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Glossary of Terms 
 
List of Abbreviations 

Term Definition 

AR5 Fifth Assessment Report 

AR6 Sixth Assessment Report 

CIPI Costing Climate Change Impact on Public Infrastructure (project) 

CRV Current Replacement Value 

IDF Intensity-Duration-Frequency (Curve) 

IPCC Intergovernmental Panel on Climate Change 

O&M Operation and Maintenance 

RCP Representative Concentration Pathway 

SME Subject-Matter Experts 

USL Useful Service Life 

WSP WSP Global Inc. 

 

Definitions 
Current Replacement Value: The current cost of rebuilding an asset with the equivalent capacity, functionality 
and performance. 
 
Operations and Maintenance (O&M): The routine activities performed on an asset that maximize service life 
and minimize service disruptions. 
 
Rehabilitation: Repairing part or most of an asset to extend its service life, without adding to its capacity, 
functionality or performance.  
 
Renewal: Replacement of an existing asset, resulting in a new or as-new asset with an equivalent capacity, 
functionality and performance as the original asset. Renewal is different from rehabilitation, as renewal rebuilds 
the entire asset. 
 
State of Good Repair: A performance standard which helps to maximize the benefits of public infrastructure in a 
cost-effective manner and ensures the assets operate in a condition that is considered acceptable from both an 
engineering and cost management perspective.  
 
Stable Climate / Baseline Cost Projection: The operations and maintenance, rehabilitation, and renewal 
expense that would have been required to maintain public buildings in a state of good repair if climate indicators 
for extreme rainfall, extreme heat and freeze-thaw cycles remain unchanged from their 1975-2005 average levels 
over the projection to 2100. 
 
Rest of the Century: Refers to the 79 years from 2022 to 2100.  
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Acute Hazard: Severe climate hazards that occur rarely (such as the 100-year storm event).  
 
Chronic Hazard: Climate hazards that are changing gradually.  
 
Retrofit: A retrofit is an adaptation made during the building’s service life. 
 
Adaptation: Adaptation is modelled as an alteration of a building’s physical components to prevent more rapid 
deterioration and increased O&M expenses caused by changes in extreme rainfall and heat. Adaptation can be 
done through retrofit while an asset is still in service or can be done at the time of renewal.  
 
No Adaptation Strategy / Damage Costs: An asset management strategy where public buildings are not 
adapted to changing climate hazards. Under this strategy, additional costs are incurred from increased 
deterioration and higher O&M expenses caused by climate change hazards.  
 
Reactive Adaptation Strategy: An asset management strategy where public buildings are only adapted at the 
time of renewal to withstand changing climate condition. 
 
Proactive Adaptation Strategy: An asset management strategy where public buildings are adapted at the first 
available opportunity to withstand changing climate condition. This occurs either during a building’s next major 
rehabilitation through a retrofit or at renewal, whichever comes first. 
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1 | Introduction and context 
In June 2019, a Member of Provincial Parliament asked the FAO to analyze the costs that climate change 
impacts could impose on Ontario’s provincial and municipal infrastructure, and how those costs could impact the 
long-term budget outlook of the province. In response to this request, the FAO launched its Costing Climate 
Change Impacts to Public Infrastructure project (CIPI). 

In the first two phases of the project, the FAO assessed the composition and state of repair of provincial and 
municipal infrastructure, with findings released in November 2020 and in August 2021. This report is the first of 
three sector reports that present the climate change costing results in the final phase of the project.  

This report examines the impacts of changes in extreme rainfall, extreme heat and freeze-thaw cycles on the 
long-term costs of maintaining public buildings in a state of good repair. The project’s context, methodology and 
data sources are described in the FAO’s CIPI project backgrounder and methodology report.1 Detailed 
information on the engineering aspects of the CIPI project can be found in WSP’s report.2 Additional costing 
results and data downloads can be found on the FAO website. 

1 Financial Accountability Office of Ontario, 2021b. 
2 WSP, 2021.  

Figure 1-1 

CIPI project structure and timeline 

Source: FAO. 
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2 | Summary 
Ontario’s provincial and municipal governments own a large portfolio of public buildings and facilities 

The FAO estimates that Ontario’s provincial and municipal governments currently own and manage about $254 
billion3 of public buildings and facilities. These assets include hospitals, schools, colleges, administration 
buildings, correctional facilities, courthouses, transit facilities, social housing, tourism, culture and sport facilities, 
as well as potable, storm water and wastewater facilities. 

Keeping assets in a state of good repair helps to maximize the benefits of public infrastructure in the most cost-
effective manner over time. This requires annual operations and maintenance (O&M) spending, as well as 
intermittent capital spending either to rehabilitate part(s) of an asset or to fully renew it at the end of its service 
life. The cost of maintaining Ontario’s portfolio of public buildings and facilities in a state of good repair would be 
around $10.1 billion4 per year on average, totalling about $799 billion over the rest of the 21st century (2022-
2100).5 These projected “baseline costs” are what would have occurred in a stable climate. 

Climate change will have a significant impact on the cost of maintaining public buildings in the absence of 
adaptation 

To ensure safety and reliability, public infrastructure is designed, built and maintained to withstand a specific 
range of climate conditions typically based on historic climate data. However, extreme rainfall and extreme heat 
are projected to become more frequent and intense, while shorter winters will somewhat lower the annual 
number of freeze-thaw cycles. Taken together, the FAO estimates these hazards will add roughly $6 billion to 
the costs of maintaining public buildings and facilities in a state of good repair over the remainder of this decade 
(2022-2030).  

Over the long term, the extent of global climate change will influence the severity of these climate hazards and 
their impacts to public buildings. In a medium emissions scenario,6 the cumulative cost of maintaining the 
existing portfolio of public buildings in a state of good repair will increase by $66 billion (8.2 per cent increase 
over baseline), or $0.8 billion per year on average over the rest of the 21st century. However, in a high emissions 
scenario,7 cumulative costs would increase by $116 billion (14.5 per cent increase over baseline), or $1.5 billion 
per year on average over the rest of the century. These results reflect higher capital expenses from accelerated 
deterioration and higher O&M expenses. 

3 This is the current replacement value in 2020 dollars. 
4 All cost estimates are in 2020 undiscounted real dollars unless otherwise stated. 
5 Numbers may not add due to rounding. 
6 In the medium emissions scenario, global emissions begin to decline in the 2050s and the global mean temperature is held 
to a 2.3°C increase relative to 1850-1900. 
7 In the high emissions scenario, emissions continue to rise throughout the century and the global mean temperature 
increases by 4.2°C by late century relative to 1850-1900. 
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Adapting public buildings to withstand these climate hazards will require significant investment 

To explore the financial implications of adapting Ontario’s public buildings to withstand extreme rainfall and 
extreme heat,8 the FAO costed two adaptation approaches: a reactive strategy and a proactive strategy. 
 
The reactive strategy assumes public buildings are rebuilt to withstand late-century projections of extreme 
rainfall and extreme heat when they are replaced at the end of their service life, with 77 per cent of public 
buildings adapted by 2100.9 Reactively adapting Ontario’s public buildings to withstand extreme rainfall and heat 
in the medium emissions scenario would cost an additional $52 billion (6.5 per cent over baseline) cumulatively 
to 2100, while adapting to climate conditions in the high emissions scenario would instead cost $91 billion (11.4 
per cent over baseline). 
 
The proactive strategy assumes most public buildings are retrofitted before the end of their service lives to 
withstand late-century projections of extreme rainfall and extreme heat, and nearly all assets are adapted by 
2060. Proactively adapting this portfolio to withstand extreme rainfall and heat in the medium emissions scenario 
would cost an additional $54 billion (6.7 per cent over baseline) cumulatively to 2100, while adapting to climate 
conditions in the high emissions scenario would instead cost $104 billion (13.1 per cent over baseline).10  

 
8 Since freeze-thaw cycles decrease in both emissions scenarios, buildings are not adapted to this climate hazard. 
9 Once adapted, public buildings no longer suffer accelerated deterioration or higher operations and maintenance expenses 
due to extreme rainfall and extreme heat. 
10 These adaptation costs are implemented to withstand the climate impacts associated with the median projections for 
extreme rainfall and extreme heat. See Chapter 5 for the full range of possible cost outcomes.  

Figure 2-1 

More extreme rainfall and heat will raise the cost of maintaining the current portfolio of public 
buildings in the absence of adaptation actions  

 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes in 
each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same period.  
Source: FAO. 
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Adaptation will modestly lower the direct financial costs to provincial and municipal governments of 
maintaining public buildings over the long term 

The financial impact of these climate hazards will be material to the province and municipalities regardless of 
which asset management strategy is pursued. However, this study only includes a narrow range of financial costs 
directly related to maintaining public buildings and facilities in a state of good repair. The societal costs of 
planned and unplanned service disruptions were beyond the scope of this report but would be significant.11 
These impacts would be much more significant for buildings that are not adapted.   

