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According to the World Economic Forum, Environmental Risk accounted for all of the top
five risks by likelihood and four by impact1. Our 2020 research2 identified a shift in
prioritization of the 5 key risks and trends correlations (Box 1), with an increase in likelihood
and impact of all risk correlation rankings over 2019.

Box 1 - Top Risk Ranking Correlations: 2020
1. Climate Change/ Extreme Weather Events/ Failure of Climate Change Mitigation and 			
Adaptation/ Natural Disasters/ Water Crisis
2. Data Fraud or Theft/Cyber Attacks/Cyber Dependency/Adverse Consequences of Technological 		
Advances
3. Interstate Conflict/Increasing National Sentiments/Regulatory Change,
4. Income and Wealth Disparity/Debt Levels/Asset Bubble/Fiscal Crisis
5. Large Scale Migration/Failure of National, Regional, or Global Governance/Increasing Polarization
of Societies

SUMMARY
Climate change is a broad and diverse trend that poses a significant challenge for
Financial Institutions (FIs) to address. This paper provides examples of climate change/
extreme weather events/natural disasters correlations and recommendations for FIs to
address them. It explores the “how” to meet the Task Force on Climate-related Financial
Disclosures (TCFD) recommendation for an effective governance structure. It also supports
the Final Report of the Expert Panel on Sustainable Finance, recommendation #5: to define
and pursue a Canadian approach to implementing the recommendations of the TCFD. The
strategic implications of climate change for organizations in the financial services industry
are highlighted through the Global Risks and Trends Framework (GRAFT). This article
identifies the Risk and Trend Correlations, Magnitude of Correlations, and KEY INSIGHTS
(Table 1, pages 4 -11, events or potential events stemming from correlation of trends &
risks). A summary of theses insights includes:
•

Organizations should examine the strategic assumptions underlying their strategies upon which
to develop early warning systems so as to predict and prepare for the onset of climate change
tipping points.

•

Base climate change disclosure upon the double materiality perspective of:
climate change disclosure = impact (financial) + impact (environment + social)

•

Disaster planning must include protection for employees, as well as knock-on implications
of long-shutdown periods, alternative supply to supply chains, and granular understanding
of insurance coverage in the event of a natural disaster.

•

Specific industry credit adjudication, and scenario analysis must consider impact of climate
change and extreme weather events and natural disasters.

1
2

https://www.weforum.org/reports/the-global-risks-report-2019, page 6
Informed by the risk ranking surveys that are summarized in APPENDIX III

This article is the second in a
series that focuses on applying
risk correlations to further
a robust approach to the
management of nonfinancial
risk. The research applies
the correlation matrix from
the Global Risks and Trends
Framework (GRAFT) to a specific
topic in order to highlight
risk interdependencies, and
to assist in the analysis of
strategic implications. The
correlation matrix aims to
provide both strategic insights
and recommendations for an
organization and is based on
the premise that risk events
do not happen in isolation.
Events are not typically the
result of one risk or trend, but
rather a combination of risks
and/or trends. It is through
the lens of interrelationships
that we examine the top
risks and trends. We look at
the highest ranked risks and
trends, and their correlation
and combination with other
risks and trends, to identify
the strategic implications
for organizations within the
financial services sector.
Please see Appendix I for
the Global Risks and Trends
Framework; Appendix II for
supporting evidence and
illustration of climate change
trends, extreme weather
events, and natural disasters
of the past years; Appendix III
for 2020 Risk Ratings Sources.
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•

National and corporate leaders must support global
cooperation through internal initiatives, external reporting,
and multilateral support.

•

Organizations need to establish a process of measuring
climate change.

CLIMATE CHANGE
CORRELATIONS
Like the “when not if” of cyber attacks, several one-in-onehundred-year extreme weather events, and the current
Australia fires that could be classified as a one-in-onethousand year event, have been observed over the last year.
Prevention along with stress-tested response preparation
must become the new norm in considering and addressing
the risk of extreme weather events, natural disasters, the
failure of climate change mitigation and adaptation and
preparation for the increasing impact of climate change.

The positive correlation and combination of risks and trends
leads to an increasing impact of risk events. We outline in
Figure 1, an example of some of the interactions between,
and resulting from, climate change, extreme weather events
and natural disasters of 2019/20. The correlation mapping
of risks and trends shows the interaction of risks and trends,
and is color-coded by risk cluster (Green – Environmental,
Red – Societal, Blue – Economical, Orange – Geopolitical,
and Purple – Technological).
The GRAFT Correlation Matrix3 (Figure 1) facilitates an
examination of the knock-on effects of risk events and
trends. For example, the high temperature, and extreme
drought, followed by heavy rains in Australia, effected the
governments vote not to approve the requested expansion
of existing coal mining facilities. By looking at the events of
2019/20, using the GRAFT Correlation Matrix, we can learn
from the past and use those learnings to look forward and
consider how risks/trends may evolve.

Figure 1: GRAFT Correlation Matrix

CLIMATE CHANGE

EXTREME WEATHER EVENTS

Increasing Temperature
and CO2 Levels

Prolonged Drought
Followed by Heavy Rains

NATURAL DISASTER
Extreme Flooding
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FAILURE OF GLOBAL GOVERNANCE

WATER CRISIS

Stalled Paris Climate Accord
Clear Stable Global Carbon Pricing System
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by 2025 Projectedto be 1.8 Billion

FOOD CRISIS

815 Million People Suffering
from Chronic Undernourishment

LARGE SCALE INVOLUNTARY
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60 Million Migrants Affected Globally

INFECTIOUS DISEASE
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FAILURE OF CLIMATE CHANGE
MITIGATION & ADAPTION

RISING INCOME &
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See https://globalriskinstitute.org/publications/global-risks-trendsframework-graft-overview/ for explanation of GRAFTframework.
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STRATEGIC IMPLICATIONS
FOR FINANCIAL INSTITUTIONS
For financial institutions, the influence of climate change,
is no longer a risk on the distant horizon. Organizations are
increasingly disrupted by rising temperatures, increasing
extreme weather events and natural disasters that cause
either financial or physical damage or transitional delays
in their supply chain. Climate change or extreme weather
events can cause crop shortages that impact the food and
product supply, resource scarcity that can drive the use of
alternative materials and the drive to recycle more waste.
Regulatory restrictions may increase costs due to efforts to
reduce, capture or eliminate C02 emissions. Rising electrical
and transportation costs increase supply chain costs.
Temperature increases may lead to changes in consumer
demand, reducing heating and increasing air conditioning
demands.
Consumer prioritization of sustainability impacts organizations’ reputational expectations to be socially responsible,
with pressure from consumer groups to commit to “100%
renewable energy”. This may create reputational risk that
must be anticipated and managed.
The interrelationship between climate change/extreme
weather events/regulation/asset bubble affects asset
managers as, for both firms and industries, there is
increased opportunity as well as vulnerability. For example,
asset returns, particularly for energy stocks, can be affected
by positive and negative events relating to climate change
capabilities, which could lead to higher market volatility
for their share price. Risk rates may be affected by stock
market volatility, as well as asset bubble corrections.
Societal impacts associated with growing wealth and
income disparity, polarization of society, as well as changes
to the labour market associated with climate change, may
also lead to higher risk rates. As an example, agricultural
applications on Blockchain are emerging, fueled by a rising
trend for disintermediation which, in turn, reflects changing
societal influences.
Recent extreme weather events and existing climate change
trends are the foundation for looking into the future and
form the basis for identifying and considering the potential
strategic implications of the risk and trend correlations.
4

