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Abstract: Climate change and net zero are expected to have a significant impact on economic activity in
developing countries, and thus, on the financial cash flow of organizations. In this paper, we propose a
procedure for assessing the financial impact of climate change on organizational cash flow in developing
countries. Our study contributes to the research on scenario-based climate change impact analysis. The applied
research design is exploratory and mainly qualitative, constructing financial impact scenarios combined with
narratives to determine the impact of climate change on individual cash flow line items. The narratives
rationalize cash flow variations and enrich the estimates by adding expert knowledge, in the form of financial
micro-stories and descriptions to the proposed procedure. We present a hypothetical citrus farming company
in a developing country to demonstrate the application of the proposed measurement procedure. The results
obtained suggest that (1) the procedure is practical because financial cash flows are known and widely used in
financial analysis and because they can be implemented in a spreadsheet; that (2) the procedure provides
flexibility because it can be adapted to suit the specific needs of different companies, depending on a selected
climate change scenario, the company’s exposure to climate change, its resilience and vulnerability; (3) that the
practice of thinking in terms of financial worst-case, base-case and best-case scenarios, which reflect different
levels of uncertainty, helps to model the financial impacts of climate change and provides a forward-looking
perspective on how much a company’s cash flow could change.

Keywords: climate change; financial cash flow; financial impact measurement; scenarios;
developing countries

1. Introduction

More and more organizations are having to deal with Climate Change (CC). In some regions
climate change has already led to a climate crisis, a crisis that has been decades in the making. In
recent years, CC has been recognized as a major global risk category, according to the World
Economic Forum 2023 Risk Report (WEF, 2023). For many organizations the “climate crisis” and
related risks have created new business and financial management challenges. These challenges
differ, depending on the defined scenario for global warming. The international community aims to
limit warming to 1.5 degrees Celsius above pre-industrial levels. However, this target seems more
fragile than before, as recent studies show that current warming is higher (WMO, 2022). Therefore,
there are also other scenarios, one of which defines a goal of limiting warming to 2 degrees Celsius,
as warming above this level will cause greater irreversible damage. The climate crisis is also linked
to the loss of biodiversity. While intact ecosystems, such as forests and wetlands, help absorb CO,
the destruction of ecosystems releases CO2 and makes it difficult to achieve the goal of limiting
warming (CBD COP 15, 2022), and many developing countries are generally more vulnerable and
exposed to CC and its impacts (Rondhi et. al, 2019).

From a business perspective, this raises the following questions: How much does the global
warming cost or benefit us, depending on the scenario? How much will our revenues, investments,
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cost of capital, etc. increase or decrease as a result of CC? The answers also depend on an
organization’s level of exposure, preparedness, adaptive capacity and vulnerability. Many
developing countries with their organizations and people, may turn out to be the most affected by
global warming and the transition to a carbon neutral economy.

Van-Vuuren et. al. (2014) point out that we need frameworks to facilitate the creation of
integrated scenarios based on combinations of climate model projections. From these, companies can
build scenarios and financial methodologies and apply them to determine the financial impact on a
company’s value. Three key drivers of a company’s intrinsic value have been identified: cash flows,
growth and risk (Damodaran, 2012). One challenge, then, is to assess these elements in organizations
under a scenario of local warming and a transition to carbon neutrality. If we know the magnitude
of theses climate change impacts, change management can prioritize actions based on the incremental
financial value of these impacts.

This paper contributes, in a broader sense, to the achievement of SDG (Sustainable Development
Goal) number 13 on “climate action” and target 13b on “promoting mechanisms for raising capacity
for effective climate change-related planning and management...” (UNEP, 2023). In a narrower sense,
to answer the question whether it is possible to define a reproducible procedure to assess the financial
impact of CC on an organization in developing countries, based on financial impact scenarios.
Scenarios are an interesting methodological alternative due to the lack of historical data in corporate
databases. Unlike a database, which typically reflects information from the past (historical data),
scenarios generally model a forward-looking view of risk exposure. In this context, this paper also
highlights the methodological advances that have been made in various aspects of financial climate
impact assessment. The paper is organized as follows. First, we provide background information
based on a review of the literature. Then, we describe the methods used to develop the proposed
financial impact measurement. Then, we present and discuss the main findings. Finally, the main
conclusions are drawn from these results.

2. Background

The International Sustainability Standards Board (ISSB) is in the process of helping investors
understand how a company integrates sustainability to create value. ISSB is currently working on
Sustainability Disclosure Standards (Pensions & Investments, 2022). This means that the ESG
disclosure landscape, which is currently fragmented, unconnected, mostly unregulated and with
conflicting concepts (Larcker et. al. 2022), is evolving towards a common, global language of
sustainability financial disclosures (IFRS, 2022). However, there is currently no standard, global
language or regulation on how to measure the impact of global warming on an organization's
finances.

In fact, the TCFD notes that the disclosure of business resilience under different climate-related
scenarios continues to have the lowest level of disclosure among the 11 TCFD recommended
disclosures, at 16% (FSB, 2022). As a result, the UN currently claims that adaptation to CC is generally
too slow and puts the world at risk (ONU, 2022).

