn from captured events over time (Srikanth 2019). In Japan,
a smartphone application has been developed to provide users with real-time information
on the potential for water inundation at their current location as a result of an earthquake-
generated tsunami as well as information on possible evacuation routes (Fujitsu Global
2019). A group of researchers in the United States has developed a model that makes use
of heuristic algorithms to optimize evacuation plans based on minimizing travel time to an
available emergency shelter (Dulebenets et al. 2019), which might eventually lead to the
ability to develop evacuation plans that take into account the impact of hazard forecasts.

More efficient disaster response and/or recovery

Efficient disaster response and recovery is critical for saving lives and minimizing damage and
disruption in the aftermath of a disaster event. A comprehensive assessment of damages
and impacts provides the basis for developing relief and recovery strategies by identifying
populations in immediate need of assistance and prioritizing communities and assets in
recovery measures.

In the short term, an initial damage assessment provides the information necessary for
targeting rescue operations and disbursing assistance (whether in the form of financial aid
or supplies). The provision of rescue and relief and the delivery of aid are often complex
operations which present logistical and technical challenges. Effective rescue and relief
efforts require coordination between a multiplicity of actors, often both domestic and
international, including government agencies, the military, humanitarian organizations, the
private sector as well as volunteers. The delivery of support must often overcome a host
of logistical challenges, which are exacerbated by the effect of disaster impacts on rescue
operations, for example, where access routes and communication channels have been
destroyed, buildings are at risk of collapse, earthquakes aftershocks are expected, or toxic
pollutants have been released.

As outlined above, technological developments and innovations in earth observation imagery
from satellites as well as drones, street-level imagery, connected devices, and volunteered
geographic information from social networks—together with the ability to integrate these
different data sources and apply big data analytical techniques to the processing of this
information—can greatly increase the rapidity and accuracy of damage assessments. More
timely and accurate information on affected populations and damaged structures and
infrastructure assets should on its own allow more efficient relief and recovery operations.
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However, big data analytical techniques can also be applied to optimize various elements
of the relief operation. The I-REACT data integration platform described above includes a
decision-support tool that can help guide emergency management planning (I-REACT n.d.).
A group of researchers have applied algorithms to developing a model for estimating relief
supply demand based on volunteered geographic information from social networks and other
data on the affected region that can help emergency managers optimize the distribution of
relief supplies (Schempp et al. 2019). These techniques can also be used to identify potential
critical infrastructure services at risk and pre-position the necessary technicians, equipment
and materials to facilitate quick recovery. In preparation for Hurricane Florence in 2018, for
example, a major energy services provider in the United States states of North Carolina and
South Carolina used artificial intelligence techniques to determine where to pre-position
the technicians necessary to achieve a quick restoration of power in case of damage to
transmission lines (Seto 2018).

Some recent technologies can also help address some of the logistical challenges that
accompany disaster relief and response efforts. In particular, drones can be used to both
deliver emergency supplies and provide emergency telecommunications. For example,
drones were used to deliver emergency medical supplies in the United States state of North
Carolina in the context of the COVID-19 health emergency (Porter 2020). They have
also been used to provide cellular network coverage in disaster zones. In the aftermath of
Hurricane Mariain 2017, a large helicopter-like drone attached to a ground power source was
deployed to Puerto Rico (United States) to provide continuous 4G cellular network coverage
(Russon 2018). Mobile payment systems offer a means to disburse financial assistance
quickly and safely to those in need. These systems can also be used to transfer resources
within communities to those in need. One study in Rwanda, for example, found evidence
that mobile airtime transfers (as an alternative to mobile funds transfers which were not
available at the time) within social networks increased significantly in the aftermath of the
2008 earthquake in the Lake Kivu region, suggesting the effectiveness of this technology for
providing support to affected friends and family (Blumenstock, Eagle, and Fafchamps 2016).

Emerging technologies can also help address some of the communication and coordination
challenges related to disaster response and recovery. For example, in the Republic of Korea,
the Ministry of Interior and Safety has developed a Disaster and Safety Information System
that integrates geocoded information from across government ministries to support both
risk assessment and response (OECD 2020c¢).



Applications of Emerging
Technologies to the Financial

Management of Disaster
and Climate Risks

As outlined earlier, the financial costs of responding to disaster events are substantial
and likely to increase as a result of a changing climate and continued asset accumulation.
Governments absorb a significant share of these costs, particularly in economies with less-
developed insurance markets.

In 2017, the OECD Council approved a Recommendation on Disaster Risk Financing
Strategies that aims to provide high-level guidance for governments on the development
of strategies to manage these costs. To support efforts by economies to effectively manage
these risks, ADB has developed a tool kit to identify the elements of a supportive enabling
environment (Box 5.1).

Box 5.1: Building Financial Resilience to Disaster Risks:
Guidance for Policymakers

In 2017, the OECD Council adopted a Recommendation on Disaster Risk Financing Strategies
(OECD 2017a) that provides guidance on the development of strategies for the financial
management of disaster risks. It provides a set of high-level recommendations for designing
a strategy for addressing the financial impacts of disasters on individuals, businesses and
subnational levels of governments, as well as the implications for public finances:

®  Supporting the availability of data and technology necessary for the quantification
of disaster risk and the identification of potential financial vulnerabilities—as
the basis for making effective decisions on risk management and underwriting
insurance coverage for disaster perils;

®  Establishing the elements of a regulatory framework necessary to support the
ability and willingness of individuals, businesses and subnational governments to
protect themselves against the financial impacts of disasters, including measures
to support risk awareness, risk reduction and the availability of affordable insurance
and other financial protection tools; and

®  Evaluating the potential risks to public finances posed by disasters and developing
an approach to managing those financial demands.

In 2020, the Asian Development Bank released a country diagnostic tool kit which outlines
the key elements of an enabling environment for disaster risk financing and provides guidance
for countries on how to self-assess their policy and regulatory framework against this set of
key criteria (ADB 2020). At the time of writing, the assessment tool has been applied in Fiji,
Nepal, Pakistan, and Sri Lanka (ADB 2019b, 2019¢, 2019d, 2019¢).

Source: Authors.
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Similar to the other components of disaster risk management, addressing the financial
impacts of disaster and climate risks begins with a sound understanding of potential risk
to enable the development of a functioning insurance market and inform strategies for
managing the impacts on public finances.

Enhancing the availability and affordability
of indemnity insurance

A significant share of economic losses from disasters are uninsured, particularly in middle-
income economies. Most damages and losses from earthquakes, wildfires, floods, and
storms are uninsured because the share of homes, businesses, and government assets
with applicable insurance coverage is low or the share of losses covered by insurance is
limited by low policy limits or large deductibles. Low insurance penetration is usually the
result of a gap between the willingness-to-pay (or capacity-to-pay) for insurance coverage
and the cost of insurance—although in some cases, insurance for a given peril is simply
not available.” Improvements in the availability and affordability of insurance coverage—
combined with increased awareness of the value of insurance in providing financial
protection—can make an important contribution to increasing penetration and reducing
the gap between economic and insured losses (often referred to as the protection gap).

