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Abstract: The Intergovernmental Panel on Climate Change 2013 report claims that climate change
from human-induced greenhouse gas emissions will cause increasing temperatures in many regions
and various detrimental effects such as rising sea levels, ecosystem changes, droughts, and floods.
This study proposes a method for assessing the climate risks resulting from climate change as well as
a tool that companies can use to assess those risks. The method for assessing climate risk is proposed
in accordance with the ISO 31000 risk management process. We then design a web-based tool to
implement the climate change risk assessment process. The data the tool generates enable companies
to identify and analyze their climate risks to reduce potentially negative future financial impacts.
The data on potential damage costs indicate that climate change is no longer an environmental
issue but rather an economic one for companies, and the results presented through the proposed
assessment method can be used to establish countermeasures and sustainable planning at companies.
The results of this research are significant in that they provide companies with the critical information
needed to improve their planning and response to climate risk.

Keywords: climate change risk assessment; climatic hazard; climate change adaptation; web-based
tool; climate risk

1. Introduction and Theoretical Background

According to a report in 2013 from the Intergovernmental Panel on Climate Change (IPCC) [1],
climate change due to human-induced greenhouse gas emissions will cause temperature increases
in many regions, the impact of which has been projected to generate various detrimental effects
such as rising sea levels, ecosystem changes, droughts, and floods. Despite the implementation of
mitigation policies and actions, human-induced greenhouse gas emissions significantly increased
between 2000 and 2010 [2]. Greenhouse gas emissions caused by industrialization are being monitored
to prevent irreversible impacts, and accordingly, climate change adaptation is becoming increasingly
important [3]. Although reducing greenhouse gas emissions is fundamental for mitigating climate
change, climate change adaptation is important to address the already changed climate system [4]
and to benefit from the interdependent synergies of mitigation [5]. The actions businesses take related
to climate change adaptation are thus important in that they form the basis of the overall societal
response to climate change [6,7]. For successful climate change adaptation, the participation of the
business sector is therefore necessary [8,9].

The terminology used revolving climate change adaptation is somewhat ambiguous in the
business sector. According to Averchenkova et al. [10], the ambiguity of the terminology stems from
the fact that the terms already used for climate change risks such as resilience, business continuity, and
enterprise risk management derive their meanings from the 5th IPCC report, which defined climate
change adaptation as “the process of adjustment to actual or expected climate and its effects”. Hence,
business continuity plans and processes include the normal amounts in the generic risk management
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stage already performed by companies as well as an extreme weather risk due to climate change [11].
However, climate change includes complex, nonlinear, and potentially irreversible environmental
changes with uncertain impacts that are not included in traditional risk management of the business
sector [12–14]. Moreover, climate change may work as a risk multiplier, rendering the countermeasures
to existing risks ineffective [15]. Based on the foregoing, the meanings of climate change risk and
adaptation used in this research differ from those included in the existing risk management systems
of businesses. Here, climate change adaptation means “the process of adjustment by companies to
actual or expected climate and its effects through changes in business strategies, operations, practices,
and/or investment decisions” [10].

The potential risks of climate change to the business sector have been discussed widely.
Sussman and Freed [16] defined risks according to their physical impacts on each sector. The UN
Global Compact, UNEP, Oxfam, and World Resource Institute [17] used surveys to suggest that the
influence of climate change can be categorized into physical risk, credit risk, and corporate operational
risk. Withey et al. [18] classified climate change risk into operational, regulatory and legal, reputational,
market and product, and financing aspects. Nitkin et al.’s [19] literature review found that the risk,
vulnerabilities, strategies, and barriers relating to climate change adaptation can be classified into
sectors such as insurance, agriculture, tourism and recreation, energy, water, building and construction,
and finance and banking.

The problem is how to quantify the potential for changes in natural conditions owing to climate
change as well as how to understand the extent to which such changes affect individual businesses and
how much will be actualized as a result. First, climate change risk has been discussed in the form of
the causal relationship between the likelihood and consequences of a possible incident that may bring
about an ecological or socioeconomic impact due to climate change [20]. Here, likelihood refers to the
possibility for a potential event caused by climate change to occur, while consequence refers to the level
of impact. Second, risk quantification in climate change risk assessment refers to the method used to
determine the likelihood and consequence discussed above. Quantification methods can be classified
into stochastic models or indexes [21–23] and surveys [24,25]. However, there has been insufficient
discussion on these quantification methods in relation to forecasting the climate change risk that may
occur at the individual business level in order to assess the risk of the entire business sector.

Efforts by companies to adapt to the impact of climate change began with the Private Sector
Initiative, the adaptation program launched by the United Nations Framework Convention on
Climate Change in 2011. Climate change adaptation in the business sector consists of efforts to
reduce operational risk and discussions on investments related to adaptation, which are based on the
notion that environmental effects and climate change caused by a continued rise in temperature will
fundamentally change the conditions of a company’s business operations such as its supply chain,
raw materials, distribution network, and consumer behavior [26,27]. However, in the business sector,
discussion and awareness related to climate change largely focus on the management of greenhouse
gas emissions rather than climate change adaptation [7]. For example, the global executive survey
on sustainability and innovation conducted by the MIT Sloan Management Review and Boston
Consulting Group in June 2013 revealed that while the majority of companies consider climate change
to be an urgent issue with significant implications, only a minority are preparing for its impact [28].
Companies do not prepare for or implement measures to adapt to climate change because of various
factors such as a lack of information and uncertainties within the company. Information obtained
from scientific groups is often unsuitable for use by company decision-makers [26,29], who require
information on how climate change will influence factors such as organizational inputs, supply chains,
and business infrastructures. In other words, they require an assessment of how changes to natural
conditions will transform their business environment [7,30].

