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Appendix E: Tier II Assessment of Risk: Climate Change 
Vulnerability and the Community of Whitehorse 
 
Risk assessment is a common method for identifying priority vulnerability requiring community 
adaptation. Risk assessments are normally based on the analysis of the uncertainty and 
severity of a potential vulnerability. The assessment of risk completed for the WhiteCAP plan 
incorporated an additional variable that influences vulnerability: adaptive capacity. Adaptive 
capacity was integrated into the risk assessment as a measure of community preparedness 
under the assumption that if the community is prepared for a climate related event the 
vulnerability was reduced. Priority risks are therefore characterized by high likelihood, high 
severity and low adaptive capacity. The characteristics assigned to vulnerabilities by the 
WhiteCAP planning team are provided below. The Tier II risk assessment also evaluated 
climate related opportunities. These opportunities were prioritized by evaluating the benefits, the 
likelihood of the consequence emerging from shifting climate conditions, and how prepared the 
community is to profit from the consequence. Each sector vulnerability is characterized at the 
opening of each section. 
 
Uncertainty and variability were two characteristics of climate change that were challenging to 
evaluate. These characteristics were assessed using a multiple environmental scenario 
methodology through which four possible scenarios of growth and climate change were created 
by the WhiteCAP planning team. The four scenarios allowed for the expression of climate 
change variability, such as declining or increasing water availability in the region, to 2050. 
Uncertainty was appraised by the emergence of vulnerabilities across the range of scenarios. 
For example, an increase in the incidence of forest fire was common to all scenarios which 
made this vulnerability more likely to occur than one which only emerged in a single scenario, 
such as the emergence of significant health risks. A summary of the scenarios is provided in 
Appendix A.  
 
D.1 Hazards 
Hazards are characterized by climate influenced disturbances at the landscape scale such as 
landslides, forest fires, floods, etc. Increasing winter temperatures, increased variability in water 
availability and the more frequent occurrence of extreme weather events all increase the hazard 
risk for the community of Whitehorse.  
 

 Table D.1 
Community Consequences of Hazards 
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H.1 Community vulnerability to forest fire increases due 
to heavy fuel load, lighting, drought, wind, etc. 

 H H L High 

H.2 Increased risk of catastrophic fire 
 

 H M L High 

H.3 Egress from subdivisions becomes a problem during 
emergency situations 

 H M L High 

H.4 Possibility of regional beetle infestation leading to 
more dead stands and increased risk of forest fire 

 H H L High 

H.5 Community continues to not buy into FireSmart  M H M High 
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program 
H.6 Heavy increase in rural residential leads to an 

accompanying increase in vulnerability 
 M H M High 

H.7 Increased risk of catastrophic flood and infrastructure 
failure (e.g. bridge) 

 H L M High 

H.8 Variable and/or increased snow, ice and wind 
compromises infrastructure 

 M M M Medium 

H.9 Concerns about freeze-thaw and road icing 
 

 L H H Medium 

H.10 Frequent fires outside City limits leads to health 
issues and problems with air quality 

 L L M Medium 

H.11 Slope instability as a result of rain and warming (e.g. 
escarpment) 

 M L M Low 

H.12 
 

The combination of increased and variable rain and 
urban growth lead to issues of leaching and seepage 

 M L H Low 

 
D.2 Infrastructure 
Climate change increases the risk to linear and non-linear infrastructure in Whitehorse. Non-
linear infrastructure includes buildings, foundations structures while linear infrastructure is the 
community’s powerlines, roadways, storm and sewer systems, etc. Climate induced vulnerability 
is generated by an increased risk of hazards, as well as increased temperature fluctuations, 
frost heaves, windthrow, and severe weather. 
 
 Table D.2 

Community Consequences Associated with 
Infrastructure 
 
Consequences Le

ve
l o

f 
Im

pa
ct

 
Li

ke
lih

oo
d 

A
da

pt
iv

e 
C

a p
ac

ity
 

 
 
 
 
Priority 

I.1 Increased incidence of damage to powerlines from 
windthrown trees, etc. 

 H H H High 

I.2 Increase in multipliers - roads affect access which 
affects safety, etc. 