Insurance (and reinsurance) markets contribute to building financial resilience by (i) providing
those affected with access to a (relatively) quick source of funds for reconstruction (allowing
for a quicker recovery); (ii) reducing the financial stress on households and business that
would otherwise need to absorb those losses; and (jii) limiting the impact on public finances
(as governments will often need to provide financial assistance to affected households and
businesses without sufficient insurance coverage). A number of analyses have examined
whether there is an empirical relationship between levels of insurance coverage and the
severity of economic impact. These analyses found (in general) that:

*  The uninsured portion of catastrophe-related losses drive macroeconomic costs,
whereas well insured catastrophes have insignificant or even positive effects on
economic activity (Von Peter, Von Dahlen, and Saxena 2012).

e Countries with high insurance penetration have smaller contractions in output from
a disaster and their debt levels remain virtually unchanged (Melecky and Raddatz
2011). An additional 1% in insurance penetration was found to reduce the disaster
recovery burden on taxpayers by 22% (Lloyd’s 2012).

e Severe disaster events (i.e, modelled 1-in-250 year events) can have important
economic impacts and implications for public finances and sovereign ratings.
Higher levels of insurance coverage of the assets damaged or destroyed by a natural

There are a number of factors that impact the demand for—and supply of—insurance coverage. Insurance demand
(and therefore, willingness-to-pay) may be lower where there are low levels of financial literacy or risk awareness, lack
of trust in insurance companies/products or the existence of alternative sources of funding for post-disaster recovery
and reconstruction. The supply of insurance may be low if the level of risk is high, there is a lack of data to assess risk
or operational and distributional costs are high. For more information on demand and supply challenges, see OECD
2018c, OECD 2016, and Surminski and Vivid Economics 2018.
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catastrophe can, to some extent, mitigate the medium-term economic impact and
the sovereign ratings impact of catastrophe events (Standard & Poor’s 2015).

*  Greater use of property catastrophe reinsurance coverage has been found to have
a positive impact on reducing the economic disruption of past catastrophe events
(OECD 2018b).

Insurance markets can also contribute to reducing the level of overall risk by developing
analytical tools to support improved risk assessment and more effective risk management
decisions and by providing incentives for risk reduction through premium pricing.

A number of factors impact the availability and affordability of insurance coverage. Homes,
businesses, and public assets in areas prone to natural hazards will normally face higher
insurance costs than those in lower risk areas. Similarly, buildings and infrastructure that
are more vulnerable to damage from wind, water, fire, or ground-shaking based on their
construction will also face higher premiums. As a result, more effective land use and spatial
planning and better targeted investments in risk reduction can lower the aggregate cost of
insurance coverage. In addition, the availability and affordability of insurance coverage can
be enhanced by lowering the cost of underwriting insurance coverage, managing exposures,
distributing insurance products, and settling insurance claims as these costs are ultimately
borne by policyholders through the premiums they pay.

Lowering the cost of underwriting

To underwrite insurance coverage for a household, business or public entity, insurance
companies need to understand the hazards that could impact the assets of the policyholder
and the vulnerability of those assets to the physical characteristics (wind speed, water level
and flow velocity, earthquake magnitude, etc.) of those hazards. Traditionally, underwriting
insurance coverage has been undertaken through manual processes involving the completion
of questionnaires on location and structural characteristics and, in the case of larger
value policies, a site visit by an assessor. Underwriters use hazard and/or risk maps (where
available) to establish the potential exposure to natural hazards and engineering studies or
knowledge to assess potential structural vulnerability. Where available, catastrophe models
have simplified (and improved) the underwriting process by providing a platform for risk
assessment of individual properties although these models are not available for all perils in
all regions and can involve significant costs to implement. As a result, underwriting costs can
account for a significant portion of insurance premiums—particularly in regions where data
on hazard and vulnerability are difficult or expensive to acquire. Even in developed insurance
markets where quality risk data is more widely available, underwriting expenses in the nonlife
insurance sector can account for 20%-25% of the gross premiums written.

The increasing access to data and imagery from earth observation satellites and aircraft,
street-level cameras, connected devices and crowdsourcing of volunteered geographic
information—and the enhanced ability to integrate and analyze this data and imagery
through big data analytical techniques—is also being leveraged by insurance companies
(and insurance service providers) to lower the cost of underwriting insurance coverage.
For example, some service providers have developed platforms that provide instantaneous
risk reports and scores covering storm, flood, earthquake, and wildfire for any address in
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the United States based on an assessment of available geospatial data (HazardHub n.d.,
Betterview n.d.). Another company uses artificial intelligence techniques to combine
aerial imagery of structural characteristics and other relevant factors such as elevation and
vegetation proximity with historical and simulated data on potential hazards to provide
additional insights on potential risk to support underwriting decisions (Zesty.ai n.d.). In some
cases, the additional risk insight has increased the availability of coverage (see Box 5.2) and/or
reduced the cost of coverage. For example, one company offering flood insurance coverage
underwritten based on earth observation imagery and artificial intelligence analytical
techniques can reportedly offer coverage at a 25% lower cost than what is available through
the United States National Flood Insurance Program (Neptune Flood n.d.).

Earth observation imagery can play a critical role in monitoring cultivation and yields for
the extension of agricultural insurance (Mcintosh and Mansini 2018), (Rotairo et al. 2019),
(ADB 2018b), either on a stand-alone basis or in combination with field survey data to
address gaps in coverage (Guan et al. 2018). One recent study found that the use of publicly
available Google Earth imagery for measuring the size of cultivated land in the Lao People’s
Democratic Republic, the Philippines, Thailand, and Viet Nam provided sufficient accuracy
to serve as a cost-effective alternative for validating self-reported information from farmers
(Dillon and Rao 2018).

Many insurance companies are using improved access to data and big data analytical
techniques to automatically underwrite their insurance coverage. In the United States, for
example, at least three entrants to the home property (and/or contents) insurance market
use external data collection and big data analytical techniques to automatically underwrite
coverage—including for catastrophe perils—based on the address of the property and a
few additional questions on occupancy, basic construction characteristics, and belongings
(Hippo n.d.; Lemonade n.d.; Neptune Flood n.d.). Established insurance companies are also

Box 5.2: Enhancing Availability of Insurance Coverage for Wildfire Risk

In some cases, new data and analytical techniques can contribute directly to the availability of insurance coverage
for some risks. In the United States state of California, increasing losses from wildfires amid a changing climate and
continued development in the wildland-urban interface has led to significant declines in the availability of home
insurance coverage in some parts of the state. According to the California Department of Insurance (CDI), insurer-
initiated nonrenewals of homeowner insurance policies have increased significantly in recent years in communities
close to areas affected by recent wildfires (CDI 2019a)—which has led CDI to impose a 1-year moratorium on home
insurance nonrenewals by insurance companies (CDI 2019b).

