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1 An Introduction to Water Risk
Water risk has become a major emerging threat. The challenges related to water
chronically manifest as the increasing need for water from a growing population and economy
exceeds available water resources. The World Bank’s 2030 Water Resources Group (WRG)
estimates a water gap of 40% for supply and demand by 2030 in their 2021 annual report (WRG,
2021). In addition, water-related extreme events such as droughts and floods have become more
frequent and intense (UN Water, 2020). These water events cause severe social and economic
consequences where both the lack and the abundance of water may hit the same location within a
short period. 1
In their Global Risks Reports, the World Economic Forum (WEF) has ranked water
crises as one of the top ten short-term and long-term risks in terms of likelihood and impact
every year since 2015 (WEF, 2020). To put this risk into perspective, the Carbon Disclosure
Project (CDP) reports that about US$38.5 billion of losses were related to water in 2018 for a
limited number of companies, with mineral extraction, power generation, and biotech, health
care and pharma as the sectors experiencing the largest impacts (CDP, 2018). Many other waterdependent sectors, namely the agricultural sector, beverage industry, textiles, and transportation,
are also vulnerable to water risk (WWF Germany, 2019a). Even companies that do not use large
quantities of water face water risk in their supply chain if they rely on hydropower, coal power,
or nuclear power for their operations (WWF Germany, 2019a).
The challenges from water risk increase as climate change exacerbates water-related
issues. Higher temperature and changes in rainfall patterns increase the severity and frequency of
droughts and floods with further implications for water quality and water scarcity (Actiam, 2021;
UN Water, 2020). When water crises occur, they result in a negative impact on human health and
the supply of fresh and clean water, and they negatively impact economic activity (WEF, 2020).
The WEF concludes that water crises are closely interconnected with food crises (societal) and
interstate conflicts (geopolitical) (WEF, 2020). Unsafe water, sanitation, and hygiene are since
long acknowledged as major contributors to some of the main causes of global illnesses in the

Within the span of a few months in 2021, both dryness as a consequence of extreme heat and flooding seriously
affected British Columbia in Canada. The same double exposure to droughts and floods caused extensive damages
in the state of Rhineland-Palatinate in Germany in 2021.
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poorest regions of the world (Ezzati et al., 2002). Beyond the scope of environmental issues,
including water systems and biodiversity, a water crisis comprises multiple societal, political,
and economic risks.
From operation disruptions to drinking water advisories to environmental destruction
from extreme weather events, water risk affects a wide variety of stakeholders (e.g., businesses,
governments, communities, and the environment). The effects of water risk on society and the
economy also spread to the financial system, where financial investors hold different claims on
both businesses and the population. With so much at risk, water risk represents an alarming
emerging risk that the financial sector must address. There is a need to develop further models
for water risk assessment and to extend them specifically to the need of financial investors such
as banks, investment funds, and insurance companies.
Because water risk in finance is an emerging topic in the scientific literature, discussions
regarding the roles and responsibilities of all involved parties are largely nascent. Hogeboom et
al. (2018, p. 642) argue that “investors are lagging behind in fostering water sustainable
investment practices.” Similarly, VividEconomics (2020, p. 14) states that “investors and
financial regulators currently lack forward-looking, quantitative assessments of how mismanaged
water stress will affect asset returns – and how more effective management, led either by the
private or public sector, may alleviate this problem.”
Several organizations are attempting to accelerate actions by publishing accessible
resources directed to specific target audiences. For the financial sector, CEO Water Mandate
(2010; 2020), Ceres (2010; 2015), WWF (2019a; 2019b; 2019c), and WWF & WBCDS (2020),
among other publications and organizations, offer good first steps to guide the corporate
monitoring and assessment of water risk. However, these publications do not answer all
questions and often fail to provide the necessary assistance in guiding the practical decisions of
various parties in the financial sector. Therefore, the three following research questions guide our
research and aim to enlighten risk managers, portfolio and asset managers, shareholders,
investors, and other stakeholders, regarding the assessment and mitigation of corporate water
risk.
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Q1: How does water risk affect the financial system/assets/portfolios?
Q2: How do financial institutions assess their water risk?
Q3: Are the available models exhaustive and/or holistic enough to guide the financial
sector towards enlightened decision-making?
This report addresses these questions and attempts to answer them. The purpose of the
study is to provide an overview of currently available tools to assess water risk from the
perspective of financial investors. Our analysis and comparison of these tools provide the basis
for suggestions regarding the further development of models in the field of financial water risk.
The remainder of this report is organized as follows: In the following section (Section 2),
we provide an analysis of the dimension of water risk by introducing key terminology and
offering insights from a series of case studies. Section 3 provides an overview of the different
types of water risk models, while Section 4 discusses selected financial water risk models.
Section 5 concludes by providing suggestions for the further development of financial water risk
models.

2 Water Risk Framework
2.1 Dimensions of Water Risk
Since the beginning of the 2000s, the terms water scarcity and water stress have seen a
steady increase in usage to discuss problems related to water quantity, quality, and availability.
Various organizations such as the World Wide Fund for Nature (WWF) and the United Nations
(UN) have widely disseminated these terms. Water scarcity refers to the physical dimension of
water—quantity—while water stress refers to factors that impact the quantity, quality, and
availability of water (CEO Water Mandate, 2014; PRI & WWF, 2018). These stressors can be
societal (e.g., water for sanitation, public consumption, infrastructure, etc.), environmental (e.g.,
climate change, water-related disasters such as floods, droughts, storms, etc.), or industrial (e.g.,
consumption of freshwater in the supply chain, wastewater discharge, etc.). In other words, water
stress describes the struggles to meet water demand and supply, and both water stress and water
scarcity hinder water security.
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The term water risk has been coined to denominate the water-related challenges that
society and businesses must overcome (PRI & WWF, 2018). Similar to other risks,
vulnerabilities to water stress and climate change events determine whether these potential risks
present tangible threats. A report from PRI & WWF (2018, p.7) defines water risk as “the
possibility of an entity experiencing a water-related challenge (e.g., water scarcity, water stress,
flooding, infrastructure decay, drought).” To this definition, we add (in italics): the possibility,
based on vulnerability and resilience systems, of an entity to experience a water-related
challenge, be it physical, regulatory, and/or reputational.
For the financial sector and, more precisely, risk managers, pinpointing these
vulnerabilities and resiliencies make a difference between preventing risks and mitigating
consequences. 2
The term water risk holds negative connotations in society as it is associated with losses
rather than gains. While true, water risk can also present a wide array of opportunities for
investors and financial institutions (Actiam, 2021; WRG, 2018). In terms of investments, the
stress on water quantity and quality will require private and public investments to improve water
resource management infrastructure. Since irrigation, pipes, canals, pumping stations, dams, etc.,
already require large investments to improve and maintain utilities (Ajami et al., 2018) –
especially when cultivable land is in question (VividEconomics, 2020) – the future will only
necessitate more.
Other opportunities include investing in research and development of innovative water
technologies. These comprise developing water reuse and desalination systems (DumontBergeron & Gramlich, 2021), investing in water, sanitation, and hygiene (WASH) systems for
national or international health and financial repercussions (Lambooy, 2011; UN-Water, 2020),
saving costs on energy and chemicals by improving water security (WWF Germany, 2019d), and
improving a company’s brand and corporate social responsibility (Lambooy, 2011; WWF
Germany, 2019d).

For a thorough understanding of the direct and indirect impacts of water risk on businesses, please consult WWF
Germany (2019a).
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More significantly, the CDP (2020) calculated that the cost of inaction represents more
than five times the cost of investments towards mitigation (i.e., the cost of action). Thus,
investments at the company-level towards water risk mitigation present cost-saving
opportunities. Furthermore, companies and individuals who invest early will have an advantage
relative to other investors as well as with respect to their access to water resources themselves,
and can increase their sustainability (VividEconomics, 2020). There are thus multiple
opportunities linked to water risk and various ways to capitalize on them.
Interestingly, opportunities and challenges also emerge from the physical, regulatory, and
reputational dimensions of water risk. We define and exemplify these risks in Table 1.
Table 1: Physical, regulatory, and reputational water risks
Type of Risk

Definition

Consequences

Example

Physical

Risks stemming from
water scarcity and
stress; related to the
material dimension of
water: water quantity
and water quality.

Regulatory/
Transition

Risks emerging from
laws, policies, and
governmental action to
manage water use.

Reputational

Risks stemming from
stakeholder perceptions
of a company according
to its sustainable or
unsustainable actions
related to water
management.

With water being used at various
stages of the industrial process,
a lack of freshwater can have
important consequences on
business, such as disruptions of
operations, additional financial
costs, and revenue impacts
(Ceres, 2010).
A lack of stringent policies may
lead to additional and
unforeseen costs and represents
a high risk for a company.
Conversely, restrictions may
have the same effects (LaporteBisquit, 2021; PRI & WWF,
2018).
Harms to a firm’s reputation or
brand may lead to unforeseen
costs and damages, including
decreases in sales, the need for
enhanced lobbying, or even the
loss of licenses to operate
(Ceres, 2010).

