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Our climate is changing, and this presents both risks and opportunities 
for the mining and metals sector. But building climate resilience doesn’t 
have to mean reinventing the wheel. 
Around the world, we are already experiencing some of the 
impacts of climate-related change. These include more 
frequent and extreme weather and climate events, along 
with gradual shifts in other climate-related factors, such as 
rainfall patterns, sea levels, sea ice and glacial retreat. 

Incorporating experiences and insights from ICMM 
members and other experts, this report provides an 
overview of how a changing climate could impact the 
mining and metals sector, identifi es ways that companies 
can integrate climate considerations into existing risk 
management processes and sets out a step-wise process 
for building climate resilience. 

Key issues for the mining and 
metals sector 

A changing climate will affect the mining and metals 
sector in various ways, both directly and indirectly. Extreme 
weather events and longer-term shifts in climate patterns 
have the potential to damage fi xed assets and disrupt 
supply chains. Key areas of concern for ICMM members 
are water management, the performance of facilities 
with long lifespans where the design criteria may include 
certain climate-related assumptions (eg rainfall) and how 
climate change may impact closure and post-closure. Left 
unmanaged, these climate-related impacts may weaken 
a company’s balance sheet as well as its social licence 
to operate. 

Climate change adaptation seeks to lower the risks and 
exploit opportunities resulting from the changes in our 
weather and climate. For the mining and metals sector, 
building operational resilience to physical climate change 
depends on a company’s ability to adapt to changes, 
anticipate what might happen next and absorb weather and 
climate-related shocks when they happen.

Climate adaptation also presents opportunities for the 
mining and metals sector. Reducing exposure to climate-
related risks can reduce costs, preserve or enhance 
revenues, improve stakeholder relationships and help 
identify new business opportunities. 

Building resilience

Building resilience doesn’t mean reinventing the wheel. 
The mining and metals industry has always responded to 
the challenges of working in varied physical environments, 
and many companies already have approaches, tools, 
data, resources and people in place to identify and manage 
related risks and opportunities. 

Mining and metals companies are well advised to integrate 
climate change drivers within existing risk management 
and planning procedures and identify the ‘hooks’ for 
climate risk and resilience within existing activities and 
across the entire asset life cycle. 

Climate risk and business resilience cuts across virtually 
all components of the mining system and business units. 
For a company to develop a comprehensive picture of the 
key climate-related risks and opportunities across the 
mining system, multi-disciplinary teams are needed, as 
well as capacity building and training of staff.

Companies are also well advised to involve external 
stakeholders – particularly host communities – in 
discussions about how to build resilience and manage 
climate risk. This is not only important for relationship 
building but will also help avoid ‘maladaptation’, whereby 
the adaptation actions of one group can have negative 
consequences for others. 

EXECUTIVE SUMMARY
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Figure A: Step-wise process for identifying priority physical climate risks and measures to address them.

4.  Assessing climate  
 risks and opportunities
•  Identifying critical 
 climate-related 
 thresholds
• Risk mapping

3.  Exploring future  
 climate scenarios
•  Identifying and using 
 climate information

2.  Understanding the  
 current situation
•  Identify current  
 vulnerability to weather 
 and natural hazards
• Identify stakeholder  
 positions and actions

5. Identifying risk 
 management/ 
 adaptation options
•  Stress testing existing 
 options
• Identifying new options

6. Evaluating risk 
 management/ 
 adaptation options
•  Evaluation tools and 
 methods
• Identifying co-benefits 
 of adaptation

7. Developing 
 adaptation pathways
•  Mapping out timing 
 and linkages between 
 actions

1. Defining the scope
•  Motivation and 
 objectives of the work
•  Defining the boundaries
•  Specifying the 
 timescales

Some companies’ increasingly modular approach to 
project design can be useful when facing multiple climate 
futures. And new technology – such as the use of spatial 
data, increased automation/remote operation and artifi cial 
intelligence – can also offer signifi cant climate resilience 
co-benefi ts, helping manage climate risk while also 
lowering costs or improving health and safety at 
operating sites. 

A step-wise process for building 
climate resilience

The step-wise process above (Figure A) aims to help 
members identify climate risks and opportunities. 
Recognising that each company is on their own journey to 

climate resilience, the seven steps outlined suggest ways in 
which members could develop a plan to adapt to climate-
related challenges. In particular, the step-wise process 
emphasises the need to use observed and predicted 
climate data and scenarios to understand both current 
and potential future risks, and using mining and metal 
companies’ well-established risk management procedures 
and systems.

Climate change is a complex issue. But this isn’t a reason 
for inaction. And by building climate resilience today, ICMM 
members can reap rewards tomorrow – limiting future 
liabilities, safeguarding business continuity, making prudent 
investments and ensuring the sustainability of communities 
and ecosystems.

EXECUTIVE SUMMARY
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1. INTRODUCTION

1.1 Scale of the challenge and 
urgency of action

Changes in the climate system are already underway.
There is a large body of evidence suggesting that the 
Earth’s climate has warmed over the past century, and that 
human activities have already caused approximately 1.0°C 
of global warming above pre-industrial levels.1 Recent 
years have been the hottest since direct temperature 
observations began in the 1880s, with the six warmest 
years on record all occurring since 2010.2

Across geological timescales, there has always been 
natural variability in the climate (Figure 1). But current 
climatic warming is occurring more rapidly than past 
warming events.3 As the Earth moved out of the ice ages, 
global temperatures rose by between 4°C and 7°C over the 

course of approximately 5,000 years; in the past century 
alone, the temperature has risen about ten times faster 
than this. It is extremely likely that this unprecedented rate 
of warming is caused largely by human activity, such as 
burning of fossil fuels.4

Climate change is the ‘new normal’. Across the world, we 
are experiencing more frequent and extreme weather and 
climate events, along with gradual shifts in other climate-
related factors, such as rainfall patterns, sea levels, sea ice 
and glacial retreat. Regardless of the success of and rate at 
which we are now controlling global greenhouse gas (GHG) 
emissions, some man-made climate change is locked into 
the Earth’s climate system over coming decades 
and centuries. 

If global GHG emissions continue to increase at the 
current rate, global warming is likely to reach 1.5°C by 

1. IPCC, Global Warming of 1.5 °C (2018)
2. NOAA, Global Climate Report – Annual 2017 (2017)
3. NASA Earth Observatory, ‘How is Today’s Warming Different from the Past?’ (2010)
4. IPCC, Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change (2014), Core Writing Team: R.K. Pachauri and L.A. Meyer (eds.). Geneva, IPCC (PDF)
5. NOAA, Climate Change: Atmospheric Carbon Dioxide (2018)

Figure 1: Levels of atmospheric carbon dioxide (CO2) over the past 800,000 years, in parts per million (ppm).5  
Global temperatures follow a similar pattern, with dips in the CO2 profile coinciding with cold periods and peaks 
equating to warm periods. As shown, current levels of CO2 are higher than at any point in at least the past 
800,000 years.
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around 2040 (Figure 2) and as much as 4°C by the end of 
the century.6 But this warming won’t be uniform globally; 
many regions of the world and seasons of the year will 
experience signifi cantly higher rates of warming than the 
global average. 

Physical climate change will have signifi cant global 
economic and societal impacts.

Climate change is a critical global challenge that requires 
both adaptation and mitigation action. If we do not act, 
climate change has the potential to change our world. 
Keeping temperature rise within a threshold of 1.5°C 
above pre-industrial levels will be safer than even a 2°C 
threshold;7 risks from droughts and heavy precipitation 
events, for instance, are projected to be higher at a 2°C 
threshold. But meeting the 1.5°C threshold will require 
‘rapid, far-reaching and unprecedented changes in all 

aspects of society’.8 Substantial and sustained cuts to 
global GHG emissions are required (mitigation) and actions 
to adjust to changing environmental conditions that are 
already built into the climate system (adaptation).

A changing climate will affect the mining and metals sector 
in a variety of ways, both directly and indirectly. Extreme 
weather events and longer-term shifts in climate patterns 
have the potential to:

• Damage fi xed assets and mobile equipment.
•  Affect the ongoing performance of facilities that have 

long life spans, such as tailing dams, water and waste 
rock storage facilities.

• Lead to changes in output.
• Disrupt supply chains.
• Cause shifting patterns in demand for products.

Global warming relative to 1850-1900 (°C).
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Global CO2 emissions reach net zero in 2055 while 
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No reduction of net non-CO2 radiative forcing results 
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Estimated anthropogenic
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Figure 2: Human activities are estimated to have already caused approximately 1°C of global warming above 
pre-industrial levels. Global warming is likely to reach 1.5°C between 2030 and 2052 if temperatures continue 
to increase at the current rate (high confidence).9

6. IPCC, Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change (2013) Stocker, et al., (eds.). Cambridge University Press 
7. IPCC, Global Warming of 1.5 °C (2018)
8. Ibid. 
9. Ibid.
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10. The IPCC is the United Nations body for assessing the science related to climate change, providing regular assessments of the scientifi c basis of climate 
change, its impacts and future risks, and options for adaptation and mitigation. For more information, please see: www.ipcc.ch/about.
11. Ibid.
12. Bahadur, A., Peters, K., Wilkinson, E., Pichon, F., Gray, K. and Tanner, T., The 3 As: tracking resilience across BRACED (2015)
13. Soft adaptation approaches include planning and de-risking processes, fi nance, knowledge generation and information fl ows, human resources 
development, and/or supply chain measures, as substantive yet physically intangible responses to climate impacts.
14. Including incorporating climate into long-term planning, factoring risk metrics into facility siting and new construction standards.
15. Including assessing risk, research and development and ongoing monitoring and surveillance.
16. Goldstein, A., Turner, W.R., Gladstone, J. and Hole, D.G., ‘The private sector’s climate change risk and adaptation blind spots’, in Nature Climate Change 9: pp. 
16–25

Left unmanaged, climate change can weaken a company’s 
balance sheet through:

• Loss of revenue as productivity declines.
• Impacts on asset values and the cost of their insurance.
•  Increase costs as raw materials become scarce 

(eg water) or operations need to make unplanned 
investments to adapt.

A mining company’s environmental performance and 
social licence to operate may be affected as climate 
change begins to impact host communities and local 
environments. But climate change may also present 
opportunities for the mining and metals sector. Reducing 
exposure to climate-related risks can reduce costs, 
preserve or enhance revenues, improve relationships with 
stakeholders, and help identify new business opportunities. 
We provide more detail in Chapter 3 on the business risks 
and opportunities in a changing climate.

Climate change adaptation seeks to lower the risks 
and exploit opportunities resulting from the changes in 
our weather and climate. The Intergovernmental Panel 
on Climate Change (IPCC)10 defi nes adaptation as the 
process of adjustment to actual or expected climate and 
its effects, in order to moderate harm or exploit benefi cial 
opportunities.11 Adaptation can be both ‘incremental’ 
(ie small steps) or ‘transformational’ (ie one big step), 
both of which may have different implications in terms 
of costs, ease of implementation and wider stakeholder 
acceptability. For the mining and metals sector, building 
operational resilience to physical climate change depends 
on a company’s ability to:

• Adapt to changes in the climate.
• Anticipate what might happen next.
•  Absorb weather and climate-related shocks when 

they occur.12

At a practical level, building climate resilience is about 
integrating changing climate considerations within existing 
risk management and planning procedures rather than 

‘reinventing the wheel’. Across the entire project life cycle, 
climate risk considerations need to be mainstreamed into 
existing activities. From planning to operation, maintenance 
to decommissioning, there are multiple opportunities to 
integrate climate risk considerations into studies, plans, 
strategies and governance processes. This approach 
is consistent with the types of adaptation action that 
companies in various sectors are currently undertaking. 
A recent study, which analysed disclosures from more 
than 1,600 global companies, found that among ‘soft’ risk 
management strategies13 the most common themes were 
planning14 and knowledge generation and information 
fl ows,15 representing 25% and 19% respectively of the 
strategies disclosed.16

Climate change is a complex issue. Uncertainty about the 
timing, pace and severity of possible impacts is inherent. 
But this isn’t a reason for inaction. The recommended 
approach in the face of uncertainty is to develop robust 
responses to the current and potential future climate. 
By responding methodically and comprehensively to the 
risks and opportunities associated with future climate 
change, ICMM members can take prudent and cost-
effective actions that both strengthen resilience and deliver 
strong fi nancial returns. By building climate resilience 
today, members can reap rewards tomorrow – limiting 
future liabilities, safeguarding business continuity, making 
prudent investments and strengthening the sustainability of 
communities and ecosystems.