In response, a number of insurance companies are developing better ways to assess wildfire risk by integrating new
data and analytical techniques. One company has developed a new model for wildfire risk that applies artificial
intelligence-based predictive analytical techniques to earth observation imagery to get a more accurate assessment
of wildfire risk at the level of individual homes (Delos Insurance n.d.). The company has partnered with a specialty
insurer to provide coverage to lower-risk policyholders that were deemed high-risk by other insurance companies
(Insurance Journal 2020). Another company has applied artificial intelligence techniques to define a set of secondary
factors (fire resistant building materials, landscaping) that could reduce the risk of fire even among houses located
in high-risk fire zones with the aim of improving the insurability of homes that have these characteristics located in
high-risk zones (Sams 2020).

Source: Authors.
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leveraging these technologies to gather relevant external data and automatically underwrite
coverage for specific market segments (Holmes 2018). In the PRC, ZhongAn has developed
a cloud-based system for underwriting property policies that can reportedly generate a
response to applicants in less than a second (Sheng et al. 2017). One service provider has
developed an underwriting platform for wildfire and wind risk for use by insurance companies
that automates building inspection by analyzing spatial imagery on proximity to vegetation,
roof geometry, and other factors using artificial intelligence and deep learning (Cape
Analytics n.d.). Another has developed an automatic underwriting platform tailored to small
value insurance coverage in developing markets (Inclusivity Solutions n.d.). One company in
Ireland has developed an automatic underwriting platform for launching insurance coverage
based on parametric triggers (see below) (Blink Parametric n.d.).

Managing exposure

Insurance companies manage their exposure to the risks that they underwrite by holding
capital and/or transferring risk to reinsurance markets. If there is significant uncertainty about
the level of covered risk (due, for example, to minimal data on hazards or vulnerability), the
amount of capital that the insurer will need to hold and the cost of reinsurance will normally
be higher (particularly to account for low frequency, high severity events)."

Asnoted above, emerging technologies and innovations can potentially improve the accuracy
of risk assessments by integrating greater amounts of data on hazard and vulnerability and
applying advanced analytical techniques to measure the level of risk, including the potential
for risk accumulation as a result of interconnectivity and pervasiveness of risk exposures.
These techniques can be applied to help quantify probable accumulation of risks in various
scenarios (such as disasters and in cases of serial aggregation) and improve the accuracy (and
reduce the uncertainty) in underwriting insurance coverage. A number of insurance services
providers have developed platforms that use big data analytical techniques to help insurance
companies integrate external data sources into the underwriting process and improve overall
pricing accuracy. These platforms can integrate external data (e.g., from earth observation
and other data sources) on construction characteristics, elevation, building perimeter,
occupancy as well as financial and business information to both supplement and verify the
information submitted through traditional insurance coverage applications (Convr n.d;
Cytora n.d.). At least one service provider has developed a platform that provides relevant
risk information for all regions and disaster and climate perils (Insurdata n.d.).

Emerging technologies and innovation also offer opportunities to make the process for
ceding risk to reinsurance companies more efficient. Distributed ledger technology is being
used to develop smart contracts between insurers and reinsurers to increase automation in
the placement of reinsurance coverage and the execution of that coverage in response to
a triggering event. B3i, a company established by insurance and reinsurance companies, is
testing this approach for property catastrophe excess of loss placements. If successful, this
approach could significantly reduce transaction costs and lead to a reduction in the cost of
reinsurance coverage for natural catastrophe losses.

' For high-risk properties, more accurate and granular assessments of risk would lead to higher premium prices and

could ultimately reduce the availability and affordability of insurance coverage. In such cases, the most cost-effective
approach is likely to make investments in risk reduction in order to support the affordability of insurance coverage.
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Insurance distribution

The cost of distributing (selling) insurance policies to households and businesses also
accounts for a significant part of the premium cost. Insurance products may be distributed
directly by insurance companies or through intermediaries such as agents or brokers (or
banks, where bancassurance models are permitted). Intermediaries are paid commissions by
the insurers or fees by the policyholders for their role in advising on and securing insurance
coverage (OECD 2020a). Commission expenses account for approximately 10%-15% of
gross written premiums in most economies in the case of property insurance (OECD 2020).”

Emerging technologies and innovation are having a significant impact on how insurance
products are distributed. An increasing share of standardized insurance coverage that does
not involve the provision of advice (e.g., motor vehicle insurance) is being distributed through
price aggregators and online price comparison platforms (OECD 2020a). For example,
in the United Kingdom, the share of motor insurance coverage distributed through price
aggregators had already reached 53% of gross written premium in 2017 (Kaesler, Lorenz, and
Schollmeier 2018) (and is likely closer to 70% currently) while home insurance distributed in
this way accounted for 26.7% of distribution in 2019 (GlobalData 2020).

Many insurance companies are also using emerging technologies and innovations to develop
new approaches to distributing their insurance coverage. For example, one company has
developed a platform that can be used by companies in other sectors to offer various forms
of insurance coverage (including property insurance coverage) to their customers. The
platform provides automated underwriting based on big data analytical techniques with the
insurance company providing coverage for the risk underwritten as well as required policy
administration services (Insurance Journal 2020, iptiQ n.d.). In Africa, some agricultural
insurance programs are attaching insurance to the purchase of seeds and are making it
simple for farmers to acquire insurance by scanning a barcode included in seed packaging
and allowing farmers to insure very small amounts (ACRE Africa n.d.).

New distribution channels for insurance coverage for catastrophe perils could contribute to
lowering transaction costs (and therefore premiums) and lead to an increase in insurance
penetration. However, there is also a risk that the gains in speed and efficiency offered by
these new distribution mechanisms might come at the cost of a reduction in the amount
of advice given to policyholders on the coverage being offered (which is normally provided
by experienced intermediaries). Ideally, emerging technologies and innovation should
also contribute to providing advice to policyholders on the coverage that they need—for
example, by using innovations such as risk visualization tools and robo-advisory to provide
policyholders with tailored information on the risks that they face.

Claims settlement

Claims submitted by policyholders (for indemnity-based insurance coverage) must be
investigated by insurance companies to determine the amount of damage, the likely cost
of repairing the damage, and the amount covered under the terms and conditions of
the insurance policy. This has traditionally involved the dispatch of a claims adjuster to

> OECD Insurance Statistics, database, https://stats.oecd.org/Index.aspx?DatasetCode=INSIND (accessed July
2020).
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inspect the extent of damage to an insured property. This process can involve significant
costs—particularly in the context of a disaster event that affects multiple policyholders
simultaneously and where there may be impediments to accessing the property due to
transport infrastructure disruption or unsafe conditions. The cost of adjusting claims can be
a significant component of the price of insurance coverage. In the United States, for example,
the cost of adjusting home insurance claims accounted for 7.1% of premiums written in 2018

(1l nd).