Even within the narrow range of cost impacts analyzed in this report, the costs to governments in the adaptation 
strategies are modestly lower than the no adaptation strategy.12 The comparative benefits of adaptation would be 
more significant if the indirect costs were incorporated.  

Determining the most cost-effective strategy for an individual asset would require comparing the costs of 
different adaptation strategies over its service life, for a broader range of climate hazards and societal costs, and 
with the asset’s specific circumstances taken into consideration. While the portfolio level costing results in this 
report are not intended to inform asset-specific management decisions, the results show that changes in extreme 
rainfall, extreme heat and freeze-thaw cycles will carry significant budgetary impacts for the province and 
Ontario’s municipalities. 

11 The planned or unplanned disruption of public services can result in lost work time, business losses or other economic 
disruptions.  
12 On a discounted basis, the reactive adaptation strategy remains the lowest cost strategy at discount rates below 4.5 to 5.5 
per cent depending on the emissions scenario. See Appendix D for details.  

Figure 2-2 

The long-term cumulative costs of maintaining Ontario’s public buildings are modestly 
lower when adaptation actions are taken  

Note: The costs presented in this chart are in addition to the baseline costs over the same period. 
Source: FAO. 

$66

$116

$52

$91

$54

$104

$0

$20

$40

$60

$80

$100

$120

$140

Medium emissions scenario High emissions scenario

Ad
di

tio
na

l c
um

ul
at

iv
e 

co
st

 to
 m

ai
nt

ai
n 

pu
bl

ic
 

bu
ild

in
gs

 in
 a

 s
ta

te
 o

f g
oo

d 
re

pa
ir,

 2
02

2-
21

00
(u

nd
is

co
un

te
d 

re
al

 $
20

20
, b

ill
io

ns
)

No adaptation Reactive adaptation Proactive adaptation



7 Costing Climate Change Impacts to Public Infrastructure 

This chapter presents the scope of public buildings and facilities considered in this report, followed by a discussion 
of the costs necessary to maintain these assets in a state of good repair. Next, the chapter estimates the long-
term infrastructure costs required to maintain Ontario’s buildings and facilities in a state of good repair to 2100 
under a stable climate. The purpose of this chapter is to establish a baseline projection of infrastructure costs. In 
later chapters, this baseline is then be compared to projections that account for certain climate change hazards. 

Ontario has a large portfolio of public buildings and facilities 
This report focuses on buildings and facilities owned and controlled by provincial and municipal governments. 
The FAO estimates that the current replacement value13 (CRV) of these assets is $254 billion in 2022, 
representing roughly 42 per cent of the total infrastructure examined within the CIPI project.14  

Public buildings and facilities valued at $141 billion (55 per cent) are owned by the provincial government, while 
the remaining $113 billion (45 per cent) are owned by Ontario’s municipalities.15 Provincial assets include: 

• hospitals

• schools

• colleges

• government office buildings

• correctional facilities and courthouses

• transit facilities

Municipal assets include: 

• social housing

• government administration buildings

• tourism buildings and facilities

• culture, recreation, and sport facilities

• potable water, storm water and wastewater management buildings and facilities

• transit facilities

13 Current replacement value is the current cost of rebuilding an asset with the equivalent capacity, functionality and 
performance. 
14 Financial Accountability Office of Ontario, 2021b. 
15 See Appendix A for a detailed breakdown of building infrastructure by sectors. 

Assessing the financial impacts of extreme rainfall, extreme heat and freeze-thaw cycles on public buildings in Ontario 

3 | The long-term costs of maintaining 
public buildings 

https://fao-on.org/en/Blog/Publications/cipi-backgrounder
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Maintaining a large portfolio of buildings requires significant 
spending 
Keeping assets in a state of good repair helps to maximize the benefits of public infrastructure in the most cost-
effective manner over time. To be maintained in a state of good repair, assets require annual operations and 
maintenance (O&M) spending, as well as intermittent capital spending either to rehabilitate16 an asset or renew it at 
the end of its service life.17  
 
The age and condition of public buildings in Ontario’s portfolio vary significantly. To project the costs of maintaining 
public buildings in a state of good repair, the FAO gathered and estimated asset-specific information on age, 
condition and current replacement value, as well as the general performance standards used to evaluate if an 
asset is in a state of good repair. Using an infrastructure deterioration model based on modelling techniques 
developed by the Ontario Ministry of Infrastructure,18 the FAO projected the capital and operating expenses 
necessary to maintain the current portfolio19 of public buildings in a state of good repair to 2100.  

 
16 Rehabilitation means repairing part or most of an asset to extend its service life, without adding to its capacity, functionality 
or performance. Rehabilitation is different from maintenance, which is the routine activities performed on an asset that 
maximize service life and minimize service disruptions. Assets are rehabilitated to a benchmarked “state of good repair” 
target and not to a new condition. For more information on the asset management framework used in this report see: 
Financial Accountability Office of Ontario, 2021b.  
17 Renewal is the replacement of an existing asset, resulting in a new or as-new asset with an equivalent capacity, functionality 
and performance as the original asset. Renewal is different from rehabilitation, as renewal rebuilds the entire asset. 
18 For more details see: Financial Accountability Office of Ontario, 2020, Provincial Infrastructure and Financial Accountability 
Office of Ontario, 2021a, Municipal Infrastructure. 
19 This report only examines the existing suite of public buildings; it excludes assets that are currently under construction, 
planned for future construction or necessary to meet future infrastructure demand. 

Figure 3-1 

Ontario’s portfolio of public buildings has a Current Replacement Value of $254 billion 

 

Note: CRV estimates are in real 2020 billion dollars. Percentage values refer to a sector’s share of total CRV. 
Source: FAO. 
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These long-term O&M, rehabilitation and renewal spending estimates form the baseline projection against 
which the climate change costing scenarios developed in later chapters will be compared. The baseline projection 
represents the infrastructure costs that would have been required to maintain public buildings in a stable climate.20 
 
While O&M expenses occur annually, the timing of rehabilitation and renewal expenses depends on a building’s 
age and condition. Figure 3-2 shows the annual proportion of Ontario’s public buildings (by CRV) that would 
require rehabilitation or renewal spending over the rest of this century if the funding necessary to bring and 
maintain the current portfolio of public buildings into a state of good repair were made available and spent in a 
timely manner.21 On average, around six per cent of buildings will require rehabilitation or renewal every year.  
 

 
  

 
20 In this report, a “stable climate” means that all climate indicators for extreme rainfall, extreme heat and freeze-thaw cycles 
remain unchanged from their 1975-2005 average levels over the projection to 2100. 
21 This analysis assumes all assets are rehabilitated and renewed as soon as the need arises. In practice, infrastructure 
backlogs exist, and maintaining assets in a state of good repair is only one aspect of asset management and may conflict with 
other budgetary priorities governments face. 

Figure 3-2 

Proportion of public buildings requiring rehabilitation or renewal each year 

 

Source: FAO. 

0

2

4

6

8

10

12

14

20
22

20
25

20
28

20
31

20
34

20
37

20
40

20
43

20
46

20
49

20
52

20
55

20
58

20
61

20
64

20
67

20
70

20
73

20
76

20
79

20
82

20
85

20
88

20
91

20
94

20
97

21
00

Pr
op

or
tio

n 
of

 p
ub

lic
 b

ui
ld

in
g 

in
fr

as
tr

uc
tu

re
 b

y 
CR

V 
re

qu
iri

ng
 re

ha
bi

lit
at

io
n 

an
d 

re
ne

w
al

 
sp

en
di

ng
 (

pe
r c

en
t)

Average
6%



10 

Assessing the financial impacts of extreme rainfall, extreme heat and freeze-thaw cycles on public buildings in Ontario 

Costing Climate Change Impacts to Public Infrastructure 

$799 billion needed to maintain public buildings until 2100 
in a stable climate 
Bringing Ontario’s existing suite of public buildings into a state of good repair and maintaining them until 2100 
would cost $799 billion cumulatively in a stable climate, or an average of about $10 billion per year. This baseline 
cost includes $296 billion in cumulative O&M expense and $503 billion in rehabilitation and renewal expense to 2100.  

