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1. Energy
The Dalhousie community ranked all ser-
vices and infrastructure related to energy 
(e.g. electricity generation, transmission 
lines) as a vulnerable area that is both high 
risk and high priority. The high level of risk 
is generally associated with how depen-
dent day to day university operations are 
on access to energy. A downed power line, 
for example, has the potential to disrupt 
sensitive research or interfere with food 
storage. Regarding energy infrastructure, a 
university infrastructure assessment found 
multiple vulnerabilities:

Currently the Central Heating Plant (CHP) 
has a capacity of 170 000 lb/hr (2 x 85 000 
lb/hr boilers) (Dalhousie University, 2009). 
However, since the peak winter demand is 
approximately 162 000 lb/hr if there is a 
boiler failure in the winter there would be 
interruptions to daily campus operations 
(Dalhousie University, 2009). 

The existing boilers are 37 years old and 
theoretically at the end of their lifespan 
(Dalhousie University, 2009).

Figure 6. Key Vulnerabilities and Impacts
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Some of the steam lines that run from the 
CHP are currently at capacity and would 
need to be upgraded if the CHP is expand-
ed, or for future campus expansion (Dal-
housie University, 2009).

The steam line for the Sexton campus has 
problems with flooding, especially at the 
intersection of Morris-Brenton (Dalhousie 
University, 2009).

2. Built Environment
The Dalhousie campus comprises approxi-
mately 110 structures, many of which are 
pre-1975 construction. As a result university 
buildings were identified as a vulnerable 
area in the face of climate change. There 
was particular concern around the resilience 
of built infrastructure in the event of flood-
ing. Of highest priority was the building that 
houses the Information Technology Sys-
tems (ITS) Data Centre. Through the use of 
campus elevation mapping, personal com-
munications, and the vulnerability survey, 
additional areas with a high flood potential 
were identified (Table3) (Appendix G). With 
a changing climate, built infrastructure is 
also vulnerable to the effects of increased 
weathering, i.e. more freeze-thaw cycles, 

or extreme precipitation events (PIEVC, 
2008). The Canadian Council of Professional 
Engineers outlines some of the potential im-
pacts to infrastructure as a result of climate 
change (Table 5) (PIEVC, 2008).

Areas Vulnerable to Flooding
Killam Library - patio and basement (Data Centre)
Ralph M. Medjuck Building
Life Science Centre
Forrest Building
Marion McCain Arts and Social Sciences Building
Tupper Building
Cohn Auditorium
Dentistry Building
Clinical Research Centre
University Avenue and Summer Street
Dunn Building parking lot
East side of Shirreff Hall
M.M. O’Brien Hall
B Building
Central Service Building – not in flood plain, however, it is an 
extremely important building for further vulnerability assessment as 
it houses the central heating and cooling plant and is a conduit to 
underground district heating and cooling system.

Table 3. List of areas of 
Dalhousie campus identified 
as potentially vulnerable to 
flooding.

3.0 Benchmarking
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Figure 7. Examples of climate change induced weathering and infrastructure impacts. 
Adapted from: PIEVC, 2008, p.190

3.0 Benchmarking

Examples of weathering processes likely 
impacted by the changing climate

Potential infrastructure impacts

Increased freeze-thaw cycles (followed by 
decreases in warmest winter region

Premature deterioration of concrete, pavement

Roof ice damming

Moisture damages

Higher temperatures, increased  
chemical reactions

More freeze-thaw cycles in cold  
winter climates

Increased corrosion; above some thresholds, 
decreases in corrosion rates

Accelerated deterioration of building facades

Premature weathering

Fractures and spalling

More intense precipitation events

Changes in timing of seasonal precipitation, 
rainfall, length of season for wetting of 
surfaces

Increased decay processes (e.g. wood)