https://ar5-syr.ipcc.ch/topic_introduction.php

Definition of climate change
Climate change exposes people, societies, economic
sectors and ecosystems to risk. Risk is the potential for
consequences when something of value is at stake and the
outcome is uncertain, recognizing the diversity of values.
Risks from climate change impacts arise from the
interaction between hazard (triggered by an event or trend
related to climate change), vulnerability (susceptibility
to harm) and exposure (people, assets or ecosystems at
risk). Hazards include processes that range from brief
events, such as severe storms, to slow trends, such as
multi-decade droughts or multi-century sea level rise.
Vulnerability and exposure are both sensitive to a wide
range of social and economic processes, with possible
increases or decreases depending on development
pathways. Risks and co-benefits also arise from policies
that aim to mitigate climate change or to adapt to it.
Risk is often represented as the probability of occurrence
of hazardous events or trends multiplied by the magnitude
of the consequences if these events occur. Therefore, high
risk can result not only from high probability outcomes
but also from low probability outcomes with very severe
consequences. This makes it important to assess the
full range of possible outcomes, from low probability
tail outcomes to very likely outcomes. For example, it
is unlikely that global mean sea level will rise by more
than one meter in this century, but the consequence
of a greater rise could be so severe that this possibility
becomes a significant part of risk assessment. Similarly,
low confidence but high consequence outcomes are
also policy relevant; for instance, the possibility that the
response of Amazon forest could substantially amplify
climate change merits consideration despite our currently
imperfect ability to project the outcome.
Risk can be understood either qualitatively or
quantitatively. It can be reduced and managed using a
wide range of formal or informal tools and approaches
that are often iterative. Useful approaches for managing
risk do not necessarily require that risk levels can be
accurately quantified. Approaches recognizing diverse
qualitative values, goals and priorities, based on ethical,
psychological, cultural or social factors, could increase the
effectiveness of risk management. {WGII SPM}4

Global Risk Institute
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KEY INSIGHTS: BASED UPON THE IMPACT OF MOVEMENT IN
THE GLOBAL RISKS AND TRENDS:
The Correlation4 Matrix (Table 1) is a tool for organizations to identify key insights stemming from the interrelationship of
the examined global risks and trends. Organization’s management compare the correlation relationships to the organization’s
mission statement (what is our purpose), objectives (what are we trying to achieve) and underlying strategic objectives. The
exercise of comparing the GRAFT relationships to the mission, objectives, and strategic assumptions facilitates a discussion
confirming, and potentially contradicting, participants’ pre-existing views. Organizational leaders confront the growing array
of factors, both domestic and international, that could potentially result in losses, increased expenses, or decreased revenue
from climate change. They may conclude that certain areas of their business (e.g., energy or agricultural exposures), would be
more at risk than others. The exercise may lead to potential identification and segmentation of critical products, customers,
countries, or regions.
Table 1 Correlation Matrix-Financial Services Industry Implication and Key Insights

Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

Global average combined land and ocean surface temperature
anomaly trend has increased 1o since 1979. Warmest 6 years on
record: 2013–2018. Australia has reported a 1.5o increase over the
same period. Sea levels have risen over 5 cm since the year 2000
and are continuing to rise. In North America, almost 40 percent of
the population lives in relatively high-population-density coastal or
lakefront areas, where water level plays a role in flooding, shoreline
erosion, and hazards from storms. Globally, eight of the world's 10
largest cities are near a coast, according to the U.N. Atlas of the
Oceans.6
Arctic and Antarctic sea ice is well below average, and ocean
acidification continues. This means that sea levels will continue to
rise.
Global averaged greenhouse gas concentrations have risen from 300
CO2 (ppm) in 1950 to over 390 CO2 (ppm) in the year 2017. Global
Anthropogenic CO2 emissions have doubled to 2000 GtCO2 since the
year 1970.7
The Global Climate Risk Index 2019 (David Eckstein, 2019) country
ranking based upon fatalities, cost of events, and cost of events per
GDP ratio ranked the United States 12th, Canada 42nd, and Mexico 64th
at risk of adverse climate events.

The key insight of climate change is that the relationship of rising
land and ocean temperature, rising ocean levels and rising CO2
concentrations and emissions are reaching tipping points (critical
moments in time where a small change has large, potentially irreversible
impacts) that have been likened to pushing an egg towards the edge of
a table and ultimately watching it fall and break. Some tipping points
may include:

Climate Change

5
6
7
8
9

Climate Change

• An ice-free Arctic summer, irreversible melting of the Greenland ice
sheet.
• Rapid thawing of the permafrost in Alaska.
• Shifts in the Atlantic Ocean’s circulation.8

Global Tipping Points9: Please see Figure 18 in Appendix II
Organizations should:
a) Examine the strategic assumptions that they have based their
strategy upon. Examples of strategic assumptions:
Coastal and lake-front cities are accessible to business, and are not
underwater;
Seasonal growth periods will sustain agricultural projections production
and accuracy of food cost estimates.
We will be able to rely on the availability of inputs for our products/
services at the volumes and prices that underlie our strategy.
Air quality will still be attractive to customers, suppliers, and overall
organizations.
Air temperature – will not adversely affect employees due to tasks that
are primarily complete outdoors.
There will not be a change in demand for our products/services given
attitudes about climate change.
b) Develop early warning systems to predict and prepare for the onset
of these tipping points (with the understanding that this development is
a work in progress and that initial “guesses” are a step along a continuum.)

Correlation in this context is the broad definition of the impact, consequence or causal relationship of climate change.
https://oceanservice.noaa.gov/facts/sealevel.html
https://library.wmo.int/opac/doc_num.php?explnum_id=4453 page 7
https://climate.nasa.gov/news/958/an-unrecognizable-arctic/
http://www.pnas.org/content/105/6/1786
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

COMMUNICATION FROM THE COMMISSION, guidelines on nonfinancial reporting: Supplement on reporting climate-related
information (2019/C 209/01) outline updates to Article 2 of Directive
2014/95/EU of the European Parliament and of the Council on
Financial Disclosure of the implications of climate change.

Prepare an assessment of where their organization is on climate change
and identify a goal as to where they need to be.
Organization should consider applying the double materiality
perspective of the Non-Financial Reporting Directive in the context of
reporting climate related information.10

Primary Risk or Trend

Correlation Risk or Trend

Climate Change

Climate Change

The number and cost of extreme weather events have been on the
rise since 1970.
The National Academy of Sciences and Norwegian Meteorological
Institute Report highlighted climate change linked to the probability of
extreme weather events, for example:
Warming increases the water vapour in the lower ~10 km of the
atmosphere; which feeds storm systems with additional energy,
which when released as precipitation, amplifies the intensity of heavy
rainfall events.
• Heavy and extreme rain events have been associated with high seasurface temperatures.
• Extreme summertime temperatures are being experienced that
are more than three standard deviations warmer than would be
expected from the climatological record. These high temperature
extremes typically covered areas less than 1% of Earth’s land surface
between 1951 and 1980, but under the current situation these events
may affect areas of about 10% of the Earth’s land surface. Some
of the hot anomalies during 2006–2011, including those in Europe,
exceeded three, four and five standard deviations of the 1951–1980
observations.