The costs to maintain public buildings in a state of good repair reflect both the value of assets owned, as well as 
the condition, age and performance standards of each individual asset under management. For example, assets 
in poorer condition require more capital spending to bring them into a state of good repair. Likewise, older assets 
must be renewed sooner than newer assets. 

Figure 3-3 

The cumulative cost of maintaining Ontario's public buildings and facilities in a state of 
good repair to 2100 in a stable climate 

Note: All values presented in real 2020 dollars. 
Source: FAO. 
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4 | The cost of key climate hazards to 
public buildings 

Climate change is associated with many hazards to public infrastructure, which can take the form of extreme 
weather events or long-term chronic impacts, that affect asset deterioration. Ontario has been subject to costly 
floods and ice storms and is also prone to droughts, intense rainfall, wildfires, windstorms, heatwaves and 
permafrost melt.22 This project focuses on only three climate hazards – extreme rainfall, extreme heat and freeze-
thaw cycles – as they were determined to have broad and financially material impacts to public infrastructure and 
can be projected with a reasonable degree of scientific confidence.23  

This chapter summarizes how projected changes in these climate hazards would impact Ontario’s public buildings 
in the absence of adaptation measures. It then presents the FAO’s estimates of the additional long-term costs these 
climate hazards would impose on Ontario’s portfolio of public buildings in medium and high emissions scenarios.   

Extreme rainfall, extreme heat and freeze-thaw cycles 
To ensure safety and reliability, infrastructure is designed, built and maintained to withstand a specific range of 
climate conditions typically based on historic climatic loads.24 However, extreme rainfall and extreme heat are 
projected to increase in the future, while freeze-thaw cycles are projected to decrease.  

Extreme rainfall can often exceed the capacity of infrastructure drainage systems and lead to flooding, water 
infiltration or increased erosion of infrastructure components.25 Extreme rainfall events can impact buildings as 
acute hazards that occur rarely (for example the 100-year rainfall event).26 Extreme rainfall can also cause chronic 
impacts, such as ongoing moisture or water infiltration. This hazard includes the impacts of pluvial flooding (i.e., 
overwhelmed drainage systems) but not the impacts of fluvial flooding (i.e., riverine or river flooding).  

Extreme heat events are extended spells of high temperatures. As heatwaves increase in frequency and 
duration, temperatures will more frequently exceed the capacity of infrastructure or its components, increase the 
stress on building materials, and impact operations and maintenance. Extreme temperatures are both a chronic 
and an acute hazard. For example, thermal expansion in brick walls during a high-magnitude heat wave is an 
acute impact, while the accelerated deterioration of air conditioning equipment used more frequently in warmer 
conditions is a chronic impact.  

22 International Institute of Sustainable Development, 2021. Warren, F. and Lulham, N., editors, 2021, Section 6.4. 
23 Numerous potentially significant climate hazards such as wildfires and fluvial flooding were not included. See the FAO’s 
Costing Climate Change Impacts to Public Infrastructure: Project Backgrounder and Methodology and WSP’s Costing 
Climate Change Impacts and Adaptation for Provincial and Municipal Public Infrastructure in Ontario reports for more 
information. 
24 National Building Code of Canada 2015, Table C-2. 2012 Building Code Compendium: Supplementary Standard SB-1, 
Ministry of Municipal Affairs.  
25 Extreme rainfall is usually defined as rainfall events with daily or sub-daily duration for a given return period of two to 100 
years. For example, 15-min rainfall with 10-year return period and one-day maximum rainfall with 50-year return period are 
climate design variables listed in the National Building Code of Canada 2015.  
26 The FAO’s modelling approach captures the impacts of both chronic and acute hazards by averaging out extreme events 
across regions and over long periods of time. 

https://publications.gc.ca/collections/collection_2019/cnrc-nrc/NR24-28-2018-eng.pdf
https://www.publications.gov.on.ca/store/20170501121/Free_Download_Files/510156.pdf
https://publications.gc.ca/collections/collection_2019/cnrc-nrc/NR24-28-2018-eng.pdf
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Freeze-thaw cycles (FTCs) are fluctuations between freezing and non-freezing temperatures that cause water 
to freeze (and expand) or melt (and contract). The melting and re-freezing of water accelerates the weathering of 
building materials, and damages infrastructure components that are exposed to the atmosphere. FTC damage is 
caused by the combination of temperature fluctuations around zero degrees and the presence of water.27 FTCs 
can be self reinforcing. When one occurs, it can leave cracks or gaps in building materials, creating the potential 
for further water infiltration and another cycle of freezing and expansion. “Deep” FTCs typically occur in winter 
and are defined as those that occur when the daily average temperature is less than 0°C. 
 
Changes in these three climate hazards will impact Ontario’s public buildings and facilities in different ways. A 
typical building has many components, including its structure, envelope, equipment and finishing, mechanical 
and electrical systems, as well as civil infrastructure and landscaping. Figure 3-1 describes these key building 
components and provides examples of the interaction between those components and the three climate hazards.  
 

 
27 See Appendix B for a more detailed description of the climate hazards and their projections. 
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Figure 4-1 

Examples of climate hazard impacts to key components of public building infrastructure 

Note: For more examples of how these climate hazards impact building components, see WSP 2021. 
Source: WSP. 
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mechanical systems to maintain ambient air in specific conditions 
(temperature and humidity).

Relevant climate hazards

Includes

Superstructure, 
foundation, and 
roof structure.

Structure

Humidity and freeze-thaw cycles impact the structure if cracks in the 
material are present. Greatest impact is likely to be experienced in 
exposed components where water accumulation is most likely.

Relevant climate hazards

LEGEND Extreme Rainfall Extreme Heat Freeze-thaw Cycles

https://fao-on.org/en/Blog/Publications/cipi-wsp
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Most climate hazards to public buildings will increase 
The impacts of changing climate hazards on Ontario’s public buildings depend on the path of global greenhouse 
gas emissions and the extent of global mean temperature increases. The FAO costed climate impacts to public 
buildings for three global emissions scenarios:  

• A low emissions scenario that assumes a major and 
immediate turnaround in global climate policies. Emissions 
are projected to peak in the early 2020s and decline to 
zero by the 2080s. By the end of the century, net 
emissions are negative. In this scenario, global mean 
temperatures are projected to increase by 1.6°C (0.8 to 
2.4°C) by 2100 compared to the pre-industrial average 
(1850-1900).28 The key results for this scenario are 
presented in Appendix E. 

• A medium emissions scenario, where global emissions 
peak in the 2040s, then decline rapidly over the following 
four decades before stabilizing at the end of the century. 
In this scenario, the global mean temperature is projected 
to increase by 2.3°C (1.7 to 3.2°C) by 2100 relative to 
1850-1900.  

• A high emissions scenario that assumes global emissions 
continue to grow for most of the century.29 Global mean 
temperatures are projected to increase by 4.2°C (3.2 to 5.4°C) 
relative to 1850-1900. Cumulative emissions from 2005 to 
2020 most closely match the high emissions scenario.30  

 
Figure 4-2 presents a brief description of the projected changes in some of the climate indicators used to 
represent these hazards. Appendix B contains a full description of all relevant climate variables to public 
buildings, and their trends in all scenarios.  
 
 
 
 
 
 
 
 
 

 
28 Intergovernmental Panel on Climate Change, 2013, Table All.7.5. Ranges for the global mean surface temperature 
represent the 5th percentile to the 95th percentile projections of models used. 
29 The Intergovernmental Panel on Climate Change’s fifth comprehensive assessment (AR5), released in 2013, produced four 
scenarios called Representative Concentration Pathways (RCPs). The low emissions scenario corresponds to RCP2.6, the 
medium emissions scenario corresponds to RCP4.5 and the high emissions scenario corresponds to RCP8.5. See the IPCC’s 
Fifth Assessment Synthesis Report. The IPCC’s sixth assessment (AR6), released in 2021, contains five updated scenarios 
called Shared Socioeconomic Pathways (SSPs), which line up with the RCPs from AR5 in terms of average warming. This 
means that the RCP scenarios from AR5 are still relevant. 
30 Pacific Climate Impacts Consortium, 2021. 