ESG guidance. The ESG concept refers to three dimensions of sustainability: the environmental,
social and economic dimensions, and seeks to achieve a “balance” between them in business and
financial management. For example, ESG considers the interests of an organization’s different
stakeholders, as opposed to focusing solely on shareholders. As a result, companies maximize these
three objectives to create business value, which is the goal of any company (Damodaran, 2012). This
is different from maximizing shareholder value under social and environmental constraints and
therefore requires “multi-objective management”.

However, disagreement over the definition of materiality has hindered sustainability integration
by separating ESG factors from business operations and cash flows (Jeb, 2019). In fact, ESG
information disclosed by companies is generally referred to as “non-financial information”, even
though this information is also relevant to investors and other financial decision-making.

The explicit inclusion of the environmental dimension as in sustainability reporting or in ESG
scoring (SASB, 2023), (MSCI, 2023), (Bloomberg, 2023) is relatively new. Both, public listed
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companies, and external entities such as Bloomberg, MSCI, S&P Global or Sustainalytics assess, for
example, a company’s energy and water consumption, as well as its waste production and avoidance
to determine an “E”-score. This score assigns a classification or rating to the company that represents
the company’s performance in terms of environmental sustainability, including the net zero aspect.
This “inside-out” (environmental) perspective of the score is intended to identify investment or
divestment opportunities and risks (Madison & Schiehll, 2021). Financial materiality is ultimately
what investors are interested in, and this refers specifically to information on the creation of financial
value for investors. We know that financial value can be affected not only by environmentally
unfriendly production, but also by external factors, like stricter legislation or changes in consumer
behavior as consumers demand more environmentally friendly and sustainable products and
services. However, at present, ESG measurement and scoring essentially does not assess the impact
of climate change or net zero on a company and its financials (“outside-in” perspective). This affects
the meaningfulness of ESG scores.

CC Risks. Most organizations manage environmental impacts in terms of risk. Risk is defined
as “the effect of uncertainty on objectives” (ISO 31000, 2018). Climate-related risks are generally
divided into physical and transition risks (BCBS, 2021). These risks refer to events that have a
potential impact on a company’s stated objectives. The first category relates to weather events such
as storms, floods, droughts, etc. The second includes regulatory and political changes, as well as
technological and market changes. The latter are related to changes in consumer and investor
behavior that alter purchasing and investment patterns, gradually shifting the demand toward more
sustainable products and services. Consequently, these changes in the transition to a more sustainable
and low-carbon economy have an impact on the achievement of a company’s objectives, including
financial ones.

A Qualitative Approach - Scenarios for Assessing Risk. Risk measurement is often based on
an entity’s internal historical data (“internal loss data”), which may be supplemented by external
data. However, in the case of CC, companies, especially in developing countries, still do not have
databases with sufficient and reliable information on the probability of occurrence of climate and
transition events and their impacts, in terms of losses or benefits. Scenario analysis can therefore be
used as an approach, with each scenario representing a different set of conditions. For example,
different assumptions about CC and the transition to a more sustainable economy.

Scenario analysis is not new and has been used in the context of enterprise risk management and
operational risk (BCBS, 2006). The 2009 ISO 31010 standard defines scenario analysis as a method or
tool that can be used for both risk identification and risk analysis and assessment (ISO, 2009;
ANSI/ASSE, 2011). ISO 31010 defines in its Annex B10 that scenario analysis refers to the
development of descriptive models of how the future might unfold (ISO; 2009).

Airmic (2016) points out that the exact method of scenario analysis is unique to each company.
Therefore, the opinion of domain experts who understand the forces of change factors and business
objectives is key to conducting a scenario analysis.

With respect to CC, which typically has a longer horizon (IPCC, 2022) than most other business
and financial risks, the work of Ramirez et al. (2020) highlights that regulators, supervisors and
financial institutions in Latin America are beginning to evaluate the acceptability of a scenario
analysis and other methodologies for assessing the risk associated with climate change. This work
emphasizes that “the first generation of climate metrics is based purely on CO2 emissions data” (p.
16). Regarding the second generation of metrics the authors noted that a new set of metrics is in the
process of being developed. These combine multiple data sources to overcome the limitations of
traditional carbon metrics, including climate and future company scenario data (Ramirez et al, 2020,
p- 17). Based on this analysis, we see a growing interest in developing more comprehensive
methodologies that incorporate corporate scenarios to assess the financial risks associated with
climate change. Where corporate scenarios depend on climate scenarios.

Climate Scenarios. CC scenarios are not predictions of the future, but projections of what might
happen by creating plausible, coherent and internally consistent descriptions of possible climate
change futures. They can also provide plausible, coherent and internally consistent descriptions of
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pathways to specific goals. Thus, climate change scenarios can be presented in two different ways. In
terms of “what might happen?” projections and in terms of goal oriented “what should happen?”
pathways, where a single scenario is essentially meaningless. Rather, scenarios are used in pairs or
sets to contrast different futures and options (Senses Project, 2023). From an environmental
perspective, the IPCC in its Sixth Assessment Report on climate science (IPCC, 2022), documented
five main climate scenarios that, at the macro level, are the starting point for defining financial
scenarios at the corporate level. All of these climate scenarios assume more pronounced differences
in elevated temperatures from around 2024, when companies will be even more exposed to localized
warming.