Therefore, this study proposes a method for companies to assess the risks resulting from climate
change and, from this, develops a tool that generates climate change data suitable for the corporate
decision-making process. In particular, it employs an assessment method from the ISO 31000 process
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widely used in risk management and provides results based on the financial statements used by all
companies for management planning. The proposed process provides data on company preparedness
for climate risks as well as the degree of damage the company may incur and useful information for
the decision-making process. Furthermore, this study converts the climate change data presented by
scientific groups into information that can be projected into the decision-making process and provides
a method of calculating results that can support company decisions.

The remainder of this paper is organized as follows. Section 2 constructs a framework for assessing
climate risks from the perspective of a company and discusses methods for connecting business risk
factors with the climatic hazards. Section 3 presents the implementation of the tool and the results
for assessing company-related climate risk. Section 4 discusses the limitations of the study and offers
suggestions for future research. Lastly, Section 5 presents the conclusions.

2. Methodology and Framework

2.1. Risk Assessment Framework for Climate Change Impact

To assess the climate change risk, this study employs a risk management framework used for
strategic decision-making in the business sector. Risk management is the process of considering various
potential results based on problems or situations of uncertain risk and examining the damage that
such situations could cause as well as establishing appropriate countermeasures [31–33]. It involves
managing potentially negative effects as well as determining the process and structure of implementing
potential opportunities for the company in question [34,35]. This practice can thus capture uncertain
risks in the decision-making process as well as provide feedback, all through the continual process of
reducing risk [36].

A risk management framework, which is used by companies to conduct a systematic evaluation
and analysis of risk, can be applied in various fields [37]. Numerous companies have used the ISO 31000
process as a risk management framework and, accordingly, this has been adopted as the international
standard, notably in the Climate Change Risk Assessment conducted in the United Kingdom,
AS/NZS4360 conducted in Australia and New Zealand, and KLIMACHECK conducted in Germany.
The risk management process of ISO 31000 is suitable for assessing climate change risk and planning
adaptation actions because it links the needs to manage uncertainty with climatic hazards and
consequences. It also fosters communication between technical experts and stakeholders and suggests
activities to reduce risks [38].

Applications of ISO 31000 in this research do not include all the activities relating to the planning,
implementing, and monitoring of adaptation as a risk treatment; they only include the processes up to
the risk evaluation phase. To use these methods and tools to assess climate change risks, the method
suggested by Jones and Preston is adopted [38]. This approach focuses on the method and tool used to
derive implementation results by confirming and choosing the climate change risk that a business may
face and then developing the adaptation measure through a probability-based assessment.

As shown in Figure 1, the study framework, based on the ISO 31000 process, comprises the
following steps: context establishment, risk identification, risk analysis, risk evaluation, and risk
treatment. We first identify the context for assessing and managing uncertain future risks related
to climate change impact on companies, after which we conduct the assessment process including
analysis and evaluation.

In the first stage—establishing the context—we configure data that become the foundation for
estimating the changes in the companies due to climate change. Financial statements, which are used
to identify the status of the company, are used as the base data. Financial statements reveal a variety
of activities related to the operations of a company, and through these, we can gather information
such as company assets, revenues, and liabilities. Since a financial statement reveals only the financial
performance and condition of the company during a certain time period, however, it is difficult to
make forecasts using such data alone. Therefore, economic scenarios are used as basic assumptions for
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estimating a company’s future financial statements. In addition, the location of the company is set as
an input during the assessment to reflect regional differences in climate change.
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The second stage is risk identification. In this stage, the company can select and categorize its
climate risks. A list of 36 climate risks is derived by connecting four types of climatic hazards with
nine types of business risk factors; climate risk cards are then created to simplify the presentation.

The third stage is risk analysis. In this stage, the probability of climate change impacting the
company is configured based on the climate risks selected in the second stage. The probability in this
stage is calculated by combining the probability of a climatic hazard occurring in the first place with
the probability of a business risk factor negatively affecting the company. Then, this is transformed
into a final probability of climate risk on the company, considering the region selected above. Next,
by analyzing the degree to which the selected climate risk might occur, the likelihood of climate risk
on the company is estimated by using a checklist and calculated based on business risk factors. Lastly,
a six-type classification, comprising tangible assets type I (buildings, structures), tangible assets type
II (machinery, ships, equipment, etc.), inventories, sales, cost of sales, and selling and administrative
expenses, is conducted to identify the connection between the selected climate risk and the financial
statement factors collected as basic information.

The fourth stage is risk evaluation. In this stage, the priority of climate risk is evaluated and
presented based on the results of the ratio of expected consequences from climate risk to the total
expected consequences from all related climate risks as well as the likelihood of the impact of climatic
hazards on the company. Moreover, the risk analysis results are expressed as an expected value of
probability, thereby revealing the trends and values of the financial statement in accordance with
a future impact of climatic hazards due to climate change.

The fifth stage is risk treatment. This stage assists the company in establishing strategies for
adapting to climate change based on the results of the risk assessment. Here, assistance is provided
that may include guidelines for establishing plans using the risk assessment results and information
on adaptation case studies in similar companies. However, since the subject of this study is risk
assessment, information regarding risk treatment is not covered here.
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2.2. Methods for Climate Change Risk Assessment

