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The effects of climate change are already apparent in British Columbia (BC), with observable changes in
temperature, precipitation, and extreme weather eventsdlm/é&ast century Scientific evidence suggests the
climate will continue to change over coming decades and centuries, biagardiallysignificant economic,
social, and environmental consequences for the province.

The real estate sectplays a crudal role in providing people with places to live and wolts.assetand
infrastructure with their long lifeycle, arevulnerable to climate chang&he impacts of climate change must
beaddressedt each stage of the real estate-difele (fromlandacquisition throughdevelopment,

occupancy, renovation and redevelopmeffthot, climate change could rendsmereal estate

developments too uncomfortable or risky to live in, too expensive to operate and manage, too costly to insure,
and not sufficiatly profitable to attract capital from investors.

Actions tobetter manage impacts arisingfrechanges i n the climate are know
adaptatiosd. Theycan take the form of technologies, procedures and practices, behaviourstetmbe

undertaken in anticipation of impacts (before they occur) or in response to impacts (after they occur).
Anticipatory actions tend to be more cestective and less social disruptivBrivateindividualsand

businessesanin principleimplementantidpatoryadaptations across the real estatedifele.

However the markebftendoes notgive the right price signals fandividuals and businessas make the best

choices to prepare for a changing climae. number of Abar ri enarkes tefficemiyer t he
allocate resourcésnatural, financial, human, social, and physical capitalmanageurrent and future

climaterelated risks in a way that would deliver net social benefitenwherethe marketoes sengeople

the right signalsa number of behavioural anomalies and biases meamnithegtnecessarily make choices

thatare in the best interests of themseloethe broader societyT his situation creates a case for local and

provincial government intervention to ensumere socilly soundadaptation choices are mauaeprivate

individuals and businesses

To better understand decistamakingin the real estate sectand where it may break dovimthe context of
climate change adaptatiowe looked at the real estate developmeotgss as a wholbeforechoosing three
areas thamsefullyillustrate thecase for interventianThese three areagl@nningdevelopmers, property
occupancy and renovatipand propertyedevelopment) provide a reliable case study of the barriers to
efficient adaptation decisiorsy private individuals and business$eshe sectgrand the economic
instruments that governments in BC coptitentiallyuse to overcome them.

Briefly, some of the barriers &pcially soundadaptation decisiemakingin thethree areasclude various
kinds of imperfect information, priséand incentivesphat do not reflect the true social costs and benefits of
different choicesa range of behaviourahomalies and biasesndelements oéxisting policythat encourage
unsoundadaptation in the real estate sector.

To complement the existing planning and regulatory toolkit available to governments in BC, we identify
several economic instruments that comltheorybe used to overcome these barriers

o Modifying existingDevelopmentCost Chargegqused by local governments to recover the capital costs
of infrastructure for new developmente)also provide an incentive for develop&rsntegrate climate
resilient design into new developments at the planning stage;
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0 Propertylevel upgrade prograngsimilar to the energy efficiency programs offered by utilities in BC)
offering financialincentives, information and technical assistaiod@crease thadoptionof climate
resilient measures and practices in existing propdtasgeting both théand and buildings)

o Transferable Development Credstishems thatallow local governments to shift development away
from high-risk flood zoneto more suitable areas, by allowing development rights to be bought and sold
on the open markeandthen permanentlgancelled orhightrisk flood zones

o0 Mandatory disclosuref climaterelated hazards facing a property in real estate transatmions
overcomeproblems with imperfeanformationfor buyers and

0 Using the latest thinking from behaviowa | psychol ogy and economics (of
ar c hi tte guidaitheaesign dinancialincentives and the provision of information to maximize
the effectiveness of the above instruments.

Finally, we offer theseecommendationt® the provincialgovernment (and in some cases, local governments)
to inducesocially souncdaptation choices iorivate real estate decisions:

o Reform (e.g., reduce, restructure, or eliminate) perverse subsidies that fuel-tenfmi€ing cycle of
continued growthn coastal or riverfront zones prone to flooding

o Reform property transfer taxes in order toifidt eicnkd0 p r i v at estophigterigkaneds;yando wn e r
not detemproperty ownerérom undertaking improvements to incrediser resiliene to climate
hazads

o Fund and design a pilot program(s) to incentivize property owiretially in a narrow target market
e.g., singlgamily homes in areas prone to flooding risksvildfire risks) to upgrade their buildings,
structures and land witlneasures to redeaclimaterelatedrisk;