The 2017-2018 drought
in Argentina affected
Olam International’s
peanut farm (crops)
which resulted in a
14.8% decrease in netoperating income
(Ceres, 2019).
A 2005 chemical
disaster in China, which
resulted in a lack of
water access for four
days for about four
million people, led to
the adoption of a new
water act (Ceres, 2010).
As PepsiCo continued
its operations in India
despite the 2017
drought, retailers and
consumers boycotted the
product (WWF
Germany, 2019a).

Inherent to water risk, these three sub-risks are interrelated and generally feed one
another. They typically arise from (1) the environmental and social context and (2) a company’s
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modus operandi (WWF & WBCSD, 2020). 3 For instance, water scarcity (physical risk) may
render a company’s reputation vulnerable if the company fails to act responsibly. Therefore,
companies should be aware of these risks, as well as assess and mitigate them to improve their
business viability.
Furthermore, within the environmental and social context, it is important to note that the
current environmental context of global warming exacerbates the three types of water risk. As an
emerging risk interconnected with another emerging risk (i.e., climate change), water risk is
subject to climate change and its environmental and social consequences; the number of events
and the repercussions of water risk multiplies under various climate change scenarios. For
example, a rise in temperature and a lack of access to water may lead to migration, which in turn
may stress other nearby sources of water. Although these two emerging risks are intertwined and
should be discussed together, we focus on water risk and finance in this report, regardless of
climate change. However, we do acknowledge the role of climate change as part of the context of
water risk.
2.2 The Transmission and Expansion of Water Risk
A proper assessment of water risk is no small task considering the wide-ranging
repercussions water has on our society and the economy. As Figure 1 illustrates, water risk is
part of an endless loop: the physical aspects impact socio-economic factors that in turn affect
financial matters, which then have a rippling effect on socio-economic factors, feeding back to
the physical dimension. We call this phenomenon the transmission and expansion of water risk
as they tend, in practice, to propagate beyond their initial category. The consequence of this
chain is that water risk encompasses societal, financial, and political aspects that must be
considered to mitigate the consequences of water risk. Water thus emerges as a multifaceted risk
with wide-ranging repercussions at the national and international levels.

3

For a visualization of this framework, please consult Figure 1 in WWF & WBCSD (2020).
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Figure 1: The transmission and expansion of water risk

The transmission and expansion of water risk engender physical, regulatory, and
reputational risks. Their assessment is thus key to mitigating their impacts for the financial sector
and beyond. While physical and regulatory risks and their associated consequences are easier to
measure because of available quantitative tools, reputational risks present an interesting
challenge for financial institutions. Most publications discuss the consequences of reputational
risks, but they do not offer solutions regarding their assessment. How does one know if a
portfolio is vulnerable to reputational water risk?
Deloitte (2015) reveals in a global survey report that some of the drivers of reputational
risks include a company’s security (e.g., physical and cyber breaches), its ethics and integrity
(e.g., fraud and corruption), and its products and services (e.g., safety, health, and environment).
Since a company’s reputation is determined by financial performance, quality, innovation, ethics
and integrity, crisis response, safety, corporate social responsibility, and security (Deloitte,
2015), many variables can affect its reputational performance. Some of the drivers of
reputational water risk include:
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The ethics and integrity of a company → ethical policies, crisis response, corporate social

•

responsibility
The products and services of a company → innovation, corporate social responsibility,

•

safety
To further ground the discussion of water risk and exemplify these risks, we present three
examples of historical water risk events in Tables 2, 3, and 4. These recent cases illustrate the
depth and width of recorded water risk in various locations.
Table 2: Nestlé’s water bottling
Summary
Location: Osceola County, Michigan, United States
Date of event: 2016-2021
Event: Nestlé used freshwater from Michigan wells in their water bottles. The company paid a
$5,000 application fee as well as a tiny $200 annual fee to pump 250 gallons per minute from the
wells. In 2016, Nestlé applied for a permit that would allow them to pump 400 gallons per minute.
The demand was followed by a public hearing, resulting in more than 80,000 legal and scientific
comments as well as 340,000 petition signatures. In 2018, the State of Michigan allowed Nestlé to
pump more water, which was contested by environmental groups. On April 4, 2020, a judge finally
ruled in favour of Nestlé, allowing the company to withdraw more water as they found that the
action would not negatively impact the environment and the communities.
In addition, Nestlé faced other permit problems, most notably with the Osceola Township Zoning
Department (Ellison, 2020; Tower, 2019; Wilson; 2019). In 2021, Nestlé sold its water assets in
Michigan to a private equity firm (Blakely, 2021).
Physical water risk
• Pumping 131 million gallons of water per year could affect the availability of groundwater
for all consumers as well as the surrounding environment (Tower, 2019).
Regulatory water risk
Meeting the permit conditions (i.e., watershed monitoring) and obtaining them increased
Nestlé’s cost and made Nestlé’s access to water more difficult (Tower, 2019).
• New bills have been introduced to improve Michigan’s management of its water resources
(e.g., limiting shipment of water bottles beyond the Great Lakes) (Wilson, 2019).
Reputational water risk
•

•

Most were in disfavour of the permit (80,945 vs 75), thus demonstrating that the local
communities perceived the privatization of water resources to be harmful (Blakely, 2021).

11

•

•
•

Native American communities worried that Nestlé’s water withdrawal would affect the
environment (wetlands, streams, flora, and fauna), which Michigan must protect for them
under an old treaty (Tower, 2019).
People perceived Nestlé’s water bottling activities as corporate greed since they were paying
almost nothing for the product they were selling (Ellison, 2020).
This negative perception of Nestlé only increased because of the Flint drinking water crisis
(a public health crisis from 2014-2019 in Flint, Michigan), which left many without safe
drinking water while Nestlé could bottle water at a low cost (Ellison, 2020).
The Nestlé case demonstrates how reputational water risk may affect a company’s brand,

thus engendering additional costs. In this case, Nestlé faced disgruntled local communities and
environmental groups that were worried about the company’s business operations and their
effects on the surrounding environment. While it is unknown how much these reputational risks
cost the company in total, it is safe to assume that these legal battles were costly and affected the
public perception of the company, including potential boycotts. Although Nestlé indicated that
selling their private assets was not in direct response to the four-year conflict, the company’s
ethos and products were clearly jeopardized. In a world where customers represent the most
important stakeholders for reputational success (Deloitte, 2015), dismissing reputational alarms
is a perplexing choice.
The next two cases, featured in Tables 3 and 4, respectively, highlight the multiple facets
and economic consequences of water risk. While both cases generally seem to be associated with
low reputational risks, it is important to note that more detailed assessments may provide
different results. For example, as it pertains to the Rhine and the Danube case of 2018, delving
into how each company handled the overall transportation crisis – what were the delays for the
customers, what were their environmental impacts, etc. – could point to positive or negative
repercussions on individual brands. Similarly, it would be interesting to survey how the Fort
McMurray Wildfire impacted the mining industry and the companies located in this region, and
how in turn it affected their operations as well as the portfolios of their investors.
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Table 3: The Fort McMurray wildfire
Summary
Location: British Columbia, Canada
Date of event: May 1, 2016, to July 4, 2016
Event: The wildfire destroyed approximately 589,552 hectares of boreal forest and about 2,400 buildings.
Around 88,000 people had to be evacuated (MNP, 2017).
The damages are estimated at $3.7 billion, making it the most expensive natural disaster in Canadian history
for insurance providers. Canadian GDP declined by 0.4% as a result of the wildfires (Statistics Canada,
2017).
Physical water risk
• Pumping large amounts of water to fight fires decreased water availability (Stewart & Reith, 2016).
• Fire residue (ash, potassium, nitrogen, calcium, heavy metals) are still present in the Athabasca River
five years post-event.
• Fire residue makes it harder to manage water in Fort McMurray’s city reservoir.
• The city has incurred a 50% increased cost for water treatment, notably for chemicals to treat water
contaminants.
• Impacts on the local ecosystem.
• Impacts on human life (Weber, 2020).
Regulatory water risk
N/A
Reputational water risk
N/A

Table 4: The Rhine and Danube droughts
Summary
Location: Germany
Date of event: October 2018
Event: The Rhine and the Danube are two rivers located in Germany and neighbouring countries that are
used as commercial waterways. In October 2018, due to droughts, water levels were so low that boats had to
lighten their loads by 75% to avoid getting stuck or damaging equipment, which resulted in a 0.4% decline in
Germany’s GDP and heavy economic losses. Indeed, several companies transporting raw materials on these
waterways had to implement additional fees and lost many of their contracts. Although water levels tend to
fluctuate across seasons, they were at their lowest then. With climate change heating Europe, such drought
events are likely to become more common (Christodoulou et al., 2020; Reguly, 2020; Rising, 2018).
Physical water risk
• Low water levels caused by the drought hindered commercial transportation, resulting in:
o Freight surcharges for companies
o Higher prices for consumers
o Cuts/disruptions of production due to missing materials
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o Shortages of feed for livestock
o Decrease of crop yields
o Death of fauna
o Increase in shipping traffic (reduced loads signify more goings and comings)
• Stress on water quality (less water signified a greater concentration of toxins in the water)
(Reguly, 2020; Rising, 2018)
Regulatory water risk
N/A
Reputational water risk
N/A

The three cases were chosen to highlight the different dimensions of water risk events.
The Nestlé case grabs the attention for its reputational and regulatory water risks. More
precisely, Nestlé’s prolonged legal and environmental battles provide a negative portrait of the
company: a company thirsty for money at the expense of citizens’ concerns. It is a complex case
that highlights water as a shared and finite resource, a perception increasingly adopted.
The Fort McMurray Wildfire highlights water risk in the context of wildfires and its
consequences for authorities during and after the wildfire-ravaged Alberta. The fire itself, as well
as fire crews’ efforts to fight it, left residue in the water, which then affected the population and
increased the cost of water management. Significant impacts on Canada’s GDP and insurance
providers have been recorded, highlighting the effects of climate change on water risk.
Finally, the low water levels of the Rhine and the Danube of 2018 present a physical
water risk case that affected the supply chain and thus the economy of the country, as well as the
financial performance of the companies using the rivers as commercial waterways. As the
physical water risk column shows, the effects were multifold and widespread. This case, too,
exemplifies the effects of climate change on water risk and provides evidence of the interactions
between the different drivers of water risk. We have provided the recorded risks for each
situation, but it is important to note that the repercussions and the potential risks go beyond what
we provided in the table.

