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Abstract

Adaptive reuse of buildings is an alternativea b u i Jofdife whgréAduildingsdunctional life may

be extended to serve another purpose. Many studies suggest that adaptimenessstainable compared

to typical demolitioand new constructidn terms of environmental, social, and econiompiacts

Howeverthese claims are qualitative in nature and are limited to economics at the prdjeisthesls.

guantifies the energy and economic impacts of adaptive reuse building constrecRegiorntiof

Waterloo (RoW) in Ontario, Canada. IAputput (I0) models were developed to study the impacts of

adaptive reuse building construction. First, an 10 model was developed for Ontario. Then, it was regionalized
into a tweregion interregional inpoutput (IRIO) model to studiie RoW. The building construction
industriesd intermediate inputs and final demands
thebuildingconstruction industries due to changes in the supply and demdaptiok reuse buildings. A

basic scenario represents the situation where onl
The basic scenario was then extended to reflect the reuse of intestrathoal components. The 1O

models examinmpacts to gross domestic product (GDP), industry outputs, employment and energy use

and comparisorare drawetween Ontario arile RoW. It was found that adaptive reuse building
construction maytheReWaés$i € c On o my dgyaanstimpiom dnder eertainn e r
combinations of changes in intermediate inputs and final demands. The desired domain of adaptive reuse
construction, where energy use decreases, while GDP and employment increases, is disceired for both
residential and nenesidential building constructiodustriesn Ontario.
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1 Introduction

Much of the infrastructure in developed countriebden built and may reatdendof-life within this

century. Furthermore, there may be a point in time where humans are required to construct vertically rather
than horizontally due to the finite availability of land on Earth. In other words, humans will be forced to

reuse developédainds and redevelop existing infrastrucBoacityf land is not the only barrier to

infrastructure development; availability of natural resources also acts as a barrier. Similar to land availability
constraints, there may be a point in time whetadkef natural resources will inhibit the growth and

expansion of infrastructure. Since the construction industry is responsibleéifginfrastructure, it is

desirabléor the industry to adapt its methodologies and technologies to achieve entataustainability.

As noted by Miyatake (1996), orealizing sustainab
sustainably inthe®2¢ e n t (p. L)y 6

The construction industryo®6s i mpact oasanimportantat ur al
role in achieving environmental sustainalili’m adads construction industry |
waste in municipal landfills, of which approximately 75% can be recycled ¢Yebaygex] Hewage, Alam,

Eskicioglu, & Sadig, 2013he consumption of natural resources bgdhstruction industry in the United

States further illustrates the impacts the industry has on the natural environment. Through their literature
reviewChong etal. (200P)ound t hat 040% of al l raw stone, gr ave
energy, and 16% of the wat er(p.l)wareccdsuncedttythannual |y i
construction industry. The construction industrydd
North America; it is well known and observed around the (8pddce & Mulligan, 1995)

Miyatake (1996) believes that the following six principles of sustainable construction proposesbby Prof
Charles J. Kibert of the University of Florida should be practiced in the civil engineering and construction

industry:

Minimize resource consumption
Maximize resource reuse

Utilize renewable or recyclable resources
Protect the natural environment

Create a healthy environment

o g ks~ w DN PRE

Pursue high quakbuilt environments

These sustainable construction principles can be achieved through a circular constructigliyptakess

196) The concept of circular construction is applied and repeated in literature under many names, and/or
phrases, such as clotmap material cycle (CLMC) construct®assi, 2008)losed material looffSath &

Chini, n.d,)circular economy in constructidwl&ms, Osmani, Thorpe, & Thornback,7204nd closed

1



loop recycling of construction and demolition wsged, Jeske, & Schebek, 2086)example of a
construction process applied wavide that follows the concept of circular and suskaicastruction is
the adaptive reuse (AR) of buildifiyglen, 2007; Conejos, 2012; Conkgyston & Smith, 2013; Kurul,
2007)

Adaptive reuse is one of many methods for the construction industry to achieve sustdratbility.

buildings is an eraf-life alternative that extends the life of functionally obsolete buildings through

repurposing its basic structure , and satisfies principles of environmental sustainability via encouragement of
material reug@ullen, 2007; Conejos, 2012; Conejos et al., 2013; Langston, 2012; Langston, Wong, Hui, &
Shen, 2008; Wilson, 2010; Yung & Chan,.ZDd &)rther elaborate on adaptive reuse, bislttiadj are

potential candidatesfARc an be vi ewed as a (Lamdtonetalt 2008p exvatt 6r aw
thewe mata&rial sd from buildings r éARnrequiresmrticdh cer t ai n
and/or selective deconstruction of a building rather than deconstruction of the entird ®hitdi&g

Bruening, 1999The materials extracted from buildings through the process of deconstruction can be reused

or recycled, hence exercising the concept of circustnuction, and thus achieving environmental

sustainability.

Literatureo dateon the economics of adaptive reuse is focused mlividualproject economics rather

than the wider economic impacts. Studies on the economics of building adaptisevetlias, a

deconstruction and material reuse, consist only of cost analyses (e.g., financial feasibility and cost benefit
analysis). The objective of these studies was to deteARé #givenbuilding was profitab®mpared

to other building endf-life alternatives. In general, these studies do not provide solid indicétien that
adaptive reuse of buildérig a desirable option because the cost is dependent on the location and the
building. That is, the cost of each adaptive reuse buildingissamigdoes not address the impacts that

spread beyond the project and into other economic sectors.

1.1 Problem Statement

To understand the economic implicatiomsRifstudies on the economicsAét need to expand beyond the

focus of project economics andintgional economic impacts. Despite the plethora of literature

qualitatively stating the positive economic (as well as social and environmental) AR flisiitfings,

there are few studies quantifying the economic benefits. Moreover, strusgeslicliae economy due to

the construction industry should be investigated when there are changes in the characteristics of construction
activitiePietroforte, Gregori, & Falagario, 208%)ce adaptive reuse alters the process-of-kfied

construction stage, regional economjgacts of implementing adaptive reuse requires further investigation.

Several methods exist in the academic field of regional science to model the regional economy. These
methods arenputOutput (I0) analyses, computable general equilibrium (CGE) modelsaccounting

2



matrices (SAM), econometric models, mathematical programming (MP) as well as graidgsseylels

Holland, & Razack, 20; Isard et al, 1998; Okuyama, 2007; Partridge & Rickman, 2010; Rose, 1995; Rose &
Liao, 2005)Although there are several methods that can be applied in regional economics, two of the
mentioned methods are widely applied to regional economic imapais:d® and CGE analy&assey,

2009; Cassey et al., 2011; Rickmar, R646, 1995)

The application of IO and CGE analysis is extensivaengses can be seen in other areas of engineering

and academia. Applications and extensions of IO and CGE analysis includes, but are not limited to, disaster
impact analys(slallegatte, 2008; Rose, Benavides, Chang, Szczesniak, & Lim, 1997; Rose & Liao, 2005)
infrastructure impact assessng@ECOM, 2012; Dimitriou, Mourmouris, & Sartzetaki, 2@b&ygy and
ecological/environmental anadyMiller & Blair, 2009nd economic impact analy€iassey, 2009; Cassey

et al., 20110n the contrary, application of 10 and CGE analysis is limiteagdaiitgpto the construction
industryof6s i mpact on the economy. Mor eover, ther
reused an enebf-life technique that inherently alters the construction in@ustdyits influence on the

economy. Irthe case of Canadthere is a lack of studies about the economic impacts of adaptive reuse on

t he e c(6tasp20Qpo39.

1.2 Objectives of the Thesis

The dojective of the thesis is to deterntimeeconomyvide energy and economic impacts of adaptive reuse
building construction in the Province of Ontario in general, and the Region of Waterloo in g&igcular
objective involves the following major re$etmsks:

1. Literature Review,

2. Data collection

3. 10 Modelling and
4. Scenario analysis

A literature review was conducted on adaptive reuse of buildings, deconstruction, material reuse and
economics of the construction industry to identify a gap in knovidatieollection consists of obtaining
economic data necessary for economic modelling. Data collected included Make and Use (IO), regional
employment, regional population, energyamskadaptive reuse changbese data were retrieved from
Statistics Cala, and literature revidke collected data were operationalized into-getyi@n

interregional |10 modieSixteerscenarios were developed to assess the sensitivity of economic impacts to

changes in percent netructural components reused, and pencergase in final demand.

1.3 Scope

The regiosthat will be assessed in this thesitharprovince of Ontario in Canada, and the Region of

Waterloo within Ontaridl'his will be accomplished by using regional economic modellingefoatie
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study of the economic impactsAd®. The year that is evaluated in this thesis is 2014 because it was the most

up to date data available at the start of this researctivé\dayse applies to buildings, so residential and
nonresidential building construction industries are the industries of interest within the econofmieemodel.
adaptive reuse scenarios analyzesplitiato fourcategoriesThe first category isdefill as O6Basi cd a
reuse, where only the superstructure and substruc
increases to labour, and decrease in transpoofatimmstruction materialhe second category extends the

0 B a s ptiwedreusedby including the reuse ofstarctural components of buildings. The third category
extends the 6Basicd adaptive reuse by including f
extends t he ©0Bas i c 0othaalse pftnéstruetural @mmrenty and final demdnd des b

for adaptive reuse buildings.

1.4 Organization of Thesis

The organization of the thesis is as follows. Chaptevitles dorief oveviewof the research, its

motivation, and objectives. Chapter ditsrature review ofAR, deconstruction, and the relationship
betweenhe construction industry and the economy. Chapter 3 describes the methodology used to assess
economic impacts &fR. Chapter 4 presents and discusses the results. Lastly, Chaphedé&sdbe thesis.



2 Literature Review

This literature review is comprised of two main sections. First, backgraiid presented. Second,
literature on the construction industry from the perspective of economics is presented.

2.1 Definitions of adaptive raise, deconstruction, and material reuse

The concept ofAR comes from architecture, histimplications trickles throughout various disciplines such
as civil engineering, planning, policy, environmental studies, etc. Because of this, |A&atadson
relevant concepts (deconstruction, and material reuse) contains various definitions. Thus, this thesis uses the

following definitions in the forthcoming sections.

2.1.1 Adaptive reuse

By breaking down the word adaptive reuse irtoriituents, the term can be interpreted as: to use

something again or more than once for a new purpose. However, most architecture projects, and a number of
studiesrefer toAR as leaving the basic structure of the buiidiagf while altering its fiction(Langston

et al., 2008 his definition is not fully correct as it assumesRet applied to buildings. Adaptive reuse

byits definition can be applied to many physical objects. For example, a paper cup can be adaptively reused
as a pen holder after its use of hold@griginal content3 hus, when referring AR, it is prudent to

indicate its application.

For this theis, AR is applied to buildings and this is defined as aofdifel alternative that extends the life

of functional obsolete buildings through repurposing of its basic structure, and satisfies principles of
environmental sustainability via encouragement afahaeséBullen, 2007; Conejos, 2012; Conejos et al.,
2013; Langston, 2012; Langston et al., 2008; Wilson, 2010; Yung & Chaaapii/2)reuse leaves the
basic structure of the building intact. Thus, aicafégree of deconstruction is required, and an

understanding of deconstruction is necessary in undersfeRding

2.1.2 Deconstruction and techniques

Deconstruction within the construction industry is the process of systematically disassembling physical
infrastucture(s) for reusing or recycling (including downcycling and upcycling) components and/or

construction materials.

There are various levels of deconstrudgibmiandBruening (199%escribe three general levels of
deconstruction : complete structural disassembly, soft stripping, or an individual assem®Biyifirdect.
Hung (2015)lescribe five specific methods of deconstruction: destructidestarctive, complete,



selective, sequential, and parallel disassembly. A summary of deconstruction tech@iunéarfcom
Bruening (1999ndSmithandHung (2015)s shown imable2.1.

Table 2.16 Summary of Deconstruction techniques

Decons"[ructlon Description Source
techniques

Completestructural Buildings are qualified for complete structural disassembly when ¢ (Chini &
disassembly portion of materials can be reused Bruening, 2003)
Softstripoin Removal of specific components. For example, plumbing and elec (Chini &

pping fixtures, appliances, HVAC, cabinets, doors, windows, flooring Bruening, 2003)
Individual Removal of assemblies within the building. For example, rafters, f (Chini &
assemblies joists, wall framing members, and sheathéigrials Bruening, 2003)
Destructive This method of disassembly prohibits future functional capabilities (Smith & Hung,
disassembly the disassembled parts anty @llows for recycling of material. 2015)

Disassembly method that preserves the functional capabilities of t

disassembled parts and allows reuse, repaenatlifacturing of | ST £ [~

Non-destructive

disassembly material. 2015)
Complete A nondestructive method that disassembles all high value and lov (Smith & Hung,
disassembly parts 2015)
Selective A non-destructive methods where only high value or high impact p (Smith & Hung,
disassembly are disassembled 2015)
Sequential A non-destructive method that removes one part at a time. This  (Smith & Hung,
disassembly disassembly method prohibits sisanbly of parts that are interlocker 2015)
A nondestructive method that removes multiple parts in parallel. U .
Pgrallel sequential disassembly, parallel disassembly caninéeniooked ol e A,
Disassembly parts 2015)
The purpose of deconstruction is to extract Oraw

recyclingLangston et al., 2008jnce literature on construction and demolition (C&D) reuse and recycling is

plentiful, the next section elaborates on the definition of reuse and recycling used in this thesis.

2.1.3 Material Reuse

Reuse and recycling are distinct in the construction and demolition (C&D) literature but become convoluted

when applied in the contextsRand deconstruction of buildings. For

used and it comprises both compomeunse and material recycligure2.1is a concept map that

illustrates the connection between these definitions.
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Figure 2.1- Concept map of material reuse

Deconstructing through natestructive methods enables component reuse, which is reusing construction
components (parts, products, assemblies etc.) for a similar purgosenple of reusing construction

components igking a steel beam that was selectively disassembled from one building and using it again in
another building. Components that are not candidates for reuse may be recycled for its raw material. Material
recycling also composes of downcyalimbupcycling. Recycling, downcycling, upcgcéagplained

below.

The processofredaga r aw mat eri al s quality, potential f or
downcycling. The process of reusing a material for similar uses, thusngah#ginssibility for reuse

again |l ater, is recycling. The process of increas
value is called upcyclif@hini & Bruening, 20Q3)

Melting scrap steal and turning it into rebaeams arexamplsof recycling. Crushiraroncrete slab and
using the crushed material as road base is an example of downcycling. Lastly, using lumber from
deconstruction and creating tables, cabinets etc. and otherahgiel@dms is an example of upcycling
(Kibert & Languell, 2000Yaterial reuse is an important factor in deconstruction and consequently is an
importan part ofAR.

2.1.4 Connection of adaptive reuse, deconstruction, and material reuse

UnderstandingR requires knowledge of deconstruction and material reuse, as well as how these three
concepts are related to each offigure2.2 is a concept map built on the proposed steel reuse decision
making framework Byeung WalbridgeandHaas(2015)o includeAR of buildings and its conceptual

relationship with deconstruction and material reuse.
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Figure 2.2 8 Building end of life concept

Adaptive reuse and building reuse are essentially the same except for one key factor: Adaptive reuse changes
the purpose of the building while building reuse does notARathd building reuse requires a certain

degree ofleconstruction, but the reverse is not true. That is, a deconstruction project is not necessarily an

AR or building reuse project. Therefore, literature review on deconstruction and material reuse leads to a

better understanding AR of buildings.

2.2 Benefits and Barriers of adaptive reuse

The study oAAR of buildings is relatively new, and the associated benefits are not fully understood.

Numerous studies argue tA& of buildings brings about social, environmental, and economic benefits

(Bullen & Love, 20114a; i@h& Bruening, 1999; Langston et al., 2008; Schultmann & Sunke, 2007; Smith &
Hung, 2015; Wilson, 2010; Yung, Langston, & Chan, 30t#&)l benefits associated wiinclude

maintaining heritage value, streetscapes, and sense of communitggargdaaild building components

to preserve architecture and craftsmanship. Environmental benefits include reduction of landfill waste, urban
sprawlBullen, 2007pnd extraction of raw mate(t@hini & Bruening, 200Fconomic benefits &R

mentioned in the literagiinclude cost savings from-pxisting building structures and resale of

deconstruction material; employment gr@@tfini & Bruening, 2003; Langston et al., 2068jtion of

material reuse marKéthini & Bruening, 2003)nd increased property tax resulting fremtneducing a
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function to previously vacant sifédlson, 2010)0n the other hand, there are a lack of studieguthatif/

these benefit8ullenandLove(2009s ays oOf urt her resear chARasa needed t
strategy for (p®)CeehoandeeBeto(tlmtgir eeé& st ating that whi
be clear [envi(gbaemeonat jubtineh i drdaiiclappdalais mayg ue st i o
c a s fsl)ChapterR.5reviewditerature on the economic analysis relata® tf buildings. Economic
feasibility isnodt tARefbuwldingsyothierdarriens maludetboilding copditiensie nt i n
and regulations. Most barriers of choo&R@s an endf-life alternative can be categorized into three areas:
financesasset conditions (and technicalities), and political/regulBtiles & Love, 2011d)able2.2

summarizes the barriersAR.

Table 2.2 6 Barriers of implementing adaptive reuse

Category Barriers sources
9 building owners may see no economic benefit (Bullen, 2007;
9 overly complex transformations can be very costly Bullen & Love,
Eae il per_ceived financial risks may inhibit ba@ksom financing 2011b; Shipley,
projects Utz, & Parsons,
1 disposal costs of demolition are low 2006; Yung &
I maintenance cost of adaptively reused buildings may be Chan, 2012)
9 older buildings may not meet modern sustainability stan
9 older buildings may lack structural integrity
1 lack of equipment for deconstruction (Bullen & Loye,
. 1 not all buildings have apprizte components for reuse 2011b; Conejos
Asset conditions . . . et al, 2013;
(and technicalities) 9 construction industry is slpw to accept reused materl_al Shipley et al.,
i lack of knowledge and skilled labour in the construction 2006: Yung &

industry Chan, 2012)

1 deconstruction is slower than demolition
1 possibilities of site contamination
(Bullen & Love,
9 building code restrictions 2009; Bullen &
Political/Regulations 9 lack of government support (incentives, funding, policies Love, 2011b;
f poor perception of publ i c Shipleyetal,

2006)

Despite the claims of economic, social, and environmental bengfisahhtildings can bring, the
decision to adaptively reuse a building is not a simple choice. There are financial, phigsicafdchn
political/regulatory barriers in the decigimaking process &R. Furthermore, there is a lack of research on
the contribution to sustainability of implemenfiRgas an effective strategy in achieving modern
sustainability gogBullen & Love, 2011b, 2011a; Coelho & De Btid1) There are decisionaking

models to aid decision makers whether to #dkemts a b u rof-litk altergafive. e n d



2.3 Adaptive reuse decision making tools

There are three decisioraking models specifica&Ro f b ui | di n g s AdaptiserRgusd Potanfisd ( 2 O
(ARP) model , adgpoSiARjodels d@d Bulkedndl30)v e 6s (2011) &Rnci si on n
andBruening1999p r ovi des a qualitative guideline to asses
deconstruction andeung et a(2015)proposed a reuse decision framework to assess the potential of
reusingstruicur al st eel component s. LangstonasdLmodeés i s
model are qualitative. Meanwhile, the steel reuse decision framework dewsboymedahya(2015)

incomporates engineering analysis.

Langstonds ARP model is applicable to al/l buil din
physical life, current building age, and six variables of obsolescence (physical, economic, functional,
technological, s@l, and legal). The ARP model outputs a value that indicates the potential for a building to
implemenfAR given its current age. The ARP model can be used to find the optimal time of implementing

AR of existing building stocklsangston et al., 2008)

Like Langstonds ARP model, the adapt STAR model is
potential of a building to be adafdtive r eused. Conej osd adapt STAR model
Stage one of the adaptSTAR model development consists of identifying design criterion of imaleRmenting

of buildings. This was completed through surveys of experts invéliRgolildingprojects in Australia.

Stage two determines the rank and weighting of each design criteria. Lastly, stage three is validation of the
adapt STAR model us i frigurek3smgsvtso ICoON eARRB dmalckesli.gn crit

corresponding weightings.
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Figure 2.3 8 Conejos(2013)AdaptSTAR model

BullenandLove(2011l&dde ci si on model foll ows Consmjcoiteribnomodel a
implementingAR. BullenandLove (2011&% analysisf 81 indepth interviews with industry experts
concluded that the decision criterions can be categorized into three categories; capital investment, asset

condition, andregulatiodn | i ke Langstonds aandio@eds] de@i modeal snod
rating tool that i ndi caARRatheritis & listiofsdécisiongritedoianifof di ng 6 s

implementingAR. Figure2.4 below is BulleandL o v e 6 s -mdkéng framework fakR of buildings.
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Figure 2.4 8 Bullen & Love (2011aadaptive reuse decision making model

ChiniandBruening (1999) claims that feasibility of deconstruction needs to be assessed on two economic
levels: regional economic and site economic. The feasibility of implementing deconstruction in a region is
dependent on t he r egireused smatebial and guisiectgr ingotvemerk. A mar k et
regionds capability of implementing deconstructio
suitable for deconstruction. A reused/salvaged material market must be present to meetthade

supply. Lastly, government and local programs supporting deconstrectieeded to incredse

opportunitiesor implementing deconstruction. On the other hand, the economic feasibility for

deconstruction is decided by a cost benefit arsjgsist demolition.

Yeung et al2015)roposed a steel reuse decision model to aid decision makers determine the feasibility of
reusing salvaged structural steel from a building atd&l#adrhis decision model is showrFigure2.5
andFigure2.6. Figure2.5 depicts steel reuse decision proposattbrg et a{2015)Each decision step in
Figure25 requirea generalized decision process in which engineering analysis is involved.
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Figure 2.6 8 Yeung et al. (2015yeneralized decisio making process

In summary, decisianaking tools can aid decision makers in the decision process of ABediag
bui | di-of-lfeGakernativedHowever, these decigiaking tools are focused on the project level
economics, and do not revited effectsthat implementing AR building constructiondrathe regional

economyFurthermore, there is a lack of literature indicating the thesafecisioamaking tools. Many

case studies &R projects arex postudiespnlya few have beaxx antstudies.
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2.4 Case studies on adaptive reuse of buildings

Adaptive reuse of buildings has been implemented around the world, yet the literature on this topic is not
plentiful. The plethora of buildiddR projects enables countless case studies to be conbaiclei3

summarizes case studies relatirdrtof buildings found at the time of writing this literature review.
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Table 2.3 8 Case studies relating to adaptive use of buildings

Overview

Research methodology

Conclusions/findings/recommendations Source

Case study of 8 adaptive reused
buildings in Toronto Ontario.

Community-initiated adaptive reuse of
historic buildings in the Tianzifang
district in Shanghai

Adaptive reuse potential of vacant
industrial properties in Stokeon-Trent

Adaptive reuse of Hotel Penaga in
Malaysia

Financial feasibility of adaptive reuse in
comparison to two hypothetical
construction development options

Lessons learned on adaptive reuse in
Los Angeles, United States.

Lessons learned from two Canadian
projects that utilized material reuse.

Adaptive reuse in sustainable
development

Ex posstudy on 8 adaptive reuse
buildings using idepth interviews

Ex posstudy conducted through site

visits, interview with residents and

tenants, and survey questionnaires

Ex posstudy using 1997/1998 data

Ex posstudy through literature reviev

study available diagrams, site

observation, and interview with

Architect

Ex antease study using cost benefit

analysis and pfforma analysis

Exposst udy wusi
approach

Exposst udy wusi
approach

Ex-posstudy using surveys

ng

ng

t

t

= -4 -—a_-a_-a_-2

= —a = —a —a —a

= —a —a

=4 —a —a —a

= —a

Building site should nobntain ground water contamination
Use concrete buildings if expanding existing structure
Select buildings that have interior gutted

Select buildings with incentives promoting adaptive reuse

(Wilson, 2010)

Communityinitiated adaptive reuse achieves fhectsof sustainability as a who (Yung, Chan, & Xu,

Public involvement in the adaptive reuse process is beneficial in achieving s 2014)
environmental, and economic goals in sustainable development

Retains character

Often cheaper than constructing a new building
Unfailingly more sustainable that new buildings
Generates economic develenn

(Ball, 2002)

Claims as an excellent example of privately funded adaptive reuse project (Dewiyana, Ibrahim
Achieved Green Building Index Gold rating & Hajar, 2016)

no fomula to determine profitability of adaptive reuse

Cost benefit and pifi@rma analysis may have contradicting results

Major factors affecting financial feasibility of adaptive reuse are construction
total area of building, and valug@mperty

(Stas, 2007)

Attraction to implement adaptive reuse relies on lenierogjesand zoning
requirements, as well as providing financial incentives (Bullen & Love,
Sustainability benefits of adaptive reuse outperforms that of demolition 2009)

Reusing building site/components may eliminate some unknowns

Knowing the characteristics (drawings/ specifications) increases reuse oppo

It is easier to reuse structural components for similar purposes

Hot-rolled structural steel with bolted connections and large timber members

greater opportunities of reuse than their lightweight counterparts (Gorgolewski, 2008
Joints with screws and bolts are easier to deconstruct than fixed joints (e.g." ‘

Willingness of cliemd commit to deconstruction and material reuse, as well a:
education of industry on the topic is crucial

Implementing deconstruction and material reuse strategies are project speci
time dependent

Developed weighting and ranking based on economic, social, and environm
factors.

Weighting and ranking system applied to six case studies in Toronto, Ontarir (Tam & Hao, 2018)
Claims that the weighting and ranking system can accurately assess sustair
levels ofadaptive reuse projects
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Most case studies aepostudies that do not illustrate the economic impacts of implementing building AR
as a strategy in achievable sustainabilityEgoatstestudies are needed to understand potential impacts, but
agan, ex antstudies related®Rof bui |l dings arend6ét comemdhe and are |

following section provides an overview of the economdR aff buildings.

2.5 Economics of adaptive reuse of buildings

The Literature review reveals that themelack of studies on the economic impaé&Raf buildings on

the economy&taq2007)confirmedthis to be true for Canada in his literature review. At theftinrging

this literature review, there are no studies that have investigated the economic impacts of adaptively reusing
buildings. Nonetheless, there are several methods (cost benefit analysis, prediction models, system dynamics)
used fordetermining theosts ofAR of buildingsStag2007)did a cost benefit analysis (CBAA&Df

buildings and compared it to greenfield and brownfield developatiat. Zhao, Syal, Berghand
LaMore(2017)developed a cost prediction model for deconstru@amhoandDe Brito(2011)onducted

a cost comparison of demolition and deconstru&egum, Siwar, PeremadJaafaf2006)did aCBA on

construction waste recycling and reuse. In their review/papandShen(2011)ound that between the

years of 2000 and 2009, only three economic studies were conducted on construction and demolition waste
managemerfthese studies used OBRastlyMarzoukandAzab(2014)determined the cost of recycling

versus disposing using systems dynamics. In short, there are numerous studies that look at the costs relating
to AR of building, but thers istill a lack of research on the economic impacts resulting from changes in the
construction industry from implementiig as a building eraf-life alternative.

2.6 Construction industry and the economy

The construction industry is an importantindustayinc ount r yds economy. There at
investigating the relationship between the construction industry and economic development. In their paper,
GiangandSui Phen@2011Yyeviewed literature in the past four decades regarding the relationship between
construction industry and economic growth. Five conclusions were drawn in their paper. First, there is a
statistically significant positive relationship between economic growth and constructio®imdostry.

other hand, this relationship requires further study in developed cban#iese this relationship appears to

be more complicated in developed coun®iesond, there is a consensus that the share of construction in
gross natical product (GNP) increases at a fast rate in developing economies and then decreases in mature
ecoromiesFigure2.7 illustrates this with the Bon Curve. On the Bon Curve, less developed countries

(LDC), newly industrialized countries (NIC), and advanced indadtdalintries (AIC) are represented

(Bon, 1992)
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Third, it is unclear whether growth in share of construction industry in total gross domestic product (GDP) is

a consequence or cause of economic growth. Fourth, demand for constructied fsateriiemand of

other sectors. Thus, over expanding the construction industry potentially results in negative consequences if
other sectorsr countriesre not ready to absorb the outputs of the construction industry. Lastly, the

impacts of otherindustt e s @ adapti ve ¢ ap ac iatenoefdly understood. Buildingn st r u
on their last conclusion and literature review thus far, it can be deduced that little is known about the impact
of the constructi on .&imgementinchAR @ Buildengk)eop dtheninelustdeaima ci t i e
the economy. This knowledge gap could be filled with economic models, such as regional economic

modeling.

2.7 Regional economic models

Several methods exist in the academic field of regional science to model the regional economy. These
methods arenputOutput (10) analysis, computable general equilibrium (CGE) models, social accounting
matrices (SAM), econometric models, mathematigedupming (MP), as well as gravity m¢Gealssey,

Holland, & Razack, 2011; Isard et al, 1998; Okuyama, 2007; Partridge & Rickman, 2010; Rose, 1995; Rose &

Liao, 2005)A brid overview of each method is as follows:

Input-output models can reveal the relationship between industries within a regional economy (i.e., 10
analysis is a suitable framework for quantifying the changes to the regional economic system resulting of
changig final demands from one or more sectors). Due to underlying assumptions of IO models, such as
fixed price, fixed coefficients, and unbounded production capacity, they are suited for long run equilibrium of
the economyCassey et al., 2011)

Computable generalugigprium (CGE) models are grounghenharilyin micreeconomic theory andcka
strongempirical bas CGE models assume optimizing behaviours (e.g., utility maximization by consumers
and profit maximization by producers) that result in an econombriequilCGE model are an alternative

to 1O models with several differences. Unlike 10 models, CGE models-bneaoand consider supply

constraints and price chanffeassey et al., 2011; Okuyama, 2007; Rose, 1995)
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Soci al accounting matrices ( SAMtentandcomplete datasystermp r e h
that captures the interdependeifisaeletblhl®B.28xi st wi th
SAMsalso form the basis for CGE model calibration

Econometrics models are mathematical models grounded with economic theory and can be tested against
empirical data Hlizing statistical methods. In other words, econometric models determine whether economic
theories can be used to explain empirical data. Three common application of econometric models are
hypothesis testing, policy analysis, and foreq#ssirthet al., 1998)

Mathematical programs (MPs) maximize or minimize functions (lineatioe@grsubjectdd constraints
(linear or nodinear). For example, MP can be used to maximize profits, social gains, total income, per capital
income, employment eftsard et al., 1998; Rose & Liao, 2005)

Gravity models are based on the conceptofNew 6 s uni ver s al l aw of gravity
and as a result, the relationship between réggamaogous to the interaction between masses. General

principles govern the interaction between the regions, thus affecting the behagtividual components

within each regioftsard et al., 199&ravity models initially lacked a tia¢ical basis in economic or

statistics, but numerous contributions over the past several decades have provided alternative foundations.

Although there are several methods that can be applied in regional economics, two of the mentioned
methods are widedyplied to regional economic impact analysis: |0 and CGE #€Galysty,®9; Cassey
et al., 2011; Rickman, 2010; Rose, .1S@8E this research uses 10 modéhirdpllowinditerature review
will be limited to applications and techniques of IO modeling pertaining to the construction industry.

