
Case Study  | Economic Case Analysis of Climate Change 
Impacts and Adaptation Measures: Sudbury Integrated 
Nickel Operations

Mine: Sudbury Integrated Nickel 
Operations, Glencore

Jurisdiction: Sudbury, Ontario, 
Canada

Type of Mine: Nickel, copper, 
cobalt, gold, silver, platinum

Theme: Water Management 
System 

Climate Challenge: Changes to 
hydrologic system including: 
Extreme rainfall, flooding, high 
and low water conditions

Climate change hazards and related
impacts have already begun to affect
the Canadian mining sector (Lemmen
et al., 2008; Warren and Lemmen et
al., 2014; Pearce et al., 2009). These
hazards have led to a wide range of
industry impacts, from minor
equipment damage to catastrophic
property losses, and from localized
impacts including flooding and
permafrost thaw to industry-wide
issues including supply chain
disruption. Each mine has a different
level of vulnerability to climate
impacts and hazards, based on several
factors including location, type of
mining and mine site adaptive
capacity, among others. These factors
can increase sensitivity, and
consequently, the level of risk
associated with climate change
impacts. As the climate continues to
change, these threats will evolve and
new risks will appear for Canadian
mines.

In their latest report (2014), the
Intergovernmental Panel on Climate
Change show that global average air

temperatures have continued to rise,
oceans have continued to warm,
extreme weather events have
become more frequent and intense,
and sea level has continued to rise.
Global and regional climate
projections suggest that these types
of change will continue in Canada
(IPCC, 2014), with impacts being felt
by all sectors of the economy
including mining.

For the mining industry, climate
change is a multi-faceted issue with
environmental, social and economic
implications. Physical climate risks can
be assessed and managed using a
variety of decision-making processes
and tools. Environmental impacts of
climate change can be managed
within the environmental, risk and
vulnerability assessment processes
that accompany the design and
operation of a mine. Social impacts of
climate change can be managed
through public consultation
accompanying EAs, mining lease
grant, and some licensing processes.
Economic effects of climate change



on planning and operations can be
managed through economic analysis,
including cost-benefit analysis of both
climate change impacts and potential
adaptation measures.

Despite the sector’s growing
recognition of weather and climate
challenges, and an increasing
awareness of the need for adaptation,
consideration of climate change
impacts and adaptation in business
planning is generally lacking (Lemmen
et al., 2014). Cost-Benefit Analysis of
climate change impacts and
adaptation helps build the business
case for climate risk management
through adaptation. Results from a
climate-specific CBA can also help
prioritize risks, identify appropriate
adaptation options and determine
optimal timing for adaptation
investment.

This case study outlines the
methodology and results from a cost-
benefit analysis of climate change
impacts and adaptation measures on
Glencore’s Sudbury Integrated Nickel
Operations. The study illustrates
Glencore’s efforts to better
understand the impacts of changing
climate on the mine’s operations, and
the financial repercussions of
measures to adapt to those impacts.
The case study highlights the process,
challenges, benefits and results of a
CBA to illustrate its usefulness in

Background

Glencore, a multinational mining
corporation headquartered in
Switzerland, has created Sudbury
Integrated Nickel Operations
(formerly known as Xstrata Nickel).
The Sudbury Integrated Nickel

Despite the mining sector’s growing recognition of weather and climate challenges, and an increasing awareness of the need for 
adaptation, consideration of climate change impacts and adaptation in business planning is generally lacking.

decision-making for mine owners and
operators in Canada.

This case study is made possible
through funding from Natural
Resource Canada’s Enhancing
Competitiveness in a Changing
Climate program. The program
facilitates the sharing and
development of knowledge, tools and
practices to assist decision-makers in
the analysis and implementation of
measures to deal with current and
future climate-and weather-related
challenges. This case study has been
prepared by the Ontario Centre for
Climate Impacts and Adaptation
Resources (OCCIAR) and its parent
organization the Mining Innovation,
Rehabilitation and Applied Research
Corporation (MIRARCO). It was
developed in partnership with Golder
Associates Ltd., a firm that delivers a
wide range of independent
consulting, design and construction
services in the specialist areas of
earth, environment and energy.