Climate Change

Extreme Weather

Organizations should link their early warning systems through their
strategic assumptions to support their strategy.
1. Integrate climate change and extreme weather events into strategic
planning through identifying the impact on strategic assumption.
2. Identify industry, country, business unit and organizational exposure to
climate change and extreme weather events.
3. Develop industry, country, business unit and organizational extreme
weather events scenario analysis to highlight implications and impact of
temperature, sea level, and air quality degradation.
4. Set directionality on credit and market risk analysis through input from
climate change and extreme weather events models.
5. Integrate climate change and extreme weather events reporting to
meet the TCFD recommendations for better climate-related financial
disclosures.
6. Support reporting under compliance to the European Parliament and
the Council of the European Union enacted Directive 2014/95/EU to require
the disclosure of nonfinancial and diversity information by approximately
6000 companies operating in any of the EU’s 28-member states.

The Directive requires companies to report on business impact,
development, performance and position relating to a set list of nonfinancial issues:
• description of business model - stakeholders may be interested in
understanding the company’s view of how climate change might affect
its business model and strategy, and how its activities affect the climate,
over the short, medium, and long term. To adequately report on climate
related matters, companies may need to take a longer-term perspective
than they normally do for financial reporting,11

10
11

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52019XC0620(01)
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/2019-non-financial-reporting-guidelines-consultation- document_
en.pdf

Global Risk Institute
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

Climate Change

• The report indicates that it is unlikely that the extreme hot summers
in Western and Central Europe in 2003, and in Russia in 2010, would
have occurred in the absence of global warming. In addition, for a
future global warming of at least 1°C, anomalies exceeding three
standard deviations would be the norm and five standard deviations
should be occasionally expected.

Extreme Weather

• environmental (greenhouse gases, energy use, etc.) social, employee,
human rights, anti-corruption, and bribery matters;
• outcomes and risks of the policies on the above matters;
• the diversity policy applied for management, board of directors,
and supervisory bodies.

Develop global nonfinancial risk strategy and required reporting by
home and host counties. Reporting requirements vary significantly by
country (most stringent reporting required in France under Grenelle Act
II (Law No. 2010-788)
Align strategy with the goals identified in the white paper:

A FEDERAL SUSTAINABLE DEVELOPMENT STRATEGY FOR CANADA 2019 TO 2022.

Primary Risk or Trend

Correlation Risk or Trend

Number and costs of disasters (natural & manmade) are on average
0.2%12 of global GDP. However, due to the event nature of natural
disasters, the economic impact is not averaged, but specifically
targeted on a country or region.
In 2018, Japan in Q3 linked torrential rains that shut down factories
and affected the supply chain. A massive earthquake also occurred in
Hokkaido, which further weakened the economy.13
Early 2019, Australian drought, then flooding, have led to devastating
economic and humanitarian losses (1.4 meters of rain in 2 weeks,
300,000 cattle die due to rain and flooding, hundreds of millions
in property damage, January 2019, hottest month on record by an
average of 2.9o and 6o in New South Wales, millions of fish die due to
deoxygenation of the water).14 The timing of these events influenced
the governments decision to restrict further expansion of coal
producing mines.
In 2019/20, earlier droughts and temperature increases lead to the
largest natural disaster in Australia’s history. Costs are currently
estimated at greater than $4B AUS.
The cause of California wildfires led to the eventual filing for
bankruptcy of PG&E on Jan 29, 2019. Credit ratings for several
businesses that supply power to PG&E were cut, potentially raising
the cost of capital for the industry and creating additional difficulties
for California’s plan to source 100 per cent of its electricity from
low-carbon technologies by 2045. Projects that supply PG&E with
electricity under long-term contracts, at prices that are well above
today’s rates, face the threat that, in bankruptcy the company will
reject those contracts or insist on renegotiating them at lower levels,
hurting the projects’ cash flows and their ability to service their debts.
(Crooks, 2019).

Disaster planning must be modified to include protection for
employees, as well as knock-on implications of long-shutdown periods,
backup plans for alternative work locations and supply chains, and
granular understanding of the insurance coverage in the event of
natural disaster.
Credit and investment market risk must include extreme weather events
and natural disaster planning assessment and implications. Stress
testing and scenario analysis by country and industry to be compared
against organizations risk appetite and risk capacity.
Specific industry credit adjudication, and scenario analysis must
consider impact of climate change and natural disasters. Example: In
Townsville, Australia governments may force coal industries to close.
Worst case scenario (WCS) planning must be considered for climate
change and natural disasters linked events. Dynamic scenario analysis
can identify the implication of knock-on events and lay the foundation
for playbooks to layout responses to situations before they unfold.
(PG&E nor Australia did not utilize or pay attention to WCS plans for the
spark that started the fire across a highway or across a country).
Regulatory supervisory stress test results are primarily used by
supervisory authorities for reviewing and validating the Internal Capital
Adequacy Assessment Process (ICAAP) of banks and their liquidity
adequacy assessments. Since the global financial crisis, an increasing
number of countries assess capital ratio levels under adverse scenarios
and use the resulting assessment for evaluating capital adequacy or
required capital. (Basel Committee on Banking Supervision, 2017)
Inclusion of climate change and natural disasters impact on ICAAP and
assessment of impact on FIs capital and risk assessment of systemic and
systematic implications on governments, countries, industries, investors,
and borrowers.

Climate Change

12
13

14

Natural disaster (ND)

https://notalotofpeopleknowthat.wordpress.com/2018/01/05/weather-disasters-as-proportion-of-global-gdp-1990-2017/
https://www.japantimes.co.jp/news/2018/11/14/business/economy-business/natural-disasters-add-growing-economic-headwinds-gdp-contracts-third-quarter/#.
XFSJLvZFzmQ
https://www.theguardian.com/australia-news/2019/feb/10/floods-fire-and-drought-australia-a-country-in-the-grip-of-extreme-weather-bingo
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

The World Bank estimates that over 143 million people will become
climate migrants by 2050. (World Bank, 2019)
Wildfires in Tasmania, California (over 100,000 evacuated), Europe,
and Northern Canada have led to mass evacuations and a change
in the air quality due to the amount of smoke particles drifting over
the continents. Costs to fight these fires start at USD $75,000 for one
bomber water drop. The insurance industry is bracing for payouts
exceeding last year's record USD $11.8 billion payments to Northern
California fire victims alone.15
Evacuation fatigue may set in, examples of Butte county, California
experiencing 5 evacuations in 2 years (Anguiano, 2019). Over 250,000
have been evacuated in Australia, with many experiencing multiple
evacuations.
The smoky air at many of the wildfires have prompted officials to
issue alerts warning those with compromised health to evacuate, stay
inside and avoid strenuous exercise.