 H M M High 

I.3 Increased rate of leaching from unlined dump - 
hazardous waste requires special consideration 

 M M L High 

I.4 General strain on infrastructure as the result of age 
and pressure from growth and climate change 

 M H M High 

I.5 Increased cost to maintain roads due to shifting 
landscape conditions (erosion) 

 M H M High 

I.6 Integrity of spillways and dams declines  H L L High 



 Table D.2 
Community Consequences Associated with 
Infrastructure 
 
Consequences Le

ve
l o

f 
Im

pa
ct

 
Li

ke
lih

oo
d 

A
da

pt
iv

e 
C

a p
ac

ity
 

 
 
 
 
Priority 

 
I.7 Stormwater requires treatment, levels exceed current 

capacity 
 M M M Medium 

I.8 Climate change (freeze-thaw, erosion, etc) affects 
road safety and infrastructure 

 L H M Medium 

I.9 Highway washouts related to increased storms and 
flooding (threatens food security) 

 M L M Medium 

I.10 Impact of roofs, roads and other linear structures 
through variable / increasing snow load  

 M H H Medium 

I.11 Sewage lagoon system may be stressed due to 
population and precipitation increases 

 M M M Medium 

I.12 Growth of green infrastructure not possible 
 

 M L L Medium 

I.13 Structural strain on bridge abutments as glacial flow 
increases river levels 

 H L M Medium 

I.14 Changes in energy type and use will likely require 
new and/or upgraded infrastructure 

 L M M Medium 

I.15 Increased stress on culverts due to precipitation 
 

 L M H Low 

 
D.3 Environment 
Community vulnerability from climate induced environment stresses in the Whitehorse region 
stems from an increasing presence of damaging invasive species, changes to the quality / 
productivity of the environment and increasing pressure on local wildlife. The resulting risk to the 
community is characterized by declining water quality, shifting landscape conditions and a 
changing community relationship to the environment. 
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Community Consequences of  
Environmental Decline 
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EV.1 Evapotranspiration and groundwater recharge are 
critical and still uncertain 

 H H L High 

EV.2 Introduction of pests/invasive species 
 

 M H L High 

EV.3 Concern about change to water quality and 
increasing demand 

 H M M High 
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EV.4 Warming water combined with decreased 
groundwater leads to loss of fish habitat 

 M M M Medium 

EV.5 Wildlife pressures from climate change, 
fragmentation, hunting and competing land use 

 M H H Medium 

EV.6 Ecosystem stability declines; habitat shift occurs 
 

 M L L Medium 

EV.7 Watersheds, forests, wetlands will experience 
change as we grow at the same time 

 M M L Medium 

EV.8 Information cannot be generated/communicated fast 
enough to keep pace with changes – compounded 
by the pace of policy generation and implementation 

 L H L Medium 

EV.9 Increased nutrification of water with warming - 
affecting water quality - (pressure from agriculture) 

 L L M Low 

EV.10 Increased commodification and increase in the value 
of water 

 L L H Low 

EV.11 Increased population stresses river and lakes from 
increased recreation pressure and development 

 L M H Low 

EV.12 Concern about air quality if we increase industry, 
wood -fires and if inversions should occur 

 L L H Low 

 
D.4 Food Security 
Food security refers to a community’s access to sufficient, safe and nutritious food to meet their 
dietary needs and food preference for an active and healthy life (Paci et al, 2004). While food 
security encompasses economic access, the risks associated with food security in Whitehorse 
are tied to a reduction in the physical presence of sufficient healthy food within the community 
due to negative climate-induced impacts along the supply chain and in food producing areas.  
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Community Consequences of  
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F.1 Increased incidence of drought places more reliance 
on groundwater, problems with irrigation arise 

 H H M High 

F.2 Decrease in First Nations ability to harvest traditional 
foods, leading to loss of culture and health issues 

 M M M Medium 

F.3 The cultivation of food leads to introduction of 
invasive species and disease 

 M M L Medium 

F.4 Endemic pest and diseases affects food security and  M M H Medium 
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health  
F.5 External food supply is diminished as transportation 

becomes less reliable 
 H L H Medium 

F.6 Conflict emerges over the balance of land use, water 
use, water availability and soil suitability 

 L H M Medium 

F.7 Contamination increases due to increased use of 
fertilizers and other pollutants 