The increased access to data and imagery and ability to integrate and analyze this data
that has led to improvements in the speed and accuracy of impact assessments can also
contribute to improving the claims adjustment process and reducing related expenses.
These developments are particularly relevant for large-scale catastrophes where significant
claims adjustment capacity will be required to inspect damage to multiple buildings.

In the first instance, improvements in forecasting can help insurance companies position
claims adjustment resources in advance of a catastrophe to accelerate the adjustment
process and pay claims more quickly. One company is using satellite imagery and machine
learning to help insurance companies predict potential damages to property up to 4 days
in advance of a hurricane (Insurance Journal 2019). Innovations in camera technology and
image analytics are also providing claims adjustors with tools to assess damages with greater
speed and accuracy. For example, one company has developed a camera for use in claims
adjustment that scans the interior of a damaged building to provide time-stamped images
and full interior dimensions through the application of artificial intelligence techniques
(Poran 2020).

As noted, earth observation imagery provided by satellites offers sufficient resolution
to identify areas that have been impacted by a disaster and have incurred damages. The
imagery from satellites can be supplemented by aerial imagery provided by drones to provide
sufficient information to complete damage assessments for individual buildings. A number
of service providers are offering comprehensive damage information or even fully automated
loss adjustment reports to insurance companies using satellite, drone, and other imagery
(including pictures or videos submitted by policyholders) analyzed with artificial intelligence
techniques, including change detection algorithms (Kirk 2019, Zesty.ai n.d., Lemonade
n.d.,, Tractable n.d.). According to one estimate, the use of these tools could reduce loss
adjustment expenses by as much as 75% (Park 2019).

Distributed ledger technologies may offer further opportunities to automate the claims
adjustment process through the use of self-executing smart contracts (Pandey 2020). Smart
contracts use internal and external data to automatically validate whether a claim meets the
terms and conditions of coverage and execute a payment if so. Digital payment systems—
and particularly mobile payment apps—provide a means to quickly and safely disburse funds
to policyholders that incurred covered losses and therefore can support a quicker recovery.

Risk reduction

Improvements in the effectiveness of communications tools, combined with increased
access to broadband internet connections and smartphones, provide new opportunities for
insurance companies to support risk mitigation by their policyholders. For example, insurance
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companies around the world have created smartphone apps that allow their policyholders to
access information on risk reduction measures that they can take as well as to receive early
warning information in case of an imminent risk.

Emerging technologies and innovation in connected devices have the potential to enhance
the contribution of insurance to risk reduction. While still in its infancy, a number of
insurance companies have begun to encourage the use of connected devices such as water
leak detectors and smart smoke detectors among their policyholders by offering discounts
on premiums for policyholders willing to install these devices and share the generated data
with insurance companies. One company offers a package of connected devices (water
leak and freeze detector, smart battery for smoke detectors and a garage door sensor) for
insurers to provide to their policyholders to detect potential water inundation, fire and theft
(Roost Home Telematics n.d.). An increasing number of insurance companies are offering
their policyholders smart home connected device packages as a risk mitigation service
(Meagher 2019).

In addition, improvements in the ability to set premiums based on accurate assessments of risk
should support more effective risk-based pricing of insurance coverage (Where permitted).
Risk-based pricing can provide important incentives to policyholders to invest in risk reduction
to benefit from lower premiums. Figure 5.1 illustrates how these emerging technologies and
innovations can be applied to improve the affordability of insurance coverage.

Figure 5.1: Improving the Affordability of Insurance Coverage
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Source: OECD.
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Parametric insurance solutions

Emerging technology and innovation could also provide an opportunity to make greater
use of parametric insurance coverage. Parametric insurance coverage is a type of coverage
triggered by the occurrence of a disaster event that meets specific thresholds—often a
physical parameter such as water level, wind speed, precipitation amount, or earthquake
magnitude—and makes claims payouts of a fixed amount regardless of the amount of
damage incurred by the policyholder (unlike indemnity insurance which pays claims based
on the amount of damage or loss incurred by each individual policyholder). There are
numerous different approaches to establishing a trigger, including using a modelled loss
threshold (i.e., a threshold loss figure derived using a catastrophe model) or applying a trigger
that requires that both a physical parameter threshold is met and a loss has been incurred by
the policyholder.

Parametric insurance has been used to provide financial protection against a number of
different types of risks in economies around the world. It is often applied to the coverage
of agriculture risks using precipitation data generated from connected weather stations to
identify whether there has been sufficient (or excessive) rainfall for growing a given insured
crop (ACRE Africa n.d.). Parametric insurance has also been used to provide coverage for
livestock in Kenya using a trigger based on whether grazing conditions would put livestock
at risk using the color of the ground (an indicator of dryness) in imagery gathered through
satellite observation (Swiss Re n.d.). Parametric insurance is also used to provide funds for
relief and recovery expenses in the Caribbean and Central America by CCRIF, an insurance
company that provides coverage to public sector members for excess rainfall, earthquake,
and tropical cyclone events (CCRIF SPC n.d.). Various forms of parametric triggers are also
applied in risk transfer to capital markets (catastrophe bonds, industry-loss warranties, etc.).
According to one estimate, parametric written premium may be as high as $5 billion globally
and set to grow at a rate of 9% annually (Carrigan and Spies 2020).

A few parametric insurance products to protect households and businesses against
catastrophe perils have been developed:

* In the United States state of California, one insurance company is providing set
payments of $10,000 to household policyholders in zones affected by severe
shaking as defined in maps released by the United States Geological Survey after
an earthquake event and where the policyholder has confirmed that they will incur
resulting expenses (Jumpstart 2018). Parametric insurance coverage for hurricane
damage that provides payouts based solely on the strength and proximity of the
hurricane to the policyholder are available in the United States states of Florida and
Hawaii (StormPeace n.d., First Insurance Company of Hawaii n.d.). Swiss Re has
designed a parametric product for businesses to cover hail damage in the United
States that scales payouts based on the size of the hail stones (Insurance Journal
2020). The school board in the United States state of Louisiana has acquired a
parametric insurance coverage that pays out up to $1.25 million if a named storm
produces winds of 80 miles per hour for at least 1 minute (Alexander, Grenier, and
Brooks 2020).
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* A reinsurer and primary insurer have collaborated on the development of a
parametric insurance product distributed and settled through a mobile app that will
provide protection against typhoons in typhoon-prone regions of southeast PRC
(Reinsurance News 2017).

* Inthe United Kingdom, one company is offering parametric insurance coverage for
businesses against flood risk that is triggered at an agreed water level threshold as
reported by a connected sensor that is installed at the insured property (FloodFlash
n.d.).

