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Abstract

This study presents the contribution of location
intelligence to property damage risk evaluation in the
insurance industry through a decision support system
prototype. We followed a standard design science
research methodology for the design and development
of the prototype and its evaluation by 11 industry
experts. The results indicate that underwriters, the
intended primary users of the prototype, had a positive
perception of the prototype, while actuaries and
managers expressed concerns about data and process
integration to existing practices. Overall, the
prototype highlights the potential of geospatial data,
emphasizes the need for standardized risk evaluation
processes for underwriters, and underscores the
competitive advantage gained through access to
quality geospatial data. These findings contribute to
the understanding of how location intelligence can
enhance risk assessment in the insurance industry.

Keywords: Location Intelligence, Damage Insurance
Underwriting, Climate Change, Design Science
Research

1. Introduction

Climate change presents a formidable challenge
to damage insurers (Collier, Elliott & Lehtonen, 2021;
Dlugolecki, 2008, Kraehnert et al., 2021). Practical
experience reveals growing uncertainty in the
decision-making process of the property insurance
sector. Causes for this uncertainty include heightened
risk of flood and forest fire occurrences and increased
property damage from hurricanes and storms, molds,
water and more generally from extreme weather
conditions. Increasingly frequent extreme weather
events result in significant financial implications due
to property damages (Insurance Institute, 2020; Kron,
Léw & Kundzewicz, 2019). In response, insurance
companies must review and update their risk
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evaluation practices (Doktycz & Abkowitz, 2019).
Some have embraced new analytical techniques and
technologies such as scenario-based simulations, Big
Data, Internet of Things (loT) and Aurtificial
Intelligence (Al) based models (Cortis et al., 2019;
Fang, Jiang & Song, 2016; King, Timms & Rubin,
2021). These models exhibit commendable
performance when provided with comprehensive
historical data, under the assumption that the risk
undertaken can be reasonably predicted based on a
series of variables including the policyholder
sociodemographic characteristics, the probability of a
damage occurring and past claim history (King,
Timms & Rubin, 2021). However, the erratic
meteorological events have undermined the validity of
these assumptions, especially at the tail end of
statistical distributions and for boundary cases,
requiring the exploration of innovative underwriting
strategies within the industry.

Location Intelligence can be defined as a
specialized field within business intelligence that
focuses on leveraging geospatial data to gain insights
and make informed decisions. Location intelligence
has had wide-ranging potential applications from
natural hazard modelling (Li & Mostafavi, 2022) to
finance, insurance, and real estate (FIRE) (Rice &
Hernandez, 2016) However, geospatial data is
historically sparsely used by insurers due to a lack of
mutual  understanding  between the location
intelligence and insurance community (de Leeuw et
al, 2014). Moreover, getting authoritative
geographical coverage may prove to be a challenge
(Minano et al. 2021). The complexity of designing
insurance coverage is best exemplified by flood risk
modelling, one of the most commonly occurring and
important economic hazards (Canada’s Task Force on
Flood Insurance and Relocation, 2022; Netusil et al.
2021; Wing et al., 2020, Thistlethwaite, 2016).
Nonetheless, geospatial data provides valuable spatial
context that enables professionals to assess risks more
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accurately and make informed and traceable decisions
(Co-operators, 2023). In this regard, systems
leveraging geospatial data offer enormous potential to
improve real estate risk management in the insurance
industry. Applications include spatial analysis of loss
probabilities, catastrophe modeling, risk assessment
and underwriting, claims management and fraud
detection, loss prevention and mitigation, regulatory
compliance, or the integration of multisource and real-
time data.

The use of Geographic Information Systems
(GIS) in the insurance sector, particularly in light of
climate change (Krijgsman, 2021), comes with its own
set of limitations and challenges (Hawchar et al. 2020)
with data availability and quality at the forefront.
Nonetheless, the use of geospatial data may provide
useful insights to human underwriters that deal with
new insurance policies or renewals where automated
classification models or sophisticated GIS analysis
exhibit poor performance because of climate change.

By reintroducing humans into the decision
process, this study seeks to support the nuanced
judgments required for tail-end risk evaluation and to
ensure decision traceability for future model
performance enhancement. By managing exceptions
to automated decision models via a human-centered
data-supported process, we seek to foster knowledge

creation, to identify new avenues for improving risk
modeling, and to reduce the overall risk exposure of
insurers, all while upholding their mandate to protect
the population. A decision support prototype was
designed to elicit the benefits and limitations of
location intelligence used by human underwriters on
property damage risk assessment as a complement to
traditional actuarial model-based risk practices.