o Conduct a feasibility study into the use of Development Cost Chargpesrg4) atool to incent
developers to incorporate sound adaptation measures into new develogmaef@pa fiscal todio
recover the capital costs attribbka to newdevelopment

o Expand BC Real Estate Associationds requirement
climaterelated hazards;

o Consideramending Section 14 of tlieal Estate Development Marketing fctnclude mandatory
disclosure of natural mards in disclosure statements;

o Consider pdaing the Local Government Adb allow local governments to uBevelopment Permit
Areasor another regulatory tool, to facilitate managed retreat strategies in high risk coast@.greas
designating Aretreato and fAreceivingd zones)

o Conduct a feasibility study into the use aBfisferrable Development Creditssupport a strategy of
managed retreat fromhighi sk fl ood zones, where Ahold the | in
unlikely tostayviable as the climate changes further

o In support of a managed retreat strategyestigate regulatory options to restrict the construction of
propertylevel flood defenses by property owneaad

o Produce a guide to the usefichoice architetured that policymakers at all levels of government could
consult when designing interventions to promote desirable adaptation actions and behaviours. The
guide should inform the use of choice architecture to both: (a) directly induce desirable @adaptati
behaviourdy people in the real estate sectond (b) to enhance the cadficiency of economic
instruments to the same ends.

Economic Tools for Climate Change AdaptatioRromoting Adaptation in Private Real Esta&cions| ALL ONE SKY FOUNDATION



2.1 PROJECT CONTEXT

Climate changeare already apparent British Columbia (BC)with observable changes eniperature,
precipitation, and extreme weather events over the last cdBIOWOE, 2015) Mean annual

temperature over all regions of BC has increased by aboutCG-gi@ce the early 190@3ost and Weber,

2012, with northern and interior regions exparcing greater increases in average temperature than
coastal regionfHeap, 2007) Over the same period, mean annual precipitation has increased by about 20
per cenf{Jost and Weber, 2012Furthermore, the south west coast has experienced a numbeeraf se
winter storms and storm surges in recent years, while the interior of the province has seen a notable
increase in wildfirs (Heap, 2007)

The weight of scientific evidence suggests the climate will continue to change over coming decades and
centuries.Indeed, many of the climatic changaeejectedfor the next 340 yearsnay befilocked irod

the result of past greenhouse gas (GHG) emissiBagher changes in climate beyond the 2050s depend
on how well global GHG emissions aetluced from this dayfward The impact of these changes for

BC will be numerous and diversand includeeconomic, social, and environmental consequences.

Real estai@ in particular,infrastructure and buildingshas an expected design life of between 20 and
100 yearssomedevelopments ay well be used for much longeBoth new and existing developments
will therefore likelyexperience the fulbxtentof projected climate change this century across their
lifecycle. I is vital thatpotentialclimaterelatedimpactsare casideredat each stagef the real estate
lifecycle (i.e., land banking and packaging, land development, building and constractiopancy
renovationand redevelopment)f they are not, then the lorgrm sustainability ofeal estate
developments add be compromised by a rangeanitcomesincluding premature or accelerated
deterioration, reduced service life and functionality, increased service disruptions and emergencies,
increasedikelihood of catastrophic failure, increased repairs and maintenancreased health and
safety risks, and increased discomfort and loss oflvegtigfor building occupantgMcMahon and
Williamson, 2010; and Burton, 2012)n short, climate change could mean thamereal estate
developments prove to be too uncortdble or risky to live in, too expensive to operate and manage, too
costly to insure, and not sufficiently profitable to attract capital from investors.

If the impacts of climate change agpropriatelynanagedy decisioamakers in the sectoreal esdteis
more likely to have a long and successful futugertainly,climate resilient developments could become
better investments and command higher prices.

Actions (technologies, practices, behaviours, dfradjust to changes in the climate ardemtively

referred to asiclimate change adaptati@nBroadly speaking, these actions can be takeasponse to
climate change as it occurs or in anticipation of projected climate chaimi&e the mitigation of GHG
emissionswhich requires collecti action at a global scale, effective adaptation can be undertaken by

! Henceforth,fireal estat@shall refer to: land and anything fixed, immovable, or permanently attached to it such as appurtenances, buildings,
houses, landscaping, fences, fixtures, improvements.
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individuals and businesses gtravincial, regional olocal scale Decisions can be taken with respect to

the location, design (e.g., site layoojlding envelopes, ventilation arabolingequipmentdrainage
systemswater use, outdoor spaces, etc.), and management of private real estate to minimize vulnerability
to climate changéGLA, 2005)