Uncertainty in climate change 
projections 

The FAO partnered with the Canadian 
Centre for Climate Services at 
Environment Canada to acquire 
projections of key climate indicators 
for Ontario. To account for 
uncertainty in climate projections and 
in line with common practice in 
climate science, the median (50th 
percentile) projections of climate 
variables are presented, followed by 
ranges in parentheses. For Ontario 
climate indicators, the ranges indicate 
the 10th and 90th percentile 
projections from the ensemble of 24 
climate models used by the Canadian 
Centre for Climate Services.  

https://ar5-syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_SynthesisReport.pdf
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Figure 4-2 

Changing climate hazards in Ontario 

 

Extreme heat to rise 

• Projected changes in Ontario’s peak July temperatures differ 
significantly in the low and high emissions scenarios. Compared 
to the 1976-2005 average, the base period for this report, 
Ontario’s peak July temperatures are projected to be 1.7°C (1.3 
to 2.0°C) higher in the low emissions scenario by the 2030s. By 
the 2080s, peak July temperatures are projected to increase by 
1.9°C (0.9 to 2.8°C) in the low emissions scenario and by 6.5°C 
(4.3 to 7.6°C) in the high emissions scenario. 

• There is high confidence in the projected trends and ranges of 
temperature variables based on strong scientific evidence in the 
causes of observed changes. 

 

Extreme rainfall to increase 

• Average annual precipitation in Ontario is projected to increase 
by 6.0 per cent (5.3 to 6.6 per cent) in the low emissions 
scenario by the 2030s. By the 2080s, average annual 
precipitation is projected to rise by 7.1 per cent (4.0 to 7.8 per 
cent) in the low emissions scenario and by 15.0 per cent (6.2 to 
18.2 per cent) in the high emissions scenario.  

• Confidence in the projected trends and ranges of aggregate 
precipitation variables is somewhat lower (high-to-medium) than 
for temperature variables as there is less confidence in how well 
climate models represent the climate processes involved.  

 

Freeze-thaw cycles to decline 

• Annual FTCs are the number of days in a year when the 
temperature crosses 0°C. Over the coming decades, the winter 
season will shorten due to rising temperatures. Ontario average 
FTCs are projected to decline by 4.9 per cent (1.5 to 11.9 per 
cent) in the low emissions scenario by the 2030s. By the 2080s, 
annual FTCs are projected to decrease by 5.5 per cent (0 to 
15.2 per cent) in the low emissions scenario and by 15.1 per 
cent (0 to 24.9 per cent) in the high emissions scenario.  

• There is high confidence in the projections of annual FTCs and 
medium confidence in deep FTCs based on the amount of 
evidence for projected trends and ranges. 

Source: Canadian Centre for Climate Services. 
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Climate hazards are raising the cost of maintaining public 
buildings  
In the absence of adaptation actions, accelerated asset deterioration will 
shorten the useful service life (USL) of public buildings, requiring more 
frequent and additional rehabilitations. Changing climate hazards will also 
result in higher spending on operations and maintenance (O&M). Taken 
together, these factors will increase the operating and capital costs necessary 
to maintain public buildings in a state of good repair. 
 
In this section, the FAO presents the cost estimates of a no adaptation 
strategy, where asset managers do not adapt public buildings to withstand 
changing climate hazards. Under such a strategy, assets will require higher 
O&M expenses as well as additional capital spending to address accelerated 
deterioration. These costs are in addition to the baseline costs estimated in 
the previous chapter. While in practice there are many climate change 
adaptation initiatives under way, the intent of the no adaptation strategy is to 
explore the financial implications of not adapting public buildings to these 
climate hazards. 
 
If a no adaptation strategy is adopted for all public buildings in Ontario, extreme heat and extreme rainfall will 
cause the largest financial impact, with declining freeze-thaw cycles marginally offsetting the costs.31 The FAO 
estimates that in the absence of adaptation, the cumulative cost of maintaining public buildings in a state of good 
repair will increase by about $6 billion32 relative to baseline spending in a stable climate over the remainder of 
this decade (2022-2030). 
 
Over the long term, the extent of global climate change will influence the severity of these climate hazards and 
their impacts to public buildings. In the medium emissions scenario, the cumulative cost of maintaining the 
existing portfolio of public buildings in a state of good repair will increase by $66 billion (8.2 per cent increase 
over baseline), or $0.8 billion per year on average over the rest of the 21st century. However, in a high emissions 
scenario, cumulative costs would instead be $116 billion higher (14.5 per cent), or $1.5 billion per year on 
average over the rest of the century.33  
 
 
 
 
 
 
 
 
 
 
 
 

 
31 See Appendix C for details.  
32 This is the average of the increase in cumulative costs in the median projection of the medium and high emissions 
scenarios, which are $5 billion and $6 billion, respectively. 
33 These results are for the median projections in the medium and high emissions scenarios, respectively. 

No adaptation strategy 
costs 

If public buildings are not 
adapted to changing 
climate hazards, 
maintaining them in a state 
of good repair will require 
higher O&M expenses as 
well as additional capital 
expenses to address 
accelerated deterioration. 
These costs are defined as 
“damage costs.” 
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These cumulative costs could vary given the range of climate projections in each global emissions scenario. In 
the medium emissions scenario, the FAO estimates that by 2100, additional infrastructure-related costs of 
maintaining Ontario’s public buildings could range from $29 billion (3.7 per cent higher than baseline) to $134 
billion (16.8 per cent) by 2100. In the high emissions scenario, these additional costs could range from $55 billion 
(6.9 per cent) to $232 billion (29 per cent) by 2100.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-3 

More extreme rainfall and heat will raise the cost of maintaining the current portfolio of 
public buildings in the absence of adaptation actions 

 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes 
in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same period.  
Source: FAO.  

$66

$116

$0

$50

$100

$150

$200

$250

2022 2030 2040 2050 2060 2070 2080 2090 2100

Ad
di

tio
na

l c
um

ul
at

iv
e 

co
st

 to
 m

ai
nt

ai
n 

pu
bl

ic
 b

ui
ld

in
gs

 in
 a

 s
ta

te
 o

f g
oo

d 
re

pa
ir

(u
nd

is
co

un
te

d 
re

al
 $

20
20

, b
ill

io
ns

)

Medium emissions scenario High emissions scenario

About $6 billion in additional 
infrastructure costs by 
2030



 
 

19 
 

 

Assessing the financial impacts of extreme rainfall, extreme heat and freeze-thaw cycles on public buildings in Ontario 
 

Costing Climate Change Impacts to Public Infrastructure 
 

 

5 | Adapting public buildings to 
climate hazards 

 
Chapter 4 described the financial impact of not adapting public buildings to the projected changes in extreme 
rainfall, extreme heat and freeze-thaw cycles. In practice, buildings can be adapted to withstand these impacts – 
ensuring that assets perform to the same standards for which they were initially designed and do not suffer 
accelerated deterioration or higher O&M expenses.  
 
This chapter discusses different forms of adaptation, defines the scope of adaptation analyzed in this report, and 
estimates a range of costs to adapt Ontario’s portfolio of public buildings to withstand the late-century climate 
projections for extreme rainfall and extreme heat34 in the medium and high emissions scenarios.  
 

Adapting public buildings can help prevent the impacts of 
climate hazards  
Ontario’s public buildings have very long 
useful lives. Many buildings constructed in 
the 19th century are still in use today. Almost 
70 per cent of Ontario’s public buildings 
have a remaining useful life of 40 years or 
more, and over 20 per cent have a 
remaining useful life of 80 years or more. 
Given the long useful lives of public 
buildings, late-century climate conditions are 
relevant to adaptation decisions being made 
now. These decisions will impact public 
infrastructure costs throughout the century.  
 
However, climate projections depend on the 
trajectory of global emissions, which remains 
uncertain. This raises the difficult question of 
how projected changes in key climate 
hazards should be accounted for when 
public buildings are designed, built or 
retrofitted.35 
  

 
34 As the annual number of freeze-thaw cycles is projected to decline in all scenarios, this climate hazard is excluded from the 
analysis in this chapter. 
35 See Infrastructure Canada’s Climate Lens for a general guidance on different factors to consider when making adaptation 
decisions.  

Figure 5-1 

Ontario’s public buildings have long remaining 
useful lives 

 

Source: FAO.  
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Adapting public infrastructure to extreme rainfall and extreme heat could take many forms. A few examples 
include:  

• Updating infrastructure design parameters to a higher standard.36  

• Local jurisdictions in Ontario exploring adaptation options and adopting measures, including building 
code interpretations, general guidance for designers and operators, certification systems, and pilot 
projects.37  

• Enhancing the environment around a building to increase its ability to cope with climate hazards. This 
could be done at large or small scales and involve the use of green infrastructure. For example, the Port 
Lands Flood Protection Project is expected to provide flood resiliency to 290 hectares of Toronto’s 
southeastern downtown that sit in the Don River floodplain.38 To flood protect the Port Lands, the 
majority of land within the floodplain will be raised by a minimum of one to three metres. The project also 
incorporates green infrastructure, including the creation of wetlands and marshes, through which water 
will be directed during very large floods. 