For our work and in the context of a developing country we choose one of these scenarios as an
example to develop a procedure for determining the financial impact of climate change on a
company:

“SSP2-4.5": Roughly in line with the upper bound of the combined commitments under the
Paris Agreement. The scenario "deviates slightly from a baseline scenario of no additional climate
policy, resulting in estimated warming of about 2.7°C by the end of the 21+t century”.

CC Transition Scenarios. NGFS has published a series of what-if scenarios (2022). These provide
a common, up-to-date reference point for understanding how climate change (physical risk),
technology and climate policy trends (transition risk) might evolve in different futures. Each scenario
shows a range of higher and lower risk outcomes and includes the following: (1) “Orderly”, (2)
“disorderly”, (3) “hothouse world”, and (4) “too little, too late” transition scenario. For our work and
in the context of a developing country we consider a “disorderly scenario”, which has been
characterized by the NGEFS as follows:

e  Disorderly scenarios explore higher transition risk due to delayed or divergent policies across
countries and sectors.

Scenarios and the financial assessment of CC. The BCBS (Basel Committee on Banking
Supervision) in its Conceptual framework for climate risk assessment for banks and supervisors (2021)
proposed the use of scenarios to model and measure financial risks that are related to climate change.
CC (physical risk and transition risk) affects traditional business- and financial risks through various
economic transmission channels (NGFS, 2022). The assessment process at the corporate level
therefore consists of a two-step approach:

1. determine the probability and impact of a CC event on traditional risk categories, such as market
risk, credit risk, liquidity risk or operational risk, and then

2. aggregating the loss distributions of each individual risk, to arrive at the enterprise risk, and to
obtain a loss distribution for the firm as a whole, where this loss distribution includes losses
caused by CC events.

One challenge in applying this approach is estimating the probabilities (Shefrin, 2016) or
frequencies with which CC events, such as transition events like a new or updated law or a lawsuit
due to an environmental claim (Sabin Center for Climate Change Law, 2023), will occur.

In this context, Boushey et al (2021) point out that new tools are needed to assess climate-related
financial risks, as the transmission channels and climate impacts are not so clear at present.

Financial Climate Stress Testing. A climate risk stress test is described in ECB - European
Central Bank (2022), which argues that “climate change and the transition to net-zero carbon
emissions pose risks for households and businesses and thus for the financial sector. As a result,
addressing environmental and climate-related risks is one of ECB’s strategic priorities. However, the
Banking Supervision Report for 2022-24, criticizes the measurement process as follows:

While many banks indicated that they intend to reduce exposures to sectors and counterparties
with higher GHG emissions, banks showed little sensitivity when it comes to strategizing for different
scenarios. ... This lack of elaboration on the different pathways’ points to the need for further efforts
to formulate strategic options for long-term transition scenarios.

This suggests that organizations do not always have a clear understanding of the level of
sensitivity of their different operations to climate risk. For example, different services or lines of
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business may have different sensitivities. Where sensitivity refers to the combination of “relevance”

and “proportionality” (Asobancaria, 2022):

e  Relevance: the degree of exposure to climate risk of the economic activities financed by the
entity.

e  Proportionality: related to the nature of the financial institution’s operations and the complexity
of the set of products and services offered.

Quantitative Approach - Climate Beta Factor. In addition to the above approaches, we also
identify a proposal to modify the calculation of the cash flow discount rate, which mathematically
considers the risk or estimated variability of the cash flows. Part of this calculation is the beta factor.
The beta factor, which is, for example, part of the Capital Asset Pricing Model (CAPM) (see e.g.: Fama
& French, 2004) that is used to determine the cost of equity for a company, indicates the riskiness of
the business in which a company operates, relative to the riskiness of the market as a whole. The
equation for calculating beta is the covariance of the return of an asset (stock of the company R;) with
the return on a benchmark (stock index Ry), divided by the variance of the return on the benchmark
over a given period (62(Ry,)), (Fama & French, 2004):

cov(R;, Ry)
M g2 (Rm)

M

When markets are close to efficient, prices, and hence beta reflects the available information and
expectations of supply and demand, and thus of sellers and buyers. This includes information and
expectations about CC, physical and transition risk, net zero and the financial consequences for the
company’s returns. This market-based view implies that if CC increases or decreases the riskiness of
a business or a company relative to the market, then beta will reflect this.

To test the resilience of financial institutions to climate-related risks, (Jung et. al., 2021) present
a CRISK measure to account for systemic climate risk, which is the expected capital shortfall of a
financial institution under a climate stress scenario. This is a market-based measure, as previous
studies suggest that climate risks are priced in the equity market. In this context the authors measure
climate beta as follows:

rie = REKT MKT, + RG™*¢ CF, + € )
Where, rit is the stock return of organization (bank) i, MKT is the market return, and CF is the climate
risk factor, measured as the return on the stranded asset portfolio. Market beta and climate beta in
this regression measure the sensitivity of bank i’s returns to market risk and transition-related climate
risk, respectively (Jung et. al, 2021).