Increased rain penetration (e.g. wind driven rain) 
and moisture absorption

Decreased durability of materials

Efflorescence and surface leaching concerns

Damaged or flooded structures
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3. Transportation
The Dalhousie community felt transporta-
tion systems were a medium level of risk. 
As mentioned in both the survey responses 
and vulnerability workshop, routine daily 
operations of the university depend on indi-

viduals and/or goods being able to move to 
and from its campuses. Normal university 
functioning rapidly becomes compromised 
when mobility is impaired, as witnessed 
following Hurricane Juan in September 
2003. Cleared sidewalks are of equal impor-

tance since walking is the primary mode of 
transportation for the majority of students, 
while staff and faculty members primarily 
drive alone to campus (Figure 8).

Figure 8. Modes of transportation for Dalhousie faculty and staff, and students (Mans, 2010).

3.0 Benchmarking
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Climate change strategies are framed as 
key goals, objectives, and actions (Figure 
10). Goals relate to mitigation, adaptation 
and education outcomes. Objectives are 
tangible changes needed to realize goals. 
Actions are specific project areas for imple-
mentation. Each action area has a specific 
description and GHGs, adaptation, and/
or education targets (Table 4). Mitigation 
actions aim to fufill the following reduction 
patterns (Figure 9).

Figure 9. GHG Reduction targets using a baseline of 115,000 tonnes of GHGs. 
Baseline year 2008-2009 calculations are approx. 109,510 tonnes. As noted it 
is felt transportation survey data might be slightly underrepresented therefore 
115,000 is used for action planning purposes.

4.0 Climate Change Strategies
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Campus Energy Systems
•	 Fuel conversion 

•	 Tri-generation

•	 Renewables

•	 Bury power lines

Green Buildings
•	 Campus Lighting

•	 Major Buildings Retrofits

•	 New Construction

Sustainable Transport
•	 Transportation Demand Management

Knowledge and Behaviour
•	 Operations Changes

•	 Emergency Measures Planning

•	 Design Guidelines

•	 Space Utilization

•	 ReThink Program, Curriculum, Research

Natural environment 
•	 Green and white roofs

•	 Native trees and vegetated swales

Carbon Offsets and Sinks

Goals Objectives Actions

Figure 10. Climate Change Strategies

4.0 Climate Change Strategies

Reduce  
Greenhouse  
Gasses

Adapt to a  
changing climate

Increase climate 
change knowledge

•	 Increase conservation behaviour
•	 Enhance energy, water and product efficiency
•	 Switch to low and no emissions fuel for energy 

and transportation

•	 Increase energy security
•	 Outline EMO and communication plan
•	 Improve resilience of natural and built 

systems to severe weather

•	 Teaching and research on climate change 
issues in all Faculties

•	 Offer experiential education programs to 
students and employees that increase knowl-
edge of climate science and focus on changing 
behavior on and off campus
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Campus Energy Systems

Energy Master Planning: This plan covers the purchase use, distribution, measurement and 
minimization of energy and other utilities. Key focuses will include conservation and efficien-
cy, security and reliability, and renewable energy. In addition the plan will provide individual-
ized and detailed steps to plan for energy and sustainable systems within each building and for 
the whole campus creating one holistic system. 

Fuel conversion: Convert existing boilers from Bunker C and light fuel oil to natural gas.

Tri-generation: Trigeneration simultaneously converts one fuel source (ex. natural gas) in a 
turbine to create electricity. Waste heat created in the combustion process is used to create 
steam for heating or cooling. Trigeneration plants have overall system efficiencies of around 
85-95% while typical power plants, have an efficiency around 35-40%. Dalhousie is an excellent 
candidate for trigeneration because of our consumption and consistent loads, substantial 2 km 
district heating network, and our use of a central absorption chiller. Tri-generation will provide 
both reduced energy costs and electricity back-up in case Dalhousie is isolated from the NS 
Power grid. This creates an energy secure environment for research, data services, and residents.