• Changing the way assets are managed, for example, changing the frequency of operations and 
maintenance schedules.39   

Adaptation can include energy efficiency improvements to help reduce emissions. For example, the federal 
government is investing $182 million to increase energy efficiency and address climate change by improving 
how homes and buildings are designed, renovated and constructed.40  
 
In the FAO’s framework, adaptation is modelled as an alteration of a building’s physical components to prevent 
damage costs caused by changes in extreme rainfall and heat. Figure 5-2 presents some examples of adaptation 
measures for each building component.41 
 

 
36 While the climate data underlying current versions of building codes are based on historical observations (see National 
Building Code of Canada 2015, Table C-2 and 2012 Building Code Compendium: Supplementary Standard SB-1, Ministry of 
Municipal Affairs), numerous efforts are under way to integrate climate change considerations into the management of public 
buildings. At the federal level, the Climate-Resilient Buildings and Core Public Infrastructure initiative has supported the 
development of forward-looking climate data, which could be integrated into the 2025 edition of the National Building Code, 
and eventually into the Ontario Building Code (see Cannon, A.J., Jeong, D.I., Zhang, X., and Zwiers, F.W., 2020).  
37 See Canada’s Climate Change Adaptation Platform and Warren, F. and Lulham, N., editors, 2021, Box 2.3. In addition, 
O.Reg. 588/17, as amended by O.Reg. 193/21, requires municipalities to consider actions to address vulnerabilities in their 
infrastructure assets that may be caused by climate change. 
38 Waterfront Toronto, 2021. 
39 For example, see Asset Management BC’s Climate Change and Asset Management: A Sustainable Service Delivery Primer. 
40 Government of Canada, 2020.  
41 For a full description of adaptation examples see WSP 2021. 

https://publications.gc.ca/collections/collection_2019/cnrc-nrc/NR24-28-2018-eng.pdf
https://publications.gc.ca/collections/collection_2019/cnrc-nrc/NR24-28-2018-eng.pdf
https://www.publications.gov.on.ca/store/20170501121/Free_Download_Files/510156.pdf
https://www.nrcan.gc.ca/climate-change/impacts-adaptations/adapting-our-changing-climate/10027
https://portlandsto.ca/flood-risks-in-toronto/?web=1&wdLOR=c501CD285-28BD-4480-8528-46D2EA487E2E
https://www.assetmanagementbc.ca/wp-content/uploads/The-BC-Framework_Primer-on-Climate-Change-and-Asset-Management.pdf
https://www.nrcan.gc.ca/netzerobuildings
https://fao-on.org/en/Blog/Publications/cipi-wsp
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Figure 5-2 

Examples of building component adaptations to extreme rainfall and extreme heat 

Note: For more examples of how building components can be adapted to climate hazards, see WSP 2021. 
Source: WSP. 

Envelope

Finishes on the exterior need to be more sustainable to withstand heat and 
maintain the thermal protection of the indoor environment, shielding other 
building components from much of the stress of extreme heat events.

Roof drainage needs to be sized for future rainfall projections and sufficiently 
graded to limit ponding.

Structure

Upgrade roof structure to handle greater loading due 
to stormwater detention. Costs could also include the 
addition of waterproof membranes and drains.

Civil infrastructure and landscaping

Stormwater ponds, infiltration galleries, and retention or detention tanks to 
slow and minimize rainwater runoff rate and quantity.

Mechanical and electrical

New or added cooling capacity will be required to 
maintain comfort conditions indoors. 

Equipment and finishing 

Relocate exterior equipment outside of potential 
flooding areas due to increase in frequency and intensity 
of short-duration / high-intensity rainfall events.

https://fao-on.org/en/Blog/Publications/cipi-wsp


 
 

22 
 

 

Assessing the financial impacts of extreme rainfall, extreme heat and freeze-thaw cycles on public buildings in Ontario 
 

Costing Climate Change Impacts to Public Infrastructure 
 

Adaptation strategy costs vary based on the approach taken 
To estimate adaptation costs, the FAO assumed that public buildings and 
facilities are adapted to withstand the late-century projections42 for extreme 
rainfall and extreme heat. Once a building is adapted, the FAO assumes that no 
additional costs occur from accelerated deterioration or increased O&M 
expenses.43 To highlight potential cost differences, the FAO developed two 
adaptation strategies.  

• Reactive adaptation strategy: Buildings are only adapted at the time of 
renewal. This approach results in a gradual increase in the share of 
adapted buildings over the century, with roughly 77 per cent of assets 
adapted by 2100. The remaining 23 per cent have service lives that 
extend beyond 2100 and are not renewed or adapted over the 
projection. These buildings incur accelerated deterioration and higher 
O&M costs over the duration of the outlook. 

• Proactive adaptation strategy: Buildings are adapted at the first 
available opportunity. This occurs either during a building’s next major 
rehabilitation through a retrofit44 or at renewal, whichever comes first. In 
this approach, all buildings are adapted by the 2060s. 

 

 

 
42 The 2080s are selected to approximate the changes in climate in the latter half of the 21st century. For details, see Appendix C.  
43 However, after a building is adapted, its CRV increases to reflect the addition of climate hazard–resilient components, 
increasing the expenses associated with maintaining adapted assets in a state of good repair. 
44 A retrofit is an adaptation made during the building’s service life. Adapting as a retrofit to an existing building typically costs 
more than adapting while designing and constructing a replacement building.  

Figure 5-3 

The reactive adaptation strategy has fewer assets adapted by 2100 

  

Source: FAO.  

73

100 100

12

32

77

0

20

40

60

80

100

20
22

20
25

20
28

20
31

20
34

20
37

20
40

20
43

20
46

20
49

20
52

20
55

20
58

20
61

20
64

20
67

20
70

20
73

20
76

20
79

20
82

20
85

20
88

20
91

20
94

20
97

21
00Pr

op
or

tio
n 

of
 a

da
pt

ed
 p

ub
lic

 b
ui

ld
in

gs
 b

y 
CR

V 
 

(p
er

 c
en

t)

Proactive adaptation Reactive adaptation

Adaptation strategy 
costs 

Costs associated with 
adaptation strategy 
include: capital costs 
from increased 
deterioration and higher 
O&M expenses until 
adaptation, the one-time 
adaptation expense 
(either through a retrofit 
or renewal), and the 
higher O&M and capital 
expenses required to 
maintain higher-valued 
adapted assets.  
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Adapting Ontario’s public buildings will be expensive 
Under the reactive adaptation strategy, maintaining Ontario’s public buildings in a state of good repair would cost 
an additional $52 billion (6.5 per cent over baseline) cumulatively in the medium emissions scenario to 2100. In 
the high emissions scenario, the costs would instead increase by $91 billion (11.4 per cent over baseline). 

Under the proactive adaptation strategy, maintaining the portfolio would cost an additional $54 billion (6.7 per 
cent over baseline) cumulatively in the medium emissions scenario to 2100. In the high emissions scenario, the 
costs would instead increase by $104 billion (13.1 per cent over baseline).45 

45 These adaptation costs are implemented to withstand the climate impacts associated with the median projections for 
extreme rainfall and extreme heat. 

Figure 5-4 

The reactive adaptation strategy will see gradual rise in costs throughout the 21st century 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes 
in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same period.  
Source: FAO.  
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Under a proactive adaptation strategy, the cumulative costs over the next four decades (2022-2060) are 
significantly higher compared to the reactive adaptation strategy. This is because all assets are adapted by the 
2060s under the proactive strategy while only about one-third of assets are adapted under the reactive strategy 
by the same period. In addition, most adaptations are done through retrofits, which are more expensive than 
renewal adaptations.  

By the end of the century, the cumulative costs of the proactive strategy are higher than those of the reactive 
strategy. This reflects the fact that all buildings are adapted under the proactive strategy (many through more 
expensive retrofits), while under the reactive strategy only 77 per cent of assets are adapted by 2100.46 

These cumulative costs could vary given the range of climate projections in each global emissions scenario.47 In 
the medium emissions scenario, costs across both strategies range from a low of $22 billion (2.8 per cent higher 
than baseline) to $108 billion (13.5 per cent higher than baseline). In the high emissions scenario, cumulative 
costs across both strategies range from a low of $44 billion (5.5 per cent higher than baseline) to $174 billion 
(21.8 per cent higher than baseline). 

46 These results are based on the median projection in each emissions scenario. While the results hold true at the portfolio 
level across most climate scenarios, the optimal adaptation strategy for individual assets may vary based on the specific 
characteristics of the assets. See chapter 6 for details.  
47 Adapting to more extreme climate hazards would be more expensive than adapting to less extreme hazards. See Appendix D 
for details. 