2. Prototype Design

This study aimed to enhance the decision-making
process of insurance underwriters by incorporating
actionable location intelligence into conventional
industry risk reporting, a topic known for both its
financial potential and procedural complexity (de
Leeuw et al., 2014; Wing et al., 2020). For this
purpose, a low-fidelity decision support prototype was
developed using the Design Science Research (DSR)
methodology outlined by Peffers et al. (2007)
(Figure 1). The design process began at the objective
definition stage (A) with the overarching goal of
reducing risk and uncertainty while improving
transparency of human decision-making in
challenging scenarios where computational models
falter.
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Figure 1: Design Science Research methodology (Peffers et al., 2007) for this study (stages marked A to D)
with an objective-centered solution as an entry point to the design process

Drawing from one of the researchers' 15-year
experience as an insurance business owner, the
problem's scope was narrowed to property damage
insurance underwriting amid extreme weather events
and significant uncertainty. The researcher's expertise
is required during the design phase to combine
theoretical and practical considerations through
contextual knowledge (Renard and Cloutier, 2018).
This mirrored important challenges within the industry

(McKinsey & Cie., 2023; NPR, 2023), as exemplified
by significant research and innovation initiatives
(NOAA, 2023; University of Waterloo, 2023) and the
importance of flood damage mitigation by households
(Poussin, Botzen & Aerts, 2014; Welsch, Winden &
Zimmer, 2022). This scope provided an appropriate
level of complexity for the investigation, while
ensuring that the results remain accessible to a broad
audience given the widespread use and understanding
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of property damage insurance including domaine
specitalists.

Before initiating the design phase, a review of
existing location-aware decision support tools
dedicated to the property insurance industry was
undertaken within the scientific literature. Although
initiatives involving flood maps were identified
(NRCAN, 2003; ESRI, 2023), no commercial or
academic solution integrating specifically insurance
underwriting with location intelligence were found.

Two iterations of the design (B) and
demonstration (C) phases of the DSR methodology
were conducted with multiple minor improvement
cycles. The initial design established a preliminary
decision dashboard that supplemented traditional risk
indices with geospatial data presented in a visual
format that supported the underwriter’s mental
decision process. The dashboard displayed the
property under assessment, color-coded indices to

communicate corresponding risk levels, alongside a
map illustrating its surroundings. The initial prototype
was showcased to a domain expert boasting more than
20 years of experience in the insurance industry. The
feedback provided laid the groundwork for a new
iteration.

The second version of the dashboard included
calculation specifics for each selected risk and ensured
the accessibility of displayed geospatial data from a
range of available governmental or commercial
sources. Minor revisions during both iterations
included changes in the dashboard layout and colors,
in its navigation system and in visual representation of
the risk indices to improve legibility. Each revision
underwent an assessment based on data visualization
best practices (Few, 2006) and in line with the typical
expectations of users as communicated by the expert.
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Figure 2: Main property assessment view of the prototype showing the property,
standard risk indicators, flood risk of the area, and local insurers coverage indicators

The ultimate version of the prototype consists of
three screens: the main property assessment view
(Figure 2), the geospatial analysis view (Figure 3) and
the drill-down data analysis view (Figure 4). All views
shared a common basic layout comprised of the

system name, a search bar to query for a specific
property and a menu button to ease the interface
navigation from one functionality to another.
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Figure 3: Geospatial data analysis view of the prototype showing different geospatial layers
available to underwriters during risk evaluation for a case where automated models were inconclusive

The main property assessment view comprises a
set of standard property risk indicators (left-hand
side), an image of the property under evaluation (upper
center), a map of its surroundings (lower center) and
three macro indicators pertaining to the general
situation of the insurance company in the area (right-
hand side). The risk indicators are color-coded to
indicate low, medium, and high-risk levels to indicate
standard model-based risk assessment calculations.
The map displays multiple layers depicting distinct
characteristics of the property and its surrounding area
including the property location, insured properties in
the vicinity, the flood plain data, and other elements of
interests like bars, fire stations, and schools. Macro
indicators include the insurer’s current loss ratio, the
underwriting capability of the insurer, and a global
index for the specific property. The prototype was
made available in French, the province of Québec
(Canada) official language.