©Newmont Goldcorp
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1.2 ICMM’s position and work to date 
on climate change adaptation

The scale of the climate challenge means that genuine 
leadership is required from all parts of society. ICMM is 
committed to being part of the solution. ICMM’s Statement 
on Climate Change was published in 2015, ahead of the 
United Nations climate conference in Paris (COP21), 
having been endorsed by the CEOs of the ICMM member 
companies. The statement included specifi c reference 
to ICMM member companies’ commitments on climate 
adaptation by:

•  Helping our host communities and equipping our 
operations, to adapt to the physical impact of climate 
change.

•  Ensuring that climate change is a part of our planning 
process.

•  Engaging with our peers, governments and society to 
share solutions and develop effective climate change 
policy.

In 2013, ICMM released a public report ‘Adapting to a 
changing climate: implications for the mining and metals 
industry’, which gives an overview of how a changing 
climate could impact the mining and metals sector.
The report describes a framework for assessing physical 
climate risks and identifying actions that could be taken 
to increase resilience and makes comprehensive and 
robust recommendations to help companies respond to the 
challenges and opportunities of a changing climate. 

More recently, in 2017, ICMM convened a climate 
resilience workshop with member companies in South 
Africa. Participants worked through a step-wise process 
for how to integrate climate resilience into mining and 
metal assets and their value chains, and how to build 
capacity on climate risk assessment and adaptation 
planning. Participating members have since used the 
knowledge they gained in this workshop to further climate 
resilience efforts within their organisations.

1.3 Scope of this new report

This report updates and supplements ICMM’s 2013 
publication and summarises learning from the 2017 
workshop. It shares the collective and individual learnings 
from and experiences of member companies, covering 
the successes and challenges of building operational 
resilience to the physical impacts of climate change. 
Throughout the report, any insights gleaned through one-
to-one discussions with member companies have been 
anonymised; information available in the public domain 
(eg via company websites and annual reports) has been 
attributed directly to the individual company.

1.4 Report objectives

This report’s objectives are as follows:

Objective 1: To update what peers see as the main 
challenges and opportunities facing the sector with 
respect to climate adaptation (Chapter 2). This is based on 
interviews with member companies and a literature review.

Objective 2: To provide an overview of why building 
operational resilience to climate change in the mining and 
metals sector is important, by providing specifi c examples 
of the risks and opportunities facing the sector (Chapter 3).

Objective 3: To make recommendations on how companies 
can mainstream climate resilience and build capacity, 
together with an outline of the step-wise process developed 
through the workshop in 2017 (Chapter 4).

It is important to emphasise that this report does not set 
out a defi nitive and prescriptive process for companies to 
follow: each member company has the freedom to identify 
its own specifi c approach to enhance climate resilience.

Nor is this report intended to be highly technical. It is 
instead aimed at multiple internal audiences in mining 
and metals companies, particularly those without a strong 
technical background, and all levels within organisations, 
including senior management. Climate resilience cuts 
across virtually all components of the mining system17 and 
business functions,18 and this report aims to set out key 
issues for each of these. 

17. Including mine sites and operations, supporting infrastructure, supply chains, local communities, local environments, and broader stakeholders.
18. Including operations, logistics, strategy, closure, risk, fi nance, HSE, corporate affairs, legal and insurance.
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2. KEY THEMES IDENTIFIED BY 
ICMM MEMBER COMPANIES

It is based on interviews conducted with member 
companies, discussions at the members’ workshop in 2017 
and a literature review. The themes identifi ed highlight 
areas of common experience and insights, covering both 
risks and solutions. This chapter does not represent an 
exhaustive list or refl ect the experiences of all ICMM 
member companies and it is important to note that most of 
the themes described herein are already issues the mining 
sector is facing and actively managing.

But while many of the issues will be familiar, it is 
important that companies recognise that climate change 
may intensify challenges or present opportunities for 
improvements that offer other co-benefi ts. To evaluate 
whether the issues identifi ed in this chapter are relevant in 
specifi c contexts, companies will need to undertake more 
detailed assessments at the individual facility scale (how 
to do this is explored further in section 4.3.4). Moreover, 
multiple companies refl ected that assessing physical risks 
and opportunities is still an area of learning and that the 
levels of detail and robustness of such assessments are 
continually improving.

2.1 Physical impacts are already 
being felt

ICMM member companies are experiencing an 
intensifi cation of weather and climate-related risks. In 
recent years, extreme weather and climate change have 
affected mining operations. Flooding, drought, increased 
storm intensity, greater variability of water supply and an 
increasing number of high-temperature days have led 
to reduction in or shut-down of production, increases in 
capital expenditure, health and safety impacts and made 
vulnerable communities more prone to social unrest. 
Future climate variability and climate change will likely 
exacerbate these impacts.

No company or geography is immune to the impacts of 
extreme weather and climate change. Members with 
operations in diverse geographies such as Argentina, 
Australia, Chile and Ghana have faced impacts from a 
wide-range of events – from extreme snowfall to tropical 
cyclones – and the associated costs have proven to extend 
beyond immediate production downtime. Figure 3 shows a 
range of extreme weather and climate impacts experienced 
by mining and metals companies across the globe.

For example, companies operating in Queensland were still 
managing excess water fi ve years after extreme fl ooding 
at Bowen Basin. Climate impacts have also extended to 
local communities, affecting companies’ social licence 
to operate.

In the Limpopo River Basin, South Africa, water stress 
that was worsened by a drought led to community protests 
at the Mogalakwena mine. Anglo American engaged 
with the municipality to fi nd a permanent solution to the 
community’s water shortage issues. They developed a 
bulk-water strategy and infrastructure plan that aims 
to ensure long-term water security for the company’s 
operations and for surrounding communities.

The mining and metals sector’s concerns about extreme 
weather and climate change are consistent with the 
experience of companies in other sectors. They are 
also increasingly seen by corporate leaders as top 
macroeconomic risks in terms of both impact and 
likelihood. In the World Economic Forum’s most recent 
‘Global Risks Landscape’ report (2019),19 environment-
related risks were by far the greatest concern raised by 
experts. These risks, which include extreme weather 
events, biodiversity loss and ecosystem collapse, major 
natural disasters, man-made environmental disasters and 
failure of climate change mitigation and adaptation were 
ranked high in terms of likelihood and impact. Extreme 
weather events were seen for the third consecutive year as 
the single most severe risk.

This chapter explores what ICMM members see as the main challenges and 
opportunities facing the sector with respect to climate change adaptation. 

19. Based on the annual Global Risks Perception Survey (GRPS) completed by 900 members of the World Economic Forum’s global multi-stakeholder 
community. Respondents are drawn from business, academia, civil society and the public.



Adapting to a changing climate12

2.2 Stakeholder positions on physical 
climate risk and resilience are 
evolving rapidly

In the past few years, the positions of many key stakeholder 
groups have undergone a step change vis-à-vis the 
imperative to understand and manage physical climate 
risks. This step change has also seen associated calls 
for companies to disclose climate-related risks and 
opportunities. Arguably the most signifi cant recent 
development is the 2017 publication of the Financial 

Stability Board’s Task Force on Climate-related Financial 
Disclosures (TCFD) recommendations. The TCFD sets out 
a framework for the voluntary disclosure of climate-related 
risk and opportunities20 (summarised in Figure 4). 
It identifi es physical risk as one of two categories of 
climate-related risk, alongside transition risk associated 
with a lower-carbon economy.

ICMM members welcome the transparency around 
climate-related risks that the TCFD has brought and see 
value in its recommendations. Developed with input from 
the mining and metals sector and industry representation 

Figure 3: Extreme weather and climate change impacts are being experienced by mining companies 
in many geographies.

Heavy rainfall at a 
mine site in Ghana 
led to unexpected 
operational costs to 
pump the water out 
using diesel fuelled 
pumps.

Water stress in 
South Africa 
required investment 
of US$250,000 for 
temporary 
community water 
distribution and an 
additional $5 million 
for local water 
infrastructure.

Significant flooding 
at a mine in 
Queensland caused 
significant costs, 
both immediately 
(due to production 
downtime) and over 
the longer-term 
(operational costs 
associated with 
water treatment and 
discharge). Five 
years after the 
event, the company 
is still managing 
excessive water.

A record warm winter in Canada 
caused the premature closure of a 
mining ice road, leading to major 
supply disruptions.

Extended water 
constraints 
associated with 
a deposit in Chile 
have resulted in 
production 
constraints, 
equalling US$90.5 
million in reduced 
revenue.

Cyclones have 
heavily impacted 
mine sites and 
supporting 
infrastructure (eg 
ports) in Western 
Australia.

Heavy rainfalls
in Queensland 
impacted cost 
reduction efforts 
by US$58 million 
pre-tax.

Increased and 
heavy rainfall 
caused landslides 
and disrupted 
transport of copper 
concentrate in Peru.

Excessive snowfall at 
two sites in Chile and 
Argentina resulted in 
shifting safety factors 
and an abundance of 
water. This created 
challenges around 
water treatment, 
returning the facilities 
to full operation, and 
liaising with 
government about the 
best way to deal with 
the excess water.

2. KEY THEMES IDENTIFIED BY 
ICMM MEMBER COMPANIES

20. TCFD, Final Report: Recommendations of the Task Force on Climate-related Financial Disclosures (2017) 
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on the Task Force, the recommendations include specifi c 
guidance for key sectors, with mining and metals 
covered under the ‘Materials and Building’ guidance.22

One ICMM member highlighted that the framework 
has encouraged board-level interest in the fi nancial 
impacts of climate change: ‘TCFD has the potential to 
make climate adaptation an issue of shareholder value 
today: It brings forward the time-horizon of actions.’ 
Many ICMM members are interested in understanding 
better how to value physical risks in fi nancial terms, as 
per the TCFD recommendations, and some see this as 
potentially more complex than transition risks. The TCFD’s 
recommendations have provided the impetus for many 
organisations to progress climate risk and opportunity 

assessment and management. Mining companies are 
increasingly aligning their climate change activities with 
the TCFD recommendations.

Alongside the TCFD, there have been a range of other 
signifi cant recent developments relevant to the mining and 
metals sector. Some of these are highlighted in Box 1. It is 
important for companies to monitor evolving stakeholder 
positions on climate resilience and to engage with them. 
Companies may capitalise on existing partnerships and/or 
develop new ones, to build shared understanding of climate 
risks, and identify and deliver climate resilience initiatives 
that bring co-benefi ts for companies and other stakeholders.

Figure 4: TCFD recommendations and supporting recommended disclosure (TCFD, 2017).21

Disclose the organisation’s 
governance around 

climate-related risks 
and opportunities.

Governance Strategy

Disclose the actual and 
potential impacts of 

climate-related risks and 
opportunities on the 

organisation’s businesses, 
strategy, and financial 
planning, where such 

information is material.

Risk Management

Disclose how the 
organisation identifies, 
assesses, and manages 
climate-related risks.

Metrics and targets

Disclose the metrics and 
targets used to assess 
and manage relevent 

climate-related risks and 
opportunities where such 

information is material

21. Ibid.
22. TCFD, Annex: Implementing the Recommendations of the Task Force on Climate-related Financial Disclosures (2017)

©Freeport-McMoRan
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STAKEHOLDER ACTIONS THAT ARE 
INFLUENCING MINING AND METAL 
COMPANIES’ POSITIONS 

The 2015 Paris Agreement and nationally determined 
contributions (NDCs). The 2015 Paris Agreement 
adopted by governments at the 21st Conference of 
the Parties (COP) to the United Nations Framework 
Convention on Climate Change (UNFCCC) has helped 
place climate change adaptation more fi rmly on the 
international agenda, alongside the long-running focus 
on mitigation.23 The Agreement requires all Parties 
to put forward their best efforts through nationally 
determined contributions (NDCs) and to strengthen 
these efforts in the years ahead. Countries’ NDCs often 
include climate change adaptation goals and targets. 
The growing body of national adaptation frameworks 
provide a backdrop against which mining companies 
operate, at the very least increasing awareness of the 
need to manage physical climate risks.