2.8 Application of Input-Output models

IO modeling is a suitable appro&atevaluating how an economic system will react to policy changes or
external shock®imitriou et al., 2015T herearecountlesstudiesn the applications of IO modeling in

various field of academilan name a fewHeslinandHobbs (1990assessed the economic impact that

regulation changes in oil disposal had on the energy indiesings, Schindler, & Israilevich (1997)

establisheta relatiorisip between airport capacity and economic growtiienittiou et al(2015)assessed

the economic impasbf a mega infrastructure pipeline project in Greece. Dimitriou et al (2015) concluded
that during the construction peritite project will directly generate6B5million aro, and indirectly

generate 586 million eurp7001200 jobsiregenerated directly from the projedtile 112@ 1920are

indirectly generated in other sectors of the economy. During the operation period, the project is expected to
directly generatel® million euro in annual output, artii8million euro indirectl$0-200 new jobs are

expected to be directly generated, ané 330 new jobgeneratedhdirectly.
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One of the more populaecentapplicationsf IO model is in disaster impact analysitural and
terroism). Theo popul arity of |1 O models for disaster relat
the interdependencies within a regional economy in detail for derivingrigheifects, and partly on its

s i mp | (@Okayanay2060p. 3. A well cited exampleHsllegatte (2008)here a modified 10 model was
developed and applied to hurricane Katrina to assess the consequences of natural disastemsctiod reconst

that follows. By following his reference list, a vast repertoire of literature on economic impact assessments of
disasters can be found. Another poperéension of IO modeis in impact assessment of terrorist attacks

on interdependent infrastructurBlse Inoperability InpuDutput Model (IIMwas developeilit o descr i be
how the impact of willful [terrorist] attacks can cascade through a system of interconnectedrinérastiuctu
(Crowther & Haimes, 2005, p.Bisaster impacts, infrastructure investments, and regulatioescirang

few examples of IO model applications in the larger collection of IO model literature. Other fields of study

that specific IO modeling techniques are widely used in are environment aadsassme(iiller &

Blair, 2009)These techniques are called structural path af&®ysistructural decomposition analysis, and
hypothetical extction method.

Structural path analysis (SPA) is an 10 modelling technigue that

0é quantifies environmental transmission in th
with the highest environmental improvement potential by tracing back the priviattion
¢ h a {Hong,&hen, & Xue, 20162

In their literature reviewong et al.(2016) and Kaya (20détified that therarea lack of studies on SPA
application to theomstruction industry. Literature on SPA application to the construction industry can be
traced back to two primary auth@saham J. Treloar, and Yuan Chang. Treloar determined embodied
energy paths for the Australian building sector, and Chang anatysiddeenergy use and environmental
impact of the construction industrydiina(Hong et al., 2016)

Structural decomposition analysis (SDA) is an ana
a set of comparative static changes in key parameters in-anuirtpyt u t(Rosea&iChsier 1996)

Applications of SDA include examining sources of change in international trade, technological change,

energy, labour requirements, and development pl@Ros®& Casler, 1996)h i s itefatars revied |

reveals that there is only one paper on SDA directly related to the construction industry. In their paper,
Pietroforte et al(2009)analyzed techngizal changes of the US construction indbeteyeen 1947 and

2002 The most important conclusion from their paper states that the impact of innovative technologies on

the construction industry requires further study. To further expand, Pietrofof20@®afecommends that

structural changes in an economy resulting from the construction industryosisiadea:
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othe impact of factors such as changes in the
bathrooms in residential projects), chaimgazhitectural and engineering design, increased
mechanization, the use of (p.dw materials and re

This conclusion is important because it identifies the knowledgé\gap tfe construction industry from
an economic impact perspective. Recal\i & an enef-life pracess that alters characteristics of
construction projects, architectural and engineering design, and new materials and related substitutions.

The hypothetical extraction method (HEM), as its name implies, hypothetically extracts a sector from the
inputoutput model to determine the impact to the economic system and intersectoral linkages because of this
extraction(Song, Liu, & Langston, 200Bhere are several oth®rmethods to determine sectoral linkages,

but MillerandLahr (2001 )determined that the linkages from HBidsufficient in determining the

economic impact from exttan. Linkages can be separated into backward linkage and forward linkages.
Backward |l inkage measures a industryds dependency
explains how a industryd qSongetalp R0DAheres aredniars/tinkaigeb ut e d t
studies of other sectors in the economy, but gheriew linkage studies on the construction industry. Ranko

Bon and Roberto Peitroforte are the pioneers who first applied the 10 model linkage concept to the
construction industrfBon, 1988; Lean, 2001; Song et al.,.2Z0o&) studies concluded that the

construction industry has weak forward linkages because only the maintenance andhdesdiresub

produce goods that other industries can use. On the other hand, they found that the construction industry

has strongdckward linkages because the industry relieargnatural resourcesd inputgrom other

industries. There are a few studies that study the construction industry linkages \Bitim¢f ENVA{2006)

used the HEM to determine role of the construction industry in the national economydtia ATairada,

Denmark, France, Japan, Netherlands, andRé8AFolmerndVan der Vlis2014)andSong, Liuand
Langstor(2008lused HEM to determine the relationship betweerstgie and construction industry for

China, Australia, Canada, Denmark, France, Japan, Netherlands, 8hdddSfudies have found that the
constructionridustry has strong backward linkages to the rest of the sectors in the economy. On the other
hand, the construction industryds forward I|Iinkage
than its backward linkagBen ¢ al.(2014)suggestthat increasing demand for the construction industries

may create large number of jobs due to its strong backward linkages with other sectors in the economy.

2.9 Summaryd regional economic impact of adaptive reuse

In summarythisliterature review &R and economsgxof the construction industry has indicated that there
is a knowledge gap pertaining to the regional economic impdRtStfdies oAR havebeen conducted
many times and there is an agreemenABadsults in positive environmental benefits. There are claims of
economic benefits associated Wiy yet therés laclkof quantification othe economic benefits. At the
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time of this literature review, studies that quantify these economic betigfitecte cost analysis and no
studies have extended beyond project economics to assess the regional economic impaétrRf building
Since conducting literature review throABlyielded minimal insight on its regional economic imgbeects,
literature reiew continued through the perspective of economics. There are studies (although lacking) that
examine the impacts of the construction industry on the rest of the economy. The scale of these studies is
predominantly on the national level. Furthermores itherlack of studies that examines how changes
(technical, regulatory, technological, innovations) within the construction industry propagate throughout the
economy. Overall, the literatureAdRof buildings has yet to expand beyond project econatnics i

regional economics, and literature on economic impacts of the construction industry has not focused on
regional economic impacts from its intersectoral changes. Hence, there is a knowledge gap regarding the
regional economic impact of implementiRgpf buildings as a strategy for functionally obsolete buildings.
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3 Development of InputOutput model and fundamental concepts

Input-output (I0) modelling was used to determine the economic impaBtsmthe Region of Waterloo

(RoW). This chapter descriltes process of developing an 10 model for RoW and provides background
knowledge on concepts underlying IO analysis. Fundamental concepts presented here are drawn from Miller
and Blair (2009); for moredepth knowledge of IO modelling, refer to theirkboo

3.1 The ordinary Input-Output model

The basis of 1O modelling stems from the ordinary
I0 models are developed from tables that record interindustry transactions, final demaadedahrel

total indstry output. These tables are then converted into matrices and vectors, which are used to construct
an 10 model.

3.1.1 Transaction matrix

An 10 model consists oflinear equations that describe the relationshigadiistries in an economic

system. IO modetre typically constructed using observed data for an economic region (national, regional,
provincial, state, etc.). The necessary data for an |0 model are the transactions of products and services
between producing industries and purchasing industgss.ffdnsactions are presented in a transaction

matrix,Z, where the rows indicate the sellers and the columns indicate the buyers,

L« @

wheredotepresents the monetary flow from industy.

3.1.2 Final demand and value added

In addition to inteindustrial industry transactions, there are sales that are external to the industries and are
known as final demanéinal demand consists of industry sales to consumers, private investments,
government, and exports. Final demand can be represented in a matrix or condensed into a vector. For the

sake of brevity, the vector form is used. Denote the total final demand Ictor as

i ¢ @
0
where'Qepresets the sales of each industryfinal demand. There is an additional vector that is necessary

in the accounting of IO models and it is labelled the totalacklad vector;

s® U0q E 0; 3
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wherev -is the valuadded input into industry praeduction. This vector accounts for siedustrial inputs
to productions such as labour and wages, depreciation of capital, indirect business taxes/subsidies, and
sometimes imports.

3.1.3 Total industry outputs

Lete, be a vector of total industry outputs that is produced and sold (distributed) to the purchasing

industries.
w w
° é é @
() w
The row sumg, represents the totalitpudf industryi, and is calculated as
¢
&) %o ©)
'er
On the other hand, the column suag represents the totaputo industryj and is calculated as
¢
g Goo U (6)
Qp
In matrix notation, totahdustrial outputs are calculated as follows,
or
o A = tS)

where/ and/ afe vectors of ones of appropriate size to achieve pgseamdtiplication (i.erow and

column sums). Fay(7), /has dimensiong  p and for eq8), / has dimensiongp € .

3.1.4 Technical coefficients and the Leontief inverse
From the transaction matrix, the matrix of technical coeffierets) be derived

= ® ©)
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where@gtepresents the amount of input that is required by indtsspyoduce one unit of indusfby s

output. Eachidgds calculated as

. (0 /0%
Woo - 1
Q 10

In matrix notation, the technical coefficients are calculated as

= L (19

wheree s the inverse of the diagonalized total industry output wecfibre hat symbolizes

diagonalization of a vector intoamatrtkans ub-4 6 r s gmb 61 i zes the inverse

that

—e L 12

Rearranging €2 and substituting it into €@, an expression can be formulated and solvedésulting

in the fundament#D model for a single economic region.

[ J = e I
[ ] l: = I
The expressionE = is also known as the Leontief inverse (total requirements)imaaixed after

Wassily Leontief who pioneered 10 modelling. Elentggis,the Leontief inverse matrix represents total

inputs required for one unit fifial demagak opposed t@qgwhich represents the total inputs for one unit

of outpQt

3.1.5 Accounting summary of ordinary InputOutput model

The accounting of an 10 model is summarized in tabular forRigtire3.1.
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Buying industries, j

Producing industrie

Total industry final
demandf

total industry output;

Total industry inpuk;

Figure 3.10 Accounting summary of ordinary InputOutput model
Unfortunately, in Canada (and many countries around the world), 10 data are not recorded in the ordinary
format. Insteadhe IO data are recorded in Make and Use format, also known as the ceogimoidisgry
approach.

3.2 Commodity-by-Industry approach to InputOutput modelling

The commoditypy-industry approach is used in many countries around the world because it accounts for the
fact that industries produce secondary produgtsobycts, etc. As per MillendBlair (2009, p.185), the
underlying observation of the commotiy ndustry approach is that 0i ndus

commodities. 6 Two unique matrices in this approac

3.2.1 Use matrix

In the commoditpy-industry approach, the transaction malyiis initially replaced with tbse matrixg

T4 Ogo (14
wheredois the value of purchases of commadityindustry and where the Use matrix has dimensions of
commodityby-industry4F ).

The Use matrix has an equivalent to the ordinary technical coefficiere=matm, , and it is denoted as

matrix || . The equation fof is calculated as

Iy o (19
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Recall thae , is the inverse of the diagonalized total industry output vector. (J:omhm“ matrix

represents the value of inputs P eachpucommodity

3.3 Import scrubbing Ontario Use matrix

The Canadian supplge tables are published with imports included in the Use=maititk, negative
entries for imports added to the final demand vector, so that the sum of commodities used, and commodity
final demand equals totahumodity output.
é - -
e nggm@mméi c‘).Q")Q‘s HoRORET o (16
Qp

Wherer.js total commodity output of industi@gs final demand for commodityt is important to
0scrubd the use matrix of imports so that the i mp
scrubthe Ontariomake and use data, first definas a vector of total commodities used. In other véqrds,

is the row sumsfer.

17

Define, as the vector of the final demand that is imports (expressed as negative vlil,lm)hend
vector of final demand that is not imports (final consumption expenditure, grospiiakEtbonation, and

exports) such that commodity final demgégquals

(18

-D— (D),rp .
—

:
G

—_

The typical import scrubbing method relies on the assumption of import similarity, where for each product,
the proportion of imports and domestically produced goods is equal across all consuming sectors but may
differ for each product. Import similarityrdee expressed using a scaling factor given by mechamre

each element is calculated as
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g —— — 19

In matrix notation,

» o | © (20

Recall that elementsofare negatives, thus veaswill also be negative.

The scrubbed transaction matrix is calculated as
Tvdrof4u™ >T @y
Subsequently, the scrubbed technical coefficient matvixiaemtlded vector can be calculated as
R R Tl 2

Finally, the import scrubbed final demand is calculated as

wisottal 3

Note that the second teml, , represents the vector of imports consumed directly by commodity final
demand. After import scrubbing the Ontario use matrix, the make and use data were converted to the
symmetric 10 model forrhautlined in Chapted.3.4

3.3.1 Make matrix

The Make matrix has dimensions of inddstgommodity and shows how industries make commodities

and is denoted as

Ni u Ugo 29

wherebqis the value of commoditghat is produced by indusjry

3.3.2 Total commodity/industrial output, value-added, and final demand

In the commodityy-industry approach the total vahaeled vector &ill denoted as . However, the total
final demand vector differs as it now represents the total final demand measured in commodities instead of
industries. To make this distinction, total commodity final demand is qgrentelidptal (industry) fina

demand from the ordinary 10 model is still denled,
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Total commodity outputa, can be calculated by summing the industries that produce that commodity. In
other words, total commodity outputs are the column sums of the Makegmattecnativelytotal

commodity outputs can be found through row sums of the transggde afatrix notationais

represented as

A T (29
or
A ] (26)
Total industry outpus, is calculategs
e T (27
or
°« (29

3.3.3 Commodity output proportions

With aandqr defined, the commodity output proportion majfixis calculated as

T4 o TA (29

where each elementjirepresents the fraction of total commojiytput that was produced by industry

The importance of is shown in the following section

3.3.4 Developing ordinary Input-Output model from commaodity-by-industry approach

Recall that the ordinary 10 model is of the form £ = l The total industry outpus, can be

determined from the Make matsjx but the= matrix anc.vector are not directly given from the
commodityby-industry approach. There are multiple ways to reduce the corrproitystry approach to

the ordinary 10 model depending on whether demand is assumed to be industry or commoédityg driven
whether the structure of the economy is assuniedueder commodity or industry technology. For this

thesis, it is assumed that the Ontario economy is industry demand driven aniddsisingeéechnology
assumptiolii.e., that industries use commaodities in fixed propgrt@nghe other hand, tlienmodity
technol@psumption assumes industries make commodities in fixed proportions, which is less consistent with
a demandlriven 1O model. Under these assumptions, a comparable matrix to the technical coefficient

matrix,=, can be calculated wjthand ||. Define=L.. .. as
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=hkaow T ” (30

wherethe subscripts. | indicatematrixdimensions of industtyy-industry. Wth=.... .., the Leontief

inverse (total requirements) matrix under industry techisotajgulated as

Ik &

The expression on the rigtand side is formally known asitituistdygyindustry total requirements matrix under
industry technokmyyother versions éf refer to Table 5.4 afi@ble 5.5 of MilleandBlair (2009).

Total industry final demarl,can be calculated by-pmaltiplying the total commodity final demangrby
P Toolmd (32
wherethe subscripts’ 3k indicaesmatrixdimensions of industty-commodityFinally, the ordinary

IO model under the assumptions of industry demand driven economy and industry technology is represented
as

. S rll rm (33

3.3.5 Accounting summary of commodty-by-industry approach

The accounting of 10 models in commodtiindustry format is summarized in tabular forrignre3.2.
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Commodities Industries

output,q

Commodities
Total commodity
final demandad

Total industry | Total commodity
output, i

Industries

Total commodity outpud Total industry outpuk;

Figure 3.2 8 Commodity-by-industry accounting summary

3.3.6 Ontario IO data

The Canadian 10 data are recorded in supply and use tables (SUT), which are synonymous to make and use
tables. The latest 10 data (2014)retneved from Statistics Canada from Tablé8&@7801. This table

provides 10 data at the detailed level at the provincial and territorial level. The data were presented in
commaseparategtalue (csv) format, so the data was first organized intaisgkegluadded, imports,

exports, and final demand matrices. The dimensions of the matrices aténoLelirhe3.1.

Table 3.16 Dimensions of matrices in 2014 make and use data

Matrices Dimensions
Make (industry by commaodity) 226 x 482
Use (commodity by industry) 482 x 226
Gross Value Added (value added type by industry) 8 x 226
Final Demand: Imports (commodity by imports) 481 x 14
Final Demand: Export (commodity by exports) 481 x 16

Final Demand: Final consumption expenditure and fixed gross capital formation
. . 481 x 273
(commodity by rest of final demand)
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A list of row/column labels for commoditi@sdustries, gross value added, and final demand is found in
Appendix AOnce the data were organized into its respective matrices, the matrices in the dnmmodity
industry approach were converted to the ordinary 10 model format outline in &hapter

The dimensions of Ontario commodityindustry matrices after conversion to 10 model format are shown
in Table3.2.

Table 3.2 8 Dimensions of matrices used in IO model

Matrices Dimensions
Transaction 226 x 226
Technical coefficient 226 x 226
GrossValue Added 8 x 226
Final Demand: Imports 226 x 14
Final Demand: Export 226 x 16

Final Demand: Final consumption expenditure and fixed gross capital formatiol 226 x 273

Note that the gross valadded, and final demand matrices can be compressegttots (column sum for
gross value added and row sums for final demands). The final demand matrices were compressed into a
vector where thi¢h element is the sum across rafvall final demand matrices. The household sector was

endogenized before then@rio 10 model was regionalized.

3.4 Closing thelO model with respect to households

Household expenditure plays a substantial part in the total final demarashdBikér (2009) suggest
household consumption contributes approximately 30% of the total final dtemangd economic systems
Furthermore, household consumption is interrelated to the quantity of output of sectors. To elaborate,
household consumeaesceivavagesor their labour inputs into the production process of making outputs.
Increasing the amount of output requires increasing the labour input and in return increases the earnings of
consumers. However, increased earnings in household consumeigesnoouesspendinusfurther
increasingheoutputs of sectors. Because of the interconnectedness of household expenditure, income, and
industry output, household expenditure is often taken out of the final demarndtesdiiced into the

¢ p columnof the intraregional transaction matitditionally household laboistaken out of value
added and rmmtroduced into thee  p row of the intraregional transaction matrix. This process is known

as oO0closingd the model effectively makessheiespenddngagenbus us ehol ds
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3.4.1 Household column

LetI‘LD - Joe the matrix of final consumer expenditure from the Ontario IO data. This portion of the final
r .

demand includes the household final consumption sectors. Recall that tiadgamvMake and Use
format and needs to be converted to symmetric 10 format to be compatible with the Ontario.lO model

Also, recall that the raw data needs to be scrubbed of imptlrgﬁ Iie.ibe the new consumer expenditure

matrix with the maélcations mentioned above.
.. k.. k.. Sa

Recall»is the import scrubbing scaling faétom eq(20 and is expressed in negative, pigithe

commodity output proportion matfbom eq(29.

Theprovincial import scrubbed industgsed household sectors were condensed to a Ector,
(superscript 6pd indicates province and subscript

scrubbed final demand vecllfy , ; 4 4 _m
LI T 9

Where superscript * indicates the household column removed from the provincial import scrubbed final
demand vector.

3.4.2 Household row

The household row represents the salaries/income of household consumers. Salaries of consumers are found
within the valuadded vector and needs to be taken out4atroaluction into the transaction matrices.
Unlike the household columns, salariesegakien from the raw data because the import scrubbing scaling

factor »was not applied directly to the vaddded vector/matrix. Also, valagded is already presented by
industries, so no further modifications are needed. D@a@ie the provinal household labour for

industryi( superscript 6pd indicating provincial scal e,
household salaries were taken out from the-addlesl vector,

oo l‘T (36

Wheresuperscript * indicates the new valdeed vectors with salaries and wages removed.
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3.4.3 Reintroducing households into provincial transaction matrix

To completely close Ontario 10 model with respect to households, several matrix and vector concatenations

wererequired. Values for the (n¥Blement of the output and final demand vectors and (n+1, cettlyf
the provincial transaction matrix need to be introduced. The following partitiareatede

37

(39

39
(40

Where"Eg areimportsthatgoto household final consumption expendituets calculated as the difference

between sum ol,rand sum ofIF Zeroes were concatenated to the (n+1,tmedl) of the provincial
transaction matrix and (n¥lglement of provincial final demand. Row sum of the new household row was

concatenated to regional output.

Finally, the closed provincial IO model is expressed as

3.5 Regional Input-Output model

This research is interested in developing a regional IO model for &iion to amO model for the
province of Ontario. There are three ways to develop a regional model; full susueyeyncand
partial/hybrid survey. A full survey willrequrkai ng r egi ons variations of

goodsfromsectodi d you buy to produce your outputs?06 A

the production technology within a region (i.e., true regional technical coeffidientdbtzined).

t he
fo

However, full surveys are costly and time consuming and the data may be outdated upon completion of the

survey. It is more reasonable and typical to use regional input coefficients. These are different than regional

technical coefficientdnse they do not accurately describe the production technology of regional firms, but
rather how local firms use local inputs. Regional input coefficients can be estimateesususy ol
partial survey techniques. Namvey methods are used widehggional IO models as they often use

readily available regional economic activity data such employment, and income.
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3.5.1 Single region model

Let dQ',Qbe the dollar flow of goods from sectorregiorr to sectoy in regiorr. Letc‘&Q be the gras
outputs of each sector in the region. Then, regional input coefﬁ@@lm,be calculated as

M
dolo

o

(42

A regional input coefficient is defined as the difference between regional technical coefficient (total input
required per dollar output) and regional import coefficient (import proportion of total input required per
dollar output). Therefore, regionaluhpoefficients describe ttegjional portddthe total input required per

dollar output. In other words, it describes how inputs supplied by firms within the region are used to produce
outputs by firms within the region. In matrix notation the regignadlcoefficient matrix is

=>> 1> 43

Given final demand in regim', impacts of regional production due to regional final demand changes can

be computed as

" L =»» ' (44)

Unfortunately, regional 10 data fegions withithe province of Ontariarenot available. Thus, true
regional input coefficients as shown id@qcannot be calculated for regional modelling. To overcome this

issue, estimation techniques were used to estimate regional input coefficients for the region of interest.

3.5.2 Estimating regional input coefficients with location quotients

Location quotiest(LQs) area nonsurvey technique for estimating regional input coefficients from national
or provinciatechnical coefficients using readily published information on regional enmlopsten
commonly), income, or output by industry. Location quotient techniques have been used widely in
regionalization of IO models and there are several variations of location quotients (Miller & Blair, 2009).

3.5.2.1 Regional employment data

The regional 10 maa was built upon the import scrubbed Ontario IO model. Regional employment data
were used. Employment data was chosen for location quotient calculations as it is the most common choice
of economic activity to use. Also, employment data by industryléyeavedable for the region of interest.

Employment data for metropolitan areas in the province of Ontario were found in-I&i6189B0O1 from
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Statistics Canada. The employment data is presented by an aggregated list of industries (16 industries)
compared to the list of industries in the Ontario 10 model (32 indusippgndix Bshows the aggregation

of industries of the employment data and their corresponding industries in the Ontario IO model. The

chosen metropolitan areas and their industriddymgnt data is shownAppendix CSome metropolitans

have supressed employment data for the O6Agricul tu
OUtilitiesd because of the StatistiesmAAckedf wiCama
The censored employment data were estimated as follows.

First, the employment proportion of each-nensored industry of each metropolitan was calculated by

dividing employment of each sector and each metropolitan by employmeseofah&ir Ontario. Then,

the noncensored employment proportions were averaged, and the censored industries were assumed to take
on the averaged employment proportions. Next the employment numbers for the censored data were
estimated by multiplying thetimmated employment proportion by the employment number of that industry

for Ontario. Finally, the 6Rest of ON®O6 empl oyment
employment numbers and subtracting the Ontario employment number by-iedidamodel is

sufficient(discussed i@hapte 3.5.4 for the objectives of thtkesis, so only employment data for the RoW

was neededppendix Bshows the employmemimbers and proportions for the RoW.

3.5.2.2 Simple location quotient

The simple location quotient was the first LQ developed and provided a basis for the LQs developed
afterwards. For this reason, the concept of simple LQ is presented before the selecteid th@dar is
explained.

The simple location quotient applied to all purchasing sectors of industgjorr is defined as

I A—C @9

whereCéﬂdenotes gross output of industiry regiorr, e> denotes total output of all sectors in regid‘ia)
denotes gross output of industay the national level;, denotes total output of all sectors at the national

level.

Regional input coefficits are calculated using simple LQ as follows

0 lTb (If‘Q*Q"Q'@ e:b p

L e (49
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The simple LQ is viewed as a measyitoetheosectosandegi ond

final demand in the region. A sim’inléQ p indicates that industryn regiorr is concentrated and is

export orientated. On the contrary, a sir&‘]pﬁg p indicates that industirin region is not concentrated

and is import orientated.

3.5.2.3 Cross industry quotients

Cross industry quotients (CIQ) were chosen because they allovibyearycedll adjustment of the
provincial technical coefficients rather than just row adjustments by simple location quotients.tddQ sho
relative importance of both selling indusaigd buying industjyn the region. Other location quotients
such as the Flegg location quotients (FLQ) or augmented Flegg location quotients (AFLQ) are not selected
for the simplicity of regional 10 mel development. To elaborate, both FLQ and AFLQ require calibration
of a gamma term. An accurate calibration of this gamma term is not possible due to the lack of data available.
Furthermore, validation of the tnegion IRIO model with recommended vitugamma mentioned in
Miller andBlair (2009) showed little to no improvement on model accuracy. The CIQ is calculated as
0 "O&Q k¢ .——QQ ks @7
& Qo
Al so, ClI Q for the aggr e gletwrégiod IRI® smodelddiscuBedtinar i 08 i s
Chapte3.5.4.1and is calculated as
8 A, f‘V.——Q’ v (48
@
& GO

Wheredy, O, '3, Q , %, and,are the employment for Rov), Rest of Ontarics( and Ontarior, in

industries andj, respectively. The ekl cell adjustment is

5 APl @Gf, p

e, e~ 1 ok T (49
(}fQ"’Q Q @ O&Q p

A0 "dg}Q pmeansthatall§d s n e e disan befsuppliadpmithin the region. On the other hand,

8 ", p means thatsomejdf s i nreeds to efimported. Nothatd "Of,, p wheni = j (on-
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diagonal elements). This has been questioned in literature as notecimdBldlier(2009), so a further

adjustment is made to thediagonal elements using simple LQ. The complete adjustienaiix is

6 "CSS}Q(SQTQlQ '@ "CSS}Q p

&QLQ o e~ 1Y A T
(AfQ"“Q Q @ OSJZ}Q p

MEN 0 (50
(BQL 0 lTb de*Q"Q'@ lTva P
Q de"“Q 'Q '@'2 lTbTQ p

MEN Q (57

3.5.3 Estimating regional gross output

Statistics Canada does not have regional data for the output of industries, so the regional outputs requires
estimation. Regional output can be estimated by multiplyingneemtlpyoportions of each industry by the
provincial outputs (Boero et al., 2018, Bachmann, 314t i sti ¢cs Canadads annual
data were retrieved from TablelDD09801 (formerly CANSIM 282131)Below is an example to

illustrate tis concept. Let™ —:‘Q be a vector of employment proportion for industryegiorr, where

-'ois calculated as

Oanaé¢ o®YOOVE ¢

5
Oanaé @ e o ©i Q¢ 2
and given provincial outpet, region outpute”, was estimated as
&%
o> +% é 63
-+ Q)

A single region model assumes that all inputs into production are reflected in the intraregis®fal matrix
This assumption is unrealistic because regions are interconnected with each other through trade. Single region
models fail to explain the contiveness of region. Thus, an interregional approach was taken.

3.5.4 Interregional approach to regional InputOutput models

Interregional input output (IRIO) models can consists of two or more regions. For this thesggji@ntwo
IRIO model was developed. ARIO model consisting of all regions in Ontario is ideal but was not possible
for this thesis due to the lack of data needed. FurthermoreegiovlRIO model is enough for the

purposes of this thesis because only RoW is of interest.

Let regiorr be RoWand letregiosbe 06 Rest of Ontariod (s hregioh ened to

IRIO model requires the following intead interregional data
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o> ik (59
o7 (55
> doly (56
Lv gl (57
LT ol (58
L™ doly (59

Wherelt™ Ys the matrix of transactions from indusimyregiorr to industryj in regions andit¥ %s the
matrix of transaction from industiy regionsto industryj in regiorr. In other wordit™ Yepresent exports

from regiorr and imports to regiosand vice versa fé’ >

Given inter and intraregional transactions the regional input coefficients foseggion
tolo

Aol & (60

and the interregional trade coefficients were calculated thveagaemeept the denominators are gross
outputs of the receiving region.

i %IQ 61
QQ
bl
o' — (62
QQ

In matrix notation, the regional input coefficient for regpmial interregional trade coefficients are

YV v v.V (63)
. o 4 L_»v.' (64)
V> £v>.> (6@

3.5.4.1 Basic Structure of tweregion interregional Input-Output model

Given the necessary data, the next step in developingegitmdRIO model is to organize the regional
matrices and vectors into the followemgression

Nl (66

where
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v (67
g X 69

L (69
4 EE Z : (70

Chapter3.5.2and3.5.3showed that regional input coefficients and regional output can be estimated using

cross industry location quotients and employment data. The procedure outlin8.612apti8.5.3were
followed to produce regional input coefficierts Sind=" ) and regior@utputs ¢>ande ) for Row and
Rest of ON. What remain is the calculation of interregional trade coeficidms=t" Y and tweregion
IRIO final demandff*™ © F

3.5.5 Estimating interregional trade matrices, and regional final demand and qorit
vectors

Given regional input coefficients of regignterregional trade coefficients for regiRoW) to regios
(Rest of ON) were calculated

Wola Qo doly (79

Recaltagare technical coefficients(&€) from the Ontario |0 modeSimilarly, given regional input

coefficients of region interregional tr&dcoefficients for regio(Rest of ON) to region(RoW) were

calculated

dolo Gt Gl (72

After calculating the coefficients and organizing them into thegion IRIO coefficient matri;(=,|=4 " F

interd and intraregional transaction matrices were calculated as

> Ilrv —>> >V
oL 2L = = 73)
ALy » JLvyvy V> _VY v (

J L E g

Then regional final demand vectors were calculated and partitioned inegatwRIO final demand

vector
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(74

Finally, the twoegion IRIO output vector was calculated witfbddo eq(59 and the tweegion IRIO

model was complete.

3.5.6 Verification of two-region IRIO model

Verification of the twaegion IRIO model was done by comparing the regional output weznos Y,
calcudted in Chapte3.5.3(recalle>ande Ywere calculated by downscaling provincial output vector by

employment data) and the fregion output vectooH E h ChapteB.5.5recalle “4 Y¥as calculated with
eq(66)). If all the steps were executed correctly the following accounting balances should be met within an
acceptable err¢e.g< 1%
L4 L Ly Liomtd LL o £

e G

2. egc o™ o7

cHl [ g |
The tweregion IRIO model was checked and it satisfied the-at@mtmned accounting balandéssxt,
analysis technigues such as hypothetical extraction, backward and forward linkages, and technology shock

were conducted and are outline@hapte3.6and beynd.