In a world with perfectly functioning markets for all goods and serveféisient adaptéion would be
facilitated through normal markeansctions prices would provide rational individuals in the real estate
sector withthe rightincentives to reduce climatelated risks tdevels judged to be optimal fspcety.
However, markets seldofanction perfectly and may not even exist for certain goods and services.
Moreover, people do not always behave rationally n u mb e r  ohimp@rtheaabilityiofenarlets

to allocateresourced natural, financial, human, social, and physical cépita manage climateelated
risks in a way that would deliver net social benefits. For example, inconsistent, poor quality, or
inadequate information on natural hazards, such as storm surge or drought, caruisiduals and
businesseffom efficienty managing risks associated with these events.

Prominentbarriers to efficient adaptatidoy actors in the real estate sedadtinto two broad categories
(Brauninger, et al., 2031

1. Market failures

Market failures occur when freefunctioning real estte markets, operating without adequate
government intervention, fail to deliver outcomes thatsatesfactory from the point of view of
society This happenwhenthe private returns which an individual or business receives from
carrying out a particufaaction (likeundertaking adaptations to climate change) diverge from the
returns to society as a whéleesulting in a suoptimal amount of adaptation. Real estate markets
can also fail when the individual or business does not have sufficient infonn@tiecognize the
returns from climate change adaptation.

2. Behaviaural failures

Even when markets are providing the right price incentives to individuals and businesses, alongside
accurateand adequate n f or mat i on, people dechby mbhtwwbhgnraal sy
There are a number ahomaliesand biasethataffect the way people procemformation and

make decision. These behavioural failures can also result in@saal amount of adaptation.

In addition, &isting policies regulations and institutionsan create perverse incentives tthiatort
adaptatiorbehaviour The presencef these barriermears that private adaptation actions:

o Could be the wrong sort of actions;

o Could be insufficient;

o Could be over and above what is needed,;
o Do not occur at the right time; or

o Do not take place at all

These are all exampl es of Eashtypeof maladapkatiogvinesuleirs A mal ad
suboptimal levels of climatehange adaptatidior society. As a resultcommunity welfae derived from

market factors (income, wealth) and Aoarket goods and services (health, esvinental amenity) will

be lower than it otherwise would be in the absenaaarket and behavioural failure¥his provideghe
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justificationfor government irgrventio® to overcome the offending barriers amelp markets reallocate
resources to improve how individuals and businessesadgptfor example, ensuring property prices or
insurance premiums reflect the risks faaadcosts borneby individuals or bainesse the real estate
sector.

Government intervention ireal estatenarkets can take various fornimit typicallyincludes direct
regulation(e.g., zoning and suttivision bylaws, building code, setbacks and buffers, etc.)thad,
theoretically préerred alternative, economic instruments (e.g., financial instruments and incentives using
existing markets, creating new markggstradable credits or righteconomidax and subsidyeforms,
choice architectureetc.). The static and dynamic efficiepadvantagesf economic instrumentgersus
direct regulationn improving imperfect market outcomes are well docume(@&CD, 2003; and
EFTEC, 2004 Theprimaryadvantag®f well-designedeconomic instruments is that theyuld allow a
givenlevel of climaterelated risk reductioto beachieved alower overall cost than traditional
regulations In addition, eonomicinstrumentsamong other thingpermitindividualsand businesses
greater autonomy in deciding howadaptcreate ongoing incentivésr individualsandbusinesseto
design new anidmprovedadaptation actionsnsuring thatlimate risk managemebtecomesver
cheapepver time,andthey reduce thanformation burden on government.

2.2 PROJECT OBJECTIVE S

Against this background, the objeres of this project are to:

o Identify the mainactivities in the real estate development pro¢esslandacquisition,
construction and building, occupancy, renovatodredevelopment) in B@ndhow they are
vulnerable to the impacts ofimate chage;

o Identify finterventionpointg in the real estate development procatsehich private actors (e.g.
private developersind owners of residentiadpmmercialnd industrial real estateould make
decisionghat reducelimaterelatedrisks and delivemetsocial benefits

o Identify economic instruments that the provincial governnegrdcal governments BC couldin
theoryapplyin order toovercome barriers tgood adaptation choicéy private actorsit these
intervention points

0 Identify existing local and provincial government policiasdregulatiors thateither support or
hinder the effectivémplementation of thalentifiedeconomic instruments; and

o0 Make recommendatiore further investigate and develop the identified instrumienssipport
effective adaptation choices in real estate decigions.