The Paris ‘rulebook’, as agreed at COP24. Three 
years after the Paris Agreement, the bulk of the Paris 
Agreement ‘rulebook’ was agreed at the 24th COP in 
Katowice, Poland, in late 2018. The Paris rulebook is 
a critical procedural step toward achieving the goals 
of the Paris Agreement, which includes increasing 
adaptation. This achievement also indicates that despite 
the impending withdrawal of some parties (eg the 
US, which cannot take place until 2020), the UNFCCC 
process still has signifi cance and momentum in the 
global climate governance landscape.24 The rulebook 
provides guidance for how the Paris Agreement will 
be implemented when it comes into force in 2020. It 
outlines a single set of rules for countries, replacing 
the current differentiated system. It requires that NDC 
pledges be recorded in a public registry and cover a 
common timeframe from 2031, with the number of 
years to be agreed later.25 The rulebook also establishes 
rules for the fi rst global stocktake, set to take place in 
2023. This will enable assessment of collective ambition 
toward the goals of the Paris Agreement, including 
around adaptation.

Government policies and legislation. The number 
of climate change laws enacted globally is rising 
year on year, and around 70 countries currently have 
national legislative instruments addressing climate 
change adaptation.26 Most mining majors operate 
transnationally, so their operations may not be uniformly 
impacted by the various national adaptation policies 
and legislation.

Financial regulators. In some jurisdictions there 
are notable recent moves towards regulation in the 
fi nancial system to manage the fi nancial risks from 
climate change and drive capital towards sustainable 
investments. For instance, the Network for Greening 
the Financial System (NGFS) is a group of central 
banks and fi nancial industry supervisors committed 
to better understand and manage fi nancial risks and 
opportunities of climate change. As stated in their fi rst 
progress report, supervisors and fi nancial institutions 
are starting to adapt their practices to address climate-
related risks, both physical and transition.27 They are 
also beginning to set expectations to enhance the 
fi nancial risk management of supervised fi rms (ie 
corporate clients).28

Climate Action 100+ initiative: This initiative aims at 
direct engagement by investors with large corporates 
such as mining companies, a trend which is gaining 
momentum. Climate Action 100+ is led by institutional 
investors and is systematically engaging important 
GHG emitters and other companies across the global 
economy who have opportunities to drive the clean 
energy transition and help achieve the goals of the 
Paris Agreement. The initiative is also calling on 
mining companies to improve governance on climate 
change, curb emissions and strengthen climate-related 
fi nancial disclosures. While the initiative appears to slant 
toward management of transition risks and encourage 
low carbon investment, the initiative’s broad aims 
of contributing toward the achievement of the Paris 
Agreement, could involve engagement with companies 
on adaptation and resilience as one of the goals of 
Paris is to increase adaptation capacity. Furthermore, 
the initiative’s focus on strengthening disclosures and 
improving climate change governance could work to 
encourage progress toward analysis and documentation 
of resilience within mining companies.

23. UNFCCC, Paris Agreement (2015) (PDF)
24. ICC, ‘ICC welcomes fi nalisation of Paris Rulebook at COP24 climate conference’ (2018)
25. Carbon Brief, ‘COP24: key outcomes agreed at the UN climate talks in Katowice’ (2018)
26. Nachmany, M., Fankhauser, S., Setzer, J. and Averchenkova, A., Global trends in climate legislation and litigation (2017) (PDF)
27. NGFS, First Progress Report (2018) (PDF)
28. Ibid.

BOX 1

2. KEY THEMES IDENTIFIED BY 
ICMM MEMBER COMPANIES
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With respect to government positions on climate resilience, 
several ICMM member companies expressed surprise that 
there has not been a stronger ‘push’ from government. It 
was surmised that the issue of resilience may be getting 
lost amongst many other pressures and the changing 
political landscape in many jurisdictions. ICMM members 
stressed the need for a globally consistent voice and 
response to the challenges of climate change. One 
ICMM member company refl ected that it was important 
for companies to actively monitor current and evolving 
stakeholder positions on climate resilience, and to play a 
role in infl uencing these.

2.3 Effective water management will 
be important

2.3.1 Too little water

Decreased water availability as a result of climate 
change is a key concern for ICMM member companies.

Operational issues, restrictions on abstractions, more 
stringent water quality regulations, pressure to move to 
full-water cost pricing and increased public scrutiny of 
corporate water practices were all mentioned as potential 
consequences of water scarcity. Social and political 
confl ict29 due to increased competition for water resources 
can also have major consequences for business continuity. 
Managing all these risks will be a critical priority for 
companies to continue to deliver strong fi nancial returns.

The consequences of climate change and socio-economic 
change on water resources will vary between regions.
Many regions already experiencing water stress will face 
even more scarcity, including areas of key importance 
for mining and metals in South America, North America 
and Australia (Figure 5). The IPCC’s 5th Assessment 
Report (AR5, 2013)30 concluded that population growth 
will generally have a greater impact on water resource 
availability than changes in climate but climate change will 
compound these pressures in many areas.

29. World Resources Institute, What Does Water Have to Do with National Security? (2017)
30. IPCC, Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change (2013) Stocker, et al., (eds.). Cambridge University Press

©Fitzroy Basin Association
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Figure 5: Projected change in water stress from 2010 to 2040 under a ‘business-as-usual’ scenario.31  
This map shows how the combined effects of socio-economic development and climate change are expected 
to affect water stress (the ratio of water use to water supply). The business-as-usual scenario (termed 
‘SSP2 RCP8.5’) represents a world with stable economic development and rising global carbon emissions.

2.8x or greater decrease

2x decrease

1.4x increase

2x increase

2.8x or greater increase

No data

1.4x decrease

Near normal

31. World Resources Institute, Aqueduct Water Risk Atlas (2015)
32. Center for Climate and Energy Solutions, Extreme precipitation and climate change (2018) 
33. Donat, M.G., Lowry, A.L., Alexander, L.V., O’Gorman, P.A. and Maher, N., ‘More extreme precipitation in the world’s dry and wet regions’, in Nature Climate 
Change 6 (2016)

2.3.2 Too much water

In some areas, excess water will pose growing risks 
to mining and metals operations. Several member 
companies described the challenges of managing fl ood 
water, snow melt and surface water runoff. Flooding 
of tailings, pits and water storage facilities presents a 
signifi cant and long-term challenge, with additional 
operational costs associated with water treatment and 
discharge that may extend over several years.

At high latitudes and high altitudes, increases in winter 
temperatures are already reducing the amount of winter 
precipitation that falls as snow, and leading to earlier, more 

rapid snow melt. Many mine sites operate below the water 
table and managing groundwater can be a signifi cant cost 
for companies. Understanding how climate change will 
affect groundwater management will be a key issue for 
such operations.

Extreme precipitation events have become more common 
since the 1950s in many regions.32 Scientists expect these 
trends to continue as global temperatures continue to rise. 
Warmer air can hold more water vapour and therefore 
produce more intense precipitation events. In both wet 
and dry regions, statistically signifi cant increases in heavy 
precipitation have already been seen and are projected for 
the future.33 The challenge for mining operations in arid 

2. KEY THEMES IDENTIFIED BY 
ICMM MEMBER COMPANIES
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areas may be more signifi cant. These regions may not be 
accustomed to heavy precipitation and therefore investing 
in infrastructure that helps deal with this will become 
increasingly important.

2.4 Facilities with long lifespans 
will need to continue to be climate 
resilient

Many ICMM member companies recognised it would be 
important to ensure that tailing dams, water and waste rock 
storage facilities continue to perform in a changing climate 
– both during operations and post-closure. This is because 
these facilities have long lifespans – often post-closure and 
potentially after the transfer of liabilities. On tailings, ICMM 
is actively working towards establishing an international 
standard for the safer management of storage facilities 
through the Global Tailings Review, co-convened with the 
United Nations Environment Programme (UNEP) and the 
Principles for Responsible Investment (PRI). Members 
recognised that changes in precipitation, hydrology, ground 
conditions (including permafrost) and soil moisture content 
may have implications for the design and management 
of facilities. Regulatory and permitting agencies may also 
revisit water discharges consents due to changes in water 
quality and ecological status of receiving water bodies 
driven by climate change. Water treatment facilities may 
need to be upgraded to meet tighter discharge consent 
standards.

Industry-led changes in the way waste is stored could 
offer climate resilience co-benefi ts. One member 
company highlighted the move away from tailings ponds, 
for instance towards dry stacking or embedding waste. 
Reducing the liquid content or burying waste can reduce 
the potential for accidental pollution driven by weather or 
climate-factors. However, full analysis and modelling of 
water and pollutant pathways in a changing climate would 
need to be conducted on a site-by-site basis.

2.5 Closure and post-closure are key 
areas of climate risk

ICMM member companies generally recognise the need 
for climate change to be considered as part of closure 
planning, infrastructure decommissioning and land 
reclamation. At mine closure, requirements are made for 

stable, non-polluting landforms capable of supporting 
useful land use. A low risk of rehabilitation failure is 
important to avoid pollution-related incidents and the 
transfer of environmental liabilities. Climate change poses 
a challenge in that rehabilitated land will be exposed 
to a warmer climate and changes in extreme weather. 
In Queensland, Australia, for example, the Department 
of Environment and Heritage Protection requires a low 
likelihood of failure for at least 30 years after mine closure, 
otherwise lease surrender may be refused.34 As such, a 
current operating mine with another 10 years of mine life 
will need to consider environmental risks to approximately 
2050. For a new mine, this planning window may extend to 
2070 or beyond. It is critical that potential climate futures 
over these time periods are incorporated into long-term 
planning processes. A number of member companies 
reported that this is already happening.

Changing requirements and expectations for closure 
may add signifi cant costs. Several member companies 
highlighted that climate change has the potential to 
increase provisioning costs and affect valuations, including 
for pre-closure, closure execution, post-closure and 
indirect closure activities (eg licensing costs). Mining 
companies are well advised to evaluate the potential 
for these increasing costs to occur and consider how 
to incorporate them into provisioning estimates for 
closure planning.

2.6 Supply chains expose companies 
to additional climate risks and 
opportunities

Member companies highlighted the potential for climate-
related disruption to cause signifi cant impacts across 
operations in multiple locations due to the sector’s 
dependence on long global supply chains. The reliability of 
transport and infrastructure is highly vulnerable to climate 
change impacts, which has consequences for supply chains 
and logistics. Climate-related disruption to supply chains 
can occur through fl ooding and intense storms, changes to 
snow and ice, and ground instability leading to landslides 
or avalanches. Several ICMM members highlighted risks 
to port facilities during extreme weather events and from 
gradual sea-level rise. These risks are particularly acute 
when operations are dependent on a single transportation 
link that is owned and operated by an external body over 
which the mining or metals company does not have direct 

34. AusIMM Bulletin, ‘Mine closure, rehabilitation and climate change’ (2016)
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control. The potential disruption and delay in deliveries can 
cause operational losses and impact on the entire value 
chain. Companies will need to consider how to enhance 
the resilience of their supply chains and operations, which 
include supplier facilities, local communities and the 
procurement of raw materials, components and other 
goods and services. By strengthening the resilience of 
company supply chains, costs, quality and uncertainty can 
be managed more effectively.

2.7 A modular approach to project 
design is useful 

The mining sector’s move toward modularisation provides 
a useful approach for addressing climate-related risks, 
including uncertainties in how the future climate will evolve. 
Several member companies highlighted the shift toward a 
more modular approach to asset and infrastructure design 
and build (eg modular processing plants) as a means to 
help manage production profi les (periods of downtime) 
and utilise capital effi ciently. This has distinct synergies 
with the ‘adaptive management’ approach that experts 
advocate for decision-making in the face of climate-related 
uncertainties. In a practical sense, this means fl exible 
management of the asset, which can evolve and adjust 
as circumstances change. The ‘adaptive management’ 
concept is described in more detail in section 4.3.7.