3.5.7 Validation of regional household consumption

The tworegion IRIO model was validated against regional population data. Recall in the development of the
two-region IRIO model, output was dosealed using regional employment datihen final demandas

back calculated. Another approach to regionalization would be tscd¢eviinal demand by regional data

and then back calculate output. This approach may require more data to accurately down scale the portion of
final demand for exports and capitatfation. However, household consumption can be accurately down
scaled using regional population data. Thus, the household consumption vector deter@imagotérom

3.4.1was validated against the second approach where provincial household consumption was down scaled
using regional population. The Mean Absolute Error (MAE) and Root Mean Squared Error (RRSE) are,
779and272 658espectivelior bothRoW and Rest @N. Sinceotalhousehold consumptiofar RowW

and Rest of ONire11646793and301402817, respectivelyhe values for MAE and RMSE indicates

agreement betwetdretwo approache3he average relative percamor for R&V and Rest of ONre

14.7% and 0.56%, respectivégr.charts comparing final demand between these two approaches are shown

in Appendix D
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3.6 Hypothetical extraction and linkages

3.6.1 Hypothetical Extraction

Hypothetical extraction is a method to measure anringts i mport ance or tot al [
industryods total l inkage is determined by O&removi
resulting decrease in value of gross output. In the 10 model framework, the total linkage pisindustry
foundbychanging s row and columns t o zer sarslthgdns trhoew tteoc hzrei
inthefinaldemand.Letg;ii;%%é;’ be the new technical coefficient ma t

indicating rows and columoisindustryj changed to zeroes. [t be the new final demand vector with

industyio s row changed to zero. Then, the decrease in

ez L=z U (79

Then,estimate of the total decrease in economic activity in percentage value is calculated as

s
¢ onmp D

(79

Wheree, is the base case output with al/l i ndustries
construct irersd demd i @GN o rb weretodduated to theimtrarégionalirtput o n &

coefficient matrice;( "and=" )'of the cleed tweregion IRIO model. Total linkages of these industries
were calculated f@ntario,RoW and Rest of ON.

3.6.2 Backward linkages

Hypothetical extraction can also be used to calculate backward and forward linkages of industries following a
parallel approacBackward linkage is a measurement of economic pull of an industry or in other words, the
strength of industiy 8ependence on interindustry inputs to produce ingiistry out put . Backwar

are calculating by replacing coljiofrthe= matrixwith zeroes. Let AL ~be the new matrix where

subscripts ©6( cj )isiheplacedwitttzarbes. Then rew \alues of output era modelled as

E

L
=

g | 77

and the normalized eleméytelemenbackward linkages of indugton industry is
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v, Wy WG
O PMUTD ———— (78
W

Backward | inkages were cal cul at e desiflentinl biildhhgsi dent i a
c o n st rfan OntariogRoVé and Rest of ON.

3.6.3 Forward linkages

Similarly, hypothetical extraction can be used to calculate the forward linkaggses indine 10

framework. Forward linkage is a measure of the strength of economic push thgtiasustrhe rest of

the economy. In other words, forward linkage measures the dependencies of other industries as buyers of
industryj 6ugputs.

Miller andBlair (2009) suggests that forward linkages are better calculated using an alternative to the input
output model developed by Ghosh. This model is supply driven in contrasts to the demand driven model
developed by Leontief. In calculating forwakadjas, thdirect output coefficadirix, || is used in place of
thedirect input coefficientmalrio di f f er e ihmaitria anethépilatrismeéesuted in €tp) in

ChapteB.2Ghoshds direct output co#|f|ti,|cient matrix wil

||| |- vSjcalculated similarly=o except that the interindustry transaction md{rig,premultiplied bye
instead of pognultiplication as seen in calculagintn other Wordsu| I- 4S|calculated by dividing each

row element o by the gross output associated with that row. In matrix notation this is calculated as
Iy vpe & (79
Forward linkage is calculated by replacing the row of ifjduiitrgeroes and calculating the new values of
gross output. This calculation is completed as
o5 o¥ L > (80

Again, the subscripts 0 (isrgp)aded with zklioas.albea,she nomalizedt he r
elemenby-element forward linkage of indugtoy industryi is

Go G5 o
@

QU PTTIP (Cxl
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Forward |l inkages were cal cul at e dredidential bhidiegsi dent i al
c o nst rfan OntariopROW, and Rest of ON.

3.7 Use matrix and final demand change

A major use of IO models is to study ecorampacts as a result of changes to the structure of the
economy(i.e, changes to output, final demand, value added, and technology (technical chd¥cients)
example, 10 models can be used to simulate impacts of investing in a mega infrasfeattoneGid

and wages in an economy. Impacts as a result ofsthdhgstructure of an economy can be simulated
with an 10 model by changing thgiglues in thg matrix. For this thesis, the structure of inputs (herein
referred to aerecip®) of the construction industry is shocked to reflect the impas®aifbuildings on

the economy. In simpler terms, the usage recipe of an industry refers to its colspmatrikas the
column indicates the quantity of each ©&6ingredient
Furthermore, since import scrubbivegsapplied directly to the Use matrix, recipe changes were applied to
the Use matrix prior to impt scrubbing. This was done so that the effe&iRain imported commodities is
accounted for.

It was determined, through consultation of Statistics Canada, that among all the construction related

industries in the 10 mod&R of buildings would affedite 6 Resi dent i al bui-l ding co
residenti al building constructiond industries. Re
simultaneouslyather they were applied separately to represent various scenarios.

Denotes as the vectasf input changes in decimal format where negative values represent decreases and
positives values represents increases. For exagph® indicates a 50% savings in commodity use, and

| o T® means 50% increase in use of commiddgnote , as aolumn vector where elements 1 to n

are elements from the column vector of the industry of interestimtagix and where element n+1 is

household labour from the vatgded vector of the industry of interest. Dénptes a scalar value that

repreent s the percentage of the industry that the ch
buil ding constr uctAR theid 1@nThenschanges td the industp/ aebipge avereo f

calculated by:
prme Q) P (82
where the hat indicates diagonalization of the vector contained in the square brackets(isnal welttoe

of ones with same dimension eandP. Equation(82) isdevelopeduch that if 11 then no changes are

made to the Use matrix. Note that the total commodity value reduced from changin@isdustrye c i pe i s
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reallocated to value addedisTib because the savings in commodity inputs are treated as profits tg industry
which is accounted for in valadded. Also, increases to household laveaccompanied by decreases in
other value added. This implies that indyisagns less profit (anustearn lower returns on capital)

afford increagbwages téabour. The new Use matrix and valdeed vector reflectiddr of residential or
nonresidential building construction industries are

é"Q"Q E -0 E OQ;F
~n . 1

né E én

T mo :I*Q"Q -0 OQa, (CX)
1 Ié E é ]
WeoE —+0E 04

® . Vo B <o E O 84

Note that a portion of the commaodities used by industries in the provincial Use tables are imported. Since
AR recipe changes are applied before import scrubbing, reducing the values in the Use table implies reduction
in the use of both domestic and impdbdemmodities. Thus, it is also necessary to reduce imports in the

import vectortJ , to conserve gross domestic product. Letdenote the reductions in the Use matrix
resulting from recipe changes for the industry of intetest. 4 denote the @rtion of imports that is from

=4 andétt. _ be the new imports vector affeR recipe changes. Then.Jis calculated as

P_y 1P (89

andd -4 is calculated as

O

Il
-

CLE M 1l (89

Recall thall is the import scrubbing scaling factor froni2@nand has elements with negative values. The
subscript 6existingd indicates the m’.rn[jsa:aldulatajcr ubbi

as

O. g0 O DOy 87
Recipe changes to the ORestdendealtibui bdi hdiagnsbd
industries were conducted separately. With the new Usgimadritector,and valu@ddedvector,a

symmetric 10 mdel reflectind\R of buildings wadevelopedollowingthesteps outline in Chaps&.2to

3.4
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Like the changes made to Use matrix and import andhddke vectors, changes can be todilel
demand. The same concept was applied to change the final demand vector of the provincial IO model, except
» represents the vector for final demand change. Hence, the new final demandAieftédtimtgdings is

calculated as

E= o1 | 9

3.8 Energy use by industry

Energy use data by industry for Canada were obtained from Statistics Canaeb0aI816(38(formerly
CANSIM 1520113) for the year 2014. The data presented is a vector of total ebgripdusties
measured in terajoules (TJ). Energy intensities of each industry were calculated as
0 ¢ 0EAQi 6™ RA "YU
@ A

89

The industry classifications of this table are an aggregated version of the detailed industry classification of the
IO model, so concordance of these classifications was done prior to applying the energy use data to the IRIO
model. A table of concordanseshowrAppendix CFurthermore, it was assumed that the energy intensities

of Ontario are equal to that of QareparctdlalagiuetoNot e t h
the Statistics Act of Canatdlhe energy intensities of these indisstiiere estimated by allocating the

difference in total reported energy use and total energy use (calculated from table) using output proportions.
For examplahe reported total energy use for industries and households is 11,637,461 TJ, but the sum of
enggy use within the table is 11,379,978 TJ. Thus, the difference is 257,483 TJ, which is assumed to be
combined energy use of the censored industries. This difference (257,483 TJ) was allocated proportionally to

the censored industries.

With the vector ofreergy intensities calculated, energy use by industry was simply calculatedny element

element multiplication of the output vector and energy intensity vector. In matrix notation

[ g re
ad E e e (9@
IF o, W. [

3.9 Jobs by industry

Changes temploymenby industryveredetermined by multiplying the changes in output by an employment
intensity vector. Employment data from Statistics Carestgyregated into 16 industries, so the detailed
industry classification wiarst aggregated accordingly. The 226 industries dethiled classificatimere
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aggregated to 16 industries using a concordance(Bwathimann et al., 2015¢t be the concordance

matrix, therpremultipication ofthe detailed output vector bydeterminethe aggregated outpugictor

11 ° 9)

After obtainings | | employment intensities were calculated by dividing each element of the aggregated

industries employmedata by its corresponding aggregated industry output. In matrix notation

Fesni (99
wheref is the vector of aggregated industry employmehtiatii units of employment per dollar of
industry output. Similarly, changes in employment at the aggregated industry level can befound by pre
multiplying the diagonalized employment intensity vector by a vector of output changes. Consequently, total

chames in employment can be found by summing the vector of job changes.

3.10 Toy model

The methodology implemented in developing @dgion IRIO model was tested on a hypothetical small
scale economy with two commodities and two industries (toy model). Thaeraldpment steps were

applied to the toy model to ensure the steps taken satisfies economic principles and accounting balances.
Also, the development of this toy model served as a learning tool for the intricacies of IO modeling. Toy
models were develapt mirror the existing case #&iliscenarios used in this study. The lessons learnt

from the toy models and the toy models can be foukgpiendix E.
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4 Results and discussion

Before anwynalysisvas done with the twregion IRIO model, the construction industries affected by

adaptive reugdR)werefirst determined. Through consultatigith a senior economic analyst at Statistics

Canada, it was determined #iatof buildings is embedded intoé 6 Resi denti al bui |l di n¢
ONagmsidenti al bui | d({Trag 20E8&rons Hernein, theése tavairidusiriesavill lset r i e s
referred t oget he riththis knéwedge, lcahsequgnt analydes fodused om thesé twoV
industries.

The results chapter is structured as follows. CHaptiscusses the scenariodBfof buildings that have
been analyze@haptert.2discusses the energy use and employment intensities for Ontario and RoW.
Chaptert.3presents the economic profile of Ontario, and the results of scenario analyses for Ontario.
Chaptert.4discusses the economic profile of Region of Waterloo (Ruwihe results of scenario analyses
for RoW. Lastly, Chaptérssummarizes the results.

4.1 Scenario analysis of adaptive reuse of building construction industries

Scearios for the analysisAR of building construction industries are broken down into two main sets. One
set of scenarios represents the situation whergsimand for residential and rresidential buildings is

fixed. The other set of scenarios repitedbe situation where final demand for these buildings increase.
Tabled.1 below outlines the names and description for each scenario.
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Table 4.16 Scenario names and description

Scenario L
Description
Name
Adaptive reuse of supstructure and subtructure, includes changes to engineering
Basic services, wages and salaries, and truck transportafi®s reuse ohterior non
structural components, and 0% increase in final demand.
10% '‘Basic' scenario plus 10% adaptive reuse of interiorstounctural components
45% '‘Basic' scenario plus 45% adaptive reuse of interiorstounctural components
90% '‘Basic' scenario plu#)% adaptive reuse of interior negtructural components
. 'Basic' scenario plus 2.5% increaséinal demandfor adaptive reuse of residential or
f2.5_basic : . o
non-residential buildings
25 10 '"10%' scenario plus 2.5% increasdit@ demandfor adaptive reuse of residential or
= non-residential buildings
25 45 '45%' scenario plus 2.5% increasdit@l demandor adaptive reuse of residential or
= non-residential buildings
25 90 '90%' scenario plus 2.5% increasdit@l demandfor adaptive reuse of residential or
= non-residential buildings
5 basc '‘Basic’ scenario plus 5% increasdital demandor adaptive reuse of residential or
- non-residential buildings
5 10 '10%' scenario plus 5% increasdit@al demandor adaptive reuse of residential or
- non-residential buildings
5 45 '45%' scenario plus 5% increasdit@al demandor adaptive reuse of residential or
- non-residential buildings
5 90 '90%' scenario plus 5% increasdit@l demandfor adaptive reuse of residential or
- non-residential buildings
. 'Basic' scenario plus 10% increasdinal demandor adaptive reuse of residential or
f10 basic . i o
non-residential buildings
10 10 '10%' scenario plus 10% increasditml demandor adaptive reus of residential or
- non-residential buildings
f10 45 '45%' scenario plus 10% increasdit@l demandor adaptive reuse of residential or
- non-residential buildings
10 90 '90%' scenario plus 10% increasdit@l demandor adaptive reuse of residential or

non-residential buildings

4.1.1 Fixed demand for adaptively reused building® Basic scenario

Recall from Chapt@rthat by the definitionddRof bui | di ngs, at mini mum

and substructure remains intact. Thi s defdohi
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AR and deconstruction of buildings, it was found that, in gexiRiafl puildings results in reduced

transportation of construction waste disposal, and increased labour and engineering/architectural design
(Chini & Bruening, 2003; Coelho & De Brito, 2011; Gorgolewski, 2008; Laefer & Manke, 2008; Shipley et al.,
2006; Tatiya et.a2017)

At the same time, Ontariods auditor general found
province are vacant (Crawley, 2017). This finding applies only to publicly owned buildings, not privately
owned. Thus, a rough estimatio®Bf market sére () was done to include privately owned buildings. The
lowerbound market share of buildings (residential arcesatential) that are candidateg\fis

estimated to be 20% (ije., 1@ inthe notation from Chaptérd) . On t he contrary, Can
I nfrastructure Report Card found that 5%, 12%, an
and o6faird condit i onmbersareeepoptedort publicty lowned buildirgga Assuming, h e s
that o6very poor, 06 O0poor , AR, teenedlistid dipper bound marketkhdreaf g s ar
buildings that may be adaptively reused is estimated to be 40% ti&.in the naation from Chapter

3.7. Also, an idealistic upper bound market share of 60% and 80%&(and’  1@) is used as an

extension to the analysis.

Acasestudyong®Rof t he Region of Water | oBahchezEsfahani, & Cour t
Haag2019)In their case study, a comparison of the life cycle costs and environmental impacts of adaptively
reusing the courthouse versus demolition and reconstruction of a new building were examined. The case
study was limited in scope to&Ro f t h e shperstiuaiuie mrgl 8ubstructure (i.e., all the internal
nonstructural components of the building were excluded). The quantitfftdke f r om Sanchezds
were used to calculate the dollars saved on concrete and steal Tadtledd@isummarizes the estimated

material costs for steel and concrete in the Region of Waterloo County Courthouse case study.

Table 4.2 8 Concrete and steel material cost estimation

Material New Constructior Adaptive Reus Savings, ¥
Concrete $252,631 $48,350 80.86
Steel $841,775 $180,092 78.61

In addition, BritandCoelho (2011) found that disposal costs (including transportation) are reduced by

about 20% when implementing deconstruction over demolition of a bGitnopgjewskiZ008)ound that

design feesfé&kRof bui |l dings may increase 20% to 40%. Thus
servi ces 0 smnoeaedby 2006yn the Bse mairitheir literature reviewZoelhoandDe Brito

(2012 founda case study of deconstruction versus demolition that detehaifsmbur cost of

deconstrution of buildings are approximately 20% higher than demdlit@rase studpantata, Touran,
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andWang(2005)ound that deconstruction labour occupied 56% of the project cost, while demolition labour

occupied 32% project cost. FurthermDaetata et a(2005)conducted a sensitivity analysis of labour cost
and found that decreasing deconstruction labour cost by about 20% makes the deconstruction cost equal the

demolition ost.Thus,household labour input into the building construction industresincreased by

20%for AR construction

Changes to the observed

in Appendix E.

Table 4.3 8 Existing and new? - reflecting adaptive reuse

c 0 Tabled.3. Bample calculations are shgpwe 6

Commodities

Non-r e si de n t2i

Residenti a

Change Existing Basc Existing Basc

(%) ($1000 ($1000  ($1000 ($1000
Cement -80.86 7588 6361 44302 37137
Readymixed concrete -80.86 322260 270144 553836 464270
Concrete products -80.86 191660 160665 189611 158947
Prefabricated metal buildings and
components -78.61 135421 114130 74692 62949
Fabricated steel plates and other  _7g 61 213040 179546 235079 198120
fabricated structural metal
Other architectural metal products -78.61 120178 101284 422599 356158
Truck transportation services for
general freight -20 24441 23463 133386 128051
Truck transportation services for
specialized freight -20 58703 56355 302365 290270
Architectural, engineering and rele 5 1112488 1156988 1044609 1086393
services
Household labour +20 4740841 4930474 9212507 9581007

4.1.2 Fixed Demand for adaptively reused building® 10%, 45%, 90% scenarios

Scenafidos 685 000 , and

09

0 %0

b u i-dtrdctural rompaments &f Buddingsc 6

ar

S

are incorporated into the commodity recipe change. For example, furniture, windows, doors, wiring, interior

finishes, plumbing, HVAC etc., are included. Thencality classifications were examined and the

commodities that are deemed asstaorctural components of buildings were selected for recipe change.

The changes in value for these commodities were estimated through a compilation of lifdRature on
deconguction of buildings. In his case study of an outdoor activity retail store, Gorgolewski (2017) found

that the building used 56% recycled or reused building materials by weight. In developing their cost
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prediction model for building deconstructiatjya et al(2017)ound that at least 42% of building

materials were recoverable for reuse and rec8eliigsandBrito (2007 )ound that ont 10% of materials
were reused from a building deconstruction project in Portugal. In their case study of a 200 square foot
residential buildingfibert andLanguel(2000)ound that reused building materials accounted for 30% by
volume and 23% by weigBalerandChini(n.d.)propose an additional credit to the material and resource
category of LEED to account for designA®. This proposed credit, MR Credit 9.3, renends that at

least 50% of the nestructural components be retained. Lastly, in their literature Reriebiuand
Langstor(2006)ound that more than 90% of building materials are reukatik.4 below lists the

commodities that aramdidates for recipe change
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Table 4.4 8 Commodities to adjust for adaptive reuse recipe change

Commodities

Textile products, n.e.c.

Hardwood lumber

Softwood lumber

Other sawmill products atr@éated wood products

Veneer and plywood

Wood trusses and engineered wood members

Reconstituted wood products

Wood windows and doors

Prefabricated wood and manufactured (mobile) buildings and compone
Wood products, n.e.c.

Plastic and foam buildirand construction materials

Plastic products, n.e.c.

Rubber products, n.e.c.

Clay and ceramic products and refractories

Glass (including automotive), glass products and glass containers
Lime and gypsum products

Non-metallic minergdroducts, n.e.c.

Iron and steel basic shapes and-&toy products

Iron and steel pipes and tubes (except castings)

Wire and other rolled and drawn steel products

Forged and stamped metal products

Metal windows and doors

Boilers, tanks arfteavy gauge metal containers

Springs and wire products

Threaded metal fasteners and other turned metal products including au
Metal valves and pipe fittings

Fabricated metal products, n.e.c.

Heating and cooling equipment (exbepisehold refrigerators and freezers
Other electronic components

Electric light bulbs and tubes

Lighting fixtures

Small electric appliances

Major appliances

Switchgear, switchboards, relays and industrial control apparatus
Wood kitchen cabinets acolunter tops

Wholesale marginduilding materials and supplies

Retail marginsfurniture and home furnishings

Retail marginsbuilding materials, garden equipment and supplies
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Percent changes to these commodities were all assumed to be the same for simplicity. Utilizing findings in
literatures mentioned above, percent changes were categorized in three scenarios; pessimistic, modest, and
optimistic, where, 10%, 45%, and 90% dsattggcommodities recipes were applied, respedial#bs

(similar toTable44)s howi ng t he reci peicdgh dndesd ,f d@rd 59abe n amido D €
AppendixF.

4.1.3 Scenarios for demand increase for adaptive reuse buildings

The second set of scenarios lsuldon t he first set of scenarios (06Ba:
final demand adaptively reused buildings increase. For each of the scenarios from the first set of scenarios
(6Basi cd, 610 %0, 645 %0 , a n sedbdldingsdtwas incredsad. Final n a | dem
demand increases of 2.5%, 5%, and 10%, in combination with the first set of four scenarios, creates 12
additional scenaridBable4.5 shows the existing and new final demand values for residentialand non

residential building construction industRegall that the identifications for these scenarios are summarized

in Table4.1.

Table 4.5 8 Final demand changes for adaptive reuse of building industries

Residential building construction
Existing and 2.5% finaldemand 5% final demand 10% final demand
Bage increase of AR increase of AR increase of AR
($1000) buildings buildings buildings
($1000) ($1000) ($1000)
Residential building
construction $36,936,512 $37,121,194 $37,305877 $37,675242
industry
Non-r esi denti al building constructio
Existing and 2.5% final demand 5% final demand 10% final demand
Bage increase of AR increase of AR increase of AR
($1000) buildings buildings buildings
($1000) ($1000) ($1000)
Non-residential
building $15,009,509 $15,084556 $15,159,604 $15,309,699
construction T e R e
industry

4.2 Energy use and job intensities

Recall fromChapter$.8and3.9that energy use and jobs by industry were cadtugatg intensities, where
energy use intsities are used to convert output changes into energy changes, and job intensities are used to
find job changeg&igured.lillustrates the energy intensities used in calculating energy use changes in Ontario

53



and RoW. Recall that energy intensities were determined using Canadian energy use by sector, and that
Ontario and RoW assumed to have the same energy use ink@gsrgdd. shows that manufacturing is
substantially more energy intensive than other industries in the economy. Other industries with notably high
energy intensities areoldsale trade, transportation and warehousing, mining, utilities, and crop and animal

productions. Thus, changing outputs for these industries will have a large influence over total energy use of
aneconomy

0175

0.150

0125

0.100

0.075

Energy Intensities (T)/$ output)

0.000 . -
A aed e o™ DB 0D ag® @B oo e e® & o i\\ \13“ 2 e gt
Vb\}_\}\ (}QQ:_@QQ\‘Q‘E‘ .':dad) \p\““‘o@" (‘\‘;‘S \3"".‘_‘0 \060(:‘2‘90\3“; \\‘S:\;\Q&:& 6‘$@ A0 e\\\f\ 55.:\5\‘— ‘,J\f— (“\: \3‘\623\4‘("‘\" ‘B‘?ﬁ “N;ef‘t (‘*"\[" cl“’ dﬁ 2
2
A0 B0 0 T @ o o o et \aﬂ“’ o 9"’ € N0 S i et S o .‘.g e et e e o 2
T le® ® 8% \\6\95!“6\% z{\“% a\‘ o L\‘-‘-" 98 o 0§ ,5.‘1‘ 6\36‘: e ® a&“\\;ﬁ i o zc\‘& ey qe,(“ a0
R Y e S e, o oo™ g @ o
. o e o Rt o ao aob o o Bt e g e o aad a\q
o® e o® \Gz““\? o e o o h‘oé‘“q OF G \G\@gﬁ\@g\@n‘“\d‘@%@sﬁa«\ et (365;“\\9‘\ (\\L ™
p .
© ‘Jt\id-\ e 42 @5\1‘3 AP 5o a(p\t RN .g\e"‘}g\‘r et ce® a""‘“\ & o 6‘@#1“
o S 3 O ; 25 o
ol 2 £ o O £ % -
et o Gl ot ¥
P e LA [s) o
- o 4
i
s Suqv" o
el W)
v:&“mt\ 0“?'3‘\
L (&
& &
i ol
o2 o

Aggregated industries

Figure 4.10 Energy intensities by aggregated industries

Figured.2 shows the job intensities by aggregated induststeghat the aggregation of industises

different than that of energy intensities. Job intensities are aggregated to 17 industries, compared to 33
industries for energy intensities, because Statistics Canada records employment data by 16 aggregated
industries (to which households were adBe@ncemanufacturing, utilities, and forestry, fishing, mining,

guarrying, oil and gas, industries have relatively low job intensities compared to other industries

Figure4.2 shows that changing outputs of agriculture, construction, wholesale and retail, transportation and
warehousingeducation, health and social care, accommodation and food, and servicenid gstadly
affect total employment in an economy.
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Figure 4.2 8 Job intensities by aggregated industries

4.3 Results for adaptive reuse scenari@sOntario

4.3.1 Economic profile of Ontario

Hypothetical extractig/linkages, energy use, and intermediate input breakdowns were conducted in order to

better understand the role and importance of the residential enedidential construction industries

within Ontariods economy.

4.3.1.1 Hypothetical extraction of building industries

Recall that hypothetical

extraction

economy. An industryds total l inkage

s a method

(direct,

industry from the economy aralaulating the resulting decrease in value of gross Bigpte4.3 shows

the top 20 total economic activities measured in output in terms of percentage foR@sidertial and

nonresidential building construction industries (highlighted in red) are among the top 20 total economic

activities out of 226 industries. Th

t
nd

s indicates

economy. Howeversidential building construction has a more prominent presence compared to non

residential building construction. Total economic activity for residential building construction is

approximately doubled of noesidential building construction.
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Figure 4.3 8 Total economic activity in dollars for Ontario

Total economic activities can be measured in energy simply by converting the gross output by industry to
energy use by industry as shown in Chay&&igure4.4 illustrate top 30 total economic activities measured

in energyterajoules TJ) in terms of percentage for Ontario. Residential @esidemtial building

construction industries (highlighted in red) are among the top 30 total economic activities out of 226
industries. Residential building construction is stillgathertop five, while nenesidential building

construction has dropped in rankings slightly. Nonetheless, the building industries still have a substantial role
in the economy in terms of total economic activity measured by energy consumption.
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Figure 4.4 8 Total economic activity measured in energy for Ontario
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Tabled.6 summarizes the total economic activities in dalidrenergfor the building industries of
Ontario. Recall thgt; anc{/®" = >kt total economic activity measured in output, and energy, respectively.

The bar over the variable indicates total economic activity measured in percentage.

Table 4.6 6 Summary of hypothetical extraction for building industries in Ontario

Residential building construction Non-residential building construction

le,,,:,,(%) J|($100Q JI|. rutl =1 Jl,:.,.,,:(%) J|($100Q J||- . JIl- i
Region = L (%) (T = " (%) (T

Ontario 6.56 107,902,546 6.56 162320 2.83 46,526,397 2.26 68460

Again, total economic activity measures the total linkage (direct, indiredticaadeffects) of an industry

by hypothetically removing an industry from an economy. One method to determine total economic activity
is by hypothetical extraction. Hypothetical extraction of the building industries shows that residential building
constuction has a more important role in the economy tharesaential building construction. With the
importance of the building industries within total economic activity determined, linkages were calculated to
understand the effects the building indudtdeson other industries.

4.3.1.2 Backward and forward linkages of building industries

Backward linkages for the building industries were calculated for Daldeb7 sumnarizes the top 20
backward linkages for each building industry in Ontario. Recalckvaata linkage is a measurement of
economic pull of an industry or in other words, the strength of indula@gendence on interindustry
inputs to produce industiys out put

57



Table4.700nt ar i

00s

top

20 backward

l' inkages

fo

Ontario

Non-residential building construction

Residential building construction

Backward

Backward

present

Rank Top 20 Industries linkage (%) Top 20 Industries linkage (%)
1 Household 78.98 Household 70.86
2  Owneroccupied dwellings 12.85 Owneroccupied dwellings 11.53
3 Banking and other depository 6.54 Banking and othetepository credi 5.87

credit intermediation ' intermediation '
4 Lessors of real estate 6.16 Lessors of real estate 5.73
Architectural, engineering and Building material and supplies
5 . 5.45 - 3.80
related services wholesaledistributors
. o Financial investment services, ful
6  Food services and drinking plac 4.08 and other financial vehicles 3.71
Cement and concrete product . N
7 manufacturing 3.90 Food services and drinking place 3.70
8  Telecommunications 3.58 Insurance carriers 3.44
9 FIEAEE] mvestm_eeerwces, . 3.56 Telecommunications 3.28
funds and other financial vehicle
10 Insurance carriers 3.45 Truck transportation 2.94
11 ATENTEEHL L 16 el e 2.82 Plastic product manufacturin 2.90
manufacturing ' P 9 ‘
Building material arsiipplies Architectural and structural metal
12 L 2.57 A 2.71
wholesaledistributors manufacturing
13 Autpmobne il I|g|fduty motor 2.55 Petroleum refineries 2.64
vehicle manufacturing
. Cement and concrete product
14  Petroleum refineries 251 manufacturing 2.46
. Automobile and ligkduty motor
15  Truck transportation 2.23 vehicle manufacturing 2.29
16 Electnq power gengragon,. 2.20 Other wood product manufacturir 2.29
transmission and distribution
17  Repair construction 2.10 Arch/tectura{, CHBINEEE) e 2.24
related services
. . Building material and garden
18 Plastic product manufacturing 1.96 equipment and supplies dealers 2.17
19 Food and beverage stores 1.90 E/ecmc_ power generation, 2.07
transmission anddistribution
20 Personal anq’ hguseho/d goods 1.63 Repair construction 1.95
wholesalerdistributors
Total backward linkage 230.55 Total backward linkage 217.73
The boldedtalicized industriesrabled7ar e i ndustri es that are
l'inkages, but are not i n RoWih3ableddZ TheiAdudriasc k war d |

highlighted in red ihable4.7 indicate industries that are common to both residential amesimential
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building construction in Ontario. There are 17 common industries within the top 20 backward linkages. This
shows that residential and fresidential building construction sectors have similar economic pull on the
economy. One difference between the tdwosinies is that residential construction induces more demand on
60t her wood product manuf act ur i Aanily@welirgs, whicmaaey be t
primarily built with lumber in Ontarioooking afTable4.7 it is shown that architecture and engineering

services i®werfor residential building construction. This showgésatential building construction has a

weaker pull on architectural and engineering services theesMential building construction. This may be

the result from the fact that engineering design of residential buildings varies less than engineering design of
nontresidential buildings. Thealler variation in residential building design means that less monetary/time
resources are spent on th&asidential and nersidential building construction have very high backward
linkages ohouseholdsThis suggests that the building industriesvieayetrong dependence on
households. This is expected as construction requ
services and drinking placesd are ranked high amo
because constttion workers tend to purchase food and drinks in the vicinity of the construction site. The
building industries have strong backward linkages to financial sectors and real estate sectors. This is
reasonable as construction projects tend to be capitgldwethey require loans and credits from the

financial sector to finance projects. Also, the building industries depend on the real estate industry to find
tenants, so that landowners/developers can recover costs. Total backward linkages for haltlamesiden
nontresidential building construction industries are greater than 100 percent. This indicates that the building

i ndustries have strong backwar d GiangaddRhgng201l) o Ont ar
literature reviewontheconstricon i ndustryds role in the economy.