Economic instruments that raise funds for adaptation actions or that directly fund actiangside the
scope of the project, includimyblic-privatepartnerships.

A further justification for govarment intervention in markeisbesides correcting markend
behaviourafailuresd is to manage the distributional consequences of climate change adaptation.

2 This is an exploratory study. Its purpose is to provide theipcial Government with a starting point for more detailed investigation of the
viability of the identified economic instruments.
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Government has a role to protect vulnerable groups and address equity cariserggromthe
distribution of adaptatiorcosts and benefitsConsideration ofjovernmenfi t o tolthesé ends is outside
the scope of thiproject

2.3 PROJECT APPROACH

Our overall approach to the project is(segrounded i
Dentm, et al., 2014) In the current contextlimate resilient pathwayaretrajectories for real estate
developmenin BC that combine adaptation andtigation toreduce climate change andiitgpactsin

order to achievéongtermsustainablgrowth While the focus of this project is adaptattorclimate

change impacts, it isrucialnot to lose site of the fact thgliobal mitigation actions taken in the short
term(including byactorsin the real estate sectatjll shape thelongertermneeds foladapationin the

sector In the shorterm,the adaptation needs oéal estatare influenced by current and committed
climate change g., climate changlinked to past emissiohs Furthermorethe integration ofitigation

and adaptatioactionscan geerate mutual benefitaeis well axo-benefitsfor sustainableeal estate
development Interactions between mitigation and adaptation responses by real estate actors can also
have negative consequencpsoviding further impetus to analyzing th¢gpmtlyd some adaptation

actions, such as increased use of air conditioning, can increase GHG emissions

The concept of a climate resilient pathway for real estate in BC is shdviguire 1.
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Threats and Opportunity space Possible
Opportunities (real estate development process) futures

A | A

--------------------------------- 1 High resilience 1 Low risk

1
Hazards
Exposure

1

1

1

Efficient :

adaptation 1

1

Vulnerability \ !
1

1

Impacts 1
1

Al nterventi
in the opportunity
space where private
actors in the real
estate sector can !
make choices (or :

not) to build 1
1
1

e

increased resilience
toclimate change b - m e e e e e e e e o Low resilience 1 High risk

Source Adapted from Denton, et al. (2014)
Note:
Thevulnerability ofspecific real estate assets and processes will be a function of:

o0  Exposure tdocationspecificclimate hazards (e.gdevelopments in floodplains, lelying coastal areas, drought susceptible regions,
high risk wildfire areas, etc.);

0  Sensitivity of real estate thosehazards, in turn, affected llye state of infrastructure and housing stock, etc.; and

o Capacity of adrs to cope with, or adapt to, impacts, in turn affected by access to pertinent information, technical expertise, access to
capital, etc.
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The report is structured around this concéyaving from left to right acrosBigurel:

Private real estate in BC faces many social, economic and biophysk
stressors, including multiple climate change hazards, succrassing
temperatureschanging precipitation patterrandrising sea levels.

These hazards present mdhreats and opportunities (or negative or [

positiveimpacty. The magnitude of tlseimpacts depends, among

other things, on theulnerability ofthereal estate exposed particular _|
hazards

The real estate development process (orchfele) represents an
ioppor t uncontapningsmulaptdeadsion points wherprivate

actorscan make choices that eittagpropriatelymanage or faito =

appropriately manage climate ¢
mean in the best interests of society. _

Depending on the choices madegivate actorslifferent futures are |
possible, with differing levslof climate resilience and risk. Actors
could make decisionsake actionsjhroughout the opportunity space

that result inan efficient level of adaptatiotgading to a low riskmore

resilient future for real estate in BGr@ngepathways).Alternatively,
actors could make decisions that result in some form of maladaptat
leading to a high riskow resilientfuture (red pathways). -

At each decision point throughout the opportunity spanagkets may -
fail to provide private actors with théght incentiveqprice signalsand
other informatioij to appropriately manage climate change impacts.

Furthermore, even if markefisnctioned perfectlya number of L

behavioural biases and anomalies may impedaliility of acbrsto use
that informationin a rational mannerin both cases, actors will likely
make decisions leading to a high rskv resilient future.