2.8 New technology can offer 
signifi cant climate resilience 
co-benefi ts

Innovative technology is transforming the way the mining 
industry operates and a number of these advances offer 
climate resilience co-benefi ts. One member company in 
particular was keen to explore how shifts in technology will 
make delivering climate resilience objectives easier, more 
effi cient and more effective. A number of examples were 
highlighted: the use of spatial data, increased automation/
remote operation and artifi cial intelligence (AI).

Spatial data is information that represents an object’s 
location, size and shape. Using data effectively and 
translating it into a visual form allows mining companies 
to gain insights into the process, system or environment 

that is being represented. Mining companies are 
increasingly using spatial data, together with visualisation 
software, to simulate real-life business decisions in virtual 
environments. Weather and climate data are not yet widely 
referenced in such systems. But integrating spatially 
referenced climate datasets would add signifi cant value 
when exploring climate-related impacts on day-to-day 
operations and longer-term planning decisions.

Automation, remote operations and AI are being used 
to increase productivity and safety at mines while 
decreasing expenditure. The benefi ts with respect to 
managing climate-related risks are that mining personnel 
can be removed from hazardous environments. This 
reduces health and safety-related risks, such as heat 
stress due to high temperatures or exposure to extreme 
events like fl ooding or cyclones. However, it is also 
important to acknowledge that this technology shift will 
affect long-term relationships between the mining industry, 
host communities and governments. 

2.9 Including host communities 
in climate risk and resilience 
discussions is crucial

A more integrated, multi-stakeholder approach to climate 
resilience planning can benefi t mining companies and 
other stakeholders whose decisions affect each other, 
or who share common risks and opportunities. Many 
ICMM member companies highlighted the opportunity 
for bringing host communities along with them on the 
journey to enhanced climate resilience. Partnering 

2. KEY THEMES IDENTIFIED BY 
ICMM MEMBER COMPANIES
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with stakeholders, including local governments, non-
governmental organisations and communities, can be 
an effective means of identifying and delivering climate 
resilience actions that bring shared benefi ts. On a practical 
level, mining companies can share scientifi c information 
about climate change for site planning to inform 
community preparation, advise on emergency planning and 
work with local authorities and development agencies to 
advocate for climate-resilient economic growth (see Box 
2). Ideally companies would build on existing partnerships 
and identify opportunities to co-create climate resilience 
projects that can provide positive outcomes for the 
business, wider society and the environment.

35. ICMM, Rio Tinto Minera Peru: La Granja project (2016) (PDF)
36. CRiSTAL is a Community-based Risk Screening Tool.

Greater stakeholder involvement helps avoid 
‘maladaptation’, whereby the adaptation actions of one 
group can have negative consequences for others. For 
example, one member company explained that effective 
coastal zone management at one of its port facilities would 
need to involve other groups with shared coastal interests 
to ensure that actions taken by one organisation to manage 
the effects of sea-level rise and coastal erosion do not 
increase fl ood and erosion risks for others. 

RIO TINTO MINERA PERU’S (RTMP) 
COMMUNITY CLIMATE CHANGE ADAPTATION 
PROJECT AT LA GRANJA

In 2014, RTMP began a community adaptation project 
at its copper exploration site, La Granja in Peru,35 where 
the area’s 43 communities are facing climate-related 
temperature rises and associated impacts. 

Using the CRiSTAL36 tool and CARE International’s 
Climate Vulnerability and Capacity Analysis (CVCA) 
framework, the project supported local communities to 
identify livelihood risks and to build community capacity 
to adapt to them. A tailored, six-stage approach was 
developed, which can be replicated by other mining 
companies:

1.  Research and discuss climate change with the 
community.

2.  Map livelihood resources (eg natural, social, fi nancial) 
and hazards (eg fl oods, drought).

3.  Create a calendar and historical timeline of noteworthy 
seasonal events.

BOX 2 4.  Complete a vulnerability assessment on livelihood 
resources.

5.  Input data into CRiSTAL to generate adaptation 
measures, then validate results with the community.

6.  Based on results, build adaptation measures into 
RTMP activities and validate recommendations with 
RTMP staff and management.

The RTMP project identifi ed signifi cant climate hazards 
facing the community, including drought, cold snaps, 
heavy rains, fl oods and landslides. Associated impacts 
were loss of household income, food insecurity, 
respiratory illnesses and water contamination (from 
dust), reduced hydropower generation due to lower river 
fl ows and damage to water supply pipes. 

Both the community and the project team identifi ed new 
coping strategies.

The project improved knowledge and understanding 
of the causes and impacts of climate change and built 
capacity within local communities to consider climate 
resilience in their planning. RTMP also came away with 
actionable recommendations to supporting community 
climate resilience. The process developed in this 
project shows the importance of taking an inclusive and 
participatory approach to support effective community 
consultation and ownership of the project’s results.
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For a more detailed description of how a changing climate 
may affect the mining and metals sector, we direct readers 
to our 2013 report ‘Adapting to a changing climate: 
implications for the mining and metals industry’, which 
includes further information and case studies.

3.1 Mining companies’ inherent 
characteristics expose them to 
climate risk

Mining companies are exposed to changing climate risks 
due to a number of inherent, core characteristics, which 
include:

• Reliance on long-lived and capital-intensive fi xed assets.
•  Operations in regions that are highly vulnerable to 

climate extremes and climate change.
•  Extensive product transportation networks and reliance 

on deep and complex supply chains.
•  Dependence on workforces and communities that are 

vulnerable to a changing climate.
•  Management of complex environmental permitting 

arrangements, and social licence to operate.

It is important to highlight upfront that climate change 
does not necessarily create ‘new’ risks or opportunities for 
mining companies. And the mining and metals sector is 
very experienced and well-equipped to identify and 
manage risks. 

ICMM member companies refl ect frequently that they have 
been aware of future climate-related risks for a long-time, 
particularly from an operational and business-continuity 
perspective. Climate change acts to shift existing risk 

profi les by altering the frequency of occurrence, severity of 
consequence and spatial distribution. The challenge that 
companies face is the need to assess, monitor and manage 
these risks. 

This means accurately identifying critical performance 
thresholds that are related to climatic factors, tracking how 
climate-related impacts may be impinging on or breaching 
these thresholds, and avoiding tipping points at which risks 
become unacceptable. The practicalities of undertaking 
this type of risk assessment are discussed in section 4.3.4. 

It should also be noted that climate change may also create 
market shifts that cannot be foreseen, and forward-looking 
companies will be positioning themselves to keep abreast 
of and capitalise on new consumer needs. 

3.1.1 Climate-related risks

Left unmanaged, climate change presents greater risks 
for mining companies. Higher temperatures and sea 
levels, shifting patterns of precipitation and water levels, 
and increased frequency and intensity of extreme weather 
events will create site-specifi c risks, as well as risks to 
the broader network within which the mining and metals 
sector functions (Figure 6). Risks may be direct, indirect 
and interconnected, with more than one hazard potentially 
interacting to create a greater overall risk.

Climate-related impacts may affect the performance of 
physical assets, workforce health and safety, transport 
networks, competition for climate-sensitive resources such 
as water and energy, relations with local communities and 
the supply and demand for products. Taken cumulatively, 
these risks may have signifi cant implications for the 
continued operation and profi tability of assets, and overall 
brand equity.

3. BUSINESS RISKS AND OPPORTUNITIES 
IN A CHANGING CLIMATE FOR MINING 
AND METAL COMPANIES

This chapter provides more specifi c examples and refl ections from ICMM 
member companies of the business risks and opportunities facing the mining 
and metals sector in a changing climate. 



Adapting to a changing climate22

3. BUSINESS RISKS AND OPPORTUNITIES IN A CHANGING 
CLIMATE FOR MINING AND METAL COMPANIES

37. ICMM, Adapting to a changing climate: implications for the mining and metals industry (2013)
38. TCFD, Annex: Implementing the Recommendations of the Task Force on Climate-related Financial Disclosures (2017) 

Figure 6: Categories of climate change impacts on businesses (based on Freed and Sussman, 2008, cited in ICMM, 2013).37

Effects of climate on...

Broader Network
• Infrastructure to export products or import 

materials
• Electric, water utilities or other utilities, 

either public or private

Value Chain
• Ability to supply raw metals and minerals to 

downstream customers.
• Customer demand for certain types of products for 

low carbon economy (may increase or decrease)

Core Operations
• Physical assets
• Efficiency of production processes
• Cost of operations and maintenance activities
• Health and safety
• Workforce and labour productivity

Table 1 sets out some practical examples from an ICMM 
workshop during which participants identifi ed the highest 
priority risks for three hypothetical case studies. 

3.1.2 Climate-related opportunities

Climate and weather impacts may present direct 
opportunities for the mining and metals sector.
Operations in the Arctic may have longer shipping periods, 
for example, which could reduce the need for air freight 
and thereby deliver cost-savings. And some water stressed 
areas may see increased rainfall.

Climate-related opportunities are also likely to arise 
from the proactive management of climate-related risks. 
Reducing exposure to climate-related risks can reduce 

costs, preserve or enhance revenues, improve relationships 
with stakeholders and help identify new business 
opportunities. Companies that understand the risks 
and make quicker progress in implementing adaptation 
measures are less likely to face operational disruption 
and can strengthen community relations. They may also 
be viewed more favourably by investors, who are placing 
ever-increasing emphasis on disclosing the management 
of climate risks.

The TCFD recommendations suggest climate-related 
opportunities for metal and mining companies will stem 
from actions that improve operational effi ciencies.38 This 
could include those which reduce water and energy use, 
or support closed-loop product solutions, for example.
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Table 1: Priority climate risks and critical thresholds identifi ed across three hypothetical case studies developed 
during ICMM’s 2017 workshop in South Africa. Critical thresholds represent the boundaries between ‘tolerable’ and 
‘intolerable’ levels of risk and are explained in more detail in section 4.3.4.

Asset type System 
component

Risk Critical thresholds

Open pit Site Extreme precipitation causes pit 
fl ooding

More ‘loss days’, uncontrolled discharge 
of mine-affected water (water-use licence 
non-compliance)

Local communities Higher temperatures and 
droughts lead to increased dust 
loads

Incidences of illness and increased cost of 
dust suppression

Local environment Drought and higher 
temperatures impact mine 
rehabilitation plans

Basal cover, wilderness index, 
environmental fl ows

Underground mine Site Higher surface temperatures 
result in increased underground 
ambient temperatures

Cost of cooling, availability/use of power 
and water for cooling, cooling equipment 
capacity limits.

Local communities Extreme rainfall causes damage 
to infrastructure/agricultural 
land*

Livelihood loss

Local environment Extreme rainfall causes 
pollution of water resources and 
freshwater shortages*

Environmental fl ow, licence to operate, 
hierarchy of water use allocation

Smelter/
refi nery

Supply chains/
logistics

Extreme rainfall causes 
disruption to supply chains 
(roads, power lines)

Amount of rainfall in 24-hour period; 
number of days interruption to raw 
material inputs

Local communities Drought – reduced water in local 
river

Litres of water per person per day; litres 
of water per hectare; litres of water per 
farmland crop; ecological limits for water 
consumption

Site Higher temperatures lead to 
reduced productivity in process 
areas

Temperature increase of 1.5°C or more 
in working areas; machine operating 
parameters

39. EBRD-GCECA, ‘Advancing TCFD Guidance on Physical Climate Risk and Opportunities’ (2018)

Another framework, set out in 2018, advances the 
TCFD recommendations by suggesting ways in which 
opportunities can be analysed by corporates such as 
mining companies.39 It breaks these down as follows:

•  Opportunities related to managing existing physical 
climate risks.

•  Opportunities to respond to emerging physical climate 
risks – opportunities may arise from planning ahead to 
manage expected physical climate risks.

•  Opportunities to adapt to market shifts and cater to 
new market needs – fundamental shifts in climate over 
the longer-term may affect value chains and drive new 
consumer needs.

*Could apply equally to open pit situations. 
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It explains how to identify existing risk management 
processes into which consideration of climate change risks 
can be incorporated and emphasises the need for capacity 
building and organisational learning. It also outlines a 
step-wise process for integrating climate resilience into 
assets and value chains, developed following ICMM’s 2017 
adaptation workshop in South Africa. This chapter is based 
primarily on expert knowledge and literature review and, 
where available, also includes insights from ICMM 
member companies.