Forward linkages for the building industries were calculated to be zero for all industries. This is because
elements in the rows for the building industries in the regional input coefficient matrix are all Zéroes. Reca
that calculating forward linkages require changing the rows of interest to zeroes. Thus, with the building
industriesd rows already being zeroes, the result
building industries having all zdaygheir rows in the regional input coefficient matrix means that they do

not sell their outputs to other industries. Instead, the building industries only sell their outputs to final

demand (i.e., consumers).

4.3.1.3 Backward and forward linkages of househotd

Adaptive reuse of buildings requires increased household labour input into residentiedsiddmniiah
buildings. Thus, backward and forward linkagé®fiseholdsvere examined to further understand its role
i n Ont ar i tablest.8 elovooutinesythe top 20 backward and forward linkages for hosisehold

Ontario. Recall that forward linkage measures the dependencies of other industries as buyefs 6f sndustry
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outputs. Also, recall that backward linkages méassteength of industjy ependence on interindustry

inputs to produce indust§ s

outFprwtm anot her

Opull 8 on amoewamomyinkdgée measure an

Table 4.8 8 Ontario backward and forward linkages ofiouseholds

perspective,
i ndustryos

backwar

Ontario
Household Household
. Backward . Forward
Rank Top 20 Industries linkage (%) Top 20 Industries linkage (%)
1 Household 31.37 Household 31.37
2  Owneroccupied dwellings 16.27 Hospitals 5.38
3 Lessors of real estate 6.78 Ba”‘?"?g and ot_he'r depository 5.09
credit intermediation
Banking and other depository cred Other municipal government
4 . - 6.24 . 4.99
intermediation services
5 Food services and drinking places 4.79 Eé(ra]r;’loelgtary and secondary 4.96
6  Telecommunications 3.93 Other provincial gnd territorial 4.82
government services
7 Fmanmalm{estm_ent Services, fund 3.69 Residential building constructic 4.72
and other financial vehicles
8 Automobile and ligkduty motor 392 Financial investment services, 4.09
vehicle manufacturing ' funds and other financial vehicl ’
. Other federal government
9 Insurancearriers 3.19 services (except defence) 3.97
10 Food and beverage stores 2.28 Computer systems design and 3.58
related services
11  Petroleum refineries 2.25 Food services and drinking 3.21
places
. . Automobile and ligkduty motor
12  Repairconstruction 2.17 vehicle manufacturing 3.13
Electric power generation, .
13 transmission and distribution 211 Insurance carriers 2.57
14  Meat product manufacturing 1.54 Repair construction 2.43
15 Other municipal government 153 Machinery, equipment and 231
services ' supplies wholesaldistributors '
Clothing and clothing accessories . o
16 stores 1.52 Universities 2.16
17  General merchandise stores 1.48 Non—re3|qent|al building 2.14
construction
18 Personal arlltio.usehold goods 1.46 Lessors of real estate 2.12
wholesaledistributors
19  Offices of dentists 1.45 Truck transportation 1.85
20  Universities 1.35 Personal and household goods  ; 49
wholesaledistributors
Total backward linkage 152.24 Total forward linkage 184.48
Thebolded t al i ci zed industries are industries

linkages of househsld but ar e

t hat

n ot s tdprR0 Rckwaddsandtioovard lenkaget (discussed
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later inTable4.13. Theh o u s e topblaaditvead and forward linkages are to itself. Recall that household
rowrepreset s household | abour that is wused as input ar
consumption of input The strong backward linkage of households to themselves means that household
consumption is dependent on household labour. The strong forkege ti households to themselves

means that household labour is very dependent on household consumption. In other words, a household
consumes more of industtys out put when more income is received
of income that houseld receives is dependent on how much households consume, since an increase
consumptionofindustiy s out put requires increase in | abour t

circular flow of money.

Backward linkages of households are irtuktouseholds depeaod the financial, food, energy (electric, oil,

etc.), and communication sectors. On the other hand, forward linkages show that health, education, housing,
and government sectors are primary purchasers of household labour. Thedimplicaa f househol ds i
backward and forward linkages is explained with the following example. If households increase output, then
backward |l inkages indicate that househol ds wil/ 0
communication sectors. Inditibn, forward linkages indicate that the increase in household output will
6pushd health, educati on, housi ng, and government
forward linkages for households in Ontario are both greater tharmh@0#licates that households are

very important Ontariods economy.

4.3.1.4 Breakdown of intermediate inputs of building industries

The Ontario Use matrix can be analyzed to see the existing commaodity recipe for the building construction
industries; more specificatiye | matrix (recall from section 3.2.1 that|ftmatrix is an equivalent to the

ordinary technical coefficient matgx Also, recall th&@olumnj of the || matrix represents the value of

i nputs of each commodi by p Eiguredbdllsirates tbescommodityt h of i n
recipe for residential buildiognstructionFigure4.5 is broken into five categoriesusehold labour, other
valueadded, imports, other commaodity inputs, and top 10 commodity Frpuigigured.5, it is shown

that value added alone (household labour, othefadaled, and importspnstitutembout 62% of

Ontariods resident i adispls ®nlthe otmghand,ahe setnaining 38% percent n d u s
of the industryédés input are commodities, where 10

inputs.
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Househoeld labour

W

$
\h‘ commeodity
input per
Value-added other $100
than househald labour output

and imports

Other commeodities

imports

Top 10 Commodity Recipes - § input per $100 output

§3.27, Wholesale margins - building materials and supplies

§2 31, Architectural, engineering and related services

5£1.98, Retail margins - building materials, garden equipment and supplies

5169, Woed kitchen cabinets and counter tops

§1. 50, Ready-mixed concrete

$1.39, Plastic and foam building and construction materials

§1.29, Holding company services and other financial investment and related activities
51.22, Metal windows and doors

§1 14, Fabricated metal products, n.e.c.

Figure 4.5 & Ontario residential building construction commodity recipe

Figured.6 illustrates the commaodity recipe for-mesidential building constructitike residential bding
construction, nomesidential building construction was broken down into five sedfigenesl.6 shows

that valueadded (household labour, other valiged, antmports) accounts for approximately 64% of
commodi ty i nput-esidential buildi@grconstrudtiom hdustry iopats. The remaining 36% of
the industryods ,wherp LOtceanmadities alocne accoondfor appreximately 16% of all
inputs.Comparingd-igure4.5 andFigure4.6, nonresidential building construction uses substantially more
architecture and engineering services (approx. 6.1%) than residential building construction dlbés (2.3%).
imply that architég and engineers spend more time on designifrgsidantial than residential buildings if
their services are billed equally regardless of building type. Also, the top 10 commodity recipes show that
concrete and steel are more prevalent mmasidentiabuildings than in residential buildings.
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Househeold labour

Value-added other
than household labour
and imports

Other commodities
%12.89

imports

Top 10 Commaodity Recipes - § input per $100 output

$6.06, Architectural, engineering and related services

§2.15, Ready-mixed concrete

$2.08, Wholesale margins - building materials and supplies

$1.17, Concrete products

51.15, Nursery and floriculture products

§1.07, Fabricated steel plates and other fabricated structural metal
50.98, Fabricated metal products, n.e.c.

50.92, Retail margins - building materials, garden equipment and supplies
$0.82, Plastic and foam building and construction materials

Figure 4.6 8 Ontario non-residential building construction commodity recipe

4.3.2 Adjusting market share percentage

The effects of market share of adaptively reusalbliedgsiorO n t a r tal oupat wereostudied by varying

the market share percentage in the basic scenario. Thatds/aried from 20%, 40%, 60%, and, 8@8ite
non-structural componenigere fixed a%. Figured.7 summarizes the findings of market share effects on

total output forOntaria Marketshare of adaptively reusable buildings has a linear effect on the total output
changes foDntaria As market share increases, the effects on total output changes are Imagrified

From the plot for residential buildiognstruction, total outpghanges increase proportionately to the

proportion of market share. For example, 40% market share of adaptively reusable residential buildings has
doubled the effect on total output change than 20% market share. 60% market share has tripled the effect on
total output change than 20% @étais effect is expected as i@emodelis linear in naturélowever, this

may not be reflective lafrge changes in tteal world, since economic systaracomplex. Increasing

market share &R construction in thbuilding industriesiayhave nodinear effectsThese nodinear

effects are not captured in 10 models, waieh limitation of 10 models.
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Figure 4.7 8 Market share vs total output change for Ontario

4.3.3 Adjusting percentage of norstructural components reused and demand increase

Market share of buildings capablaRfrvas held constant at 20%.fi.e 1), while percentage of ron

structural components reused, and increase in final demand for adaptively reused buildings varied. Recall that
percentage of nestructural components reused varied from 0%, 10%, 45%, and 90%, and increase in

demand for adaptiyeteused buildings varies from 0%, 2.5%, 5% and 10%. Thus, a total of 16 scenarios

were analyzed.

4.3.3.1 GDP, total output, total job, and total energy use changes

Four measures of effectiveness were analyzed: GDP change, total output change, totakjot thahge,
energy use. The four measures of effectiveness were determined for the 16Tsddeafipfo( each
region forAR of each building industry. The resultsawplotted on a 3D scatter plot and a 3D plane was
fitted: A total of 8 3D plots for Ontario were developed (4 measures of effectiveness toy®iplied
industries)Figure4.8 shows the 3D plot for total output changeABrof nonresidential buildings in
Ontario as an example. The remaining 3D plots are plaggzemdix G
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Change in total output for Ontario resulting from
Adaptive reuse of Non-residential building construction industry

600000 Imoooo

f
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600000
o  Axis labels
Y- Percent increase in final demand for adaptively reused buildings

X: Percent increase in non-structural components reused
7: Change in total output ($ x1000)

~600000

Figure 4.8 8 Example of 3D plot

In general, all plots show #imilarcharacteristic§otal output, jobs, and energy use decrease as the

percentage of nestructural components reused increases. This is expected as material egusg?Ehabl

reduces inputs into building construction. Also, total output, jobs, and energy use increase as the final

demand ofAR buildings increases. GDP increases astnatural component reused and/or final demand
increases. Recall that the Use tabtirds industry uses of domestic and imported commodities. Thus,

reducing the commodity recipe reduces imports, and hence GDP increases (since net exports increases). Also,
increasing final demand faR of residential or neresidential building increa@3P. The remaining 3D

plots for change in GDP, total output, total jobs, total energy use for Ontario can beXAppeddix G

4.3.3.2 Positive and negative domains

The contours of the 3D plots were examined to determine the domain of X (persénictumal

components reused), and Y (increafieahdemand of adaptively reused builylthgs results in negative
changes to GDP, outpiitbs and energy consumptiéigure4.9 andFigure4.10shows domain plot for

output changes f&R of nonresidential and residential buildings in Onfehi® hatched area represents

the domain of X and Y that results in negative changésltntputand the white space represents the

domain of X and Y that results in positive changes to total output. In other words, combinations of X and Y
are undesirabfer output changeéthey are within the hatched area and are desirable otfidravise

domain plot for output change is trapezoidal. This indicates that increase in final d&Rlanitiofgs is
necessary to produce positive total output change. At minimum, the final demand iAG¢asieiohs

are required to increase approxily@® to result in positive total output changes. As percent-of non
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structural component reused increases, the final demand must increase to result in positive change of total

output.

% Domain of negative changes
1 Domain of positive changes

m

=]

e

=]

Percent increase in final demand for
adaptively reused buildings

(=1

o 20 40 ) 80
Percent increase in non-structural components reused

Figure 4.9 8 Domain of negative and positive changes in total output for Ontario resulting from
adaptive reuse of nofresidential building industry
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Figure 4.108 Domain of negative and psitive changes in total output for Ontario resulting from
adaptive reuse of residential building industry

GDP change is the only domain plot that does not have a negative domain. Domain plots of GDP change
for AR of nonresidential or residential buildamg entirely empty, indicating that there is no combination of

X and Y within the positive domain that results in a negative GDP change. This is also evident in the 3D
planes for GDP changes, as the entire plane contains positive values.

Figure4.11andFigure4.12shows the domain plot for job changesARIof nonresidential and residential

buildings in Ontario. The domsaof job losses are also trapezoidal. Unlike total output change, the required
final demand increasesAR buildings to result in positive job changes are lower. For example, at X =0, 1%
increase in final demand AR is required for positive job change compared to 2% required for positive

total output change. In other words, the domains of job losses are within the domains of negative total output
change. This ghown later ifrigure4.15andFigure4.16.
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Figure 4.116 Domain of negative and positive changes in jokis Ontario resulting from adaptive
reuse of nonresidential building industry
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Figure 4.126 Domain of negative and positive changes in jokis Ontario resulting from adaptive
reuse of residential building industry

Figure4.13andFigure4.14show domain plots for energy use changés¥of nonresidential and

residential buildings in Ontario.ain plots for energy use are opposite to the domain plots for GDP, jobs,
and autputs. A negative change in energy consumption is seen as a posjtsinceffiesis energy is
consumedThus, the hatched area in the energy use domain plot shows the desirable combinations of X and
Y, while the white spaces shows the undesirablmationts of X and YEnergy domain plots for the

building industries are trapezoidal. This indicate&Rtaftbuildings reduces energy consumption up until a
certain percent increase in final demaddRdiuildingsThe boundary between positive and negative change

of energy use is higher than the boundaries in total outgob ahdnge. In other words, tlemain of

negative changes for total output jabcchangare within the domain of negative energylisgisshown

later inFigured.15andFigure4.16
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Figure 4.136Domain of negative and positive changes in total energy use@ntario resulting from
adaptive reuse of nofresidential building industry
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Figure 4.146Domain of negative and positive changes in total energy use im@urio resulting from
adaptive reuse of residential buildingndustry

Each domain plst(output, GDP, job, energy uskedws generally show similar characteristityd.apper
bound constraint is bounded by a pos#iwpedine resulting in a trapezoidamain.The only exception is
GDP change, since GDP clgas do not exhibit negative chan@eserally, thdomains arkargeffor the

scenarios whefR is applied to the residential building construction.

Domain plots of all four measures of effectiveness (output, GDP, jobs, energy) can be plotted together t
determine the domain that is desirable to all four measures of effediigrmed45andFigured.16shows

the desired domain &R of the building industrieShe desired domain is where change in energy use is
negative, while change in GDP and jobs are positive. This domain lies inhheisealerneath the

energy domain boundary, and above the domain boundaries of GDP, and jobs. Note that GDP domain
boundary is not presentiigured.15andFigured.16because GDP changes are positive for positive
domains of X and Y.
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Figure 4.156 Desired domain for adaptive reus of nonresidential building industry in Ontario
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Figure 4.160 Desired domain for adaptive reuse of residential building industry in Ontario

Scenarios 06f5_1006, OHgurétl5108nd 666545 0gwrenldadf AD100438
scenarios where totaltput changes are positive, but energy use changes are negative. This may appear
counter intuitive since energy use is linearly proportionate to output. Situations like these arise because of
variations in industrial energy intensities. 90% of all aegdput change consists of manufacturing,

wholesale trade, mining, and transportation and warehousing, where energy intensities for these industries are
0.1866, 0.0371, 0.0476, and 0.077 TJ per $ output, respectively. On the other hand, 90%edl &b positiv
changes consist professional and scientific services; Finance, insurance, real estate, rental and leasing,
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holding companies; owner occupied dwellings; angsidential or residential buildings, where their energy
intensities are, 0.002781%, 0.00126, and 0.000142 or 0.000238 TJ per $ output, respectively. Energy
intensities of industries experiencing decrease in outputs are substantially larger than energy intensities of
industries experiencing increases in output. Thus, certain dongoskitegative and positive industry

output changes results in scenarios where total output change is positive, but total energy use change is
negative. In other words, the economy is shifting activity from-gtengg sectors, such as manufacturing,

to sectors with lower energy consumption, sustofessional and scientific services

4.3.3.3 Aggregate changes in output

The outputthanges ARof On t ar i o dngdustbes weredexamiged furtlkénst, the aggregated

changes to output were examined ¢wide a highevel view of the effects AR of buildings on industries.

Recall that the concordance of summary level and detail level industry classifications diableud in

in Appendix AThe detailed level industry output was aggregated to the summary level industry output and
then plotted on a bar chdfigure4.17 shows the plots of aggregated cratgeutput of residential
building considIu®td oan decendrio DM BT Besdmaifing aggregated plots

for each scenario and building industry is illustrafgzpendix H.

Thebba s i ¢ 8 dFigwed¥itlustiatesilange reductions construction activity, manufacturing,
transportation and warehousing, and mifingse are direct effecof reducing the concrete, steel, and
trangortation inputs into residential building construcéierwell as other commodities outlinddigare

4.17. Mining and utilities output also experiences reduced asitp consequent of indirect effect from
reduction in concrete and steel manufactiDiegpite seeing a large increase in household labour, output
changes of industries with strong linkages to household labour (induced effects of household labour) are
generally small or negative for 0O0Baisduddéffectsafs wel | a
household labour were expected to increase output industries related to health, education, food, and services.
However, this is not the case fARofresidBraicdandr®mn 610 %, O
residential buildingEhe smalichangesf household induced effects are a result of two factors. First, recall

that household labour was changed for only one industry (residentiatesidemtial building

constructionput of 226 industries. Hence, the induced effects @etexkpo be small. Secondly, final

demand is fixed for 6Basi co, 610%, 6 645%. ,0 and 6
changes to drive the output changes of industries with strong linkages to households e melused,

effects of household laboincreaseelative tthe6 Basi ¢c8 scenari o as the final
residential building construction increases. Furthethmiregjuced effects of household labdecrease

relatieto thed B aszanarié as the percentage ofstauctural component reuse increddss other
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notable positive output change froB a s i ¢ 6i ss coéePraorfieosssi onal , scienti fic
is the direct result of increasing architecture and emgjresvices

Recall tidhascehar DARa b e & | b uperdaddisubgtricsuresmd ignores reuse of

internal norstructural componentBhe green bars Figured.17 shows the aggregatdthnges to output

resulting fromAR of residential buildinigdustryf or 6 1 0 %8 s c dmegnredn barsfiigure Ont ar i o
4.17shows the general effect on output changes as percentagstafatoral component reused increases.

Thed 1 0 %8 shows ane majoo differenmempared tohe 6 BiascenarioThis difference the result

oft he vast decrease in output for the O6Forestry an
agriculture and foresfrindustry decreases its output as an indirect effect. Reducing input of wood products
inresi ent i al building construction is expected to ha
This is evident from the economic pull that residential building construction has on the wood product
manufacturing as shown in backward linkage nmeaslabled.7. Furthermore, the existing interindustry

recipe has wood product manufacturing as its fourth mosnhpsenh producing residential buildings.

The orage bars ifrigure4l7s hows t he aggregated output changes f

building construction for Ontaribhe orange bars Figure4.17 areused to show the general effect on

out put changes as final demand of adaptively reus
6Basi ¢cd s reasesdhe finaldemandd®b micl di ngs. Scenario 6f2.5_ ba:
differences comparedttte6 Basi ¢cd scenari o. Firstly, output <chan

nonzero. This results from directly changing final demaresfdential building construction. Secondly,

output of industries related to health, education, food, recreation, government and services have increased.
The output increase in these industries stem from the endogenized household sector (i.e., increased
household spending due to increased incomes). Thirdly, increasing final daReasgldential buildings

increases output of the forestry industries relat
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Figured.18shows the plots of aggregated changes to afitpoit-residentiabuilding construction for

0 Bi@d8 1 0 %, 6 a n scenérigf@r ObtaridFagsre4d&shows thafR of nonresidential buildings
has similar effects as its residential counterpart. However, the only difference is the magnitude. The
reductions in outputs for the noesidential building scenariosgamaerally smaller than the residential
building scenars. This aligns with the results from hypothetical extraciajuie4.3, which depicts that
nonresidential building construction has a smaller total econonticiaativymparison to residential

building construction.

The green bars Figure418s hows t he aggregat ed odutfpouesidesthhanges f C
buildirg construction for OntariolThe green bars Figure4.18 shows the general effect on output changes

as percentage of nstructural component reused increddesgeen bars ifrigured.18shows thafR of

nonresidential building with 10% nstnuctural component reuse also experiences a noticeable decrease in
O6Forestrgd ammudt p wtggiim dcdO mpaenaonbphnhotoouhnsedbpBast . Ho we
outputis relatively smalleompared t® 1 0 %38 s aesideatial buildinfspas shawvith green bars in

Figured.17. This is because noesidential building construction has a weaker economic pull on wood

products, as depictedTiabled.7 andFigured.6.

The orange bars Figure4.18showtheagggeat ed out put changes {for 6f 2.5
residential building construction for OntaFioe orange bars kigure4.18shows the general effect on

output dianges as demand of adaptively reused buildings iftreasange bars Figure4.18show that

6f2.5 basicd scenari o has t $cenarie folRoftnanesidentidli f f er enc
buildings. Firstly, output change for-nesidential building construction is 4zeno.Secondly, output of

industries related to health, education, food, recreation, government, and services have increased. Thirdly,
increasing final demandAR of non residential buildings increases output of the forestry industries relative

t o 0 B masid. Ho@ever,¢he changes in the forestry industries are not as large as the residential

equivalent.
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4.3.3.4 Top 10 increases and decreases in industry output

Aggregated data are suitable for providing devighview of the effects AR of buildings on ingstry

output. However, the aggregated data mask detailed information of industries. For example, although the
aggregated plots show a decrease in overall manufacturing output, there may be certain manufacturing
industries that experience increases intsudithough there are 226 industries, results for all 226 industries
are not presented. Recall that a substantial portion of residentiak@siteatial building inputs is

accounted for by 10 industries, as shown previokstyuned.5 andFigured.6. Thus, the top 10 increases

and decreases in industry output were examinetfosa@nario and summarized in tabddded.9isan
exampleablefor Ontario.
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Table 4.9 8 Example of tables for top 10 increases and decreases in industry output

Ontario 'Basic' Scenario

Top 10 decreases

Residential building Non-residential
construction building construction
Total Total Total Total
Ra Industry  Industry Industry  Industry
nk IndUStry Output Output IndUStry Output Output
(x $1000) (%) (x1000) (%)
Cement and concrete product manufactui - Cement and concrete product
1 139585.4  -3.76 manufacturing -91594.40 -2.47
5
5 Archltectura_ll and structural metals - 130 Archltectura_l and structural metals 4502252  -091
manufacturing 64379.35 manufacturing
Sand, gravel, clay, and ceramic and refra ) Sand, gravel, clay, arlamic and } )
3 minerals mining and quarrying 5488.28 1.07 refractory minerals mining and quarrying 8599.30 0.70
4  Stone mining and quarrying -2807.90 -0.38 Stone mining and quarrying -1842.25 -0.25
5  Forging and stamping -3675.65 -0.36  Forging and stamping -1950.57  -0.19
Cutlery, hantbols and other fabricated : ) Boiler, tank and shipping container ) )
6 metal product manufacturing 7226.64 0.26 manufacturing 1999.34 0.13
7 Other activities of the construction industr -, 42 19 g;huesrtgctlvmes of the construction 164367 012
Boiler, tank and shipping container Non-metallic mineral product
8 manufacturing -2914.55 -0.19 manufacturing (except cement and -3450.15 -0.12
concrete products)
Non-metallic mineral product manufacturil Cutlery, hand tools and other fabricated
9 (except cement ardncrete products) 02372 0L el product manufacturing -8002.75 011
Machine shops, turned product, and screv ) Alumina and aluminum production and )
10 nut and bolt manufacturing 3895.53 0.14 processing 1877.50 0.09
Top 10 increases
Residential building Non-residential
construction building construction
Total Total Total Total
Ra Industry  Industry Industry  Industry
nk IndUStry Output Output IndUStry Output Output
(x1000) (%) (x1000) (%)
Architectural, engineering and related Architectural, engineering and related
1 services 27901.48 0.29 services 30152.24 0.31
> Household 378g11.7 0.10 Household 184656.96  0.05
3 F_ooc_i, beverage and tobaedmlesaler 1608.41 0.01 F_ooq, beverage and tobacco wholesale 1901.27 0.02
distributors distributors
4 Specialized design services 78.68 0.01 Specialized design services 127.12 0.01
5 Universities 546.16 0.00 Manag_ement, S_,C|ent|f|c and technical 412.42 0.01
consulting services
Computer systems design and related Computer systems design and related
6 services 478.66 0.00 services 1011.83 0.00
7 Managf_sment, SCIentIfIC and technical 4159 0.00 Universities 615.93 0.00
consulting services
8 Medical equipment and supplies 756 0.00 Othe_r professional, scientific and techni 206.71 0.00
manufacturing services
Other professional, scientific and technice Data processing, hosting, and related
9 services 11.76 0.00 services 67.35 0.00
10 Private households 0.00 0.00 Medical equipment and supplies 39.82 0.00

manufacturing
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The remaining tables for other scenarios are preseAmabimdix 1.Table4.10summarizes the findings of
the top 10 increases and decreases in detailed industry output.

Table 4.100 Generalization of top 10 increases and decreases in industry output

Adaptive reuse of residential buildings

Scenarios Industries
Top 10 increases
f2.5_basic, f5_basic, sawmilland wood preservation, veneer, plywood and engineered
f10_basic products, household and institutional furniture and kitchen cabine

manufacturing, forestry and logging. Ventilation, heating, air
conditioning and commercial refrigeration equipment manufactur
Basic, 10%, 45%, 90% typicallypnly engineering services, and household labour

All other scenarios (f2.5_10, funeral, gambling, gardening, denfistslic transjtprivate household

f2.5_45, 2.5 90, f5_10, f5_4! employment, residential renting and leasing.

f5_90, f10_10, f10_45, and

f10_90)
Top 10 decreases

All scenarios Concrete, and structural metal plus intermediate inputs such as il
steel mills, and ferro alloy, stone, sand, gravel, clay mining,-and r
metallic mineral product except cementandrete Building material
and garden equipment. Aluminiomanufaatring

All scenarios except Basic, sawmilland wood preservation, veneer, plywood and engineered

f2.5_Basic, f5_basic, products, household and institutional furniture and kitchen cabine
f10_basic manufacturing, forestry and logging.
Adaptive reuse of norresidential buildings
Scenarios Industries
Top 10increases
Basic, 10, 45, 90 engineer services, household, food

All except Basic, 10, 45, 90 Specialized design services, gardening, food

all exceptBasic, f2.5_basic, privateh o u s e énmplbydthend
f5_basic, f10_basic

Top 10 decreases

All scenarios boiler, tank, and shipping container manufacturing. Sand, gravel,
ceramic, stone mining
Most scenarios electric lighting, spring and wire manufacturing. Forging and stan

Ventilation, air conditioning, commercial refrigeration equipmen
machine shop, turned product, and screw, nut, and bolt manufac

In general, detailed industry output results are aligned with aggregated industry results. Industries that
experience decrease in outputs are industries that provide products and services to residential and non
residential buildings. Industries that e&peé increases in output are industries that have strong linkages to
households

77



4.4 Results for adaptive reuse scenari@Region of Waterloo

Hypothetical extractions/linkages, energy use, and intermediate input breakdowns were conducted in order to
betterunderstand the role and importance of the residential anglsidential construction industries
within RoWds economy.

4.4.1 Economic profile of Region of Waterloo

4.4.1.1 Hypothetical extraction of building industries

Figured4.19shows the top 20 total economic activities measured in dollars for RoW. Total economic activities
for RoW are similar to Ontario despite RoW being a small portion of Ontario. Residentialesidiemtial

building construction industries (highlightegd) are among the top 20 total economic activities out of 226
industries. This indicates that the building indu
residential and nenesidential building construction are ra2keand16h in RoW versus being ranked

and It in Ontario.
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Figure 4.190 Total economic activity in dollars for Region of Waterloo

Total economic activities measured in energy for RoW are skagumeh20 Total economic activities in
energy for RoW are like Ontario. One difference is that residential, -a@sidential building construction
are ranke@d and 2nd for RoW,but 4h and 2t for Ontario.
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Total economic activity
measured in energy (%)
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Figure 4.200 Total economic activity in energy for Region of Waterloo
Tabled.11summarizes total economic activities in dollars and energy for the building industries in RoW, as

well as Ontaridrecall thaﬂ; and%|' ‘. >!\r'e total economic activity measunealitput, and energy,

respectively. The bar over the variable indicates total economic activity measured in percentage.

Table 4.116 Summary of hypothetical extraction for building industrie®d RoW and Ontario

Residential building construction Non-residential building construction
. %)
Region (%) (T) (%) (TJ)
Ontario 6.56 107,902,546 6.56 162320 2.83 46,526,397 2.26 68460
Region of
Waterloo 7.30 5,198,670 6.13 8507 3.07 2,190,358 250 3470

It is expected for the magnitude of total economic activity to bediffestint between Ontario and RoW.
Hypothetical extraction of the building industries in RoW shows that total economic activities of Row are
approximately equal to Ontario in terms of percemétethe importance of the building industries within
totaleconomic activity determined, linkages were calculated to understand the effects the building industries

has on other industries.

4.4.1.2 Backward and forward linkage of building industries

Backward linkages were calculated for Ontatide4.12 summarizes the top 20 backward linkages for each
building industry in Ontario. Recall thatkward linkage is a measurement of economic pull of an industry
or in other words, the strgth of industry dependence on interindustry inputs to produce ingisry

output
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Table4.126Regi on of Waterl oods top 20 backward 1| ink

Region of Waterloo

Non-residential building construction Residential building construction
. Backward . Backward
Rank Top 20 Industries linkage (%) Top 20 Industries linkage (%)
1 Household 67.89 Household 60.91
2  Owneroccupied dwellings 12.23 Owneroccupied dwellings 10.97
3 Cement and concrete product 6.81 Banking and other depository 5.54
manufacturing ' credit intermediation '
Banking and othetepository credit
4 intermediation 6.17 Lessors of real estate 5.45
Lessors of real estate 5.85 Plastic product manufacturing 5.00
Architectural and structural metals Architectural and structural mete
6 j 4.81 ; 4.63
manufacturing manufacturing
7 Arch_|tectural, engineering and relat 4.64 Petroleum refineries 4.45
services
Automobile and ligkduty motor Cement and concrete product
8 ; . 4.31 : 4.30
vehicle manufacturing manufacturing
9 Petroleum refineries 4.24 Other WOOd. product 3.91
manufacturing
10 Food services and drinking places 3.89 AugEme e el (e mster 3.87

vehicle manufacturing
11  Plastic product manufacturing 3.39 Food services and drinking plact 3.53
Building material arsiipplies

12  Insurance carriers 3.26 o 3.39
wholesaledistributors
13 Financial investr_nent se_:rvices, fund 395 Financial investm_ent s_ervices_, 3.39
and other financial vehicles funds and other financial vehicle
14  Telecommunications 2.57 Insurance carriers 3.26
Non-metallic mineral product Household and institutional
15  manufacturing (except cement and 2.57 furniture and kitchen cabinet 2.83
concrete products) manufacturing
16 Evﬂi?éggg dé?;?rri'&ljg:g Sl 2.29 Trucktransportation 2.82
17  Meat product manufacturing 2.22 Telecommunications 2.35
Non-metallic mineral product
18  Truck transportation 2.15 manuracturing (except cement 2.34
and concrete products)
19 Repair construction 2.10 Sawmills and woogbreservation 2.23
20 Electnq power gengragon,. 1.99 Meat product manufacturing 1.99
transmission and distribution
Total backward linkage 231.83 Total backward linkage 224.32

The boldedtalicized industries are industries that are present in the top 20 backward linkages for RoW but
are not in Ontariods t opabledd). Theirdksties highlightedinkedge s ( di
indicate industries that are common to both residential amesidential building construction in RoW.