This suboptimal outcomeprovides a rationale for government
interventio®d in the form of economic instrumentso overcomekey
barriers at each decision poantdtherebyhelp private actors make
efficient adaptation choices that puts the sector on a lowrrieke
resilient pathway.Each decision poirthus providesn opportunityfor
the application of economic instruments.

In Section3 we outline
the potential impacts of
climate changen private
real estate in BC

In Section4 we describe
the real estate

development process in
BC and idatify the main
activitiesdecision points

In Appendix A we
identify a range of
adaptation actions and
behaviours (by hazard)
that private actors could
take to manage climate
change impacts

In Section5 we
investigate potential
barriers to efficient
adaptéion decisiondy
private actors in the real
estate sector

In SectionO we identify
eqnomic instruments
that governmei(s) in BC
coulduseto overcome
barriers togood
adaptation choicdsy
private actors

H Economic Tools for Climate Change AdaptatioRromoting Adaptation in Private Real Estate DecisipmsL ONE SKY FOUNDATIOI



3.1 INTRODUCTION

Climate changeare already apparent BC, with observable changes ientperature, precipitation, and
extreme weather events over the last centBGMOE, 2015) Insurance data shows thhese changes
are already presenting challengeshe real estate seci@s itcontinues to expand amiive economic
developmenin theprovince Worryingly, existing challengetook set toamplify as he weight of

scientific evidence suggests the climate will continue to change over coming decades and.centuries

In this section we describe thainpotentialimpacts of climate changm real estate in BC, with a view
to the 2080s given theverage lifespan of most real estassets.

3.2 CLIMATE TRENDS AND PROJECTIONS FOR BRITISH COLUMBIA

Trends in our past climathow how the climate has changediprovide a useful window into the
future. Analysis of dimate trends in British Columbia shamcreasing temperatures over the last
century with the greatest changes occurring in northern and interior regldmese are alstrends in
seasonalvarming. Over most of the provindlge greaest warmingpccuried duringwinter monthsand
the leastvarmingoccuredin the autumn (BCMOE, 2007)The exception is the southwest, where the
greatest warming occurred in the sprimgnalysis of precipitation trends shows that total annual
precipitatian (over the period 950 2001) has increased in several regions of British Colunmitiz.
Okanagan and North Coast regions show the largest incrdgastern British Columbia has been
receiving less precipitation on an annual ba®#nters throughout nst of the province have been drier,
whereas spring and summer seasons have been wetter (BCMOE, 2007).

Futureclimateprojections foBritish Columbiaaretaken fromthe Pacific Climate Impacts Consortium
(PCIC)plan2adapt tool Table2 summarizegrojections foBritish Columbia The projectiongrovided

in Table2 are for the 2080§.e., the average value over theyatar period 2072099). This time period

is chosen taacount for thes0-100yearaverage lifespan afewreal estat@sset®r those in the early
stages of their lifecycle assets iolude houses andtherbuildings, stormandsanitary sewenetworks

water supplynetworks roads and bridge<Climate projedbns for the 2050s will be more relevant to real
estate assets in the middle of their lifecycle (such projections are available at www.pacificclimate.org).

As evident fromthe climate projections captured Bgble2, there is little variation projeced values
across regions d@ritish Columbia The exception is summer precipitatiovhich is projected to either
be stable or slightly increase in northeegions and decrease toastal andgouthern regionsAll of
British Columbiawill become warmer and wetter with significantly less snowfall and fewer heating
degree days.
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Climate variable Projected changefor the2 0 8 0 6 s 2 ( r

Province wide +2.7°C (+1.7°C to +4.5°C)
Mean Temperature Southern +2.7°C (+1.6°C to +4.4°C)
(°C change) Northern +2.8°C (+1.8°C to +4.6°C)

Coastal

Province wide

+2.3°C (+1.2°C to +3.5°C)

+9% (+4% to+17%)

Annual Precipitation Southern +8% (+3% to +15%)
(% change) Northern +9% (+2% to +27%)
Coastal +8% (+2% to +17%)

Province wide

+0% (13% to +7%)

Summer Precipitation Southern -10% (28% to +1%)
(% change) Northern +2% (9% to +19%)
Coastal -10% (25% to +3%)

Province wide

+13% (+5% to +23%)

Winter Preipitation Southern +11% (+3% to +26%)
(% change) Northern +16% (+2% to +29%)
Coastal +9% (+3% to +21%)

Province wide

-70% (88% t0-18%)