The main advantage of parametric insurance is its simplicity as the coverage can be
underwritten based solely on the probability of an event that meets the thresholds for
payout occurring at a given location and claims payments are made solely on the basis of the
occurrence of the triggering event. As a result, underwriting and claims adjustment expenses
should be much lower than in the case of indemnity insurance and payouts should be made
much more quickly allowing households and businesses to recover much faster. Parametric
insurance also reduces the potential for moral hazard in indemnity insurance coverage as
policyholders that invest in risk mitigation and therefore suffer lower levels of damage will
still receive the same payout under a parametric insurance policy. The main disadvantage
of parametric insurance is basis risk; i.e,, the risk that the coverage is triggered when no loss
is incurred or that the policy is not triggered when a loss has occurred (for example, if the
specific threshold has not been met).

The increasing availability of data on hazards, exposure, and vulnerability and the improved
ability to analyze this data using big data analytical techniques can provide a basis for
developing parametric insurance coverage for more types of risks and with greater accuracy
and therefore less potential for basis risk. Earth observation data and connected devices
provide more data on the physical parameters of disasters that can be used as triggers in the
design of parametric insurance coverage. Big data analytical techniques can be applied to
achieve greater accuracy in risk assessment to increase the probability that payouts are made
when damages or losses are actually incurred. Emerging technologies such as distributed
ledger technology can be applied to automate the process of validating triggers and executing
payments (Istuk, Ardic, and Allen 2020).

Managing public finance response to disaster risks

Major disasters can have important implications for public finances as governments will need
to manage the costs of relief and recovery and reconstruction of publicly owned buildings
and infrastructure. Where the level of insurance protection for damages and losses incurred
by households and businesses is low, governments are also likely to be called upon to provide
financial support to those affected.

These costs can be significant. A study by the OECD and World Bank presented to APEC
finance ministers in 2018 estimated that annual post disaster expenditure by governments
averaged approximately $340 million in Mexico, $506 million in Australia, and $23.6 billion
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in Japan (OECD/World Bank 2020)." The challenge for governments is to develop efficient
strategies for funding these recurring costs to ensure that funds can be accessed to respond
to disaster events when needed and without jeopardizing other important government
spending priorities or financial or fiscal stability.

Governments use a number of strategies for funding disaster costs, including dedicated
reserve funds, contingent financing, borrowing and risk transfer to insurance markets (OECD/
World Bank 2020). These different funding approaches have different implications in terms
of opportunity cost, timely access to funds, and cost of funding. Uncertainty about the level
of risk can lead to suboptimal funding strategies and ultimately increase the overall cost of
disasters in both financial and social terms. For example, a government that underestimates
the level of disaster and climate risk (and the impact on public finances) might not have the
resources available to respond quickly to a disaster event which could lead to higher costs of
recovery and reconstruction and longer disruptions to livelihood:s.

The contribution of emerging technologies and innovation to more accurately assessing
risk can equally support improved management of the public financial impacts of disaster
and climate risks by providing governments with the information they need to better
assess potential fiscal exposures (as well as for assessing the most cost-effective approach
to reducing disaster risk). An improved understanding of risk can also support the use of
risk transfer mechanisms by providing governments with the information that insurance,
reinsurance, and capital markets require to assume public finance risk. Programs established
to transfer public sector risk to insurance markets in Mexico (FONDEN reinsurance coverage
and catastrophe bond), the Alianza del Pacifico economies (Chile, Colombia, Mexico, and
Peru catastrophe bonds), the Philippines (catastrophe bond), the Caribbean and Central
America (CCRIF insurance coverage) and Pacific island countries (PCRAFI insurance
coverage) have all developed extensive assessments of risk to underpin the acquisition of (re)
insurance coverage and/or the issuance of catastrophe bonds. The Southeast Asia Disaster
Risk Insurance Facility, which aims to provide financial protection to the governments of
Cambodia, the Lao People’s Democratic Republic, and Myanmar and through a risk transfer
program, is directly integrating earth observation imagery and big data analytical techniques
into modelling and underwriting flood risk coverage (CIMA Foundation n.d.).

The contribution of emerging technologies and innovation to providing more rapid and
comprehensive damage assessments can also be leveraged to help governments better
allocate funds to areas of need. Increased forecasting capacity could allow governments to
provide funding in advance of a disaster event to support preparedness by local governments
and/or households in communities in danger. A number of humanitarian organizations are
using forecast-based financing to reduce the impact of disasters on vulnerable households.
One study examined the impact of a forecast-based cash transfer made to vulnerable
households in Bangladesh in advance of 2017 flooding and found that those that received
the cash transfer had improved access to food, accumulated less (high-interest) debt, and
suffered from lower levels of stress during and after the flood period than those that did not
receive the advance funding (Gros et al. 2019).

6 The study provides estimates of annual spending by governments on disaster risk management (ex-ante and ex-post)
as well as the share that is spent pre- and post-disaster. The estimates above were derived by calculating the ex-post
share of reported annual expenditures.
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Challenges and Recommendations

The emerging data collection, data processing, and data transmission technologies and
innovations described in the preceding sections can be applied across APEC economies:

Earth observation imagery from satellites and commercial and open-source street-
level imagery maps are widely available and increasingly accessible while the cost of
drone technology has declined significantly in recent years.

The cost of installing connected cameras and sensors to measure water levels,
temperature, is declining.

High and increasing levels of internet, social network, and smartphone usage across
most APEC economies create large volumes of volunteered geographic information,
additional street-level imagery, and smartphone sensor data that can potentially be
harnessed to complement other sources of data.

The widespread use of the internet and smartphone applications across APEC
economies allows effective use of these technologies for transmitting information
and providing financial support and claims payments through mobile apps.

The processing capacity and analytical tools available through cloud computing
platforms are generally available.

However, as discussed below, there are challenges to the effective implementation of some
emerging technologies and innovations:

Resilient communications infrastructure: Many emerging technologies rely on
fast and reliable access to the internet which may be constrained if broadband and/
or cellular networks are less developed.

Technical skills: Big data analytical techniques require high levels of expertise
that may not always be sufficiently available in all APEC economies (high-income
economies also usually face a shortage of individuals with these skills, relative to the
level of demand). In addition, many of these techniques require significant amounts
of quality data as inputs for analysis which may not be available across all APEC
economies.

Access to data and analytical technologies: The cost to achieve broad image and
data coverage through earth observation and connected cameras or sensors can
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still be significant in economies with large landmasses and/or dispersed populations.
In many APEC economies, there are some regulatory impediments to the use of
drones which may impede their use for risk and damage assessments (including
for underwriting insurance and settling claims). Privacy protection regulation—
including, where applicable, data localization requirements—could impede the use
of data processing and analytical platforms depending on the types of data needed
to be processed.

* Insuranceregulatory constraints: The use of emerging technologies and innovation
in insurance underwriting, exposure management, distribution, and claims
settlement may be somewhat constrained by insurance regulatory requirements in
many APEC economies—which might also impede the development of parametric
insurance solutions.