There are 17 common industries within the top 20 backward linkages. This shows that residential and non
residential building construction sectors have similar economic pull effects on the economy. The notable
differences between these two industries are that: residential construction induces more demand on wood
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production/products. Total backward linkaged&dh residential and neesidential building construction
industries are greater than 100 percent. This indicates that the building industries have high backward linkages
to RoWds economy.

Backward linkages for nagsidential building construction sireilar between RoW and Ontario. There are

18 common industries within the top 20 backward linkages between RoW and Ontario. Backward linkages

for residential building construction are not as similar between RoW and Ontario. There are 16 common
industriesn the top 20 backward linkages between RoW and Ontario. RoW has a stronger economic pull on
6ot her wood product manufacturingd with a backwar
6Household and institutiomalt ufummgi bturadadd akvimi ¢ h e
preservationd is within the t enetal2 thinerabproduBto W, but n
manufacturing (except cement and concrete product
top 20 backwarlihkages for RoW for both industries, but not in Ontario. In RoW residential building
constructionds backwar d -nhefallicknmera roddctanmanufactudan argg r o d u c t
2.34%, and 1.99%, respectively, compared to 1.14%, and 1.34&Gon Asd, ROW ncresidential

building constructionds b a c-metadlic nadneral iprodach gagudactdiriogr me a
are 2.57%, and 2.22%, respectively, compared to 1.27%, and 1.5% in Ontario.

Forward linkages for the building indestwere calculated to be zero for all industries. This is because

elements in the rows for the building industries in the regional input coefficient matrix are all zeroes. Recall
that calculating forward linkages require changing the rows of interastgoThus, with the building
industriesd rows already being zeroes, the result
building industries having all zeros for their rows in the regional input coefficient matrix means that they do
not sell their outputs to other industries. Instead, the building industries only sell their outputs to final

demand.

4.4.1.3 Backward and forward linkages ohouseholds

Adaptive reuse of buildings requires increase household labour input into residentisdsatheintiah
buildings. Thus, backward and forward linkagéefiseholdsvas examined to further understand its role
i n Ro W0 s Tablel.b3oulimeg the top 20 backward and forward linkaghstdseholdé Ontario.
Recall that forward linkage measures the dependencies of other industries as buyerg @usulstry
Also, recall that backward linkages metistrength of industj§ dependence on interindustry inputs to

produceindustip s out put
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Table4.136Regi on of Waterl oods backward and
Region of Waterloo
Household Household
Rank Top 20 Industries .Backward Top 20 Industries : Forward
linkage (%) linkage (%)
1 Household 31.22 Household 22.86
. . Banking and other depository
2  Owneroccupied dwellings 18.01 credit intermediation 4.40
3 Lessors of real estate 7.48 Elementary ansecondary school: 4.37
Banking and other depository cre .
4 intermediation 6.85 Hospitals 4.05
Automobile and lighkduty motor . . - .
5 vehicle manufacturing 6.32 Residential building construction 3.85
6 Food services and drinking place 5.32 Financial mvestment services, 3.38
funds and other financial vehicle
7 Petroleum refineries 4.41 Computer systems design and 2.96
related services
8 Financial investment services, fur 301 Automobile andightduty motor 271
and other financial vehicles ' vehicle manufacturing '
9 Insurance carriers 3.51 Food services and drinking place 2.64
10 Telecommunications 3.29 Othgr municipal government 2.56
services
. Other provincial antérritorial
11 Meat product manufacturing 3.14 government services 2.46
12  Repair construction 2.52 Insurance carriers 2.20
13 Food and beverage stores 2.36 Repair construction 2.08
14 Electric power generation, 299 Other federal government servic 206
transmission and distribution ' (except defence) '
15  Universities 1.74 Machinery, equipmentand supp 4 gq
wholesaledistributors
16  Dairy product manufacturing 1.68 Universities 1.89
17 Clothing and clothing accessories 157 Non-re5|d_ent|al building 178
stores construction
18 General merchandise stores 1.53 Lessors of real estate 1.75
Personal and household goods .
19 wholesaledistributors 151 Truck transportation 1.53
. Personal and household goods
20  Truck transportation 1.42 wholesaledistributors 1.49
Total backward linkage 173.97 Total forward linkage 144.57
Thebolded t al i ci zed i ndustries i ndi c ahtoeu sierupdOsdtsrdi e s

backward and forward linkages (discusSeabie4.8). RoW ad Ontario have 18 common backward

l inkages,
householdplaya
Total backwat and forward linkages foouseholdé RoW are both greater than 100%. This indicates tha

householdarev e r y i

whil e t

similar

mport

hey

ant t o
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4.4.1.4 Breakdown of intermediate inputs of building industries

Figured.21illustrates the existing interindustry infeaiimn(s) from the> "matrix) of the residential
building construction industry for RoW. Regional technical input coefficients wereamsykferhecause
it provides insight for RoW that the provincial Use matrix cé&igioted.21was divided into five segments:
household labour, other vakdded, imprts, other intermediate inputs, and top 10 intermediate inputs.
Results show that approximates of interindustry input is from valadded (household labour, imports,
and other valuadded). Approximately% of residential construction inputs origirieom 10 industries
(listed in the legerad Figure4.21) while the remaining® of inputs come from 226 different industries,

and imports.

Value-added other input per
than househald labour $100
and imports output
5.09
= Other industries
imports

Top 10 Industry Recipes - § input per $100 output

§2.81, Building material and supplies wholesaler-distributors

52 40, Architectural and structural metals manufacturing

$2.08, Cement and concrete product manufacturing

$2.07, Other wood product manufacturing

§2.02, Plastic preduct manufacturing

$1.65, Architectural, engineering and related services

$1.57, Household and institutional furniture and kitchen cabinet manufacturing

§1.43, Building material and garden eguipment and supplies dealers

51.10, Mon-metallic mineral product manufacturing {except cement and concrete products)

Figure 4.218 Region of Waterloo residential building construction recipe

Figured.22illustrates the existing interindustry inputs (colunnafs)tfie=""matrix) of thenon-residential
building construction industry for Ro¥A§ain, egional technical input coefficients were used for analysis
because it provides insight for RoW that the provincial Use matrix Icikermetsidential construani, the
nonresidential construction recipe was divided into five segrigunted.22 shows abous%o of

interindustry inputs comes from vadukeled (household labpimports, and other vakaeded). It is shown

that nonresidential building construction uses about 1% more household labour than residential building
construction. The remainidd of inputs are made up of interindustry inmphere approximately 17% o
interindustry inpsgtare from 10 industries and the remaiB#¥gare from 226 industries. Like the Ontario
commodity recipe, namesidential building construction uses more input from architecture and engineering

services (about 4.3%) than residentildibg construction (about 1.7%).
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Household

A

“"“*—-., $
“——  input per
$100
Walue-added other output
than household labour
and imports
§12.89 Other industries

imports

Top 10 Industry Recipes - $ input per $100 output

54.34, Architectural, engineering and related services

§3.35, Cement and concrete product manufacturing

$2.49, Architectural and structural metals manufacturing

5179, Building material and supplies wholesaler-distributors

51.20, Mon-metallic mineral product manufacturing (except cement and concrete products)
51.16, Plastic product manufacturing

50.94, Banking and other depository credit intermediation

50.78, Greenhouse, nursery and floriculture production

50.75, Machine shops, turned product, and screw, nut and bolt manufacturing

Figure 4.2206 Region of Waterloo norresidential building construction industry recipe

Note that valuadded proportions (other value added, and imports) are tHersaach industry between
RoW and Ontario. This -d&dddded,ausred ré&igmparatl s @ owdireg

proportions as the provincial equivalents.

4.4.2 Adjusting market share percentage

The effects of market share of adaptivelarbus e b ui | di ngs on RoW&6s total ol
the market share percentage in the basic scenario. Thatssjaried from 20%, 40%, 60%, and 80%, while
nonstructural components reused were fixed afigidred.23summarizes the findings of market share

effects on total output for Ro\Rigure4.23shows that marketate of adaptively reusable buildings has a

linear effect on the total output changes for RoW. As market share increases, the effects on total output
changes are magnified. From the plot for residential building construction, total output changes increase
proportionately to the proportion of market share. For example, 40% market share of adaptively reusable
residential buildings has doubled the effect on total output change than 20% market share. 60% market share
has tripled the effect on total output chahga 20% etc. This effect is expected as theetyian IRIO

model is linear in nature.
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Non-residential building construction, y=-312 61x+0.00

Figure 4.2306 Market share versus total output change for Region of Waterloo

4.4.3 Adjusting percent of nonstructural components reused and demand increase

Market share of buildings capablaRfivere held constant at 20% ,(i.e. &), while percentage of ron
structural components reused, and increase in price for adaptively reused buildings varied. Recall that
percentage of nestructural components reused varied from 0%, 10%, 45%, and 90%, and increase in price
for adaptively reusédildings varies from 0%, 2.5%, 5% and 10%. Thus, a total of 16 scenarios were
analyzed foAR of each building type in RoW.

4.4.3.1 GDP, total output, total job, and total energy use changes

Recall that four measures of effectiveness were determined facteati6sT abled.1) for AR of each

building industry. The results were plotted on a 3D scatter plot and a plane was fitted. A total of 8 3D plots

for RoW were devgled (4 measures of effectiveness by 2 industges4.24shows the 3D plot for

change imotal outputin RoW resulting frorAR of nonresidential buildings as aample. In general, all

plots show the similar characteristics. Total output, jobs, and energy use decreases relatively as the percentage
of nonstructural components reused increases. Also, total output, jobs, and energy use increases relatively as
the pice of AR buildings increases. On the other hand, GDP changes experience effects opposite to total
output, jobs, and energy use. As percentage-sfractural components reused increases, so does GDP.

Recall that the Use table records industry usemettio and imported commaodities. Thus, reducing the
commodity recipe reduces imports, consequentially GDP increases. Also, as the final A&waédnd for

residential or neresidential building increases, so does GDP. The remaining 3D plots for chaige in GD

total output, total jobs, total energy use for RoW can be fodpdendix G
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Change in total output for RoW resulting from
adaptive reuse of Non-residential building construction industry

20000 I
I 10000

10000

—10000
-20000 —10000

-30000

_a0000 -20000

I3ooeo
80 o Axis labels

Y: Percent increase in final demand for adaptively reused buildings
X: Percent increase in non-structural components reused
Z: Change in total output {$ x1000)

Figure 4.246 Example of 3D plotd Region of Waterloo

Visual comparison of 3D plots between Ontario and RoW does not show any obvious differences, except
that the magnitudes of changes are larger for Ontario. Output vectors of Ontario and RoW were further
investigated, and it was found that industrial oc¢poposition is different between Ontario and RoW
Figured.25shows the percent of total output that each industry occupies in Ontario and RoW. Most
industries occupy siar percentage of total output, except for manufacturing. Manufacturing occupies
24.0% and 38.1% of total output in Ontario and RoW, respectively. This notable difference results from the
fact that 19.4% of RoW3s t dteall Oe mdp% ooyf meOntt airsi o0idns
is in manufacturing.
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Figure 4.2508 Percent of total output that each industry occupies in Ontario and Region of Waterloo
4.4.3.2 Positive and negative domains

The contours of the 3D plots were examined to determine the domain of X (perséanichunal

components reused), and Y (increasede pf adaptively reused buildings) that results in negative changes
to GDP, output, jobs, and energy consumpEmure4.26 shows an example plot of such domain &WR

The remaining domain plots for RoW can be fouAgpendix G

=
Fd
s

= Dormnain of negative changes
1 Domain of positive changes

adaptively reused buildings

Percent increase in final demand for

] 20 40 (1] BO
Percent increase in non-structural components reused

Figure 4.268 Example of domain plotd Region of Waterloo

Domain plots for RoW are quite similar to the domain plots for Ontario. There is a common difference
between domain plots for RoW and Ontario. Upon visual inspection, it appears that RoW has larger domains
for negative changes than Ontario. In other witreiglomain plots of Ontario are encompassed in domain

plots of RoWThe larger domain is attributed to the fact that manufacturing occupies a larger portion of the
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total output in RoW than in Ontario (showtrigure4.25). This indicates that if RoOW experierpsitive
changes fromMR, then Ontario does as well. On the other hand, if Ontario experiences positive changes
from AR, it does not necessarily mean RoW expesgositive changes too.

The domain plots for RoW for all four measures of effectiveness were (output, GDP, jobs, energy) combined
to determine the domain that is desirable with consideration of all four measures of effEguedess.
andFigure4.28shows this desired domain AdR of nonresidential and residential buildings in RoW. The

desired domain is where change in energy use is negative, while change in GDP and jobs are positive. This
domain lies in the area that is underneath the energy domain boundary, and aboveliberttarias of

GDP, and jobs. Note thtte GDP domain boundary is not preserfigure4.27 andFigure4.28because

GDP changes are positive for positive dosdiX and Y.

Domain boundaries
— Jutput

GOP
— Energy
—— Joh
; Desired demain
520 [ Undesired domain

15/

10

%)
L

Percent increase in final demand for
adaptively reused buildings

|

o 20 40 ED 20
Percent increase in non-structural components reused

Figure 4.2706 Desired domain for adaptive reuse of nenesidential building industry in Region of
Waterloo

35 { Domain boundaries
— Jutput
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07— Energy
— Job

Desired demain
[ Undesired domain
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10

Percent increase in final demand for
adaptively reused buildings
(¥, ]

] 20 40 2] 80
Percent increase in non-structural components reused

Figure 4.280 Desired domain for adaptive reuse of residential building industry in Region of
Waterloo
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4.4.3.3 Aggregated changes to output

The outputthanges 0AR of RoW buildingndustries were examined furtfidots for aggregated changes

to output forAR of each building industry and each scenario can be fa\ppkeimdix H The percent

changes to aggregated output for RoW are the same as Ontario. This is the diraberesethoflology

used to estimate regional output. Recall that regional outputs were estimated using employment proportions
and thatAR recipe changes were applied at the provincial level. In otheRamtspe changes were

applied prior to regionaligat. This results in regional output experiencing same output changes in
percentage as the provincial output because regional output is directly proportionate to provincial output.
Nonetheless, the plots aggregated output changes for RoW are sipperdir H.

4.4.3.4 Top 10 increases and decreases in industry output

Top 10 increases and decreases in industry output for RoW were examined for each scenario and summarized
in tables found iAppendix | Table414s hows top 10 increases and decrea
example.

89



Table 4.146 Example of tables for top 10 increases and decreases in industry output

RoW 'Basic' Scenario

Top 10 decreases

Residential building

Non-residential

construction building construction
Total Total Total Total
Ra Industry  Industry Industry Industry
nk IndUStry Output Output IndUStry Output Output
(x $1000) (%) (x $1000) (%)
Cement and concrete product manufactui Cement and concrete product
1 -10162.18 -3.76 manufacturing -6668.31 -2.47
5 Archltectura_ll and structural metals -4686.98 130 Archltecture_ll and structural metals 327776 091
manufacturing manufacturing
Sand, gravel, clay, and ceramic and refra ) Sand, gravel, clay, and ceramic and ) )
3 minerals mining and quarrying 214.52 1.07 refractory minerals mining and quarryin 140.69 0.70
4 Stone mining and quarrying -109.75 -0.38 Stone mining and quarrying -72.01 -0.25
5  Forging and stamping -267.60 -0.36 Forging and stamping -142.01 -0.19
6 Cutlery, hand tools and ot_her fabricated 526.12 0.26 Boiler, tank_and shippilegntainer 14556 -0.13
metal product manufacturing manufacturing
7 Other activities of the construction industr -109.90 0.19 gtdhuesrtg/ctlvmes of the construction 71.05 0.12
Boiler, tank and shipping container Non-metallic minergroduct
8 manufacturing -212.19 -0.19 manufacturing (except cement and -251.18 -0.12
concrete products)
Non-metallic mineral product manufacturil Cutlery, hand tools and other fabricated
9 (except cement and concrete products) -365.74 017 etal product manufacturing -218.61 011
Machine shops, turned product, and screy ] Alumina and aluminum production and )
10 nut and bolt manufacturing 283.60 0.14 processing 136.69 0.09
Top 10 increases
Residential building Non-residential
construction building construction
Total Total Total Total
Ra Industry  Industry Industry Industry
nk IndUStry Output Output IndUStry Output Output
(x $1000) (%) (x $1000) (%)
1 Arch_ltectural, engineering and related 1031.54 0.29 Arch_ltectural, engineering aethted 1114.76 0.31
services services
2 Household 14063.66 0.10  Household 6870.03 0.05
3 F_ooc_i, beverage and tobacco wholesaler 61.91 0.01 F_ooq, beverage and tobacco wholesale 73.18 0.02
distributors distributors
4 Specialized design services 291 0.01 Specialized design services 4.70 0.01
5 Universities 26.28 0.00 Manag_ement, s_uentlflc and technical 15.25 0.01
consulting services
Computer systems design and related Computer systems design and related
6 services 17.70 0.00 services 37.41 0.00
7 Managt_ament, §C|ent|f|c and technical 154 0.00 Universities 29.64 0.00
consulting services
8 Medical equipment and supplies 0.55 0.00 Othe_r professional, scientific and techni 7 64 0.00
manufacturing services
Other professional, scientific @adhnical Data processing, hosting, and related
9 services 0.43 0.00 services 217 0.00
10 Private households 0.00 0.00 Medical equipment and supplies 290 0.00

manufacturing
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The list for RoW is identical to the list for Ontario. This is because the percent changes in industry output are
the same between RoW and Ontario, as explained in @vapt8However, the magnitudes of the

changes are different. Thus, generalization of top 10 increases and decreases in industyRaitput for

each building type in RoW is outlinediable4.106 Generalization of top 10 increases and decreases in

industry output

4.5 Summary of results

Adaptive reuse of residential buildings andesidential buildings were studied separately. 16 scenarios
were analyzed f&@dRof each buil ding type. fandthentlt5 othtre 6 Basi c 0

scenarios were defnaedobéased on the 6Basic Sce

The 6Basicd scenari o represents the situation whe
reused. All internal nestructural components such as, drywall, furniture, HVAC, etc. were excluded. The
changes made to the building itriles recipe are grouped in three categories. First, the superstructure and
substructure may be built with concrete or steel, or both, so reuse of the superstructure and substructure
saves concrete and steel material. These savings in material dodtsearetee d i n t he bui |l din
change as a reduction of concrete and steel input. Second, reusing construction material ultimately reduces
the transportation disposal costs, so transportation input of the building industries was reduced as well
Lastly AR of building requires more labour than demolition. This is reflected in the recipe change as an
increase of household labour input to the building industries.

The 6Basicd scenari o was t he-strucutatomporedts. The percenf | e c t
of nonstructural components reused was denoted as X. Four values were chosen for X: 0, 10, 40, and 90.
Note that the 6Basicd scenario has X = 0. The 0Ba
demand oAR of each building type. The percent increase in final demaRdwoildings was denoted as Y.

Four values were chosen for Y: 0, 2.5, 5, and 10.
having four values each, a 2D mesh with 16 points (@spnas examined AR of each building

industry Each scenario was analyzed for a measure of effectiveness, Z, resulting in a 3D scatter plot. Next,

the 3D scatter plot was fitted with a plane and analyzed.

Economic profiles of Ontario and RoW were exadhprior to analyzing the impactéBfof buildings.
Hypothetical extraction, linkages and input breakdown were examined to understand the roles of the building

industries in Ontariods and RoWds economy.

Hypothetical extraction of the building induststeowed that they have similar roles in Ontario and RoW.
Residential building construction is ranked within top 5 in total economic activity (in dollars and energy),
while nonresidential building is ranked betweérahd 28 (in dollars and energylurthermore,
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hypothetical extraction showed that residential building construction has a larger total economic activity than
nonresidential building construction in terms of dollars and energy (approximately doubled).

Backward linkages of the buildingistdes show similar economic pull between each building industry and
between Ontario and RoW. However, the notable differences in backward linkages between residential and
nonresidential buildings are that residential bisldawg a stronger pull on egbrelated manufacturing,

and nonresidential buildings have a stronger pull on cement and concrete manufacturing, and architectural,
engineering and related servitetal tackward linkages of residential andrasitlential building

construction indug#sindicate that these industries have strong economic pull on other sectors in the
economyThis finding alignaith the findings iRen et al2014 andSong et a(2006, 2008Forward

linkages for the building industries could not be found because industries do not use residential and non
residential building construction as interatednputsTotal orward linkages for the building industries

found in this research also align with findingeimet al2014 andSong et a(2006, 2008)

AR of buildings is expected to increase labour, so backward and forward linkages were examined for
householddHouseholds hawsrong economic pull on financial, food, energy, and communications related
industries. On the other haimuseholdhave strong eonomic push on health, education, housing, and

government related industries.

The existingompositions of intermediate inputs for the building industriesxeeneed. It was found that
valueadded comprises624 % of t he bui | diesmpcificaly®@@% of mpusar®d | nput .
household labour, while-32%is other valuadded, and imports. The remaining inputs are commaodities

where 10 commodity/industries make wi9% of all inputs, and-P2% of all inputs are 216

industries/472 commodiis.

Scenarios d&R for residential and nemesidential buildings were examined after economic profiles of
Ontario and RoW were established. First, the effesBroairket share were analyzed. Next, measures of
effectiveness were determined for 16 sosraR of each building type in Ontario and RoW. Finally,

detailed industry changes were examined for the 16 scenarios of each building type for Ontario and RoW.

Adjusting the percent of the building industries that implefRigs shown to have linedfects on

measures of effectiveness. For example, if output changes are positive then increasing the matRet share of
buildings positively magnifies the changes linearly. On the other hand, if output changes are negative then
increasing market shareA®t buildings negatively magnifies the changes linearly.

The four measures (output, GDP, jobs, energy) were examined for 16 sceARrafssimch building type
for Ontario and RoW. The results were plotted on a 3D scatter plot, and then a plaed toakditsD
scatter points. Change in output, jobs, and energy use decreases asimuiradrtomponents are
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reused. Contrarily, output, jobs and energy use increase as final demand increases. GDP is an exception
because it increases whenstonctral components are reused and/or final demand increases.

Contour plots of the 3D planes were examined to find the domains that result in negative changes to the
measures of effectiveness. Negative changes to GDP and jobs are undesirable, whilamgegative ¢

energy use are desirable. Output, jobs, and energy use exhibit domains of negative change, but GDP does not
as the 3D planes for GDP are positive for all scenarios. The slunttaénfour measures of effectiveness

were combined to determine tlmnain that produselesirable effects &l measures of effectivenedse

desirable domaimasdefinedwhere changes to energy uses are negative, while changes to GDP and jobs are
positive The desired domain implies that adaptive reuse of buildidgsaiee accompanied dny

increasedemand for ito bebeneficial for regional economies. It is hot entaughly adaptively reuse

buildings andeuseconstruction material as it only reduces industrial output and emphfyinchrtries

producing newonstruction matergal

Top 10 increases and decreases to industry outputs were analyzed to understand the detailédReffects that
of buildings has on Ontario and RoW. It was found that industry output changes were same between Ontario
and RoW in terms @fercentage. This is the result of estimating RoW outputs from Ontario outputs using
employment proportions. However, in terms of dollar changes, Ontario exhibits larger changes as expected.
Generally, industries that experience negative changes tareutplustries that provide intermediate

inputs to concrete and structural steel manufacturing. Also, industries that experience positive changes are
generally industries that have strong linka@esiseholds
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5 Conclusion

The construction industry Hasge impacts on the environment due to its consumption of raw materials,
energy, and water. TAR of buildings can help the construction industpyoveenvironmental

sustainabilityAR is a construction method that fundamentally changes the profiuati@mnof the

construction industry. Since the construction industry is an integral part of the economy, these changes may
have impacts that propagate throughout the economic system. Thus, not only is it important to study the
impacts oAR on the construction industry, it is also important to study the impaé&R tfatuildings has

on the other sectors of the economy.

Theliterature review &R yielded little to no indication of its impacts on the economy. Instead, literature on
AR s nostly comprised of qualitative studies. Qualitative studies include advantages and
disadvantages/barriersAR; decision making tools and guidelines for seeking prospective candidates of

and expost case studiesAR buildings. There are a plethoratadies discussing the economic benefits (as

well as environmental and social benefi&iRpbut there is a lack of studies quantifying these effects.

Studies that do investigate the economi&Rafre limited to project scale analysedifianciafeasibility

or cost benefit analysis). In the case of Cadad@007c onf i r ms ot hat there is a
economic impacts&Ron t he economy. 0

The lack of studies regarding the economic impaskrefiucedhe literature review to studies on the
relationship of the construction industry and the economy. More specifically, the literature review focused on
studies that implemented 10 modelstlghg construction industries and relevant topics. Research on the
construction industry using | O models has | ooked
Analysistechnological change over time using Structural Decomposition Aaradyisidkages with other

industries using Hypothetical Extraction Metndi other methods. None of these studies focused on the

AR of buildings. The only study that hintARtwas conducted IBietroforte et al. (200Fheir study

concludes it the impacts of innovative technologies on the construction industry require further
investigationTo further expand, Pietroforte et al. (2009) recommends that structural changes in an economy

resulting from the construction industry shbeldonsidesd:

ot he impact of factors such as changes in the
bathrooms in residential projects), changes in architectural and engineering design, increased
mechanization, the use of new materials and related subst{f@&gdroforte et al., 2009)

Although not intendedietroforte et al. (®9)stated the knowledge gapA&fin the construction industry
from an economic impact perspective. Hence, this researched aimed to study the economidRgdacts of
buildings on a regional economy. The region that was chosen for this study was\R&igidoo in

Ontario, Canada.
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5.1 Contributions and Key Findings

The economic modelling technique used to study regional economic inAgofsbefildings is an 10

model. First, a symmetric 10 model of the province of Ontario was developed for the base economy using
Statistics GCandusedatéd Shis Padelcdse I@ankdel was scrubbed of imports, so that only
the domestic economy raimmed. Next, households were endogenized in the domestic Ontario |O model, so
that induced effects of houselsddendingverecaptured. Then, the Ontario 10 model was regionalized

into a tweregion IRIO model using cross industry location quotientsnh@testegional input coefficients,

and employment data to estimate regional outputs. After the base case IO model was developed, scenarios
for AR were created by first changing the building industries recipe in Hamdusesdata, then

proceeding with adel development similar to the base case |0 model. In otherARwess implemented

for the entire province. As a result, 32 10 models were created to reflect varioug\Rasld bhal

demand increases. The 32 scenarios were applied to theapt@vimodel, and the twegion IRIO

model, so that economic impacts to Ontario and EaNdbe compared.

Contrary to literature stating the environment and economy benefit frdiRiahleuildings, this research

has shown that results can vary. Thiiteee are combinations of final demand increasésvatedf non
structural components reuse that result in negative impacts to the environment (energy consumption) and
economy (employmenit). other wordsthisresearch has shown tl& of buildingsard reuse of

construction materialay notoringeconomic benefitsincdt would only reduce employment in industries
supplying construction matesidldaptive reuse may be beneftoi@n economgn the condition that there

is an increase in demandddpatively reused buildingrecreasing demand f8R buildingconstruction may

be achieved by adssing barriecd implementing AR (outlined in chapter Z.Bgonly measure of
effectiveness that did not experience negative inmpanisscenario anadylis GDP. GDP is expected to
increase, sinéR reduces intermediate inputs, and hence consequently reduces a portion of imports.
Furthermore, there are certain conditions whikmpay reduce total energy consumption, but employment
and output decreasewell, and vice versa.

Song et a(2006)suggested that increasing demand of the construction industry creates large number of jobs
due the industryds strong back wScendrioanalysdsaf@dagtivewi t h
reuse on changm total employmergigreavith Song et a(2006)i.e.,increasing demand of adaptive reuse

building construction increasetalemployment However, this increase in employment may be

counteracted with employment losses due to decréaseuitput of industries resultiffgm reducd

reliance on new construction matetf plotting domain plots of negative change for tafjalipGDP,

energy use, and employment, this research depicts the combination of final demand increase (Y) and percent
nonstructural components reused (X) that result in unfavourable outcomes to GDP and employment, and

favourable outcomes to energy congiamgn addition, the domain plots consequently outline the domains
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of positive change in GDP, energy use, and employment. Hence, the domain plots outline the combination of
X6s and YO&s that result i n f av onfavoarable®utcomesto o mes t o
energy consumption.

Detailed findings of industrial output changes show that as the qua&Rityudtlings or level &R

increases, concrete and steel industry outputs decrease, as well as their intermediate inputdrsunch as those
the mining and quarrying industries. The outputs of forestry industries are expected to decrease as the
guantity and level of residenfild buildings increase (industrial buildings adaptively reused into residential
buildings). The manufacturing istty is expected to decrease their output as the |1&Rinmireases. In

other words, as more internal fatructural components of a building are reused, manufacturing output
decreases. By endogenizing households in the model, it is shown thag liatr@asfar the building

construction industry will have economic multiplier effects on the economy. That is, outputs of professional
services, entertainment and recreation, education, health, and government services increase as a result of
more labour icome (and spending).

5.2 Limitations and future Research

As mnsequences of implementing an IO model for this regaa@ceteffects and resource constraints are
unaccounted for. Reuse of construction material may alter pricesohnsteuction material. For example,
suppliers of new construction material may lower their prices to remain competitive with reused/recycled
construction materigdn the other hand, price of construction material may go up if resource becomes
scarcePrice effects are not captured in an 10 model due to the assumption of fixed technical coefficients.
Moreover]O models allow unbounded final demand changes, since thersugmalyoonstraints imposed.

This is notalwaysealistic, since resourceas bdimited.

An issue that was encountered when modelling the recipe changes to the building industries is the lack of
guantitative information regardiB projects. Moreover, quantitative information found in the existing

literature varies substantially. &ample, the percentage of-stmictural component reuse may range from

10% to 90%. Due to limited information AR projects, the economic model implemented in this study

assumed uniform reductions to all-sbmctural components reused. Howevergthisnot be

representative of reabrld scenarios. For example, the percentage of windows reused may not be the same
as percentage of office furniture reused, etc. Future studies may investigate in detail the quantity and/or price
of each commodity saved.

This research assumed thRtaffects Ontario and RoW uniformly (i.e., industry recipe, labour, and final
demand experience the same changes). Again, this may not be representastiwddagiteations, as

regions may vary in their production tectgietoand local demands. For example, it was shown that RoW
has a higher manufacturing output composition than Ontario. Future studies may investigate how regional
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differences affe&R of buildings. In addition, this research assumedRaffects eachuilding industry
uniformly(i.e, industry recipe, labour, and final demand experiences the same changes. This may not be
representative of real world, since characteristics of residentiat@sitleotial buildings are different.