Involuntary Migration

Accelerated economic decline often follows extreme weather events &
natural disasters.16 Risk assessments must include:
Evacuation costs:
• Decreasing crop production
• Water shortage
• Loss of income and capital depreciation
• Increased transportation costs and transportation time
• “Direct costs” while away (i.e., food, lodging, entertainment)17

Total Cost = (Direct daily cost + Indirect daily cost) x (Length of
evacuation) x (Number of persons evacuated) (NIST, 2019)
Climate change planning must encompass the impact on
communities:
• Changing economic conditions and accelerated pre-disaster trends
• Business disruption and changing customer base
• Outside firms increasing competition
• Business owner perceptions
• Loss of customers and staff shortages due to out-migration

Primary Risk or Trend

Correlation Risk or Trend

Currently 844,000 people lack access to clean, accessible water within
30 minutes of where they live. Over 300,000 children under 5 die of
diarrhea, linked to unclean water. (Harvey, 2018)
Day Zero in Cape Town caused by a drought of such severity for three
consecutive years.18

The cost of adapting to the impact of a 2oC rise in global average
temperature is projected to be over $70bn/year starting in 2020
related to the water sector, predominantly for water supply and flood
management. (United Nations’ World Water Development Report,
2018)
Identify and track country, regions, industry, and counterparty water
dependency and water crisis index. Add water crisis probability and
severity impact to credit adjudication and market investment decisions.
See countries and industries at risk of water scarcity in the Water-IndexReport.

Climate Change/Extreme Weather Events /Natural Disasters

15
16
17
18

Water Crisis

https://www.nbcnews.com/news/us-news/california-wildfires-costs-soar-past-last-year-s-records-n946856
Alesch, Daniel, et al. 2001. “Organizations at Risk: What Happens when Small Businesses and Not-for-Profits Encounter Natural Disasters.” Public Entity Risk Institute.
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1215.pdf
http://www.csag.uct.ac.za/2017/08/28/how-severe-is-this-drought-really/

Global Risk Institute
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

Water Crisis

In India 600 million people face high to extreme water stress in the
Water-Index-Report
country. About three-fourths of the households in the country do
not have drinking water at their premises. With nearly 70% of water
being contaminated, India is placed at 120th amongst 122 countries in
the water quality index.19 (Water-index-Report, 2019)
In 2017 record drought over the southern Prairies, unrivalled
dry conditions and forest fires in British Columbia and the Rocky
Mountains, and unprecedented flooding in the Great Lakes-St.
Lawrence River basin left millions of Canadians reeling from either
insufficient or excessive water. This is reoccurring across Canada in
2019. (Pomeroy, 2018)
About 5.5 million rural Zimbabweans and a further 2.2 million in
urban centres face water and food insecurity.20 Zimbabwe and
Zambia have suffered power cuts as they are heavily reliant on
hydropower from plants at the Kariba dam, which is on the Zambezi
river downstream of the waterfalls.21
Protests across Canada against the Coastal Gaslink pipeline lasted
over 2 weeks in February, 2020. Protesters blocked constuction,
railways, government buildings and ports.
Countries, and especially cities, are at risk of water shortages and
scarcity. The Water-Index-Report highlights Global Water Scarcity:22
Industries such as agriculture, electric power, mining, construction and
tourism are highly water dependent. Conduct further quantitative and
qualitative impact studies on water dependency.
The Land and Environment Court in Australia cited “climate change”
as a key reason for blocking a coal project from Gloucester Resources.
(Jamie Smyth, 2019)
The Alberta Energy Regulator (AER) appeared before the Supreme Court
of Canada to dispute the Alberta Queen’s Bench ruling in favour of the
bankruptcy trustee representing Redwater Energy Corp. Under the
ruling, profits from the sale of assets would go first to creditors — not
towards cleaning up operation sites. (Global News, 2019) The Supreme
Court of Canada overturned the Court of Appeal decision. An important
implication of this decision is that a provincial regulator may require
that remediation costs be paid out of the estate of a bankrupt company
ahead of any of its creditors, including secured creditors. (Adam C.
Maerov, 2019) This has been subsequently overturned by the Supreme
Court of Canada, however, it does demonstrate the diversity of opinions
in climate change legal ruling.
Teck Resources pulls Frontier Oilsands Mine Project, blaming divisive
debate over climate change.
Develop impact study on effects of water scarcity on geography,
business lines and supply chains.

19
20
21
22

http://www.niti.gov.in/writereaddata/files/document_publication/2018-05-18-Water-index-Report_vS6B.pdf (Water-index-Report, 2019)
https://www.theguardian.com/global-development/2019/nov/29/zimbabwe-on-verge-of-manmade-starvation-warns-un-envoy
https://www.theguardian.com/world/2019/dec/07/victoria-falls-dries-to-a-trickle-after-worst-drought-in-a-century
https://news.nationalgeographic.com/2018/03/world-water-day-water-crisis-explained/
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

The number of undernourished people in the world has been on
the rise since 2014. In 2017, the number of undernourished people
is estimated to have increased to 821 million – around 1 in every 9
people in the world. 23

Primary Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

U.S. cities, a study revealed, are more focused on mitigating rather
than adapting to the effects of climate change. (Alexander Aylett,
working with MIT’s Department of Urban Studies and Planning and
ICLEI-Local Governments for Sustainability).

There is ever increasing focus on sustainable investing, identifying and
tracking ESG factors in investing and the listing of securities. Establishing
links to reducing food crisis through climate change is one of the
priorities that organizations are focusing on.
Encourage early adoption of ESG rating and disclosure.
The LME has just released new listing requirements for 2022 that will
rate the quality of metal traded, not only on metal content, but also on
an ESG rating of the producing mine.

Correlation Risk or Trend

Failure of Climate Change Mitigation and Adapation

To be cost-effective, cuts in emissions need to be made where they are
cheapest. Putting a price on GHG emissions provides a framework to
assess where limited resources can best be allocated.

EU Carbon Price history.

EUA Price

Zoom 1m 3 m 6m YTD 1y ALL

From Apr 7, 2008 To Jan 13, 2020
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• Examples: forcing or encouraging home owners to make their houses
more energy efficient versus making coastal cities more prepared for
major hurricanes, or having cities implement water recycling systems
to combat worsening drought conditions.

Food Crisis

0
2020

2020

https://sandbag.org.uk/carbon-price-viewer/
Require infrastructure, such as bridges, buildings, schools,
and water and wastewater treatment plants, to be safer and smarter by
accounting for the impacts of climate change on future floods.
Include an assessment of climate risks when developing disaster
preparedness plans, also known as hazard mitigation plans.
Use information about community vulnerability to prioritize how best to
mitigate risks from future extreme storms and flooding.
Implementing national flood insurance program that would make
insurance more affordable for low-and middle-income property owners,
while also guaranteeing them assistance to relocate after suffering
major flood damage.

