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New developments outside municipal
boundaries have encircled the tri-communities
of Moncton, Dieppe and Riverview over
the past decades. Primarily residential in
character, these new subdivisions in Moncton
and Coverdale LSDs require large lot sizes
to conform to the provincial subdivision
regulation. The result has been the creation
of substantial lengths of new public roads
and demand for provincially and regionally
administered services, both of which will
have profound effects on the long-term
management of public infrastructure. This
report highlights the need to integrate land use
planning with asset management to support
the objectives of financial sustainability and

long-term prosperity.

The Southeast Regional Service Commission

(SERSC) has conducted a lifecycle cost
analysis (LCCA) of public infrastructure and
tax revenues on seven land use scenarios
in the LSDs of Moncton and Coverdale.
Lifecycle cost analysis is a tool for evaluating
the total cost of constructing, operating,
maintaining, and replacing an asset. LCCA
applied to land use patterns allows the
evaluation of the financial impacts on the
public of different forms of development. To
complete the lifecycle costing, the SERSC
undertook a review of infrastructure costs in
New Brunswick and in the Southeast region.
These base costs were combined with the
development characteristics of the seven
selected scenarios to produce lifecycle cost

estimates over 50-year and 100-year periods.



The key findings of the lifecycle cost

analysis were:

« Net lifecycle costs over a 50-year period
ranged from a deficit of $3.2 million to a
$270,000 surplus - amounting to a range
of an annualized deficit of over $1,700 per
household to an annualized surplus of
approximately $140 per household.

e Over an analysis period of 100-years, all
scenarios were less financially viable;
the total lifecycle deficits were found to
range from approximately $6.7 million to
$1.6 million.

* Lifecycle costs over the 100-year period
produce a range of annualized deficits
from $2,884 per household to $1110
per household, with an average annual
deficit of $1,655 per household across
all scenarios.

 Allseven development scenarios modeled
possess negative net present values over
the lifecycle of a 100-year analysis period.

*  Public roads were the principal contributor
to the lifecycle cost of rural subdivisions,
representing as much as 72% of total
lifecycle costs.

« Development scenarios containing longer
local road networks were less financially

viable over the analyzed lifecycle periods.

The results of the lifecycle cost analysis raise
questions around the financial sustainability
of low-density development that is taking
place in the LSDs of Moncton and Coverdale.
The lifecycle costing demonstrates the
important financial burden to the public
tied to the maintenance and replacement of
new public roads in LSDs. The LCCA further
highlights the

planning and asset management. The type

link between community
and location of infrastructure present is
largely dictated by community form and land
use. Early intervention in the land use planning
stage can reduce overall lifecycle costs and
optimize infrastructure use. Ultimately, an
informed approach integrating land use
planning and asset management can better
address sustainability and resiliency issues in

the region.
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Introduction

Over recent decades, substantial new
land development has occurred in the
unincorporated areas surrounding the
tri-communities of Moncton, Dieppe and
Riverview. These projects are concentrated
in the Irishtown, Berry Mills, Lutes Mountain,
Lower Coverdale and Melanson Settlement
areas of Moncton and Coverdale Local Service
Districts (LSDs). The resulting subdivisions
have produced a new community form in the
region, distinct from traditional settlement
patterns. Uniquely residential in character,
the new developments are composed of
lots exceeding one-acre to meet provincial
subdivision requirements. While the densities
of these communities are more rural in
nature, they are functionally suburban
neighbourhoods within the Moncton census



metropolitan area. A considerable length of
new public road has been constructed in
conjunction with this new settlement pattern.
The purpose of this report is to assess the
long-term public cost implications associated
residential

to un-serviced developments

in  proximity to the tri-communities.
Additionally, this report considers the role
of land use planning in asset management

within the context of Local Service Districts.

Lifecycle cost analysis (LCCA) is a method
of evaluating the total cost of ownership
of assets. LCCA encompasses the costs
incurred over the production, operation
and maintenance, and finally replacement
and disposal of an asset. Like cost-benefit
analyses, multiple alternatives can be
compared through LCCA to determine the
most cost-effective option over the entire life
of the infrastructure. Lifecycle cost analysis
for community development alternatives
considers the role land use and community
form play in determining infrastructure
location and demand. In this way, lifecycle
costing can support decision making
surrounding new development at a higher
planning level; the integration of lifecycle cost
analysis in planning decisions contributes to
more sustainable policy making, particularly
in terms of long-term financial viability. Most
long-term public costs associated to public
infrastructure and services are established
during the planning phase. Intervention at
this stage of community projects holds the
greatest potential to alter the costs of asset

management.

The Canadian

Corporation developed a lifecycle costing

Mortgage and Housing
tool for community infrastructure planning
to provide high level analysis of lifecycle
infrastructure, service costs and revenues
for differing land use and planning scenarios.
An update to this tool by the Province
of British Columbia in late 2018 provides
additional functionality and more recent cost
estimations. The version produced by the
Province of British Columbia allows the initial
capital costs to be attributed to the developer,
while assuming replacement capital costs
are assumed by the municipality, as is the
case in New Brunswick. The lifecycle costing
conducted in this report is based on these
two tools, but has been adapted to allow for

alternative lengths in the analysis period and

for cost escalation factors.
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Life cycle cost analysis (LCCA) of community
infrastructure permits the evaluation of
long-term costs and benefits of different
community development forms. The costs of
land development typologies differ in both
the time at which they are incurred and in
the amount. By considering costs incurred
over the life stages of public infrastructure,
LCCA permits different land development

alternatives to be compared.

Five steps were used in the lifecycle cost
analysis of community infrastructure in local

service districts:

Establish scope and analysis assumptions

—

Determine unit costs and activity timing
Establish development scenarios

Compute lifecycle costs

QIESIEAIEN

Interpret results



Scope and Analysis Assumptions

The lifecycle cost analysis was conducted
to assess the costs and benefits realized on
public actors (principally the departments
of the Provincial government who act as
service providers in Local Service Districts)
during the initial construction, operation,
maintenance, and eventual replacement
of infrastructure. The analysis was thus
limited to expenditures related to public
infrastructure and services typically delivered
at a local level of government including local
roads, fire and police services, solid waste
disposal, and community and recreation
programs. Elements such as education and
healthcare were excluded, as were regional
highways not contained within the scenarios.
Private infrastructure for which individual
landowners are responsible, such as wells
and septic systems, were also excluded from
the analysis. Public revenues were based
solely on the levied property taxes of LSDs
and any non-tax revenue associated to the

LSD (typically in the form of tariffs).

All community development scenarios were
evaluated for the same analysis period:
50-years and 100-years. Maintaining the
same analysis period for all scenarios allows

for direct comparison of the lifecycle cost.

External or indirect public costs were
excluded from the economic lifecycle cost
analysis. All development, nonetheless,
has an external cost to society, which
the residents or public does not directly
assume from a These

given project.

externalities include the costs related to

car dependency and household heating,

such as the cost of climate change due
to greenhouse gas emissions, the costs
of congestion, and the costs of pollution
from volatile organic compounds and fine
particulates. Developments also exert
externalities through the loss of agricultural
or natural land and of any associated natural
benefits. While the tools used to determine
the lifecycle costs of land development
scenarios permit the calculation of these
externalities based on commonly accepted
values, the scope of this study is limited
to the direct public costs of constructing,
owning and replacing infrastructure. An
example of approximated external costs
related to car use in rural subdivisions is
presented in Appendix A.



Unit Prices and Activity Timing

Unit prices and activity timing were
established for the services and infrastructure
provided in local service districts. Activity
timing includes the determination of the
average service life of infrastructure and the
corresponding scheduling of replacement.
Three lifecycle stages were established for

the purpose of this analysis:

e Initial capital construction
* Annual operation and maintenance

¢ Replacement capital construction.

Unit costs were calculated for the capital
construction and for the annual service costs
of operation and maintenance. Costs were

pased on values from the Province of New

Brunswick and from municipalities in the

Southeast region. Where local data from the
Province is published, the values for Moncton
and Coverdale LSDs were used. A conservative
approach was taken with establishing unit
prices: where costs were not directly reported
by the province, the unit price attributed was
typically lower than that in the municipalities
of the Southeast region.