4.1. Mainstreaming climate resilience 
within existing processes

Many mining and metals companies already have 
approaches, tools, data, resources and people in place to 
identify and manage risks and opportunities. The industry 
has always responded to the challenges of working in 
varied physical environments and has developed robust 
engineering approaches to address those. Climate 

resilience is not ‘reinventing the wheel’; it is about 
integrating additional climate change drivers within 
existing risk management and planning procedures. These 
internal processes are often reviewed regularly so that they 
remain ‘fi t for purpose’, and periodic updates may provide 
opportune moments to consider greater integration of 
climate change considerations.

A key activity for mining companies is to identify the ‘hooks’ 
for climate risk and resilience within existing activities 
and across the entire asset life cycle. Climate risk and 
resilience considerations need to be integrated into existing 
processes, practices, standards and guidelines, from 
planning to operation and through to closure. Member 
companies who participated in the 2017 adaptation 
workshop identifi ed a number of key areas and activities 
across a typical asset life cycle where climate resilience 
can be integrated (Figure 7). Companies will also have 
other processes, practices, standards and guidelines where 
changing climate risks may be considered.

4. BUILDING BUSINESS RESILIENCE 
IN A CHANGING CLIMATE

This chapter provides guidance to companies on how to mainstream 
climate resilience and build capacity. 

©MMG
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4. BUILDING BUSINESS RESILIENCE 
IN A CHANGING CLIMATE

and cumulatively erode performance may be missed. To 
address this, companies can systematically collect and 
analyse information on how weather and climate are 
impacting operations and performance.

3. Translating changes in climate parameters into 
specifi c asset and operational impacts and fi nancial 
consequences. For instance, companies may need to 
conduct detailed site-specifi c analysis to assess fl ood 
depth, extent and duration at a facility, and to estimate 
damage and disruption to the facility and the fi nancial 
impacts, including downtime, loss of revenue, and repair/
upgrade costs incorporating climate resilience.

4. Climate resilience ambition can become reduced to 
optimising net present value (NPV). It can be diffi cult to 
justify the imperative of managing longer-term climate risk 
in the face of nearer- term concerns, eg over commodity 
prices. In general, it is uncommon for mining companies to 

Operate, 
maintain and 
improve asset

Detail and 
construct asset

Finalise scope 
and execution 
plan

Establish 
development 
options and 
execution 
strategy

Establish 
preliminary scope 
and business 
strategy

Decommisioning, 
reclamation and 
management of 
ongoing liabilities 
post closure

• Asset 
Management

• Operations and 
maintenance

• Monitoring, 
inspection, 
auditing and 
review

• Review of EMP
• Review of LoMP
• Review of CDPs
• Progressive 

Rehabilitation 
and Closure 
Plans (PRCP)

• Detailed design
• Engineering 

Procurement 
and 
Construction 
Management 
(EPCM)

• Monitoring, 
inspection, 
auditing and 
review

• Review of EMP
• Review of LoMP
• Review of CDPs

• Front End 
Engineering 
Design (FEED)

• Cost estimating 
and financial/ 
economic 
modelling
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Figure 7: Key areas and activities across a typical asset life cycle where climate resilience can be integrated. 
(This is not an exhaustive list.) 

OperateProcedure/
BuildDesignPlanStrategy

Companies commonly face a small number of challenges 
when mainstreaming climate adaptation. Some of those 
identifi ed by member companies at the 2017 adaptation 
workshop and in subsequent interviews include:

1. Reliability and availability of meaningful climate data. 
Climate change is leading to increased frequency and 
severity of many extreme events, which can affect the 
mining system, while operations and facilities are designed 
to cope with historical extreme events. To address this, 
facilities can model their resilience to future changes in 
extremes using various sources of data (discussed further 
in section 4.3.4 – ‘Step 4: Assessing climate risks and 
opportunities’).

2. Inadequate monitoring systems and record-keeping 
lead to underreporting of weather- or climate-related 
impacts. Less severe impacts or incremental changes 
may not be recorded and therefore trends that gradually 
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40. BHP, Environment and Climate Change: Our Requirements (2018) (PDF)
41. Anglo American, Climate Change: Our Plans Policies and Progress (2017) (PDF) 

implement measures to address longer-term climate risk. 
Member companies did refl ect that there are opportunities 
in the annual planning cycle (eg life of mine plan) where 
more formal ‘lookouts’ can take place

5. Making the business case for the inclusion of climate 
change adaptation considerations in asset design. 
Valuing the benefi ts of ‘improved resilience’ can be diffi cult, 

INSIGHTS FROM ICMM MEMBER COMPANIES 
ON APPROACHES TO MAINSTREAM CLIMATE 
CHANGE CONSIDERATIONS

BHP: ‘Our operations are required to build climate 
resilience into their activities through compliance with 
the “Our Requirements for Environment and Climate 
Change” standard. We also require new investments to 
assess and manage risks associated with the forecast 
physical impacts of climate change. As well as this 
ongoing business resilience planning, we continue 
to look at ways we can contribute to community and 
ecosystem resilience.’40

Anglo American: ‘We are embedding climate 
resilience in how we run our business. We also take 
climate change considerations into account when we 
evaluate the feasibility of new projects or examine 
our operations’ risk profi les. We are working with 
recognised experts on climate science, and embedding 
adaptation to physical climate risks.’41

South 32: ‘To work towards climate resilience for 
our communities and operations, we commit to 
incorporate climate change modelling in our capital 
allocation and investment decisions to make our host 
communities and operations more resilient to the 
physical impacts of climate change.’

Teck: ‘We recognise that ongoing changes to climate 
could pose physical risks to our mining operations 
and related infrastructure. In response, we are 
incorporating a range of climate parameters into our 
project designs and ongoing mine planning processes 
in order to ensure our sites remain resilient as the 
climate changes.’

BOX 3
unless there is a monetary fi gure (such as NPV) attached. 
Members companies highlighted that strategic planning 
requires the quantifi cation of benefi ts and costs to have 
convincing conversations with management. Where 
companies undertake fi nancial (direct costs and benefi ts) 
and economic (including external costs and benefi ts) 
valuation of climate-related risks this strengthens their 
ability to have such conversations.

These challenges are not unique to the mining and metals 
sector. Moreover, sharing of learning between member 
companies can help to identify solutions, and ICMM will 
continue to explore how it can best support its members 
and promote knowledge-sharing on these topics.

4.2 Building teams and strengthening 
their skills

Climate risk and business resilience cut across virtually all 
components of the mining system and business units. As 
such, a range of departments and expertise will be involved 
in developing company responses. For a company to 
develop a comprehensive picture of the key climate-related 
risks and opportunities across the mining system, multi-
disciplinary teams are needed, including:

• Projects, sites and operations.
•  Key supporting infrastructure, covering transport, supply 

chains and logistics, energy, water, ICT and camps.
• Health and safety, environment and communities.

These operational-focused teams could be supplemented 
with cross-functional business units, such as strategy, 
directional studies and business improvement, closure, 
risk, audit, fi nance, corporate affairs, legal and insurance.

Decentralising assessment and decision-making can 
help to promote ownership of climate-related risks and 
responses. Several member companies highlighted that 
their increasingly decentralised approach has increased 
the operational teams’ involvement in identifying and 
managing climate (and non-climate) risks. Operational 
teams are more familiar with specifi c issues at the 
operations, compared to enterprise-level teams. And 
so, as well as promoting ownership, this decentralised 
approach means the characterisation of risk is likely to be 
much more accurate.

Capacity building and organisational learning will likely 
be necessary. Awareness and knowledge of climate 
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change, and the importance of building climate resilience, 
will vary between companies, and within them. To enable 
adaptation responses and plans to be implemented 
effi ciently and smoothly, organisations may need to provide 
staff with guidance and training on integrating physical 
climate risk, opportunity and resilience. The learning 
format, style and content can be tailored to different groups 
and their respective responsibilities. Based on feedback 
from ICMM member companies, information and tools 
are typically provided centrally and can include workshop-
based training events, technical guidance documents and 
e-learning.

Figure 8: Step-wise process for identifying priority physical climate risks and measures to address them.

4.  Assessing climate  
 risks and opportunities
•  Identifying critical 
 climate-related 
 thresholds
• Risk mapping

3.  Exploring future  
 climate scenarios
•  Identifying and using 
 climate information

2.  Understanding the  
 current situation
•  Identify current  
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 and natural hazards
• Identify stakeholder  
 positions and actions

5. Identifying risk 
 management/ 
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•  Stress testing existing 
 options
• Identifying new options

6. Evaluating risk 
 management/ 
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• Identifying co-benefits 
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7. Developing 
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•  Mapping out timing 
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•  Defining the boundaries
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4.3 Step-wise process for integrating 
climate resilience into assets and 
value chains

In this section, we outline a step-wise process for 
building climate resilience (Figure 8). Members may use 
this to identify climate risks and opportunities, by applying 
observed and projected data on climate. The process also 
explains how to develop a plan to adapt to the challenges 
identifi ed. Recognising that each member company is on 
their own journey to enhanced climate resilience, each 
step in the process may need to be tailored to individual 

4. BUILDING BUSINESS RESILIENCE 
IN A CHANGING CLIMATE
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contexts and decision-making processes (eg different mine 
sites, phases of an asset life cycle or internal decision-
making procedures). Where information has been gleaned 
from members, either through interviews or literature 
review, insights and refl ections have been included. There 
is generally less in the public domain concerning specifi c 
action companies are taking; as such, fewer insights are 
presented from step 5 onwards.

4.3.1 Step 1: Defi ning the scope

Before embarking on a decision-making process, it is 
essential to understand the reasons for the decision being 
made, the broad objectives, and the wider context for the 
decision. This step involves:

•  Establishing the reasons for considering physical 
climate risks.

•  Defi ning the desired outcomes – what will ‘climate 
resilience’ look like?

•  Defi ning the boundaries of the work – operational, 
environmental, community, supply chains, etc. This will 
help to identify who needs to be involved (both internally 
and in terms of external partners) and which business 
processes might be considered (see Box 4).

•  Specifying the assessment period, including any 
business assumptions over the period (eg expansion of 
mining operations).

4.3.2 Step 2: Understanding the current situation

Building an evidence base of current climate-related 
vulnerabilities and existing stakeholder positions on 
climate risk and resilience will help companies build a 
business case. Developing an understanding of the current 
situation in these terms will provide a:

•  Snapshot of climate-sensitive assets, operations and 
performance criteria.

•  Baseline from which future resilience-building progress 
can be monitored.

•  More complete picture of the wider context and evolving 
landscape with respect to climate resilience, including 
the perspectives and actions of others.

A pragmatic and effective starting point to explore climate-
related risks is to understand recent exposure to severe 
weather events and the associated direct and indirect 
consequences. There may be multiple drivers underlying 
exposure to weather and climate-related events, and it is 

BOX 4
INSIGHTS FROM ICMM MEMBER COMPANIES 
ON THE BOUNDARIES OF CLIMATE-RELATED 
RISK ASSESSMENTS

Company 1: ‘Our adaptation strategy forms part of the 
wider climate change strategy, which was developed 
in response to both external stakeholder interest/
pressure and internal experience of disruption from 
weather/climate-related events. The adaptation 
strategy has four key areas that defi ne our approach to 
climate and resilience:

• Business resilience.
• Investment resilience.
• Community resilience.
• Environmental resilience.’

Company 2: ‘Historically, we have included climate 
resilience considerations on a site-by-site basis. 
We developed a robust process to support sites to 
undertake their own climate risk assessments and 
develop mitigation plans. We are now taking a more 
holistic approach to understand the longer-term 
physical climate risks across our portfolio, focusing in 
particular on:

• Direct impacts.
• Indirect impacts.
• Supply chain risks.

Once we have an understanding of the key risks at 
the portfolio level, we will take these to the specifi c 
sites for validation and stress testing of the controls 
that are in place.’

important to try and unpick these. An example of a complex 
current climate-related risk highlighted by an ICMM 
member company is outlined in Box 5. 

Then, by looking at climate change projections and 
scenarios (in step 3, section 4.3.3), it is possible to consider 
whether climate change will make these issues better or 
worse (step 4, section 4.3.4). This step relies on companies 
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systematically collecting and analysing information on how 
weather and climate are currently impacting operations 
and performance, if this monitoring is not already 
happening.