* User awareness, acceptance and trust: The benefits of applying emerging
technologies and innovations will only be leveraged if there is broad awareness of
the benefits of technology applications and acceptance and trust in the outcomes
generated through the use of these technologies.

The existence of significant synergies across emerging technologies and innovations calls for
a strategic approach to integrating these tools into disaster risk management and financing.
For example, the benefits of building significant capacity in developing big data analytics
skills will only be realized if the infrastructure to collect the necessary data for use in these
techniques is also established.

Building an enabling environment for the application
of emerging technologies and innovations

Investing in resilient communications infrastructure

Reliable broadband and cellular communications networks that provide universal access,
including in remote areas, are critical to the application of most of the emerging technologies
and innovations described in this report. Widespread internet connectivity and higher
smartphone penetration will increase the utility of applying these technologies:

* The coverage of crowdsourced street-level imagery and volunteered geographic
information will be lower in areas with unreliable access to internet and cellular
networks or limited smartphone penetration, potentially creating a bias in coverage
that favors more developed regions—which could impact the accuracy of big
data analytical techniques. It would also limit the value of these data sources for
emergency response in regions with limited connectivity.

*  The value of cloud computing processing and analytical functions could not be
leveraged in areas without a reliable internet connection.
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*  Forecasting capacities based on connected devices and smartphone sensors will
be limited in regions with unreliable internet connections, impeding the ability to
provide early warning and support preparedness. Early warning communication
and insurance distribution would have to be based on other (less efficient)
communication methods.

As noted above, access and usage of the internet and smartphonesis increasing across APEC,
although some regions still have limited connectivity and low smartphone penetration. There
are also important gaps in women’s access to information and communication technology
relative to men—which has been identified as a potential reason for higher disaster mortality
levels among women (Wadland 2020). For example, in Asia and the Pacific, approximately
54% of the male population used the internet relative to only 41% of the female population.

Increased investment in communications infrastructure, with a particular focus on
underserved regions, would greatly enhance the ability to leverage the benefits of emerging
technologies and innovation for the management of disaster and climate risks.

Developing technical skills

Many of the emerging technologies and innovations described in this report, particularly
those related to data processing and analytics, require a high level of technical skills that may
not be sufficiently available in all APEC economies (including both the technology-related
skills to develop and implement emerging technologies as well as the financial analysis
skills needed to apply the outputs to financial management decisions). A lack of necessary
technical skills could, in particular, limit:

*  Processing and analysis of large volumes of imagery and crowdsourced volunteered
geographic information.

* Integration of hazard, exposure, vulnerability and damage data from different
sources.

*  Development of algorithms for the analysis of risk and damage, forecasting and to
support decisions on risk reduction, emergency response, insurance underwriting,
and claims settlement.

These technical skills can be developed over time through integration of relevant content
into school and university curriculums. In the short-term, APEC economies can encourage
the development of these skills locally through various forms of knowledge transfer, such as:

* Training programs offered by data providers, such as those offered by the
European Space Agency and the United States National Aeronautics and Space
Administration on the use of earth observation for managing disaster and climate
risks. The European Space Agency provides training to government officials and
scientists on the use of earth observation imagery for disaster risk management
(among other applications) (ESA n.d.). For example, in February 2020, the Asian
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Development Bank sponsored a capacity building workshop in Indonesia on how to
use the European Space Agency’s cloud-based Geohazards Exploitation Platform
to monitor the progress of post-earthquake reconstruction in Sulawesi (ESA 2020).
The National Aeronautics and Space Administration offers an Applied Remote
Sensing Training program to educate disaster risk managers, among others, on
potential applications of earth observation imagery (NASA 2019).

* Partnerships and exchanges between disaster risk management agencies and
research centers (domestic or international) to access technical expertise and foster
longer-term collaboration. For example, the Integrated Research on Disaster Risk’s
Knowledge Action Network on Emergent Risks and Extreme Events could provide
a source of information exchange and expertise for officials with responsibility for
disaster risk management.

*  Partnerships, exchanges and/or technology agreements between disaster risk
management agencies and the (re)insurance sector (including local branches or
subsidiaries of international [re]insurance companies) to explore the potential
application of technologies and innovations used in insurance underwriting and
claims settlement to disaster risk and impact assessment.

Market access for foreign insurance and reinsurance companies could also support the
transfer of emerging technologies and innovations. Globally active insurance companies that
establish branches or subsidiaries (including joint-ventures) in foreign markets can introduce
new technologies and innovations to the local market. Similarly, the reinsurance companies
that have access to technologies and innovations implemented around the world will often
collaborate with local insurers on product innovations where that collaboration will lead to
risk sharing arrangements between the local insurer and reinsurer. Regulations that restrict
foreign ownership of insurance companies or the transfer of risk to cross-border reinsurers
could inhibit the transfer of technology and innovation (OECD 2020).

Improving access to data and analytical technologies

The integration of emerging technology and innovation depends on the ability of government
agencies and (re)insurance companies to access sufficient input data and the processing
and analytical tools necessary to implement big data analytical techniques.

Data processing and analytical technologies may require significant amounts of data to
leverage the benefits of improved analysis. For example, artificial intelligence techniques
require large amounts of data to train the algorithms to identify the correlations that are
relevant to assessing hazard, exposure, vulnerability and impacts. Ensuring access to data is
therefore critical for leveraging the benefits of these technologies.

In many economies, the volume of historical data that can be used to train algorithms on
the impacts of past events may be limited. Damage assessments from past disaster events
may not be comprehensive (or may not have been completed at all). Data from connected
devices or volunteered geographic information from social networks may only be available
with broad coverage for more recent years. The use of drones to capture aerial imagery may
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be limited by air traffic regulations. In some economies, commercial operators of drones are
allowed, although with restrictions (such as line of sight or daytime only operation) and may
require authorization for each operation which would limit their utility in disaster impact
assessment (Park 2019, Property Drone Consortium 2018, Measure and American Red Cross
2015). In other economies, commercial drone use is not permitted (Insurance Development
Forum 2019).

Data access might also be restricted by government regulation or commercial copyright.
In particular, privacy protection regulations may restrict the sharing of data to specific
purposes—which may not include purposes related to assessing disaster and climate risks.
There may also be barriers to sharing some forms of data with foreign entities as a result of
data localization requirements which could restrict the ability of disaster risk management
agencies and/or (re)insurance companies to leverage technologies and innovations available
from foreign providers.

Access to data processing and analytical technologies developed by commercial entities
may be impeded by licensing costs. While licensing fees and patent protections are critical
to incentivizing innovation by private sector entities, there are examples in other sectors of
mechanisms that balance the need for innovation incentives with the public good value of
the innovation. For example, The Vaccine Alliance incentivizes the development of vaccines
as well as innovations in vaccine supply chains and delivery by making long-term purchasing
commitments that encourage manufactures to produce vaccines and invest in innovation
(Gavin.d.).