Renewables: Add renewable technologies to new and existing buildings and explore 
application of small and large scale grid/district heating projects.

Bury power lines: Service disruptions are less likely when lines are buried, and protected from 
storm events. Undergrounding transmission lines also offers a financial benefit in terms of 
reduced maintenance costs (Sawyer & Cuddihy, 2007).

Emergency generators for key facilities: Places such as the Killam Data centre, or sensitive 
research facilities should be equipped with back-up energy supplies to ensure failure of the 
primary power supply will not interrupt required operations.

Green IT – Current IT systems use a significant amount of energy. The Killam Data Centre 
alone is responsible for over 5 tonnes of GHG emissions each year. Strategies should be investi-
gated to reduce energy used, or perhaps to relocate the data centre to an off-campus location.

GHG reductions: 

2010—2015:	 20,000 tonnes

2016—2020:	 20,000 tonnes

2021—2050:	 14,500 tonnes

Total:	 54,500 tonnes

Adaptation
Power lines buried and independent and 
secure energy sources by 2020

Actions Targets

4.0 Climate Change Strategies
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Green Buildings

Campus Lighting: An upgrade of over 50 buildings and outdoor lighting is planned. The use of 
high efficiency lamps, fixtures and controls will be employed. The use of passive lighting, LED, 
and solar lighting technology will be applied where feasible. 	

Major Buildings Retrofits: Utility analysis and building meter data have identified major 
building energy and water consumers per square foot. Further investigation has revealed 
opportunities for significant building energy upgrades from the additions of solar walls and 
panels to variable controls on fume hoods. Major retrofits of energy intensive buildings are 
being planned.

New Construction: Establish and follow green building standards and ratings  
for all new buildings.

GHG reductions:

2010 — 2015:	 6,000 tonnes

2016 — 2020:	 3,000 tonnes

2021 — 2050:	 12,000 tonnes

Total: 	 21,000 tonnes

Adaptation
New construction reflective of changing 
climate – (durable, accommodate storm 
water, not in flood plane)

4.0 Climate Change Strategies

Actions Targets

The Mona Campbell Academic was built to Gold LEED standards, using bubble deck construction, 
and incorporates many energy efficiencies such as low energy LED lighting
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Sustainable Transport

Transportation Demand Management

•	 Institute travel avoidance policies – Some examples are courses offered online, more 
efficient class scheduling, or by implementing teleworking. These would make university 
operations less vulnerable to disruptions to the transit system or transportation infrastruc-
ture and reduce GHGs.

•	 Increase the number of active transportation users on campus – Since a changing cli-
mate will likely mean warmer average temperatures for the HRM area, more individuals 
may make cycling or walking their primary mode of transportation to and from campus. 
Active transportation will also be an economically resilient alternative to fuel-based transit, 
if fuel costs rise as projected. In addition active transportation modes are zero emission and 
provide exercise. Enhance cycling end use facilities, cycling confidence, walking and cycling 
corridors, and cycling share/loan programs.

•	 Promote shared transportation methods – Reducing the number of drive-alone commut-
ers, whether through the use of public transit, or a university sponsored shared ride system, 
is another strategy to reduce GHGS and Dalhousie’s vulnerability to blocked transporta-
tion infrastructure. Often in an extreme weather event (e.g. hurricane, snow storm), main 
transportation routes are cleared first to allow public transit to start functioning. Provide 
employee bus program; explore shuttles with other local institutions and Metro Transit; 
enhance rideshare program; streamline parking services and charge market rates.