14

3 Models and Frameworks to Measure Financial Water Risk
3.1 Financial Water Risk Modeling – Objectives and Requirements
Water risk models are methodologies to assess the causes and effects of water-related
opportunities and threats. They combine data, functions, scenarios, and technology to address the
physical, reputational, and regulatory dimensions of water and are required for enlightened
decision making. The models need to be as holistic as possible, taking into account all relevant
environmental, social, and financial factors. As an emerging risk, however, the modeling of
water risk faces several challenges. A major challenge is the complexity of the framework itself
(Actiam, 2021; Ceres, 2011) to incorporate various water risk drivers and events, their
transmission across multiple global social and economic processes, as well as the corresponding
direct and indirect effects on financial investments. This complexity increases because water risk
is not a phenomenon of its own. As the case studies have shown, it interacts with other
challenges, namely climate change, migration, and the economic environment, thereby involving
numerous feedbacks and feedforwards (Actiam, 2021). As the environmental, sociodemographic, and technological transformation will continue worldwide, the assessment and
management of water risk manifest as a dynamic and non-stationary process.
The purpose of risk modeling is to assess the vulnerabilities and resiliencies in a
company’s business and provide simulations of the company’s exposure. Typically, a company
uses a myriad of models, such as stress-testing, to gauge traditional operational risk, market risk,
credit risk, and liquidity risk. Emerging risks such as geopolitical risks, regulatory and
reputational risks, cybersecurity risks, and supply chain risks are also part of the risk universe
(Aon, 2021; Deloitte, 2014). Risk managers look at (1) the probability of an event and (2) the
severity of the event based on vulnerability and resilience systems (Deloitte, 2014). Such
practice looks at the fine line between a business devoid of risks, which hinders financial
performance, and a risky business, which can lead to catastrophic results. Therefore, assessing
risk using models is a forward-looking practice as it assesses potential opportunities and prevents
foreseeable losses from materializing.
Considering the multifaceted dimensions and the dynamics of the water risk context, we
suggest the modeling framework for financial water risk, as shown in Figure 2. The water risk
transmission (T1, T2, T3, etc.) occurs first at the geophysical level, where hydrological and
15

meteorological factors create water risk events (e.g., droughts, floods, water scarcity). These
events then propagate to the socio-economic level, namely to communities and companies
located in the water risk area and/or to stakeholders operating in that region. Because the
financial sector has stakes (bonds, loans, shares, derivatives) in these impacted stakeholders,
focusing on these interactions with the financial sector and on water risk in portfolios more
specifically becomes primordial. As depicted, water risks have systemic and individual socioeconomic effects, which propagate to financial assets and portfolios, and further affect financial
institutions and financial markets. Their actions and reactions then impact the financial system
(as represented by the arrows around T3 and T4) and beyond. The figure resembles Figure 1 in
that it demonstrates the different stages in the propagation of water risk and the multiple loops of
transmission and expansion.
Figure 2: A framework for financial water risk modeling

Financial investments relate to water risk in different ways. Some investors may allocate
money directly to water projects, such as beverage production, hydropower generation, or
wastewater management, hence creating an opening for direct water risk impacts. More
frequently, however, water risk affects financial investments in an indirect way, as the companies
or projects in which investors hold stakes need water as part of the overall production process, in
16

their supply chain, or for distribution. Whereas water-related financial investments provide both
opportunities and challenges, most financial water risk models center on the assessment of
threats only. The objective is to predict potential damages from water events and to adjust the
investment management process accordingly. Particularly, the models address the following
issues:
•

The identification of companies and industries affected by water risk with the aim to either
increase or decrease investments in these sectors.

•

The quantification of potential losses in the value of water-related investments, thereby
- estimating the changes in the market value of bonds, loans, stocks, and derivatives (market
price risk);
- estimating the expected probability of default of exposed investments (potential stranded
assets);
- estimating the expected risk premium or risk-adjusted discount factor for pricing the assets
(also related to rating migrations).

Figure 3 categorizes industries based on their exposure to water risk, with industries marked in
green typically facing little exposure and industries marked in red being highly exposed.
Figure 3: Industry exposure to water stresses
Figure from Actiam (2021), p. 19.
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3.2 Overview of Water Risk Models
Over the years, various modeling tools for water risk have emerged on the market.
Referring to the water risk transmission process in Figure 2, we categorize these models as
follows: (1) water risk assessment models, (2) socio-economic water risk models, and (3)
financial water risk models. The water risk assessment models focus on water risk events and the
physical dimension of water, typically addressing questions regarding changes in groundwater
levels, sea-level rise, and geographic water scarcity. As such, their primary purpose is to provide
information regarding the hydrological conditions of a given location. The socio-economic water
risk models take these questions one step further and explore how hydro-physical factors affect
the economy and society beyond a given location. Finally, financial water risk models further
expand the set of questions about the financial consequences of all these factors and how they
relate to financial assets, portfolios, institutions, and the system. In this regard, financial water
risk models represent frameworks to assess the monetary dimensions of the water context.
Figure 4: Overview of water risk models
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Similarly, in their overviews, Gilsbach et al. (2019) and the WWF Germany (2019b)
categorize the existing frameworks to model water risk. The authors distinguish three kinds of
approaches that (1) address the physical conditions of water at specific locations (status tools),
(2) convert the status of water into potential operational effects (risk tools), or (3) quantify the
financial impact from these effects (valuation tools). Bleanda-Mogosanu (2018) suggests four
classes of water risk models, thereby emphasizing different kinds of water risk data and
information tools. The author categorizes water risk models as follows: (1) water use accounting
tools that measure progress toward sustainability, (2) business risk assessment frameworks that
assess the exposure of companies with respect to water challenges, (3) reporting and disclosure
protocols for internal and external information, and (4) standards and certification frameworks.
By asking different questions, these models each provide a new piece of the puzzle
regarding the impact of water risk on society. Together they should provide wholesome answers,
yet questions of reliability and completeness always hover. In the same vein, this report discusses
these models with the financial market in mind. Figure 4 gives an overview of different models
within the modeling categories. The figure highlights the overarching concepts to provide a
comprehensive view of the overall water risk modeling methodologies. The table in the appendix
provides more information about the different approaches. In the following section (3.3), we
discuss selected water risk models in more detail.
3.3 Water Risk Models
3.3.1 Water Risk Assessment and Socio-economic Models
Considering the increasing number of water-related challenges, approaches to water risk
modeling have shifted recently. The PRI and WWF (2018), Gilsbach et al. (2019), WWF
Germany (2019b), as well as WWF and WBCSD (2020) provide recent overviews of water risk
models. The Network for Greening the Financial System (NGFS) (2020b) partly addresses water
risk in their survey of case studies of environmental risk analysis methodologies. These
overviews show that earlier models developed in 2011 focus on the physical and geographic
dimensions of water risk, whereas subsequent approaches tend to emphasize the economic and
financial consequences of water-related challenges. Although the focus of this study is on
financial water risk models, we present selected assessment and socio-economic models as they
are prerequisites for the financial models and are usually incorporated in them.
19

Among the leading and most sophisticated water risk assessment models is Aqueduct.
The model includes the “Aqueduct Water Risk Framework” and “Aqueduct Water Risk Atlas,”
which are worldwide databases and mapping tools developed and maintained by the World
Resources Institute (WRI). Aqueduct assesses and illustrates physical, regulatory, and
reputational aspects of the water-relevant environment for specific geographic areas and
locations. In particular, it refers to water conditions in hydrological autonomous regions, the
water basins and water sub-basins. The initial version was presented in 2013 (Reig et al., 2013),
and it updated to Version 3.0 more recently (Hofste et al., 2019).
The Aqueduct Water Risk Framework assesses the water exposure of stakeholders
located in different water basins, and sub-basins. It relates information about the demand and
supply of water in the area, taking into account the water preferences of individuals and
institutions. The framework considers projections of water availability related to climate change
and social development. As Figure 5 shows, the tool identifies three basic categories of water
risk and organizes a set of thirteen indicators around these categories before aggregating them
into a comprehensive composite index for water-risk exposure. The Water Risk Atlas enables
users to visualize their exposure to selected indicators using a variety of sector-based weighting
profiles for the indicators.
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Figure 5: The WRI Aqueduct 3.0 water risk framework – Categories and indicators
(Authors’ representation based on Hofste et al., 2019, p. 3)
Overall Water Risk