4.3.3 Step 3: Exploring future climate scenarios

Scenarios have long been used by planners and decision 
makers, particularly in the extractives sector, to analyse 
situations in which outcomes are uncertain. The objective 
is not to predict the future but to explore both the scientifi c 
and real-world implications of different plausible futures. 
Scenario analysis is an approach advocated by the TCFD as 
a tool to address challenges and acquire key information.42

Scenarios are understood to provide a narrative, either 
qualitative or quantitative, that ‘describes a path of 
development leading to a particular outcome’.43

Ideally companies should explore a range of potential 
climate futures, representing different global climate 
change mitigation ambitions. In the near-term and mid-

BOX 5
INSIGHTS FROM AN ICMM MEMBER COMPANY 
HIGHLIGHTING THE MANY DRIVERS OF 
CLIMATE-RELATED RISKS TO OPERATIONS

‘At one of our mining operations in Africa, a thermal 
power plant supplies the mine with energy. The plant’s 
operation depends on water supply from a nearby lake, 
so we invested in pipelines to supply the plant with water. 
We were required to create water off-takes to local 
communities located in close proximity to the pipeline. 
However, the local population has grown considerably 
since the start of mining operations, driving increased 
water demand. Through building water pipelines and 
treatment facilities, we have effectively implemented a 
water supply system on which increasing numbers of 
people depend.

‘In recent years drought has severely stretched supplies, 
both to the mine and communities. The operational risks 
associated with drought can be both direct and indirect. 
First, absolute declines in water availability can directly 
force reductions in mine output. But second, where 

mining fi rms have created shared water infrastructure, 
mines can be under additional pressure to curtail 
production in order to ensure that local communities’ 
needs are met fi rst. Should the mine fail to curtail output 
of its own volition – owing to reduced water availability – 
communities may protest, disrupt mining activities, 
or sabotage water infrastructure.

‘In this case, for the mine to operate, the community 
must get the water. The community was not receptive 
to the idea of water sharing, and as such increasing 
drought risk results in a concomitant increase in 
community risks. We mitigated this risk by constructing 
a new pipeline to the lake – this increases the fl exibility 
of water supply and helps to guarantee water.

‘At the same time, despite water stress, there 
remains a widespread cultivation of water-intensive 
crops such as rice. Key to adapting to drought in 
this area, therefore, is transitioning away from 
water- intensive cropping. However, to date there 
has not been suffi cient testing/research of the 
sorts of crops that are likely to prove resilient in the 
area. Sunfl owers could be a sound alternative.’

42. Acclimatise, Using scenarios in corporate disclosure of physical climate risk (2017) (PDF)
43. TCFD, Technical Supplement: The Use of Scenario Analysis in Disclosure of Climate-Related Risks and Opportunities (2017)
44. Change in global average temperature by 2100 relative to the pre-industrial era.

term, changes in climate due to past and present- day 
GHG emissions are already locked into the climate system 
and the physical risks are already being felt. This means 
there is no signifi cant difference in physical risk in the 
near term (that is, in the 2020s and 2030s) under different 
GHG emissions scenarios, and only a small divergence by 
the 2040s. But over the longer term the degree of physical 
risk is largely determined by which emissions trajectory 
is followed from now onwards. And from mid-century, 
the extent of climate change under higher emissions 
scenarios is expected to be much more signifi cant than 
with lower emissions. Generally, it is recommended that 
companies use a low and high emissions scenario, such 
as the 2°C and 4°C scenarios.44 This corresponds to 
IPCC’s Representative Concentration Pathway (RCP) 2.6 
and 8.5, respectively – of which the latter is the current 
trajectory based on present-day emissions (see Box 6, 
which also provides further details on GHG emissions and 
atmospheric concentrations).
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Current weather and climate data and future climate 
information (termed ‘climate projections’) are an 
essential input into climate-related risk assessments. 
Understanding current climate variability and future 
climate scenarios allows companies to explore how 
climate change may impact assets, operations, local 
communities, local environments and associated 
performance criteria. Future climate scenarios will 
be used in step 4 (see section 4.3.4) to identify and 
‘test’ against critical performance thresholds.

It is important to recognise that climate projections are 
not predictions of the future. Climate models are being 
continually improved, but they are not yet good enough to 
predict future climate conditions with a high enough degree 
of confi dence to allow precise adaptation decisions to be 

made (eg detailed asset design). Uncertainties in climate 
variability, future society, the scale of future GHG emissions 
and scientifi c knowledge on how components of the 
climate system interact all lead to uncertainty in climate 
projections (Figure 9). Outputs from different climate 
models can disagree on both the magnitude and sign of 
change in a climate variable (eg precipitation), presenting 
users with a range of possible climate futures to consider. 
It is also important to note that more and more climate 
modelling at ever-fi ner scales will not necessarily provide a 
‘correct answer’.

Uncertainty can be managed through the judicious 
selection and use of climate information. It is 
prudent to use climate model output data, which is 
based on several GHG emission or concentration 

45. Wilby, R. and Dessai, S., ‘Robust adaptation to climate change’, in Weather 65: 180–185 (2010) doi: 10.1002/wea.543

Figure 9: A ‘cascade of uncertainty’ proceeds from different socio-economic and demographic pathways, 
their translation into atmospheric GHG emissions and atmospheric concentrations, expressed climate 
outcomes in global and regional models, translation into local impacts on human and natural systems 
and implied adaptation responses.45 The increasing number of triangles at each level represent the growing 
number of permutations and hence expanding envelope of uncertainty. 
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46. https://icmm-mica-live.azurewebsites.net 
47. Knutti, R. and Sedlacek, J., ‘Robustness and Uncertainties in the New CMIP5 Climate Model Projections’, in Nature Climate Change 3: 369–373 (2013)

Figure 10: Projected global average temperature 
change over the 21st century, relative to 1986–2005 
for each RCP scenario.46 The mean change is 
shown by the solid lines, and one standard 
deviation is shown by the shading. The number 
of climate models used to generate the projections 
are indicated in brackets.
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BOX 6
INTRODUCTION TO SCENARIOS OF 
GHG EMISSIONS AND ATMOSPHERIC 
CONCENTRATIONS

Scenarios of GHG emissions and atmospheric 
concentrations are used to explore how much human 
activities could contribute to future climate change, 
given uncertainties in factors such as population growth, 
economic development, and development of new 
technologies.

The most recent and widely used scenarios are the 
IPCC Representative Concentration Pathways (RCPs). 
These were developed in 2007 and used in the IPCC’s 5th 
Assessment Report (AR5) in 2013. RCPs represent possible 
future GHG emissions and concentration scenarios. There 
are four pathways: RCP8.5, RCP6.0, RCP4.5 and RCP2.6. 
Each RCP defi nes a specifi c emissions trajectory and 
subsequent ‘radiative forcing’ based on historic information 
and a set of plausible assumptions about future economic 
activity, energy sources, population growth and other socio-
economic factors.

Radiative forcing is a measure of the energy absorbed 
and retained in the lower atmosphere, which causes 
temperatures to rise. The numbers associated with each 
RCP refer to the amount of radiative forcing produced 
by GHGs in 2100. For example, in RCP8.5 the radiative 
forcing predicted is 8.5 Watts per metre squared (W/m²) 
in 2100.

RCP8.5 most closely represents the current trajectory 
of GHG emissions. RCP2.6 is the scenario where global 

scenarios (see Box 6) and multiple climate models. 
Taking this approach facilitates the formulation of 
robust climate risk management strategies.

To facilitate member companies’ access relevant climate 
data, ICMM developed and launched the Mining Climate 
Assessment (MiCA) data tool in 2016.47 MiCA is freely 
available to ICMM company members and allows users to 
visualise and download climate projection data relevant to 

average temperature increases are likely to stay below 
2°C over the 21st century. None of the scenarios shown 
are likely to allow global average temperature changes to 
be maintained below 1.5°C.

any mine site or asset globally. ICMM member companies 
are now using MiCA to rapidly provide technical specialists 
with data to support design and management of mining 
assets and activities with climate-related thresholds.

MiCA uses the latest global datasets – the Coupled Model 
Intercomparison Project (CMIP5) – and covers climate 
variables including temperature, rainfall, wind speed and 
various climate-related hazards, such as water stress.
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4.3.4 Step 4: Assessing climate risks and 
opportunities

A key aim of climate risk assessments is to identify when 
and where critical thresholds may be exceeded, leading 
to unacceptable levels of risk. As such, defi ning critical 
climate-related thresholds is an essential fi rst step when 
assessing climate risks. Critical thresholds represent the 
boundaries between ‘tolerable’ and ‘intolerable’ levels of 
risk. A critical threshold may, for example, be the available 
freeboard of a tailings dam (ie the difference between the 
top of the water surface level and the crest of the dam), a 
maximum safe working temperature for personnel, or a 
confl ict with local communities. Figure 11 demonstrates 
that a critical threshold may be exceeded more frequently 
in the future, as the climate changes. In a stationary 

climate, the threshold may be designed to tolerate 
infrequent breaches and their consequences. In a future 
climate, the threshold may be crossed more often and 
with greater intensity, leading to intolerable levels of risk. 
To ensure continued successful operation in the future, 
adaptation would be required (blue area: ‘Coping range 
plus adaptation’) to increase the ‘coping range’ (eg by 
raising the height of the tailings dam). It is recommended 
that companies review mine plans and operations and 
identify key thresholds for climate-sensitive activities 
and plans.

The generally well-documented nature of extreme 
events has generated greater interest in planning for 
more severe and frequent climatic events. In contrast 
the ‘creeping’ average changes in incremental climate 

BOX 7
ICMM MEMBER COMPANIES’ INSIGHTS ON 
USING CLIMATE DATA

Company 1: ‘Using ICMM’s MiCA tool, a climate-related 
risk assessment was conducted, spanning all operations. 
The study included consideration of physical risks and 
regulation-related risk as the company tends to look at 
these risks together. The MiCA tool allowed the company 
to manage and utilise climate data in-house, whereas 
previously, they typically relied on external support. This 
has helped build internal capacity to better understand 
the physical climate risks. Overall, the assessment 
allowed the company to consider design changes that 
might be needed over the long-term.’

Company 2: ‘Climate data is used for risk screening at 
site level and for closure planning. Risk screening for 
direct impacts at site level is based on IPCC scenarios 
and includes several criteria: water, heat and sea-level 
rise. This allows the company to identify risk hotspots. 
Indirect impacts are also screened using IPCC data as 
a starting point. The Australian Bureau of Meteorology 
also provides regionally downscaled climate data to aid 
the production of regional seasonal forecasts of 
extreme events.

‘For closure planning, climate modelling data and 
information on return periods are used. In one instance 
where a mine site is close to a sensitive area such as a 
national park, climate modelling was used to understand 
how to remediate and manage waste for the longer term. 
Another site under closure planning based waste dump 
design criteria on return periods as it is important to 
strike a balance between ensuring the landforms can 
withstand high rainfall events without doubling costs 
for closure.’

Company 3: ‘All operations collect short-term 
weather data, within a range of 6 to 12 months, to help 
understand and plan for seasonal fl uctuations. Using 
more long-term climate data, and integrating this into 
operational decisions, remains a challenge though 
progress is being made. For instance, climate change 
risk assessments are undertaken for new projects which 
look at seasonal variations and how these may change 
going forward.’

Company 4: ‘Regional climate projections have been 
developed in conjunction with the Commonwealth 
Scientifi c and Industrial Research Organisation 
(CSIRO) in Australia, which are factored into investment 
evaluation and decision-making processes. For example, 
climate risk was factored into the design of a coal 
terminal in Queensland, Australia. A new iron ore project 
in Western Australia may also be considering climate 
change scenarios.’
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Figure 11: The relationship between coping range, critical threshold, vulnerability, and a climate-related 
performance criterion.48
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conditions are much harder to recognise and are more 
likely to be overlooked. For instance, rising temperatures 
can have cumulative impacts as small effi ciency losses 
affect a broad range of equipment such as pumps and 
compressors. It is recommended that companies seek to 
identify the risks associated with both incremental changes 
and extreme events.