GHG reductions:

2010 — 2015:	 500 tonnes

2016 — 2020:	 1000 tonnes

2021 — 2050:	 3000 tonnes

Total:	 4,500 tonnes	

Adaptation
More modal options that are less reliant on 
fossil fuel and fragile transportation infra-
structure – Bike and walking infrastructure 
and corridors throughout HRM — 2020

4.0 Climate Change Strategies

Actions Targets
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Knowledge and Behaviour	

Operations Changes: Progress has been made in installing building level utility meters and 
connecting meters to Dalhousie’s building automation system. Further projects steps include 
hiring energy staff, making building scheduling changes, identifying control and re-commis-
sioning projects; identifying priority maintenance initiatives (e.x. steam trap replacement, vari-
able speed drive replacement, fume hood controls, …)

Emergency Measures and Communications Plan: While EMO plans are generally used for 
emergency situations, it is important to note climate change will likely cause more weather 
related emergencies through a likely increase in the frequency of extreme weather events. 
Through an EMO plan Dalhousie can effectively act in an anticipatory manner in adapting to 
climate change. Emergency measures planning should consider the following steps: 

•	 Be inclusive –EMO plan should include strategies for: waste management, food systems, 
potable water management, hazardous waste materials, interruptions to research, organiz-
ing volunteers, or weather monitoring.

•	 Prioritize – Identify facilities, services, or systems that must remain functional.

•	 Communicate efficiently – Make use of web or text resources to keep staff/students/fac-
ulty informed.

•	 Start teleworking – Allowing employees to work from home not only reduces GHG emis-
sions, but also decreases the size of a potentially at-risk population on campus in the event 
of extreme weather.

•	 Engage the neighbours – As an urban campus Dalhousie is located in a primarily residential 
neighbourhood. With several large, open areas (i.e. Dalplex), the university could serve as a 
place of refuge for the surrounding community in times of extreme weather events.

GHG reductions:

2010 — 2015:	 3,000 tonnes	

2016 — 2020:	 6,000 tonnes	

2021 — 2050:	 6,000 tonnes	

Total:	 15,000 tonnes

Adaptation
Knowledgeable, prepared, and proactive 
employees and students who react swiftly to 
solve energy and climate emergency issues. 

Actions Targets

4.0 Climate Change Strategies
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Design Guidelines: New standards are being set for energy and projected weather criteria that 
the University should adopt in design guideline standards for buildings and building products.

Space Utilization: Maximizing existing space is a key strategy to avoid unnecessary building 
and maximize underutilized space. Space utilization can relate to space in rooms, on building 
roofs and skins, and in equipment like refrigerators. Audits of space, equipment, and roofs and 
skins should be conducted to determine saving strategies.

ReThink Program: Increase rethink program, sustainability teams, energy competitions, social 
marketing tools, residence eco-olympics, and employee sustainability certification.	

Climate change research and teachings in all faculties.

Knowledge and Behaviour	 (continued)

Actions

4.0 Climate Change Strategies

Maximizing existing 
space is a key strategy
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Natural environment 	

Create and update flood maps – Identifying areas that currently flood, and improving drain-
age not only provides an immediate benefit, but is an effective adaptation strategy for a future 
that likely includes more precipitation.

Develop/utilize “green infrastructure” – Create green roofs, green belts, or parks to combat 
heat island effects. Green space can also function as a natural method to reduce storm water 
run-off (Birkmann et al., 2010). Green infrastructure exists in varying shapes, from patches to 
corridors, or matrices, each with associated benefits. A matrix for example (made up of many 
small areas of green space, such as lawns) has a high infiltration capacity for water runoff, 
while a corridor is more effective as a flood storage tool (Gill et al., 2007).

Create a white roof – These “cool” roofs reduce UV radiation damage and fluctuations in tem-
perature, which can cause expanding/contraction of a surface. 

Rethink HVAC operations – Climate change will likely cause a decreased need for heating and 
an increase in cooling strategies. Buildings may become more “free running”. HVAC systems 
could utilize night-ventilation for cooling, or move to less strict temperature regulations so 
buildings could equilibrate with outdoor temperatures (PIEVC, 2008, p.188).