They also present climate beta as a measure that quantifies how sensitive a stock (asset) is to the
transition to a low-carbon economy. These authors show that this metric can discern between
companies that are vulnerable to transition risks and those that are likely to benefit from a transition
to net-zero emissions (Huij et. al., 2022).

Another quantitative method that has gained attention in the literature and in companies is the
use of environmental, social, and governance (ESG) ratings to evaluate companies. ESG ratings are a
measure of a company’s sustainability performance and are often used by investors to assess the
environmental and social risks associated with a particular investment. Recent research has shown
that companies with higher ESG ratings tend to perform better financially, especially over the long
term (Kim & Park, 2021), (Khan et al., 2016). A Deloitte study found that ESG scores are rewarded
with an “ESG-driven value premium” in the form of a higher EV/EBITDA (Enterprise Value /
Earnings Before Interests Taxes Depreciation and Amortization) trading multiple (Deloitte, 2022).
Using regression analysis, the authors found that a 10-point increase in ESG score was associated
with an approximately 1.2 times higher EV/EBITDA multiple. This suggests that ESG ratings can be
a useful factor for investors and companies in creating financial value. However, an ESG score does
not assess the impact of CC on a company’s financials.

Other financial measures, such as cash flow analysis and valuation methods, have also been used
to estimate the financial impact of climate change on companies (Battiston et al., 2017), (Park & Noh,
2017), (CPA Canada, 2021).
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Building on the existing literature, our study proposes a financial cash flow-based approach to
assess the financial impact of climate change on firms that incorporates external factors. By
incorporating outside-in perspectives, our procedure aims to provide a more intuitive and holistic
understanding of the financial impact of climate change on firms, and to support more effective
decision-making in the face of these risks. In particular, it is our view that the probability of
occurrence of climate risk events, such as transition risk events, is difficult for companies to estimate.

3. Methods

Our research is exploratory and forward-looking, exploring the financial impacts of climate
change, on cash flows. The construction and evaluation of financial cash flows is a well-known,
widely used and researched concept in financial analysis (Delapedra-Silva, et al., 2022), (Desai, 2019),
(Damodaran, 2012). It is qualitative in that it requires expert opinion and it is quantitative in that
we perform basic Excel-based calculations of a company’s cash flow. It is descriptive in that narratives
describe and support the numbers and cash flow changes caused by climate change.

Figure 1 below outlines the proposed financial assessment steps.

Financial Cash Flow (CF)

Establish the context y
Determine the change

in cash flow line items
("incremental CF")

Perform an "impact Support the score with
Select a climate scenario (e.g. scoring” a "narrative”
SSP2-4.5; "disorderly")

> Assign an impactscoreto —p Develop a narrative — e

Determine the level of each cash flow line item that is possible, 2 : B :

- X . " identified impacts into
vulnerability of the business based on expert plausible, and likely to

S = percentages for three

or organization judgment support each score 3 :
financial scenarios
Repeat for each Repeat for each
CF line item CF line item

Figure 1. Proposed procedure for a financial CF-based assessment of CC.

Setting the stage

To estimate the financial impact of climate change and net zero respectively we focus on cash
flow as our financial “bottom line” and primary unit of analysis (Desai, 2019). Climate change and
net zero initiatives have led to climate scenarios that can be used to define financial scenarios based
on fact-based narratives or short stories. Where the power of a story drives business value, adding
substance to the numbers and enabling the decisions or assessments made by the experts
(Damodaran, 2017).

We propose three different financial scenarios to incorporate climate change. These three
scenarios represent different levels of uncertainty and relate to the riskiness of the financial numbers
of the cash flow and ultimately its net present value. Thus, each financial scenario is a numerical
representation of a climate narrative, in terms of the affected cash flow line items and their main value
drivers, as shown in Figure 2 below: The cash flows that are generated from existing assets
(investments), the growth of the cash flows based on new assets / investments, and the risk
(variability) of these cash flows, which is reflected in the cost of capital that determines the hurdle
rate or required financial rate of return.

How does "climate change" affect CF's generated by existing assets?

How does "climate change" affect the growth of CF's?

F.- i .
E(FCF,) E(FCF,) ¥ E{FCF,)
+ +.+
(1+wacc)®  (1+wacc)’ {1+wacc)"
Ly

Value =

How does "climate change" affect the cost of capital and its components?

Figure 2. Cash flows for value generation, adapted from Damodaran (2014).


file:///D:/EIA2023_1/GPC/proyectoImpactoFinCambioClim_conUPB/2ndoArticulo/final/Damodaran
https://doi.org/10.20944/preprints202310.1563.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2023 doi:10.20944/preprints202310.1563.v1

Where:
CF: Cash flow
E(FCF): Estimated free cash flow
WACC: Weighted average cost of capital
1 ... n: Periods, such as years.

Variables and parameters

Scenarios. As noted before, we use the “SSP2-4.5” climate scenario and a “Disordered
Transition” scenario as possible and plausible, evidence-based assumptions for our work. Disordered
because we believe that the transition to a more sustainable economy is still not a priority for most
developing countries and because we assume that these countries generally lack the fiscal flexibility
to finance the transition.

