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Provincial Policy Statement (2014): 

“Infrastructure … shall be provided in a coordinated, efficient and cost-effective 

manner  ….” 

Infrastructure for Jobs and Prosperity Act (2015) O. Reg. 588/17 (2017) : 

Asset management plans must show “For each asset category, the lifecycle activities that 

would need to be undertaken … and the costs of providing those activities.” 

These activities must also consider “the lowest cost to maintain the current levels 

of service” 

Class Environmental Assessments (2015): 

For wastewater projects “Economic Environment includes commercial and industrial land 

uses and activities. It also includes the financial costs associated with the alternatives, 

including construction, operation, maintenance, and property costs.”  

 

 

 

Regulating Infrastructure Cost in Ontario 

4 Provincial Policy Statement 2014 Infr. for Jobs and Prosperity O Reg 588/17 Municipal Class EAs 

http://www.mah.gov.on.ca/Page10679.aspx
https://www.ontario.ca/laws/regulation/r17588
https://www.ontario.ca/laws/regulation/r17588
https://www.ontario.ca/laws/regulation/r17588
https://www.ontario.ca/laws/regulation/r17588
https://www.ontario.ca/laws/regulation/r17588
http://www.municipalclassea.ca/manual/page1.html


History of Cost-Benefit Analysis (CBA) 
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• Long-standing requirement to evaluate 

feasibility of flood reduction projects: 
 

Eckstein 1958: “Feasibility is interpreted to mean that ‘the 

benefits, to whomever they may accrue, are in excess if 

the estimated costs’, following a requirement specified in 

the Flood Control Act of 1936.”  

 

Watt 1989: “It is therefore reasonable to require that all 

projects that provide or improve flood protection be 

justified economically before public funds are allocated”   
 

“benefits should exceed cost by a sufficient margin” 
 

 

 

 

 

https://files.onhttps://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170bario.ca/infrastructure_update_2017-_eng_0.pdf 

Watt 1984: 

https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf


CBA in Ontario Class EAs ... Very Rare 
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• No formal requirement for 

Cost-Benefit Analysis in 

economic evaluation. 
 

Dillon Consulting Limited 2004: 

Evaluated flood control on a catchment-

by-catchment basis in Stratford storm 

system Master Plan. 

 

Prioritized works to guide subsequent 

Class EA study in high benefit / cost ratio 

locations. 

https://files.onhttps://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170bario.ca/infrastructure_update_2017-_eng_0.pdf 

Stratford City-Wide Storm System Master Plan: 

0.77 

0.06 

0.53 

0.15 

Benefit / Cost Ratios 

https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://nparc.nrc-cnrc.gc.ca/eng/view/accepted/?id=7b18d8c9-6c5f-425f-8338-ac4a24f8170b
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf


Cost Benefit Analysis is Like Jazz Flute 
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CBA for Federal Reg’s and Grants ... Mandatory 
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• Canadian government requires CBA to 

evaluate new regulations and disaster 

mitigation grant applications. 
 

Treasury Board 2007: Regulations that impose a 

cost of $1M or more on stakeholders require 

monetized benefit and cost evaluation.  

 

Infrastructure Canada 2018: Return on Investment 

(ROI) analysis for eligible projects must show 

benefit / cost ratio of 2:1 or more, with deferred 

socio-economic and environmental costs (benefits). 
 

 

 

 

 

https://files.onhttps://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf Treasury Board Report 2017-2018: 

Disaster Mitigation Adaptation Fund Guidelines: https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf 

Treasury Board of Canada Secretariat 

Canadian Cost-Benefit Analysis 
Guide 

Inftrastructure Canada 

Disaster Mitigation and 
Adaptation Fund 
Strengthening the 
Resilience of Canadian 
Communities 

https://files.on/
https://files.on/
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf
https://files.ontario.ca/infrastructure_update_2017-_eng_0.pdf


Ontario Green Infrastructure Policy 
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• Ministry of Environment and Climate 

Change (now Ministry of Environment, 

Conservation and Parks) draft LID 

manual proposed Ontario-wide 

targets. Did not address costs. 
 
 

“Excessive costs alone shall 

 not be considered 

 an acceptable constraint” 

(first draft) 
 

 

 

 

 

Draft No. 2 LID Manual: 
https://drive.google.com/open?id=1NHtrjCglDgox4tYISLU5LLZYS32Ea4MN 

https://drive.google.com/open?id=1NHtrjCglDgox4tYISLU5LLZYS32Ea4MN


Made-in-Ontario Environment Plan 

• “This plan will ensure we balance a 

healthy environment with a healthy 

economy.” 