Primary Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

The likelihood that anthropogenic climate change has increased
economic inequality between countries has been found to be very high.
For example, per capita gross domestic product (GDP) has been
reduced 17–31% at the poorest four deciles of the populationweighted country-level per capita GDP distribution, yielding a ratio
between the top and bottom deciles that is 25% larger than in a
world without global warming.
As a result, although between-country inequality has decreased over
the past half century, there is ˜90% likelihood that global warming
has slowed that decrease. (Burk, 2019)

Correlation Risk or Trend

Disparity of Income and Wealth

The trend of increasing disparity of income and wealth is magnified by
the increasing trend of climate change. This cyclical interrelationship
increases risk of climate migrants, rising illicit trade, and potential for
increased interstate conflict.
Financial institutions must build into their country scenario modeling:
-the impact of climate change on specific segments of GDP,
-the potential for increased risk of profound societal instability,
-the trend of increasing polarization of society upon portfolios,
borrowers, and business units.
Examples of current academic models supporting this analysis, some
examples include:
• DICE Model about consumption
• Cambridge Econometrics Model about GDP
• Ortec Finance about Funding Ratios

23

https://data.unicef.org/resources/sofi-2018/
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Magnitude of Correlation and Implications
Primary Risk or Trend

Climate Change/Extreme Weather Events /Natural Disasters

Paris Agreement is voluntary and has been ratified by 87% of
countries. However, progress is in jeopardy due to the US pulling
out. The Intergovernmental Panel on Climate Change (IPCC) has
195 Member countries, created by the United Nations Environment
Programme (UN Environment) and the World Meteorological
Organization (WMO).
British court of appeal blocks UK Heathrow bid for a new runway
ruling that the ₤14bn project was unlawful, citing commitments
made under the 2016 Paris agreement on climate change; stating
that the UK government failed to take into account environmental
concerns when assessing Heathrow’s expansion plan. This decision
could have “global” implications. For the first time, a court has
confirmed that the Paris agreement temperature goal of pursuing
efforts to keep warming below 1.5C has binding effect. (WeWerinke,
2020)

Primary Risk or Trend

Mitigation and Adaptation of CC

Greenhouse gas (GHG) concentrations, far from stabilising, have
reached record levels. The atmospheric concentration of carbon
dioxide (CO2), the main GHG, has increased from 358 parts per
million (ppm) in 1994 to 412 ppm in 2018. Climate change has
reached a tipping point that requires radical intervention to achieve
the Paris Accord targets.

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks
Correlation Risk or Trend

Failure of Inter-National Governance

Progress on the Paris Agreement has been disappointing. Without
improvement in the area of international governance, the issue of global
climate change will remain unresolved. National and corporate leaders
must support global cooperation through internal initiatives, external
reporting, and multilateral support.
Please see Appendix II Figure 21

Correlation Risk or Trend
Cyber Dependency

Increase research, development and deployment in the areas of:
• Carbon-dioxide removal or negative emissions. This entails the
permanent removal of CO2 from the atmosphere and its subsequent
storage, either in plants, underground or beneath the ocean floor
(Carnegie Council, 2018).
• Solar radiation modification. This denotes the deployment of
technologies to alter the amount of radiation entering or leaving the
Earth’s atmosphere. Unlike carbon removal, solar radiation modification
does not remove greenhouse gases. Rather, it reduces the heat that they
trap. (Carnegie Council, 2018)

10
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Magnitude of Correlation and Implications

KEY INSIGHTS - Events or Potential Events Stemming from
Correlation of Trends & Risks

Primary Risk or Trend

Correlation Risk or Trend

CC/EWE/ND

Violence, observed by the Red Cross is directly linked to the impact of
climate change and changing rainfall patterns. (Davidson, 2018)
Scarcity of water, high population density, power imbalances and
climatic stressors are the main factors which push countries towards
either political cooperation or tensions in transboundary river basins.24
The FTA and NAFTA essentially strip Canada’s sovereign right to
protect our water resources and make Canada vulnerable to massive
water export. The USMCA did not secure an explicit exemption for
water under the goods, services, and investment provisions of the
deal.25
Every Canadian uses an average of 223 litres of water each day.
Despite improvements in household water conservation over the
past decade, Canada is still one of the largest per capita users of
freshwater in the world.

Interstate Conflict

Iraq must cope with soarig heat levels
Monthly maximum temperatures in Iraq (degrees centigrade)
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Data is based on the IPCC’s RCP8.5 scenario which assumes that current emissions trends and policies will
continue on the same trajectory
Source: World Bank
© FT

Global stability, stock markets, and supply chains are but a few of the
factors that will be affected by water conflict. Upstream water diversion
has long been a potential trigger of conflict that is brewing between
adjacent countries. Diversion, along with the flooding that often
results from the building of dam infrastructure can lead to displaced
communities, water refugees, and heightened conflict.
FIs must build into the increased likelihood of water conflict and the
resulting implications. Their scenario analysis and stress testing (Five
top water conflict rivers: the Nile, Ganges-Brahmaputra, Indus, TigrisEuphrates and Colorado.) (Joint Research Centre, European Commission,
2018) Inclusion of future water scarcity and climate change implication
on free trade agreements that are entered into.
The Bank of America Merrill Lynch has predicted a global water
market worth $1 trillion by 2020.26 Water conflict has increased threefold in the past 5 years. India and Bangladesh fear that China’s waterdiversion ambitions might one day turn towards the Brahmaputra
as a source for China’s thirsty north.27

Canadian governments and financial institutions must prepare
for a global environment in which increasing pressure will be
exerted on Canada to access waters that are currently controlled
by Canada.
24
25
26

27

EU Science Hub, Global hotspots for potential water disputes, Oct 16, 2018 https://ec.europa.eu/jrc/en/news/global-hotspots-potential-water-disputes
Free Trade Agreement, North American Free Trade Agreement, and United States, Mexico, and Canada Agreement.
Canada’s SNC-Lavalin Affair: The Site C Dam Project and Bulk Water Export, Joyce Nelson, Global Research, March 13, 2019
https://www.globalresearch.ca/snc-lavalin-site-c-bulk-water-export/5671247
The Economist special report, Disputes over water will bean increasing source of international tension, February 28, 2109 https://www.economist.com/specialreport/2019/02/28/disputes-over-water-will-be-an-increasing-source-of-international-tension
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CONCLUSIONS
The next step for organizations to address the nonfinancial risks of climate change is to implement a systematic framework
that would identify and address strategic implications and key learnings by considering their business strategy, and strategic
assumptions. Climate change provides both opportunities and risks, while extreme weather events and natural disasters
present only downside risk for organizations. The strategic assumption that organizations can rely on the safety, security, and
integrity of the environment of the past, must be constantly questioned, monitored, and tested. With these assumptions in
question, the business strategies that have taken our planet for granted must be evaluated with this new awareness, modified,
enhanced, and disclosed to ensure that they are attainable.
The interrelationship of risks and trends can materially heighten risks, making their identification and corresponding impact
assessment increasingly important. Considering the relationships of risks and trends can lead to new insights for enhancing the
management of risks. This consideration should help reduce potential downside impacts and may also lead to identification
of new opportunities.
The GRAFT process includes a systematic approach to consider correlations that support identification of insights for proactive
adaptation of strategies. Business strategy and risk management must now integrate climate change adaptation and mitigation
in a new way. Plans to address both worst-case transition risks and physical risk, and the daily barrage of increasing temperatures,
rising water levels and decreasing air quality must be examined not only on a technical view but also from a business-critical
approach to strategy. Specific to climate change, as shown in this paper, the combination of rising extreme weather events
and the increasing prevalence of natural disasters has heightened vulnerability, requiring organizations to consider climate
resilience in a new way and to augment their approach to climate risk management. Beyond prevention, organizations need to
explicitly plan to coordinate transition risks and damaging physical risks, and to test their plan on a regular basis.
Inter-organizational, national and international coordination with governments is now critical for ensuring the human safety
and integrity of critical infrastructure.
The correlation of climate change/extreme weather events/natural disasters is the second in GRI’s examination of key risk
correlations. The first risk/trend correlation was Cyber Dependency/Cyber Attacks/Data Fraud & Theft. GRI will continue to
publish additional papers to examine other key risk and trend correlations identified for 2020.