To financially account for these climate scenarios, we propose three financial scenarios: A base
case (most likely), a best case (optimistic) and a worst case (pessimistic) financial scenario.

Climate variables. A climate scenario can be described in detail by the “climate variables” that
we show in Table 1 of the Supplementary Material.

Financial variables. We consider the following free cash flow statement variables.

Table 1. A company’s cash flow line items.

Cash flow line items

(+) Income affected by taxes
Sales of products & senvices
Sales of assets
(-) Expenditures affected by taxes
COGS
Other operating costs
(-) Non cash expenses
Depreciation, tangible assets
Amortization, intangible assets
Book value of sold assets
(=) Earnings before interests and taxes (EBIT)
(-} Taxes (marginal corporate tax rate)
(=) Net operating profit after taxes (NOPAT)
{+) Non cash expenses
(-) Expenditures not affected by taxes
Investments in:
Fixed assets / reinvestments
Intangible assets / reinvestments
Working capital / reinvestments
(+) Income not affected by taxes
Cash flow of investments
= Free Cash Flow to the firm (FCFF)
+Loans (debt)
- Interests * (1-T)
- Amartization of the loans

Debt Service
= Free Cash Flow to Equity (FCFE)

Thus, subtracting the debt from the free cash flow to the firm (FCFF) yields Free Cash Flow to
Equity (FCFE).

Each line item number is supported by a narrative that considers the financial components of a
line item and begins with a series of questions.

We use the cash flow variables because almost everything an organization does or does not do
is reflected in its financials and its cash flows. For example, a “bad” climate change or net-zero
management will be reflected in the affected financial line items. So will high inflation, low
productivity, high levels of debt, failed investments, an increase in droughts, or floods, rising sea
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levels, and other negative factors. After all, these aspects are all built into the cash flows. The same is
true for positive factors (climate change or net zero opportunities), as they simply change the sign of
the cash flows.

Narratives. For a narrative we use a set of written accounts of connected business-related events
that form a “line-item business micro-story” linked to the line items of a company’s free cash flow
(Beattie, 2014), (Knaflic, 2015). That is, the narrative describes “why” a line item is changed by climate
change or net zero. Accordingly, narratives facilitate the communication of financial numbers,
expressed in monetary terms and can increase the level of understanding and, ultimately acceptance
of these monetary values. However, the use of our narratives, as part of the CC financial impact
measurement procedure, does not mitigate the subjectivity or imprecision of the estimated numbers.

Data and financial case. We use simulated data. However, our data is plausible, and therefore
could be generated by real world events.

Based on this data we make the financial case for a medium-sized family-owned citriculture
company, operating in the countryside of Latin America, in a mountainous region of Colombia. In
this region the climatic conditions are tropical and provide temperatures between 20 and 35 degrees
Celsius on average to grow citric fruit without the need to use greenhouses. This agricultural
company grows and sells “Valencia” oranges, a sweet, refreshing, and natural food. This product is
sold without much aggregated value to a local wholesaler who is the main customer of this company.
This wholesaler collects the packaged fruit from the company’s premises. Thus, distribution, in the
sense of transporting the fruit to retailers or markets, is the responsibility of the wholesaler. The fruit
company can be considered “mature” in terms of its life cycle.

Financial assumptions: The company’s financials are “stable” and its growth is “moderate” and
motivated by consumers who are increasingly seeking diets that include natural fruits, their fiber and
vitamins. Debt is also “moderate” compared to similar companies in the same industry. Currently,
the marginal corporate tax rate in Colombia is 35%. The company’s citrus trees are depreciated on a
straight-line basis each year. These tangible assets may become stranded assets if physical and
transition risks materialize and write-offs become necessary.

Validation. Finally, the proposed procedure was validated by a small group of four experts from
both, the financial sector with expertise in cash flow modeling, and experts from the environmental
sector, including corporate sustainability management. All experts are from Colombia, a developing
country, and are familiar with the main challenges of climate change in the region. The “usefulness”
of the proposed procedure was tested using a focus group approach.

Results and discussion: A procedure for determining the financial impact

An overview of the procedure. The procedure starts with a questionnaire of line-item related
questions that ask about each element that is needed to calculate the company’s free cash flow. Then,
narratives are added that explain why a line item will change. We then map the impact score in the
form of a three-point estimate into scenarios. This considers the variability of the company’s future
cash flows due to physical and transitional climate risks.

The steps of the procedure. To determine, how climate change and net-zero will hurt or

help an organization financially, we suggest a procedure with the following steps:

0. Establish the context - an interpretation of the company’s environment:

a. Briefly describe the “chosen” climate scenario.

b. Identify the level of exposure and vulnerability to climate change of the sector or
business and possibly other macro-socio-economic aspects relevant to the
company’s context.

1.  Given the established context, qualitatively determine the magnitude of the impact on cash flow
line items using expert judgement (i.e., financial expertise related to the analyzed business) and
based on a series of questions.