2.2.1. Risk Identification: Impact Path from Climate Change to Business

As shown in Figure 2, the impact of climate change on a company can be divided into changes
in the natural environment that occur and the paths where such changes affect business risks. First,
the climate change categories liable to affect companies are identified as four climatic hazards: heat
waves, cold waves, heavy rain, and heavy snow. Heat waves and heavy rainfall are major extreme
weather-related indicators associated with climate change used by the IPCC [1], while cold waves
and heavy snowfall are extreme weather-related phenomena that can significantly impact companies,
leading to newly coined words such as “snowmageddon”. Furthermore, in terms of business, these four
climatic hazards can help companies easily identify and understand climate risk. Companies consider
these four climatic hazards to have relatively important impacts on the climate variable [39]. However,
data limitations also serve as a restriction here. The Korea Meteorological Administration (KMA)
provides high-resolution data based on the IPCC’s RCP (representative concentration pathways) 4.5
and 8.5 scenarios. Hence, only data on these four climatic hazards can be used officially and in this
study, we do not quantify other climate impacts such as rising sea levels, drought, and extreme wind.
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In the next stage, these four climatic hazards are combined with the nine business risk factors
(Figure 2). The physical risks of climatic hazards relate to various factors from a business management
perspective [40]. These include physical structures such as production facilities, buildings, and
land as well as assets, which can fluctuate in value or be physically damaged by climatic hazards.
Climatic hazards can also cause damage throughout the value chain, from the operation and efficiency
of the production process to increased maintenance costs and the quality of raw materials and
products [16]. Accordingly, this research groups the business risk factors that could be affected
by climatic hazards into nine categories based on previous research [16,41]: human, structural facilities,
machinery facilities, raw materials, finished goods, transport, sales, selling and management, and
production processes.

Baglee et al. [41] divided the business factors connected to climate change-related impacts
into assets, operations, procurement, and the environment. The assets include physical assets and
the workforce; operations include the supply of services, customer demand, and the regulatory
environment; procurement includes raw materials, the supply chain, and logistics; and the environment
includes both the natural and the built environment including the local community. Sussman and
Freed [16] suggested that the scope of climate-related impacts can be divided into core operations, the
value chain, and broader networks. Core operations include physical assets, production processes,
and operation and management, while the value chain includes supplies of natural resources and
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raw materials, labor and changing lifestyles, customers and demand for goods and services, and
other inputs into production. In broader networks, public/private electric and water utilities and
other infrastructures, customers’ access to products, government-supplied services, and disruptions to
supply chains are included. In this study, these factors are selected in relation to the direct physical
risk connected to the four climate hazards. Further, the business risk factors connected to the four
climate hazards can occur in any business sector.

Thirty-six climate risks to companies were determined in accordance with the four climatic
hazards (assigned A–D) and business risk factors (assigned 1–9), resulting in the construction of a risk
list (A1–D9). In addition, six financial statement factors were linked to the nine business risk factors to
calculate the expected financial statement value, which becomes the basis for decision-making in the
risk evaluation. This represents the possible paths through which the 36 climate risks can impact the
company’s financial statements.

The relationship between the climate risks and financial statement factors was established
through three steps. First, we suggested all the possible connections between the 36 climate risks and
six financial statement factors. In the pre-test process used to match the climate risks and financial
factors, users found the matching method unable to divide direct and indirect relationships. In some
cases, users selected the relationship between the climate risk and financial statement factors that was
based on the direct relationship in their company. In other cases, they considered all the relationships
between the climate risk and financial statement factors including indirect relations.

Secondly, 81 experts were surveyed. This sample was composed of company managers, and
professors and researchers in the business and climate change area. In the survey, these experts selected
possible relationships between the climate risk and financial statement factors.

Thirdly, we conducted a brainstorming session with both a financial consultant and a financial
risk consultant from KPMG Korea. In this brainstorming process, the consultants suggested the
relationships between the climate risk and financial statement factors that should be excluded because
they would not hold logically. For example, they said that human-related climate risks were not
connected logically to tangible assets. Then, the consultants explained the direction of the financial
statement factors that affect the financial statements. In this way, we decided the relationship between
the climate risk and financial statement factors.

2.2.2. Risk Analysis: Estimating the Probability of Climatic Hazard

The probability of a climatic hazard, which is an event occurring due to extreme weather caused
by climate change, is still difficult to accurately estimate owing to various uncertainties [42,43]. Here,
the climatic hazards were estimated by first calculating the probabilities of a heat wave, cold wave,
heavy rain, and heavy snow occurring in the future due to climate change, and then estimating the
probability of a relationship between such events and business risks; after which, the two values were
converted into climate risk by combining the two probabilities.

The timeframe for estimating the probability was divided into the climatic hazard and business
risk factors. In the former, the probability of the four extreme weather events occurring was based
on the IPCC’s climate change scenarios. In the latter, the probability was based on past frequency.
Using the probability of climate risk aims to project the future business risk factors relating to the
climatic hazards, which assumed that the condition of the business risk factors was unchanged. Hence,
the climate change risk assessment tool of this study shows a future projection (a snapshot) based
on the assumptions of the present conditions of the company including the timespan of the business
risk factors.

First, the probability of a climatic hazard occurring in the future was calculated by using the
number of days in a year for which the four extreme weather events occur, in accordance with the
IPCC’s climate change scenarios. For example, if heat waves occur for 10 days of the year, then
the probability of experiencing heat waves in a given year is 10/365. To be useful for companies
establishing an annual business plan, the number of extreme weather days throughout the year that
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exceed a critical level was set as the possible occurrence of a climatic hazard, as shown in Table 1.
With regard to climatic hazards due to climate change, we used data from the KMA, published in
2012 [44], which estimated the number of extreme weather days in accordance with the two RCP
scenarios, namely RCP 4.5 and RCP 8.5. The weather warnings issued by the KMA during a forecast
were used as the criteria for determining an extreme weather event. The frequency of events from 2011
to 2100, in the form of a 10-year arithmetic mean, was then divided into 230 regional units, from which
the final probability was derived.

Table 1. Calculation of the annual probability of the four extreme weather events occurring from
climate change via the RCP scenarios.