Future replacement timing of infrastructure
was determined based on the expected
service life of new public infrastructure.
When possible, data for expected service life
used values for New Brunswick produced by
Infrastructure Canada. Elsewhere, expected
service life data used assumptions from the
CMHC LCCA for Community Infrastructure.




Lifecycle Costs

Economic Analysis Technique

Lifecycle cost analysis is an economic
analysis technique, which evaluates
expenditure and revenue flows over the
analysis period. Figure 1 represents a
typical cash-flow diagram for community
infrastructure based on the established
three lifecycle phases in this study. An
indicator in lifecycle cost analysis is used
as the basis of comparing alternatives,
commonly the present value (PV) or the
equivalent annualized lifecycle cost. Both
indicators provide equivalent results. The
present value has been used in this report
to demonstrate the magnitude of lifecycle
costs in each scenario, while an annualized
lifecycle cost is suitable for analyzing
community infrastructure implications in
the context of annual municipal and

provincial budgeting.

The annualized lifecycle cost was determined
from the expenditure-revenue flows over the
analysis period. Initial capital costs, when
assumed by the public, are not discounted
and are annualized as equal payments over
the analysis period (50 or 100 years). All
future costs, such as the replacement of
infrastructure, are expressed in constant
dollars and are discounted to present
value. The present value of future capital
is then annualized over the analysis period.
Adjustment for inflation is not typically
practiced in economic analysis as the effects
of inflation are removed using constant cash

flows and a real discount rate.
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Figure 1. Example of a cash-flow diagram for community infrastructure.



Selection of Discount Rate

Within a lifecycle cost analysis, costs are
spread over several years. Discounting allows
for the comparison of costs and benefits in
different time periods by calculating the net
present value of theintervention. Thatis to say
that discounting converts future values into
today’s money. The discount rate in economic
analysis is referred to as the social discount
rate, which reflects how society values future
costs and benefits against present ones.
The selection of a discount rate additionally
considers inflation and opportunity costs.
The social discount rate differs from rates
used in financial analyses that aim to capture
the intended rate of return of the private
sector. For this analysis, a social discount
rate of 3% is applied to future cash flows
as is suggested by the European Union and
practiced by many Canadian municipalities
and provinces. Long term economic analyses

are highly sensitive to the discount rate. For

this reason, a sensitivity analysis was also

conducted along different standard social

discount rates in use in Canada and the

United States, as shown in Table 1.

The choice of a discount rate has strong

implications on financial sustainability. A
lower discount rate places greater value on
future expenditures and considerations in the
analysis. Inversely, higher discount rates place
greater weight on present day considerations
and reduces the consideration of the burden
on future generations when evaluating policy
or projects. Any discount rate expresses a
preference for receiving benefits close to the
present and making payments in the future.
The use of higher discount rates is thus
criticized for the challenges it presents to
inter-generational equity and sustainability. In
consequence, developed countries have been
progressively shifting towards lower discount

rates that reflect a social discount rate.




Table 1. Social discount rates used for economic analysis in developed countries.

US Office of Management and Budget (2019)
European Union (non-cohesion countries), Manitoba, Treasury Board of Canada
Alberta, Nova Scotia, Ontario, Saskatchewan

European Union (cohesion countries - GDP per capita less than 90% of EU average)

Treasury Board of Canada

a. Office of Management and Budget. (2018). Appendix C: Discount Rates for Cost-Effectiveness, Lease Purchase, and
Related Analyses. Circular No. A-94.

b. Ayed, A, Viecili, G, El Halim, A. (2017). A Review and Recommendations for Canadian LCCA Guidelines. Conference
Paper of the 2017 Conference of the Transportation Association of Canada.

c. Treasury Board of Canada Secretariat. (2007). Canadian Cost-Benefit Analysis Guide.

d. European Commission Directorate-General for Regional and Urban Policy. (2015). Guide to Cost-Benefit Analysis of
Investment Projects: Economic appraisal tool for Cohesion Policy 2014-2020. P. 55.
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf

e. Canadian Mortgage and Housing Corporation (2008). User Guide - Life Cycle Costing Tool for Community

Infrastructure Planning. OPIMS 66066.

Four rates have been selected to provide
sensitivity analysis of lifecycle cost. These
rates were selected based on suggested
practices by the Treasury Board of Canada
(8%); Provinces and the European Union (3%);
and the OMB (1.5%).
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Cost Escalation

Although the economic analysis conducted
in the LCCA makes use of a real discount
rate and constant dollar values, certain
values escalate in cost faster than the
rate of inflation. In particular, the cost of
infrastructure has been increasing relative to
consumer costs. Adjusting for this differential
gives a more accurate portrait of expected
lifecycle costs of community infrastructure.
Statistics Canada produces the Infrastructure
Construction Price Index (ICPI) to monitor
the annual changes in the cost of municipal
infrastructure construction projects. Overall,

changes in infrastructure construction price

have outpaced general inflation. To adjust
for this phenomenon, a factor accounting for
the difference between general inflation and
construction inflation was calculated (Table
3). This factor is in effect the ratio of the two

rates, calculated by the following formula:

1+

Where i is the average annual rate of inflation,

4

the construction of infrastructure, and r is the

is the average annual rate of inflation for

annual adjustment factor.

Table 2. Infrastructure Construction Price Index, 2010 - 2018.

General Inflation? (%)

Escalation Factor

1. Statistics Canada. Table 18-10-0022-01 Infrastructure construction price index, annual

2. Statistics Canada. Table 18-10-0005-01 Consumer Price Index, annual average, not seasonally adjusted

The cost escalation factor used for replacing future infrastructure is summarized in Table 4.

Table 3. Cost Escalation Factors for Infrastructure Construction.

ICPI Average Annual Inflation Rate (%)

NB CPI Average Annual Inflation Rate, 2014-2018

Calculated Adjustment Factor (%)




Cost of Debt

The results of the lifecycle cost analysis do not
include the cost of debt (interest payments)
associated to the capital or operation and
maintenance costs for the modeled scenarios.
In New Brunswick, capital costs of local
infrastructure are regularly financed through
the issuance of new debt through the New
Brunswick Municipal Finance Corporation.
In a similar manner, most provincial capital
spending is financed through new debt, while
over the last decade a portion of provincial
annual operation and maintenance has
created new debt. The cost of debt is an
important burden on New Brunswick; Debt
servicing in 2019-2020 represents 7.5% of
total annual spending for the Province and a

similar share for municipal spending.

13




Cost Assumptions

Road Construction

The costs of road rehabilitation and
reconstruction were modelled by considering
separately the road base (the underlaying
aggregate structure), and the road surface.
Separating the road into two components is
common practice, and better approximates
the nature of rural chip seal roads which
have a service life and rehabilitation program
significantly different from urban asphalt
roads. Roads in the modeled development
scenarios are assumed to possess chip seal
surfaces. Road costs used averages from
DTI highway construction tenders awarded
over 2017-2018 (presented in Table 4). These
costs were comparable to unit cost estimates
provided by the City of Moncton (Table 6).



Table 4. Linear construction costs of Roads (DTI Tender Averages).

Surface 313 192 346 130 348 148 326 239
Roadbed 773 773 857 857 842 842 = =
Total 1086 919 1203 987 1190 990 = =

Source: Service New Brunswick, New Brunswick Opportunities Network. Accessed June 4, 2019.

Table 5. Unit construction costs and Linear cost of Rural Roads (City of Moncton).

Roadbed $65/m? 10m $650.00/m $65/m? 13m $845.00/m
Road Surface $35/m? 7.3m $255.50/m 55/m2 10m $550.00/m
Engineering 10% - $90.55/m 10% - $139.50/m
Costs

Total $996.05/m $1534.50/m

a. City of Moncton, Unit Cost Assumptions for Rural Roads.