Figure 5-5 

Proactively adapting all public buildings would require significant near-term investment 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible 
outcomes in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the 
same period.  
Source: FAO. 
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6 | Comparing the costs of different 
asset management strategies 

Chapters 4 and 5 examined the costs of maintaining assets in a state of good repair in the presence of climate 
change under three asset management strategies: no adaptation, reactive adaptation and proactive adaptation. 
None of the strategies presented in this report are meant to be a precise representation of future costs, and the 
portfolio level costing results are not intended to inform asset-specific management decisions. These strategies 
were designed to estimate the scale of the budgetary impact that changes in extreme rainfall, extreme heat and 
freeze-thaw cycles could impose on the province and municipalities over the rest of the century.  

This chapter compares cost estimates across the three asset management strategies and discusses the 
difference in cost profiles between them. The chapter then discusses the factors that were beyond the scope of 
the FAO’s analysis but are relevant in determining the most cost-effective strategy for managing Ontario's public 
buildings in a changing climate.  

Adapting public buildings could modestly lower the direct 
infrastructure costs for the province and municipalities  
Changes in extreme rainfall, extreme heat and freeze-thaw cycles will increase the cost of maintaining Ontario’s 
public buildings in a state of good repair regardless of whether buildings are adapted. However, the timing of 
when additional costs are incurred as well as the proportion of buildings adapted vary between the different 
adaptation strategies.  

Figure 6-1 shows how the cumulative cost grows under the three strategies in different emissions scenarios.  
Under the no adaptation strategy, additional costs accumulate consistently over the projection as extreme rainfall 
and extreme heat become more frequent and intense. The costs have a similar profile under the reactive 
adaptation strategy, with savings only starting to take effect after the 2070s.  

In contrast, the proactive adaptation strategy sees substantial adaptation costs over the next four decades as all 
public buildings are adapted primarily through retrofits. This strategy sees much higher up-front costs compared 
to the no adaptation and reactive strategies. Under this strategy, all public buildings are adapted by the 2060s, 
leading to a much slower growth in costs in the late century.  
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In both the medium and high emissions scenarios, the FAO estimates that on an undiscounted basis, the 
cumulative costs by the end of the 21st century are the highest under the no adaptation strategy, followed by the 
proactive adaptation and reactive adaptation strategies.48  

Although the differences between the cumulative costs under the three strategies are small relative to the 
increase in overall costs, the proportion of assets that remain vulnerable to changing climate hazards differs 
substantially. Under the proactive strategy, 100 per cent of assets are adapted by 2060. Under the reactive 
strategy, only 32 per cent of assets are adapted by 2060, rising to 77 per cent by the end of the century. Under 
the no adaptation strategy, all assets remain vulnerable to these changing climate hazards.  

48 For a discussion and presentation of results on a discounted basis, see Appendix E. 

Figure 6-1 

Asset management strategies to cope with extreme rainfall and heat have different cost profiles 

Note: The costs presented are based on the median (or 50th percentile) projection under each emissions scenario. The costs 
presented in this chart are in addition to the baseline costs over the same period.  
Source: FAO. 
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Table 6-1 presents a summary of the costs, timing and risk exposure of public buildings under the three different 
adaptation strategies.  

Table 6-1 

Summary of outcomes under different asset management strategies 

No Adaptation Strategy Reactive Adaptation Strategy Proactive Adaptation Strategy 

When are 
buildings 
adapted? 

No buildings are adapted 
Buildings are adapted during 
renewal  

Buildings are adapted at earliest 
opportunity 

What are the 
additional costs 
incurred? 

Costs from more rapid 
deterioration and higher 
O&M expenses 

Costs from more rapid 
deterioration and higher O&M 
expenses prior to adaptation, 
costs to adapt assets at renewal, 
and costs to maintain higher value 
adapted assets in a state of good 
repair 

Cost from more rapid 
deterioration and higher O&M 
expenses prior to adaptation, 
costs to adapt assets (including 
one-time retrofits or additional 
costs at renewal), and costs to 
maintain higher value adapted 
assets in a state of good repair 

What is the 
timing of these 
additional costs? 

Costs accumulate steadily 
over the century 

Costs accumulate steadily but 
stabilize near the end of the 
century as majority of buildings 
are adapted and avoid costs from 
accelerated deterioration and 
higher O&M expenses 

Costs increase rapidly to 2060 as 
all buildings are adapted, then 
accumulate more slowly as 
adapted assets avoid costs from 
accelerated deterioration and 
higher O&M expenses  

What is the 
proportion of 
adapted 
buildings by 
2100? 

No assets are adapted 
Roughly 77 per cent of assets are 
adapted 

All assets are adapted 

Source: FAO.  
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Other factors should be considered to assess the cost 
effectiveness of adaptation strategies 
Costing of the three different asset management strategies at the portfolio level was designed to estimate the 
scale of the budgetary impact that changes in extreme rainfall, extreme heat and freeze-thaw cycles could 
impose on the province and municipalities over the rest of the century. However, to make asset-specific climate 
adaptation decisions, many other factors should be considered. 

Determining the most cost-effective asset management strategy for a specific building would need to account for 
the asset’s individual characteristics (including age, condition and specific climate vulnerabilities) while balancing 
other priorities given the government’s budget constraints. A cost-effectiveness analysis would also need to consider a 
wider array of climate impacts over the entire useful life of an asset than the scope of the FAO’s analysis included.49    

The following costs and benefits were not included within the FAO’s scope but are likely to have substantial 
financial impacts. 

• More frequent rehabilitations or inspections could potentially disrupt regular service delivery, as would
unplanned service disruptions. Such disruptions can impact productivity, community life, health and
safety, especially for essential services such as hospitals, schools or water treatment facilities. In extreme
cases, severe climate events could leave an asset entirely unusable, significantly impacting the asset
owners and users.

• Damage to one part of a building could impact surrounding infrastructure and result in higher financial
costs to other asset owners. The FAO’s approach treats the impact of each climate hazard
independently and does not account for the significant inter-dependencies between infrastructure
components. For example, heavy rainfall may damage a building’s envelope, but the building’s inability
to manage the rainfall could also damage surrounding infrastructure.

• Since buildings have long useful lives, adaptation can reduce costs of climate hazards well beyond the
2100 projection horizon. These benefits accruing to the adaptation strategies are not included.

Incorporating these aspects into the analysis would show substantially larger benefits of adaptation.50 

49 Several decision-making tools can be used to assist climate change adaptation decisions that captures both financial and 
economic costs and benefits of adaptation. See Intergovernmental Panel on Climate Change, 2014 and United Nations 
Framework Convention on Climate Change, 2011 for details on different decision tools, OECD 2018 for a general discussion 
on costs and benefits of adaptation, and Government of Canada, 2019 for a general guidance on adaptation decisions.  
50 For discussions on the value of indirect benefits of adaptation and the indirect costs of service disruption in the context of 
building infrastructure, see Institute for Catastrophic Loss Reduction, 2020 and UNEP, 2021. For a discussion on the magnitude 
of indirect costs and benefits in the context of other sectors, see Neumann, J.E., Chinowsky, P., Helman, J. et al., 2021.  

https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-Chap17_FINAL.pdf
https://unfccc.int/resource/docs/publications/pub_nwp_costs_benefits_adaptation.pdf
https://unfccc.int/resource/docs/publications/pub_nwp_costs_benefits_adaptation.pdf
https://www.oecd.org/environment/cc/policy-perspectives-climate-resilient-infrastructure.pdf
https://www.infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html#3
https://www.iclr.org/wp-content/uploads/2020/03/SPA-Climate-resiliency-book.pdf
https://globalabc.org/resources/publications/buildings-and-climate-change-adaptation-call-action
https://link.springer.com/article/10.1007/s10584-021-03179-w#citeas
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7 | Appendix 
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Appendix A : Scope of buildings and facilities analysed 

Table 7-1 

Provincial and municipal building infrastructure valued at $254 billion (current replacement 
value) was included in the scope of this report 

Level of 
Government 

Sector 
Total CRV 

(2020$ 
billions) 

Description 

Provincial 

Transit $5 

• Ontario’s transit assets are owned by Metrolinx, which operates
primarily in the Greater Golden Horseshoe Area, and Ontario
Northland Transportation Commission (ONTC), which operates
primarily in northeastern Ontario.

• Metrolinx owns the GO Transit network, which includes about 70
stations as well as the UP Express network.

Hospitals $45 

• Hospital assets are owned by 141 hospital corporations in Ontario
and controlled by the Province through the Ministry of Health (MOH).