2. Support this judgement with a possible, plausible, and probable narrative (“line-item business

micro-story”).
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3. Map the obtained qualification (score) to a percentage (number), which refers to the estimated
percentage variation of the cash flow line item, using expert judgement. This mapping can be
done as an estimate for the three scenarios: worst case, base case and best case.

Thus, we include the level of risk in the nominator (cash flows) of Exhibit 1, and to avoid double
counting we do not adjust (increase) the denominator, i.e., the discount rate (WACC or cost of
capital). This means, that we do not introduce a climate beta or add a climate risk premium to the
denominator (Ameli, 2021) because our cash flow line item estimates are scenario values, where each
scenario represents a different assessment of risk, in terms of a worst, base and best-case real-world
situation.

The advantage of the chosen “nominator approach” is that we estimate well known cash flow
line items in a bottom-up manner starting with a financial line item question that is supported by a
business-specific narrative. We believe this is easier in a corporate setting than determining a climate
change risk premium for the hurdle rate. Furthermore, in the context of developing countries this
approach is simpler than calculating a climate beta, where a beta factor is generally determined by
linear regression. This means that it is based on historical data with the aim of determining the
riskiness of a company by comparing the non-diversifiable climate risk induced volatility of stock
market returns caused by climate risk with the volatility of company returns. This historical data is
often not available.

The idea that climate risks have a greater impact on a company's cash flow than on its weighted
average cost of capital (WACC) is based on the fact that climate risks directly affect a company’s
ability to generate cash, while their impact on the cost of capital is more indirect and difficult to
quantify. For example, climate risks such as floods, droughts, or natural disasters can affect a
company’s production and operations, which in turn can reduce its revenues and impact its cash
flow. Climate risks can also increase a company's operating costs, for example by requiring additional
infrastructure investments to adapt to a changing climate.

On the other hand, the impact of climate risks on the cost of capital is more indirect and difficult
to quantify because investors and lenders may have different perspectives and approaches to
assessing and pricing climate risks. Some investors may view climate risks as increasing the
uncertainty of cash flows and the enterprise risk relative to the market, which in turn increases the
cost of capital. Other investors may believe that companies that are well prepared and adapted to
face climate risks have lower risk and a lower cost of capital.

One source that supports the idea that climate risks have a greater impact on a company's cash
flow is: "Climate Change and Company Valuation: Evidence from a Quasi-Natural Experiment" by
Krueger (2015): This study analyzes the impact of climate risks on company valuation in a natural
experiment context, where companies are exposed to different levels of climate risk due to natural
climate variability.

4. Results - An example for the case study citrus fruit company

Establishing the context: An interpretation of the company’s environment

The selected Climate Scenario. We select “SSP2-4.5” and a “disordered transition” scenario to
determine the financial impact for our case study company, the family-owned citrus company in
Colombia. We choose a disordered transition primarily because Colombia does not have much
fiscal flexibility, and transitioning to a more sustainable economy is in practice not a top priority of
either the national or local governments.

Identifying the vulnerability level and exposure to climate change. According to ND-GAIN
(2022), Colombia is the 98th country most vulnerable to climate change and Asobancaria Colombia
(2022) states that the agricultural sector, which includes citrus fruits cultivation, is “highly exposed”
to climate change.

This interpretation of the case study company’s environment provides the context and the
starting point for answering the following questions to evaluate (score) the financial cash flow line
items.
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If desired, additional macro-socio-economic factors can be considered to complete the external
context for the financial impact assessment. For example, by using relevant climate change-adjusted
socio-economic data provided by industry associations.

Performing qualitative line item impact scoring

Using the procedure described, we obtain the following result for our case study company,
where the experts provide answers to the financial line items questions using two steps to determine
the score. First, they assess the magnitude of the financial impact. Second, they determine the
direction of the financial impact in terms of a positive impact (cash inflow or its increase) vs a negative
impact (cash outflow or its increase) or NA, if the expert estimates neither a positive nor a negative
impact (no change in cash flow). The score is determined as an average of the scores. The result of
this assessment is an overall score that is negative (-1), indicating that the impact of the selected
scenario, in total, is financially detrimental to the company, but “very little” (-1).

Table 2. CC cash flow line item impact scoring.

"Climate change cash flow line-item impact scoring”

Please answer the folowing questions by estimating how much the selected climate scenario changes the following cash flow line tems, given
the context of the business, such as its level of vulnerability, and a one-year time horizon
0 - Mo change; 1 - insignificant change; 2 — minor change; 3 — average (moderate)} change; 4 — major change; & — severe change.

ITEMS IMPACT LEVEL SCORE
Revenues ACT
23 HERACTON| 1,7

What is the impact of the selected climate scenario on the company’s revenues?