. Unit costs assumptions are for rural roads, and exclude the installation of curb, gutter and sidewalks. The
valuation for Moncton considers the roadbed as consisting of the aggregate base, while the surface includes
the asphalt base and asphalt seal.

b. Department of Transportation and Infrastructure, Province of New Brunswick. (2017). Minimum Standards for the

Construction of Subdivision Roads and Streets.
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Road Service Life

The expected service life of new public roads Information shared by the City of Moncton
in New Brunswick, based on Canada’s Core indicates that the municipality generally expects
Public Infrastructure Survey, is summarized a service life of 30-years for arterials, 35-years
in Table 6. The average expected life of all for collectors, and 45-years for local roads,
road types in New Brunswick was found to before a complete reconstruction is required.

be shorter in rural areas.

Table 6. Expected useful life of new publicly owned road assets, New Brunswick.

Average expected useful life, years

Geography Highways Arterial Collector Lanes and Sidewalks
15

Province

Rural

Source: Statistics Canada. (2017). Table 34-10-0072-01 Average expected useful life of new publicly owned
road assets, Infrastructure Canada. https:/www150.statcan.gc.ca/t1/tbll/en/tv.action?pid=3410007201 ;
Statistics Canada. (2017). Table 34-10-0073-01 Average expected useful life of new municipally owned

road assets, by urban and rural, and population size, Infrastructure Canada.

Road surfaces typically undergo a life Auditor General of New Brunswick, citing
cycle management system which sees their data provided by DTI asset management,
rehabilitation and replacement several times estimates the average expected life of a chip
before the underlying roadbed is replaced. seal surface at 8 - 12 years.

In the case of Moncton, an arterial road

would expect to be resurfaced on average To model the relatively frequent need to re-
every 10 years, while lower volumes road seal or replace the surface of chip seal roads
classes are resurfaced less frequently. As found within the development scenarios, the
previously mentioned, roads in the modelled life cycle modelled road surface replacement
development scenarios are typically surfaced every 12 vyears, while the road base was
with chip seal, which has implications replaced according to the average provincial
on the service life of the pavement. The service life of local roads (27 years).

16



Road Operation and Maintenance

The cost of operating and maintenance of
provincial roads was calculated from the
annual expenditures of the DTl on summer
maintenance, winter maintenance and
associated administration and engineering
costs (Table 7). The unit cost is calculated as
a lane-m cost by distributing this cost across
the entire DTI highway network.

Table 7. Comparison of Road Operating and Maintenance Costs in the Southeast Region of New Brunswick.

O&M Budget ($) | Municipal Road Municipal Lane- Unit cost
Network (km)?

- 3022 016° 1553 3091 -

128.0

($/lane-m)

SIS

Shediac 542 000¢

110.6

SaCkv‘He 472 OOO({ - ]376 -

NB DTI 113 838 000 16 845.7" 33 313.9 -

a. City of Moncton. (2017). Consolidated Financial Statements, 2017.

b. City of Dieppe. (2018). Consolidated Annual Financial Report, 2018.

C. Town of Riverview. (2019). 2019 General Operating Budget for the Town of Riverview.

d.  Town of Sackville. (2017). Consolidated Financial Statements, 2017.

e. Town of Shediac. (2018). Consolidated Financial Statements, 2018.

f. Department of Finance, Province of New Brunswick. (2018). Main Budget Estimates.; Department

of Transportation and Infrastructure, Province of New Brunswick. (2018). Annual Report.

g.  Southeast Regional Service Commission. (2019). Road Network by Municipality and LSD.

h. Department of Justice and Public Safety, Province of New Brunswick. (2018). New Brunswick

Road Network.



The calculated operation and maintenance
unit costs are nonetheless limited in using
data from one fiscal year. While provincial
summer maintenance has been stable,
is somewhat variable
due to weather conditions. Over 2011-2018,
$108

the operation and

winter maintenance

average O&M spending has been

million. Unfortunately,
maintenance spending by road class is not
publicly reported, and thus an average across
all road classes has been calculated. Overall,

DTl spending on annual

road operation

than in the

municipalities of Southeast New Brunswick.

and maintenance is lower

the
can mostly be attributed to the age of
the
regarding the

Variability  between municipalities

infrastructure in municipality and

political decisions level of
service that the community desires in its
asset management. Differences in how costs
are reported could also explain in part the
variability of municipalities in Southeast

New Brunswick.
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Community and Recreation

The estimation of community and recreation
services costs per household is calculated
from the annual expenditures, as presented
in Table 8. These expenditures were reduced
by
tariffs). There exists a discrepancy between

revenues from recreation (sales and

the community and recreation costs of

municipalities and of local service districts.

Residents of Local Service Districts use

recreation facilities in the municipalities,
which are highly subsidized by their citizens.
this

recreation unit cost for the LSDs will

For and
be

used (amounting to an average of $5.00/

analysis, the community

household). It is not clear what this charge

on LSDs finances.

Table 8. Unit cost of Community and Recreation services across the Moncton region.

Municipality /

cton (City)

Households' Community Cost/hh CMHC Average -

Large cities

CMHC Average -

& Recreation Small

costs? Municipalities

ton LSD

1. Source: Statistics Canada. (2017). Moncton, C, Dieppe, C, Riverview, T, Moncton, P, Coverdale, P,
Census Profile. 2016 Census. Statistics Canada Catalogue no 98-316-X2016001. Ottawa. Released
November 29, 2017. https://www]l2.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.
cfm?Lang=E

2. Department of Environment and Local Government, Province of New Brunswick. (2018). 2018
Local Government Statistics for New Brunswick. Section 3: Local Service Districts Budgets.

a. City of Moncton. (2017). Consolidated Financial Statements, 2017.

b.  City of Dieppe. (2018). Consolidated Annual Financial Report, 2018.

c. Town of Riverview. (2019). 2019 General Operating Budget for the Town of Riverview.

d. Canadian Mortgage and Housing Corporation (2008). User Guide - Life Cycle Costing Tool

for Community Infrastructure Planning. OPIMS 66066.



Fire Protection and Police Services — Operating Costs

Policing and Fire protection services
represent important annual costs in servicing
new development. In local service districts,
both services are provided on behalf of
the Department of Environment and Local
Government. For policing, the Province
has obtained the services of the RCMP for
LSDs and rural communities. This contract
stipulatesacostshareof 70% for the Provincial
government, with the remaining 30% covered

by the federal government. To calculate the

LSD’s police costs, the costs of each police
detachment are aggregated to the 12 regions
of New Brunswick. The regional cost is then
attributed to municipalities and LSDs, with
half the cost distributed proportionally to
population and the other half distributed
proportionally to the property tax base.
This amount is reported in the annual Local
Government Statistics and was used to
calculate average annual policing costs per
household shown in Table 9.

Table 9. Unit cost of Policing Services.

Cost/household | CMHC Average -
Large cities®

CMHC Average -
Small
Municipalities®

-

Moncton

1,950,800
715,337
2,666,137

Coverdale

Total

a) Department of Environment and Local Government, Province of New Brunswick. (2018). 2018 Local
Government Statistics for New Brunswick. Section 3: Local Service Districts Budgets.

b)  Source: Statistics Canada. (2017). Moncton, C, Dieppe, C, Riverview, T, Moncton, P, Coverdale, P, Census
Profile. 2016 Census. Statistics Canada Catalogue no 98-316-X2016001. Ottawa. Released November 29,
2017. https://www]l2.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E

c) Canadian Mortgage and Housing Corporation (2008). User Guide - Life Cycle Costing Tool for Community

Infrastructure Planning. OPIMS 66066.
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Fire protection services function in a similar
way to that of policing: the Province is
responsible for providing this service on
behalf of all local service districts. Table 10
presents the calculated unit costs of fire
protection services. Differences in costs
between the two LSDs can be explained by
the service provider costs and the density of

the LSD. For example, it appears Riverview

serves the Coverdale LSD for fire protection.

Table 10. Unit cost of Fire Protection Services

LSD Costs? HouseholdsP® Cost/household | CMHC Average - | CMHC Average -
Large cities® Small
Municipalities®

a) Department of Environment and Local Government, Province of New Brunswick. (2018). 2018 Local
Government Statistics for New Brunswick. Section 3: Local Service Districts Budgets.

b)  Source: Statistics Canada. (2017). Moncton, C, Dieppe, C, Riverview, T, Moncton, P, Coverdale, P, Census
Profile. 2016 Census. Statistics Canada Catalogue no 98-316-X2016001. Ottawa. Released November 29,
2017. https://www]l2.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E

c) Canadian Mortgage and Housing Corporation (2008). User Guide - Life Cycle Costing Tool for Community

Infrastructure Planning. OPIMS 66066.