Physical Risk
Quantity

Physical Risk
Quality

Regulatory and
Reputational Risk

- baseline water stress
- baseline water depletion
- interannual variability
- seasonal variability
- groundwater table decline
- riverine flood risk
- coastal flood risk
- drought risk

- untreated wastewater
- coastal eutrophication
potential

- unimproved/no drinking water
- unimproved/no sanitation
- peak RepRisk country ESG
index

The first category, Physical Risk Quantity, refers to variations in water availability that
may affect a company’s operations and logistics (e.g., water used to cool power plants). The
second category, Physical Risk Quality, relates to variations in water cleanliness with an impact
on a company’s activities (e.g., wastewater disposal). A third category addresses Regulatory and
Reputational Risk, which comprises the impact of water-related actions from the government.
Reputational risks manifest as potential conflicts with the public because of critical water issues.
Aqueduct allows corporations and investors to assess and measure their geographic
exposure to water risks. It provides highly recognized information for assessing the geographical
water conditions of a company that may serve as a basis for a more refined analysis of the
company’s exposure. As such, Aqueduct is used as an information tool within multiple further
models, which focus more on the economic and financial effects of water risk (e.g., used by
Actiam, South Pole, WWF Water Risk Filter).
A further pioneer in the assessment of water-related financial opportunities and threats is
Ceres, a US-based coalition of stakeholders dedicated to sustainability. In cooperation with
further organizations, Ceres introduced Aqua Gauge in 2011, followed by a first version of the
Investor Water Toolkit (Ceres, 2011; Ceres, n.d.). The tools aim to assess a company’s exposure
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to water risk. They act as a foundation for the company’s water management and as a
benchmarking tool for equity investors engaged in these companies. They address the question of
how much companies should include water issues in their decision-making, thereby referring to
the measurement and management of water risk as well as to the disclosure of relevant
information and engagement towards stakeholders.
Ceres Aqua Gauge addresses the question of how well companies manage their water risk
and, in doing so, benchmarks the company’s water risk management against best practices in the
field (Ceres, 2011). This helps financial investors to assess the relative water risk exposure in
their portfolios and adjust them accordingly. The qualitative information provides a basis for
further quantitative modeling. Complementarily, the Ceres Investor Water Toolkit provides
information and techniques for the valuation of water risk within investment portfolios (Ceres,
n.d.). This serves as a basis for institutional investors to engage with the exposed companies and
act upon their water risk management. Figure 6 provides an overview of the different directions
within the toolkit. These include further recommendations to assess the dimensions of water risk,
arguments for investor engagement with companies, and links to databases.
Figure 6: Elements of the Ceres Investor Water Toolkit
Dimension

Objective

Application

Understanding water risk

Increase awareness of water risk,
its drivers, and materiality for
specific industries and regions.
ESG criteria as a priority for
leadership. Importance and
improvement of risk disclosure.
Investment and disinvestment
decisions based on considerations
of water risk.
Check of water dependencies in
portfolios. Aggregation of risks
from seemingly unrelated assets.
Understand and enhance the
relevance of financial investors’
activities toward water risk.

Indicators for physical,
regulatory, and social water risks.
Water dependency of companies.
Formalization of water risk
guidelines. Definition of water
related investment priorities.
Indicators for water risk driven
efficiency and costs. Includes
forecasts for companies/regions.
Cluster of water risk affected
assets. Heat map of portfolio risk.
Assess mitigation strategies.
Prioritization of single water
risks. Use voting rights and the
dialogue with regulation.

Establishing priorities

Buy/sell analysis

Portfolio and asset class analysis

Water engagement

In an attempt to make the business case for water among CEOs, the World Business
Council for Sustainable Development (WBCSD) has developed the CEO Guide to Water
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(WBCSD, 2018). The guide is a measurement tool for water-related risks that identifies seven
ways in which water can affect a company’s bottom line. These are: insurance premiums, supply
chains, operating/production costs, revenues, production capacity, credit worthiness, and capital
costs. Water-related risks are then classified into four categories: The first category consists of
operational risks arising from business disruptions due to water scarcity or flooding. The second
category comprises legal and regulatory risks, which result from more stringent legislation and
fines or penalties for water pollution. The third category, reputational risk, includes threats such
as brand damage, loss in market share, and loss of a firm’s social license to operate. The final
category, financial risk, addresses threats stemming from an increased cost of capital and
reduced financing options (WBCSD, 2018).
The seven water-related, bottom-line impacts and four categories provide the foundation
for a framework that incorporates water risk into the management of companies. However, the
tool does not quantify the effects of water risk. Although the original version of the Guide to
Water is no longer available from the WBCSD, the model is still employed. For example, Water
India uses the tool in their assessment of the country’s water risk (WBCSD, 2019; WEF, 2020),
thereby applying a modified version, with the objective to assess physical water risk across India
in a consistent way (WWF and WBCSD, 2020).
The WWF Water Risk Filter, launched in 2012 and updated in 2018 and 2021, is a tool to
assess water risk in both a company’s operations and supply chains (Laporte-Bisquit, 2021;
WWF Germany, 2019b). The model addresses three types of challenges related to water, i.e.,
physical risk, regulatory risk, and reputational risk, as described in Section 2 of this report. The
Water Risk Filter deducts these types of water risk from two perspectives: the geographic
location of companies (basin risk) and the activities of the company, linked to water usage
(operational risk).
The tool assesses water risk and its dependency on location and company characteristics
by refining the three risk types into twelve risk categories that are then represented by thirty-two
risk indicators (Laporte-Bisquit, 2021). The indicators collect information from various
databases for water availability and socio-economic characteristics of locations. The information
about operational risk drivers is obtained from a questionnaire sent out to exposed companies.
The results from the water risk filter enable companies and investors to assess the severity of
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their water risk (i.e., vulnerabilities and resiliencies), analyze their exposure with regard to
countries and industries, and evaluate potential responses to water challenges.
3.3.2. Financial Water Risk Models
Models for financial water risk capture the monetary consequences of water-related
challenges for investments. They assess these consequences by considering a company’s
exposure to water risk in terms of financial statements, financial assets, and portfolios. The
financial valuation of water risk appears in both socio-economic and financial water risk models,
and there is a kind of connection or overlap between the two types of models.
Bloomberg et al. (2015) are among the first to provide a link between environmental
factors and the financial value of the company. Their approach maps assets from mining
companies against water scarcity via two pathways. First, negative effects on the revenue side
stem from the fact that ores are more difficult to extract or, in some cases, non-extractable due to
water scarcity. Second, on the cost side, higher expenses for water are integrated via a shadow
price. These components are further integrated into a discounted cash flow (DCF) approach to
quantify the materiality of water scarcity on the value of mining firms.
The German Association for International Cooperation (GIZ), in association with the
Natural Capital Declaration and VfU, has developed a tool that helps to assess the impact of
water risk on the value of corporate bonds (GIZ et al., 2015; Ohlsen and Ridley, 2020; NGFS,
2020a). This approach models effects based on the shadow price of water and the resulting
effects on the income statements of companies. Based on the water availability and water
withdrawal from companies per location, as well as the socio-economic characteristics of the
location, the tool estimates the cost of water for a given geographic site. Accounting for the
effects of climate change on water stress, the shadow price of water at these sites is typically
higher than the one currently paid. The higher water costs then translate into lower cash flows
and a change in a company’s credit ratio as well as potential downgrades in third-party ratings.
As the price of water is currently below its true value (Actiam, 2021), the tool addresses a major
component of water stress. It allows users to assess how much the increasing price of water at the
specific location of a company will affect a company’s performance. Because the tool focuses on
the shadow price and financial statement effects, the tool does not include aspects of market
price and discounting factors for a firm’s bonds.
24

More recently, the WWF Germany (2019c), together with Water Foundry Advisors, has
suggested the Water And ValuE (WAVE) tool as a comprehensive approach to identify the
financial consequences of multiple facets of water risk. The objective of WAVE is to calculate
the water risk effects of location (basin risk) and company (operational risk) on a set of direct
and indirect costs and revenues of the exposed companies (e.g., the cost of water procurement
and wastewater treatment, expenses for energy and infrastructure, brand damages). It further
extends the water risk evaluation to the level of affected financial assets and analyzes the impact
of water risk on financial portfolios (Laporte-Bisquit, 2021). Existing tools mainly draw on a
basic assessment of the relationship between water-related hazards and material effects on the
level of exposed entities. In addition, WAVE specifically includes the individual nature of
different drivers of water risk (e.g., droughts, floods, conflicts), which underpins their approach
with specific information from the CDP project and uses probabilities as well as Monte Carlo
simulations to model the effects of water events.
Besides information from the CDP, the model draws on various other databases to assess
the materiality of water risk, including information from WRI Aquarius and the WWF Water
Risk Filter. WAVE considers potential reactions of corporate management with respect to waterrelated challenges. These responses make the ultimate impact from water risks (after the
response) different from their initial impact (before the response). The model developers plan to
use WAVE as a stress-testing tool in the future. Using the probabilities of the occurrence of
water risk events and a simulation approach, WAVE is able to model the financial effects of a
company’s exposure to extreme water risk as well as the potential responses of a firm’s financial
managers.
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Figure 7: Structure of the WAVE model
(Authors’ representation based on WWF, 2019c, p. 14)