Climatic Hazard Criterion for the KMA Weather Warning Indicator Data Equation

Heat wave
(A)

Continuous daily maximum temperature
over 33~35 ◦C for more than 2 days

Number of heat
waves (days)

Heat wave
days/365

Cold wave
(B)

Lowest temperature in the morning falling more
than 15 ◦C compared with the previous day;

Continuous morning low temperature below:
15 ◦C for more than 2 days

Lowest temperature
(◦C/day)

Cold wave
days/365

Heavy rain
(C) Expected daily rainfall of over 80 mm Rainfall (mm/day) Heavy rain

days/365

Heavy snow
(D)

Expected fresh snow of 20 cm or more in 24 h (land)
Expected fresh snow of 30 cm or more in 24 h

(mountain area)

Snowfall
(kg/m2/day)

Heavy snow
days/365

Next, to estimate the probability of a negative impact owing to the four climatic hazards on any
of the nine business risk factors, text mining was conducted on past newspaper articles to identify
the past frequency of such impacts. The probability was then derived through Bayesian inference,
which is a method of statistical inference in which the probability for each unknown parameter is
deduced based on past observations and experiments [45]. For the Bayesian inference in this study, the
empirical data required to derive the posterior probability came from newspaper articles because there
were no available datasets identifying the relationship between climatic hazard and the business risk
factors. The data were collected from 2000 to 2012 through an integrated article search in the Korean
Integrated News Database System, officially provided by the Korea Press Foundation. The number of
selected newspaper articles per business operation was as follows: 344 heat waves, 284 cold waves,
1002 heavy rainfall, and 714 heavy snowfall.

Only the newspaper articles that contained incidents related to the business risk factors were
used. When several newspaper articles covered an identical event, only the article with the most detail
was selected; moreover, only articles that clearly described the causal relationship between the four
climatic hazards and any business risk factors were used. Any material related to the losses of the
general community was excluded.

Further, news articles related to the general community as well as repeated news on the same
incident were excluded. If a news article contained both the community and facts related to the business
risk factors, only the latter were included. If multiple risk factors were reported by different articles
on a climatic hazard that occurred on the same day, they were included independently. In addition,
if an article contained more than one business risk factor, each factor was singled out as an independent
incident and processed. When including many business risk factors, any overlapping parts in different
articles, each having partial accounts of the same event, were excluded. Therefore, each incident was
composed as an exclusive independent event to form the basic database.

Each climatic hazard shown in Table 2 has a single business risk factor, and the total number of
events for each business risk factor is the same as the number of total climatic hazard events. Since it is
assumed that each risk occurs independently to evaluate the risk, the cases where the corresponding



Sustainability 2016, 8, 1013 8 of 22

risk factor occurs and where it does not occur are separated. Then, the no occurrence case represented
the total added value of the number of all cases except the corresponding risk factor.

Table 2. Relationships between climatic hazards and business risk factors.

Event
Non-Event Heat Wave (A) Cold Wave (B) Heavy Rain (C) Heavy Snow (D)

Human (1)
108 39 183 61

236 245 819 653

Structure facilities (2)
5 12 314 150

339 272 688 564

Machinery facilities (3) 30 51 213 51
314 233 789 663

Raw materials (4)
21 29 20 11

323 255 982 703

Finished goods (5) 28 3 31 110
316 281 971 604

Transport (6) 6 33 123 145
338 251 879 569

Sales (7)
74 75 44 85

270 209 958 629

Selling and management (8) 37 13 42 39
307 271 960 675

Production process (9) 35 29 32 62
309 255 970 652

Korea has four distinct seasons with events related to the four climatic risks occurring in each
season. Hence, it was possible to obtain a relatively large number of cases. Theoretically, all possible
events related to each risk must be reported to separate occurrence and no occurrence cases. However,
since not every case was reported by the media, separating them was impossible in reality. Therefore,
this research deduced the possibility that the relevant business risk factors occurred independently of
one another. In other words, the occurrence possibility of the relevant business risk factor in a situation
where any damage related to the climate risk chosen is possible was configured as the probability.

The data were collected in the form of text, and thus, text structuring and keyword clustering
were performed to identify the relationships between the four climatic hazards and nine business risk
factors, as shown in Figure 3. To analyze the descriptive statements in the newspaper articles, the
words within the sentences were categorized into events, time, effects, and causes related to climatic
hazards. Text structuring was conducted by setting rules for the relationships between the words in
a sentence as precedence and causal relationships, and the terms related to the four climatic hazards
and nine business risk factors were categorized for the analysis. A single database was derived by
clustering words similar to the keywords, and this was quantified accordingly. The damage frequency
relationship between the climatic hazard and a business risk factor was then derived, as shown in
Table 2.

The probability distribution of the effects on the business risk factors due to climatic hazards
collected via text mining was then calculated through Bayesian inference. A uniform beta distribution
was assumed for the prior distribution, and the posterior distribution was derived according to the
likelihood of the occurrence frequency. For the prior probability distribution, to utilize the conjugate
distributions of the binomial distribution, a non-informative method was applied.
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2.2.3. Drawing the Climate Risk and Integrating with Financial Statement Factors

The climate risks derived above were divided into two categories: the possibility of the four
climatic hazards occurring within the year due to the future intensification of climate change and
the possibility of negative effects on business risk factors due to the climatic hazard. Climate risks
were represented as the probability values of annual occurrence, while the business risk factors took
the form of a probability distribution. We obtained the final probability of the corresponding risk by
combining the two values in a three-step process.

The first step was to evaluate the extent to which the selected risk could occur in the company.
The probability distribution of the business risk factor derived by using the results of text mining
represented general probabilities—that is, they did not reflect the potential impact of the evaluated
company. The impact of a particular risk may change according to the degree to which the company is
prepared for the selected risk. This risk extent was evaluated by adopting 20 checklists, each of which
used a five-point scale (1 = highly adequate, 5 = highly inadequate). In other words, the most prepared
company would score 20 points and the least prepared would score 100 points. Hence, by evaluating
how much a company is affected by taking the probability distribution of the business risk factor
derived from the test mining result as a prior distribution, as the occurrence likelihood, the boundary
values of a 95% confidence interval were derived with Bayesian estimation. For all the possible values
between 20 and 100 for every business risk factor, a 95% confidence interval was then computed to
form the database. In this research, equal-tail posterior density was used as the confidence interval
for simplicity.