Waste Management Services

In local service districts, solid waste
collection is conducted for the Department
of Environment and Local Government. This

waste is then processed by the Regional

calculation. Table 11 illustrates the calculate
the average cost of Waste managementinthe
LSDs of Moncton and Coverdale. Solid waste

services in the two Local Service Districts

Service Commission. The cost for these
“billed” to the
district each year as part of the property tax

cost more than those in the tri-communities,

services is local service likely due to the cost of waste collection and

transportation.

Table 71. Unit cost of Solid Waste Management Services.

Municipality / Costs? Households® Cost/household | CMHC Average -
LSD Large cities®

5 1

893,852

Moncton LSD 734,490 3,880

CMHC Average -
Small
Municipalities©

Riverview

Coverdale LSD 269,328 1,755 _

a) Department of Environment and Local Government, Province of New Brunswick. (2018). 2018 Local

111

09
189
178

Government Statistics for New Brunswick. Section 3: Local Service Districts Budgets.

b)  Source: Statistics Canada. (2017). Moncton, C, Dieppe, C, Riverview, T, Moncton, P, Coverdale, P, Census
Profile. 2016 Census. Statistics Canada Catalogue no 98-316-X2016001. Ottawa. Released November 29,
2017. https://www]12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E

c) Canadian Mortgage and Housing Corporation (2008). User Guide - Life Cycle Costing Tool for Community
Infrastructure Planning. OPIMS 66066.

The capital cost of solid waste services is not
considered in this analysis, as new landfills or
processing centres are rarely constructed to

accommodate a specific subdivision.



Property Tax Revenues

Residential property tax is levied on the
assessed property value of the home,
determined by Service New Brunswick.
Property tax rates are set each year by the
individual municipality or, in the case of LSDs,
by the Department of Environment and Local
Government. In the LSDs, a special provincial
levy is additionally applied to attempt to
recuperate costs of provincially provided
services which are not directly billed to the

LSD. Table 12 presents the tax rates in the

tri-communities and in the Scenarios from
Moncton and Coverdale LSDs. The tax rate
and average property values of the three
scenarios are detailed in the next section.
the

reported rates in the 2019 Local Government

Discrepancies were found between
Statistics for New Brunswick, produced by
the Department of Environment and Local
Government, and the actual taxes levied by

Service New Brunswick.

Table 12. Residential Owner-Occupied Property Tax Rates in the Tri-communities and LSDs, 2019.

City of Moncton

City of Dieppe

Town of Riverview

Moncton LSD

Coverdale LSD

Source: Department of Environment and Local Government, Province of New Brunswick. (2018).

2018 Local Government Statistics for New Brunswick.
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Seven development scenarios, modelling
existing subdivisions in the LSDs of Moncton
and Coverdale, were selected to conduct life
cycle costing of services and infrastructure
in residential subdivisions encircling the
tri-communities of Moncton, Dieppe and
Riverview. A map of the modelled
development scenarios is presented in Figure
2. All selected subdivisions are uniformly
residential in character, were subdivided
for the purpose of rural residential use, and
possess lots greater than 1 acre with private
well and septic systems. These subdivisions
sample many of the geographic areas where
the phenomenon of un-serviced residential
subdivision has been identified in proximity to

the tri-communities.



Development
Scenarios

Subdivision

[ Berry Mills

[ Birch Hill

[ Forest Brook

[ Irishtown

[ Lower Coverdale
[ Melanson Settlerment
Il Upper Coverdale

Moncton

0 1 2 3km . Memramcook
? 5

Data Scurces: Service New Brunswick
and GeoME.

Figure 2. Figure 2. Location of development scenarios modelled for lifecycle cost analysis.

Table 13 summarizes the seven scenarios
modeled for lifecycle cost analysis. Data
from the Service New Brunswick was used
to determine property boundaries and
assessments. Roadway length in the two
scenarios was calculated based on road
data from the Department of Justice and
Public Safety. Gross land area represents
the entire area of the scenario, including the
rights-of-way of public roads. Residential
area represents the total area of all lots with

residential activity.
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Table 13. Summary of Development Scenarios.

Scenario Lower Irishtown Birch Hill Forest Upper Berry Mills Melanson
Coverdale Brook Coverdale Settlement
Estates
Subdivision White Birch Saffron Birch Hill Forest Bunker Hill Stelor Domaine
Name Estates Brook Estates Nature, Daigle
Estates Development

Location Lower Irishtown YNaglaglela! Allison Upper Berry Mills Melanson
Coverdale Coverdale Settlement

Highway Niagara Route 115 Route 490 Route 106 Route 112 Melanson

Proximity Road Road

LSD Coverdale Moncton Moncton Moncton Coverdale Moncton Moncton

Total Lots 74 108 4] 49 49 35 98

Gross Area 126.4 231.8 150.6 132.9 1n4.4 94.6 1611

(acres)

Residential 105.6 2021 140.3 19.7 102.6 81.4 127.2

INGCERCEED)

Total road 4155 5644 2164 2458 2193 2377 5624

length (M)

Road length 56.1 52.3 52.8 50.2 448 679 574

per household

(m/hh)?

Average $234,605 $321,553 $396,312 $327,062 $339,577 $442,335 $431,400

Property Value

(developed)

Average Tax 0.9198 0.9517 0.9367 0.9189 0.9215 0.9546 0.9505

Rate ($/$100)

Total Annual 159,680 $330,500 $152,200 $147,260 $153,050 $147,790 $401,840

Tax Levies

a. Road length per household refers to the total road length in the subdivision divided by the number of households. It is not

the average road frontage of lots in the subdivision, as both sides of a road are typically developed in these scenarios.

PAS)




Property Values and Taxes

All seven development scenarios possess
higher average residential property values
than for that of the local service district
($207,466 in Moncton LSD and $201,326
in Coverdale LSD). Assessment values and
levied taxes for 2019, produced by Service
New Brunswick, were used to calculate the

average property value and tax rate for each

|

i

S

scenario. Over 2015 - 2019, property values
in 5 scenarios have nominally increased
4.5%, while both scenarios in Coverdale LSD
saw a nominal drop in property value over
this time, averaging 1.4% (Figure 3). When
inflation is considered, all scenarios but
Melanson Settlement saw a reduction in the

real property value (Figure 4).




Figure 3. Average property value by scenario, 2015 to 2019.

Source: Service New Brunswick. (2019). Property Evaluation.

Average Property Value by Scenario from 2015 to 2019
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Figure 4. Average Property Values, adjusted to 2015 dollars, by scenario from 2015 to 2019.

Source: Service New Brunswick. (2019). Property Evaluation.

Average Property Tax Levy adjusted for inflation (2015 Dollars)
by Subdivision over 2015-2019
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Property tax rates on residential properties in LSDs are composed of two parts: a special levy

to the province of $0.4115/$100 assessed, and the local LSD tax rate set each year by the
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Department of Environment and Local Government. The Local tax rate is based on the billed

services to the LSD provided by the province or its contractors.

Figure 5. Average property tax levy by Scenario, 2015 to 2019.

Source: Service New Brunswick. (2019). Property Evaluation.

Average Property Tax Levy by Scenario, 2015-2019
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Figure 6. Average property tax levy, adjusted for inflation to 2015 dollars, by Scenario.

Source: Service New Brunswick. (2019). Property Evaluation.

Average Property Tax Levy adjusted for inflation (2015 Dollars)
by Subdivision over 2015-2019
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Results

50 Year Analysis

A lifecycle cost analysis over the period of 50
years was conducted on the seven scenarios.
An analysis period of 50 years provides an
intragenerational study (that is, present
generations at the time of construction will
be the principal population over the period)
on the long-term costs and benefits of these

developments.