© 2020 Global Risk Institute in Financial Services (GRI). This “GRAFT climate change correlation” is a publication of GRI. This “GRAFT climate
change correlation” is available at www.globalriskinstitute.org. Permission is hereby granted to reprint the “GRAFT climate change
correlation” on the following conditions: the content is not altered or edited in any way and proper attribution of the author and GRI is
displayed in any reproduction. All other rights reserved.
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APPENDIX I
The Global Risks and Trends Framework (GRAFT), is a new approach designed to help organizations identify, assess and respond
to global risks and trends in order to avoid pitfalls that could threaten an organization’s long-term survival or conversely to
leverage for the benefit of the organization. GRAFT brings together the process of strategy setting and risk management.
/ Graft / Defined by the Free Dictionary “To join or unite closely”.

Global Risks & Trends Framework (GRAFT)
Organiz ational Vision & Strateg y
R Isk Appetite Statement

G e opolitica l

Key
Strategies
& Strategic
Assumptions

Impact

RIS K T RE NDS

GRAFT

Economic

S ocie ta l
G l ob a l R i s ks
& Trend s

U rg e n cy

CO R R E L AT IO NS

Te ch n ologica l En viron me n ta l
S C ENARI O

K EY I NS I G HTS
New & profound insights regarding the interplay of risk & trends to enlighten & enhance strategic
decision making

Below is a list of other GRAFT publications including an overview of the GRAFT framework, and
additional GRAFT Case Studies which can be found on the GRI Website Publications Library
A Global Risk and Trends Framework: Overview

GRAFT: Pension Case Study

This paper provides an overview of the Global Risks and

This Pension Case Study provides the process,

Trends Framework (GRAFT), an new approach designed

implementation, and outputs of the GRAFT process.

to help organizations identify, assess and respond to
global risks and trends in order to avoid pitfalls that

GRAFT Cyber Risk Correlations in the GRAFT Framework

could threaten an organization’s long-term survival

This article is the first in a series that will focus on

or conversely be leveraged for the benefit of the

applying risk correlations to further a robust approach

organization.

to the management of emerging risks. The paper

GRAFT Case Study: Government of Canada
This Government Case study provides the process,
implementation, and outputs of GRAFT.

applies the correlation matrix from the (GRAFT) to a
specific topic in order to highlight risk interdependencies,
and to assist in the analysis of strategic implications.
Dair Distributed Analysis of Information Risk.
This research uses GRAFT to develop a cyber
quantification methodology.
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APPENDIX II
Climate Change, Extreme Weather Events, and Natural Disasters in Review.
In the years 2019/20 we have witnessed the rising indicators of climate change, the rising number and cost of extreme weather
events, natural disasters, and the implications of the failure of climate change mitigation and adaptation. Climate change
exposes people, societies, economic sectors and ecosystems to risk. Risk is the potential for consequences when something of
value is at stake and the outcome is uncertain, recognizing the diversity of values.
Heatwaves that previously occurred once every three years are now happening every 200 days.28 “Blocking patterns”, where hot or wet
weather remains stuck over a region for weeks causing heatwaves or floods, have more than doubled in summers over the last decade.29
Human activities, especially emissions of greenhouse gases, are the dominant cause of the observed warming since the mid-20th century.30

ASSESSING THE CONTRIBUTION OF CLIMATE CHANGE AND
NATURAL VARIABILITY TO EXTREME EVENTS
The NAS and NMI (2019) report reviewed recent studies that allow us to assess the contribution of climate change associated
with global warming to the probability of extreme events. These analyses do not seek to relate any event only to climate change
and global warming but allow the probability that such events would have occurred in a non-warming world to be assessed and
compared with events under current global warming conditions. The main insights include the following:
•

Warming increases the water vapour in the lower ~10 km of the atmosphere; this feeds storm systems with additional energy which, when
released as precipitation, amplifies the intensity of heavy rainfall events.

•

Heavy and extreme rain events have been associated with high sea-surface temperatures.

•

Human influence on climate has increased the probability that persistent anticyclones may cause heat waves in Europe such as in 2003 by
around a factor of two to four compared with the scenario without recent climate warming.

•

Extreme summertime temperatures are being experienced that are more than three standard deviations31 warmer than would be expected
from the climatological record. These high temperature extremes typically covered areas less than 1% of Earth’s land surface between
1951 and 1980, but under the current situation these events may affect areas of about 10% of the Earth’s land surface. Some of the hot
anomalies during 2006–2011, including in Europe, exceeded three, four and five standard deviations of the 1951–1980 observations.

•

The relative influence on these extreme heat waves of natural internal fluctuations is still under investigation. One model indicates that it
is unlikely that the extreme hot summers in Western and Central Europe in 2003 and in Russia in 2010 would have occurred in the absence
of global warming and, for a future global warming of at least 1 °C, anomalies exceeding three standard deviations would be the norm and
five standard deviations should be occasionally expected.

KEY CLIMATE INDICATORS
The combination of the five key climate indicators listed and graphically illustrated [following], can be linked to the rise of
recent extreme events.

1.

Rising temperatures – air and water

2.

Rising ocean levels

3.

Rising Greenhouse Gas levels

4.

Arctic and Antarctic Sea Ice well below average

5.
28
29
30
31

Ocean Acidification
https://www.theguardian.com/environment/2015/apr/27/extreme-weather-already-on-increase-due-to-climate-change-study-finds
https://www.theguardian.com/environment/2014/aug/11/extreme-weather-common-blocking-patterns
https://science2017.globalchange.gov/downloads/CSSR2017_FullReport.pdf page 16
The standard deviation measures how far the data are spread around the overall average.
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1.

Rising temperatures – air and water

The years 2015-2019 have been the world’s five warmest years on record32. A combination of five datasets, three of them
using conventional surface observations and two of them reanalyses, shows that global mean temperatures for 1981–2010
were 0.46 °C ± 0.1 °C above pre-industrial levels, while the average for the past five years was 1.04 °C ± 0.09 °C above. 2019 is
projected to likely be warmer than 2019.33
Surface-air temperature anomalies for the first 9 months of 2018 were tracked at between 5 – 10 °C above average in the
Northern Hemisphere. This was influential that for each three-month period in 2018 (to July‑September 2018), the ocean heat
content in the upper 700m (data from 1955) and upper 2000m (data from 2005) were the highest or 2nd highest on record. In
each case, where 2018 was 2nd highest, the highest was recorded in 2017.34

Figure 1: Global average temperature anomaly

Figure 2: Surface-air temperature anomaly 2018

32
33
34

https://climate.copernicus.eu/copernicus-2019-was-second-warmest-year-and-last-five-years-were-warmest-record
https://library.wmo.int/opac/doc_num.php?explnum_id=4453 page 7
https://gallery.mailchimp.com/daf3c1527c528609c379f3c08/files/47970344-dd9a-4eab-adb0-57cf80e4e841/Draft_Statement_26_11_2018_v12_approved_
jk.pdf

Global Risk Institute

15

GRAFT climate change correlation

2.