Governments can invest in data collection infrastructure to improve the availability of data
—while ensuring that the basic building blocks of national data collection systems such as
national statistical offices and geospatial agencies are supported (OECD 2017b). Initiatives
that encourage collaboration between national statistical offices and geospatial agencies
could more efficiently address data needs.

Governments can also provide access to core data in their possession, such as earth
observation imagery or data from government-owned connected devices and promote open
access to relevant data collected by other parties in a way that maintains privacy protection
(e.g., through the use of data anonymization techniques). Specific regulations could also be
developed to allow the safe use of drones.

International organizations and bilateral development assistance providers can support
access to data processing and analytical technologies for the purpose of improving disaster
risk management. This could include the funding of technology transfers and licensing
fees as well as the development of open-source frameworks. For example, a number of
development assistance providers have supported the development of catastrophe models
in lower income economies, both commercially developed models as well as open-source
models such as the Oasis Loss Management Framework. One of the major initiatives of
the Insurance Development Forum is to make insurance sector modelling capacity more
widely available.
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Adapting insurance regulatory frameworks

The regulatory framework for insurance companies has an important impact on the ability
of insurers to integrate emerging technologies and innovations into underwriting, exposure
management, distribution, claims settlement and new product development. Insurance
supervisors are primarily concerned with ensuring that insurance companies are financially
sound and able to meet their obligations to policyholders (prudential supervision) and that
policyholders are adequately protected against unfair practices by insurance companies
or intermediaries (market conduct supervision). In some cases, the implementation of
these objectives may unnecessarily constrain the adoption of innovative approaches by
supervised insurers:

* Insurance supervisors will often oversee the premium pricing practices of insurers.
In some economies, this involves (in the case of property insurance coverage)
specific requirements for establishing premiums, often based on a categorization
of buildings based on construction type, occupancy and/or hazard zone. In other
economies, insurers might be free to establish premium prices although subject to
approval or review by the supervisor. While these practices aim to achieve important
prudential (solvency) and market conduct (unfair pricing) objectives, they may
in some cases limit the ability of insurance companies to implement some of the
innovative approaches to underwriting described above. For example, supervisors
may be reluctant to accept innovative pricing strategies based on big data analytical
techniques which may be difficult to understand (and therefore approve).

* In some economies (and for some types of insurance), insurers or intermediaries
may need to implement specific requirements when distributing insurance
products, such as face-to-face sales, or paper documentation requirements which
could impede the ability of insurance companies and intermediaries to distribute
insurance products through the internet or smartphone apps.

*  Some insurance supervisors require insurance companies to directly undertake core
insurance functions such as underwriting or claims settlement which could impede
their ability to leverage technologies and innovations available through outsourced
service providers.

* In many APEC economies, regulation may impede the ability of insurance
companies to offer insurance coverage that makes payment based on any factor
other than the amount of losses incurred by the policyholder (i.e., on an indemnity
basis) (Insurance Development Forum 2019). For example, most United States
state insurance laws reportedly require the indemnity principle which means that
insurers offering parametric insurance coverage would face legal compliance risks
(Sidhu 2020). Some jurisdictions might also define parametric insurance coverage
as a derivative rather than an insurance product which leads to different regulatory
requirements, including in some cases restrictions on sales to only qualified investors
(Insurance Development Forum 2019).
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Harnessing the benefits of technological developments and innovations in insurance
underwriting, exposure management, distribution and claims settlement will require
insurance regulators and supervisors to adapt existing regulatory and supervisory frameworks
to allow the implementation of new approaches while continuing to ensure that policyholders
are sufficiently protected from insurer insolvencies and unfair practices (Box 6.1). In many
economies, potential adaptations to the regulatory framework are being examined. In
Thailand, the Office of the Insurance Commissioner is reportedly considering the issuance of
digital insurance licenses to insurers that wish to distribute insurance products only through
digital means (Viriyabusaya 2020).

Some economies have established regulatory sandboxes or innovation hubs that allow
insurance companies or intermediaries to test new approaches that might diverge from
regulatory or supervisory requirements to assess the potential implications for policyholders.
For example, the Monetary Authority of Singapore has established a FinTech Regulatory
Sandbox (for all types of financial services) that allows approved applicants to benefit from
therelaxation of somelegal and regulatory requirements to test new products and innovations
within a defined space and duration. Applicants are evaluated against a set of criteria aimed
at ensuring that the service to be provided involves a new or emerging technology (or
innovative use of an existing technology) and will bring benefits to customers and that risks
are well-managed and exit plans in place (MAS 2016). The Insurance Authority of Hong
Kong, China has established an Insuretech Sandbox with similar conditions and evaluation
criteria (Insurance Authority n.d.). Insurance supervisors in Indonesia and Thailand have also
established regulatory sandboxes that allow insurance companies to test new innovations
(Meurling 2018; Kietduriyakul, Phongsathaporn, and Triwiboonvanit 2017). The Australian
Securities and Investments Commission allows fintech companies providing certain services
(including distribution of nonlife insurance to households) a 1-year exemption from financial
services licensing requirements while they test their products (ASIC n.d.).

A few economies are taking steps to allow coverage on a parametric basis. For example,
in the United Kingdom, parametric insurance solutions are eligible to be included in the
Financial Conduct Authority’s regulatory sandbox (Clyde & Co 2018). In the PRC, parametric
insurance products can reportedly be offered, although approval is required on a case-by-
case basis (Clyde & Co 2018).

Governments and insurance supervisors should also monitor the impact of improved risk
assessment on the availability and affordability of insurance for vulnerable populations as
a more granular understanding of risk could lead to unaffordable premiums for those at
high-risk.
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Box 6.1: Addressing Prudential and Market Conduct Risks
in the Application of Emerging Technologies

The use of big data analytical techniques can pose particular challenges from both a prudential and market conduct
perspective. The value of artificial intelligence techniques, for example, is that they can identify correlations and
trends not easily identified by manual processes. If there is an error in the design of the algorithms or if the identified
correlations are spurious, the outputs of analyses using artificial intelligence could be wrong. If underwriting or exposure
management decisions are being made based on those outputs, prudential risks could arise.? Similar concerns exist for
market conduct supervision. Mis-calibrated algorithms could lead to unfair pricing for some policyholders and could
make it difficult to explain the reasons for pricing decisions to consumers if the algorithms are not well understood
(although high premiums derived using artificial intelligence will likely be difficult to explain even where algorithms
are properly calibrated). Artificial intelligence techniques could also potentially lead to higher prices for policyholders
with characteristics that, for public policy reasons, are not allowed to be considered in pricing decisions. For example,
an algorithm could potentially lead to consistently higher pricing for individuals of a certain race, religion or gender—
even if information on those attributes is specifically excluded from the dataset—based on its analysis of another
characteristic (i.e., proxy discrimination) (Foggan and Tsai 2020). These risks are also relevant for the use of artificial
intelligence in other areas of disaster risk management and emergency response.