Use alternate building materials – With precipitation levels likely increasing, materials such 
as gypsum sheets or plywood are very vulnerable to moisture. Once moisture penetrates the 
building envelope (the walls, roof/ceiling) it can cause a loss in structural integrity, or allow 
mould to grow (PIEVC, 2008, p.192).

Adaptation

Diversion of storm water from  
storm/water sewage systems ( 5%) 
reduction of total volume by 2030.

Actions Targets

4.0 Climate Change Strategies

Green roof on the Mona Campbell building.
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Carbon Offsets and Sinks	

Natural environment: Maintain and increase the amount of university owned  
trees and shrubs.	

Purchase “gold standard” carbon offsets that contribute to renewable  
energy development.

GHG reductions:

2010 — 2015:	 40 tonnes (sink)

2016 — 2020:	 40 tonnes (sink)

2021 — 2050:	 19920 tonnes (sink and offsets)

Total:	 20,000 tonnes

Actions Targets

4.0 Climate Change Strategies
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5.0 Evaluation

Each year, Dalhousie will release a Green-
house Gas Inventory report which will high-
light emissions and compare these emis-
sions to the established baseline and targets. 
Greenhouse gas emissions are an indicator 
outlined in the University Strategic Report. 
As such, progress reporting on emissions 
will be outlined in this document. In addi-
tion, the Dalhousie University Sustainability 
Plan, establishes public reporting on sus-
tainability indicators and targets every three 
– five years. Climate change targets are also 
tracked here. The Climate Change plan will 
be reviewed annually by the President’s 
Advisory committee to track progress and 
make suggestions and revisions.
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Feedback on Climate Change Strategies 
As part of the plan development process, 
the Dalhousie community was able to 
provide their opinions on the initial draft of 
the climate change plan through a survey. 
Making changes to campus energy sys-
tems, encouraging sustainable methods of 
transportation, increasing knowledge, and 
changing behaviours were areas that re-
spondents identified as very important for 
reducing our GHGs. All of these areas are 
being addressed by the plan. Some respon-
dents felt that the plan needs to address 
food systems and procurement on campus. 
A few of those surveyed suggested that 
carbon offsets are largely ineffective, and 
that Dalhousie needs to focus on behav-
ioural changes to reduce our GHGs. Overall 
responses included issues such as:

•	 Improve heating/cooling monitoring sys-
tems, windows are frequently open even 
when heating systems are operating

•	 More covered bike parking on campus, 
improvements to bike parking on Sexton 
campus, more lockers, bus passes for 
faculty/staff, introduce carpool parking 
spots on campus

•	 Create a community garden on campus, 
more local food, introduce seasonal 
menus, provide more meatless options, 
ask “how does this affect sustainability?” 
when making purchasing decisions

•	 Carbon offsets are a temporary solution, 
we need to address unsustainable use of 
resources

This revised climate change plan identifies 
many key strategies outlined by participants 
as priority actions. Key strategies and tar-
gets for food and sustainable procurement 
actions are being addressed as part of the 
Campus sustainability plan, though further 
carbon research on these Scope 3 emission 
topics have been added to the climate plan.  
Carbon offsets are not used in the immedi-
ate future as an action strategy as there are 
many on campus investments in tangible 
reductions to be made.
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7.0 Definitions	  

Adaptation: “Adjustment in natural or 
human systems in response to actual or 
expected climatic stimuli or their effects, 
which moderates harm or exploits beneficial 
opportunities. Various types of adaptation 
can be distinguished, including anticipatory, 
autonomous and planned adaptation” (In-
tergovernmental Panel on Climate Change 
(IPCC), 2007, p.869).

Adaptive capacity: “The ability of a sys-
tem to adjust to climate change (including 
climate variability and extremes) to moder-
ate potential damages, to take advantage of 
opportunities, or to cope with the conse-
quences” (IPCC, 2007, p.869).

Anticipatory adaptation: “Adaptation 
that takes place before impacts of climate 
change are observed. Also referred to as 
proactive adaptation” (IPCC, 2007, p.869).