Both the geospatial analysis view and the drill-
down data analysis (Figure 4) view were designhed
with simple mouse click interactions, ensuring better
usability by non-technical insurance underwriters.

A 20-minute video sequence was produced to
illustrate a step-by-step intended use of the prototype
by a human underwriter in three distinct risk

assessment scenarios. This approach is consistent with
the descriptive scenario evaluation method (Hevner et
al., 2004). Each scenario described the analysis of a
distinct risk, as detailed in Table 1. The demonstration
video was used to ensure a uniform experience to all
evaluators and alleviate the effect of remote
experimentation during a COVID-19 lockdown
episode.

Table 1: Underwriting scenarios
Scenario Description

Flooding Risk assessment of a property with
(new policy) | predominantly low-risk indicators,
except for a high risk of flooding.
Proximity Risk assessment of a property with
(policy predominantly low-risk indicators,
renewal) except for a high risk of fire, theft,
and vandalism.
Location Risk assessment of a property with
(policy predominantly low-risk indicators,
renewal) except for the specific location
presenting mature trees exposed to
wind.
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Figure 4: Drill-down data analysis view of the prototype showing data sub-elements
(the red arrows were used as callouts in the presentation video)

3. Prototype Evaluation

A formal assessment of the prototype,
corresponding to the evaluation stage (D) of DSR, was
conducted to appraise the perceived enhancement
brought by geospatial data to the decision-making
process of underwriters.

The Technology Acceptance Model (TAM)
(Davis, 1989) provided a suitable framework for
capturing and analyzing the perceptions of experts on
the prototype in the context of this study. The model
defines perceived usefulness (PU) and perceived ease-
of-use (PEOU) as key factors influencing the intention
to use a new technology. Although the TAM is
established as a behavioral theory, it also provides
measures through which an information system or an
implementation process can be evaluated (Pries-Heje,
Baskerville & Venable, 2008).

Instead of the quantitative closed items often
found in TAM-based evaluations, we used TAM
factors as topics of enquiry in the evaluation phase. We
scripted one hour long one-on-one video meetings that
comprised the initial video demonstration of the
prototype followed by a semi-structured interview.
Interviews enabled the formalization of tacit
knowledge held by experts into explicit and
documented knowledge. Though our research is not a
case study, interviews were still useful to support the
capture of rich personal experiences and perceptions

and helped better understand some of the underlying
social system of the insurance industry (Yin, 2014).

An interview guide was devised, consisting of 12
primary questions, evenly distributed across four
topics of interest: perceived usefulness, perceived
ease-of-use, intention to use, and the general
perception of the contribution of location intelligence
data to the underwriting process. A set of 53 follow-
up questions to support the evaluation process were
included in the interview guide to ensure complete
coverage of the four topics. Each topic included
specifically targeted the participant's perceptions of
the prototype as a support tool for manual
underwriting. It also had open-ended questions to
gather suggestions for future prototype enhancements.

A total of 11 people from 7 distinct organizations
in the insurance industry were interviewed (Table 2).
The diverse interviewee profiles provided a
comprehensive perspective on the contribution of
location intelligence in the risk analysis phase of the
underwriting process in the property damage
insurance industry.

Table 2: Evaluator profiles
Drofile he
Underwriter
Actuary
Management
Executive/owner
Trainer

PN W N W
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Interviews were recorded on the Microsoft Teams
platform. They were first transcribed automatically by
the speech-to-text recognition functionality of the
software and reviewed manually to correct any errors
and discrepancies. Relevant interview excerpts were
isolated, indexed and classified to build a knowledge
base sufficient for this exploratory research.

4. Results

Human underwriters are needed when model-
based automated techniques are inconclusive in
assessing risks. With climate change impacting
actuarial prediction models, alternative decision
pathways such as human-based risk assessment may
prove valuable. Through our research, we discovered
that interviewed underwriters tended to lean towards
rejection of new insurance policies and renewals rather
than in-depth analysis. They shared their concerns
about potential losses and decision audits. They also
highlighted a lack of tools to effectively explain a
decision to insurance brokers: “Maybe if we had this
tool, [the decision] would be more precise and this
would help ... instead of always saying no [to the
contract or renewal] when there is something that does
not fit into a small box” (free translation). The opaque
nature of black box actuarial models from the
underwriter’s perspective was additionally mentioned
in this context.