The total life cycle cost represents the costs
of initial construction, of operation and
maintenance over the service life, and finally,
of replacing infrastructure, over the analysis
period. Future cash flows, composed of
annual operation and maintenance costs,
annual tax revenues, as well as capital

replacement costs, are discounted to present



value. The calculated total life cycle costs
and revenues over 50 years are presented
in Table 14. The net lifecycle cost or revenue
is calculated as the difference between the
present value of lifecycle revenues and cost.
Over the 50-year analysis period, all scenarios

but Melanson Settlement bare a negative

net present value on the public. The Lower
Coverdale scenario produces the greatest
deficit, at approximately $3.2 million, while
Melanson Settlement produced a surplus of
$270,000 over the 50-year period. Across
all seven scenarios, the present value deficit

was approximately $6.3 million.

Table 14. Total Lifecycle Costs and Revenues for the Public by Scenario, 50-year analysis.

Total Lifecycle Costs/Revenue by Scenario, 50-Year Analysis
Period

Melarson Settlement

Berry Mills

Upper Coverdale

Forest Brook

Birch Hill

Irishtown

Lower Coverdale
$2,000,000 $4,000,000

W initial Capital  m O&M

$6,000,000

$8000000 $10,000000 $12,000,000

mCapital Replacement  ERevenue



Scenario Initial Operation & Capital Total Cost Total Net Cost /
Capital? Maintenance Replacement Revenues Revenue

Lower $17,592 $2,919,096 $4,416,876 $7,353,564 $408,554 | $(3,245,010)
Coverdale

Irishtown $25,456 $4,285,738 $6,001,568 $10,312,762 $8,503,713 | $(1,809,049)
Birch Hill $9,829 $1,720,928 $2,301,459 $4,032,216 $3,916,135 $(116,082)
Forest Brook $11,723 $2,016,479 $2,614,419 $4,642,621 $3,789,049 $(853,572)
Upper $11,723 $1,834,633 $2,334,115 $4,180,471 $3,937,886 $(242,585)
Coverdale

Berry Mills $8,404 $1,575,351 $2,524,360 $4,108,115 $3,802,567 $(305,548)
Melanson $23157 $4,067,559 $5,977,892 | $10,068,609 $10,339,194 $270,585
Total $107,885 $18,419,785 | $26,170,689 | $44,698,358 | $38,397,098 | $(6,301,260)

a. Initial capital costs include only those assumed by the public. It principally includes the developments’ per-household

contribution to capital costs for police and fire services. These values are based on the CLIC tool assumptions,

produced by the Province of British Columbia. Initial road construction is assumed by the land developer.

The annual lifecycle costs and revenues for
the public (assumed by the municipality
or the province for an LSD) for the three
scenarios are summarized by Table 15.
The annual public lifecycle cost for each
scenario includes the annual operation and
maintenance costs of roads, fire and police
services, community recreation, and waste
management. Further, this cost includes the
future capital replacement costs of roads and
facilities, by annualizing its present value. It
does not include the initial capital costs of
roads or storm water infrastructure, both of
which are assumed by the land developer.

The average annualized lifecycle cost for the
seven scenarios is $3,800. For the scenarios
of Lower and Upper Coverdale, Irishtown
and Forest Brook, the high costs were not
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compensated by proportionally higher

property values, producing a significant
deficit per household over the duration of
the period. The negative lifecycle value has
the effect of producing a fiscal imbalance
where the public must use revenues from
other streams or communities to cover the
costs of the subdivision. In contrast, the
Melanson Settlement, Berry Mills and Birch
Hill subdivisions produce high annualized
lifecycle costs on the public, but feature
double the
in the
In the case of the
the high

property values permit a net revenue, despite

higher-end housing at over
average residential property value
Local Service District.
Melanson Settlement scenario,

relatively high public costs.



Table 15. Summary of Scenarios: Annual Public Lifecycle Costs and Revenues
per Household, 50-year analysis.

Annual Public Lifecycle Costs and Revenues (S/Household), 50
Year Period.

Melanson Settlement
Berry Mils

Upper Coverdale
Forest Brook

Birch Hill

Irishtown

Lower Coverdale

$- $500 $1,000 51500 $2000 $2500 $3000 $3500 $4,000 $4500 $5000

N Revenue Cost

Scenario Public Revenue per Public Costs per Net Cost / Revenue
Household Household per Household
Lower Coverdale $2,158 $3,862 $(1,704)
Irishtown $3,060 $3,71 $(651D
Birch Hill $3,712 $3,737 $(25)
Forest Brook $3,005 $3,611 $(606)
Upper Coverdale $3,123 $3,315 $0187)
Berry Mills $4,223 $4,462 $(239)
Melanson $4,00 $3,957 $143
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In this analysis, future costs were discounted
at the established social discount rate of 3%.
The lifecycle cost analysis was repeated for
several other commonly used discount rates
in Canada and the United States to evaluate
the sensitivity to discounting (shown in Table
16 for the three scenarios). As lifecycle cost
analysis is based on long-term evaluation, its
results are highly sensitive to the discount
rate. This is particularly true in the context
of local service districts, where most initial
costs are assumed by the developer. Public

costs are tied to future maintenance and
replacement of infrastructure at the end of
their service life. The public expenses of this
settlement pattern are thus “back ended”,
with most of the financial weight occurring
several decades after the initial development.
These future costs are thus discounted in
comparison to present value, distorting the
financial viability of the development. This
is even more pronounced when a higher

discount rate is used.

Table 16. Sensitivity of Net Public Lifecycle Cost-Benefits by Discount Rate over a 50-year period.

Discount Rate 1.5% 3% 6% 8%
Lower Coverdale $(1,953) $(1,704) $0,179) $(860)
Irishtown $(883) $(651) $0162) $135
Birch Hill $(259) $(25) $469 $769
Forest Brook $(828) $(606) $Q37) $148
Upper Coverdale $(385) $(187) $232 $486
Berry Mills $(540) $(239) $396 $783
Melanson Settlement $AM $143 $680 $1,006
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For all scenarios, roads comprise the largest
portion of lifecycle costs, ranging from 65%
of annualized public lifecycle costs in the
Upper Coverdale scenario to 73% in the
Berry Mills subdivision. Table 17 shows the
breakdown of annualized lifecycle costs to
the public by category. Road maintenance
and replacement costs is the most variable
category across the three scenarios. This
is related to the differing length of road

infrastructure across the three subdivisions,

which is highly influenced by the form and
density of the development. The Irishtown
Subdivision scenario possess the greatest
roads of the seven modelled
to 85%
road costs can be attributed to infrastructure
with  the
and maintenance.

length of
scenarios. Between 81% of annual

replacement costs, remainder
comprising operation
Other important public costs include police
as solid waste

and fire services, as well

disposal and administration.

Table 17. Breakdown of Annualized Lifecycle Costs borne by the Public, 50-year analysis.

Breakdown of Annualized Lifecycle Costs Borne by the Public by
Category, 50-Year Analysis Period

Melarson Settlement
Berry Mills

Upper Coverdale
Forest Brook

Birch Hll

Irishtown

Lower Coverdale

2056 el

W Internal Roads
W Fire Services
B General Government

40%

u Storm Water Infrastructure
W Palice Services
W Land Use Planning
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100 Year Analysis

In addition to the 50-year analysis period,
100-year

period was conducted. Under this analysis

a lifecycle cost study over a

period, the service life of all infrastructure
associated to the development is reached
and

replacement costs are integrated at

least once. This analysis provides insight
into the intergenerational impact of the new
residential settlement pattern surrounding
the tri-communities. Recent subdivisions
and Coverdale LSDs

fundamentally altered land use patterns and

in  Moncton have
will leave a legacy of public infrastructure,
subdivided parcels (that are constrained by
covenants preventing infill), and buildings.
Land development following this settlement
patternin Southeast New Brunswick may well
exist beyond 100 years and could continue to

influence the region for centuries.