It is important to recognise that climate-related risks may 
be direct, indirect and interconnected, with more than one 
hazard interacting to lead to greater overall risk. Wherever 
possible, climate risk assessments should consider the 
whole mining system and the wider operating landscape, 
including the environment, communities and other 
stakeholders. ‘Systems exist at all levels and the resilience 
of each level depends on the resilience of the larger 

system it is part of. An understanding of the complex and 
unpredictable connections and interdependencies that exist 
in and between systems is a prerequisite for managing 
them in a way that fosters resilience.’49 ‘Systems thinking’ 
is an approach that is increasingly being used to map the 
interconnections between climate-related risks.

The rating of risks according to likelihood of occurrence 
and magnitude of consequence should draw upon existing 
company-specifi c risk management procedures. It is 
recommended that risks are initially rated assuming that 
no additional controls or adaptation measures are put 
in place to address climate-related risks, beyond those 
already there. This allows consideration of how signifi cant 
the risks of climate change could be, if no adaptation action 
is taken.

48. Willows, R.I. and Connell, R.K. (eds.), Climate adaptation: risk, uncertainty and decision-making (2013) UKCIP Technical Report. Oxford, UKCIP
49. The Royal Society, Resilience to extreme weather: The Royal Society Science Policy Centre report 02/14 (2014) (PDF)
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Figure 12: Generic risk bowtie, with the shape creating a clear distinction between preventative risk management 
actions, which can be more proactive in nature (left), and recovery measures, which can be more reactive (right).50
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4.3.5 Step 5: Identifying risk management and 
adaptation options

Many companies already have well established and 
robust processes for identifying risk controls. Existing 
control measures may help to address priority climate 
risks. Ideally these controls should be identifi ed and 
stress-tested to check if they need to be improved or 
strengthened in light of climate change. Stress testing 
can draw upon ‘risk bowties’, which identify preventative 
and recovery measures (Figure 12). Bowties can be used 
to fi rst assess whether the threat has changed, due to a 
changing climate. They can also be used to review control 
measures against critical climate-related thresholds and 
risks. The aim is to ensure the controls lead to acceptable 
consequences (levels of residual risk) and, if not, to identify 
how they can be improved. In some cases, completely new 
actions (control measures) may be needed. It is important 
to have all risk management options on the table, and then 
to evaluate them (Step 6).

INSIGHTS FROM ICMM MEMBER COMPANIES 
ON UNDERTAKING CLIMATE-RELATED RISK 
ASSESSMENTS

One member company explained that, at the enterprise 
level over the past four to six years, a number of the 
risks on the risk register have been climate change-
related. For instance, one of the risks was ‘We don’t 
fully understand the physical impacts of climate 
change.’ Risks in the company are typically considered 
within a range of a few months up to fi ve years. 
Strategic planning considers the three- to fi ve-year 
timeframe, business plans look at risks out to one to 
three years and operational decisions (eg scheduling of 
equipment) consider the next few months.

Contextualised climate risk management is also 
important for the company. Mine sites have their own 
operational risk registers and action plans which 
allow for this. In Ghana, for example, changing rainfall 
patterns can impact operations: during periods of low 
rainfall, a focus is placed on mining in deeper areas 
(rather than alongside the walls); during periods of high 
rainfall, focus is shifted to the materials alongside the 
walls (as the deeper areas become inaccessible).

BOX 8

50. CGE Risk Management Solutions, ‘Bowtie risk assessment for inspection authorities’ (2018)
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Risk management (adaptation) options can cut across 
all areas of the business and cover multiple dimensions.
The typology of adaptation options presented in Table 2 
may be useful to help ensure that the full suite of available 
options is identifi ed. Some measures will be high cost 
and complex (eg new infrastructure, or actions involving 
multiple stakeholders); others will be low cost and easier 
to implement (eg operational changes, capacity building 
and training). Companies should aim to identify risk 
management (adaptation) options that both provide a 
benefi t in the current climate as well as resilience to the 
range of potential future climates.

Table 2: Types of risk management (adaptation) options to address climate-related risks.

Type of option Examples

Informational •  Monitor trends in weather, climate or climate-related factors vs critical thresholds.
•  Undertake quantitative climate risk assessments.
•  Undertake cost-benefi t analysis of adaptation actions.

Institutional / policy • Oversight and governance of adaptation.
•  Modify processes, standards, guidelines.
•  Stakeholder engagement.

Insurance • Extend cover.
•  Engage with insurers on adaptation measures that have been implemented.
•  Increase maintenance.

Operational (OPEX) •  Change frequency of activities that manage weather or climate risks (eg dust 
suppression).

Physical modifi cation 
(CAPEX)

•  Upgrade to higher specifi cation on replacement.
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50. CGE Risk Management Solutions, ‘Bowtie risk assessment for inspection authorities’ (2018)
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4.3.6 Step 6: Evaluating adaptation options

Within the context of restricted fi nancial resources and 
competing priorities on operations and staff time, it 
will be necessary to evaluate and appraise which risk 
management (adaptation) options to take forward. There 
are many existing techniques to appraise risk management 
options, including:

• Cost–benefi t analysis (CBA).
• Cost-effectiveness analysis (CEA).
• Multi-criteria Analysis (MCA).
• Least cost options.
• Expert elicitation.
•  Appraisal tools for specifi c purposes, eg ‘as low as 

reasonably practicable’ (ALARP) for safety- critical 
systems, or ‘best available technology’ (BAT) for 
preventing or minimising impacts on the environment.

4. BUILDING BUSINESS RESILIENCE 
IN A CHANGING CLIMATE

4.3.7 Step 7: Developing adaptation pathways

Adaptation responses need to be fl exible given 
uncertainties about future climate change. Adaptation 
often constitutes a ‘package’ of individual measures, 
with progress made over time and systematically. 
‘Adaptation pathways’ can be developed to sequence the 
implementation of the measures. They provide fl exibility 
to respond to changing conditions, such as observed 
trends in climate and weather, changing risk profi les, new 
developments in climate science or external pressures. 
‘The pathways perspective implies an iterative and ongoing 
approach… that enables… learning so that choices along 
pathways can be altered in response to predefi ned 
triggers.’55 During the 2017 adaptation workshop, 
participants developed a number of adaptation pathways 
to address climate-related risks: an example is shown in 
Figure 13.

51. BHP, ‘Climate Change’ (2018)
52. Rio Tinto, 2017 Sustainable Development Report (2018) (PDF)
53. Glencore, ‘Climate Change’ (2018)
54. Vale, Vale Sustainability Report (2017)
55. Rosenzweig, C. and Solecki, W., ‘Hurricane Sandy and adaptation pathways in New York: lessons from a First- Responder City’, in Global Environmental 
Change 28: 395–408 (2014)

BOX 9
INSIGHTS FROM ICMM MEMBER COMPANIES 
ON CLIMATE-RELATED RISK MANAGEMENT 
MEASURES IDENTIFIED AND BEING 
IMPLEMENTED

BHP: ‘Cyclone management is already a critical 
requirement for our West Australian Iron Ore (WAIO) 
asset, and maintaining adaptive management practices 
will allow WAIO to respond to an expected increase in 
cyclone intensity in the Pilbara region. Another example 
is provided by our Petroleum business, which has 
specifi cally designed severe weather mitigation systems 
for Floating Production and Storage Offtake vessels 
(FPSOs). Although the FPSOs are connected to subsea 
oil and gas infrastructure, they have the capability to 
disconnect from this infrastructure, and can sail away 
from impending cyclonic or extreme weather events.’51

Rio Tinto: ‘We’re doing more work to understand the 
risks to our business under various climate scenarios 
– making sure our facilities are resilient to climate 

variations and weather extremes such as assessing the 
decadal trends in cyclones and rainfall in the Pilbara 
and ensuring our logistics network is resilient to intense 
rainfall events.’52

Glencore: ‘We regularly review our exposure to actual 
and potential risks arising from climate change, such 
as changing weather patterns. For example, melting 
permafrost could affect the way we work at our assets 
in northern Canada and we review controls that aim to 
ensure waste ore is stored safely. Changing weather 
conditions could also affect water availability; this is 
taken into account when assessing assets with high 
water-related risks.’53

Vale: ‘Vale in 2017 refi ned the information in its map of 
potential climatic impacts, including future projections, 
for the Sistema Norte – mines in the Carajás region, 
Carajás Railway and São Luís port – and Mozambique. 
In 2017 the company started an internal project to adjust 
the qualifi cation and quantifi cation of climate risks 
according to the recommendations of the Task Force on 
Climate-related Financial Disclosures.’54



Adapting to a changing climate 39

There are several overarching principles that may be useful 
when considering the sequencing of risk management 
options into adaptation pathways. Early actions are 
advisable where there is either:

1.  A high priority present-day or near-term risk or 
opportunity.

2.  A long-term risk or opportunity which requires planning 
ahead for adaptation actions, which have long lifetimes 
or lead times.

Informational and institutional or policy actions may need 
to be undertaken early, as these often form the evidence 
and building blocks for other actions. It often makes sense 
to implement operational actions in the short- to medium-
term, as they are generally more fl exible / reversible and 
lower cost than physical modifi cations. Actions that are 
likely to be deferred until later are those that are more 
costly, and which address long-term risk. These are 
typically physical modifi cations, involving signifi cant CAPEX. 

Figure 13: Hypothetical adaptation pathway to address the risks associated with drought-induced water scarcity 
for operations and the local community. This was developed during the 2017 ICMM adaptation workshop in 
South Africa. 

Medium Term (1-2 years) Long Term (2-5 years)
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Drill 
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community 
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(eg govt., 
regulator, 
community)
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water 
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programme

Design 
and build 
desalination 
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rental option

Aquifer 
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CBA 
informing 
permanent 
solution

Monitoring 
efficiency of 
on-site 
water use

Informational actions

Insitutional and policy-related actions

Operational actions (OPEX)

Physical modification (CAPEX)
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5. CONCLUSION

Physical climate-related risks and opportunities 
could manifest in a variety of ways that can eventually 
impact operations, production, and fi nancial, social and 
environmental performance of mining companies. Water, 
tailing dams and closure are key areas that companies 
need to focus management attention to, due to their risk 
and complexity. 

Although climate change does not always create new risks 
or opportunities for mining companies, it has the potential 
to change existing risk profi les. Companies will need 
to respond dynamically to increase business resilience, 
integrating climate change considerations within existing 
risk management and planning procedures. 

ICMM and its members see the importance of adapting to 
the physical impacts of climate change, understanding that 
climate resilience cuts across virtually all components of 
the mining system. To effectively respond, cross-functional 
teams and capacity building are required. ICMM members 
also acknowledge the need to raise understanding and 
awareness of climate change and its effects on their 
operations, host communities and along the entire 
value chain. 
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These defi nitions have been adapted from the IPCC AR5 
Synthesis Report56 unless otherwise noted.

Adaptation The process of adjustment to actual or 
expected climate and its effects. In human systems, 
adaptation seeks to moderate or avoid harm or exploit 
benefi cial opportunities. In some natural systems, human 
intervention may facilitate adjustment to expected climate 
and its effects.

Adaptive management The process of iteratively planning, 
implementing, and modifying strategies for managing 
resources in the face of uncertainty and change. Adaptive 
management involves adjusting approaches in response 
to observations of their effect and changes in the 
system brought on by resulting feedback effects and 
other variables.57

Adaptation pathways. An approach designed to schedule 
adaptation decision-making: it identifi es the decisions 
that need to be taken now and those that may be taken 
in future. The approach supports strategic, fl exible and 
structured decision-making. The pathways approach 
allows decision makers to plan for, prioritise and stagger 
investment in adaptation options. Trigger points and 
thresholds help them identify when to revisit decisions 
or actions.58

Baseline/reference The baseline (or reference) is the state 
against which change is measured. A baseline period is the 
period relative to which anomalies are computed.

Climate change A change in the state of the climate that 
can be identifi ed (eg, by using statistical tests) by changes 
in the mean and/or the variability of its properties and that 
persists for an extended period, typically decades or longer. 
Climate change may be due to natural internal processes 
or external forcings such as modulations of the solar 
cycles, volcanic eruptions and persistent anthropogenic 
changes in the composition of the atmosphere or in 
land use.

Climate model(s) A numerical representation of the 
climate system based on the physical, chemical and 
biological properties of its components, their interactions 
and feedback processes and accounting for some of its 
known properties.