This case study would not have been
possible without generous
contributions of time and knowledge
by Marc Butler of Glencore and his
team. MIRARCO and Golder are most
grateful for their willingness to
participate in the analysis and to
share its results with others in the
mining sector.

Operations operates two
underground mines: Nickel Rim South
(Figure 1) and Fraser Morgan mine, as
well as the Strathcona mill and
Sudbury smelter in the Sudbury basin
of Ontario (Figure 2).

Although the sites primarily produce
nickel and copper, other metals such
as cobalt, gold, silver and platinum
are also mined in Sudbury basin. In
operation since 2009, Glencore’s
Nickel Rim South mine is one of the



largest nickel mining operations in
Sudbury and is expected to continue
production until 2025.

Sudbury Integrated Nickel Operations
employs approximately 1,200
permanent employees at its four
locations. As of 2011, the annual
production capacity of the Sudbury
mines was 69,459 tonnes. The
Strathcona Mill receives ore from the
two Sudbury mines and produces a
stream of nickel-copper concentrate
that is smelted by Sudbury smelter.

In 2012, the Sudbury Smelter had
produced approximately 73,000
tonnes of nickel, 20,000 tonnes of
copper and 2,200 tonnes of cobalt in
matte. Together, the mines, mill and
smelting operations contribute
significantly to Ontario’s nickel
production.

The case study specifically analyzes
the costs and benefits of climate
change impacts and adaptation at the
Nickel Rim South mine and the
Sudbury smelter. The work was
supported by a vulnerability
assessment that was performed on
the mine site and smelter area in
2011.

The costs and benefits (avoided costs)
will be represented using the
following ranges throughout the case
study (Table 1).

Climate Changes and 
Impacts for Sudbury 
Integrated Nickel 
Operations

The Sudbury basin has experienced 
significant warming over the past 60 
years, with average annual 
temperature rising 1.5 degrees

Celsius (Figure 2). In the same time
period, average annual precipitation
has increased by more than 100mm
(OCCIAR, 2009).

Locally downscaled climate
projections indicate that annual
average air temperature is expected
to increase by approximately 3
degrees Celsius by the 2050s. In the
same time period, average annual
precipitation is expected to increase
by between 10 and 15%. These
changes are expected to lead to
shorter winter and longer summer
seasons characterized by increased
weather variability (IEESC, 2013;
Vasseur, 2007).

Environmental Triggers

Together, Glencore staff and the
project team identified and defined
five environmental events or
conditions that would likely trigger
costs for Sudbury Integrated Nickel
Operations. Determining the
probability that each trigger would
occur under current and future
climate scenarios informed the
calculation of climate-related
financial risk for Glencore.

The triggers were defined using
informed professional judgment and
Golder’s Climate Generator. The
Generator produces a large number
of climate conditions in order to
identify potential extreme wet and
dry events that, while possible, were
not recorded in the historic climate
data.

The simulated climate output
produced by the Climate Generator
was incorporated into a calibrated
hydrologic model, previously
developed for the Sudbury
Integrated Nickel Operations
smelter site and associated water
management facilities. Results
helped to evaluate project design
and operation based on potential
risk situations, and serve as a
baseline when comparing future
climate projections. These results
were used to define the current
climate triggers as follows:

Spring high water level conditions -
This environmental condition is
defined by above-average water
levels in the storage reservoirs due
to variable weather conditions
including excess precipitation and/or
rain on snow in the spring months.
These high water levels require
manual pumping to reduce water
levels and may lead to overtopping.
For the purposes of this project,
spring months are defined as
February through June (inclusive), as
the climate vulnerability assessment
demonstrated that these months
represented the period of highest
risk per year.