Lastly, future@nomic impact studies AR may use different economic modeladdress limitations of 10
modelsandor compare results found in this resedfohexample, a Computable General Equilibrium

(CGE) model can include price effectssaugblyconstraints, nking it a suitable method to study Hergn

impacts, or for studying large and widespread shifts in construction practices that are likely to require those
model features.
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Appendix Ad Commodity, industry, final demand, imports, exports, and valuadded

labels

Table A16 Commaodity labels at summary and detailed level

Commodity at summary level

Commaodity at detailed level

Grains and other crop products

Canolgincluding rapeseed)

Oilseeds (except canola)

Wheat

Grains (except wheat)

Fresh potatoes

Fresh fruits and nuts

Other miscellaneous crop products

Fresh vegetables (except potatoes)

Imputed feed (animal feed produced for camsumption)

Nursery and floriculture products

Live animals

Cattle and calves
Unprocessed fluid milk
Hogs

Eggs in shell

Poultry

Other live animals

Other farm products

Raw furskins, and animal products n.e.c.

Imputed fertilizeffertilizer produced for own consumption)

Forestry products and services

Logs and bolts
Pulpwood
Fuel wood

Rough untreated poles, posts and piling

Fish, crustaceans, shellfish and other fishery products

Fish, crustaceans, shellfish and difieery products

Support services related to farming and forestry

Custom work services for forestry
Support services for crop production
Support services for animal production, hunting and fishing

Support services for forestry

Mineral fuels

Conventional crude oil

Synthetic crude oll

Natural gas

Natural gas liquids and related products
Crude and diluted bitumen

Coal

Metal ores and concentrates

Iron ores and concentrates
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Gold and silver ores and concentrates
Copper ores ancbncentrates

Nickel ores and concentrates

Lead and zinc ores and concentrates
Radioactive ores and concentrates

Other metal ores and concentrates

Non-metallic minerals Stone
Sand, gravel, clay, and refractory minerals
Uncut andndustrial diamonds
Potash

Non-metallic minerals (except diamonds)

Mineral support services Support services for oil and gas extraction (except exploration)

Support services for mining and quarrying (except exploration)

Mineral and oil and gasexploration Mineral and oil and gas exploration

Utilities Electricity
Natural gas distribution
Water delivered by water works and irrigation systems
Sewage and dirty water disposal and cleaning services

Steam and heated or cooled awater

Residential construction Residential construction

Non-residential buildings Industrial buildings
Office buildings
Shopping centers, plazas, malls and stores
Other commercial buildings
Schools, colleges, universities and etherational buildings
Health care buildings

Other institutional buildings

Engineering construction Highways, roads, streets, bridges and tunnels
Other transportation construction
Production facilities in oil and gas extraction
Other oil andyas engineering construction
Electric power engineering construction
Communication engineering construction
Marine engineering construction
Waterworks engineering construction
Sewage engineering construction
Mining engineeringpnstruction

Other engineering construction

Repair construction services Repair construction services

Food and nonalcoholic beverages Dog and cat food
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Other animal feed

Flour and other grain mill products

Margarine and cooking oils

Breakfast cereal and other cereal products
Grain and oilseed products, n.e.c.

Sugar and sugar milkpgoducts

Chocolate (except confectionery)
Confectionery products

Fresh, frozen and canned fruit and vegetable juices
Preserved fruit ancegetables and frozen foods
Processed fluid milk and milk products
Cheese and cheese products

Butter and dry and canned dairy products

Ice cream, sherbet and similar frozen desserts
Fresh and frozen beef and veal

Fresh and frozen pork

Fresh and frozen poultry of all types

Processed meat products, other miscellaneous meats and anime
products

Prepared and packaged seafood products
Bread, rolls and flatbreads

Cookies, crackers and baked sweet goods
Flour mixes, dough ally pasta

Snack food products

Coffee and tea

Flavouring syrups, seasonings and dressings
Other food products, n.e.c.

Bottled water, soft drinks and ice

Alcoholic beverages and tobacco products Beer
Wine and brandy
Distilled liquor
Stemmed, redried or reconstituted tobacco

Cigarettes, cigars, chewing and smoking tobacco

Textile products, clothing, and products of leather and
similar materials

Fibre, yarn and thread

Fabrics

Carpets, rugs and mats
Other textildurnishings
Textile products, n.e.c.

Textile and fabric finishing and coating services
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Men's, women's, boys' and girls' clothing
Infant clothing

Clothing accessories

Leather and dressed furs

Footwear

Suitcases, handbags and ddather and allied products

Wood products

Hardwood lumber

Softwood lumber

Wood chips

Other sawmill products and treated wood products
Veneer and plywood

Wood trusses and engineered wood members
Reconstituted wood products

Wood windows andoors

Wood containers and pallets

Prefabricated wood and manufactured (mobile) buildings and
components

Wood products, n.e.c.

Waste and scrap of wood and woogitoglucts

Wood pulp, paper and paper products and paper stock

Wood pulp

Paper(except newsprint)

Newsprint

Paperboard

Paperboard containers

Paper office supplies

Disposable diapers and feminine hygiene products
Sanitary paper products

Other converted paper products

Waste and scrap of paper and paperboard

Printed products and services

Printed products
Support services for printing

Contract printing services for publishers

Refined petroleum products (except petrochemicals)

Gasoline

Diesel and biodiesel fuels

Light fuel oils

Jet fuel

Heavyfuel oils

Lubricants and other petroleum refinery products
Asphalt (except natural) and asphalt products

Coke and other coke oven products
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Solid fuel products, n.e.c.

Chemical products

Petrochemicals

Industrial gases

Dyes and pigments

Other basic inorganic chemicals
Basic organic chemicals, n.e.c.
Plastic resins

Plastic and rubber products

Rubber and rubber compounds and mixtures
Artificial and synthetic fibres and filaments
Ammonia and chemical fertilizers

Pesticides and other agricultural chemicals
Pharmaceutical and medicinal products
Paints, coatings and adhesive products
Soaps and cleaning compounds

Perfumes and toiletries

Chemical products, n.e.c.

Plastic bags

Plastic films andon-rigid sheets

Plastic and foam building and construction materials
Plastic profile shapes

Foam products (except for construction)
Plastic bottles

Motor vehicle plastic parts

Plastic products, n.e.c.

Tires

Rubber and plastic hoses apits

Rubber products, n.e.c.

Waste and scrap of plastic and rubber

Non-metallic mineral products

Cement

Readymixed concrete

Concrete products

Clay and ceramic products and refractories

Glass (including automotive), glass productglassl containers
Waste and scrap of glass

Lime and gypsum products

Non-metallic mineral products, n.e.c.

Primary metallic products

Iron and steel basic shapes andfaioy products
Iron and steel pipes and tubes (except castings)
Wire andbther rolled and drawn steel products

Bauxite and aluminum oxide
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Unwrought aluminum including alloys

Basic and serfinished products of aluminum and alloys
Unwrought copper including alloys

Unwrought nickel including alloys

Unwroughtprecious metals including alloys

Other unwrought nofferrous metals including alloys
Gold, store of value

Basic and seffinished products of neferrous metals and alloys
(except aluminum)

Ferrous metal castings
Non-ferrous metatastings
Waste and scrap of iron and steel

Waste and scrap of néarrous metals

Fabricated metallic products

Forged and stamped metal products

Prefabricated metal buildings and components
Fabricated steel plates and other fabrisatectural metal
Metal windows and doors

Other architectural metal products

Light gauge metal containers, crowns and closures
Boilers, tanks and heavy gauge metal containers
Builders, motor vehicle and other hardware

Springs and wiggroducts

Threaded metal fasteners and other turned metal products incluc
automotive

Coating, engraving, heat treating and similar metal processing se
Hand tools, kitchen utensils and cutlery (except precious metal)
Metal valves amlpe fittings

Ball and roller bearings

Guns, ammunition and other munitions

Fabricated metal products, n.e.c.

Industrial machinery

Agricultural, lawn and garden machinery and equipment
Logging, mining and construction machineryegngpment

Other industrspecific machinery

Commercial and service industry machinery

Industrial and commercial fans, blowers and air purification equig

Heating and cooling equipment (except household refrigerators &
freezers)

Metalworking machinery and industrial moulds
Turbines, turbine generators, and turbine generator sets
Other engine and power transmission equipment

Pumps and compressors (except fluid power)
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Material handling equipment

Othermiscellaneous genepakpose machinery

Computers and electronic products

Computers, computer peripherals and parts
Telephone apparatus

Other communications equipment

Audio and video equipment and unrecorded media
Navigational and guidariostruments

Medical devices

Measuring, control and scientific instruments

Printed and integrated circuits, semiconductors and printed circuli
assemblies

Other electronic components

Electrical equipment, appliances and components

Electriclight bulbs and tubes

Lighting fixtures

Small electric appliances

Major appliances

Power, distribution and other transformers
Electric motors and generators

Switchgear, switchboards, relays and industrial control apparatus
Batteries

Communication and electric wire and cable
Wiring devices

Other electrical equipment and components

Transportation equipment

Passenger cars

Light-duty trucks, vans and sport utility vehicles (SUVS)
Medium and heaxguty trucks and chassis

Buses

Motor vehicle bodies and special purpose motor vehicles
Freight and utility trailers

Motor homes, travel trailers and camping trailers

Motor vehicle parts

Motor vehicle gasoline engines and engine parts

Motor vehicle electrical aatkctronic equipment and instruments
Motor vehicle steering and suspension components

Motor vehicle brakes and brake systems

Motor vehicle transmission and power train parts

Motor vehicle interior trim, seats and seat parts

Motor vehiclenetal stamping

Other miscellaneous motor vehicle parts

Aircraft

Aircraft engines

109



Aircraft parts and other aerospace equipment

Locomotives, railway rolling stock, and rapid transit equipment
Parts of railway rolling stock

Ships

Boats angbersonal watercraft

Other transportation equipment and related parts

Furniture and related products

Wood kitchen cabinets and counter tops
Household furniture

Institutional and other furniture, n.e.c.
Office furniture

Office and storéxtures

Mattresses and foundations

Blinds and shades

Medical, dental and personal safety supplies, instruments and ec
Jewellery and silverware

Sporting and athletic goods

Toys and games

Office supplies (except paper)

Signs

Other manufactured products and custom work

Other miscellaneous manufactured products

Custom work manufacturing services (except printing, finishing te
and metals)

Wholesale margins and commissions

Wholesale margingarm products

Wholesale marginpetroleum and petroleum products

Wholesale margin$ood, beverages and tobacco products
Wholesale margirpersonal and household goods

Wholesale margirsnotor vehicles, motor vehicle parts and acces:
Wholesale marginduilding materials and supplies

Wholesale marginsnachinery, equipment and supplies
Wholesale marginsniscellaneous products

Wholesale trade commissions

Retail margins, sales of used goods and commissions

Retailmargins motor vehicles and parts

Retail marginsfurniture and home furnishings

Retail marginselectronics and appliances

Retail marginsbuilding materials, garden equipment and supplies
Retail marginsfood and beverages

Retailmargins health and personal care products

Retail marginsautomotive fuels

Retail marginsclothing and clothing accessories

Retail marginssporting and leisure products
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Retail marginsmiscellaneous products
Retail marginshousehold fuels

Used motor vehicles

Other used consumer goods

Retail trade commissions

Transportation and related services

Air passenger transportation services

Air freight transportation services

Air specialty services

Railpassenger transportation services

Rail freight transportation services

Water passenger transportation services

Water freight transportation services

Moving services

Truck transportation services for general freight
Trucktransportation services for specialized freight

Urban transit services

Interurban and rural bus passenger transportation services
School bus services

Other transit and passenger transportation services by road
Scenic and sightseeing teenvices

Taxi and limousine services

Transportation of natural gas by pipeline

Transportation of crude oil and other commodities by pipeline
Air transportation support services

Aircraft maintenance and repair services

Railtransportation support, maintenance and repair services
Water transportation support, maintenance and repair services
Road transportation support services

Freight transportation arrangement and customs brokering servic

Othertransportation support services

Information and cultural services

Postal services
Courier, parcel, and local messenger and delivery services
Grain storage

Warehousing and storage services (except grain storage)

Published and recorded medigroducts

Newspapers

Advertising space in printed newspapers
Periodicals

Books

Other published products
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Advertising space in printed periodicals and in other printed
publications

Licensing of rights to use literary works and artistic {exdept
software licensing)

General purpose software

Telecommunications

Recorded movies, television programs and videos

Movie, television program and video production;grosiuction and
editing services

Licensing of rights to usediovisual works

Admissions to motion picture film exhibitions

Recorded music and other sound recordings

Audio recording services and copyright administration
Licensing of rights to use musical works and sound recordings
Advertising air timen radio

Advertising air time on television

Fees for the distribution of television and radio program channels
(affiliation payments)

Fixed telecommunications services (except Internet access)
Mobile telecommunications services

Cablesatellite and other program distribution services

Depository credit intermediation

Fixed Internet access services

Data processing, hosting, and related services
Subscriptions for online content

Internet advertising

Other informatiorservices

Central banking services

Local credit union servicesxplicit charges (fees)

Banking and other depository credit intermediation serex@git
charges

Non-depository credit intermediation servieglicit charges (fees)
Other services related to credit intermediation

Other finance and insurance

Investment banking services

Security brokerage and securities dealing services
Portfolio management services

Investment counselling services

Holding compangervices and other financial investment and relat
activities

Life insurance services

Accident and sickness insurance services
Automotive insurance services

Property insurance services

Liability and other property and casualty insusaneiees
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Brokerage and other insurance related services

Trusteed pension fund services

Mutual funds (cost of service) and other similar services
Deposit intermediation services indirectly measured (FISIM)

Residential mortgagdermediation services indirectly measured
(FISIM)

Other loan intermediation services indirectly measured (FISIM)

Real estate, rental and leasing and rights to nen
financial intangible assets

Rental of residential real estate

Rental ohonresidential real estate

Imputed rental of owneroccupied dwellings

Imputed rental of owneyccupied dwellings

Real estate brokerage and other services related to real estate

Professional services (except software and research an
development)

Motor vehicle rental and leasing services

Computer equipment rental and leasing services

Office machinery and equipment (except computer equipment) re
and leasing services

Commercial and industrial machinery and equimemtpt office
equipment) rental and leasing services

Rental and leasing services of other goods

Licensing of rights to neimancial produced intangible assets (exct
software and other copyright licensing)

Legal services

Accounting, tapreparation, bookkeeping and payroll services
Architectural, engineering and related services

Specialized design services

Computer systems design and related services (except software
development)

Management, scientific and techmicatulting services
Own-account research and development (except software develc
Advertising, public relations and related services

Photographic services

Veterinary services

Other professional, scientific and technical services

Software

Custom software design and development services

Ownraccount software design and development services

Research and development

Administrative and support, head office, waste
management andremediation services

Research and development services
Holding company services (imputed)

Head office services (imputed)
Office administrative services

Employment services
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Education services

Business support services

Travel arrangement, reservation and planning services
Investigation ansecurity services

Services to buildings and dwellings

Facilities and other support services

Waste management and remediation services

Tuition and similar fees for elementary and secondary schools
Tuition and similar fees foolleges and C.E.G.E.P.s

Tuition and similar fees for universities

Tuition and similar fees for trade, technical and professional train

Other educational training and services

Health and social assistance services

Physician services

Dental services

Other health practitioner services

Medical laboratory diagnostic and testing services
Ambulance services

Hospital services

Nursing and residential care services

Child daycare services

Other ambulatory health caezvices and social assistance service

Arts, entertainment and recreation services

Admissions to live sporting events

Admissions to live performing arts performances

Sport and performing arts event organization and support service
Careemanagement and representation services of public figures

Contract production of live performing arts performances, live spt
events and copyrighted works

Broadcast and other media rights
Heritage institution services
Amusement andecreation services

Gambling (net wagers)

Accommodation and food services

Room or unit accommodation services for travellers
Recreational vehicle park and recreational camp services
Rooming and boarding services

Prepared meals

Alcoholic beverages for immediate consumption

Other services

Motor vehicle repair and maintenance services

Repair and maintenance services (except for buildings and moto
vehicles)

Funeral services

Laundry and drgleaning services
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Hair careand aesthetic services

Parking services

Other personal and personal care services
Other membership services

Babysitting services

Private household services (except babysitting)

Sales of other services by NeRrofit Institutions
ServingHouseholds

Sales of other services by Nemofit Institutions Serving Households

Sales of other government services

Sales of other government services

Repair and maintenance

Fictive materials

Operating supplies

Office supplies

Fictive services

Transportation margins

Advertising, promotion, meals and entertainment
Travel, meetings and conventions

Transportation margins

Services provided by NofProfit Institutions Serving
Households

Educational services provided\mn-Profit Institutions Serving
Households

Ambulatory health care services provided byPofit Institutions
Serving Households

Social assistance services provided byPNit Institutions Serving
Households

Arts, entertainment amecreation services provided by Nrofit
Institutions Serving Households

Religious services

Grantmaking, civic, and professional and similar organization sel
Labour organization membership services

Political organization services

Other services provided by NBnofit Institutions Serving Householi

Education services provided by government sector

Elementary and secondary school services provided by governm
Community college and C.E.G.E.P services provided by governn
University services provided by governments

Other educational services provided by governments

Health services provided by government sector

Hospital services provided by governments

Residential care facility services providgdwwsrnments

Other federal government services

Defence services

Other federal government services

Other provincial and territorial government services

Other provincial and territorial government services

Other municipal government services

Othermunicipal government services

Other aboriginal government services

Other aboriginal government services
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Table A2 & Industry labels at summary and detailed level

Industries at summary level

Industries at detailed level

Crop and animal production

Business sector, Crop production (except greenhouse, nursery and
floriculture production)

Business sector, Greenhouse, nursery and floriculture production
Business sector, Animal production (except aquaculture)

Business sector, Aquaculture

Forestry and logging

Business sector, Forestry and logging

Fishing, hunting and trapping

Business sector, Fishing, hunting and trapping

Support activities for agriculture and forestry

Business sector, Suppaxctivities for crop and animal production

Business sector, Support activities for forestry

Mining, quarrying, and oil and gas extraction

Business sector, Conventional oil and gas extraction
Business sector, Gold and silver ore mining

Business sector, Copper, nickel, lead and zinc ore mining
Business sector, Other metal ore mining

Business sector, Stone mining and quarrying

Business sector, Sand, gravel, clay, and ceramic and refractory mine
mining and quarrying

Business sector, Diamond mining

Business sector, Other ametallic mineral mining and quarrying (excef
diamond and potash)

Business sector, Support activities for oil and gas extraction

Business sector, Support activities for mining

Utilities

Business sector, Electric power generation, transmission and distribu
Business sector, Natural gas distribution

Business sector, Water, sewage and other systems

Residential building construction

Business sector, Resideitialding construction

Non-residential building construction

Business sector, Naasidential building construction

Engineering construction

Business sector, Transportation engineering construction
Business sector, Oil and gas engineasitgjruction

Business sector, Electric power engineering construction
Business sector, Communication engineering construction

Business sector, Other engineering construction

Repair construction

Business sector, Repair construction

Other activities of the construction industry

Business sector, Other activities of the construction industry

Manufacturing

Business sector, Animal food manufacturing
Business sector, Grain and oilseed milling
Business sector, Sugar eoifectionery product manufacturing

Business sector, Fruit and vegetable preserving and specialty food
manufacturing

Business sector, Dairy product manufacturing
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Business sector, Meat product manufacturing

Business sector, Seafood progueparation and packaging
Business sector, Bakeries and tortilla manufacturing
Business sector, Other food manufacturing

Business sector, Soft drink and ice manufacturing
Business sector, Breweries

Business sector, Wineries distilleries

Business sector, Tobacco manufacturing

Business sector, Textile and textile product mills
Business sector, Clothing and leather and allied product manufacturir
Business sector, Sawmills and wood preservation

Business sectoreneer, plywood and engineered wood product
manufacturing

Business sector, Other wood product manufacturing
Business sector, Pulp, paper and paperboard mills
Business sector, Converted paper product manufacturing
Business sector, Printing and eglaupport activities
Business sector, Petroleum refineries

Business sector, Petroleum and coal product manufacturing (except
petroleum refineries)

Business sector, Basic chemical manufacturing

Business sector, Resin, synthetic rubbeagrtficial and synthetic fibres
and filaments manufacturing

Business sector, Pesticide, fertilizer and other agricultural chemical
manufacturing

Business sector, Pharmaceutical and medicine manufacturing
Business sector, Paint, coatingaatieesive manufacturing

Business sector, Soap, cleaning compound and toilet preparation
manufacturing

Business sector, Other chemical product manufacturing
Business sector, Plastic product manufacturing
Business sector, Rubber produanhufacturing

Business sector, Nanetallic mineral product manufacturing (except
cement and concrete products)

Business sector, Cement and concrete product manufacturing
Business sector, Iron and steel mills and-&oy manufacturing
Businessector, Steel product manufacturing from purchased steel
Business sector, Alumina and aluminum production and processing

Business sector, Nderrous metal (except aluminum) production and
processing

Business sector, Foundries

Businessector, Forging and stamping
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Business sector, Cutlery, hand tools and other fabricated metal produ
manufacturing

Business sector, Architectural and structural metals manufacturing
Business sector, Boiler, tank and shipping comaamerfacturing
Business sector, Hardware manufacturing

Business sector, Spring and wire product manufacturing

Business sector, Machine shops, turned product, and screw, nut and
manufacturing

Business sector, Coating, engravingtreasing and allied activities

Business sector, Agricultural, construction and mining machinery
manufacturing

Business sector, Industrial machinery manufacturing
Business sector, Commercial and service industry machinery manufa

Business sector, Ventilation, heatingoaditioning and commercial
refrigeration equipment manufacturing

Business sector, Metalworking machinery manufacturing

Business sector, Engine, turbine and power transmission equipment
manufacturing

Business sector, Other genprapose machinery manufacturing
Business sector, Computer and peripheral equipment manufacturing
Business sector, Communications equipment manufacturing
Business sector, Other electronic product manufacturing

Businessector, Semiconductor and other electronic component
manufacturing

Business sector, Electric lighting equipment manufacturing

Business sector, Household appliance manufacturing

Business sector, Electrical equipment manufacturing

Businessector, Other electrical equipment and component manufact.
Business sector, Automobile and dityy motor vehicle manufacturing
Business sector, Heayty truck manufacturing

Business sector, Motor vehicle body and tradaufacturing

Business sector, Motor vehicle gasoline engine and engine parts
manufacturing

Business sector, Motor vehicle electrical and electronic equipment
manufacturing

Business sector, Motor vehicle steering and suspension components
spling) manufacturing

Business sector, Motor vehicle brake system manufacturing

Business sector, Motor vehicle transmission and power train parts
manufacturing

Business sector, Motor vehicle seating and interior trim manufacturing
Businessector, Motor vehicle metal stamping

Business sector, Other motor vehicle parts manufacturing
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Business sector, Aerospace product and parts manufacturing
Business sector, Railroad rolling stock manufacturing

Business sector, Ship and talding

Business sector, Other transportation equipment manufacturing

Business sector, Household and institutional furniture and kitchen cat
manufacturing

Business sector, Office furniture (including fixtures) manufacturing
Businessector, Other furnitureelated product manufacturing
Business sector, Medical equipment and supplies manufacturing

Business sector, Other miscellaneous manufacturing

Wholesale trade

Business sector, Farm produwbblesaledistributors

Business sector, Petroleum product wholefiatébutors

Business sector, Food, beverage and tobacco whalissialertors
Business sector, Personal and household goods whdlsg#etors
Business sector, Moteghicle and parts wholesalestributors

Business sector, Building material and supplies whalestetartors
Business sector, Machinery, equipment and supplies whoissédetors
Business sector, Miscellaneous wholeBsigbutors

Business sector, Wholesale electronic markets, and agents and broki

Retail trade

Transportation andwarehousing

Business sector, Motor vehicle and parts dealers

Business sector, Furniture and home furnishings stores
Business sector, Electronics and appliance stores

Business sector, Building material and garden equipment and supplie
Business sector, Food and beverage stores

Business sector, Health and personal care stores

Business sector, Gasoline stations

Business sector, Clothing @tmthing accessories stores

Business sector, Sporting goods, hobby, book and music stores
Business sector, General merchandise stores

Business sector, Miscellaneous store retailers

Business sector, N@tore retailers

Business sector, Air transportation

Business sector, Rail transportation

Business sector, Water transportation

Business sector, Truck transportation

Business sector, Urban transit systems

Business sector, Other transit graind passenger transportation and
scenic and sightseeing transportation

Business sector, Taxi and limousine service

Business sector, Crude oil and other pipeline transportation
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Business sector, Pipeline transportation of natural gas

Business sector, Support activities for transportation

Information and cultural industries

Business sector, Postal service

Business sector, Couriers and messengers

Business sector, Warehousing and storage

Business sector, Newspapéilishers

Business sector, Periodical, book and directory publishers
Business sector, Software publishers

Business sector, Motion picture and video industries (except exhibitio
Business sector, Motion picture and video exhibition

Business sector, Sound recording industries

Business sector, Radio and television broadcasting

Business sector, Pay and specialty television

Business sector, Telecommunications

Business sector, Data processing, hosting, and related services

Business sector, Other information services

Finance, insurance, real estate, rental and leasing
and holding companies

Business sector, Monetary authorteestral bank

Business sector, Banking and other depository credit intermediation
Business sector, Local credit unions

Business sector, Na@epository credit intermediation

Business sector, Activities related to credit intermediation

Business sector, Financial investment services, funds and other finan
vehicles

Business sector, Insurance carriers
Business sector, Agencies, brokerages and other insurance related a
Business sector, Lessors of real estate

Business sector, Offices of real estate agents and brokers and activiti
related to real estate

Owner occupied dwellings

Business sector, Owrmrcupied dwellings
Business sector, Automotive equipment rental and leasing
Business sector, Rental and leasing services (except automotive equ

Business sector, Lessorsaffi-financial intangible assets (except
copyrighted works)

Professional, scientific and technical services

Business sector, Legal services

Business sector, Accounting, tax preparation, bookkeeping and payrc
services

Business sectdkrchitectural, engineering and related services
Business sector, Specialized design services
Business sector, Computer systems design and related services

Business sector, Management, scientific and technical consulting ser
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Businessector, Scientific research and development services
Business sector, Advertising, public relations, and related services

Business sector, Other professional, scientific and technical services

Administrative and support, waste management
and remediation services

Business sector, Holding companies

Business sector, Office administrative services

Business sector, Facilities and other support services
Business sector, Employment services

Business sector, Business support services

Business sector, Travel arrangement and reservation services
Business sector, Investigation and security services

Business sector, Services to buildings and dwellings

Business sector, Waste management and remediation services

Educational services

Health care and social assistance

Business sector, Educational services

Business sector, Offices of physicians

Business sector, Offices of dentists

Business sector, Miscellaneous ambulatory health care services
Business sectadursing and residential care facilities

Business sector, Social assistance

Arts, entertainment and recreation

Business sector, Performing arts, spectator sports and related industi
heritage institutions

Business sector, Amusement @tgdeation industries
Business sector, Gambling industries
Business sector, Traveller accommodation

Business sector, RV (recreational vehicle) parks, recreational camps,
rooming and boarding houses

Accommodation and food services

Business sector, Food services and drinking places

Other services (except public administration)

Business sector, Automotive repair and maintenance

Business sector, Repair and maintenance (except automotive)
Business sector, Personal sareices and other personal services
Business sector, Funeral services

Business sector, Dry cleaning and laundry services

Business sector, Professional and similar organizations

Business sector, Private households

Non-profit institutions serving households

Non-profit sector, Educational services

Non-profit sector, Ambulatory health care services
Non-profit sector, Social assistance

Non-profit sector, Arts, entertainment and recreation
Non-profit sectorReligious organizations

Non-profit sector, Grantnaking, civic, and professional and similar
organizations
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Non-profit sector, Other neprofit institutions serving households

Government education services Government sector, Elementary aadondary schools
Government sector, Community colleges and C.E.G.E.P.s
Government sector, Universities

Government sector, Other educational services

Government health services Government sector, Hospitals
Government sector, Nursing anegidential care facilities

Government sector, Defence services

Other federal government services Government sector, Other federal government services (except defer

Other provincial and territorial government services Government sector, Othprovincial and territorial government services

Other municipal government services Government sector, Other municipal government services

Other aboriginal government services Government sector, Other aboriginal government services

122



Table A3 6 Final demand (consumption expenditure) labels

Final consumption expenditure summary level

Final consumption expenditure detailed level

Household final consumption expenditure

Final consumption expenditure, Food
Finalconsumption expenditure, Naicoholic beverages
Final consumption expenditure, Alcoholic beverages
Final consumption expenditure, Tobacco

Final consumption expenditure, Garments

Final consumption expenditure, Cleaning of clothing

Finalconsumption expenditure, Clothing materials, other articles of clc
and clothing accessories

Final consumption expenditure, Footwear
Final consumption expenditure, Paid rental fees for housing
Final consumption expenditure, Imputed rental fed®ising

Final consumption expenditure, Materials for the maintenance and re|
the dwelling

Final consumption expenditure, Services for the maintenance and ref
the dwelling

Final consumption expenditure, Electricity

Finalconsumption expenditure, Gas

Final consumption expenditure, Other fuels

Final consumption expenditure, Water supply and sanitation services
Final consumption expenditure, Furniture and furnishings

Final consumption expenditure, Carpetso#met floor coverings

Final consumption expenditure, Household textiles

Final consumption expenditure, Major household appliances

Final consumption expenditure, Small electric household appliances
Final consumption expenditure, Major toolseandpment

Final consumption expenditure, Small tools and miscellaneous acces:
Final consumption expenditure, Other sgmable household goods
Final consumption expenditure, Other-donable household goods

Final consumption expenditure, &epf personal and household goods
except vehicles

Final consumption expenditure, Renting and leasing of personal and
household goods except passenger vehicles

Final consumption expenditure, Other services related to the dwelling
property
Final consumption expenditure, Therapeutic appliances and equipme

Final consumption expenditure, Pharmaceutical products and other rr
products

Final consumption expenditure, ¢atient services
Final consumption expenditure, Hosi&alices

Final consumption expenditure, New passenger cars
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Final consumption expenditure, New trucks, vans and sport utility veh
Final consumption expenditure, Used motor vehicles

Final consumption expenditure, Other vehicles

Finalconsumption expenditure, Spare parts and accessories for vehic
Final consumption expenditure, Fuels and lubricants

Final consumption expenditure, Maintenance and repair of vehicles
Final consumption expenditure, Parking

Finalconsumption expenditure, Passenger vehicle renting

Final consumption expenditure, Other services related to the operatio
transport equipment

Final consumption expenditure, Railway transport

Final consumption expenditure, Urban transit

Final consumption expenditure, Interurban bus

Final consumption expenditure, Taxi and limousine

Final consumption expenditure, Air transport

Final consumption expenditure, Water transport

Final consumption expenditure, Other transgpemtices

Final consumption expenditure, Postal services

Final consumption expenditure, Telecommunication equipment

Final consumption expenditure, Telecommunication services

Final consumption expenditure, Information processing equipment
Final consumption expenditure, Recording media

Final consumption expenditure, Audisual and photographic equipmen
Final consumption expenditure, Major durables for outdoor recreation