• In total, there are 913 building assets totalling over 90 million square
feet. On average, each building is approximately 47 years old.

• There are also 243 site component assets totalling over 9,000 square
feet, with an average age of approximately 49 years.

Schools $67 

• Ontario’s primary and secondary schools are owned by 72 local
school boards and four school-board authorities and controlled by
the Province through the Ministry of Education (EDU).

• In total, there are approximately 5,000 school buildings totalling
about 290 million square feet, with an average age of approximately
41 years.51

• There are also approximately 161 buildings used for administration
purposes, totalling about 4.4 million square feet, with an average age
of 43 years.

Colleges $11 

• Colleges sector assets are owned by Ontario’s 24 colleges and
controlled by the Province through the Ministry of Colleges and
Universities (MCU).

• In aggregate, college buildings total over 30 million square feet. On
average, each campus includes about 1.3 million square feet and is
33 years old.

Other $13 

• Includes buildings such as government owned offices, special
purpose buildings, correctional facilities, courthouses, etc.

• Other Provincial infrastructure assets are managed by various
ministries but are consolidated mostly by the Ministry of Government
and Consumer Services (MGCS) and the Ministry of Natural
Resources and Forestry (MNRF).

• MGCS consolidates realty assets under the General Real Estate Portfolio
(GREP), which provides real estate and project management services
to other Provincial entities.

51 In addition, Ontario’s school boards own roughly 7,000 portables. However, these assets are excluded from the FAO’s analysis. 
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Level of 
Government 

Sector 
Total CRV 

(2020$ 
billions) 

Description 

• GREP consolidates over 150 office buildings totalling about 10 million
square feet, with an average size of about 65,000 square feet and
age of 47 years.

• GREP also consolidates special purpose buildings, which include
justice sector assets, such as correctional facilities and courthouses,
and smaller assets, such as storage facilities.

Municipal 

Transit-
related 

$2 
• Building assets owned by individual municipalities, such as passenger

stations/terminals and transit shelters as well as maintenance and
storage facilities.

Water-
related 

$37 

• $13 billion in building-type potable water infrastructure such as water
pump stations and water treatment facilities.

• $23 billion in building-type wastewater infrastructure such as
wastewater lift stations, pump stations and treatment plants.

• $1 billion in building-type storm water infrastructure such as storm
water drainage pump stations.

Other 
buildings 

and 
facilities 

$75 

• $23 billion in social housing, $19 billion in government administration
buildings, $19 billion in tourism, culture and sport facilities, and
approximately $13 billion in justice, health, social services, waste
management, and other buildings and facilities.

Note: The age data presented are as of 2020.  
Source: FAO analysis of municipal data and provincial data as detailed in Financial Accountability Office of Ontario, 2020 and 2021a.  
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Appendix B : Scope of climate variables used in costing analysis 
The Canadian Centre for Climate Services provided the projections of all climate indicators used in the FAO’s 
costing analysis. Depending on the nature of the hazard’s interaction with specific building components, different 
climate indicators were used. See WSP’s report for a full description and rationale.52 

Table 7-2 

Projected change in relevant climate variables from 1976-2005 to 2071-2100, Ontario average 

Climate Hazard Variable Definition 
Low Emissions 

(RCP2.6) 
Medium Emissions 

(RCP4.5) 

High 
Emissions 
(RCP8.5) 

Extreme Heat 

Mean July 
maximum daily 

temperature 

Monthly mean of daily 
maximum temperature in 

July 

+1.8°C
(+0.9 to 2.5°C) 

+3.6°C
(+1.9 to 3.8°C) 

+6.5°C
(+4.0 to 7.9°C) 

2.5% July daily 
maximum 

temperature 

97.5th percentile of the 
distribution of daily maximum 

temperature in July 

+1.9°C
(+0.9 to 2.8°C) 

+3.4°C
(+2.4 to 4.3°C) 

+6.5°C
(+4.3 to 7.6°C) 

Annual number 
of cooling 

degree-days 

Annual sum of daily degrees 
above 18°C 

+71°C-days
(+37 to 117

°C-days) 

+161°C-days
(+86 to 212

°C-days) 

+381°C-days
(+225 to 515

°C-days) 

Extreme Rainfall 

Annual total 
precipitation 

Annual total amount of 
precipitation received 

+7.1 per cent
(+4.0 to 7.8
per cent)

+9.8 per cent
(+4.4 to 10.3

per cent) 

+15.0 per cent
(+6.2 to 18.2

 per cent) 

IDF 15-min 1:10 
Short duration rainfall 

intensity for a 15-minute 1-in-
10-year event

+14.6 per cent
(+9.8 to 23.5

per cent) 

+24.9 per cent
(+16.1 to 39.4

per cent) 

+53.0 per cent
(+38.0 to 78.2

per cent) 

IDF 24-hour 1:5 
Short duration rainfall 

intensity for a 24-hour 1-in-5-
year event 

+14.6 per cent
(+9.8 to 23.5

per cent) 

+24.9 per cent
(+16.1 to 39.4

 per cent) 

+53.0 per cent
(+38.0 to 78.2

per cent) 

IDF 24-hour 
1:100 

Short duration rainfall 
intensity for a 24-hour 1-in-

100-year event

+14.6 per cent
(+9.8 to 23.5

per cent) 

+24.9 per cent
(+16.1 to 39.4

per cent) 

+53.0 per cent
(+38.0 to 78.2

per cent) 

IDF 24-hour 
1:10 

Short duration rainfall 
intensity for a 24-hour 1-in-

10-year event

+14.6 per cent
(+9.8 to 23.5

per cent) 

+24.9 per cent
(+16.1 to 39.4

per cent) 

+53.0 per cent
(+38.0 to 78.2

per cent) 

Freeze-Thaw 
Cycles 

Annual freeze-
thaw cycles 

Annual number of days with 
daily maximum temperature 

above 0°C and daily 
minimum temperature below 

0°C 

-5.5 per cent
(-15.2 to 0.0

per cent) 

-12.1 per cent
(-19.2 to 0.0

per cent) 

-15.1 per cent
(-24.9 to 0.0

per cent) 

Deep freeze-
thaw cycles 

Annual number of days with 
daily maximum temperature 
above 0°C, daily minimum 

temperature below 0°C, and 
daily average temperature 

equal or less than 0°C 

-2.3 per cent
(-8.3 to +4.6

per cent) 

-4.4 per cent
(-10.8 to +4.8

per cent) 

-4.9 per cent
(-15.8 to +12.5

per cent) 

Note: Numbers are rounded. Median (50th percentile) projections of climate variables are presented, followed by ranges in 
parentheses. Ranges show the 10th and 90th percentile projections.  
Source: Canadian Centre for Climate Services. 

52 See WSP 2021. 

https://fao-on.org/en/Blog/Publications/cipi-wsp
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Appendix C : The impact of climate hazards on public buildings 
In the absence of adaptation measures, changes in extreme rainfall, extreme heat and freeze-thaw cycles will 
impact the useful service life (USL) of public buildings. They will also impact the operations and maintenance 
(O&M) spending that would be required to maintain Ontario’s portfolio of public buildings in a state of good 
repair. However, adapting public buildings to withstand changes in these climate hazards will require investment. 

To establish relationships between relevant climate indicators and key infrastructure costs, the FAO worked with 
WSP, a large engineering firm with expertise in all aspects of public sector infrastructure, including asset 
management, public infrastructure construction and operations, and climate change impacts. WSP estimated 
relationships between climate variables and infrastructure costs by surveying relevant engineering experts. To 
account for engineering uncertainty, WSP aggregated their responses and provided optimistic, pessimistic and 
most-likely cost relationships. This forms the basis on which the FAO estimated the additional costs of climate 
hazards to public buildings in Ontario.53  

Based on these engineering relationships, this appendix describes how the three climate hazards are expected 
to impact the USL and O&M costs of Ontario’s public buildings over the rest of the 21st century. It also provides 
average adaptation cost estimates to adapt public buildings to the projected change in these climate hazards for 
each decade of the century.  

While regional climate projections were used to develop the FAO’s cost estimates, the results presented in this 
appendix combine Ontario average climate projections with WSP’s cost relationships to illustrate the impacts. 
The engineering impacts by economic regions are available on the FAO website. 

Climate hazards are reducing the useful service life of public buildings in the absence 
of adaptation 
The FAO estimates that increases in extreme rainfall and heat are reducing the USL of public buildings in 
Ontario, resulting in faster deterioration than would otherwise have occurred in a stable climate. Over the long 
term, increases in extreme rainfall and heat will further reduce the USL of buildings in both emissions scenarios, 
although the impact is more significant in the high emissions scenario. While impacts to individual buildings may 
vary, these results should be interpreted as the average impact across the portfolio of public buildings in the 
project’s scope. 