Summer/Fall low water level
conditions - Low water level
conditions in the summer/fall are
characterized by reservoir water
levels below the elevation of
deposited tailings. This condition is
significant due to the potential
effects of the by-products of

Environmental Triggers: Environmental conditions or events that would likely trigger costs for Sudbury Integrated 
Nickel Operations

Cost range Cost in dollars ($ CAD)

Low <$100,000

Medium $100,000 - $999,999

High $1,000,000<

Table 1: Cost Ranges (in $CAD) 



Analysis

Guidebook

To perform a cost-benefit analysis for
Glencore, the project team developed
a Climate Change Cost Benefit
Analysis Tool that calculated the costs
of climate change impacts and the net
present value of adaptation options.
Step-by-step guidance on how to use
this tool to conduct cost-benefit
analysis is available in Development of
Climate Change Economic Case
Analyses: A Guide to Using the
Climate Change Cost-Benefit Analysis
Tool. The guide also provides insight
into the types of information required
to perform the analysis, and key
assumptions for the computations.

Theme

Previous vulnerability assessments 
conducted for Glencore concluded 
that the water management systems 
at Nickel Rim South mine and the 
Sudbury smelter were particularly at 
risk, thus the cost-benefit analysis 
focused on water management 
systems (Figure 3)

The water management system at the 
Nickel Rim South mine includes:  
• Four Water management ponds 

for site runoff and mine 
dewatering; and

• A pump-house and pipeline of
approximately 18 km in length to
convey wastewater to the Sudbury
smelter water management
system.

The water management system at the
Sudbury smelter includes:
• Several water management

reservoirs utilized for site runoff,
mine rock management and
wastewater treatment;

• An effluent treatment plant; and
• Pumps, pipelines and culverts

associated with the conveyance of
site runoff and process water.

Cost-Benefit Analysis

Both infrastructure and operations
are affected by climate change, which
may result in costs for Glencore. Cost-
Benefit Analysis was used to calculate
that economic risk and identify
adaptation options to minimize the
impact on Sudbury Integrated Nickel
Operations. The

oxidation of tailings that are exposed
to air and channeling in the
downstream water management
system. The facility is required to
meet discharge to the natural
environment criteria, which may
require a reduced discharge rate
under these conditions.

Significant 24-Hour rainfall event -
The operation was recognized to be
vulnerable to a major 24-hour rain
event during warm temperature
months (April to October). The
threshold for a significant 24-hour
rain event was determined using

following section explains the CBA 
methodology and the results of the 
analysis. 

Establishing a baseline 
scenario

A workshop, hosted at Glencore,
engaged managers, environment and
safety specialists and engineers from
Sudbury Integrated Nickel Operations
to establish a baseline scenario,
including: Infrastructure and
operational threshold information;
estimates of the possible impacts
each environmental trigger could
have on the water management
system; and detailed cost
information.

Using this information, the project
team first developed estimates of risk
for each environmental trigger under
current climate conditions and normal
operating conditions, and then
combined these estimates with cost
information to establish an economic
baseline.

Estimation of baseline risk for the
environmental triggers was
completed using the risk bin approach

current intensity - duration -
frequency (IDF) curves for the
Sudbury area and expert knowledge
on the limits and characteristics of the
operation’s water balance.

A significant 24-hour rain event was
determined to be an event above the
1 in 100 year storm event, which
corresponds to approximately 97mm
of rain falling on the operations within
a 24-hr period.

Localized flooding – Low Risk - The
flooding of roadways/haul roads (non-
fundamental infrastructure),

inconvenience/nuisance flooding
stemming from significant short
return period (i.e. 15 min) rainfall
events and/or rain on snow
events.

Localized flooding – High Risk -
The flooding of the smelter
processing area including the
matt processing area that could
cause loss of production
stemming from significant short
return period (i.e. 15 min) rainfall
events and/or rain on snow
events



(See Guidebook for more
information). Historical climate trends
and site-specific hydrologic models
that considered infrastructural and
operational thresholds, were used to
characterize the likelihood of an
environmental trigger occurring
under current climate conditions (See
Table 2). An economic baseline was
established by compiling the costs
associated with each environmental
trigger (Table 3 ) provides a list
describing the specific costs that were