The second stage was to classify the occurrence values of the climate risks. The future forecast
values provided by the KMA offer different values for the RCP 4.5 and RCP 8.5 scenarios for
230 regional units. The risk-assessed company is affected based on different climate risks depending
on where it is geographically located. Hence, the values of the four climatic hazards in each scenario
were categorized into 230 regional units to form the database.

The third stage was to derive a single final probability value from the database created from the
first and second stages. For example, we determined the value of the impact of workers when a heat
wave occurs in the future depending on the preparation level of the company. This means obtaining
a probability of the first and second stages occurring at the same time, which can be calculated by
multiplying the two probabilities. This multiplied number represents the lower bound and upper
bound of a 95% confidence level. Finally, this is multiplied by the financial statement factor to produce
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the expected value of the loss. The database created in the third stage was thus composed of the
probabilities that can be multiplied by the expected value in consideration of all the possible numbers
that a company can choose during an evaluation.

As shown in Figure 2, this database connected with the financial statement factors estimates
the amount of financial damage that companies will incur due to future climatic hazards.
Financial statements have been used as the basic data in other risk assessment studies related to
company damage [46] because they present objective data produced by companies, and information
relevant to business operations and activities can be examined in these statements [47]. The relationship
between the financial statement factor and business risk factors is shown in Table 3.

Table 3. Relationships between the financial statements and business risk factors.

Financial
Statement Financial Statement Factor Business Risk Factor Relationship

Balance sheet

tangible assets
type I buildings/structures Structure facilities (2) (−)

tangible assets
type II

machinery and equipment,
ships, vehicles, and

transportation equipment, etc.
Machinery facilities (3) (−)

inventories
raw materials, work
in-process, supplies,
semi-finished goods

Raw materials (4),
Finished goods (5) (−)

Income statement

sales merchandise, finished goods Sales (7) (−)

cost of sales merchandise, finished goods

Human (1),
Transport (6),

Selling and management (8),
Production process (9)

(+)

selling and
administrative

expenses

selling and administrative
expenses

Human (1),
Transport (6),

Selling and management (8),
Production process (9)

(+)

Note: (+) mean positive relationship between business risk factor and financial statement; (−) mean negative
relationship between business risk factor and financial statement.

We used two types of financial statements: the balance sheet and the income statement. The former
has two categories, tangible assets and inventories, and the latter includes sales, cost of sales, and
selling and administrative expenses. Here, the relationship is set as either negative or positive
based on whether it has an adverse financial impact. Positive (negative) here refers to a case when
an increase (decrease) in the values of the corresponding financial statement is a loss from the
company’s perspective. For example, a positive increase in cost and negative reduction in assets
can bring about adverse financial impacts on a company. Land assets and construction in process,
which correspond to the detailed indicators of tangible financial assets, are recorded by converting
these values into currency. However, in reality, as the values of such assets do not vary, nor do their
inherent characteristics deteriorate due to risk, these assets were excluded.

2.2.4. Checklist for Assessing Each Climate Risk

As noted earlier, 36 possible climate risks were considered in this study, derived by combining
the four climatic hazards and nine business risk factors. For the change in the natural environment to
affect the company’s strategic decision-making, information on its readiness could considered in the
climate change risk assessment, along with scientific data on the selected risk. This can be evaluated
by determining the preparedness of the company for the selected risks.

In this study, a checklist was provided to verify the degree of preparedness for a climate risk, as
shown in Table 4, and this was integrated into the climate change risk assessment process. The result
was a set of preparedness scores that determine the level of impact the company would experience
from the corresponding risk, and this result reflects the likelihood of climate risk.
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Table 4. Checklist for evaluating a company’s degree of readiness to selected risks.

Type Checklist

Awareness of the
possible risks

With regard to the selected risk, is the risk recognized as a possible risk for the company
and has there been consideration placed on possible damage?

With regard to the selected risk, have factors such as the provision of management
manuals and the need for external consultation been considered?

Preventing and
minimizing damage

With regard to the selected risk, are measures prepared for factors such as the possible
locations of occurrence, management, and reinforcement?

With regard to the selected risk, are there measures related to preparation such as recovery
costs and materials?

With regard to the selected risk, are there councils within the company to resolve matters
such as repairs, construction, facility reinforcement, medical, and financial consulting?

Risk management
organization

With regard to the selected risk, are there systems in place for contact networks and
appointing the right person, along with the establishment of emergency headquarters and
expert committees within the company?

With regard to the selected risk, are there procedures for decision-making such as methods
for presenting clear instructions and commands?

Risk manuals and
guidelines

With regard to the selected risk, are there courses of action for the CEO to provide
leadership stipulated within the company?

With regard to the selected risk, are there manuals prepared for an active response
according to the scene of the damage?

With regard to the selected risk, are there detailed systems for delegating authority
through judgments made at the scene in order to provide an immediate response?

With regard to the selected risk, are there guidelines prepared to prevent secondary and
additional damage?

Education and
training

With regard to the selected risk, is education and training conducted on how to respond
immediately in the occurrence of an event?

With regard to the selected risk, are there reviews conducted on how to increase the
availability and responsiveness of the provided manuals?

Relief supplies and
means of delivery

With regard to the selected risk, is there an inspection performed on the factors such as
lists of supplies and delivery means used for the relief effort?

Measures for rapid
recovery

With regard to the selected risk, has there been confirmation on whether actions and
measures are in place for quickly identifying the situation of the damage?

With regard to the selected risk, are multiple transportation and distribution
networks prepared?