 M L H Low 

F.8 Concerns arise of historic land dispositions for 
agriculture 

 L M H Low 

F.9 Supermarkets compete with local producers as a by-
product of scaling issues 

 L L H Low 

 
D.5 Energy Security 
Energy security is indicative of the community’s access to reliable sources of energy sufficient to 
meet its needs. The energy security of the Whitehorse community may be negatively affected 
by climate impacts which reduce the efficiency of existing sources of energy or the feasibility of 
future (renewable or sustainable) sources of energy. 
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Community Consequences of  
Decreased Energy Security 
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ES.1 Energy sector increasingly vulnerable to external 
forces (rising energy costs, expected carbon costs) 

 M H M High 

ES.2 Energy future is uncertain; compounded by the lack 
of a Whitehorse energy strategy and the 
unpredictability of future industry needs 

 M M H Medium 

ES.3 Land use conflicts arise over future alternative 
energy projects (e.g. windfarms) 

 M L H Low 

ES.4 Variability in cloudiness may affect consistency of 
passive and active solar 

 L L H Low 

 



D.6 Opportunities 
Climate related opportunities were evident in many of the sectors evaluated in the Tier II risk 
assessment. These opportunities were prioritized by evaluating the benefits, the likelihood of the 
consequence emerging from shifting climate conditions, and how prepared the community is to 
profit from the consequence. Additional opportunities are evident in the sectors ranked as 
having a low risk in the Tier I assessment. These opportunities are reported in the Future 
Histories of Whitehorse: Scenarios for Change. 
 
 

 Table D.6 
Community Climate Change Opportunities 
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Priority 

 
O.1 

Food Security 
Longer growing season, likely an opportunity for 
agriculture 

 
 H M M 

 
High 

 
O.2 

Infrastructure 
Increased need for Whitehorse to serve as a hub - 
infrastructure expansion  

 
 H M M 

 
High 

 
O.3 

Food Security 
Whitehorse emerges as a hub, supplying food to 
outlying communities through local agriculture 

 
 H L L 

 
High 

 
O.4 

Energy Security 
Gas pipeline mega-project may bring energy 
opportunity 

 
 H L L 

 
High 

 
O.5 

Food Security 
Increased yields but concerns about variable 
precipitation 

 
 M M M 

 
Medium 

 
O.6 

Energy Security 
Warmer winters reduce heating load (e.g. +2°C in 
winter = 5-10% reduction in heating costs) 

 
 L H H 

 
Medium 
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Appendix F: Assessment of Adaptations: Identifying Priority 
Actions for the Community of Whitehorse 
 
Just as vulnerabilities were evaluated to determine priorities, the WhiteCAP team evaluated 
proposed adaptations to identify actions suitable for immediate implementation. This 
assessment was undertaken to ensure that the adaptive capacity of the community was 
invested in those actions that best address identified risks. A summary of the sector risk is 
provided at the opening of each section. Each adaptation was assessed to determine how well it 
addresses the impacts (fit), how well it benefits the broader community (win-win) and whether it 
builds adaptive capacity. The attributes of fit, win-win and adaptive capacity development 
allowed for the integration of the special considerations (identified in Section 1.2) associated 
with the community vision directly into the planning process. 
 
Fit is a measure of how well an adaptation responds to climate change impacts, both in number 
and priority. To evaluate if an adaptation has a good fit, the project team considered: 
 How many impacts does the adaptation improve and what is their priority? 
 How well does the adaptation address the range of impacts 
 How well does the adaptation integrate with other adaptation strategies? 
 Is the cost of the adaptation acceptable? 
 
Win-win actions are those adaptations that provide other benefits to the community in addition 
to climate change (Snover et al, 2007). To assess if an adaptation was win-win, the project team 
considered: 
 Is the adaptation also mitigative? 
 How well does the adaptation integrate with other existing planning processes? 
 Will the action decrease the risk of losing unique environmental or cultural resources? 
 Will the adaptation increase scientific confidence? 
 
The project team also determined the extent to which the adaptation would develop community 
adaptive capacity. To ensure that a positive contribution was made to capacity development, we 
discussed: 
 Is the adaptation equitable? 
 Does the adaptation enhance the resources (financial, physical, knowledge) available for 

action? 
 Does the adaptation enhance or build partnerships? 
 Does the action increase the community’s resilience? 
 