The longer-term perspective of the 100-year
analysis results in overall higher total lifecycle
costs in relation to revenue, summarized in
Table 18. This is attributable to increasing
capital replacement costs over the analysis
period compared to near constant operation
and maintenance costs and tax revenues.
The 100-year analysis period encompasses
the
public

replacement timing for all possible

infrastructure. In the case of the
most significant components of community
infrastructure, such as roads, several
replacement cycles are included within the
analysis which may not be the case in the
50-year period. For example, local roads
undergo on average one replacement for the

base during a 50-year analysis replacement,
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while under the 100-year analysis period
local roads would be replaced an average
of three times. Incorporating these capital
replacement costs represent on average 62%
of the total lifecycle costs over a 100-year
period, in contrast to an average of 47% over
the 50-year analysis period.

Over the 100-year period, all scenarios bare a
net cost ranging from $1.6 million in the case
of Birch Hill, to approximately $6.7 million in
Lower Coverdale. Overall, the seven scenarios
combined produce a negative present value
of $24.6 million. The substantial road length in
the development scenarios around Moncton
elevates the lifecycle cost, particularly in
the longer-term as replacement cycles of
local roads are brought under consideration.
Variability in the length of roads present in
each subdivision principally explains the
differences in costs borne by the public
across subdivisions.

The contrasting results between the 50
100-year
highlight the
equity
The

development

and analysis periods further

issues of intergenerational

surrounding spraw!l development.

present financial model of land

assumes few initial public
costs for infrastructure but fails to consider
the long-term structural costs associated to
maintenance and replacement. Extending the
analysis period from 50 years to 100 years
illustrates the long-term structural effect of
infrastructure replacement, as public costs in
all three scenarios proportionally increased

compared to revenues.



Table 18. Total Lifecycle Net Present Costs and Benefits by Scenario, 100-year analysis.

Total Lifecycle Costs/Revenues by Scenario, 100-Year Analysis
Period

Melarson Settlement
Berry Mills

Upper Coverdale
Forest Brook

Birch Hll

Irishtown

I
M

Lower Coverdale

w
'

$5,000,000 $10,000,000 $15,000,000 $20,000,000

mnitial Capital mO&M  mCapital Replacement  ERevenue



Scenario Initial Operation & Capital Total Cost Total Net Present
Capital? Maintenance Replacement Revenues Value

Lower $17,592 $3,584,963 $8,187,717 $11,790,272 $5,045,745 | $(6,744,527)
Coverdale

Irishtown $25,456 $5,263,345 $11124,660 $16,413,461| $10,443,470 | $(5,969,991)
Birch Hill $9,829 $2,113,484 $4,265,709 $6,389,022 $4,809,433 | $(1,579,590)
Forest Brook $11,723 $2,476,452 $4,845,886 $7,334,061 $4,653,358 | $(2,680,703)
Upper $11,723 $2,253,125 $4,325,804 $6,590,652 $4,836,146 | $(1,754,507)
Coverdale

Berry Mills $8,404 $1,934,700 $4,680,193 $6,623,297 $4,669,959 | $(1,953,338)
Melanson $23157 $4,995,398 $11126,242 $16,144,798 $12,697,637 | $(3,447160)
Total $107,885| $22,621,468 $48,556,211 $71,285,564 $47155,747 | $(24,129,816)

a. Initial capital costs include only those assumed by the public. It principally includes the developments’ per-household

contribution to capital costs for police and fire services. These values are based on the CLIC tool assumptions,

produced by the Province of British Columbia. Initial road construction is assumed by the land developer.

The annual lifecycle costs and revenues per
household for the public over a lifecycle
analysis period of 100 years is summarized
for the three scenarios in Table 19. As each
scenario differs in size, the per-household
cost provides a means of direct comparison
of lifecycle costs. Like in the 50-year analysis,
the annualized public lifecycle costs include
operation and maintenance and capital
replacement costs. It does not include the
initial capital costs of roads or storm water
infrastructure, both of which are assumed by

the land developer.

The annualized lifecycle cost on the public was
found to range between $4,630 per household
to $5,890 per household, with an average
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cost of approximately $4,960 per household.
The scenario of Berry Mills, and to a lesser
extent the scenario in Melanson Settlement,
produce exceptionally high costs, related
to the proportionally high length of roads
compared to number of residential dwellings.
All scenarios vyield
than

analysis period. Net annualized lifecycle cost

lifecycle costs that are

greater revenues over the 100-year
deficits ranged from $2,884 per household to
around $1,110 per household, averaging $1,615
per household. The deficit between lifecycle
costs and revenues is particularly pronounced
for the scenarios of Lower Coverdale where
property values, and in turn property tax

incomes, are lower.



Table 19. Scenario summaries: Annual Public Lifecycle Costs and Revenues, 100-year analysis.

Annual Public Lifecycle Costs and Revenues (S/Houshold), 100-
Year Period

Melarson Settlement
Berry Milks

Upper Coverdale
Forest Brook

Birch Hill

Irishtown

Lower Coverdale

s- $100000 S$200000 $300000 $400000 $500000 $600000 $7,00000
W Revenue Cost

Scenario Public Revenue per Public Costs per Net Cost / Revenue
Household Household per Household
Lower Coverdale $2,158 $5,042 $(2,884)
Irishtown $3,060 $4,810 $(1,749)
Birch Hill $3,712 $4,846 $01134)
Forest Brook $3,005 $4,629 $(,624)
Upper Coverdale $3,123 $4,257 $01127)
Berry Mills $4,223 $5,889 $(1,666)
Melanson $4,100 $5,214 $113)
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As with the 50-year analysis period, the
economic analysis is dependent on the
chosen discount rate. Table 20 presents the
equivalent annualized cost per household for
the four selected discount rates. Discount at
a rate below 3% results in all scenarios having
a negative net present value. At the high end,
a discount rate of 8% results in a positive net
present value for all but the Lower Coverdale

and Irishtown scenarios.

Table 20. Sensitivity of net annual lifecycle cost to the discount rate, 100-year analysis period.

Discount Rate 1.5% 3% 6% 8%
Lower Coverdale $(3,870) $(2,884) $(1,553) $(1,025)
Irishtown $(2,667) $(1,749) $(510) $(19)
Birch Hill $(2,061) $(1134) $118 $614
Forest Brook $(2,505) $(1,624) $(435) $354
Upper Coverdale $(1,914) $1127) $(66) $133
Berry Mills $(2,858) $(1,666) $(56) $584
Melanson Settlement $(2,133) $AN13) $259 $801
Like the 50-year analysis period, road scenarios, road infrastructure constitutes
infrastructure  represents the  greatest a majority of total costs, ranging from 73%
lifecycle costs within the development in Irishtown and Upper Coverdale to 78% in

scenarios, a fact which is only exacerbated
by a longer analysis length. Figure 7 presents
the annualized costs by category assumed
by the public.

Annualized public costs over the 100-year
lifecycle period are itemized by infrastructure

or service category in Figure 7. In all
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Berry Mills. Roads assume a greater share
of the total lifecycle cost compared to that
in the 50-year analysis due principally to
the capital replacement costs over the time
period. The variability of road costs across
the three scenarios can again be explained
by the length of road infrastructure found in

each development modeled.



Breakdown of Annualized Lifecycle Costs borne by the Public by
Category, 100-Year Analysis Period

Mdarson

Berry Mills
Upper Coverdale
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Birch Hill

Irishtown

Lower Coverdale
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Figure 7. Breakdown of Annualized Lifecycle Costs borne by the public, 100-year analysis period.
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Conclusion

The principal purpose of this report was to
assess the total cost implications of new
residential developments occurring in the
Local Service Districts of Moncton and
Coverdale. To realize this objective, seven
land use scenarios were assessed through a
lifecycle cost analysis over two timeframes.
Over the 50-year analysis period, six
scenarios had annualized lifecycle costs
greater than their annualized revenues, while
only one scenario (Melanson Settlement)
had higher lifecycle revenues than costs.
This represented a range from an annualized
deficit of $1,700 per household in the case
of Lower Coverdale, to an annualized surplus
of $140 per household. Across the seven
scenarios, the total present value deficit for
50-years exceeded $6 million. For the 100-
year period, all seven scenarios possess

negative annualized lifecycle costs, ranging



from a high of nearly $2,900 per household
in Lower Coverdale to a low of $1,100 per
the

scenario. The results for the 100-year analysis

household in Melanson Settlement
period illustrate a financially unsustainable
situation that may exacerbate the existing
public infrastructure debt in New Brunswick.
In effect, new residential subdivision in the
LSDs surround Moncton risks compromising
the future sustainability of infrastructure in
Southeast New Brunswick.