With regard to the selected risk, are there means of communication and transportation
systems other than the public system prepared?

With regard to the selected risk, have joint strategies with the locals been established?

Preparing for
insurance

Is the company insured with regard to the selected risk?

Are reserve funds and recovery costs allocated with regard to the selected risk?

2.2.5. Risk Evaluation

Finally, climate risk was evaluated by estimating the amount of financial damage that the
company’s business risks would incur due to climatic hazards. The priority level of the climate
risk in the future was also evaluated.

The data established through the probabilistic approach in relation to climatic hazards and
business risk factors were connected with the configured financial factors, and the damage was
estimated through the concept of expected value, as shown in Equation (1). Since no studies have
adopted methods for forecasting damage to companies from climate change, the concept of expected
value was used, as this is the basic method of estimating possible damage:

Estimated Damage of financial statement item X at climate risk ijky
= Xniy ± (Xniy × probability of business risk f actori×

probability of extreme weather eventijky),
(1)
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where i refers to the type of climate risk (36 risks in total), n refers to the financial statement factor chosen
by the company towards i risk, and x refers to the category value of the financial statement connected
to the financial statement factor (this value can vary with the economic scenario). Assuming year y
for the estimation has the same condition as the present, the same present values are used; on the
contrary, assuming changes take place according to the economic scenario, the values multiplied by
the elasticity category in Table 5 are used. j refers to the location the company has chosen, k is the type
of RCP scenario, and y is the year to be estimated. This equation is for one climate risk i and the final
forecast of a company is the sum of each i value for each financial statement item.

Next, the priority level of the climate risks used in the risk evaluation was calculated by using the
risk matrix, which considers consequence (C) and likelihood (P). The C and P factors were converted
into the risk scores in Equation (2) and then expressed on the risk matrix. The benefit of these factors is
that if both have high values, this implies that the company needs to manage these more closely [48].
Here, C represents the percentage rate of the total damage to the company that belongs to the expected
damage of climate risk i. This expected damage occurs according to climate risk i derived by using
Equation (1). P refers to the probability that a climate hazard can occur. This also refers to the
probability o f extreme weather eventijky from Equation (1). In Equation (2), i represents climate risk i.
Here, time is the average time from the moment of the evaluation to 2100:

Risk Scorei = Pi + Ci − (Pi × Ci) . (2)

The estimation method utilizing the probability and expected value is based on the following
assumptions: (1) the operations and activities of the company only consider factors related to climate
risk, (2) damage occurs proportionally to the probability, and (3) the relationships between the financial
components are independent of the risk effects. However, risk perception and sense-making, which
encompass managerial actions in the uncertain strategic decision-making process, are important
concepts to consider [49].

The risk evaluation results derived in this study are useful for strategic decision-making related
to climate change adaptation. Risk calculations that use the cost of future climate change damage and
prioritize the selected risks reveal the vulnerable parts of a company and factors that require better
management in order to adapt to climate change. The proposed method does not provide general
information relating to the impact of climatic hazards due to climate change, but rather a forecast
of climatic effects on companies based on scientific climate change knowledge as well as indicating
appropriate management strategies. Therefore, such results are considered to be a form of mediation
in decision-making related to climate change adaptation.

2.3. Development of the Climate Change Risk Assessment Tool for Company

Design Process and Tool Structure

Based on the method presented above, a web-based climate risk assessment system (CRAS)
tool was developed. The tool produces basic information for companies to use during strategic
decision-making on climate change adaptation. To integrate the framework in Figure 1 into the CRAS,
the process and structure of the tool, from the input of the data to the output of the results, was
designed as shown in Figure 4. In this figure, the bold-line boxes indicate the application stages of the
tool, the dotted-line numbered boxes indicate the processes where the user inputs and selects the data,
and the thin solid-line boxes indicate the processes whereby the user reviews the results. The arrows
indicate the relationships used to calculate the results, which are derived through the data input by the
user as well as from the database.

First, the user of the CRAS inputs the basic data to conduct the climate change risk assessment.
While this process is not considered to be part of the risk assessment, it is a necessary stage during
which the financial information of the company is input by using the company’s financial statements.
Since the financial statements are prepared based on past information, future economic growth scenarios
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need to be selected to estimate future situations. Furthermore, the company’s location information needs
to be selected to estimate the future values of climate change corresponding to that region.Sustainability 2016, 8, 1013 13 of 22 
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In the CRAS database, the factors such as the 36 climate risk cards, probabilities of the four climatic
hazards according to the climate change scenarios, probabilities of business risk factors, combined
probability of the climate risk, and preparedness of the company to climate risk are all configured in
advance. Then, this database is configured using the methods discussed above.

After inputting the basic information, the user is required to understand and select the climate
risks relevant to his/her company, based on the climate risk cards, which explain the climate risk
considering the climatic hazards and business risk factors. A risk analysis is then conducted on each of
the selected risks through the checklist and the user is asked to select the financial paths associated with
the corresponding risk. Next, the corresponding information is combined again with the basic data to
produce the final risk evaluation result. The projected financial costs of climatic risk are indicated as
the expected values reflecting the probability of each selected climate risk.

3. Results

3.1. Establishing the Context: Company Input Data

The CRAS user collects the relevant information related to the company’s strategic
decision-making process and assesses the climate risks accordingly. Before the risk assessment, the
basic data related to the company can be input into the tool, as shown in Figure 5. The user inputs the
mean values based on past data or the most representative financial statement. Sales, cost of sales, and
selling and administrative expenses are input from the income statement, and information such as raw
materials, inventories, tangible assets type I, and tangible assets type II is input from the balance sheet.
However, as mentioned previously, assets relating to land and construction in process are excluded.
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After inputting the information related to the company’s financials, the economic scenarios for
assuming its future financial status are selected. There is a high level of uncertainty when predicting
future economic situations, and, appropriately, there are limits to the estimates. However, assuming
that the current status of the company will be uniformly sustained in the future leads to greater
uncertainty compared with assessing the company’s future risks. Therefore, the CRAS estimates the
changes in financial statement factors according to the four scenarios. Estimates are made of the
relationships between the annual economic growth rate, suggested by the Bank of Korea, and changes
in the six financial statement factors derived from the average financial condition of the company.
Coefficients according to the growth rate of the scenarios are calculated according to the process
presented in Table 5. The CRAS user can then configure the estimated future financial statement
factors, as shown in Figure 6.