Final consumption expenditure, Musical instruments and nmajoleddor
indoor recreation

Final consumption expenditure, Games, toys and hobbies

Final consumption expenditure, Equipment for sport, camping andiop
recreation

Final consumption expenditure, Garden products, plants and flowers
Finalconsumption expenditure, Veterinary and other services for pets
Final consumption expenditure, Pets and pet food

Final consumption expenditure, Recreational and sporting services

Final consumption expenditure, Cable, satellite and other program
distibution services

Final consumption expenditure, Cinemas

Final consumption expenditure, Photographic services
Final consumption expenditure, Other cultural services
Final consumption expenditure, Games of chance
Final consumptioaxpenditure, Books

Final consumption expenditure, Newspapers and periodicals
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Final consumption expenditure, Miscellaneous printed matter and sta
and drawing materials

Final consumption expenditure, University education
Finalconsumption expenditure, Other education

Final consumption expenditure, Food andaloaholic beverage services
Final consumption expenditure, Alcoholic beverage services

Final consumption expenditure, Accommodation services
Finalconsumption expenditure, Life insurance

Final consumption expenditure, Health insurance

Final consumption expenditure, Insurance related to transport

Final consumption expenditure, Property insurance

Final consumption expenditure, Implicit loharges

Final consumption expenditure, Implicit deposit charges

Final consumption expenditure, Stock and bond commissions

Final consumption expenditure, Other actual financial charges

Final consumption expenditure, Trusteed pension funds

Final consumption expenditure, Mutual funds

Final consumption expenditure, Personal grooming services

Final consumption expenditure, Electrical appliances for personal car

Final consumption expenditure, Other appliances, articlesodndts for
personal care

Final consumption expenditure, Jewellery, clocks and watches

Final consumption expenditure, Other personal effects

Final consumption expenditure, Child care services outside the home
Final consumptioaxpenditure, Child care services in the home

Final consumption expenditure, Other social services

Final consumption expenditure, Undertaking and other funeral service

Final consumption expenditure, Legal and other services

Expenditure by Canadians abroad

Final consumption expenditure, Expenditure by Canadians abroad

Expenditure by Canadians in other provinces or
territories

Final consumption expenditure, Expenditure by Canadians in other
provinces or territories

Expenditure by nonresidents in Canada

Final consumption expenditure, Expenditure byresidents in Canada

Expenditure by Canadians residing in other
provinces or territories

Final consumption expenditure, Expenditure by Canadians residing in
provinces oterritories

Non-profit institutions serving households' final
consumption expenditure

Final consumption expenditure, Nanofit institutions serving households
final consumption expenditure

Final consumption expenditure, Educational services
Final consumption expenditure, Hospitals
Final consumption expenditure, Nursing and residential care facilities

Final consumption expenditure, Defence services

Governments final consumption expenditure

Final consumption expenditure, Otfezteral government services (exce|
defence)
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Final consumption expenditure, Other provincial and territorial govern
services

Final consumption expenditure, Other municipal government services

Final consumption expenditure, Otaboriginal government services

Table A4 8 Final demand (gross fixed capital formation) labels

Gross fixed capital formation summary level

Gross fixed capital formation detailed level

CONSTRUCTION

Construction, residential structures

Construction, Residential structures

Construction, business, norfresidential structures

Construction, Business, Crop production

Construction, Business, Animal production

Construction, Business, Forestry and logging

Construction, Business, Fishing, hunting and trapping

Construction, Business, Support activities for agriculture and forestry
Construction, Business, Conventional oil and gas extraction
Construction, Business, Mining and quarrying (except oil and gas

Construction, Business, Support activities for mining and oil and gas
extraction

Construction, Business, Utilities

Construction, Business, Construction

Construction, Business, Food manufacturing

Construction, Business, Beveragdamatco product manufacturing
Construction, Business, Textile and textile product mills

Construction, Business, Clothing and leather and allied product manufi
Construction, Business, Wood product manufacturing
ConstructionBusiness, Paper manufacturing

Construction, Business, Printing and related support activities
Construction, Business, Petroleum and coal product manufacturing
Construction, Business, Chemical manufacturing

Construction, Business, Plasticsrabbder products manufacturing
Construction, Business, Noretallic mineral product manufacturing
Construction, Business, Primary metal manufacturing

Construction, Business, Fabricated metal product manufacturing
Construction, Busineddachinery manufacturing

Construction, Business, Computer and electronic product manufacturir

Construction, Business, Electrical equipment, appliance and compone!l
manufacturing

Construction, Business, Transportation equipmantifacturing
Construction, Business, Furniture and related product manufacturing
Construction, Business, Miscellaneous manufacturing

Construction, Business, Wholesale trade
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Construction, Business, Retail trade

Construction, Busine§gansportation and warehousing
Construction, Business, Information and cultural industries
Construction, Business, Finance and insurance

Construction, Business, Real estate and rental and leasing
Construction, Business, Professiatagntific and technical services
Construction, Business, Holding companies

Construction, Business, Administrative and support, waste manageme
remediation services

Construction, Business, Educational services
Construction, Business, Healtheaand social assistance
Construction, Business, Arts, entertainment and recreation
Construction, Business, Accommodation and food services

Construction, Business, Other services

Construction, nonprofit institutions serving
households

Construction, Nosprofit institutions serving households

Construction, governments

Construction, Government, Educational services

Construction, Government, Hospitals

Construction, Government, Nursing and residential care facilities
Construction, Government, Defence services

Construction, Government, Other federal government services (except
defence)

Construction, Government, Other provincial and territorial government
services

Construction, Government, Other municgmalernment services

Construction, Government, Other aboriginal government services

MACHINE AND EQUIPMENT

Machinery and equipment, business

Machinery and equipment, Business, Crop production

Machinery and equipment, Business, Amirodlction

Machinery and equipment, Business, Forestry and logging
Machinery and equipment, Business, Fishing, hunting and trapping

Machinery and equipment, Business, Support activities for agriculture i
forestry

Machinery andquipment, Business, Conventional oil and gas extractior
Machinery and equipment, Business, Mining and quarrying (except oil

Machinery and equipment, Business, Support activities for mining and
gas extraction

Machinery and equipmeBysiness, Utilities
Machinery and equipment, Business, Construction
Machinery and equipment, Business, Food manufacturing

Machinery and equipment, Business, Beverage and tobacco product
manufacturing
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Machinery and equipment, Busingsstile and textile product mills

Machinery and equipment, Business, Clothing and leather and allied pi
manufacturing

Machinery and equipment, Business, Wood product manufacturing
Machinery and equipment, Business, Pageufacturing
Machinery and equipment, Business, Printing and related support acti\

Machinery and equipment, Business, Petroleum and coal product
manufacturing

Machinery and equipment, Business, Chemical manufacturing

Machinery and equipmeBysiness, Plastics and rubber products
manufacturing

Machinery and equipment, Business;iHetallic mineral product
manufacturing

Machinery and equipment, Business, Primary metal manufacturing
Machinery and equipment, Business, Fabricategmoeiait manufacturing
Machinery and equipment, Business, Machinery manufacturing

Machinery and equipment, Business, Computer and electronic product
manufacturing

Machinery and equipment, Business, Electrical equipment, appliance ¢
component manufagaing

Machinery and equipment, Business, Transportation equipment manuf

Machinery and equipment, Business, Furniture and related product
manufacturing

Machinery and equipment, Business, Miscellaneous manufacturing
Machinery andquipment, Business, Wholesale trade

Machinery and equipment, Business, Retail trade

Machinery and equipment, Business, Transportation and warehousing
Machinery and equipment, Business, Information and cultural industrie
Machinery andquipment, Business, Finance and insurance

Machinery and equipment, Business, Real estate and rental and leasir

Machinery and equipment, Business, Professional, scientific and techn
services

Machinery and equipment, Business, Holding companies

Machinery and equipment, Business, Administrative and support, wast
management and remediation services

Machinery and equipment, Business, Educational services

Machinery and equipment, Business, Health care and social assistanc
Machinery andquipment, Business, Arts, entertainment and recreation
Machinery and equipment, Business, Accommodation and food servict

Machinery and equipment, Business, Other services

Machinery and equipment, used cars and
equipment and scrap

Machinery andquipment, Used cars and equipment and scrap

Machinery and equipment, nonprofit institutions
serving households

Machinery and equipment, Nprofit institutions serving households
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Machinery and equipment, governments

Machinery and equipme@pvernment, Educational services

Machinery and equipment, Government, Hospitals

Machinery and equipment, Government, Nursing and residential care f
Machinery and equipment, Government, Defence services

Machinery and equipme@pvernment, Other federal government servict
(except defence)

Machinery and equipment, Government, Other provincial and territorial
government services

Machinery and equipment, Government, Other municipal government
services

Machinery andquipment, Government, Other aboriginal government
services

INTELLECTUAL PROPERTY

Intellectual property products, business

Intellectual property products, Business, Crop production

Intellectual property products, Business, Animal production
Intellectual property products, Business, Forestry and logging
Intellectual property products, Business, Fishing, hunting and trapping

Intellectual property products, Business, Support activities for agricultu
forestry

Intellectuaproperty products, Business, Conventional oil and gas extra

Intellectual property products, Business, Mining and quarrying (except
gas)

Intellectual property products, Business, Support activities for mining a
and gas extraction

Intellectual property products, Business, Utilities
Intellectual property products, Business, Construction
Intellectual property products, Business, Food manufacturing

Intellectual property products, Business, Beverage and tobacco produc
manufacturing

Intellectual property products, Business, Textile and textile product mill

Intellectual property products, Business, Clothing and leather and allie
product manufacturing

Intellectual property products, Business, Wood product marinfactu
Intellectual property products, Business, Paper manufacturing
Intellectual property products, Business, Printing and related support a

Intellectual property products, Business, Petroleum and coal product
manufacturing

Intellectual property products, Business, Chemical manufacturing

Intellectual property products, Business, Plastics and rubber products
manufacturing

Intellectual property products, Business,-Metallic mineral product
manufacturing

Intellectual property products, Business, Primary metal manufacturing
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Intellectual property products, Business, Fabricated metal product
manufacturing

Intellectual property products, Business, Machinery manufacturing

Intellectual property productgjdiness, Computer and electronic product
manufacturing

Intellectual property products, Business, Electrical equipment, applianc
component manufacturing

Intellectual property products, Business, Transportation equipment
manufacturing

Intellectual property products, Business, Furniture and related product
manufacturing

Intellectual property products, Business, Miscellaneous manufacturing
Intellectual property products, Business, Wholesale trade

Intellectual property products, Bigsis, Retail trade

Intellectual property products, Business, Transportation and warehous
Intellectual property products, Business, Information and cultural indus
Intellectual property products, Business, Finance and insurance
Intellectual property products, Business, Real estate and rental and le¢

Intellectual property products, Business, Professional, scientific and te:
services

Intellectual property products, Business, Holding companies

Intellectual property products, Business, Administrative and support, w
management and remediation services

Intellectual property products, Business, Educational services

Intellectual property products, Business, Health care and social assiste
Intellectual property products, Business, Arts, entertainment and recrei
Intellectual property products, Business, Accommodation and food ser

Intellectual property products, Business, Other services

Intellectual property products,non-profit
institutions serving households

Intellectual property products, Nprofit institutions serving households

Intellectual property products, governments

Intellectual property products, Government, Educational services
Intellectuaproperty products, Government, Hospitals

Intellectual property products, Government, Nursing and residential ca
facilities

Intellectual property products, Government, Defence services

Intellectual property products, Government, Other fegevarnment
services (except defence)

Intellectual property products, Government, Other provincial and territc
government services

Intellectual property products, Government, Other municipal governme
services

Intellectual property products, @omment, Other aboriginal government
services
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Table A5 & Exports, valueadded, and imports labels

Exports at detailed and summary level

Interprovincial exports, Newfoundland and Labrador
Interprovincial exports, Prince Edward Island
Interprovincial exports, Nova Scotia
Interprovincial exports, New Brunswick
Interprovincial exports, Quebec
Interprovincial exports, Manitoba
Interprovincial exports, Saskatchewan
Interprovincial exports, Alberta
Interprovincial exports, British Columbia
Interprovincial exports, Yukon

Interprovincial exports, Northwest Territories
Interprovincial exports, Nunavut

Interprovincial exports, Canadian territorial enclaves abroad

Gross Value Added at detailed and summary level

Taxes on products

Subsidies on products
Subsidies on production
Taxes on production

Wages and salaries
Employers' social contributions
Gross mixed income

Gross operating surplus

ports at detailed and summary level

International imports

Interprovincial imports, Newfoundland and Labrador
Interprovincial imports, Prince Edward Island
Interprovincial imports, Nova Scotia
Interprovincial imports, New Brunswick
Interprovincial imports, Quebec
Interprovincial imports, Manitoba
Interprovincial imports, Saskatchewan
Interprovincial imports, Alberta
Interprovincial imports, British Columbia
Interprovincial imports, Yukon

Interprovincial imports, Northwest Territories
Interprovincial imports, Nunavut

Interprovincial imports, Canadian territorial enclaves abroad
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Appendix Bd Regional economic data

Table BLd Concordance of industries in regional economic data and summary level

Industries in regional economic data

Summary level industries in 10 model

Agriculture

Forestry, fishing, mining, quarrying, oil and gas

Utilities

Construction

Manufacturing
Wholesale and retail trade

Transportation and warehousing
Information, culture and recreation

Finance, insurance, real estate, rental and leasing

Professional, scientific and technical services
Business, building and other support services
Educational services

Health care and social assistance

Accommodation and food services
Other services (except public administration)

Public administration

Crop and animal production

Forestry antbgging

Fishing, hunting and trapping

Support activities for agriculture and forestry
Mining, quarrying, and oil and gas extraction
Utilities

Residential building construction
Non-residential buildingpnstruction
Engineering construction

Repair construction

Other activities of the construction industry
Manufacturing

Wholesale trade

Retail trade

Transportation and warehousing

Information and cultural industries

Finance, insurance, real estate, rental and leasing and holding compi
Owner occupied dwellisg

Professional, scientific and technical services
Administrative and support, waste management and remediation sen
Educational services

Health care and social assistance

Arts, entertainment and recreation
Accommodation and food services
Otherservices (except public administration)
Non-profit institutions serving households
Government education services

Government health services

Other federal government services

Other provincial and territorigbvernment services
Other municipal government services

Other aboriginal government services
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Table B2 8 Employment data by metropolitan area

o . st
| | - . . . . Th
ndustries in regional economi Ottgwa Kingston Peterborough Oshawa Toronto Hamilton Catharines- RoW Brantford Guelph London Windsor Barrie Greater under ON
data Gatineau . Sudbury Bay
Niagara
Agriculture 1.7 X X X 7.8 31 4 25 X X 35 X X X X 81.8
Forestry, f.IShmg' mining X X X X 5.9 X X X X X 0 X X 6.8 X 33.2
quarrying, oil and ga
Utilities 1.6 X X 5.5 13.9 1.6 1.9 X X X X X X X X 51.1
Construction  19.6 5.2 5.1 185 1861 27.9 153 202 4.9 4 164 82 102 51 42 4673
Manufacturing ~ 17.5 3.8 42 19.7 3239 468 208 545 127 159 271 329 114 3 23 7486
Wholesale and retail trade 69 11.5 10.6 33.3 4648 62.4 31.1 40.3 10.2 11.2 37.2 22.1 201 14.3 9.8 1047
Transportationanc /4 28 2.4 107 1525 19 81 141 37 29 118 83 51 4 33 329
warehousing
Finance, insurance, real estat . o 37 2.9 137 326 219 101 211 35 42 164 61 6.8 3.2 27 5121
rental and leasing
Professional, scientifican o) - 3.9 27 11.7 3324 293 91 207 19 6 126 67 64 3.9 31 5599
technical service
Business, building and othe ;| 33 31 96 1589 19.3 111 11.8 45 36 12 5 66 35 27 3347
support service:
Educational services  40.4 10.6 45 159 2115 295 13.7 238 44 87 225 125 6.6 7.2 48 4946
Health care and socii . & 136 10.7 211 3123 475 233 261 86 91 367 208 125 128 11.4 7982
assistance
Information, culture anc -, 36 21 94 1679 17.8 84 102 22 28 10 73 51 3.2 24 3165
recreation
Accommodation :gglrgg‘ 35.8 6.6 4.9 93 1913 25 23 186 48 59 174 118 7.4 6.9 51 4503
Other services (exceptpubl o o 36 25 83 1286 15 6.8 89 29 27 82 67 49 31 28 2868
administration)
Public administration 108.6 7.6 35 13.4 103.6 17 8.4 8.2 2.3 3.7 9.9 45 6.4 57 45 366.8
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Table B3 8 Employment data for regions of interests

Industries in regional economic data RowW ON Rest of ON
Employme Employme Employme Employme Employme Employme
suIC nt nt nt nt nt nt
x 1000  proportion  y 1000  Proportion  y 1p9p0p Proportion
Agriculture 2.5 0.03056 81.8 1 79.3 0.96944
Forestry, fishing, mining, quarrying, oil
and gas 1.3 0.03922 33.2 1 31.9 0.96078
Utilities 2.0 0.03922 51.1 1 49.1 0.96078
Construction 20.2 0.04323 467.3 1 447.1 0.95677
Manufacturing 54.5 0.07280 748.6 1 694.1 0.92720
Wholesale and retail trade 40.3 0.03849 1047 1 1006.7 0.96151
Transportation and warehousing 14.1 0.04286 329 1 314.9 0.95714
Flna_nce, insurance, real estate, rental anc 211 0.04120 5121 1 491 0.95880
leasing
Profgssmnal, scientific and technical 207 0.03697 5599 1 539 2 0.96303
services
Business, building and other support 118 003526 3347 1 3229  0.96474
services
Educational services 23.8 0.04812 494.6 1 470.8 0.95188
Health care andsocial assistance 26.1 0.03270 798.2 1 7721 0.96730
Information, culture and recreation 10.2 0.03223 316.5 1 306.3 0.96777
Accommodation and food services 18.6 0.04131 450.3 1 431.7 0.95869
Other services (except public 8.9 0.03103  286.8 1 2779  0.96897
administration)
Public administration 8.2 0.02236 366.8 1 358.6 0.97764
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Appendix Cd Concordance of Energy use and detailed 10 industry classification

Table C10 Energy intensities fordetailed 10O industry classification

— Energy Gross Energy intensity
Energy Use sector Detailed industry (TJ) output (9) (TJ/$)
Crop and animal production  Crop production (except greenhouse, nursel  2.89E+0
[BS11A00] and floriculture production) 5 HENEr ARl
Greenhouse, nursery and floriculture
production 3.64E+06
Animal production (except aquaculture) 2.69E+07
Aguaculture 8.94E+05
Forestry and logging 3 2.76E+0
[BS11300] Forestry and logging 4 1.02E+07  2.71E03
Fishing, hunting and I . . 8.64E+0
trapping [BS11400] Fishing, hunting and trapping 3 2.90E+06 2.98E03
Support activities for o .
agriculture and forestry S%%%%rttis:tlvmes er 9 Gl Gl 2'24E+0 1.06E+06 3.02E03
[BS11500] P
Supporiactivities for forestry 2.01E+06
Oil and gas extraction . . . 1.70E+0
[BS21100] Conventional oil and gas extraction 6 9.23E+07 1.01E02
Non-conventional oil extraction 7.62E+07
Coal mining [BS21210] Coal mining 184E+0 3.91E+06  4.71E03
. . o 1.09E+0
Metal oremining [BS21220]  Gold and silver ore mining 5 6.50E+06 4.69E03
Copper, nickel, lead and zinc ore mining 1.08E+07
Other metal ore mining 1.80E+06
Iron ore mining 4.21E+06
Non-metallic mineral mining - . 5.46E+0
and quarrying [BS21230] Stone mining and quarrying 4 1.74E+06  4.17E03
Sr?md, grav_elz clay, and ceramic and refractc 1 82E+06
minerals mining and quarrying
Diamond mining 2.24E+06
Other nonmetallic mineral mining and
quarrying (except diamond grudash) LS
Potash mining 5.94E+06
Support activities for mining 1.14E+0
and oil and gas extraction Support activities for oil and gas extraction 5' 2.80E+07  3.38E03
[BS21300]
Support activities for mining 5.74E+06
Electric power generation, : . o
transmission and distribution EilstﬁerISti%?\\Ner GIEEETIE, TS Ssion £ é'31E+0 4.50E+07  2.90E02

[BS22110]
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Natural gas distribution,

water, sewage and other Natural gas distribution i'l4E+0 6.07E+06  3.19E03
systems [BS221A0]
Water, sewage and other systems 6.25E+05
Residential building . . o . 2.45E+0
construction [BS23A00] Residential building construction 4 1.03E+08 2.38E04
Non-residential building . . . . 6.86E+0
construction [BS23B00] Non-residential buildingpnstruction 3 4.81E+07 1.43E04
Transportation engineering . : . . 1.17E+0
construction [BS23C10] Transportation engineering construction 4 2.20E+07 5.33E04
Oil and gas engineering . . . . 1.82E+0
construction [BS23C20] Oil and gas engineering construction 4 7.98E+07 2.28E04
Electric power engineering . . . . 1.19E+0
construction [BS23C30] Electric power engineering construction 4 2.00E+07 5.97E04
Communication engineering C : . . 4.49E+0
construction [BS23C40] Communication engineering construction 3 4.90E+06 9.16E04
Other engineering . . . 1.41E+0
construction [BS23C50] Other engineering construction 4 2.22E+07 6.38E04
Repair construction . . 8.46E+0
[BS23D00] Repair construction 3 4.05E+07 2.09E04
Other activities of the 1.03E+0
construction industry Other activities of the construction industry 4' 4.09E+06 2.52E03
[BS23E00]
Animal food manufacturing ; ] 1.00E+0
[BS31110] Animal food manufacturing 4 8.24E+06 1.22E03
Sugar and confectionery 1.03E+0
product manufacturing Sugar andonfectionery product manufacturir 4' 4.46E+06  2.31E03
[BS31130]
Fruit and vegetable . . .
preserving and specialty food ggg ;g%xfggltﬁm € [EIESEING) ERe Spael ‘11'23E+0 7.08E+06 1.73E03
manufacturing [BS31140] 9
Dairy product manufacturing . . 9.12E+0
[BS31150] Dairy product manufacturing 3 1.38E+07 6.61E04
Meat product manufacturing - 2.55E+0
[BS31160] Meat product manufacturing 4 2.65E+07 9.60E04
Seafood product preparation . . 4.20E+0
and packaging [BS31170] Seafood produgtreparation and packaging 3 4.85E+06 8.67E04
Miscellaneous food . : - 5.36E+0
manufacturing [BS311A0] Grain and oilseed milling 4 1.12E+07 1.83E03
Bakeries and tortilla manufacturing 8.99E+06
Other food manufacturing 9.12E+06
Softdrink and ice . . . 4.37E+0
manufacturing [BS31211] Soft drink and ice manufacturing 3 4.43E+06  9.87E04
Breweries [BS31212] Breweries JOOE0 576E406  1.74E03
Wineries and distilleries N T 6.07E+0
[BS3121A] Wineries and distilleries 3 2.21E+06 2.75E03
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E’Eg)ggftzzgor]nanufactunng Tobacco manufacturing 2'23E+0 1.83E+06  3.41E04
Textile and textile product . . . 5.83E+0
mills [BS31A00] Textile and textile product mills 3 3.25E+06 1.79E03
Clothing and leather and . .
allied product manufacturing g;:sjpa%:ﬂ% (eitren enel 2l frrelict é'72E+0 2.98E+06 5.77E04
[BS31B00] 9
Egg%gfég?ua manufacturing Sawmills and wood preservation é'S5E+O 1.43E+07 5.63E03
Veneer, plywood and engineered wood proc 5 71E+06
manufacturing '
Other wood product manufacturing 7.57E+06
Pulp, paper and paperboard . 6.23E+0
mills [BS32210] Pulp, paper and paperboard mills 5 1.69E+07  3.69E02
Converted paper product . 1.95E+0
manufacturing [BS32220] Converted papgroduct manufacturing 4 9.40E+06 2.08E03
Printing and related support - . 8.82E+0
activities [BS32300] Printing and related support activities 3 9.13E+06  9.66E04
Petroleum and coal product L 3.69E+0
manufacturing [BS32400] Petroleum refineries 5 7.50E+Q7 4.56E03
Petroleum and coal product manufacturing 5 95E+06
(except petroleum refineries) '
Basic chemical . . . 0.00E+0
manufacturing [BS32510] Basic chemical manufacturing 0 1.74E+07 0.00E+00
Resin, synthetic rubber, artificial and
synthetic fibres and filaments manufacturing 2L 2R
Pesticide, fertilizer and other - . .
agricultural chemical Eﬁ:;'q‘fg?rg:ﬂf:gtﬁﬂg other agricultural 2'98E+O 5.47E+06  1.28E02
manufacturing [BS32530] 9
Pharmaceutical and medicine . - : 7.01E+0
manufacturing [BS32540] Pharmaceutical and medicine manufacturing 3 1.21E+07 5.78E04
Miscellaneous chemical 0.00E+0
product manufacturing Paint, coating and adhesive manufacturing 0. 2.99E+06  0.00E+00
[BS325C0] 9
Soap, cleaning compound and toilet prepare 3. A5E+06
manufacturing '
Other chemical product manufacturing 5.37E+06
Plastic product ] : 2.83E+0
manufacturing [BS32610] Plastic product manufacturing 4 2.21E+07 1.28E03
Rubber product . 8.13E+0
manufacturing [BS32620] Rubber product manufacturing 3 5.39E+06 1.51E03
Non-metallic mineral product
manufacturing (except Non-metallic mineral product manufacturing 3.00E+0
cement and concrete except cement and concneteducts
d d od 4 5.85E+06  5.12E03
products) [BS327A0]
Cement and concrete product , 7.38E+0
manufacturing [BS32730] Cement and concrete product manufacturing 4 9.88E+06  7.47EO03
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Primary metal manufacturing

Iron and steel mills and feratioy

4.80E+0

[BS33100] manufacturing 5 LAGZHOY Jul2=0
?tteeeell product manufacturing from purchasec 6.28E406
Alumina and aluminum production and 1 15E407
processing '
Non-ferrous metal (except aluminum)
production and processing 3.50E+07
Foundries 2.31E+06
Fabricated metal product . , 4.06E+0
manufacturing [BS33200] Forging and stamping 4 1.51E+06 1.10E03
Cutlery, hand tools and other fabricated met
product manufacturing B Rll=RE
Architectural and structural metals 1 49E+07
manufacturing '
Boiler, tank and shipping container
manufacturing 4.01E+06
Hardware manufacturing 1.31E+06
Spring and wire product manufacturing 8.89E+05
Machine shops, turned product, and screw,
and boltmanufacturing 6.20E+06
Coat}r)g, engraving, heat treating and allied 2 21E+06
activities
Machinery manufacturing Agricultural, construction and mining machir ~ 2.35E+0 -
[BS33300] manufacturing 4 1.18E+07 6.11E04
Industrial machinemanufacturing 3.50E+06
Commercial and service industry machinery 4.52E+06
manufacturing '
Ventilation, heating, aionditioning and
commercial refrigeration equipment 2.89E+06
manufacturing
Metalworking machinery manufacturing 4.00E+06
Engllne, turbine and power transmission 2 O5E+06
equipment manufacturing
Other genergburpose machinery 8.79E+06
manufacturing '
Computer and peripheral . .
equipment manufacturing %gwupflgcetzjﬁrgd peripheral equipment 2'08E+0 1.66E+06  9.70E05
[BS33410] 9
Communications equipment manufacturing 3.57E+06
Electronic product . . 4.49E+0
manufacturing [BS334B0] Other electronic product manufacturing 3 6.05E+06  5.02E04
Semiconductor and other electraimponent 2 89E+06
manufacturing '
Electrical equipment and 5 23E40
component manufacturing Electric lighting equipment manufacturing 3' 1.08E+06  5.81E04

[BS335A0]
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Electrical equipment manufacturing 4.17E+06
Other electrlcal equipment az@mponent 3.76E+06
manufacturing
Household appliance . . 3.27E+0
manufacturing [BS33520] Household appliance manufacturing > 6.95E+05 4.71E04
Motor vehicle manufacturing Automobile and ligkduty motor vehicle 1.75E+0
[BS33610] manufacturing 4 Bl 2=
Heavyduty truck manufacturing 2.40E+06
Motor vehicle body and 2 52E+0
trailer manufacturing Motor vehicle body and trailer manufacturing 3' 3.30E+06 7.63E04
[BS33620]
Motor vehicle parts Motor vehicle gasoline engine and engine pi  1.62E+0
manufacturing [BS33630] manufacturing 4 5.32B+06  5.85E04
Motor vehicle electrlca! and electronic 1.12E+06
equipment manufacturing
Motor vehicle steering and suspension
components (except spring) manufacturing 1.60E+06
Motor vehicle brake system manufacturing 4.33E+05
Motor vehicle transmission and power train 4.19E+06
parts manufacturing
Motor vehicle seating and interior trim
manufacturing AU
Motor vehicle metal stamping 6.39E+06
Other motor vehicle parts manufacturing 4.39E+06
Aerospace product and parts . 8.91E+0 _
manufacturing [BS33640] Aerospace product and parts manufacturing 3 2.22E+07  4.01E04
Railroad rolling stock ] ] ] 0.00E+0
manufacturing [BS33650] Railroadolling stock manufacturing 0 1.41E+06 0.00E+00
Ship and boat building : - 8.07E+0
[BS33660] Ship and boat building > 1.41E+06 5.73E04
Other transportation 1.74E+0
equipment manufacturing Other transportation equipment manufacturi 3' 5.26E+06  3.32E04
[BS33690]
Furniture and related product Household and institutional furniture and 9.61E+0
manufacturing [BS33700] kitchen cabinet manufacturing 3 5.98E+06 8.88E04
Office furniture (including fixtures)
manufacturing LRI
Other furniturerelated product manufacturing 1.05E+06
Miscellaneous manufacturing . . . 5.75E+0
[BS33900] Medical equipment and supplies manufactui 3 3.14E+06  4.50E04
Other miscellaneous manufacturing 9.65E+06
L 2.07E+0
Wholesale trade [BS41000]  Farmproduct wholesalgtistributors 5 3.71E+06 1.65E02
Petroleum product wholesatistributors 8.85E+06
Retail trade [BS4A000] F_ooq, beverage and tobacco wholesaler 1.76E+0 2 08E+07  5.91E04
distributors 5
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Personal and household goati®lesaler

distributors 2.68E+07
Motor vehicle and parts wholesdalistributors 1.72E+07
Building material and supplies wholesaler
distributors 2.20E+07
Machmery, equipment and supplies wholesz 3.74E+07
distributors
Miscellaneous wholesadéstributors 1.93E+07
Wholesale electronic markets, and agents a 4.70E+06
brokers
Motor vehicle and parts dealers 2.17E+07
Furniture and home furnishings stores 7.61E+06
Electronics and appliance stores 5.30E+06
Bulldl_ng material and garden equipment anc 113E+07
supplies dealers
Food and beverage stores 2.88E+07
Health and personal care stores 1.63E+07
Gasoline stations 9.78E+06
Clothing and clothing accessories stores 1.58E+07
Sporting goods, hobby, book and music stot 4.67E+06
General merchandise stores 1.67E+07
Miscellaneous store retailers 6.06E+06
Non-store retailers 5.47E+06
Air transportation [BS48100]  Air transportation 2.66E+0 2.25E+07 1.18E02
5
Rail transportation [BS48200] Rail transportation Sl 1.39E+07 5.88E03
4
Water transportation . 6.27E+0
[BS48300] Water transportation 4 5.42E+06 1.16E02
Truck transportation . 3.34E+0
[BS48400] Truck transportation 5 5.36E+Q7 6.23E03
Transit, ground passenger
and scenic and sightseeing
transportation, taxi and Urban transit systems 194B40 4 30E+06  2.04E03
limousine service and support 4
activities for transportation
[BS48B00]
Other transit and grourghssenger
transportation and scenic and sightseeing 4.00E+06
transportation
Support activities for transportation 2.83E+07
Taxi and limousine service 2.39E+06
Pipeline transportation . - . 1.75E+0
[BS48600] Crude oil and other pipelitransportation 5 5.55E+06 1.57E02
Pipeline transportation of natural gas 5.60E+06
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Postal service and couriers . 2.94E+0
and messengers [BS49A00] Postal service 4 4.86E+06  2.04E03
Couriers and messengers 9.58E+06
Warehousing andstorage . 3.59E+0
[BS49300] Warehousing and storage 3 4.20E+06  8.53E04
Motion picture and sound : . . . .
recording industries gﬂx‘ﬁi‘girt’iggt“re I VEED e (Get ;'84E+0 7.41E+06  8.06E04
[BS51200]
Moation picture and videsxhibition 1.50E+06
Sound recording industries 8.13E+05
Radio and television . . : 1.97E+0
broadcasting [BS51510] Radio and television broadcasting 3 3.80E+06 2.52E04
Pay and specialty television 4.02E+06
Publishing, pay/specialty
services, telecommunications . 1.80E+0
and other information Newspaper publishers 4 4.30E+06  2.19E04
services [BS51B00]
Periodical, book and directory publishers 4.77TE+06
Software publishers 9.54E+06
Telecommunications 5.66E+07
Dataprocessing, hosting, and related service 4.04E+06
Other information services 2.84E+06
Depository credit 3.40E+0
intermediation and monetary Monetary authoritiescentral bank 4' 5.02E+05 2.16E04
authorities [BS52B00]
Banking and othelepository credit
intermediation Sel=Hy
Local credit unions 7.95E+06
Non-depository credit intermediation 1.08E+07
Activities related to credit intermediation 5.19E+06
Emanqal investment services, funds and ott 5 22E+07
financialehicles
Insurance carriers [BS52410] Insurance carriers 3'25E+0 4.40E+07  5.59E05
Agencies, brokerages and other insurance 1 42E+07
related activities '
Lessors of real estate 1.83E+0
[BS53110] Lessors of real estate 5 9.17E+07 1.56E03
Off!cg_s of real estate agents and brokers an 2 57E+07
activities related to real estate
Owner-occupied dwellings . . 0.00E+0
[BS5311A] Owneroccupied dwellings 0 1.64E+08  0.00E+00
Rental and leasing services
and lessors ohon-financial 4.83E+0
intangible assets (except Automotive equipment rental and leasing 4' 5.96E+06  2.19E03
copyrighted works)
[BS53B00]
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Rental and leasing services (except automo