In terms of usefulness, our prototype was
perceived by underwriters as a promising solution that
provided enhanced data visibility and offered
improved analytical capabilities on and around a
specific property that “would be useful to expand
business to new locations and would provide mounts
of information that would result in better underwriting
in less known areas. It would avoid the systematic
rejection of some requests” (free translation). The
segmentation by postal code was, however, deemed as
too general and address-level data was stated as a
potential improvement for the prototype.

Few underwriters had prior knowledge of
geospatial data and location intelligence or their
potential application to insurance. Fewer mentioned
using basic tools such as spreadsheets, search engines,
Google Street View, Google Earth, or iClarify.
Although they acknowledged that publicly accessible
data might be outdated by several years on these
platforms, they recognized the usefulness of these
tools in enhancing the confidence in the risk
assessment process. The introduction of new data
sources, such as sociodemographic and geospatial
data, was generally met with enthusiasm: “We never

go as far as what you showed us for theft and fire [risk
assessment] for a specific area” (free translation).

Our prototype was regarded by insurance brokers
as a potential differentiating factor “to add value to the
profession” (free translation), with a particular focus
on its ability to provide a deeper understanding of
client profiles.

Actuaries were the most critical group regarding
the prototype. The general viewpoint was that the
prototype would better serve underwriters than the
requirement of actuaries. Indeed, they first argued that
current models already considered part of the data
provided by the prototype: “Of course we used
geographic data to establish our flood territories, we
still do it” (free translation). Even so, it was recognized
that actuarial models limited sociodemographic data to
the credit rating at the neighborhood scale. In this
context, it was mentioned that property insurance in
the province of Quebec has been experiencing deficits
across most, if not all, insurance companies in recent
years. Regarding this situation, one actuary mentioned
that “maps are a valuable tool and underwriters should
have as much information on hand as possible” (free
translation). This contrasted with another actuary’s
comment who reported the insurer’s intention to
reduce by 50% the number of underwriters to be less
exposed to human biases and inherent perceptual
variability. The same person held that better actuarial
models “would [also] solve part of the workforce
shortage and the dependency on human resources.”

The potential value of location intelligence to the
current underwriting process in damage insurance was
also discussed considering current practices. It was
mentioned that insurers have entire teams of actuaries
dedicated to specific disasters. Despite this situation,
some participants mentioned the limited and slow
process of model revision and improvement. For
example, current risk models “do not include moral
risk” (free translation) like the proximity of a bar or a
cannabis dispensary. As such, the prototype would
provide an alternative to current practices as quicker
innovation pathway.

The usability of the artefact was generally
perceived favorably by all participants. The
information layout and presentation made the
prototype “easy [to use] and did not need for specific
training” (free translation). This was deemed most
effective for young and inexperienced new
underwriters. Notably, the three composite insurer’s
risk quality indicators located on the right-hand side of
the prototype were regarded as most valuable because
of their direct access during the analysis process. Some
participants suggested that clear decision guidelines
should accompany the prototype to improve its use
and reduce the variability of decisions. This
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observation is in line with the general perception that
the human underwriting process is highly variable and
in need of standardization.

The ability to drill down to specific indicators
(Figure 4) was also welcomed but accompanied with a
systematic reminder that the system had to provide a
clear overview of the situation at all times.

We received contradictory views on the potential
willingness of actuaries to welcome a similar system
in their industry. To some participants, the “more data
and precision the system will provide, the more likely
it is to be adopted by actuaries” (free translation)
whereas others thought the system redundant with
current actuarial modeling and risk assessment by
humans, unreliable. When specifically addressed with
cases where current models were inconclusive, the
prototype was viewed as an alternative tool to improve
the rate and lower the cost of application analysis by
underwriters. Actuaries also raised concerns about
integrating a new system into the general underwriting
process. One person mentioned that “... there are
things that | would put in the model rather than let the
underwriter do the manipulations” (free translation).
The concordance between the actuarial models and the
prototype was mentioned an important issue to be
concerned with. The capability and the expertise of a
business intelligence team and the maintenance of data
and models were identified as the main organizational
challenges regarding the use of the artefact.