The differences in lifecycle infrastructure
and services costs per household across
the three scenarios can be attributed to the
qguantity of infrastructure found in each study
As

and replacement constitutes the principal

sector. road operation, maintenance,
public cost in the LSDs, differences between
the cost of scenarios was unsurprisingly
related to their length of road. The quantity
of public roads is related to both the layout
of subdivision and the typology of the land
use. Un-serviced residential subdivisions in
the LSDs, with both large minimum lot size
and road frontage requirements, requires
substantially more road per household than

in serviced communities in municipalities.

While both analysis periods may seem to
have little baring on present concerns, it
is important to note that many Canadian
communities today are facing the costs of
replacing or rehabilitating infrastructure in
neighbourhoods constructed in the 1960s
and 1970s. Lifecycle costs of infrastructure
are a real concern for the present, that can be

exacerbate in the future by current land use
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decisions. The lifecycle costing conducted in
this study demonstrates the proportionally
high public cost of low-density development
in the LSDs, associated mostly to the creation

of new public roads.

An

management

which
into the

approach integrates  asset
land use planning
phase would contribute to improving the
the

Community form is a key factor in dictating

economic sustainability of region.
public infrastructure costs, as demonstrated
through the

in the planning stage has the strongest

lifecycle costing. Intervening
potential to influence long-term public costs.
The use of lifecycle cost analysis is one such
tool to inform decisions related to land use,

community form and infrastructure.




Appendix A
Externalities of Land Use Changes, 100-year analysis period

Externalities Related to Automobile Use

Externalities are consequences arising from an activity that affects other parties, without this
cost reflected in the costs of goods or services. A variety of external costs on society are
incurred with new residential subdivisions, which include costs related to vehicle and home
heating emissions, loss of ecosystems and ecosystem services, and the cultural and leisure
costs related to the loss of natural or agricultural land. These externalities can be approximated
through a variety of methodologies. The following tables present the base assumptions and
estimates of costs related uniquely to private vehicle use in the modelled land use scenarios
by the Community Lifecycle Infrastructure Costing Tool (CLIC) produced by the Province of
British Columbia.

¢ Climate Change: Greenhouse gas (GHG) emissions from transportation contribute to
climate change. This externality includes the costs of extreme events, adaptation, and
reduced productivity related to climate change. The model approximates GHG emissions
based on fuel consumption and emissions factors. This emission rate is applied to the
expected average kilometres travelled per year for the development scenario. The social
cost of GHG emissions is used in the CLIC tool. Carbon taxes attempt to internalize this cost

of emitting.

e Air Pollution: Other air pollutants from vehicle emissions produce a cost on society. These
include cost of health deterioration and environmental damage. The valuation of the
impacts of air pollution is variable, depending on population, location etc. Generally, this
cost assesses the value of damage (healthcare costs, lost ecosystem services). Air pollution
is calculated based on fuel consumption and emission factors. This emission rate is applied
to the expected average kilometres travelled per year for the development scenario.

*« Motor Vehicle Collisions: Collision costs are an outcome of vehicle travel, which is highly
influenced by development form and location. These costs include the direct costs of fatalities,
injuries and property damage (and by extension, the costs of healthcare). Motor vehicle
collisions are calculated based on collision rates per kilometre travelled. Estimated average
costs for the severity of the collision are then applied to the frequency. This cost is then applied

to the expected average kilometres travelled per year for the development scenario.
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Assumptions for approximating external vehicle costs:

Average Fuel Efficiency for Passenger Vehicles (L/100 km) 10.98
GHG Emissions Factor (grams/L) 2500
Cost per tonne GHG ($/tonne of CO2 equivalents) 50

Air emissions approximations:

Air Emission

Emissions Factor
(g/L of fuel)

Cost per tonne ($/1)

Volatile Organic Compounds (VOCs) 19 1000
Carbon Monoxide (CO) 200 100
Nitrogen Oxides (NOx) 14 1000
Sulphur Oxides (SOx) 0.038 500
Fine Particulate Matter 0.233 1000

Assumptions for the Cost of Vehicle Collisions

Severity of Collisions

Collision Frequency
(per vehicle kilometres

Cost of Collision

travelled)
Fatal* 8.50 x 10° $3.59 million*
Injury 6.28 x 107 $49,340
Property Damage 1.87 x 10°© $5,084

* Attributing a cost to the value of life is controversial. Recent estimates from the EPA and Environment Canada now place

the statistical value of life closer to $9 million.
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Annual External Costs of Automobile Use per Household.

Scenario Motor Vehicle Air Pollution Climate Change Total Annual
Collisions ($/hh per year) ($/hh per year) Externalities Related
($/hh per year) to Automobiles
($/hh per year)
Lower Coverdale $1,475 $213 $500 $2,188
Irishtown $1,476 $213 $501 $2,190
Birch Hill $1,430 $207 $485 $2,123
Forest Brook Estates $1,456 $211 $494 $2,161
Upper Coverdale $1,443 $209 $490 $2,141
Berry Mills $1,438 $208 $488 $2,134
Melanson $1,419 $205 $482 $2,106

Stormwater Management

Stormwater infrastructure was excluded from the lifecycle costing model. There exists
substantial stormwater infrastructure in rural residential subdivisions in the form of culverts and
drainage ditching. Additionally, new development alters the site’s runoff characteristics, possibly
having perverse effects on neighbouring communities and infrastructure. None of the modelled
subdivisions in this study possess a stormwater retention pond or form of green (naturalized)
infrastructure to manage stormwater runoff. The costs of stormwater management related to
culverts, ditching and external costs of effects on neighbouring communities would further add
to the lifecycle cost of this form of development. Incorporating stormwater management into
the lifecycle costing would likely require a manual survey of infrastructure present in the study
scenarios. A further review of maintenance costs and service lives for stormwater infrastructure
in New Brunswick would be needed. For these reasons, stormwater management was not

included in the conducted analysis.
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Appendix B

Estimated Unit Costs from DTI Tenders

125 tenders awarded by the Department of Transportation and Infrastructure - Highway
Construction division over May 2017 - May 2018 were analyzed to estimate the unit costs of
highway construction in New Brunswick. Tenders were classified according to the type of
construction work awarded and according to the DTI classification of the road. The average
unit costs are presented in the table below.

Unit costs ($/m) for DTI road construction in New Brunswick.

Class Local Named Local Numbered Collector Highway Freeway
Surface Material Asphalt Chip Seal Asphalt Chip Seal Asphalt Chip Seal Asphalt Asphalt
Paving 313 192 346 130 348 148 326 239
Grading 773 773 857 857 842 842 - -
Total 1086 919 1203 987 190 990 - -

Source: Service New Brunswick, New Brunswick Opportunities Network. Accessed June 4, 2019.

Roads in residential subdivision developments in LSDs typically are surfaced with chip seal.

While less expensive than asphalt surfacing, chip seal roads require resealing or a surface

replacement each 8-12 years.
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Appendix C

Calculations for the Irishtown Scenario

Definitions

TV = Today’s Value

RTV = Reoccurring annual cost, in today’s value

PV = Present Value
FV = Future Value
d = Discount Rate

e = escalation factor

n = Number of years

p = Analysis period (years)

Formulas

Type of Cash Flow
Conversion

Description

Equation

Cost Escalation

Adjusts a cost in constant dollars
to the projected future cost,
based on an escalation factor.

FV=TV(O+e)"

of constant annual cash flow

equal to its equivalent annualized
cost.