South Pole offers another recent and sophisticated approach to assess the water risk
inherent inequities (South Pole, 2020). They apply the “water risk in equity portfolios” approach
both to single equities and portfolios of equities. The analysis for individual stocks is refined as it
accounts for firm characteristics, such as the supply chain of a given company and potential
responses to water challenges. The portfolio approach helps to structure the water risk within the
total universe of investments, thereby assessing water risk vulnerabilities with respect to
industries and regions.
The model is grounded on the analysis of a company’s specific need for water (industry
sensitivity) and the availability of water at the company’s location (industry scarcity). As Figure
8 shows, data to derive industry-specific figures for sensitivity and scarcity is obtained from
different sources. Depending on the water conditions at the company’s locations and the position
of the industry relative to other industries, South Pole attributes water risk scores for sensitivity
and scarcity. As a result, the model shows how much single equities are affected by water risk
and how present water risk is in equity portfolios. The assessment is based on scores for equities
and portfolios but does not quantify water risk in a single figure.
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Figure 8: Structure of South Pole’s water risk assessment tool
(Authors’ representation based on South Pole, 2020)

The following table summarizes the main characteristics of available water risk models.
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Table 5: Financial water risk models
(Authors´ representation, inspired from Ceres, n.d., p. 32)
Model

Amundi

Bloomberg and
Natural Capital
Declaration

Focus

Approach

Gap between
Accounting for water
supply and demand withdrawal and water
of water.
intensity per site. Extreme
weather.
Stranded assets in Higher cost and lower
the mining sector. revenue from WR. Future
cash flows of mine sites.

CDP - Carbon
Disclosure Project

Performance
Questionnaire to
indicator for water worldwide companies.
security.
Companies report risk, costs
and responses.

Ceres Aqua Gauge

Benchmarking a company´s
water management against
a leading practice.

Scorecard to
evaluate WR from
operations and
from supply chain.
Ceres, Investor Water Set of recommenToolkit
dations to
incorporate WR in
the management of
investments.
China Water Risk
Tail risks from
(CWR), APACCT
coastal threats and
(APAC Coastal Threat) responses from
20 Index
governments.
Columbia Water
Center at Columbia
University, Risk
Valuation Model

Understanding WR,
priorities for leaders,
buy/sell analysis, portfolio
analysis and WR
engagement as elements.
Chronic (sea level rise) and
extreme risk (storm tides).
Financial effect from base
and worst-case scenarios.

Water risk emergence
(origination)
physical
transition

Socio-economic water risk
countries
reputation sensitivity response





















Shadow pricing. Effects of
higher costs for water (WR
premium) on performance.

Equarius Risk
Stock price
waterBeta obtained from
Analytics, waterBeta sensitivity to water regression of extreme prices
risk
company/index and water
risk of sites. Assume water
events matter.
GES International AB, WR exposure and Scoring and benchmarking
Water Stewardship
preparedness
companies based on
location and water
management.

assets, portfolios, markets
sensitivity response connectivity





Forward-looking.
Geospatial data.
Flexible model.





Empirical evidence.
Potential bias in
reporting. Optional
responses.











Information from
companies´ reports.
Qualitative.











Methology for WR
evaluation and
engagement (for
investors). Pre-stage
for quantification.
Forward-looking
sovereign WR.
Feedback loops,
focus on tail risk.
Probabilistic
modeling. Loss
distributions.



















Basis for investment
strategies.





Financial effects
Extreme weather risks
from WR on mining affecting costs and income.
companies.
Economic and social
dimensions.

Ecolab and Trucost, Operating costs
Water Risk Monetizer from in-/ outgoing
water on different
time horizons.

companies, industries
sensitivity response

Comment







Financial water risk



Focus on water
scarcity. Fore-casts
based on secondary
data.



Combined financial
and physical risk.
Indirect analysis.
Historical
observations.















GIZ, NCD, & VfU,
Corporate Bonds
Water Credit Risk
Tool

Water stress in the Calculate shadow price of
credit risk analysis water based on water
of corporate bonds availability and withdraw
per site. Reduced cash flow.

NCFA Natural Capital Drought stress
Finance Alliance, GIZ, testing tool.
RMS, …
PRI and WWF,
Investor tool for WR

Drought scenarios for
countries, effect on
revenues and operating
costs, effects on rating.

WR in the supply
chain.

Water withdrawal needed
for products. Water/
products related to country.
Resourcematics
Scarcity from supply Overlay of hydrological,
and demand of
social and economic factors
Water Risk Model
water. Forecasting for 5x5 arc minute squares.
model of scarcity.
South Pole WR for
WR score for
WR based on geographical
Equity Portfolios
equities and equity location (site stress) and
portfolios.
water dependency
(materiality) of industry.
Veolia True Cost of
Comprehensive
Direct (Opex, Capex),
Water
assessment of water indirect (governance) and
related costs.
WR costs (fines, rating).
WBCSD India Water WR in basins of
Tool.
India.
WRI World Resources WR in water related Geospatial WR assessment
Institute Aqueduct
areas (water subof locations and properties.
3.0
basins).
13 WR indicators for
physical, transition and
reputational risk.
WWF water risk filter Assessment of
Physical, regulatory, and
6.0
location (basin) and reputational WR assessed
activity (operation) via 12 risk categories and 32
related WR.
risk indicators.
WWF WAVE (water
Financial impact assessed
Valuation of
and value)
financial impact of via WR impact on cost and
WR (asset level).
revenue. WR disclosure.

 high focus







































 medium focus

















Opportunity cost of
water as main
concept. Individual
cash flows per
location.
Drought as WR
scenario. Applied to
19 sectors.
Probabilities.







































Basis for investor
engagement.
Primarily
Forward-looking.
Simulation
approach.
Score is central, add
valuations. Portfolio
WR as geographical
exposure to WR.
Tool for companies.
Long-term approach
with opportunities.
Former WBCSD
tool.Physical risks.
Very advanced
assessment tool.
Basis for further
models.
Mature tool.
Includes scenarios
2030 and 2050. For
companies.
Very advanced. WR
stress test/scenario
analysis intended.

 low focus
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4. Discussion of Water Risk Models
4.1 Basic Considerations
Various models for the assessment of water risks have evolved recently (Laporte-Bisquit,
2021). They frequently allow users to choose specific models according to their objectives. As
the water risk framework is complex and evolves across different stages, available models vary
in their approach and typically focus on different aspects of the water risk context. Rather than
selecting one single model for water risk assessment, users can (and should) combine different
approaches. However, when doing so, they should ensure that the models complement each
other, both in their methodology and their focus within the overall process of water risk
transmission. Some of the existing models already include different modeling elements within
their framework, thus representing mixed concepts. As mentioned, many approaches incorporate
the WRI Aqueduct tool as a basis for physical risk assessment and add further risk evaluation
elements.
Available overviews of water risk models provide a first orientation for the discussion of
the suitability of models. Table 6 presents the findings of different studies that provide overviews
of these models. It is important to mention that these overviews consider a limited number of
models and thus do not assess the same frameworks. However, they all conclude that further
water risk modeling is needed. Specifically, there is a need to develop models adjusted to the
particularities of specific areas and industries, as a one-size-fits-all approach fails to address all
needs. They also point to the need to refine further assessment approaches by considering their
effects on financial investments and the feedback loop from the financial system to the economic
and physical dimension of water (South Pole, 2020; WWF Germany, 2019b).

Table 6: Discussion of water risk models – evidence from the literature
Author(s) and objectives
Morgan and Orr (2015)
Conceptual consideration of the
value of water and approaches
to assess this value.
NGFS (2020a)
Overview of environmental risk
analysis (ERA) tools. WR
models as part of ERA models.
South Pole (2018)
Exploration of data, models, and
tools to assess WR in the real
economy and financial markets.
WWF Germany (2019b)
Review of five tools assessing
the financial impact of WR.
Development of tools for
financial investors.

Comments on the models – gaps in modeling water risk (WR)
- Many tools only overlay facilities to WR indicator maps.
- WR indicators are seen in isolation, not in their connectivity.
- WR is not sufficiently translated into WR valuation.
- Few WR models are future-oriented.
- Lack of awareness of environmental risks and their relevance.
- Inadequate environmental data and loss data.
- Limited capacity in model developing.
- Methodology: Ignorance of macro feedbacks and entities’ responses.
- Consistent data is scarce and methodologies are still evolving.
- Existing WR models mostly cover physical risks.
- Tools are more useful for companies than for investors.
- Not all sectors and regions are covered.
- Range of valuation tools for WR is limited (sectors, regions, risks).
- WR from floods and pollution are scarcely covered.
- Shadow price is important, but it only covers water procurement.
- Additional tools are needed to incorporate WR into financial
decisions.

As the water risk models differ in their specific approaches, the model user must consider
these characteristics when choosing and combining individual models. The major characteristics
of models are:
-

Model objective – monitoring and benchmarking water risk, providing a basis for assessing
water stewardship and water risk quantification.

-

Model focus – water risk origin (water risk assessment), risk transmission to companies and
communities (socio-economic risk), risk transmission to financial assets and investors
(financial water risk).