When asked directly, most participants mentioned
that considering the adoption of a system similar to our
prototype would be of interest for both new insurance
contracts and renewals in their companies. According
to them it would be best indicated for new insurance
contracts where the loss ratio of the portfolio is already
known or for non-automated renewals that require
detailed analysis. It was suggested to provide potential
users with clear criteria indicating which types of
contracts should undergo review. A proof-of-concept
implementation was the preferred initial adoption
strategy. The quality of the system could be validated
at each implementation phase by conducting a
comparative analysis between the traditional model
and our system, using real-life cases as benchmarks.
The actuaries reminded us that “95% of cases are
adequately managed by traditional actuarial
modelling.” The remaining 5%, they asserted, did,
however, affect the insurer’s bottom line.

When assessing the role of geospatial data,
reliability emerged as a specific concern. “At the
geospatial level, it is our biggest risk. Data quality is
not really there.” As such, it was noted that the
prototype should support data lineage and quality
analysis and reporting. Though the term “data
governance” was not explicitly mentioned, actuaries

reported discrepancies in the data used in their models
due to faulty data input. The lack of shared
understanding of data quality by operators was singled
out: “We have 500 actuaries. For the data quality, there
is not really a role, it is more what you do in your own
corner” (free translation).

5. Discussion

Perceptions of the prototype varied according to
the participant’s position. Underwriters showed a
genuine interest as the system appeared to support the
traceability and the accountability of manual risk
assessment decisions. Moreover, it alleviated pressure
during peak periods by streamlining the analysis
process with easily accessed and relevant information.
The data used in the prototype also proved of interest
as it opened a window into the black box of actuarial
algorithms.  Underwriters recognized both the
potential usefulness and the apparent ease-of-use of
the prototype. Interestingly, during the interviews, it
became apparent to underwriters that the primary
benefit of the prototype would be a more systematic
approach to risk analysis by humans in the current
model-driven approach prevailing in the industry. This
observation points in the direction of considering the
socio-technical context of technological innovations
development (Hasan & Crawford, 2006; Raza, 2021).
Itis significant as underwriters and actuaries have very
distinct perspectives on the process of risk assessment
and little understanding of each other’s role. Extreme
weather phenomena due to climate change exacerbates
the need for an integrated, or minimally compatible,
risk evaluation process. Indeed, as the future deviates
from the past, underwriters are bound to pick up where
models fall short. Also, actuaries can gain new
knowledge by exploring innovative ways of using
geospatial data.

Actuaries and managers were generally more
skeptical about the usefulness of the prototype. The
main worries addressed the compatibility of the
system with existing data modelling practices. They
raised concerns with data synchronization and system
maintenance over time. These objections seem to
coincide with low organizational data maturity where
users take actions themselves and the organization
lack agility (Eckerson, 2004), as exemplified by
individual data quality management and preparation
and rogue IT usage (ex. Google Map) mentioned in the
results. Though we did not explicitly ask for the
insurers current data management and governance
practices, it was made clear during the interviews that
in most participating companies, actuaries were
responsible for data quality, data preparation, and data
analysis with little managerial, IT or Bl oversight. This
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observation is a reminder of the importance of good
managing and governing data practices in insurance
(Ho, Ali and Caals, 2020; Hussain & Prieto, 2016,
Mosley & Brackett, 2010).

Notwithstanding the technology implementation
challenges, actuaries were most interested in new
measures and new data sources. Their primary
apprehension were accessibility, level of detail, and
potential contribution of new data to current actuarial
models. This echoes known challenges and concerns
in the location intelligence field (Hawchar et al. 2020).
The insurance sector has its own struggles in the face
of climate change (Krijgsman, 2021). These
considerations include varying quality of available
geospatial and climatic data, the lack of historical and
representative data for climatic forecasting and
simulation models due to increasing occurrences of
extreme weather phenomena, the geospatial variability
and localized effect of phenomena. Moreover, the
complexity of the compounding effect of factors such
as topography, land use, and drainage systems present
a challenge of its own. Finally, implementing and
maintaining advanced GIS systems require
investments of time, money, and technical expertise,
which may not readily be available to insurance
companies. Though the prototype itself did not
provide direct answers to these questions, limiting the
focus to human-based risk assessment provided a
sufficiently narrow scope to yield insights into the
added value of geospatial data in the insurance
context. Furthermore, the DSR approach supported the
simplification of the intended systems while providing
new perspectives for the future development of a full-
fledged underwriting support system.