Rising ocean levels

Global average sea levels are expected to continue to rise — by at least several inches in the next 15 years and by 1 – 4 feet by
2100.35 A rise of as much as 8 feet by 2100 cannot be ruled out. (with seasonal cycle removed), January 1993–January 2018,
from satellite altimetry multi-missions. (Data from AVISO36)
Figure 3: Globally average sea level change

Figure 4: Sea level rise 1993 - 2018

35

36

https://gallery.mailchimp.com/daf3c1527c528609c379f3c08/files/47970344-dd9a-4eab-adb0-57cf80e4e841/Draft_Statement_26_11_2018_v12_approved_
jk.pdf
https://library.wmo.int/opac/doc_num.php?explnum_id=4453 page 12 & 14, Data from AVISO
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Causes of rising sea levels are increasing due to 2 major
factors, thermal expansion and increased melting of glaciers
and land-based ice.37 (Figure 5)

Figure 5: 2004-2015 Sea-level rise 3.5 mm/yr35

2004-2005 Sea-Level Rise 3.5 mm/yr

I.
Thermal expansion is caused by warming
of the ocean (since water expands as it warms).
The oceans are absorbing more than 90 percent
of the increased atmospheric heat associated with
emissions from human activity.
II.
Melting glaciers and land-based ice most
prevalent in the Antarctic and off the coast of
Greenland.

Glaciers
(0.78 mm/yr)

Thermal Expension
(1.14 mm/yr)

Land Waters
(-0.03 mm/yr)

Greenland
(0.82 mm/yr)
Antartica
(0.33 mm/yr)

Water Vapour
(-0.03 mm/yr)

Total land ice: 55%

Water Vapour (-0.03 mm/yr)

3.

Rising Greenhouse Gas levels

Increasing levels of greenhouse gases (GHGs) are formed as
a balance between emissions due to human activities and
the net uptake from the biosphere and oceans. Levels of
CO2, CH4 and N2O continued to increase. (Figure 6 & 7)
The global atmospheric carbon dioxide (CO2) concentration
has now passed 400 parts per million level that last occurred
about 3 million years ago, when both global average
temperature and sea level were significantly higher than
day.39 In 2017, greenhouse gas concentrations reached new
highs, with CO2 at 405.5±0.1 parts per million (ppm), CH4 at
1859±2 parts per billion (ppb) and N2O at 329.9±0.1 ppb.40

Figure 6: Globally averaged greenhouse gas concentrations

Figure 7: CO2 Emissions
(d)

Global anthropogenic co2 emissions

Cumulative co2
emissions

Quantative Information of CH4 and N20 emission time series from 1850 to 1970 is limited
40
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https://library.wmo.int/opac/doc_num.php?explnum_id=4453 page 12,
Data from AVISO
https://oceanservice.noaa.gov/facts/sealevel.html
https://science2017.globalchange.gov/downloads/CSSR2017_FullReport.
pdf page 11
http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fspublic/ckeditor/files/Draft_Statement_26_11_2018_v12_approved_jk_0.
pdf?VXUDp1UTysIkHog4_TTuiHsIzZ6A9D93
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Surface temperature is projected to rise over the 21st century
under all assessed emission scenarios. It is very likely that
heat waves will occur more often and last longer, and that
extreme precipitation events will become more intense and
frequent in many regions. The ocean will continue to warm
and acidify, and global mean sea level will continue to rise.41

4.

Figure 8: Extent of Sea Ice loss 2010 to 2019

Arctic and Antarctic Sea Ice well below 		
average

Sea-ice extent was well below the 1981–2010 average
throughout 2017 in both the Arctic and Antarctic. The
winter maximum of Arctic sea ice of 14.42 million square
kilometres, reached on 7 March 2019, was the lowest
winter maximum in the satellite record, 0.10 million
square kilometres below the previous record low set in 2015.
(Figure 8)42

5.

Ocean Acidification

More than 90% of the energy trapped by greenhouse gases
goes into the ocean.43 The ocean absorbs up to 30% of the
annual emissions of anthropogenic CO2 into the atmosphere,
helping to alleviate the impacts of climate change on the
planet. However, this comes at a steep ecological cost, as
the absorbed CO2 reacts in seawater and changes acidity
levels in the ocean. More precisely, this involves a decrease
in seawater pH together with closely linked shifts in the
carbonate chemistry of the waters, including the saturation
state of aragonite, which is the main form of calcium
carbonate used by key species to form shells and skeletal
material (e.g. reef-building corals and shelled molluscs).
Figure 9 shows the linked increase in atmospheric (red
points) and seawater (blue points) CO2 concentrations. The
bottom panel shows a decline in seawater pH (black points,
primary y-axis) and carbonate ion concentration (green
points, secondary y-axis).44

41

42
43
44

http://ipcc.ch/pdf/assessmentreport/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf page 10
http://nsidc.org/arcticseaicenews/2017/03/
Ibid 7
https://library.wmo.int/doc_num.php?explnum_id=4453, page 13, Data:
US National Oceanic and Atmospheric Administration (NOAA), Jewett and
Romanou, 2017
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LINK OF CLIMATE CHANGE
FACTORS TO EXTREME WEATHER
PATTERNS

Figure 10: Greater Emissions Lead to significantly
more warming

The analysis of the northern European heatwave by Otto Friederike of
the Environmental Change Institute (Friederike, 2018) demonstrated that
climate change caused by humans has made these kinds of temperatures
at least twice as likely to happen. In other words, if we were living in a
world where humans hadn’t heated up the planet by a whole degree, this
summer heatwave would have been half as likely.
The link between rising Carbon Emissions and projected Global
Temperatures is illustrated in Figure 1045. It shows annual historical carbon
emissions and a range of plausible future carbon emissions in units of
gigatons of carbon (GtC) per year (right) and the historical observed and
future temperature change that would result for a range of future scenarios
relative to the 1901–1960 average, based on the central estimate (lines)
and a range (shaded areas, two standard deviations) as simulated by
the full suite of CMIP5 global climate models (right). By 2081–2100, the
projected range in global mean temperature change is 1.1°–4.3°F under
the even lower scenario (RCP2.6; 0.6°–2.4°C, green), 2.4°–5.9°F under
the lower scenario (RCP4.5; 1.3°–3.3°C, blue), 3.0°–6.8°F under the midhigh scenario (RCP6.0; 1.6°–3.8°C, not shown) and 5.0°–10.2°F under the
higher scenario (RCP8.5; 2.8°–5.7°C, orange).46
We have seen the continued rise of extreme weather events, and link to
the visible signs of climate change in increasing air and sea temperature,
increasing CO2, CH4 and N2O levels, and decreasing ice levels.

45
46

https://www.ncdc.noaa.gov/sotc/global/201813
http://ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf page 16
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When we address Canada’s role in climate change and look specifically at CO2 emissions there are 2 stories that are told. As
a percentage of the world emissions, Canada comes in at 1.6% of global emissions. (Figure 11: Who emits the most CO2?47)
However, the per capita contribution of CO2 tells a very different story. Canada on a per capita basis is the of 15.6 tonnes per
person, three times the global average of 4.9t/pp48. (Figure 12 CO2 emissions per capita)
Figure 11: CO2 Emissions by Country

Figure 12: CO2 Emissions by capita

47
48

https://ourworldindata.org/uploads/2019/10/Annual-CO2-emissions-Treemap-1.png
https://ourworldindata.org/per-capita-co2
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Experts and the general population are increasingly agreeing on the effect of climate change on extreme weather events.
Multiple studies published in peer-reviewed scientific journals show that 97 percent or more of actively publishing climate
scientists agree: Climate-warming trends over the past century are extremely likely due to human activities.49 Storms and
events such as floods and droughts — and the costs resulting from them — have been on the rise since 1980.50 (Figure 13)
Figure 13: Extreme weather events