-

Time perspective – modeling built on data and evidence from the past (assumption of
stationarity), predictions of the future (scenarios), or a mix of the two.

-

Modeling approach – qualitative or quantitative assessment, or a combination of the two.
At present, the WAVE tool from WWF Germany (2019c) and the water equity tool from

South Pole (2020) provide the most recent and sophisticated advances in the modeling of
financial water risk. Their result is a score to assess the value of financial assets as a function of
the vulnerability of a company (WWF) or the attribution of equities from companies to classes of
exposed entities (South Pole). South Pole extends its approach to the aggregate risk of multiple
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water-risk-exposed equities held in a portfolio. Based on the results, investors can classify assets
relative to their exposure to water risk, arrange the composition of their portfolios, and use the
model results in their communication with exposed companies.
Overall, financial investors have access to a broad range of public and private tools that
they can apply based on their preferences. However, as the overall framework is already
challenging and as the specific perspective of a financial investor adds a further element of
complexity, the existing models must be chosen carefully. Below, we present basic
considerations:
1. Elements considered
In most cases, the models focus on the operations of a company itself and its affectedness
by water events, which are obtained from the geographic environment. Water affects
production since it is necessary for running the business, such as for the extraction of ores
in the mining industry or as a cooling agent for power plants. As the case of Nestlé
shows, water can be the product, thus depending on the availability of groundwater. In
addition, water risk assessment must include threats that are connected to the supply
chain as well as to the distribution channels and the end-of-life use of the product
(Actiam, 2021; PRI and WWF, 2018). If droughts (as shown in the case of Rhine and
Danube) and floods obstruct the shipping of material, the operational process is impacted
as well, particularly when companies apply just-in-time concepts in delivery with a high
dependency on logistics. In case there are problems on the distribution side, delays in
delivery will reduce cash flows from sales and may even cause penalties. In general,
water risk models as a class of environmental risk models should place a stronger
emphasis on the feedback from the water-related macroeconomic context (NGFS, 2020a).
2. Types of risk considered
In most cases, existing models consider the physical quantity risk of water, and to a lesser
extent, the physical quality and reputational dimensions. However, the combined effects
of environmental degradation (e.g., related to acid rain) and lower groundwater levels
(e.g., related to higher temperature) increasingly and negatively affect the quality of
water. This, in turn, raises the cost of water analysis, extraction, and treatment. In case a
company’s wastewater management causes water pollution, the potential hazards of
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water pollution on the health of people and the ecosystem may be extreme. This may
further lead to reactions from public authorities and increase the constraints from new
regulations. Due to a rising awareness of the public and the easy propagation of
information through the internet, companies face higher exposure to reputational risk.
These issues are expected to increase in the future.
3. Aggregation (holistic versus specific)
The modeling of water risk has to consider that, on the one hand, the overall transmission
framework determines the vulnerability of companies and financial assets. In that case, a
holistic approach is necessary. On the other hand, the framework is complex, and each
situation is different hence specific approaches are needed. From their survey of water
risk assessment tools and their applicability to the mining sector, Gilsbach et al. (2019,
p.12) state that the “methods show consistency challenges with regards to mine sitespecific integrated water risk profiles.” The authors point to the need to develop sectorspecific assessment approaches. A similar conclusion is posited by WWF (2020) through
their comprehensive analysis of water risks facing the mining sector. The authors state
that “additional local modelling would provide better information on whether or not
water scarcity is of significant concern” (WWF, 2020, p. 21) and suggest weights for
specific mines and sites.
4. Time perspective
The models recognize the need to incorporate expected changes in water quantity and
quality linked to environmental, population, and economic changes. However, due to the
lack of fully reliable scenarios and the complex interplay between systemic changes,
water events, and vulnerabilities of companies and management responses, the models
mostly build on evidence from the past. In a world with increasing dynamics and
disruptions that become more frequent, this may be misleading.
5. Integrated modeling of threats and opportunities
Available models focus almost entirely on water risk in the sense of a downside risk,
providing results for a worst-case scenario. In the context of increasing water risk, it is
essential to consider potential losses ranging from mild to extreme. However, the primary
objective of companies and investors is to take advantage of opportunities in the water
risk related business or, ideally, to optimize a risk-adjusted return. The models should
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thus further include the expected return after risk as well as specific opportunities in the
water-related business. In addition, the models represent the exposure of affected entities
somewhat asymmetrically by considering the immediate or first-round effects from
increasing challenges only. However, company managers can react with respect to
upcoming challenges and potentially avoid them or at least reduce the overall damage. It
is, therefore, particularly important to include the potential responses of managers and the
flexibility of a company or its environment to adjust to a changing water exposure in the
modeling.
6. Data
Like other emerging risks such as climate change, cyber risks, and technological risks
(e.g., system failure), which are driven by high uncertainty and inhabit changing
landscapes (AXA, 2021), data is critical to the development of water risk models. A lack
of access, reliability, quality, and quantity of data can interfere with the progress in
modeling. Although the lack of information about a company’s sensitivity to water risk is
generally accepted, this should not slow down the modeling process. Instead, as waterrelated challenges will increasingly materialize, the need for sophisticated models
increases as well. As mentioned, models must be kept flexible and allow modular
refinements depending on the progress in available information. Josset and Concha
Larrauri (2021) urge for the development of adequate datasets and careful data collection,
as well as the adoption of data disclosure frameworks and standards to fully understand
and address financial water risks.
4.2 Discussion from a Financial Perspective
Similarly, financial water risk models, as a specific class of water risk models, emphasize
different aspects in the valuation of water risk. The discussion of this type of models from a
financial perspective must (1) consider to what extent the models explain the consequences of
water risk on different types of financial assets, and (2) include to what extent the models reflect
the specific perspective of financial investors and their ability to manage water-related assets and
portfolios. Concerning the risk valuation of assets, in most cases, the models obtain the waterrelated risk of financial assets while assessing the performance of the company or country linked
to the asset. The water risk of assets is thus assumed to be a more or less linear function of the
water risk of the entity.
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Corporate investors and companies themselves typically model the effects of water risk
on equity and liquidity as a function of the underlying physical and further water risk types and
their impact on the revenue, cost, and cash flow of the company (NGFS, 2020a). In this way, the
user can benchmark companies depending on the degree of their affectedness from water-related
challenges and/or directly calculate the value of stocks as stakes in the equity of the company.
While most models focus on the valuation of stocks, some models also allow for an
assessment of water risk for bonds. Effects on the value and repayment of bonds materialize
similarly to stocks from water-affected cash flows of the company or country that issued the
bond. The market price of bonds further depends on the risk premium (Bessis, 2015). The
premium is part of the discount factor and includes a spread dedicated to water risk. In addition,
the valuation of bonds and debt, in general, must consider that the equity of the firm protects
debtholders (Christoffersen, 2016). Losses from water risk do not directly materialize in the
value of debt but depend on the cushion provided from the funds of the company.
Approaches to the modeling of the water risk incorporated in loans follow the same
scheme as the water risk evaluation of bonds, i.e., the assessment of exposed cash flows and the
shelter from equity. However, as loans are assets held by banks within their balance sheet and are
not traded on a market, the risk analysis does not focus on market values but on the repayment
capacity of the borrower at maturity. In addition, banks usually demand collateral and may
require covenants as means of protecting their claims (Bessis, 2015). Further effects are
associated with the relationship between banks and borrowers and their ability to permanently
monitor the claims. This adds a further complexity to the modeling of water risk of loans and
may explain why appropriate approaches still have to be developed (NGFS, 2020a; South Pole,
2020).
In addition to assessing the water risk of assets – which is not only a direct function of the
water risk of the underlying entity but depends on the payment characteristics of the assets –
financial water models must consider the characteristics of investors engaged in the water risk
related business. Financial investors such as banks, portfolio managers, and insurance companies
have additional degrees of freedom in managing their investments. They can choose among
different types of water-related assets, combine them flexibly, and have more options in case the
investments are exposed to risk factors, hereby including the access to financial derivatives,
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although the market for water-related financial derivatives still has to develop. Among further
aspects, the following characteristics of financial investors as the users of water risk models have
to be considered:
•

Including opportunities besides threats in water risk models are central to financial
management strategies. Usually, financial investors and portfolio managers must be
aware of potential losses estimated within a given confidence level. They further assess
the expected return in order to achieve targeted risk-return ratios or a satisfactory return
after risk (Bessis, 2015).

•

Different from the companies that mostly represent the underlying of their financial
assets, financial investors are able to mix assets in their portfolios. While industrial
companies are restricted in their attempt to diversify through the limited range of their
products, locations, or sales markets (PRI and WWF, 2018), financial investors can split
their assets with more flexibility across different sites, industries, and risk types. Here,
the basic objective is to reduce the overall volatility of the portfolio through
diversification. In an ideal setting, the financial manager can reduce the risk from waterrelated investments to zero while maintaining a positive net return.

•

Diversification effects are the results of simultaneous up- and down-swings in the value
of assets. Models for financial water risk must therefore assess both sides of the
performance distribution and assess simultaneous movements in the value of different
assets. The correlation is a typical measure to express the parallel movements in the value
of water-related investments. If the correlation is low or even negative, this also means
that financial managers can reduce the concentration of similar risks in their portfolio.
Ceres points out that analyzing single assets alone cannot uncover water risk
concentration in industries and geographies, “but conducting portfolio risk analysis will”
(Ceres, n.d., p.44). Many water risks are systemic in nature, such as droughts, floods, and
water scarcity. If risk materializes, multiple investments in the exposed areas
simultaneously face the same risk.