Table 5. Economic scenarios and coefficients of elasticity.

Economic
Scenarios Growth Rate

Coefficient of Elasticity

Sales Cost of
Sales

Tangible
Asset 1

Tangible
Asset 2

Selling and
Administrative

Expenses

Inventory
Assets

Status quo
maintained
(Scenario 1)

No change - - - - - -

Average growth
(Scenario 2) 1% 0.0012 0.0013 0.0003 0.0012 0.0009 0.0006

Low growth
(Scenario 3) –0.5% –0.0006 –0.00065 –0.00015 –0.0006 –0.00045 –0.0003

Sustained growth
(Scenario 4) 2% 0.0024 0.0026 0.0006 0.0024 0.0018 0.0012

Note: The data are derived based on the economic growth rate and financial statement analysis of the economic
statistics system data, published by the Bank of Korea.
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Next, before the climate change risk assessment, the user can set the regional unit where the
company is located, as shown in Figure 7; as already stated, the estimated future damage of climate
change varies according to the 230 regions.
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3.2. Risk Identification: Understanding Climate Risk Using Climate Risk Cards and Selection of Climate Risk

After selecting the basic data and company location in the previous stages, the CRAS user then
conducts the risk identification and selection by using the climate risk cards. If the user clicks the add
risk button in Figure 7, then climate risk cards related to business, divided into the categories of heat
wave, cold wave, heavy rain, and heavy snow, are presented, as shown in Figure 8A. The climate risk
cards consist of two parts for a single risk. After confirming the content of the risk and deciding it
is relevant to the company, the user selects the risk button shown in Figure 8B. Further, the selected
climate risks can be confirmed through the numbers at the bottom of the selected box.
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3.3. Risk Analysis: Assessing the Status of a Company’s Risk Perception and Readiness, and Connecting the
Financial Factors

As shown in Figure 9, the CRAS user can use the risk selection process in the previous stage
to construct a list of climate risks for the company and analyze the risks accordingly. Figure 9A is
an example with 10 selected climate risks. After the climate risk list is set, the financial statement factors
of the company, along with the associations, are selected. The options for the selections are provided
for each type of climate risk, according to the impact path suggested in Figure 2, after which an analysis
is conducted on each climate risk, in accordance with the checklist in Table 4. The checklist is expressed
as shown in Figure 9B, and the responses for the corresponding items are entered automatically.

Sustainability 2016, 8, 1013 16 of 22 

3.3. Risk Analysis: Assessing the Status of a Company’s Risk Perception and Readiness, and Connecting the 
Financial Factors 

As shown in Figure 9, the CRAS user can use the risk selection process in the previous stage to 
construct a list of climate risks for the company and analyze the risks accordingly. Figure 9A is an 
example with 10 selected climate risks. After the climate risk list is set, the financial statement factors 
of the company, along with the associations, are selected. The options for the selections are provided 
for each type of climate risk, according to the impact path suggested in Figure 2, after which an 
analysis is conducted on each climate risk, in accordance with the checklist in Table 4. The checklist 
is expressed as shown in Figure 9B, and the responses for the corresponding items are entered 
automatically. 

 
Figure 9. Climate risk list and risk analysis by checklist: (A) climate risk list and selection of impact 
path (upper panel); and (B) risk analysis of each selected climate risk using the checklist (lower 
panel). 

Figure 9. Climate risk list and risk analysis by checklist: (A) climate risk list and selection of impact
path (upper panel); and (B) risk analysis of each selected climate risk using the checklist (lower panel).



Sustainability 2016, 8, 1013 17 of 22

3.4. Risk Evaluation: Projected Financial Costs of Climate Risk and Priority Using the Risk Matrix

When a CRAS user completes the aforementioned stages, the risk evaluation results are presented
as shown in Figure 10, in which the results of the four climatic hazards, the comprehensive degree
of damage, priority levels, and risk matrix can be confirmed. The results of the climate change
risk assessment related to damage costs are presented in figures and graphs, as shown in Figure 11.
Moreover, the 10-year average damage costs related to climate risks are projected until 2100. This value
is calculated through factors such as the degree of change in each financial component, difference in
damage costs between RCP 4.5 and 8.5, and estimated overall amount of damage. Moreover, among
the assessed climate risks, those that require priority management, along with the risk matrix and
scores used to construct it, are also suggested (Figure 12).
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4. Limitations and Suggestions for Future Research

Although this research suggests a method and tool to evaluate a company’s climate risks, it has its
limitations. The first is the timeframe of the climate change risk assessment process. The climate change
risk assessment results of this research are based on the climate risks that may occur in the future
derived from criteria in the present. In other words, this tool evaluates how the current conditions of
a company having the same structure as the present may create financial damage if the corresponding
climate risk occurred in the future. However, a company’s attributes vary according to its size, sector,
operations, and lifespan. Hence, future research should aim to devise a quantitative method able to
evaluate the changes that dynamically influence the various attributes of a company due to climate
change. If such a method were reflected in the climate change risk assessment, it would help the
company invest in and plan for climate change adaptation.