Present Value of an initial Initial costs, at the beginning PV =TV
cash flow of the analysis period, are not
discounted.
: FV
Present Value of Future cash | Converts a one-time future value PV =
flows (Discounting) to the present value. a+dn
Present Value of constant Converts a fixed, annually 1
annual cash flow reoccurring cost to the total - Aa+d)P
present value over the entire PV =RTV
analysis period.
: . ) d
Equivalent Annualized Cost Converts a one-time present EAC = PV
of Present Value value to the equivalent ) 1
annualized cost. d+d)P
Equivalent Annualized Cost A reoccurring fixed annual cost is EAC = RTV
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Local Roads

Internal Road Network

Road Classification length (M)

NBDTI Local Named 5643.7

Initial Capital Cost

Cost Category Linear Cost Total Cost Formula

Road Base $773 $4,362,597 linear cost * length

Road Surface $192 $1,083,595 linear cost * length

Total Basic Capital $5,446,191 sum of road base and

Roadwork surface costs
Annual Operation and Maintenance Cost

Linear Cost Annual Cost Formula
$6.84 $38,603 linear cost * length

Replacement Capital Costs - Road Base

Breakdown of times 1 2 3 Formula

Breakdown of years 27 54 81

Replacement Cost $6,732,606 $10,390,139 $16,034,651 FV=TV(O+er

Replacement PV $3,030,946 $2105,771 $1463000 | py o "

a+adn

50-Year Replacement Present value

$3,030,946

100-Year Replacement Present value

$6,599,717
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Replacement Capital Costs - Road Surface

Replacement Time 1 2 3 4 5 6 7 8
Year 12 24 36 48 60 72 84 96
Replacement Cost | $1,314,066 | $1593,556 | $1932,492 | $2343516 | $2,841962 | $3,446,423 | $4179,447 | $5068379
Replacerent PV $921,659 | $783,924 | $666,772 $567128 $482375 | $410288 | $348973 | $296,822
50-Year Replacement Present value $2,939,484
100-Year Replacement Present value $4,477941

Summary of Road Costs - 50 years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $5,446,191 0% $- $-
Annual O&M $38,603 100% $993,248 $38,603
Replacement $5,970,429 100% $5,970,429 $232,044

Summary of Road Costs - 100 years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $5,446,191 0% $- $-
Annual O&M $38,603 100% $1,219,814 $38,603
Replacement $11,077,658 100% $11,077,658 $350,571
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Community and Recreation

Annual Operation and Maintenance

Household Rate

Households

Total

Facilities

$5

108

$540

Summary of Community Recreation costs - 50 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 0% $- $-
Annual O&M $540 100% $13,894 $540
Replacement $- 100% $- $-

Summary of Community Recreation costs - 100 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 0% $- $-
Annual O&M $540 100% $17,063 $540
Replacement $- 100% $- $-
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Fire Protection

Initial Capital Cost

Household Share of Household Share Households Total
Facility Capital
Total $155 108 $16,790
Annual Operation and Maintenance Cost
Household Rate Households Total
Fire Service $294 108 $31,752
Replacement Capital Costs
Breakdown of times 1 2 3 4
Breakdown of years 25 50 75 100
Replacement Cost $25,092 $37.499 $56,040 $83,749
Replacement PV $11,984 $8,554 $6,105 $83,749
(Discounted)
50-Year Replacement Present value $20,538
100-Year Replacement Present value $31,001
Summary of Fire Protection - 50 years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $16,790 100% $16,790 $653
Annual O&M $31,752 100% $816,971 $31,752
Replacement $20,538 100% $20,538 $798
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Summary of Fire Protection - 100 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $16,790 100% $16,790 $531
Annual O&M $31,752 100% $1,003,328 $31,752
Replacement $31,001 100% $31,001 $981
Police Services
Initial Capital Cost
Household Share of Household Share Households Total
Facility Capital
Total $80 108 $8,666
Annual Operation and Maintenance Cost
Household Rate Households Total
Police Service $503 108 $54,324
Replacement Capital Costs
Breakdown of times 1 2 3 4
Breakdown of years 25 50 75 100
Replacement Cost $12,951 $19,354 $28,924 $43,225
Replacement PV $6,185 $4,415 $3,151 $2,249
50-Year Replacement Present value $10,600
100-Year Replacement Present value $16,001
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Summary of Police Service Costs - 50 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $8,666 100% $8,666 $327
Annual O&M $54,324 100% $1,397,744 $54,324
Replacement $10,600 100% $10,600 $412
Summary of Police Service Costs - 100 years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $8,666 100% $8,666 $274
Annual O&M $54,324 100% $1,716,579 $54,324
Replacement $16,001 100% $16,001 $506
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Waste Management

Annual Operation and Maintenance Cost

Waste Service Household Rate Households Total

Total $189 108 $20,412
Summary of Waste Costs - 50 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $20,412 100% $525,196 $20,412
Replacement $- 100% $- $-
Summary of Waste Costs - 100 years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $20,412 100% $644,997 $20,412
Replacement $- 100% $- $-
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Administration, Land Use Planning and Dog Control

Annual Operation and Maintenance Cost

Service Household Rate Households Total

General Government $29 108 $3,104
Land Use Planning $77 108 $8,268
Cost of Assessment $45 108 $4,863
Dog Control $8 108 $837
Street Lighting $36 108 $3,869
Total O&M $194 108 $20,941

Summary of Administration Costs Summary - 50 Years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $20,941 100% $538,812 $20,941
Replacement $- 100% $- $-

Summary of Administration Costs Summary - 100 Years

Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $20,941 100% $661,719 $20,941
Replacement $- 100% $- $-
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Property Tax Revenues

Annual Property Tax Revenues

Average Property Value Tax Rate Average Levy Households Total Levy
$321,553 0.9517 $3,060 108 $330,504
Summary of Property Tax Revenues - 50 Years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $330,504 100% $8,503,785 $330,504
Replacement $- 100% $- $-
Summary of Property Tax Revenues - 100 Years
Phase Total Cost Public Share Public PV Annualized Cost
Initial Capital $- 100% $- $-
Annual O&M $330,504 100% $10,443,559 $330,504
Replacement $- 100% $- $-
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Scenario Conclusion

Lifecycle Costs - 50 year period

Annualized Costs

Initial o&M Reconstruction Total PV
Road $- $993,248 $5,970,429 $6,963,677 $- $38,603 $232,044 $270,647
Community $- $13,894 $- $13,894 $- $540 $- $540
Fire $16,790 $816,971 $20,538 $854,300 $653 $31,752 $798 $33,203
Police $8,666 $1,397,744 $10,600 $1,417,010 $337 $54,324 $412 $55,073
Waste $- $525,196 $- $525,196 $- $20,412 $- $20,412
Administration $- $538,812 $- $538,812 $- $20,941 $- $20,941
Total $ 25,456 $ 4,285,865 $6,001,568 $10,312,889 $989 $166,572 $233,254 $400,816
Lifecycle Costs - 100 year period
Annualized Costs
Initial O&M Reconstruction Total PV

Road $- $1,219,814 $11,077,6589 $12,297,472 $- $38,603 $350,571 $389,174
Community $- $17,063 $- $17,063 $- $540 $- $540
Fire $16,790 $1,003,328 $31,001 $1,051,120 $531 $31,752 $981 $33,264
Police $8,666 $1,716,579 $16,001 $1,741,245 $274 $54,324 $506 $55,105
Waste $- $644,997 $- $644,997 $- $20,412 $- $20,412
Administration $- $661,719 $- $661,719 $- $20,941 $- $20,941
Total $ 25456 $ 5,263,501 $11,124,660 $16,413,617 $806 $166,572 $352,058 $519,436
50-Year Analysis

50-Year Analysis PV Annualized Cost Annual Cost/hh
Initial $25,456 $989 $9

O&M $4,285,865 $166,572 $1,542
Replacement $6,001,568 $233,254 $2,160

Total Cost $10,312,889 $400,816 $3,711

Total Revenues $8,503,785 $330,504 $3,060

Net (Cost) or Revenue $(1,809,104) $(70,312) $(651
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100-Year Analysis

100-Year Analysis PV Annualized Cost Annual Cost/hh
Initial $25,456 $806 $7
O&M $5,263,501 $166,572 $1,542
Replacement $11,124,660 $352,058 $3,260
Total Cost $16,413,617 $519,436 $4,810
Total Revenues $10,443,559 $330,504 $3,060
Net (Cost) or Revenue $(5,970,058) $(188,932) $(1,749)
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