Autonomous adaptation: “Adaptation 
that does not constitute a conscious re-
sponse to climatic stimuli but is triggered 
by ecological changes in natural systems 
and by market or welfare changes in human 
systems. Also referred to as spontaneous 
adaptation” (IPCC, 2007, p.869).

Base year: Historical period specified for 
the purpose of comparing GHG emissions 
or removals or other GHG-related informa-
tion over time*
	 NOTE: Base-year emissions or removals may 

be quantified based on a specific period (e.g. 
a year) or averaged from several periods (e.g. 
several years).

Carbon dioxide equivalent (CO2
e): Unit 

for comparing the radiative forcing of a 
GHG to carbon dioxide*
	 NOTE: The carbon dioxide equivalent is 

calculated using the mass of a given GHG 
multiplied by its global warming potential

Climate change: “Climate change refers to 
any change in climate over time, whether 
due to natural variability or as a result of 
human activity. This usage differs from that 
in the United Nations Framework Conven-
tion on Climate Change (UNFCCC), which 
defines ‘climate change’ as: ‘a change of 
climate which is attributed directly or 
indirectly to human activity that alters 
the composition of the global atmosphere 
and which is in addition to natural climate 
variability observed over comparable time 
periods’” (IPCC, 2007, p.871). 

Criteria air contaminants (CACs): “CACs 
are the common trace particles and gases 
found in ambient air that monitoring pro-
grams target most often. CACs include total 
suspended particulate, particulate matter 
10 microns or less in diameter, particulate 
matter 2.5 microns or less in diameter, and 
gaseous pollutants, including sulphur diox-
ide (SO2), nitrogen oxides (NOx), carbon 
monoxide (CO) and ground level ozone 
(O3)” (North West Territories Environment 
and Natural Resources, 2010).

Critical infrastructure: Critical infrastruc-
ture is defined in Canada as “those physi-
cal and information technology facilities, 
networks, and assets whose disruption or 
destruction would have serious impact on 
the health, safety, security, and economic 
well-being of Canadians or on the effective 
functioning of governments in Canada” 
(Grenier, 2001 in Auld, MacIver, & Klaas-
sen, 2006, p.7).

Direct greenhouse gas emission: GHG 
emission from greenhouse gas sources 
owned or controlled by the organization*

 Terms marked with an astersik hold relevance throughout this report, 
with definitions adapted from CSA ISO 14064-1:2006(E)
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Energy indirect greenhouse gas emission: 
GHG emission from the generation of im-
ported electricity, heat or steam consumed 
by the organization*

Exposure: “The amount of a factor to 
which a group or individual was exposed; 
sometimes contrasted with dose (the 
quantity of material entering an exposed 
person)” (McMichael et al., 2003 as cited in 
Lamy & Bouchet, 2008, p.468).

Extreme weather event: “An event that 
is rare within its statistical reference distri-
bution at a particular place. Definitions of 
‘rare’ vary, but an extreme weather event 
would normally be as rare as or rarer than 
the 10th or 90th percentile. By definition, 
the characteristics of what is called ‘extreme 
weather’ may vary from place to place. Ex-
treme weather events may typically include 
floods and droughts” (IPCC, 2007, p.875).

Facility: Single installation, set of installa-
tions or production processes (stationary 
or mobile), which can be defined within a 
single geographical boundary, organization-
al unit or production process*

Global warming potential (GWP): Factor 
describing the radiative forcing impact of 
one mass-based unit of a given GHG rela-
tive to an equivalent unit of carbon dioxide 
over a given period of time*

Greenhouse gas (GHG): Gaseous con-
stituent of the atmosphere, both natural 
and anthropogenic, that absorbs and emits 
radiation at specific wavelengths within the 
spectrum of infrared radiation emitted by 
the Earth’s surface, the atmosphere, and 
clouds NOTE: GHGs include carbon diox-
ide (CO2), methane (CH4), nitrous oxide 
(N2O), hydrofluorocarbons (HFCs), perflu-
orocarbons (PFCs) and sulfur hexafluoride 
(SF6).*