; 1.33E+07
equipment)
Lessors of no;fmanmal intangiblessets 2 83E+06
(except copyrighted works)
Other finance, insurance and
real estate services and . . 8.59E+0
management of companies Holding companies 4 2.20E+07  3.91E03
and enterprises [BS5A000]
Legal, accounting and
architectural, engineering Legal services 2.44E+0 1.81E+07 3.17E04
and related services 4
[BS541COQ]
Accountlng,. tax preparation, bookkeeping ai 1.71E+07
payroll services
Architectural, engineering and related servic 3.87E+07
Specialized desigervices 2.95E+06
Computer systems design
an'd other professm_n 2l Computer systems design and related servit SO 4.29E+07 2.48E04
scientific and technical 4
services [BS541D0]
Man_agement, scientific and technical consu 1.93E+07
services
Scientific research and development service 7.19E+06
Othe_r professional, scientific and technical 1.29E+07
services
Advertising, public relations A ] ]
and related services ng,?égzmg’ lale e, el s 3'18E+0 8.81E+06  4.74E04
[BS54180]
Administrative and support ) - . . 3.86E+0
services [BS56100] Office administrative services 4 1.41E+07 5.37E04
Facilities and other support services 1.11E+07
Employment services 1.21E+07
Business suppastrvices 7.37E+06
Travel arrangement and reservation service 4.82E+06
Investigation and security services 6.38E+06
Services to buildings and dwellings 1.61E+07
Waste management and 1.74E40
remediation services Wastemanagement and remediation service 4' 8.66E+06  2.01E03
[BS56200]
Educational services . ) 6.11E+0
[BS61000] Educational services 3 6.01E+06 1.02E03
Health care and social ' i 6.11E+0
assistance [BS62000] Offices of physicians 4 3.01E+07  8.82E04
Offices ofdentists 1.52E+07
Miscellaneous ambulatory health care servic 1.19E+07
Nursing and residential care facilities 6.93E+06
Social assistance 5.06E+06
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Arts, entertainment and Performing arts, spectator sports iaatated 1.41E+0 .
recreation [BS71000] industries, and heritage institutions 4 8.06E+06 6.17E04
Amusement and recreation industries 8.70E+06
Gambling industries 6.06E+06
Accommodation and food . 5.79E+0
services [BS72000] Traveller accommodation 4 1.60E+07 7.12E04
RV (recreational vehicle) parks, recreational 3.24E+06
camps, and rooming and boarding houses '
Food services and drinking places 6.22E+07
Repair and maintenance : : . 5.14E+0
[BS81100] Automotive repair and maintenance 4 1.20E+07 2.22E03
Repair and maintenance (except automotive 1.12E+07
Personal services and private Personal care services and other personal 1.49E+0
households [BS81A00] services 4 1.03E+07  8.30E04
Funeral services 1.91E+06
Dry cleaning anlkundry services 2.46E+06
Private households 3.20E+06
Professional and similar . o o 1.12E+0
organisations [BS81300] Professional and similar organizations 3 4.11E+06 2.73E04
Non-profit education services ] . 1.35E+0
[NP61000] Educational services 4 4.91E+06 2.75E03
Non-profit social assistance : . 9.08E+0
[NP62400] Social assistance 3 9.77E+06 9.29E04
Non-profit arts, 6.80E+0
entertainment and recreation Arts, entertainment and recreation 3' 2.25E+06 3.03E03
[NP71000]
Religious organizations - o 2.37E+0
[NP81310] Religious organizations 4 5.95E+06 3.99E03
Miscellaneous nonprofit 3.34E+0
institutions serving Ambulatory health care services 4' 2.09E+06  1.59E03
households [NPAOOOO]
G.ra_n'emakmg., civic, and professional and 1 44E+07
similar organizations
Other nonprofit institutions serving
households A=
Educational services (except 6.32E+0
universities) [GS611B0] Elementary and secondary schools 4 5.75E+07  9.12E04
Community colleges a@dE.G.E.P.s 1.12E+07
Other educational services 5.04E+05
Universities [GS61130] Universities 2450 407E407  1.20E03
Hospitals [GS62200] Hospitals 29450 910E407  5.37E04
Nursing and residential care . . . . 3.86E+0
facilities [GS62300] Nursing andesidential care facilities 3 1.48E+07  2.60E04
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Other federal government

3.69E+0

services [GS91100] Defence services 4 1.95E+07  4.99E04
Other federal government services (except
defence) 5.44E+07
Other provincial and o o
territorial government SO;R;ai(r:gsrovmmal and territorial government 2.14E+0 1.16E+08 2 70E04
services [GS91200]
Other municipal government - . 1.58E+0
services [GS91300] Other municipal government services 5 7.92E+07 1.99E03
Other aboriginal government - . 1.08E+0
services [GS91400] Other aboriginal government services 2 6.87E+06 1.57E03
Households: Motor fuels and 565 and salary L16E+0 1 11E+09  2.58E03
lubricants 6
Households: Electricity and Wages and Salary 1.69E+0
other fuels 6
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Appendix D @ Validation of household consumption

167 Rest of ON

61 B Method 1 - Back calculating final demand
s Method 2 - Down-scaling final demand

.

Final household consumption
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Appendix E d Toy models and supporting calculations

Two toy models were developed to understand the process of model development. One toy model was
developed for understanding the process of regionalizing the provincial IO model iregiartiRIO

model. Another toy model was developed to understand how adaptive reuse recipe changes affect the
provincial IO model.

Two region interregional input output model

A small scale two region IRIO model was developed to understand the process of model development, as
well as to ensure that modeling methodology maintains accounting balance of industry inputs and outputs.
This toy model miors the steps taken in the development of thedgion IRIO model for RoW and Rest

of Ontario. To reiterate, the steps in developing the existing regional model were

Import scrubbed Ontario Use matrix to determine domestic use of commodities

Convert M&e and Use tables into symmetric 10 model for Ontario

Endogenous provincial 10 model with respect to households

Regionalize Ontario IO model into two regions using-icrdsstry location quotients and develop a
two-region IRIO model.

P

The tworegion IRIO nodel for adaptive reuse scenarios followed the same steps mentioned above, except
changes to the construction industryds commodity
of this toy model has helped in the understanding of 10 models.afamdinading pertains to the step

where households are endogenized. It was found that imports to household consumptions needed to be
concatenated to the n+1 cell of the vald@ed vectors. Recall that imports to household consumption is

found by the diffeence between the sum of household consumption and household labour. This
concatenation of the valadded vectors was crucial in maintaining industry inputs and outputs. Another
finding is in import scrubbi ng |ueaddag iom ordesto rmaint@in 6 mo v e
accounting balances. The values of thes-e i mports
s cr ub b eaddéd vectors. The last major finding from the toy model is that changes to the construction
recipes (to redkct adaptive reuse of buildings) needed to be made before the import scrubbing. This was
necessary as making changes to the construction recipes post import scrubbing would mean that regions

would not change their dependence on imports
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EXISTING: Experiemental Make and Use tables

Commodity

industry

commodity final demand, e

=g+hh
Other final household import Commodity
demand output
1 2 1 2 g hh m q
Commodiy 1 Use matri 2 5 2 -2 9
2 >>( 3 4 5 2 -4 10
X
Industry 1 4 6 [Make Matrix 10
2 5 4 |<< 9
Value labour S 2.7 1.3
added | other value added |y 23 1.7
Total value added [gva 5 3
X 10 9
IMPORT SCRUBBING
e_scrubbed q
U_scrubbed 1.636 1.63¢ 5.72727 9
2.143 2.857 5 10
e_imports
B_scrubbeg 0.164 0.182 -1.27273
0.214 0.317 -2 Import scrubbing factor
r
D| 0.444 0.9 -0.18184
0.556 0.4 -0.28571
hh_prop is calculated by
A_scrubbed 0.201 0.271 dividing D*hh by D*e
0.177 0.22§ D_hh_prop
ind 1 0.28571#
L_scrubbed 1.358 0.477 ind 2 0.28571¢
0.311 1.404
f scrubbed X
Z_scrubbed 2.013 2.442 5.545 10
1.766 2.052 5.182 9
gval 5 3
gva_scrubbeq 6.221 4.506
gva_imports = gva_scrubbed - gv| 1.221 1.506
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EXISTING: Import Scrubbing cont'd

Column ID col 1 col_2 col 3 col 4
final demand
hh_col_pro hh_scrubbed = excluding hh =
_ f_scrubbed p col_1*col_2 col_1- col3
industry 1 5.545 0.286 1.584 3.961
industry 2 5.182 0.286 1.481 3.701

-the household column no longer balances with the household row.

ind 1 ind 2

labour S 2.7 1.3

Value added other value added w 2.3 1.7
imports gva_m 1.221 1.506
Total 6.221 4.506

the difference is calculated by subtracting sum of hh_scrubbed, and sum of s. This difference
imports that goes to household expenditure

hh_diff

0.9350

~

D

Closing provincial wrt household

total

household column from from final demand, and household row from value added was move

transaction matrix

Z_scrubbed f _scrub
2.013 2.442 1.584 3.96
1.766 2.052 1.481 3.70
2.700 1.300 0.000 0.00
L_scrub X_scrub
1.76892 0.808703 1 10
0.680835 1.70297 0.9 9
0.57595 0.464334 1.4 4
A_scrub
0.2012990.271284 0.396104
0.1766230.227994 0.37013
0.27 0.144444 0
gva_scrub | 3.52078 3.20649  0.93506p
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EXISTING: Two Region IRIO Model

Get location quotients

employment region1l region 2 total

ind 1 4 20 24
ind 2 6 31 37
household 20 70 90

Cross industry location quotients were calculated using employment numbers

CILQ for region 1 ind 1 ind2 hh

ind1 |0.838889 1 0.75
ind 2 0.973 0.816 0.72973
hh 1 1 1

CILQ for region 2 ind 1 ind2 hh
ind 1 1.000 0.995 1

ind 2 1 1 1
hh 0.933333 0.928315 0.97061%

Use cross industry location quotient to separate provincial model into two regions: region '

Arr A r sr fr
0.1689 0.2713 0.2971 0.00 0.00 0.00 0.71
0.17128 0.1861 0.2701 0.00 0.00 0.00 0.66
0.2700  0.1444 0.0000 0.02 0.01 0.00 0.00

A_srr A_sr_sr f sr
0.03 0.00 0.10 0.201 0.270 0.396 3.25
0.00 0.04 0.10 0.177 0.228 0.370 3.04
0.00 0.00 0.00 0.252 0.134 0.000 0.00

Zrr Zr sr X_r

0.28 0.40 0.26 0.00 0.01 0.00 1.67
0.29 0.27 0.24 0.00 0.00 0.00 1.46
0.45 0.21 0.00 0.15 0.08 0.00 0.89

Z srr Z_Sr_sr X_Sr
0.05 0.00 0.09 1.68 2.03 1.23 8.33
0.01 0.06 0.09 1.47 1.72 1.15 7.54
0.00 0.00 0.00 2.10 1.01 0.00 3.11

w_r wW_sr
0.587 0.520 0.208 | 2.93 2.69 0.73
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EXISTING: Closing two region IRIO model wrt
households cont'd

Z_irio region 1 region 1
ind 1 ind 2 hh ind 1 ind 2 hh f irio x_irio
regionl ind1 0.28 0.40 0.26 0.00 0.01 0.00| 0.71 1.67
ind 2 0.29 0.27 0.24 0.00 0.00 0.00| 0.66 1.46
hh 0.45 0.21 0.00 0.15 0.08 0.00| 0.00 0.89
region2 ind 1 0.05 0.00 0.09 1.68 2.03 1.23| 3.25 8.33
ind 2 0.01 0.06 0.09 1.47 1.72 1.15| 3.04 7.54
hh 0.00 0.00 0.00 2.10 1.01 0.00| 0.00 3.11

v_irio| 0.587 0520 0.208] 2.93 269 0.73]

A_irio region 1 region 1
ind 1 ind 2 hh ind 1 ind 2 hh

ind 1 0.17 0.27 0.30 0.00 0.00 0.00

region 1 ind 2 0.17 0.19 0.27 0.00 0.00 0.00
hh 0.27 0.14 0.00 0.02 0.01 0.00

ind 1 0.03 0.00 0.10 0.20 0.27 0.40

region2 ind 2 0.00 0.04 0.10 0.18 0.23 0.37
hh 0.00 0.00 0.00 0.25 0.13 0.00
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Adaptive reuse changes to |0 model

The effects of adaptive reuse recipe changes on the provincial IO model was studied by first developing a
hypothetical base case economy. The base case economy was represented with a symmetric 10 model and
developed with three steps

1. Import scrub the transaction matrix and final demand to get domestic economy.
2. Endogenize the household sector (move household labour and household consumption into the
transaction matrix)

3. Develop the closed IO modal: £ = ||
For the economy wheaglaptive reuse is applied, the model was developed in five steps

1. Apply adaptive reuse recipe changes to industry inputs (interindustry, and value added inputs), and
adjust imports proportionate to recipe reductions

2. Import scrub the transaction matrix aindlfdemand to get domestic economy

3. Endogenize the household sector (move household labour and household consumption into the
transaction matrix)

4. Develop the closed IO modai: L =

5. Apply price changes to adaptive reuse buildings (changirenfiguadly) and develop new closed 10
modele” m® k = |Jfm=°

These toy models were primarily used to figure out how to calculate changes to GDP on the output side of
the 10 model. Import scrubbing removes imports from the final demand, so GDFoeantatively

calculated on the output side (using final demand). GDP can still be calculated through input side (value
added). However, GDP calculation checks were done on the output side to verify input side GDP
calculations.

The findings in develogjihese toy models are summarized below

1. When making changes to industry recipe and value added, GDP change is equal the total reduction
in imports in value added

2. When making changes to final demand apanlO model, GDP change is equal the total
reduction in imports in value added plus total changes in final demand

3. When making changes to final demand in a closed 10 model, GDP change is equal the total
reduction in imports toon household sectqukis totachanges in final demand plus total changes
to household consumption (endogenized in transaction matrix)
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Hypothetical Base Case

Output from  INPUtto Sector  |ptermediate  household Domestic Total

Sector 1 2 Output (O) consumption Consumption Exports Imports Output
225 710’ 935 45 130 200 -310 1000
575 1400’ 1975 65 785 800 -625 3000

Intermediate

Input 800 2110

hh labour 50 60 Import scrubbing factors

Value Added 150 830 rl 0.2366412;

Total Output 1000 3000 2 0.1724137!

Scrub imports out of transactions. Imports added to value added

Output from  Input to Sector  Intermediate hh ' Domestit.: e e Total
Sector 1 2 Output (O) consumption Consumption Output
1 171.756 541.98 713.740458 34.35114504 99.23664122152.6718 1000
2 475.862 1158.6 1634.482759 53.79310345 649.6551724 662.069 3000
Intermediate
Input 647.618 1700.6
hh labour 50 60
Value Added 150 830
Imports 152.382 409.39
Total Output 1000 3000

Close tables with respect to households. Imports to household industry is the total difference between
household consumption and household labor

Input to Sector hh . Intermediate Domestit.: T e Total

Output from Se 1 2 consumption Output (O)  Consumption Output

1 171.756 541.98 34.35114504 748.0916031 99.23664122152.6718 1000

2 475.862 1158.6 53.79310345 1688.275862 649.6551724 662.069 3000
hh 50 60 0 110 0 110
Intermediate
Input 697.618 1760.6 88.14424849
Value Added 150 830
Imports 152.382 409.39 21.85575151
Total Output 1000 3000 110
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Hypothetical Base Case + changes to value added and industry recipe

industry 2 uses 20 less of industry 1, hh labour goes up 10. value added has to increase by 20-10 = 10

Output from Input to Sector Intermediate  household Domestic Total
Sector 1 2 Output (O) consumption Consumption Exports Imports  Output
1 225 690' 915 45 130 200 -305.267 984.7328:
2 575 1400' 1975 65 785 800 -625 3000
Intermediate © "
Input 800 2090 Check
hh labour 50 70 rl 0.2366410K
Value Added 150 840 r2 0.1724140K
Total Output 1000 3000
GDP 1110
Scrub imports out of transactions. Imports added to value added
Output from INPUtto Sector  ntermediate  household ~ Domestic Total
Sector 1 2 Output (O) consumption Consumption Exports Imports  Output
1 171.756 526.718 698.4732824 34.35114504 99.23664122152.6718 984.7328;
2 475.862 1158.62 1634.482759 53.79310345 649.6551724 662.069 3000
Intermediate
Input 647.618 1685.34
hh labour 50 70
Value Added 150 840
Imports 152.382 404.662

Total Output 1000 3000

Calculate model

A - technical coefficient matrix household proportion
ind 1 ind 2 ind 1 0.1200
ind 1§ 0.17176 0.1755} ind 2 0.0394

ind 2| 0.47586 0.38621
| - identity matrix

indl ind2
ind 1 1 0
ind 2 0 1 Value added coefficients
f - final demand vector ind 1 ind 2
ind 1| 286.24 lab_coeff 0.05 0.023333
ind 2| 1365.52 va_coeff 0.15 0.28

imp_coeff  0.1523822060.134887
X - output vector
ind 1{ 977.94%
ind 2| 2982.9 GDP 1100.400892
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Hypothetical Base Case + changes to value added and industry recipe

Scrub imports out of transactions. Imports added to value added

Output from
Sector

Input to Sector Intermediate
1 2 Output (O)

consumption

household

Domestic
Consumption

Total Output

1
2

Intermediate
Input

hh labour
Value Added
Imports
Total Output

167.96707 523.715 691.6820901
465.36533 1152.016 1617.381327

633.3324 1675.731
48.897082 69.60097
146.69124 835.2116

149.0209 402.355
977.94163 2982.899

34.35114504 251.9083969
53.79310345 1311.724138

977.941632
2982.89856

Check
Origingal GDF 1090
Import Chang 10.4008¢
Total 1100.4008

Close tables with respect to households. Imports to household industry is the total difference between household
consumption and household labor

Output from S

Input to Sector hh
1 2 consumption

Intermediate

Output (O)

Domestic
Consumption

Total Output

1
2

hh
Intermediate
Input

Value Added
Imports
Total Output

167.96707 523.715 34.35114504
465.36533 1152.016 53.79310345

48.897082 69.60097 0

682.22948 1745.332 88.14424849
146.69124 835.2116

149.0209 402.355 30.35379972
977.94163 2982.899 118.4980482

A - technical coefficient matrix

ind 1 ind 2 hh
ind 1] 0.1717557 0.175573 0.28988785p
ind 2| 0.4758621 0.386207 0.45395771)
hh 0.05 0.023333 0
| - identity matrix
ind 1 ind 2 hh
ind 1 1 0 0
ind 2 0 ! 0
hh 0 0 1
Value added coefficients
ind1 ind2 hh
lab coeff 0.0500 0.0233 0.0000
va_coeff 0.1500 0.2800 0.0000
imp_coeff 0.1524 0.1349 0.2562

726.0332351 251.9083969
1671.174431 1311.724138

118.4980482

f - final demand vector

ind1 251.904
ind2 1311.77
hh 0

X - output vector

ind1 977.942
ind2 2982.9
hh 118.499
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Hypothetical Base Case + changes to value added and industry recipe

Increase final demand of industry 1 by 20 %

f - new final demand vec X - new ooutput vector

[indl 302.2900B ind1 1053.92702
ind2 1311.7241 ind2 3045.702322
hh 0 hh 123.7627385

Calculate new transaction matrix, value added, imports and GDP

Input to Sector hh Intermediate  Domestic Total
Output from 1 2 consumption Output (O) Consumption Output
1 181.018 534.74163 35.87731482 751.6369434 302.2900763 1053.92
2 501.52389 1176.2712 56.18305023 1733.978184 1311.724138 3045.702:
hh 52.696351 71.066388 0 123.7627385 0 123.7627.
Intermediate
Input 735.23824 1782.0793 92.06036505
Value Added 158.08905 852.79665 0
Imports 160.59972 410.82641 31.70237345
Total Output  1053.927 3045.7023 123.7627385
Check
Origingal GDF 109d
Import Chang  -9.6493
Final demand chan 50.38167
hh consumption chan 3.916116
Total 1134.648
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Sample calculations of final demand changes reflecting adaptive reuse
Recall from Chapter 3.7 that the final demand recipe change is catculated

B~ <21 1 (3.73)
Where positive represents decrease in price, and negatymesents increase in priaar. example, the
elemenbye | ement <cal cul ations for &6l ndustri awouldui | di ng

<

be

Qo0 [ @e0i 00t 0
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Appendix F d Changes to Use matrix to reflect adaptive reuse of buildings

Table F16 RoW changes to residential building construction recipe

Residenti al building construction, A
Scenarios
Commaodity Existing Basic 10% 45% 90%
Textile products, n.e.c. 33610 33610 32937.8 30585.1 27560.2
Hardwood lumber 952 952 932.96 866.32 780.64
Softwood lumber 402416 402416 394367.68 366198.56 329981.12
Other sawmill products and treated wood 218762 218762 21438676  199073.42  179384.84
products
Veneer and plywood 216021 216021 211700.58 196579.11 177137.22
Wood trusses and engineered wood members 268569 268569 263197.62 244397.79 220226.58
Reconstituted wood products 165767 165767 162451.66 150847.97 135928.94
Wood windows and doors 316654 316654 310320.92 288155.14 259656.28
Prefabricated wood and manufactured 426729 426729  418194.42  388323.39  349917.78
(mobile) buildings and components
Wood products, n.e.c. 628115 628115 615552.7 571584.65 515054.3
Plastic and foam building and construction 803492 803492 78742216  731177.72  658863.44
materials
Plastic products, n.e.c. 291397 291397 285569.06 265171.27 238945.54
Rubber products, n.e.c. 73341 73341 71874.18 66740.31 60139.62
Clay and ceramic products and refractories 145978 145978 143058.44 132839.98 119701.96
Glass (including automotive), glass products 193300 193300 189434 175903 158506
and glass containers
Lime and gypsum products 233359 233359 228691.82 212356.69 191354.38
Non-metallic mineral products, n.e.c. 197851 197851 193893.98 180044.41 162237.82
Iron and steel basic shapes and ferralloy 602 602 589 96 547.82 493.64
products
Iron and steel pipes and tubes (except 17694 17694 17340.12  16101.54  14509.08
castings)
Wire and other rolled and drawn steel products 3302 3302 3235.96 3004.82 2707.64
Forged and stamped metal products 69276 69276 67890.48 63041.16 56806.32
Metal windows and doors 570676 570676 559262.48 519315.16 467954.32
Boilers, tanks and heavy gauge metal 97293 97293 95347.14  88536.63  79780.26
containers
Springs and wire products 89235 89235 87450.3 81203.85 73172.7
Threaded metal fasteners and other turned 149324 149324  146337.52  135884.84 12244568
metal products including automotive
Metal valves and pipe fittings 126838 126838 124301.24 115422.58 104007.16
Fabricated metal products, n.e.c. 681113 681113 667490.74 619812.83 558512.66
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Heating and cooling equipment (except

householdrefrigerators and freezers) 634368 634368
Other electronic components 6679 6679
Electric light bulbs and tubes 46528 46528
Lighting fixtures 143334 143334
Small electric appliances 4380 4380
Major appliances 87120 87120
Switchgear, switchboards, relays and industria 38802 38802
control apparatus

Wood kitchen cabinets and counter tops 764409 764409
Wholt_asale margins building materials and 1316226.00 1316226.00
supplies

Retgll margins- furniture and home 187027 187027
furnishings

Retail margins- building materials, garden 731284 731284

equipment and supplies

621680.64

6545.42
45597.44
140467.32
4292.4
85377.6

38025.96

749120.82

1289901.48

183286.46

716658.32

577274.88

6077.89
42340.48
130433.94
3985.8
79279.2

35309.82

695612.19

1197765.66

170194.57

665468.44

520181.76

5476.78
38152.96
117533.88
3591.6
71438.4

31817.64

626815.38

1079305.32

153362.14

599652.88

Table F2 3 RoW changes to norresidential building construction reipe

Non-r esi denti al bui ding constructio
Scenarios
Commaodity Existing Base 10% 45% 90%

Textile products, n.e.c. 9472 9472 9282.56 8619.52 7767.04
Hardwood lumber 10 10 9.8 9.1 8.2
Softwood lumber 17443 17443 17094.14  15873.13 14303.26
Other sawmill products and treated wood 16576 16576 1624448 15084.16 13592.32
products
Veneer and plywood 15258 15258  14952.84 13884.78 12511.56
Wood trusses and engineered wood members 7709 7709 7554.82 7015.19 6321.38
Reconstituted wood products 12594 12594 12342.12 11460.54 10327.08
Wood windows and doors 5613 5613 5500.74 5107.83 4602.66
Prefabricated wood and manufactured (mobile)
buildings and components 69474 69474  68084.52 63221.34 56968.68
Wood products, n.e.c. 23078 23078  22616.44 21000.98 18923.96
Plastic and foam building and construction 193982 193982 1901024 176523.6  159065.2
materials
Plastic products, n.e.c. 67033 67033 65692.34 61000.03 54967.06
Rubber products, n.e.c. 15970 15970 15650.6 14532.7 13095.4
Clay and ceramic products and refractories 63348 63348 62081.04 57646.68 51945.36
Glass (including automotive), glass products
and glass containers 70084 70084  68682.32 63776.44 57468.88
Lime and gypsum products 27188 27188 26644.24  24741.08 22294.16
Non-metallic mineral products, n.e.c. 170833 170833 167416.3 155458 140083.1
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Iron and steel basic shapes and fertalloy
products

Iron and steel pipes and tubegexcept castings)
Wire and other rolled and drawn steel products

Forged and stamped metal products

Metal windows and doors

Boilers, tanks and heavy gauge metal
containers

Springs and wire products

Threaded metal fasteners and other turned
metal productsincluding automotive

Metal valves and pipe fittings

Fabricated metal products, n.e.c.

Heating and cooling equipment (except
household refrigerators and freezers)

Other electronic components
Electric light bulbs and tubes
Lighting fixtures

Small electric appliances
Major appliances

Switchgear, switchboards, relays and industrial
control apparatus

Wood kitchen cabinets and counter tops
Wholesale margins building materials and
supplies

Retail margins- furniture and home

furnishings

Retail margins- building materials, garden
equipment and supplies

370

23657
3460

14601
93812

78487
61597

73805

113368
236955

143860

9836
29926
134451
4560
16028

50678
14055
341212

49961

138010
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49961

138010

362.6

23183.86
3390.8

14308.98
91935.76

76917.26
60365.06

72328.9

111100.6
232215.9

140982.8

9639.28
29327.48
131762
4468.8
15707.44

49664.44
13773.9
334387.8

48961.78

135249.8

336.7

21527.87
3148.6

13286.91
85368.92

71423.17
56053.27

67162.55

103164.9
215629.1

130912.6

8950.76
27232.66
122350.4

4149.6

14585.48

46116.98
12790.05
310502.9

45464.51

125589.1

303.4

19398.74
2837.2

11972.82
76925.84

64359.34
50509.54

60520.1

92961.76
194303.1

117965.2

8065.52
24539.32
110249.8

3739.2

13142.96

41555.96
11525.1
279793.8

40968.02

113168.2
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Appendix G 0 3D plots

; " Change in total output for Ontario resulting from
Irtl’gr::wsttlpugc:ir:r:nindustry Adaptive reuse of Residential building construction industry
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Change in total jobs in Ontario resulting from _Change in total jobs in Ontario resulting from
adaptive reuse of Non-residential building construction industry adaptive reuse of Residential building construction industry
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Change in total jobs in RoW resulting from _Change in total jobs in RoW resulting from
adaptive reuse of Non-residential building construction industry adaptive reuse of Residential building construction industry
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Domain of negative change of total output for Ontario:
adaptive reuse of
Non-residential building construction industry
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Domain of negative change of total output for Row:
adaptive reuse of
MNon-residential building construction industry

Domain of negative change of total output for Row:
adaptive reuse of
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Appendix H & Plots of changes to output at aggregated level for each scenario

Ontario Non-residential building construction :
Changes in output for aggregated industries
'Basic' scenario

Ontario Non-residential building construction :
Changes in output for aggregated industries
'10%' scenario
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Ontario Non-residential building construction :
Changes in output for aggregated industries
'f2.5_basic' scenario
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