The good technical grasp of the actuaries of data
quality for data modelling contrasted with the
managerial fact that the bottom line was “most
affected by the tail-end cases, the 5% that could not be
automated.” This underlined our proposition as a
managerial problem rather than a primarily
technological one. Under this perspective, it is
essential to reiterate the role of the prototype as an
artefact not solely aimed at supporting manual risk
evaluation by underwriters, but as a general means to
standardize and improve the property damage
insurance underwriting process both for the routine
and the exception cases. The prototype must be viewed
as a way to explore the potential of new insurance data
types (ex. bars as moral risk), a standard way to assess
risk by underwriters where models perform poorly and
a tool to compare the outcome of human and model-
based decision-making. This can be conceptualized as
digitalization my means of prototyping (Garhenghi et
al., 2020). Here, the DSR approach supported the
elicitation of tacit knowledge, preconceptions, and

various perspectives during the evaluation phase of the
prototype. Framing the evaluation on the simple, yet
broadly recognized, TAM factors helped gain essential
knowledge on how different stakeholders perceived
usefulness and ease-of-use. Together the results of the
interviews revealed how the prototype could act as a
boundary object to instill a dialogue between
stakeholders (Rhinow, Koeppen & Meinel, 2012).
However, further studies are required to investigate
the dynamics of different roles and expectations in the
insurance industry concerning location intelligence.

Though our system could in theory bring
efficiency and uniformity to the underwriter risk
evaluation process, it was never intended to reduce the
number of employees as was stated by some
participants. In our view, it provides opportunities to
train new and unexperienced employees and reduce
churn. Under the current Canadian workforce shortage
(1SQ, 2023), requalification of personnel is a viable
alternative to downsizing the workforce.

Finally, the insurance broker unique perspective
positioned the prototype as an opportunity for
differentiation in a competitive market and to regain
their advantage over direct insurers. It reiterated the
importance of accessing and analyzing data: in this age
of big geospatial data, information is still power.

6. Limits and perspectives

This study focused specifically on location
intelligence contributions to the property damage
underwriting process by way of an artefact. Location
intelligence was viewed somewhat positively by
experts, but potential limitations were also raised.

Though it offers theoretical benefits to insurance
types other than property damage, further studies are
required to generalize our conclusions.

Initial attempts to gain access to genuine
insurance coverage data for the specific locations
covered by the prototype came short due to recent
cyberattacks aimed at Quebec operating insurers
which resulted in much stricter data accessibility. It is
our belief that perception would be favored by
accessing real company data. Making a partnership
with a specific insurer is considered for future
development of a high-fidelity prototype. Such a
prototype would allow firsthand interaction in more
complex and representative scenarios.

Flood plain data is a geospatial layer available
across geographies. Nonetheless, the extent and
precision of this data differ between territories. This
variability highlights the challenge insurers face in
obtaining extensive detailed data for comprehensive
numerical analysis. Further examination of data
availability under various conditions needs to be
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carried out to identify the optimal application of
traditional actuarial methods, advanced analytics,
artificial intelligence, and location intelligent
decision-based systems.

7. Conclusion

This study focused on improving manual risk
assessment in property insurance by human
underwriters in cases where actuarial models were
inconclusive such as deviations from historical models
due to climate change. To this end, a low-fidelity
prototype of a location intelligence-based risk
evaluation support system for the property damage
insurance industry was designed and evaluated using
design science research.

DSR facilitated the formalization and
documentation of the challenges experienced by
human underwriters, enabled an iterative design
process to enhance the prototype solution, and
provided a framework for the formal evaluation of the
prototype. Interviews were conducted with 11
insurance experts, during which three risk analysis
scenarios were presented.

The primary intended users, the underwriters,
were particularly favorable to the prototype. Actuaries
and managers raised concerns on data and process
integration. As is often the case with the contribution
of geospatial data to decision support (Othenin-Girard
et al., 2015), the current prototype proved valuable in
raising awareness of the potential of geospatial data,
emphasizing the importance of standardized risk
evaluation processes for human underwriters, and
highlighting the competitive advantage that comes
with accessing high-quality data.
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