Risk Bin General Description Upper Bound Probability

1 Negligible/Not Applicable 0.001

2 Highly Unlikely/Improbable 0.01

3 Remotely Possible 0.05

4 Possible/Occasional 0.1

5 Somewhat Likely/Normal 0.2

6 Likely/Frequent 0.4

7 Probable/ Often 0.7

8 Highly Probable/ Approaching Certainty 0.99

Table 2: Risk Bin Model

Table 3: Description of costs associated with environmental triggers under 
business-as-usual scenario

considered in the analysis). Direct and
indirect costs (see Guidebook for
more information) related to the
occurrence of the trigger, as well as
costs incurred by Glencore in coping
with each risk, were calculated.

Prior climate events illustrated the
associated costs for each
environmental trigger. Where no
prior event had occurred, cost
estimates were compiled using
knowledge of current production and

input (energy, labour, materials etc.)
costs. The baseline risk and costs
exercises demonstrated that High
Water Levels (Spring), Significant
Rainfall Event and High-risk Flooding
posed the highest economic risk to
Glencore based on the probability of
occurrence and the costs associated
with each event or hazard occurring
under a business-as-usual scenario
(See Table 4).



Environmental Trigger Risk Bin Event Costs (CAD) Coping Costs (CAD)

E1. High water levels 2 High Low

E2. Low water levels 6 High Low

E3. Significant Rainfall Event 1 High None

E4. Low-risk Flooding 2 Low None

E5. High-risk Flooding 1 High None*

Table 4: Risk and costs associated with environmental triggers under business-as-usual scenario

* Glencore has invested in partial adaptation measures to address localized high-risk flooding (E5)

Evaluating risk under a 
future climate

To evaluate how the economic risk
associated with environmental
triggers changes under future climate
conditions, Golder’s Climate
Generator was used to process data
from the Future Climate Dataset.
Monthly results for future
temperature and precipitation were
supplemented using the stochastic
feature of the generator. In order to
assess uncertainty, a range of future
climate conditions were characterized
by five climate condition scenarios:

Average Conditions: where the
monthly mean of precipitation and air
temperature from all GCM result sets
was applied.
+30% Conditions: where Average
Conditions were applied, but with a
30% increase in the daily chance of
precipitation (assuming less intensity
per precipitation event, but greater
frequency).
-30% Conditions: where Average
Conditions were applied, but with a
30% decrease in the daily chance of
precipitation (assuming greater
intensity per precipitation event).
High GCM Conditions: where the
GCM results for the greatest increase
in precipitation was coupled with the
GCM results for the smallest increase
in air temperature.
Low GCM Conditions: where the GCM
results for the smallest increase in

precipitation was coupled with the
GCM results for the greatest increase
in air temperature.

These ranges were selected to test
the resistance of the water
management structures under a
variety of future conditions. The
scenarios compare the results from
mean future projections with extreme
conditions that would stress the
system, such as short duration
extreme precipitation events with
increased evaporation rates, and
longer duration events with lower
evaporation.

The outputs of this tool are the results
of the simulation of 40 years,
statistically sampled 1000 times each
(i.e. 1000 variations of the 40-year
future modelled period). These

results were then summarized to
provide an overview of future
conditions in comparison to the
outputs for the current conditions.

The future climate output was applied
to the Sudbury INO smelter site
hydrological model to compare
current and future risks to selected
infrastructure. The results of this
analysis informed risk bin adjustment,
reflecting new probability associated
with the occurrence of each of the
environmental triggers under future
climate scenarios (See Table 5).

Subsequently, the economic baseline
scenario, (including the current
climate conditions and the coping
costs), was compared to future cost
impact scenarios to estimate the
range of future costs for Sudbury

Environmental Trigger Risk Bin under baseline 
climate scenario

Risk Bin under future 
climate scenarios

E1. Do high water level 
conditions occur?

2 2

E2. Do low water level
conditions occur?

6 7

E3. Does a significant 24-
hr rainfall event occur?

1 2

E4. Will flooding in low-
risk areas occur?

2 3

E5. Will flooding in high-
risk areas occur?