53 Financial Accountability Office of Ontario, 2021b. 

https://fao-on.org/en/Blog/Publications/cipi-backgrounder
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Trends in extreme rainfall primarily drive the reduction in USL for Ontario’s portfolio of public, followed by 
extreme heat. While declining trends in freeze-thaw cycles are estimated to prolong USLs, this is more than 
offset by the impact of the other hazards.  

Figure 7-1 

The useful service life of public buildings will decline due to projected changes in extreme 
heat, extreme rainfall and freeze-thaw cycles in the absence of adaptation actions 

Note: The solid line is the median (or 50th percentile) climate projection using “most likely” engineering outcomes. The coloured 
bands represent the range of possible outcomes in each emissions scenario given climate and engineering uncertainty. 
Source: WSP and FAO. 
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Figure 7-2 

More extreme rainfall is the biggest factor accelerating the deterioration of public buildings 

Note: These values are based on the median (50th percentile) Ontario average climate projections using the estimates of “most 
likely” engineering outcome. The range of climate and engineering uncertainties has been omitted in this figure for 
presentation purposes. 
Source: WSP and FAO. 
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Climate hazards will increase O&M expenses for public buildings in the absence of 
adaptation 
The FAO estimates that increases in extreme rainfall and heat are raising the O&M expenses of public buildings 
faster than would otherwise have occurred in a stable climate. Over the rest of the century, the required O&M 
expense to maintain public buildings in a state of good repair is projected to rise in both emissions scenarios, 
with a larger increase in the high emissions scenario. 

Trends in extreme rainfall are expected to drive most of the projected increases in O&M expenses to public 
buildings, while extreme heat has a much smaller impact. Fewer freeze-thaw cycles in the future will modestly 
reduce O&M expenses to public buildings on average, although the impacts of other hazards more than offset 
this small reduction.  

Figure 7-3 

Projected changes in extreme rainfall, extreme heat and freeze-thaw cycles will raise the 
O&M expenses of Ontario’s public buildings in the absence of adaptation actions 

Note: The solid line is the median (or 50th percentile) climate projection using “most likely” engineering outcomes. The coloured 
bands represent the range of possible outcomes in each emissions scenario given climate and engineering uncertainty. 
Source: WSP and FAO. 
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The cost of adapting public buildings to withstand these climate hazards increases 
with the extent of climate change 
In the FAO’s framework, adaptation is modelled as an alteration of a building’s physical components to prevent 
more rapid deterioration and increased O&M expenses caused by changes in extreme rainfall and heat. 
Adaptation costs are considered one-time investments, occurring either as a retrofit during a building’s service 
life, or as part of a full redesign and rebuild at the end of its service life.   

The costs of adaptation are also assumed to vary depending on the severity of the climate hazards the 
adaptation is designed to withstand. The more severe the climate hazard, the higher the expected adaptation 
costs. Based on WSP estimates, the cost of adapting a building during its service life through a retrofit is 
expected to be more expensive than the increased cost of designing and constructing a new climate-adapted 
building at the end of its service life.  

While the FAO’s analysis only uses the cost estimates in the 2080s to estimate portfolio-wide adaptation costs, 
the full range of costs per decade is shown below to illustrate how these costs vary with changing climate 
hazards. Adaptation costs are expressed as a percentage of a building’s current replacement value. For 
example, if a building is valued at $1.0 million, and the adaptation is assumed to cost 5 per cent, the adaptation 
cost is $50,000. All costs are in 2020 real dollars. 

Figure 7-4 

More intense rainfall will contribute the most to rising O&M costs for public buildings 

Note: These values are based on the median (50th percentile) Ontario average climate projections using the estimates of “most 
likely” engineering outcome. The range of climate and engineering uncertainties has been omitted in this figure for 
presentation purposes. 
Source: WSP and FAO. 
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Figure 7-5 

The cost of retrofitting Ontario’s public buildings to withstand extreme rainfall and heat 
will depend on the extent of climate change 

Note: The solid line is the median (or 50th percentile) climate projection using “most likely” engineering outcomes. The 
coloured bands represent the range of possible outcomes in each emissions scenario given climate and engineering 
uncertainty. 
Source: WSP and FAO. 
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Figure 7-6 

The cost of adapting Ontario’s public buildings at renewal to withstand extreme rainfall and heat 
will depend on the extent of climate change 

Note: The solid line is the median (or 50th percentile) climate projection using “most likely” engineering outcomes. The coloured 
bands represent the range of possible outcomes in each emissions scenario given climate and engineering uncertainty. 
Source: WSP and FAO. 
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Appendix D : Comparing the present value costs of different 
asset management strategies 
When evaluating financial decisions, the timing of cash flows is important.54 A standard approach to deal with the 
timing implications of spending is to discount costs into present value dollars using a discount rate. When 
discounted, costs incurred further in the future carry less weight relative to costs incurred sooner.  

Chapter 6 showed that in undiscounted real dollars, the reactive adaptation strategy had a marginally lower 
cumulative additional cost over the projection, followed by the proactive adaptation strategy, while the no 
adaptation strategy had the highest costs. Figure 7-7 shows how the choice of discount rate impacts the present 
value of the total cost estimates for the median climate projections.   

At discount rates above 1 or 1.5 per cent (depending on the emissions scenario), the proactive adaptation 
strategy is more expensive in present value terms compared to other strategies. At discount rates below 4.5 to 
5.5 per cent, the reactive adaptation strategy remains the lower cost strategy in present value terms. However, 
above 4.5 to 5.5 per cent, the present value of the reactive adaptation and no adaptation strategies becomes 
similar. This happens as the cost profiles under both strategies are comparable until 2070s (see Figure 6-1), and 
the savings from the reactive adaptation strategy after 2070s are more heavily discounted at higher rates. 

The choice of a discount rate will affect the relative costs of each strategy. Rate selection will have 
intergenerational equity implications, as higher discount rates favour current generations over future ones. These 
strategies were not designed to inform asset-specific management decisions, but rather to estimate the scale of 
their budgetary impacts. The costs compared above do not incorporate the full spectrum of societal impacts 
these climate hazards will impose (as noted in Chapter 6), nor do they reflect the climate and engineering 
uncertainties discussed throughout the report.  

54 For a discussion on the importance of discount rate in evaluating climate adaptation projects, see the Intergovernmental 
Panel on Climate Change, 2014. 

Figure 7-7 

The present value cost of each asset management strategy under different discount rates 

Note: The costs presented use the median (50th percentile) climate projections and “most likely” engineering costs. 
Source: FAO. 
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Appendix E : Costing results in the low emissions scenario 
While the report focused on the medium and high emissions scenario, Appendix E presents the costing results of 
the three adaptation strategies for all emissions scenarios.  

In the low emissions scenario, a major and immediate turnaround in global climate policies is assumed. 
Emissions are projected to peak in the early 2020s and decline to zero by the 2080s, limiting the rise in global 
mean temperatures to 1.6°C (0.8 to 2.4°C) by 2100 compared to the pre-industrial average.55 Even in the low 
emissions scenario, change in extreme rainfall, extreme heat and freeze-thaw cycles will still have material 
financial impacts. Taken together they would raise the costs of maintaining Ontario’s public buildings by $43 
billion (5.4 per cent above baseline) to 2100 in the absence of adaptation. 

55 Intergovernmental Panel on Climate Change, 2013, Table All.7.5. Ranges for the global mean surface temperature 
represent the 5th percentile to the 95th percentile projections of models used. 

Figure 7-8 

More extreme rainfall and heat will raise the cost of maintaining the current portfolio of 
public buildings by $43 billion in the low emissions scenario in the absence of adaptation 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes 
in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same period.  
Source: WSP and FAO.  
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Figure 7-9 

A reactive adaptation strategy, where buildings are adapted when renewed at the end of 
their service life to withstand the impacts of more extreme rainfall and heat, will add $35 
billion in infrastructure costs over the century in the low emissions scenario 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes 
in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same period.  
Source: WSP and FAO. 

Figure 7-10 

A proactive adaptation strategy, where buildings are adapted at the earliest opportunity to 
withstand the impacts of more extreme rainfall and heat, will add $33 billion in infrastructure 
costs over the century in the low emissions scenario 

Notes: The solid line is the median (or 50th percentile) projection. The coloured bands represent the range of possible outcomes 
in each emissions scenario. The costs presented in this chart are in addition to the projected baseline costs over the same 
period. Source: WSP and FAO.  
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