DEFINITIONS

Climate threshold The point at which external forcing of 
the climate system, such as the increasing atmospheric 
concentration of greenhouse gases, triggers a signifi cant 
climatic or environmental event which is considered 
unalterable, or recoverable only on very long time-scales, 
such as widespread bleaching of corals or a collapse of 
oceanic circulation systems.59 (See also tipping point).

Climate variability Climate variability refers to variations 
in the mean state and other statistics (such as standard 
deviations, the occurrence of extremes, etc.) of the climate 
on all spatial and temporal scales beyond that of individual 
weather events. Variability may be due to natural internal 
processes within the climate system (internal variability), 
or to variations in natural or anthropogenic external forcing 
(external variability).

Emission scenario A plausible representation of the 
future development of emissions of substances that 
are potentially radiatively active (eg, greenhouse gases, 
aerosols), based on a coherent and internally consistent set 
of assumptions about driving forces (such as demographic 
and socio-economic development, technological change, 
energy and land use) and their key relationships.

Extreme weather event An extreme weather event is an 
event that is rare at a particular place and time of year. 
Defi nitions of rare vary, but an extreme weather event 
would normally be as rare as or rarer than the 10th or 90th 
percentile of the observed probability density function.

Greenhouse gas (GHG) Gases that trap heat in the 
atmosphere, including Carbon dioxide (CO2), Methane 
(CH4), Nitrous oxide (N2O) and fl uorinated gases such 
as hydrofl uorocarbons, perfl uorocarbons, sulphur 
hexafl uoride, and nitrogen trifl uoride.60

Impacts (consequences, outcomes) Effects on natural 
and human systems. IPCC uses the term primarily to refer 
to the effects on natural and human systems of extreme 
weather and climate events and of climate change. Impacts 
generally refer to effects on lives, livelihoods, health, 
ecosystems, economies, societies, cultures, services and 
infrastructure due to the interaction of climate changes 
or hazardous climate events occurring within a specifi c 
period and the vulnerability of an exposed society or 

56. IPCC, Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change. Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC) (2014)
57. IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change (eds. Barros, V.R, Field, C.B, Dokken, D.J, Mastrandrea, M.D, Mach, K.J, Bilir, T.E, Chatterjee, M, Ebi, K.L, 
Estrada, Y.O, Genova, R.C, Girma, B, Kissel, E.S, Levy, A.N, MacCracken, S, Mastrandrea, P.R and White, L.L) (2014). Cambridge University Press
58. CoastAdapt, ‘What is a pathways approach to adaptation?’ (2018)
59. IPCC, Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Fourth Assessment Report of the Intergovernmental Panel on Climate Change (2007)
60. Environmental Protection Agency of the United States, ‘Overview of Greenhouse Gases’ (2018)
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system. Impacts are also referred to as consequences and 
outcomes. The impacts of climate change on geophysical 
systems, including fl oods, droughts and sea level rise, are 
a subset of impacts called physical impacts.

Mitigation (of climate change) A human intervention to 
reduce the sources or enhance the sinks of greenhouse 
gases (GHGs). This report also assesses human 
interventions to reduce the sources of other substances 
which may contribute directly or indirectly to limiting 
climate change, including, for example, the reduction of 
particulate matter emissions that can directly alter the 
radiation balance (eg, black carbon) or measures that 
control emissions of carbon monoxide, nitrogen oxides, 
Volatile Organic Compounds and other pollutants that can 
alter the concentration of tropospheric ozone which has 
an indirect effect on the climate.

Nationally determined contributions (NDCs) The Paris 
Agreement (Article 4, paragraph 2) requires each Party to 
prepare, communicate and maintain successive nationally 
determined contributions (NDCs) that it intends to achieve. 
Parties shall pursue domestic mitigation measures, with 
the aim of achieving the objectives of such contributions.61

Physical climate risks Risks resulting from climate 
change can be event driven (acute) or longer-term shifts 
(chronic) in climate patterns. Physical risks may have 
fi nancial implications for organisations, such as direct 
damage to assets and indirect impacts from supply chain 
disruption. Organisations’ fi nancial performance may also 
be affected by changes in water availability, sourcing, and 
quality; food security; and extreme temperature changes 
affecting organisations’ premises, operations, supply chain, 
transport needs, and employee safety.62

Representative Concentration Pathways (RCPs) Scenarios 
that include time series of emissions and concentrations 
of the full suite of GHGs and aerosols and chemically active 
gases, as well as land use/land cover.63 RCPs usually refer 
to the portion of the concentration pathway extending up to 
2100, for which Integrated Assessment Models produced 
corresponding emission scenarios.

Resilience The capacity of social, economic and 
environmental systems to cope with a hazardous event 
or trend or disturbance, responding or reorganising 

in ways that maintain their essential function, identity 
and structure, while also maintaining the capacity for 
adaptation, learning and transformation.

Scenario(s) A story or image that describes a potential 
future, developed to inform decision making under 
uncertainty. A scenario is not a prediction of what the 
future will be but rather a description of how the future 
might unfold.64

Scenario analysis A process for identifying and assessing 
a potential range of outcomes of future events under 
conditions of uncertainty. In the case of climate change, 
for example, scenarios allow an organisation to explore 
and develop an understanding of how the physical and 
transition risks of climate change may impact 
its businesses, strategies, and fi nancial performance 
over time.65

Tipping point A level of change in system properties beyond 
which a system reorganises, often abruptly, and does not 
return to the initial state even if the drivers of the change 
are abated. For the climate system, tipping point refers to a 
critical threshold when global or regional climate changes 
from one stable state to another stable state. The tipping 
point event may be irreversible.

Transition risks Transitioning to a lower-carbon economy 
may entail extensive policy, legal, technology, and 
market changes to address mitigation and adaptation 
requirements related to climate change. Depending on the 
nature, speed, and focus of these changes, transition risks 
may pose varying levels of fi nancial and reputational risk 
to organisations.66

Water scarcity Water that is scarce in availability due to 
physical shortage, or where access is limited due to the 
failure of institutions to ensure a regular supply or due to 
a lack of adequate infrastructure.67

Water stress Water stress occurs when the demand for 
water exceeds the available amount during a certain 
period or when poor quality restricts its use. Water stress 
causes deterioration of fresh water resources in terms 
of quantity (aquifer over-exploitation, dry rivers, etc.) and 
quality (eutrophication, organic matter pollution, saline 
intrusion, etc.).68

61. UNFCCC, Paris Agreement Article 4 (2018)
62. TCFD, Final Report: Recommendations of the Task Force on Climate Related Financial Disclosures (2017)
63. Moss et al. (2010), cited in IPCC, Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC)
64. IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change (2016)
65. TCFD, Final Report: Recommendations of the Task Force on Climate Related Financial Disclosures (2017) (PDF)
66. Ibid.
67. UN Water, ‘Water scarcity’ (n.d.)
68. European Environment Agency, ‘Water glossary’ (2018) 
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AI artifi cial intelligence

ALARP as low as reasonably practicable

AR5 Fifth Assessment Report of the IPCC

BAT best available technology

BRACED Building Resilience and Adaptation to Climate  
 Extremes and Disasters [UK]

CAPEX capital expenditure

CBA cost–benefi t analysis

CDP community development plan

CEA cost-effectiveness analysis

COP 21  UNFCCC Conference of the Parties, 21st 
conference, held in Paris, December 2015. 
Also known as the 2015 Paris climate 
negotiations

COP 24 UNFCCC Conference of Parties, 24th   
 conference, held in Katowice, December 2018

CMIP5 Coupled Model Intercomparison Project

CRiSTAL Community-based Risk Screening Tool –   
 Adaptation and Livelihoods

CSIRO Commonwealth Scientifi c and Industrial   
 Research Organisation

CVCA Climate Vulnerability and Capacity Analysis of  
 Care International

EBRD European Bank for Reconstruction and   
 Development

EPCM Engineering, Procurement and Construction   
 Management

ESIA Environmental and Social Impact Assessment

GCECA  Global Centre of Excellence on Climate 
Adaptation; known as the Global Centre for 
Adaptation as of September 2018

GHG greenhouse gas (eg methane (CH4), carbon   
 dioxide (CO2)

ABBREVIATIONS

GRPS Global Risks Perception Survey

FEED front end engineering design

FPSOs Floating Production and Storage Offtake   
 vessels

ICMM International Council on Mining and Metals

ICC International Chamber of Commerce

ICT Information and Communications Technology

IPCC Intergovernmental Panel on Climate Change

LoMP life of mine plan

MCA multi-criteria analysis

MiCA Mining Climate Assessment tool

NASA National Aeronautics and Space   
 Administration [USA]

NDC nationally determined contribution

NGFS Network for Greening the Financial System

NOAA National Oceanic and Atmospheric   
 Administration [USA]

NPV net present value

OPEX operational expenditure

PRCP Progressive Rehabilitation and Closure Plans

RCP Representative Concentration Pathway

RTMP Rio Tinto Minera Peru

TCFD Task Force on Climate-related Financial   
 Disclosures

UKCIP UK Climate Impacts Programme

UNFCCC United Nations Framework Convention on   
 Climate Change

WAIO West Australian Iron Ore

WRI World Resources Institute



This publication contains general guidance only and should not be relied 
upon as a substitute for appropriate technical expertise.  Although 
reasonable precautions have been taken to verify the information contained 
in this publication as of the date of publication, it is being distributed without 
warranty of any kind, either express or implied.  This document has been 
prepared with the input of various International Council on Mining and 
Metals (“ICMM”) members and other parties.  However, the responsibility 
for its adoption and application rests solely with each individual member 
company.  At no stage does ICMM or any individual company accept 
responsibility for the failures or liabilities of any other member company, 
and expressly disclaims the same.  Each ICMM member company is 
responsible for determining and implementing management practices 
at its facility, and ICMM expressly disclaims any responsibility related to 
determination or implementation of any management practice.  Moreover, 
although ICMM and its members are committed to an aspirational goal of 
zero fatalities at any mine site or facility, mining is an inherently hazardous 
industry, and this goal unfortunately has yet to be achieved.

In no event shall ICMM (including its offi cers, directors, and affi liates, as 
well as its contributors, reviewers, or editors to this publication) be liable 
for damages or losses of any kind, however arising, from the use of or 
reliance on this document, or implementation of any plan, policy, guidance, 
or decision, or the like, based on this general guidance.  ICMM, its offi cers, 
and its directors expressly disclaim any liability of any nature whatsoever, 
whether under equity, common law, tort, contract, estoppel, negligence, 
strict liability, or any other theory, for any direct, incidental, special, punitive, 
consequential, or indirect damages arising from or related to the use of or 
reliance on this document.  The responsibility for the interpretation and use 
of this publication lies with the user (who should not assume that it is error-
free or that it will be suitable for the user’s purpose) and ICMM.  ICMM’s 
offi cers and directors assume no responsibility whatsoever for errors or 
omissions in this publication or in other source materials that are referenced 
by this publication, and expressly disclaim the same.

The views expressed do not necessarily represent the decisions or the 
stated policy of ICMM, its offi cers, or its directors. This publication does 
not constitute a position statement or other mandatory commitment 
that members of ICMM are obliged to adopt under the ICMM Sustainable 
Development Framework.  ICMM merely provides its own opinions, insights, 
and advice that members of ICMM and others may take, accept, or use 
pursuant to their own free will and fully voluntarily.

ICMM, its offi cers, and its directors are not responsible for, and make no 
representation(s) about, the content or reliability of linked websites, and 
linking should not be taken as endorsement of any kind. We have no control 
over the availability of linked pages and accept no responsibility for them.

The designations employed and the presentation of the material in this 
publication do not imply the expression of any opinion whatsoever on the 
part of ICMM, its offi cers, or its directors concerning the legal status of any 
country, territory, city or area or of its authorities, or concerning delimitation 
of any frontiers or boundaries. In addition, the mention of specifi c entities, 
individuals, source materials, trade names, or commercial processes in this 
publication does not constitute endorsement by ICMM, its offi cers, or its 
directors.  

This disclaimer should be construed in accordance with the laws of England.
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mining and metals industry. Bringing 
together 27 companies – and 36 regional, 
national, and commodities associations 
– we support mining with principles to 
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of local communities.
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