1 2

Table 5: Summary of environmental trigger risk under baseline and future 
climate scenarios



Integrated Nickel Operations. Two
time periods were investigated a
period of 10 years and a period of 39
years. Environmental triggers were
tested on a monthly timescale
throughout these scenarios. An
inflation rate of 3.11% was applied to
provide a more accurate estimate of
future costs

Analyzing Adaptation 
Options

Glencore staff identified an
adaptation option to manage each

Environmental trigger Adaptation option Associated Cost Range
(CAD)

E1. High water level conditions in Spring Enlargement of key dam High

E2. Low water level conditions (in Summer/Fall) Install piping from groundwater wells to upstream 
installation point

Medium

E3.Significant rainfall event Install spillway Medium

E4. Localized flooding in low-risk areas Culvert enlargement Low

E5. Localized flooding in High-risk areas Culvert enlargement and site re-grading High

Table 6: Costs of adaptation associated with environmental triggers

Environmental trigger Baseline climate 
scenario – Business 
as usual

Baseline climate
scenario – Adaptation 
implementation

Future climate 
scenario – Business as 
usual

Future climate 
scenario – Adaptation 
implementation

E1 High water 
conditions in Spring
Avoided Costs

6 2 6 2

E2 Low water level 
conditions in 
Summer/Fall
Avoided Costs

5 2 5 2

E3 Significant 24-hr 
rainfall event
Avoided Costs

8 6 8 6

E4 Localized low-risk 
flooding
Avoided costs

8 3 8 3

E5 Localized high-risk
flooding
Avoided Costs

5 2 5 2

Table 7: Comparison of economic risk bin with and without adaptation implementation under baseline and future 
climate scenarios

environmental trigger, and calculated
the costs associated with its
implementation (See Table 6). To
assess the suitability of each
adaptation measure, the project team
undertook two steps. First, the risk
bins were adjusted to reflect the
reduced level of risk that could be
achieved by implementing each
adaptation measures. Secondly, the
implementation costs of each
adaptation option were compared to
its associated benefits or avoided

costs. At this time the economic risk
bin was not varied between the

current climate and future climate
conditions but could be an additional
variable in future assessments. (See
Table 7).



Use of CBA Results in 
Decision-making

The results of Glencore’s analysis
were used to make a business case for
adaptation investment. A decision-
making framework (See Fig. 1) was
used to evaluate the CBA results and
determine a response for Sudbury
Integrated Nickel Operations (See
Guidebook for more information).

In the short and long-term, coping
measures and adaptation actions
deliver different levels of risk
mitigation. To assess the economic
suitability of the identified adaptation
measures, Glencore compared their
associated costs and benefits with
those associated with current coping
efforts under short and long-term
timelines (See Tables 8 and 9).

The comparison demonstrated that
over a ten-year period, adaptation
action to address the environmental
trigger of low water levels in summer
and fall (i.e. the installation of piping
from groundwater wells to upstream
installation points) is likely to be a
good investment, achieving payback
within a short timeframe under both
the current climate and the future
climate scenarios.

Adaptation action to address the risk
of a significant 24-hr rainfall event
(i.e. installation of a spillway) has
roughly equal likelihood of achieving
economic payback within the 10-year
timeframe under future climate
conditions. Over a 39-year period, the
installation of a spillway to address a
significant 24-hr rainfall event and the
enlargement of the dam system is
likely to achieve economic payback
under future climate conditions. This
is an important distinction to note as
the spillway can also be an important
part of the closure plan.

Figure 1: Climate change decision-making using CBA results

Table 8: Economic suitability of coping measures vs. adaptation action over a 
10-yr period

Economic Suitability: The green bar indicates the likelihood (in %) of achieving payback under current and future climates.  Coping Preferred 
indicates that an investment in the adaption measures is not likely to give an economic return over the time period assessed. Adaptation 

Preferred indicates that an investment in the adaptation is likely to result in cost savings over the time period assessed.