6.1.1 Hazards 
Hazards are expected to be exacerbated by climate change in the Whitehorse region. 
Challenges for which the community is currently poorly prepared include increases to local 
forest fire risk, flood risk and the impact of snow, ice and wind on vulnerable infrastructure. Even 
a modest increase in forest fire risk is anticipated to negatively affect the community. 
 
 



Table 6.1.1 
Suggested Adaptations for Hazards 
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Incorporate fire considerations in all 
subdivision planning and zoning (such as no 
dead ends, fire breaks, aspen plantings, 
access to water and other holistic planning 
issues) 

H1-3,5,6 
I4 

 H M L High 

Increase densification of City to reduce 
vulnerability to hazards 

H1,2 
EV3,5,7,11  
I2,4,5 

 M M L Medium 

Pass consequences of climate change on to 
other decision making groups involved in 
planning, design, engineering and establishing 
standards for subdivision development, road 
construction and infrastructure 

H1-12 
I1-15 

 H M M High 

Integrate climate change risk and impacts into 
emergency planning 

H1-12 
I1,9,13 

 H M M High 

Allow fire department greater latitude for 
proactive responses H1-6  M L L Medium 

Incorporate climate into infrastructure 
development currently in planning stages 

H1-3,6-8 
I1-15 
EV3,5,7,11-
12 

 H M M High 

Consider fuel abatement and fuel mitigation 
(produces biomass) 

H1,2,4 
ES1,2 

 M M L Medium 

Require a second strategy for community 
based disaster response, equates to a 
residential fire strategy 

H1-6 
 M L L Medium 

Enhance building codes: Consider biomass 
heating to maintain air quality and reduce the 
risk of structural fire 

H.8 
 L L L Low 

Continue education around responsible fire 
safety H1-3,5,6  H L L Low 

Create a strategy for harvesting salvage wood, 
such as from insect damage, as both an 
opportunity and a control measure 

H1-2,4-6 
I1  
O4 

 H H M High 

FireSmart vulnerable infrastructure H5 
I1,4,5 

 H L L Medium 

Create zoning that reflects potential future 
changes in the landscape 

H1-
3,6,7,11,12 
I4  

 H M L High 
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Priority 

EV6 EV7 
Climate change education and training for 
safety sector H3,5,9,10  L L L Low 

Ensure critical buildings have back-up power 
for lighting/heating in case of emergencies H2,6,7  H M M High 

Maintain green spaces and/or strategic 
agriculture to reduce fire risk 

H1,2,5,6 
O1-3 

 H H M High 

Investigate and assess catastrophic flood 
scenarios 

H7 
O1-3 

 H H M High 

Encourage/support redundant emergency 
systems on both sides of the river (to prepare 
against loss of bridge) 

H7 
 M M L Medium 

 
6.1.2 Infrastructure 
Even a modest onset of climate change is anticipated to negatively affect the linear 
infrastructure of Whitehorse, such as roads and powerlines. Risks to linear infrastructure stem 
from variable weather and wind (powerlines and roads) or erosion and landslides (roads). Risks 
to linear infrastructure from climate change are anticipated to compound existing stresses, 
exacerbating the cost of maintenance and creating secondary risks for the community as the 
influence of multipliers increases. Climate change is also anticipated to increase the risk of 
leaching from the Whitehorse dump. Spillways and dams are also perceived to be at a slightly 
higher risk from a catastrophic flood. 
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Priority 

Establish a multiyear municipal budget for 
dealing with climate change variability: for 
example roads and road clearing 

I2,4,5 
H9 

 H M M High 

Recommend development densification to 
allow for greater cost sharing of infrastructure 

I2,4,5 
H1 EV7 F6 
ES3 

 H H H High 

Educate the public to set a fair expectation for 
quality of service I4,5-  M H L High 

Reduce downtown vehicle traffic (e.g. through 
better transit) I1-15  L L L Medium 
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Priority 

Need to identify critical engineering thresholds, 
responsibilities and partnerships 

I2,4,5 
H7-9,12 
EV3 

 H M H High 

Look into feasibility of micro-hydro I1-15  L L L Low 
Increase available warehousing (links to food 
storage) 

I6 
F5,9 O1,3,5 

 H L H High 

Expand active road monitoring stations in 
problem areas (roads and infrastructure) 

I4 
H9,11 

 H L M Medium 

Explore feasibility of automatic de-icing at 
problem intersections 

I5 
H9 

 L L L Low 

Separate untreatable garbage to reduce 
leaching, e.g. source-separation, hazardous 
materials transfer station, etc. 