How much pricing power do we have, and therefore how much will prices change based on the

1 Positi 1
chosen climate scenario and its impacts? IR
How much wil the selected climate scenario impact our business in terms of a change in the
5 Negative (- -5
wolume (quantity) of goods sold? < &
How will the selected climate scenario and its impacts affect asset sale prices, including the =ale 4 Negative (-) r
price of stranded assets?
Costs - Expenditures affected by the corporate tax rate 13 IMPACT ON 07
What is the impact of the selected climate scenario on the company's costs? : CF !
How much does the selected climate scenario and its impacts change all direct costs associated 5 Pastive (+} 1
with producing the goods (sold), such as raw material costs and labor costs (COGS)?
5 How much does the selected cimate scenario and its impacts change operating costs in terms of 3 Negative (-} 3
SG&A: seling, general and administrative expenses? g
How lkely is it that the selected climate scenario and itz impacts will change (increase) the marginal 0 NA 0
corporate tax rate?
Non-cash expenses
. = IMPACT ON
What is the impact of the selected climate scenario on the company’s non-cash 4,0 F 4.0
expenses?
How much does the selected climate Scenanio and is IMPActs change the duration andior amount
7 of depreciation of our property, plant, and equipment, including stranded asset write-offs and the 2 Negative (-} -2
lika?
How much does the selected climate scenario and its impacts change the duration and / or amount
8  of amortization of our intangible assets in financial terme, including brand names, trademarks, 5 Negative (-} -5
patents, software, etc.?
How much does the selected climate scenario and its impacts change the book value of the assets
9 5 Negative (-} -5

we want to sell including our stranded asszets?
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Investment activity 0.8 IMPACT ON 08
What is the impact of the selected climate scenario on the company's investments? ! CF
How much does the selected climate scenario and ts impacts change the magnitude (amount) of .
10 our investments in new ficed assets? ! Negative (-) -
1 :uurw much does the selected climate scenario and its impacts change the magnitude (amount) of ] Negative (-} A
12 Hl:w\fI much duas.thfa se\ef::ted climate scenario and its impacts change the magnitude (amount) of 1 Negative (-) 4
our investments in intangible assetz?
13 How much does the selected climate scenario and ts impacts change the value of our receivables 1 Negative (-) 4
(as our customers change their "payment habits™ due to the selected climate scenario)?
14 How much does the selected climate scenario and te impacts change the value of our inventories? 4 Negative (-) 4
(raw materials; work in progress; finished goods)
How much does the selected climate scenario and its impacts change the value of our accounts
16 payable (because we change our “habits of paying our suppliers” due to the selected climate o NA i}
SCenario)?
Financing activity
. . = IMPACT ON
What is the impact of the selected climate scenario on the company’s financing 1,2 CF 0.8
activities?
16 How much does the selected climate scenario and ts impacts change our cost of debt (e, the 4 Positive (+) 1
cost of loans, bonds, etc.)?
17 On average, how much does the selected climate scenario and ts impacts change the risk-free y Negative (-) =
rate we apply?
4g How much does the selected climate scenario and its impacts change the unlevered equity beta for ] Negative (-} A

the company (sector)?

How much does the selected climate scenano and its ImMpacts change the market nisk premium that
19 we apply (which measures the difference between the expected return on a market portfolio and 1 Negative (-} -1

the rizk_fres ratei?

20 How much, on average, does the selected climate scenario and its impacts change country risk

1 Negative (- -1
(generally referring to the country in which we operate or from which we derive revenue)? LB
21 How much will equity in.vestnrs dem.and a.s.an. additional risk premium (on top of the risk-free rate) 2 Negative (-) 2
based on the chosen climate scenario and its impacts?
Overall estimated impact 2 ==

Adding a Narrative (“micro-story”)

The expert then adds a narrative that supports the score value determined for each line item. An
example for the revenues of the case study company is shown in the following Table 3. Here, the
narrative is in the form of a short financial story that conveys information and leads the audience’s
transition from an initial state to a later state (Robiady et al., 2021), where the later state of the cash
flows includes the financial impact of CC on a line-item.

Table 3. Revenue line-item score with narrative.

Revenues TRE G
What is the impact of the selected climate scenario on 23 CF 1,7 LINE-ITEM NARRATIVE (MICRO STORY)
the company's revenues?
How much pricing power do we have. and therefore how Since we sell food (citrus as a commodity) to a wholesaler, price elasticity
1 much will prices change based on the chosen climate 1 Positive (+) 1 is low and we have no pricing power. However, we estimate that the overall
scenario and its impacts? price will increase moderately (“insignificant change”).
The climate scenario selected indicates that our citrus operations in
How much will the selected climate scenario impact our
Colombia will experience more frequent and severe droughts, which will
2 business in terms of a change in the volume (quantity) of 5 Negative (-} 5
oods sold? reduce the availability of water for irrigation and negatively impact the volume
g (quantity) of our crops sold.
Our assets include, among other things, land, machinery and buildings. The
How will the selected climate scenario and its impacts affect chasen climate scenario suggests that the region where our crops are
3 assetsale prices, including the sale price of stranded 1 Negative (-) -1 lacated will experience more frequent and severe weather events, such as
assets? floods and storms, which could damage or even make some of our assets

unusable, also known as "stranded assets

Mapping the impacts identified to percentages (category to number estimate)

The next step requires that the expert or group of experts translate or map the score, which is a
categorical value, to a percentage for each scenario. The percentage indicates how much the monetary
value of each financial line item moves in relative terms. Through this mapping we consider three
levels of uncertainty or risk associated with the impact of climate change and therefore the scores
determined. Anexample for the revenues of the case study company is shown in the following table
4, where each of the three financial line-item scenarios represents a level of uncertainty or riskiness
regarding the specific financial impact for the line-items related to the revenues that a company
receives from the sale of its produced goods (citrus fruits). For the expert, the context and starting
value for determining the percentage variation of a cash flow line item is represented by the actual
monetary value of the line item in an organization. Thus, the scenarios provide valuable information
about the possible, plausible and probable adjustment of cash flows due to the effects of climate
change, according to the chosen climate scenario.
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Table 4. Revenue line item score with narratives translated into a percentage change for three
financial scenarios.