• Highlights frustration of taxpayers who 

see “hard-earned tax-dollars being put 

towards policies and programs that don’t 

deliver results”. 

 

10 https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf 

Ontario Environment Plan: 

https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf
https://prod-environmental-registry.s3.amazonaws.com/2018-11/EnvironmentPlan.pdf


Ontario-Wide Draft Policy Cost Implications 

• “Estimates suggest that green infrastructure adaptation costs could be as 

high as $400,000 per hectare, inclusive of recently tendered construction 

projects. This means that the long-term province-wide costs to 

developers and municipalities—and, ultimately, the end consumer and 

economy—total hundreds of billions of dollars.” (Bill 139 Review 2017) 

 

   Hectares Urban Land    x      Cost Per ha       =    Initial Capital Cost 

 

             852,000               x         $390,000         =             $332 B 
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https://drive.google.com/open?id=1az42-2TZrcmRm2uHVcxG6mc3LBtb8vv- 

https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html 

Bill 139 Review:  

Initial Cost Assessment : 

https://drive.google.com/open?id=1az42-2TZrcmRm2uHVcxG6mc3LBtb8vv-
https://drive.google.com/open?id=1az42-2TZrcmRm2uHVcxG6mc3LBtb8vv-
https://drive.google.com/open?id=1az42-2TZrcmRm2uHVcxG6mc3LBtb8vv-
https://drive.google.com/open?id=1az42-2TZrcmRm2uHVcxG6mc3LBtb8vv-
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html
https://www.cityfloodmap.com/2016/11/green-infrastructure-solution-to-urban.html


Green Infrastructure Capital Cost Review 

• Costs from various sources (1200+ projects) have confirmed magnitude 

of cost issue and need to assess lifecycle costs and cost effectiveness. 
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https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html 

https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html 

Ontario Tenders :  

Philadelphia, NY Costs : 

Ontario Tenders Philadelphia Clean Waters 

$575,000 per ha 

$568,000 per ha 
$783,000 per imp. ha 

New York State 

https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/05/are-lids-financially-sustainable-in.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html
https://www.cityfloodmap.com/2018/07/green-infrastructure-capital-and.html


Reliability of Cost Benefit Analysis 

 

13 



Intact Centre on Climate Adaptation 

Weathering the Storm: Developing a 
Canadian Standard for Flood-
Resilient Existing Communities 

Insurance Bureau of 
Canada 

Combatting Canada’s 
Rising Flood Costs: 
Natural Infrastructure is 
an underutilized option 

Natalia Moudrak Dr.Blai r Feltmate 

Some Research Overstates Benefits, Incomplete on Costs  

• Cites ‘meta-analysis’ benefits as real 
“Performance monitoring results” for 
flood damage reduction (e.g., Pelly’s Lake 
wetland case study).  

• Omits cost-effectiveness of the 
recommended measures: “cost rankings 
are not normalized with consideration of 
performance effectiveness”  

• However Press Release promotes 
“solutions that can be deployed 
practically and cost-effectively within 
communities” 

14 
https://goo.gl/Y3vWzx 
ICCA Weathering the Storm Report Review:  

https://goo.gl/iCFoyS 
IBC Report Review:  

https://goo.gl/iCFoyS 

CBC Ombudsman 
Review:  

https://goo.gl/Y3vWzx
https://goo.gl/iCFoyS
https://goo.gl/iCFoyS
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National Research Council Guidelines 

• NRC is developing Guidelines on 

Undertaking a Comprehensive Analysis 

of Benefits, Costs and Uncertainties of 

Storm Drainage Infrastructure in a 

Changing Climate 

https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL National Research Council Guidelines Scope of Work : 

https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL
https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL
https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL
https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL
https://drive.google.com/open?id=1W8CT2iEs-vdE-KhT87B441k8ciQZ13SL


Excellence Markham Framework: 

Financial Performance is a key outcome of … ”how we run the joint” 

 

 

Cost Efficiency Principles in Markham 
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Markham Case Study 

• Analysis of city-wide Flood Control Program 

costs and benefits initiated to:  

i) estimate DMAF project Return on 

Investment for flood control 

ii) evaluate green infrastructure (LID) cost-

 effectiveness for: 

• Flood control 

• Watercourse erosion repair mitigation 

• Water quality improvements (based 

on willingness to pay) 

17 https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs 

Markham Flood Control : 

https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs
https://www.markham.ca/wps/portal/home/neighbourhood-services/water-sewer/projects-and-programs/06-projects-and-programs