Table 9: Economic suitability of coping measures vs. adaptation action over 
a 39-yr period



Lesson Learned

Conducting the Cost-Benefit Analysis
for Glencore produced some
interesting learning opportunities for
the project team. Two issues emerged
as challenges that the project team
and staff at Sudbury Integrated Nickel
Operations cooperated to resolve:
defining environmental triggers, and
determining the costs of future
impacts. The lessons learned through
this collaborative process can be
applied to future analyses to enhance
the quality of the results and
streamline the analysis.

Defining Environmental 
Triggers

In this context, capturing facets of
damage beyond thresholds of
tolerance was best achieved using
environmental triggers. Defining
environmental triggers at any single
location requires extensive local
knowledge of the level of
infrastructure and operational
resilience to weather extremes and
climate change. Additionally,

Estimates of damage to natural and
built systems, and operations in
general, are difficult to derive since
often no historic precedent exists;
Uncertainty in climate model output
and ultimately the likelihood of
impacts, particularly with regard to
extreme weather events, may cause
decision-makers to over- or under-
estimate impacts to operations;
Root causes of impacts that trigger
company costs are varied. Second or
third order impacts may be derived
from different lead-up scenarios (e.g..
high water levels may occur as a
result of above average precipitation
over a week long period, a rain on
snow event, or an extreme
precipitation event) thus making the
definition of the string of costs varied.
To address these issues, the project
team worked with Glencore staff to
ensure environmental triggers were
defined as specifically as possible.

Golder’s Climate Generator was used
to generate possible climate events or
conditions using a range of climate
variables (See Climate Changes and
Impacts for Sudbury Integrated Nickel
Operations, above). To minimize
uncertainty associated with future
projections, the project team used
five ‘climate condition scenarios’ and
simulated 1000 variations of a forty-
year period. Finally, triggers were
defined by the type of event or
condition that could cause the
environmental trigger to occur. These
definitions included magnitude and
frequency-based definitions of
climate events and seasonal norm-
based definitions of environmental
conditions (e.g. the high water level
trigger focused on spring rain on snow
events and significant 24-hr rainfall
event was defined as a 1 in 100 year
storm).

Determining Costs of 
Future Impacts

Variability of aspects related to
production loss, future fines, reduced
market capitalization from negative
publicity and other factors, make
estimates of future costs of climate
change challenging to produce. Clear
disclosure of assumptions, combined
with regular review of the CBA results
can help reduce uncertainty and
sharpen the analysis of costs and
benefits of adaptation.

In this case, the rates and values used
to assess production loss, future fines
and reduced market capitalization
were estimated under the following
assumptions:
• An inflation rate of 3.11% was

applied to estimate future costs,
aligning with current Bank of
Canada rates;

• An assumed one-time loss of 1% of
company market capitalization
following an MOECC fine for an
overtopping or dam failure
incident;

• A model was developed to
estimate future fines, relying on

• records of historical fines
occurring over the past 5 years

The model used:
• Most recent market

capitalization projected to the
future under inflation rates and
future production estimates;

• An estimate of one fine from the
Ontario Ministry of the
Environment and Climate
Change (MOECC) before action
was taken to prevent future
fines. The maximum fine of $1
million CAD was used in the
analysis.

Conclusion

The cost-benefit analysis allowed
Glencore to compare the economic
impact currently associated with
selected environmental triggers, to
the expected impact of these events
or conditions under the context of
continued climate change. The results
provide the basis for development of
a business case for adaptation action
in addressing low water levels in
summer and fall, significant 24-hr
rainfall events and localized, high-risk
flooding. The analysis also indicated
which of the proposed adaptation
options were likely to achieve
economic pay back over both 10 year
(E2 and E3) and 39-year (E2, E3 and
E5) periods. Glencore will conduct
additional investigation, including a
detailed engineering analysis and
further refinement of the CBA results,
during the preparation of a scope of
work for 2015.

The CBA and related inputs, including
the climate model results, generate
estimates of costs anticipated under
future climate conditions. The results
of this CBA, when used in conjunction
with risk and vulnerability
assessments, provide Glencore
decision-makers with a clear path
forward with regard to effective and
efficient adaptation implementation.
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