I2 
EV3 

 L L L Low 

Increase storm water retention within the city – 
allow for natural recharge (for example, create 
porous parking lots) 

I3 
EV1,4 

 L L L Low 

Assess dependence of Whitehorse to highway 
and vulnerability of highway to climate change 
outside city limits 

I6 
H1,2,7,11 

 H M H High 

Assess storm drainage capacity/capability and 
design for extreme in future climate change 
projections when being replaced through 
maintenance schedules 

I4 
 H M H High 

Ensure standards and regulations are “living” 
so they are changes as we get more 
information 

I6 
H8 

 H M L Medium 

Have flexible zoning (beyond the downtown 
core) to allow for densification increases in 
areas of the City 

I1-11,13-15 
EV3,5,7,11 

 M M L Medium 

Design neighbourhoods outside the downtown 
core to have services I2,4,5  M L L Medium 

Regional planning and all relevant planning 
needs to be revisited regularly 

I2,4,5 
H1-3,6  
EV6-8, F8 
ES3 

 H M L High 

Redesign buildings if there are problems down 
the road, such as retrofitting insulation, etc. 

I2,4 
H8 

 L M M Medium 

Use buildings as carbon sinks and/or use 
waste materials for insulation I4  L L L Medium 
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Priority 

Generate standards/best practices for 
subdivision development for climate change 

I4, 14 
H3 
EV3,5,7,11-
12 

 H M M High 

Promote education and training to compensate 
for increased snow loads 

I1-5,7 
H8 

 L L L Low 

Create a strategy to move forward as demand 
for waste management constrains flexibility I4,5  L L L Low 

Create a strategy to compensate for capacity 
issues as people and expertise are strained by 
changing climate conditions 

I3,11 
 L L M Low 

 
6.1.3 Environment 
Risk to the environment of Whitehorse from climate change is characterized by shifts in the rate 
of evapotranspiration, the introduction of invasive species and pressure on water quality. 
Impacts on local water quality due to infrastructure decline were a risk identified by the 
community. These infrastructure risks do overlap with environmental risks to water quality, the 
adaptations correlating to these infrastructure risks are reported in section 6.1.2.  It is important 
to note the cross-sector nature of some adaptations. 
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Priority 

Give teeth to greenspaces plan (build 
resilience to climate change) 

EV.1  L L M Medium 

Need to reassess situation and values over 
time while planning for change now 

All EV’s  L M L Medium 

Evapotranspiration and groundwater recharge 
are critical and uncertain, therefore we need to 
retain capacity and expertise in these areas 

EV5-7 
 M M L Medium 

Integrate life-cycle management into 
decisions: for example, water life-cycle 
includes how water passes through the human 
built world 

EV1-12 
 L L L Low 

Create and implement a groundwater 
management plan EV1  H L L Medium 
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Priority 

Monitor water quality and quantity, fish, wildlife 
and other indicators EV1-12  H M L Medium 

Increase our use of greywater for other 
purposes (toilets, plants, etc.) 

EV1,3 
F1,6 

 M M L Medium 

Create an education program around water 
conservation EV1-12  H M M High 

Continue to look at water conservation – avoid 
shipping water out of the Territory EV3  M M L Medium 

Look into a strategy to enforce the protection 
of riparian buffers EV3  H L M High 

Make any sale of water taxable so the 
community benefits EV3  L L L Low 

Gather and collect local observations/data 
conclusions, both scientific and traditional 

EV3,5,7,9, 
11 
F2,6 

 M M L Medium 

Restore weather stations EV3,10  H L L Medium 
Set aside funding to monitor fish, wildlife and 
the environment EV1-9  M L L Medium 

Divert additional environmental protection 
funds to Territorial and First Nations 
governments 

EV8 
F2 

 M L M Medium 

Train (and pay) local people for monitoring EV5-7  M L L Medium 
Take advantage of digital technologies to 
gather, store, and share information – this 
information hub must consider the abilities of 
the people who need access to it 