Markham Case Study - Strategies 

• Focus on 25% of city (pre-1980s) 

18 

• Strategy A 

grey infrastructure (current 

program incl. one central wetland) 

• Strategy B 

green infrastructure 

• Strategy C 

90% grey 

10% green 

West Thornhill 

Unionville 

Markham 
Village 

Steeles Ave. E 

Hwy 407 



Markham Case Study - Benefits 

• Flood control benefits 

– Deferred damages based on 

scaled regional reported claims 

• Erosion control benefits 

– Lower creek repairs based on 

lifecycle costs (green only) 

• Watershed quality benefits 

– Willingness-to-pay for water quality 

improvements based on Rouge R. 

source control study (green only) 
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https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html WEAO paper : 

https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html
https://www.cityfloodmap.com/2019/02/an-economic-analysis-of-green-v-grey.html


Markham Case Study - Costs 
• Grey infrastructure 

– Capital - completed, tendered,  

& designed projects, Class EA 

estimates, program costs 

– O&M – equivalent to existing 

lifecycle program costs   

• Green infrastructure 

– Capital – average of unit cost for 

all LID types (excl. green roof) 

– O&M – per Philadelphia clean 

waters pilot lifecycle costs 

 20 
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Sanitary
Upgrades

Storm
Upgrades

Green Infr.
Retrofit Option

Markham Flood Control Program Activities and Costs 

C
o

st
 (

$
M

) 

$3 M 
 $1300/ha 

$27 M 
$11,000/ha 

$253 M 
$120,000/ha 

$1.7 B 
$726,000/ha 
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Strategies - 50 Shades of Grey to Green 
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Strategy A (grey) Strategy B (green) 

Strategy C 
(grey + green) 



Annual Costs and Benefits 
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-70 -60 -50 -40 -30 -20 -10 0 10 20

-70 -60 -50 -40 -30 -20 -10 0 10 20

Strategy C

Strategy B

Strategy A

Flood Benefit Erosion Benefit Quality Benefit Cost

Strategy A 
 (grey) 

Strategy B 
(green) 

Strategy C 
(grey + green) 

Benefits/year $M Cost/year $M 

(insured losses only) (“willingness to pay”) 



Annual Costs and Benefits 
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-70 -60 -50 -40 -30 -20 -10 0 10 20

-70 -60 -50 -40 -30 -20 -10 0 10 20

Strategy C

Strategy B

Strategy A

Flood Benefit Erosion Benefit Quality Benefit Cost

Strategy A 
 (grey) 

Strategy B 
(green) 

Strategy C 
(grey + green) 

Benefits/year $M Cost/year $M 

Benefit / Cost = 2.52 (100% flood)  

Benefit / Cost = 0.27 (41% flood)  

Benefit / Cost = 0.91 (88% flood)  

Residential Stormwater Fee = $ 3,800 /yr 

Residential Stormwater Fee = $ 47 / yr 

(insured losses only) (“willingness to pay”) 

Residential Stormwater Fee = $ 150 /yr 



Conclusions 
• Cost-benefit analysis for infrastructure investments is making a comeback 

(mandatory for disaster mitigation grant applications (DMAF)). 

• NRC’s upcoming cost-benefit guidelines can support more consistent & 

thorough cost-benefit analyses, improving reliability & decision making. 

• Markham case study evaluating current grey and alternative green 

infrastructure strategies shows: 

– City’s current Flood Control Program (low cost programs, extensive 

grey infrastructure projects, isolated green projects) is cost-effective 

with projected benefits over twice the costs. 

– Benefits for green infrastructure implementation warrant detailed study 

on cost, and willingness to pay for quality improvements given 

unfavourable benefit/cost from a system-wide lifecycle perspective. 
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Thank You 

More Rob : 
 
Blog: www.CityFloodMap.com 
Podcast: Open During Construction on iTunes 
Twitter: @RobertMuir_PEng 
 
More City of Markham : 
 
Web: www.markham.ca 
Twitter: @CityofMarkham 
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More fp&p: 
 
Web: http://www.fabianpapa.com/ 
Twitter: @fpp2006 

http://www.cityfloodmap.com/
https://itunes.apple.com/us/podcast/open-during-construction/id1203100016?mt=2
https://twitter.com/robertmuir_peng
https://twitter.com/robertmuir_peng
https://twitter.com/robertmuir_peng
https://twitter.com/robertmuir_peng
http://www.markham.ca/
http://www.fabianpapa.com/