The second concerns the four climatic hazards considered among this research’s climate risks.
Owing to the limited data available from the KMA, this research only considered four types of climatic
risks. However, changes such as rising sea levels and drought are important problems related to the
facilities and raw materials of companies. If more reliable and comprehensive data could be provided
in the future, studies could consider comprehensive changes in the relevant climatic hazards.

The third concerns the influence of spatial range and the company’s global network on the climate
risk assessment. The application of this tool is spatially limited by the range of corporate activities
occurring in a country. However, climate risks in one country influence the network of globalized
firms. To resolve this problem, spatial data on climate change impacts at the global level are necessary
to research the dependence of corporate activities on other firms and countries.

The fourth is the limitation of the text mining method. Text mining may produce different results
according to the types and sources of materials and collection periods used. To analyze the relationship
between the business risk factors and four extreme weather events, articles pertaining to the last
13 years from newspapers with relatively high credibility were used in this research. However, not
every event that occurred during the evaluated period was necessarily reported. Although alternative
methods such as social network service could be used to collect information, they might also have
the same three methodological limitations. To address the limitation of the text mining materials,
information on past disaster events could be analyzed. Future research could thus improve the
estimated probability values by matching them with official statistical data on past disaster events.
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The fifth is the issue of utilizing the proposed climate change risk assessment for decision making.
The results of this research suggest the types of climate risks that can damage a company in the
future and under the influence of which financial elements. Such results offer basic information
for strategic decision making on adapting to climate change. The methodological approach of this
study in identifying possible future financial damage is based on a combination of indicators, namely
climate risks including business risk factors and climatic risk, prepared level of company by checklist,
and financial statement factors. This indicator-based approach towards the assessment of climate
change risk is used for its ease of understanding for the decision maker. However, the indicator-based
approach has various limitations in measuring vulnerability, that is, inappropriate scientific grounds
for measurement, substantial arguments for developing indicators [50], temporal and spatial scale,
and uncertainty [51]. This study also has limitations in combining methodology with the theory of
risk indicators. To assist actual decision-making on corporate-level climate change adaptation, further
scientific analysis of why such problems appear in the first place must consider corporate activities,
past experiences, and current issues. Additionally, the theoretical background must be developed to
support the climate risk indicators in the business sector. Future research must also analyze the need
to connect climate change risk assessment results to actual adaptation activities as to guide climate
change risk management and better plan activities.

The sixth is related to the web-based tool introduced in this research. While this method is
applicable for use globally, it was only tested in Korea. To apply this methodology in other countries,
it would need to be refined according to the country in question. For example, spatial data on climatic
hazards related to the climate risks in the country or region would need to be available, while the text
mining results would need to be relevant to the country of application. It should also be noted that the
probability of the business risk factors used in this research was based on the case of Korea. Further,
the impact possibilities that climate risks can affect the financial statement factors must be categorized
in a manner suitable to the country of application, while the elasticity parameters would be necessary
to estimate financial status. Given that the results of this research were derived based on the input
of financial consultants and experts in Korea as well as the Bank of Korea, the abovementioned three
aspects must be considered to make the use of the tool generalizable globally.

The seventh relates to uncertainty. Although uncertainty was addressed by using a credible
interval when estimating the parameters for the business risk factors and the future financial status by
applying economic scenarios and coefficients of elasticity, uncertainty regarding the climate change
scenario itself was not included in this study. The IPCC’s RCP scenarios make many assumptions
and therefore have many limitations when making future projections. This study uses the projection
data from the IPCC’s scenarios, and thus is subject to the same assumptions and limitations such as
technical innovations, changed lifestyles, and external shocks (e.g., war, economic crisis). However,
uncertainty will always exist when making decisions about the future, and it is difficult to completely
resolve this issue. The focus of this study was to produce the best possible information at this point in
time, and the problem of addressing uncertainty is an issue to resolve in future research.

The eighth limitation of this study is the problem of subjectivity that can occur during the checklist
process of risk assessment. While efforts were made to produce objective questions to assess the degree
of preparedness, risk analysis using a checklist can vary according to different perceptions. However,
this issue can be addressed by the company through the participation of various members and by
creating the checklists at workshops. While this research uses a checklist consisting of general questions,
the development of detailed questions for different industries, achieved through future research, could
lead to more objective checklist questions.

5. Conclusions

In this study, we proposed a method and tool for assessing climate risk for companies.
Risks caused by the impact of climate change were connected to business operations and a process
for assessing and presenting these risks was constructed based on firms’ financial statements. In the
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process, the RCP scenario for climate change approved by the IPCC was used for four types of extreme
weather events, and past trends were identified through text mining to assess the potential effects
on nine types of business operations. The results from the proposed tool provide information on
the (1) types of climate risks that can affect a business in the future, (2) estimated probability-based
magnitude of financial damage in relation to the occurrence of climate risks, and (3) management
priority of the corresponding climate risks. These methods were then converted into a web-based tool
to help companies perform quantitative risk assessments on the impact of climate change. In this tool,
the user inputs company information and then selects and analyzes risks using a checklist; thereafter,
the tool presents potential future damage costs due to climate change as well as prioritizes areas that
require greater risk management.

This study is significant in that the tool and method for assessing company risk are provided as
generalized climate change information that can be used directly by the company when discussing
climate change adaptation. Until now, information for companies on climate change has been limited,
and the general applicability of data from firm-specific case studies that include response measures has
been ambiguous. Hence, the method and tool proposed in this study can be used to provide companies
with climate change-related risk assessments as well as help establish appropriate plans and strategies.
According to the G4 sustainability report guidelines and implementation manual published by the
Global Reporting Initiative [52], the financial implications of climate change risks should be obtained
through the G4-EC2, which is a standard in economic performance. In particular, this includes the
suggestion that the financial implications of the risks and opportunities should be reviewed before
implementing any action. Such GRI4 regulations imply that the method and tool proposed in this
study could effectively assist companies in writing sustainability reports.
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