•

The risk management of financial portfolios primarily considers changes in the monetary
value of portfolio assets. The asset value itself is conceived as a function of the waterrelated risks of the companies underlying the financial asset. From this point of view, the
water risk transmitted to the financial investment is indirect. Direct risk effects unfold in
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cases in which portfolio managers are criticized for their allocation of investments across
entities and projects that jeopardize the availability and quality of water. The resulting
reputational risk originates directly from the portfolio decisions of the investment
managers. 4

5. Suggestions for Further Water Risk Modeling
Available approaches for the modeling of water risk already provide valuable insights
into the water risk framework. They assess water risk at different stages of the transmission
process and consider various risk dimensions as well as the objectives of the model user. As the
water risk context further evolves and new data and technologies emerge, the existing versions of
water risk models may be considered as work in progress and the tools’ “evolution as a
continuous journey” (Laporte-Bisquit, 2021, p.330). A quasi-natural extension of the models is
to align them across time and along new evidence from the water-society-economy nexus and
new information in the field. As the water risk context is complex, models must be industry and
location-specific. One model alone cannot fit all needs. Rather, comprehensive approaches may
offer modules, which the user can configure depending on their needs. Alternatively, the user
may combine specific approaches, as they are conducive to their needs.

Similarly, banks that finance coal fired power plants have been criticized both by the public and by their own
shareholders.
4
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Table 7: Recommendations for the modeling of financial water risk – evidence from the
literature
Author(s) and objectives
Morgan and Orr (2015)
Conceptual consideration of the
value of water and approaches
to assess this value.
NGFS (2020a)
Overview of environmental risk
analysis (ERA) tools. WR
models as part of ERA models.
South Pole (2018)
Exploration of data, models, and
tools to assess WR in the real
economy and financial markets.
Vico and Walker (2021)
Conclusion from an overview of
contributions to WR impact and
WR models.
WWF and WBCSD (2020)
Comparison and evidence from
the WBCSD India Water tool,
WRI Aqueduct, and WWF
Water Risk Filter.

Recommendations for modeling financial water risk (WR)
- Take into account the diversity of WR and develop specific metrics.
- Consider how potentially changing variables impact future WR.
- Include value of social capital and resulting reputational aspects.
- Consider water stewardship and WR responses for valuation.
- Enhance awareness of the need of ERA tools.
- Develop capacity and databases for environmental risk models.
- Support demonstration projects, e.g., for water shortage risks.
- Develop key indicators for the measurement of risks.
- Apply holistic approaches as WR intertwines with other natural
resources, biodiversity, and sectors.
- Develop WR models to assess the stability of the financial system.
- Create and include future water conditions.
- Apply more comprehensive WR analysis that is both local and global,
and that is based on multidisciplinary teams.
- Develop standards for WR data and disclosure.
- Assess WR connected to other risks with over proportional effects.
- Conceive WR analysis as a regular and continuous process.
- Use WR tools as an input for decision-making, not as the decision itself.
- Use multiple databases and multiple WR tools, “nuances matter.”
- Consider responses of entities to WR, assess the “residual risk.”
- Prioritize directions for WR assessments and actions.

In addition to continually updating existing approaches, the need for integrated risk
modeling will require modifications in the conceptual approach of the models. Existing models
center on water risk. Although they connect water risk to other risk dimensions, for example,
climate risk as a driver of water risk and economic losses as the result from water risk, they more
or less conceive water risk as a stand-alone challenge. However, in light of further existing and
emerging risks (AXA, 2021), water risk is only one dimension within a broader range of
challenges. From the point of view of financial investors and financial assets, multiple factors
simultaneously affect the value of the portfolio and must be assessed in their connectivity (Aon,
2020). Within the overall (portfolio) risk, the interplay of water risk with additional risks may
increase or decrease the portfolio risk or have a neutral effect. Therefore, an “integrated view on
water […] is necessary” (Actiam, 2021, p.8).
Portfolio risk effects occur both in the short-term and long-term. Managers of financial
portfolios with marketable assets such as traded stocks and bonds usually monitor correlated
risks on a short-term basis (i.e., daily). In the case of water-related portfolios, that may apply as
well. However, considering the nature of the different physical, regulatory, and reputational
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dimensions of water risk, it seems more appropriate to establish links to other challenges on a
long-term basis. For example, rising temperature as a chronic consequence of climate change
will successively increase both the need for water and its scarcity. While the location of a
company may face a higher water risk as a result of global warming, rising temperatures may
raise health problems for employees and obstruct technical production processes in the mid and
long term. The company, and thus the financial asset related to it, is exposed to a correlated or
double effect. On the one hand, the company or site could strengthen its efforts of automation
and digitization and benefit from this. On the other hand, as more water is needed to cool the
servers, physical water risk may reduce the economic return.
Although it may be difficult to precisely assess the interactions of risks, for example,
expressed as correlation and covariance (Christoffersen, 2015), the integrated risk assessment
provides an expectation of the co-movements within a portfolio of water-related assets. Portfolio
managers should particularly avoid high parallelism in the value movements of the assets. This
means, accordingly, that they must avoid a high concentration of similar and synchronous risk
factors in their portfolio. Parallel effects may also occur because of regional connectivity within
the portfolio, where assets relate to different geographies that are all jeopardized by similar water
events, such as droughts, floods, temperature, and extreme weather events. The risk effects may
even increase to a systemic level. The analysis of interactions between water risk and further
factors affecting the value of financial portfolios is thus an additional step in modeling aiming at
achieving a higher stability of the overall investment.
Water events will almost certainly increase both in frequency and severity in the future.
Growing populations, new patterns of consumption and production, and climate change are the
main drivers. Because much of this development is still to unfold, evidence from the past does
not exist. It is, therefore, necessary to apply forward-looking approaches in addition to historical
experiences. In the case of continuous changes such as rising temperature and growing
population, trend analysis may provide an appropriate approach to predict the future. Here, the
projections from the IPCC (2021) and NGFS (2020) can provide relevant scenarios. The
forecasting challenges are higher as they relate to abrupt changes in the system, such as extreme
weather events and the exceedance of tipping points (e.g., the rise of the sea level over a critical
threshold). In this case, the sensitivity of assets and portfolios related to the event can be assessed
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via sensitivity tests and scenario analysis, as suggested by WWF Germany (2019b). However, it
is also stated that “comprehensive scenarios still do not exist” (South Pole, 2018, p.16). The
results from available approaches provide a negative outlook with severe damages, which may
not reflect reality. Portfolio managers may particularly use them to adjust the structure of their
portfolio for more stability. However, sensitivity and scenario analyses do not represent
variations in the ordinary course of the investment and thus inform about rare and unexpected
losses rather than expected losses.
As has been shown, current models focus on physical risks mainly related to the quantity
of available water (South Pole, 2020). Actiam (2021) notes that issues of water quality are often
underestimated, although they can heavily damage the health of people and the environment. The
WRI models (Hoftse et al., 2019) consider quality issues as part of their water risk assessment.
However, it is challenging to precisely quantify potential damages from insufficient water
quality. An appropriate assessment of quality-related challenges should include the likelihood of
water pollution and its severity, which mainly relates to industries and production technologies.
A suitable water risk model should assess reputational risks at two different stages. First,
it should assess the (mis)behavior of companies or countries in the water business. At this stage,
reputational issues will directly affect companies and their performance. Second, reputational
risks may spill over to institutions and investments that contribute to the funding of water critical
activities. This is of relevance for financial water risk models. Within the overall water risk
assessment, they must recognize the specific sensitivity of financial investors in water-related
assets in addition to the reputational risk from the companies underlying the assets. As shown
from the serious discussions around coal-fired power plants, the negative perception of using
fossil resources to produce energy extends to the banks that fund the companies operating the
plants.
We provide two final suggestions for further refining the modeling of water risk. Many
water risk models directly project the potential consequences of a changing water risk
environment on the profitability and liquidity of the concerned entities. The implicit assumption
is that those effects linearly translate into the financial statements of companies. However, in
light of upcoming and materializing risks, the managers of companies can react and try to
mitigate potential negative effects (WWF Germany, 2019b). The extent of adjusting operations
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and/or to get financial compensation for expected losses depends on the nature of the business
and the characteristics of the companies’ geographical environment. Where it is difficult for a
power plant that needs water for cooling to modify its technology or to relocate, a chemical
company has more flexibility to adjust the volume and treatment of its wastewater. As has been
pointed out already, water risk models must thus relate specifically to the underlying investment.
Almost all models presented apply causal frameworks to assess the transmission of risk
drivers into the social and economic system and further into financial assets and portfolios. They
gradually model the propagation process and the resulting economic and financial consequences.
This is a systematic and transparent approach. However, due to the many propagation links and
multiple interconnectivities within the water risk context, the approach gets challenging as well.
In addition, the more or less linear modeling can rarely assess potential feedback as well as the
effects related to the behavior and sentiment of concerned stakeholders (Raymond et al., 2020).
An alternative approach that can complement the findings from existing causal models is,
therefore, a modeling approach that employs multivariate (regression) analysis. Based on data for
water risk events on the one hand and the accounting or cash flow figures of companies as well
as the series of water asset prices on the other, the model user can assess the sensitivity of both
water risk exposed entities and financial assets. As regression approaches are primarily data
driven, they would have to be designed according to the relevant causal models and provide a
complementary result.
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Appendix: Synopsis of Water Risk (WR) Models

Author

Model/ Tool

Approach

Data

Comment

Amundi

Water Risk
Analysis

Evaluation of companies’ water
risk (WR) – in this case,
withdrawal – based on the WR of
specific sites.