EV1-12 

 M M L Medium 

Look at other areas with similar biophysical 
characteristics to predict what changes may 
occur and how to address them 

EV1-12 
 L L L Low 

Aquifer monitoring EV1-12  M L M Medium 



6.1.4 Food Security 
Priority climate change risks to food security were associated with an over reliance on 
groundwater due to an increased incidence of drought.  
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Suggested Adaptations for Food Security 
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Priority 

Choose crops that conserve water or are not 
water intensive 

F1,6 
EV1,3,10  
O5 

 H L L Medium 

Encourage small community plots F5,6,8 
O1 

 L M M Medium 

Investigate new and innovative ways to grow 
food 

F1,2,5-9 
O1,3 

 H M M High 

Increase animal husbandry in the region F2,5,9 
O3 

 L M L Medium 

Create policies to encourage the use of 
greywater for agriculture purposes 

F1,6 
EV1,10  
O5 

 H L L Medium 

Increase irrigation infrastructure in region F5,9 
O5 

 L M M Medium 

Create food security plans that address 
poverty and the sharing of food F2,5  L L L Low 

Make a portable abattoir available in 
Whitehorse F2,5,9  L M L Medium 

 
6.1.5 Energy Security 
The energy sector may be increasingly vulnerable to external forces including rising energy 
costs and a future cost tied to carbon emissions. These risks may limit the availability of energy 
to the Whitehorse community over time. 
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Suggested Adaptations for Energy Security 
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Priority 

Create an energy plan for Whitehorse 
(including comprehensive energy 
management) 

ES1-3 
I12,14 O2,3 

 H H M High 
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Priority 

Respond to the need for energy storage (even 
in homes) ES2,4  L L L Low 

Promote seasonal energy uses: e.g. 
greenhouses ES1,2  L L L Low 

Continue to investigate the feasibility of district 
heating 

ES1,2 
I12 

 L L L Low 

Push for super-green construction to reduce 
heat demands 

ES1,2 
I12 

 L L M Low 

Take advantage of benefits if pipeline comes 
(will not be cost effective at our current 
economy of scale) 

ES1,2 
O4 

 L L L Low 

 



6.2 Adaptations to Support Opportunities  
Climate change adaptation is also necessary to ensure that the community of Whitehorse is 
strategically prepared to benefit from climate change opportunities. The following adaptations 
were suggested by the community to support opportunities as they arise. 
 
 

Table 6.1.2 
Suggested Adaptations to Support 
Opportunities 
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Priority 

Re-open the railway corridor and repair the 
old link into the downtown 

O2 
I2,4,9,10,12 

 M L L Low 

Install communication infrastructure to 
facilitate people working from home 

O2 
I4 

 L L L Low 

Revisit Skagway as a transportation node O2,3 
F5  
I9 

 L L L Low 

Learn from other circumpolar countries O2 
I3 

 H L M High 

Support recycling as a growth industry O2-4 
F5,9 

 L L L Low 

Create a strategy to capitalize on the potential 
increased need for Whitehorse to serve as a 
hub – incorporate trickle down effect to 
communities (if Whitehorse cannot supply 
them then others are vulnerable). 

O1,3,5 
F5,6,8,9 

 M L M High 

Use agriculture to build soil O3 
I4  
F5,9 

 H L H High 

Continue to expand on education 
opportunities for regional agriculture 

O1,3 
F9 

 H L M High 

Investigate improving efficiency of food 
transportation 

O1-3 
F2,5,8,9 

 M L L Medium 

Place a moratorium on subdividing agriculture 
land 

O1-3 
F5,8,9 

 L L L Low 

Create and implement a Whitehorse/Territory-
wide food security plan 

O1-3,5 
F5,9 

 H M M High 

Zone more agriculture land O1,3 
EV2,8  
F2-4,6-8 

 H M M High 



Table 6.1.2 
Suggested Adaptations to Support 
Opportunities 
 
Adaptations A

dd
re

ss
es

 

Fi
t 

W
in

-w
in

 
C

om
m

un
ity

 
C

ap
ac

ity
 

 
 
 
 
Priority 

Build processing facilities and cold storage O1,3,5 
EV2,9  
F1-9 

 H M H High 

Share knowledge of food growth between 
First Nations and science O1-6  H M M High 

 