Many economies are examining policy options for ensuring that artificial intelligence techniques are implemented in
a way that is fair, nondiscriminatory, transparent and builds public trust.® OECD members adopted a set of principles
on artificial intelligence in May 2019 aimed at promoting artificial intelligence that is “innovative and trustworthy
and that respects human rights and democratic values” (OECD 2019b). In June 2019, the G20 adopted Principles for
Responsible Stewardship of Trustworthy Al that draw from the OECD principles (G20 2019). Insurance supervisors in
many jurisdictions are also developing approaches to ensuring that the use of artificial intelligence by insurers leads to
appropriate outcomes. The European Insurance and Occupational Pensions Authority has established a Consultative
Expert Group on Digital Ethics in Insurance to assist in the development of digital responsibility principles in insurance
(EIOPA 2019). The United States National Association of Insurance Commissioners’ Artificial Intelligence Working
Group approved a set of principles to avoid proxy discrimination in the use of artificial intelligence techniques (Gandhi,
Kosnoff, and Powell 2020).

2 Asimilar challenge exists for decisions based on complex catastrophe models. As a result, many insurance supervisors have
implemented a review process for the use of these models by supervised insurers.

For example, the United States Office of Management and Budget has released guidance to federal agencies aimed at informing the
development of regulatory and nonregulatory approaches for technologies and sectors that are empowered or enabled by artificial
intelligence (Office of Management and Budget 2020). The European Commission published a white paper that outlines policy options
for achieving a regulatory approach to artificial intelligence that promotes investment in the technology while addressing the risks such
as the potential for discrimination and privacy intrusion (European Commission 2020).

Source: Authors.

Building user awareness and trust

The use of emerging technologies and innovations in informing decisions by households,
businesses, and local disaster and emergency management officials will only be effective
if there is acceptance and trust in the outputs derived from the application of these
technologies:

*  The benefits of emerging technologies and innovations for improving decisions
on spatial planning, risk reduction investment or emergency response will only be
realized if the local officials making those decisions have trust in the conclusions
derived through the application of these technologies.
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*  Early warning communications based on the application of emerging technologies
and innovation to forecasting will only be adhered to if there is trust in the
community regarding the accuracy of those forecasts and the assessment of danger
to individuals and businesses that the forecasts provide.

* The financial protection offered by indemnity or parametric insurance products
underwritten using emerging technologies and innovation and distributed through
digital means will only be acquired by individuals and business if there is acceptance
of the benefits of that protection, including the capacity of insurers to meet their
obligations to policyholders in the event of a disaster.

Building acceptance and trust requires investment by governments and the (re)insurance
sector in public information and educational campaigns as well as in developing financial
and digital literacy (Box 6.2). In the case of insurance, there may also be a need to build
confidence in the capacity of governments and insurance supervisors to oversee the solvency
and financial capacity of insurance companies.

Increased public acceptance of some types of emerging technologies and innovations is
also critical to building the datasets necessary for applying these technologies. For example,
higher levels of trust (including in privacy protection) could increase the willingness of
individuals to provide volunteered geographic information through social networks or even
through smartphone apps developed for this purpose. Experience in some economies has
demonstrated that it can be difficult to build up a large user base. For example, a study on the
usage of disaster risk management smartphone apps in India (which is a thriving market for
smartphone apps) found that locally developed apps averaged only 1,119 (out of an estimated
300 million smartphone users) (Ghosh 2020).

Box 6.2: Encouraging Technology Adoption

The adoption of new technologies may require specific encouragement by governments through appropriate
governance arrangements and incentives. Governance arrangements within disaster management agencies may
discourage risk-taking and/or innovation. A lack of funding for pilot projects to test new approaches using emerging
technologies or innovations may impede innovation.

To encourage innovation across disaster risk management policies and activities, innovation could be made a
distinct goal. A “Chief Technology Officer” role could be created within disaster risk management agencies with the
aim of supporting the adoption of emerging technologies and innovations. The Chief Technology Officer could be
supported by an advisory board composed of scientists and academics. As outlined in the 2019 APEC Economic
Policy Report, governments can play an important role in encouraging technology adoption by integrating innovation
into government operations (APEC 2019).

Funding could be allocated to pilot projects that apply emerging technologies and innovation to key disaster risk
management challenges. One approach could be to implement “challenge funds” or competitions open to public,
private, and academic sector innovators. For example, in Rio de Janeiro (Brazil), the municipal government has
organized a “hackathon” aimed at identifying innovative solution to addressing the city’s flood risk challenges
(Moloney 2019).

Source: Authors.
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Opportunities for international cooperation

There are significant opportunities for APEC economies to learn from each other’s experience
in integrating emerging technologies and innovations into disaster risk management and
financing, including through

* the development of networks and mechanisms to transfer technical skills and
knowledge between APEC economies;

* regional cooperation on the development of analytical techniques for risk and
impact assessment, including catastrophe models and other types of risk and
impact analysis tools;

*  sharing of experience on the development of regulatory frameworks that support
the availability of data for assessing disaster and climate risks and disaster impacts,
including regulatory frameworks related to the commercial use of drones and
privacy protection regulation;

*  sharing of experience on adapting insurance regulatory frameworks to allow for the
integration of emerging technologies and innovation into insurance underwriting,
exposure management, distribution and claims settlement, as well as for the
authorization of non-indemnity (parametric) insurance coverage while providing
sufficient levels of consumer protection; and

* recognition of innovative insurance products where tested under insurance
regulatory frameworks in other APEC economies.

In some of these areas, international or regional cooperation initiatives have been established
and can be further leveraged to support the integration of emerging technologies and
innovation into disaster risk management and financing. For example, the Global Financial
Innovation Network, a network of financial sector regulators, recently agreed to pilot a cross-
border sandbox that would allow fintech companies to test their innovations in multiple
jurisdictions simultaneously (GFIN 2020). Some of the jurisdictions that have established
regulatory sandboxes have also established bilateral cooperation agreements that allow
them to make referrals on innovative businesses seeking to enter each other’s markets
(OECD 2017¢). A number of APEC economies are participating in a voluntary mechanism
that allows certified companies to transfer personal information across borders, which

could facilitate the use of data analysis and processing capacity available in other member
economies (APEC 2019).
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Leveraging Technology and Innovation for Disaster Risk Management and Financing

Emerging technologies and innovations are contributing to a more comprehensive, accurate, and

timely assessment of disaster risk and impacts—and therefore to more effective spatial planning, risk
reduction investment and preparedness, and, in most cases, more inclusive risk transfer arrangements.
This report proposes strategic approaches to leveraging and integrating these technologies and
innovations into effective disaster risk management and financing. It aims to support preparedness and
response to increasing disaster and climate risks and to help enhance the financial resilience of economies
around the world.
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