Used for sustainability
and water-focused
funds.

Bloomberg and
Natural Capital
Declaration (NCD)

Water Risk
Valuation Tool
(WRVT),
mining
Water security

Shadow pricing of WR for
extractive companies. Lower
revenue from unextractable ores.

Extreme events
from WRI,
company WR data
from CDP,
company reports.
Geospatial data
from Aqueduct.
Own data. Obtained
from questionnaire
(2020: 2,934
responses, 12
sectors).
Information from
companies’ reports.

From companies’ own
statements/estimations.
Allows to manage and
govern freshwater
resources.
Excel tool to position a
company’s WR and
investor engagement.
Comprehensive
approach of WR
origination, assessment,
and responses.
Systematic framework.
Qualitative.

Carbon Disclosure
Project (CDP)

Ceres

Aqua Gauge

Ceres
(and institutional
investors)

Investor Water
Toolkit

China Water Risk
(CWR)

APACCT
(Coastal Threat)
20 Index for 20
major Asian
cities

Columbia Water
Center, Columbia
University

Risk Valuation
Model

Ecolab and
Trucost

Water Risk
Monetizer
(WRM)

Equarius Risk
Analytics

waterBeta®

GES International
AB

Water
Stewardship
Engagement

Questionnaire sent to companies
around the globe. Companies
report about water risks, costs,
and responses. Performance
indicator on water security.
Assessment of a company’s
water management against a
leading practice benchmark.
Set of recommendations and a
guide for investors to incorporate
water risk in the management of
asset classes and portfolios.
Portfolio water foot printing.
Basis for buy/sell analysis and
engagement.
Geo-locational WR from coastal
threats (local sea-level rise
(SLR), storm tides, actions). (1)
1.5° base and 4.0° worst
scenario. (2) Local SLR. (3)
Sensitivities. (4) Elevation data.
(5) Storm tides. Impact on people
and infrastructure.
Physical WR from extreme
weather, transition WR. Effects
on financial statements of
companies. Includes responses.
Bayesian network.
Shadow pricing (WR premium)
approach for in-/outgoing water
at different sites and different
time-horizons. Total economic
value framework. Companies’
revenue at risk based on
probabilities.
waterBeta obtained from (1)
regression of extreme stock
prices company/industry index
and (2) water risk of company
sites (availability and intensity of
water). Assumption that extreme
water events matter.
Scoring companies based on their
location in water stressed regions
and on their water management.

Pre-step for
quantification.

Affectedness of mines
only, yet extendable.
WRI water projections.

TCFD scenarios.
Local SLR data
instead of IPCC.
NASA SRTM 30m
grid. Clustering
bank loans to
countries. Loan
portfolio effect.
Water data from
mines and own
research. External
geophysical data.

Projections up to 2100.
Includes government’s
responses and
feedbacks. Focus on
extreme scenarios
(uncontrollable storm
tides) and tail risks.

Water basin values
from WBCSD,
WRI, and WWF.
ESG data from
RepRisk. Facilityspecific water data
from companies.
Stock price data, 90
days Value-at-Risk
(95%) rolled
forward, Aqueduct
watershed data.
Company water
consumption.
Company reports.
Data from WRI,
oekom, CDP.

Comprehensive WR
premium including
forecasted physical and
social costs from
in/outgoing water.
Several assumptions.

Focus on mining
(different types).
Includes probabilities
for quantification.

Integration of financial
and physical risk.
Indirect analysis.
Extreme stock prices
reflect water risk events.
Mitigation not
addressed.
Qualitative indicator for
WR management. For
companies/investors.
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GIZ, NCD Natural
Capital
Declaration, VfU

Corporate
Bonds Water
Credit Risk
Tool

Interfaith Center
on Corporate
Responsibility
(ICCR)
Natural Capital
Finance Alliance
(NCFA), GIZ,
RMS
Principles for
Responsible
Investment (PRI)
and WWF

Water
Stewardship

Resourcematics

Water Risk
Model

South Pole

Water risk in
equity
portfolios and
individual
stocks (relative
to the industry
median)
True cost of
water tool

Veolia

Drought Stress
Testing Tool
Investor tool for
understanding
and managing
WR

Verisk Maplecroft

Water Stress
Index

VividEconomics

Inevitable
Water Finance
Response
India Water
Tool
(the original
WBCSD model
was moved to
the India Water
Tool)
Aqueduct 3.0

World Business
Council for
Sustainable
Development
(WBCSD)
World Resources
Institute (WRI)

World Wide Fund
for Nature (WWF)

Water Risk
Filter 6.0

Shadow pricing approach (water
demand and supply). Use of
water by companies (all
locations) is repriced, new
EBITDA and debt is calculated.
Tool assesses latitude and
longitude of sites.
Water engagement program.
Incentivize companies to mitigate
their impact on water quantity
and quality.
Drought scenarios for countries
and industries. Effect on
revenues and operating costs.
Further effect on default rates.
WR from supply chains.
Dependency on WR sensitive
crops and resulting WR for
countries. Physical, regulatory,
and reputational risks.
Comprehensive approach to
assess demand and supply of
water in regions. Overlay of
hydrologic, demographic, and
economic factors.
Combined score water scarcity
site and water intensity industry.
Site WR based on geographical
location. Industry WR related to
water materiality and withdrawal.
Single equities WR via share of
industry.
Physical, regulatory, and
reputational WR. Effects on
financial statements. Direct
(Opex, Capex), indirect
(administrative) and risk costs
(operation, regulation) of water.
Annual total water use relative to
available water per catchment.
Demand from major industries.

Water data from
WRI Aqueduct.
Data on company
locations from
Bloomberg.
Pressure on
companies to
measure and report
WR.
Loan data from
financial investors.

Shadow price of water
as the opportunity cost
of water. Water quantity
is the focus. Effects on
market value and
discounting factor to
complement.
Not a WR model itself.
Incentivizes companies
to report WR as a data
source for WR analysis.
Scarcity of water as the
focus.

Own checklists
based on corporate
disclosures. Water
basin risk from
WWF.
Geographic data for
squares of 5x5 arc
minute. Various
data and sources.

Applied to supply
chains in agriculture.
Primarily qualitative.
Intended to enhance
investor engagement.
Forecasting model
based on IPCC data and
Monte Carlo
simulations.

Water data from
Aqueduct. Firm
data from
Bloomberg, Factset,
and OECD.

Sophisticated approach
builds partly on Ceres
and SASB. Proxies for
WR sites and
companies. Scoring, not
yet quantification.

Internal water audits
and comparison
with other
businesses. User
includes own
likelihoods.
Own research.
Locational water
data from WRI.

Tool for companies to
assess (long-term)
financial implications of
WR. Opportunities from
new water strategies.

PRI projections about policy
responses transferred to water.
Transition WR as the focus.
Water quantity at water basins.
Consequences for operations of
firms. Integrating water
availability, quality, and stress
for watersheds. Helps users
understand their WR.

Data from PRI
(scenarios) and
Ceres.
Groundwater level/
availability, surface
water quality. Public
datasets and risk
indicators from
India.

Water sub-basins, geospatial
location and properties. Overall
water risk score composed from
13 indicators for physical,
regulatory, and reputational water
risk. Hydrological model water
quantity.
Water risk of geographic location
with two dimensions: (1) basin

PCR-GLOBWB 2
as a global
hydrological model
for water
withdrawal, water
availability, and
groundwater heads.
Data from multiple
sources. Potsdam

Focuses on WR
quantification. Basis for
WR-sensitive portfolio
management.
Support actions from
investors. No explicit
quantification.
Website shows
provinces of India
related to water risk.

Advanced and refined
(2019) tool to assess the
water conditions in
water (sub-) basins.
Used as a data basis for
other models.
Mostly yearly update.
Selected countries
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WWF, Water
Foundry
Advisors, and
CDP

Water and
ValuE (WAVE)

related risk, (2) company’s
operating water risk (partly
addressing supply chain).
Physical, regulatory, and
reputational risk types. Assessed
via 12 risk categories and 32
indicators. Climate/socioeconomic scenarios.
Impact of WR on the value of
assets and portfolios. Elements
include (1) events (floods,
disease, etc.), (2) data, (3)
scenarios, (4) financial impact.
Considers responses. Excel-based
off-line tool. Will allow stress
tests under different water risk
scenarios.

Institute, WRI
Baseline, Grill
(2019) dataset, UN
Environment,
World Bank, and
WWF
questionnaire.

available. Includes
actions to protect
against water risk.

CDP water security
database. WWF
water risk filter.
Inputs from user.
Scenarios modeled
from socioeconomic
pathways.

Very advanced tool,
will be shared with
banks. Ultimate
financial effects not yet
included. Water stress
tests planned for the
future.
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