FINANCIAL LINE ITEM

SCENARIOS
(Estimated incremental
SCORE change [%])
1,7 LINE ITEM NARRATIVE (MICRO STORY) - REVENUES [Num_to_%]iyqrst case base case best case

Since we sell food (citrus as a commodity) to a wholesaler, price elasticity is
1 low and we have no pricing power. However, we estimate that the overall price 0,50% 1,00% 1,50%
will increase moderately ("insignificant change").
The climate scenario selected indicates that our citrus operations in Colombia
will experience more frequent and severe droughts, which will reduce the
availability of water for irrigation and negatively impact the volume (quantity) of
our crops sold.
Our assets include, among other things, land. machinery and buildings. The
chosen climate scenario suggests that the region where our crops are located
-1 will experience more frequent and severe weather events, such as floods and -4,00%  -2,00% 0,00%

storms, which could damage or even make some of our assets unusable,

also known as "stranded assets.

5 -8,00%  -4,00% = -1,00%

MAPPING

Validation. The presentation and discussion of the proposed procedure for assessing the impact
of CC on an organization’s finances with experts showed that the procedure is useful, in terms of
“expert opinion”. Mainly because the spreadsheet-based, step-by-step style is “easy” to understand
and easy to implement. The scenarios allow the simulation of different outcomes. However, an
important finding was that virtually all participants in the validation session indicated that they had
never before assessed CC impacts in an integral manner, as required by the financial framework
provided by a cash flow statement. Another comment from participants was that the procedure
remains “abstract” in the sense that we have not applied the estimated percentages to monetary
values, which is ultimately the essence of a cash flow. The recommendation is to address this
limitation in future research by applying the proposed procedure to a real company cash flow. Thus,
it remains to be seen whether the proposed procedure is more "useful” to companies than, for
example, a traditional risk measurement procedure that involves estimating the probabilities of CC
risk events occurring.

Conclusions and future research

This research has developed a procedure for assessing the financial impact of climate change.

As companies, in general, still do not have a database with physical and transition risk events,
their frequency of occurrence and their financial impact, it is still too early to quantify the financial
impact of climate change based on mathematical, statistical or machine learning models. To address
this issue, we used a qualitative financial assessment approach based on financial scenarios that
incorporate expert judgement and estimates.

We conclude that this approach can help companies assess the financial impact of climate change
in a structured and methodical way. The proposed procedure can be implemented in a spreadsheet,
which is a well-known and widely used tool in companies, which helps in adapting the procedure to
the established financial planning processes of companies.

An additional point regarding the flexibility of the proposed procedure is that it can be adapted
to suit the specific needs and characteristics of different companies and industries. The use of a
spreadsheet as the tool for implementing the procedure allows for easy customization and
modification, making it a practical and accessible option for companies with varying levels of
financial expertise and resources. However, while the flexibility of the procedure is a strength, it is
important to note that careful thought and expertise are still required to ensure that the assessment
accurately captures the potential financial impact of climate change on a particular company or
industry.

We have found that the inclusion of narratives is promising because they add valuable expertise
and generate insight by forcing the user to think through the implications and develop an argument.
In addition, they can increase the acceptance of the proposed procedure by backing up the numbers
and making them more accessible to the people involved in the financial impact assessment.

We conclude that the financial assessment is not a precise evaluation as the transmission of
climate change into a cash flow can be many-layered and not always fully traceable. However, by
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incorporating narratives and expert knowledge into the assessment process, we can improve the
quality and accuracy of the assessment. Narratives provide a more holistic understanding of the
potential financial impacts of climate change and can help to identify previously unrecognized risks
and opportunities.

Additionally, narratives can help to communicate the results of the assessment to a wider
audience, including stakeholders who may not have a financial background, and can increase
transparency and accountability in the decision-making process.

Finally, we recommend that companies build internal databases, so that the proposed qualitative
measurement procedure can be enriched by a more quantitative approach that identifies patterns of
financial impact by analyzing an organization's internal database of CC risk events.

As aresult, we identify several areas for future research that can help to improve the assessment
of the financial impact of climate change. These include (1) the application of the proposed procedure
in a real company; (2) the creation of standardized databases, the development of robust quantitative
models that implement machine learning techniques, and the evaluation of the effectiveness of
climate change adaptation and mitigation activities. By addressing these research opportunities, we
can improve our understanding of the planned and unplanned financial variability of cash flows
associated with climate change and develop new managing strategies.
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