Greenhouse gas emission: Total mass of 
a GHG released to the atmosphere over a 
specified period of time*

Greenhouse gas emission or removal fac-
tor: Factor relating activity data to GHG 
emissions or removals*

Greenhouse gas inventory: An organiza-
tion’s greenhouse gas sources, greenhouse 
gas sinks, GHG emissions and removals*

Greenhouse gas removal: Total mass of a 
GHG removed from the atmosphere over a 
specified period of time*

Greenhouse gas report: Stand-alone docu-
ment intended to communicate an organi-
zation’s or project’s GHG-related informa-
tion to its intended users*

Greenhouse gas sink: Physical unit or process 
that removes a GHG from the atmosphere*

Greenhouse gas source: Physical unit or 
process that releases a GHG into the atmo-
sphere*

Mitigation: “An anthropogenic interven-
tion to reduce the anthropogenic forcing of 
the climate system; it includes strategies to 
reduce greenhouse gas sources and emis-
sions and enhancing greenhouse gas sinks” 
(IPCC, 2007, p.878).
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Organization: Company, corporation, firm, 
enterprise, authority or institution, or part 
or combination thereof, whether incorpo-
rated or not, public or private, that has its 
own functions and administration*

Other indirect greenhouse gas emission: 
GHG emission, other than energy indirect 
GHG emissions, which is a consequence of 
an organization’s activities, but arises from 
greenhouse gas sources that are owned or 
controlled by other organizations*

Planned adaptation: “Adaptation that is 
the result of a deliberate policy decision, 
based on an awareness that conditions have 
changed or are about to change and that 
action is required to return to, maintain, or 
achieve a desired state” (IPCC, 2007, p.869).

Resilience: “The ability of a social or eco-
logical system to absorb disturbances while 
retaining the same basic structure and ways 
of functioning, the capacity for self-organ-
isation, and the capacity to adapt to stress 
and change” (IPCC, 2007, p.880).

Risk: “Risk refers to the uncertainty that 
surrounds future events and outcomes. 
It is the level of exposure to uncertainties 
that an organization must understand and 
effectively manage. Risk is the expression 
of the likelihood of a future event occur-
ring as well as its potential to influence the 
achievement of an organization’s objec-
tives” (Health Canada, 2005 as cited in 
Lamy & Bouchet, 2008, p.476).

Sensitivity: “Sensitivity is the degree to 
which a system is affected, either adversely 
or beneficially, by climate variability or 
change. The effect may be direct (e.g., a 
change in crop yield in response to a change 
in the mean, range or variability of tempera-
ture) or indirect (e.g., damages caused by an 
increase in the frequency of coastal flooding 
due to sea-level rise)” (IPCC, 2007, p.881).

Uncertainty: “An expression of the degree 
to which a value (e.g., the future state of 
the climate system) is unknown. Uncer-
tainty can result from lack of information or 
from disagreement about what is known or 
even knowable. It may have many types of 
sources, from quantifiable errors in the data 

to ambiguously defined concepts or termi-
nology, or uncertain projections of hu-
man behaviour. Uncertainty can therefore 
be represented by quantitative measures 
(e.g., a range of values calculated by vari-
ous models) or by qualitative statements 
(e.g., reflecting the judgement of a team of 
experts)” (IPCC, 2007, p.882).

Vulnerability: “Vulnerability is the degree 
to which a system is susceptible to, and un-
able to cope with, adverse effects of climate 
change, including climate variability and 
extremes. Vulnerability is a function of the 
character, magnitude, and rate of climate 
change and variation to which a system 
is exposed, its sensitivity, and its adaptive 
capacity” (IPCC, 2007, p.883).
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