In 2019 we experienced an increasing frequency and severity of extreme weather events as summarized in Figure 14.
Figure 14: Significant climate anomalies and events 201951

49
50
51

https://climate.nasa.gov/scientific-consensus/
http://www.dw.com/en/climate-change-and-extreme-weather-science-is-proving-the-link/a-43323706
https://www.ncdc.noaa.gov/sotc/global/201913
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Natural Disasters
"A natural disaster is an act of nature of such magnitude as to create a catastrophic situation in which the day-to-day patterns of life are
suddenly disrupted and people are plunged into helplessness and suffering, and, as a result, need food, clothing, shelter, medical and nursing
care and other necessities of life, and protection against unfavourable environmental factors and conditions." WHO (1971)

COST OF NATURAL DISASTERS (NATURAL DISASTERS, 2019)52
The cost of Natural Disasters peeked in 2015 at over US $350 Billion, 3 times the yearly average (Figure 15). For the past 3
years costs have averaged between $100 - $150 billion, a dent to any economy that natural disasters are focused on. Every
year natural disasters kill around 90,000 people and affect close to 160 million people worldwide.53 Weather disasters
alone were $40 billion. (Figure 16)
Figure 15: Cost of Natural Disasters54
Economic Damage by Natural Disaster Type

Global economic damage from natural disasters, differentiated by disaster category and measured in US$ per year.
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Figure 16: Global Billion Dollar Weather Disasters54

52
53
54

https://ourworldindata.org/natural-disasters
https://www.who.int/environmental_health_emergencies/natural_events/en/
https://blogs.scientificamerican.com/eye-of-the-storm/earths-40-billion-dollar-weather-disasters-of-2019-4th-most-billion-dollar-events-on-record/
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4 Key risks that span sectors and regions include the following extreme weather events:

1.
Risk of severe ill-health and disrupted livelihoods resulting from storm surges, sea level rising and coastal
flooding; regions and periods of extreme heat.
2.
Systemic risks due to extreme weather events leading to breakdown of infrastructure networks and critical
services.
3.

Risk of food and water insecurity and loss of rural livelihoods and income, particularly for poorer populations.

4.

Risk of loss of ecosystems, biodiversity and ecosystem goods, functions and services.

Changes in Renewable Energy
The macro impact of stranded fossil fuel assets (SFFA) research group’s55 analysis suggests that part of the SFFA would occur as
a result of an already ongoing technological trajectory, irrespective of whether or not new climate policies are adopted. (Figure 17)
Figure 17: Impact of Climate Change on Primary Energy Sources52

55

56

http://www.nature.com/articles/s41558-018-0182-1.epdf?referrer_access_token=HzjwtBrtMxQum5XZT5L0dRgN0jAjWel9jnR3ZoTv0NBDAdbQ1RWHSa6L720gc7lUR_z1wTnjPIOyV5lXvFMVIyNMlKx4fgOStd2gybbUXpfV764_dz205QjpB4tBquTRXKIQ8mR_
xyGe9 5EM1tNvSwwTOUkuXRQw4zO84NVQliyxvu7bPSvZvOOIlC3TLMlbupeWtl_D9HrZzGiwB84g-a8rSjWL67Ek5WPcG1FtU- cGxW8zL320pSUemzutUmgfwq8fLu
qqbubHEHsXPhaNaGY-mZ3UosHWHpra83wjhTJ7KwcfKJBfD6_x8S7UYtm&tracking_referrer=www.theguardian.com
http://www.nature.com/articles/s41558-018-0182-1.epdf?referrer_access_token=HzjwtBr
tMxQum5XZT5L0dRgN0jAjWel9jnR3ZoTv0NBDAdbQ1RWHSa6L720gc7lUR_z1wTnjPIOyV5lXvFMVIyNMlKx4fgOStd2gybbUXpfV764_dz205QjpB4tBquTRXKIQ8mR_
xyGe9 5EM1tNvSwwTOUkuXRQw4zO84NVQliyxvu7bPSvZvOOIlC3TLMlbupeWtl_D9HrZzGiwB84g-a8rSjWL67Ek5WPcG1FtU- cGxW8zL320pSUemzutUmgfwq8fLu
qqbubHEHsXPhaNaGY-mZ3UosHWHpra83wjhTJ7KwcfKJBfD6_x8S7UYtm&tracking_referrer=www.theguardian.com
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TIPPING POINTS
The world is on the verge of several tipping points as identified by the National Academy of Science.
Figure 18: Climate change Tipping Points53

Figure 19 demonstrates the relationship of climate change and food and water crisis.
Figure 19: Climate change Inter-relationship with Food & Water Crisis
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http://www.pnas.org/content/105/6/1786
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NONFINANCIAL RISK REGULATION
Keeping current with the increased regulatory requirements for nonfinancial reporting is an increasing challenge of organization.
Figure 20: Increase in number of Nonfinancial Risk Regulations58

58

https://www.datamaran.com/non-financial-reporting-directive/
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The Paris Agreement is not fully adopted across its membership.
Figure 21: Paris Agreement Progress Climate Tracker1
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APPENDIX III
RISK RANKINGS 2019
1.

World Economic Forum
Top Risks 2020 Report

2.

Global Risk Institute
Summary of Key Risks 2020

3.

Eurasia Group
Top Risks 2020 Report

4.

NC-State-Protiviti-Survey
Executive perspectives on top risks for 2020

5.

Allianz
Allianz Risk Barometer 2020

6.

CEB Risk Management Leadership Council
Top 10 Emerging Risks 2020

7.

Control Risk
Risk Map – Top 5 Risks 2020

8.

Blackstone-Byron Wien
Byron Wien and Joe Zidle Announce Ten Surprises for 2020

9.

Stratfor
Annual Forecast – Top 2020 Risk

10.

PWC CEO Survey
CEO Survey 2020 – Top Risks

11.

PWC
Top Policy Trends of 2020

12.

IBM
Eleven Cyber Security Trends for 2020

13.

Willis Towers Watson
15 Extreme Risks

14.

Reuters
https://bv-predictions2020.com/

15.

IHS Markit
https://ihsmarkit.com/research-analysis/top-10-economic-predictions-for-2020.html

16.

CFR Prevention Priorities
https://cdn.cfr.org/sites/default/files/report_pdf/PPS_2020_12162019_CM_single_0.pdf

17.

Economist Intelligence Unit 2019 (2020 not yet published at this time)
https://www.eiu.com/public/topical_report.aspx?campaignid=Top10GlobalRisks

18.

Top Teny (2020 not yet published at this time)
Top 10 Risks the World Faces in 2019

19.

Deloitte (2020 not yet published at this time)
The Future of A Risk: 10 Trends that will Affect the Future 2019

20.

DTCC 2020 Risk Barometer
http://perspectives.dtcc.com/articles/systemic-risk-barometer-forecast-2020

21.

Risk.Net (2020 not yet published at this time)
Top Operational risks for 2019

22.

Threat Metrix (2020 not yet published at this time)
Digital Identity Predictions: 2019

23.

Aon Risk Solutions (2020 not yet published at this time)
Global Risk Management Survey 2019

24.

The Grey Rhino – 2019 Where did we end up?
https://www.thegrayrhino.com/the-gray-rhinos-of-2019-where-did-we-end-up/
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