Spring Snowfall Southern -74% (89% t0-14%)
(% change) Northern -70% (89% t0-22%)
Coastal -73% (86% t0-13%)
Province wide -973 degree days1554 to-608 degree days)
Heating Degree Days Southern -975 degree days1541 to-581 degree days)
(change in degree days) Northern -1006 degree daysl(633 to-638 degree day
Coastal -847 degree days1283 to-446 degree days)

Source:
Pacific Climate Impacts Consortium (PCIC) plan2adapt tool (www.pacificclimate.org)
Notes:

1 For simplicity, proxies werasedto representhreedifferent regions of British ColumhiaProxes are based on the plan2adapt projections for
Forestry Regions dBritish Columbia SoutherrBritish Columbia= ThompsorandOkanagan; NortherBritish Columbia= Northeast; and
CoastaBritish Columbia= West CoastNot all partsof BC are representdsy these three proxies.

2 The projected change reported isthid-point valuefrom an ensemble of more than 15 Global Climate Models (GCM) and two specific GHG
emissions scenario combinatiomshighA2 and a loweB1lscenarioprovided by the Intergovemental Panel on Climate Change (IPCC)
Fourth Assessment Repoffhe rangein bracketgepresent the(d" percentileand90" percentile results within the ensembi@hanges are
expressed relative to the average value over thee80meteorological balgee period (19611990).

3 Heating degree days (HDDs) are useful in determining heating energy demand. HDDs are determined by multiplying thedays bieatof

the mean daily temperature (average of daily maximum and minimum temperatures) is b€ldw 8 number of degrees below that
threshold For example, if a given day sawreeantemperature of 14°C that dawould contribute4 x 1 = 4HDDs to the total.
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3.3 IMPACTS OF CLIMATE CHANGE ON REAL ESTATE

Insurancelata shows aignificant increaisg trendin severe weather damage to buildings and other

infrastructure ovethe last half centurgMunich Re, 204). Nonetheless, research systematically
investigating the impact of 3igsparsédatonetdl., 20Ll)Thiat e c ha
is surprising given the lifespan of real estaep@rticular, vertical developmeérdf up to100 yearsor

more. One would therefore expect some existing real estate, and certainly most developnieait over

coming decades, to still be in use undanatic conditions very different to those experienced today.

Climate change coulthake thesélevelopments too uncomfortable or risky to live in, too expensive to

operate and manage, too costly to insure, and not sufficiently profitable to attractfoapiiavestors

for renovations

Potential climateelated impacts on real estate are summarized bdlopacts aralsocommonly

referred to agiconsequencé r A o0 u in the nelensanagement and adaptation literatiiteey refer

to effects such gsremature or accelerated deterioratdmuildings reduced service life and

functionality, increased service disruptions and emergencies, increased repairs and maintenance,
increaseddversehealth and safetyutcomesand increased discomfort and lo$®ocupanivell-being
Impacts arise frorthe interaction of climatand norclimate hazardsccurringduring a defined time
horizon (the 2080snd the vulnerability ofeal estate exposed to those hazaiidse vulnerability or
propensity of real estate be adverselgffected by a climate hazard depends on both its sensitivity to the
hazard and capacity to adapt.

It is clearly not feasible within the scope of this study to account for exposure, adaptive capacity, hon

climate hazards, and sensitivityharm when characterizing climatdated impacts on real estate. These

factors will moderate the level ahpact(e.g., minolE moderateE critical). Furthermore, it is not

feasible to account for the likelihood of impacts occurring (e.g. Fapessble E almost certain). As

such, the identified i mpacts ar é&Theiddntfiedimpactsir i sks o
represenpotentialeffects, of unknown magnitude, from the assumed exposure of real estate to climate
hazardsand befre any additional anticipatory adaptations

Potential impacts are organized by climate hazard, distinguishing betweeorsletclimateelated
physical events (e.g., increasing temperatures, precipitation, atel/eBaand suddennset climate
relaied extreme physical events (e.g., storm surge, extreme precipitation and flooding, wildfires,
damaging storms, drought, and heatwaves).

5The term fdreal e s t 2tte meamlang and amyfthing fixedl, immovaldee permanently attached to it such as
appurtenances, buildings, houses, landscaping, fences, fixtures, improvements.

4 Risk is the product of impacts (or consequences or outcomes) and the likelihood of those impacts.
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3.3.1 Slow-onset Climatelmpacts

Increased Temperature

Potential impacts on real estate from projedtedeases in mean amal temperaturéVAT) by the 2080s
include(Camilleri, 2000Boyle et al, 2013; and McMahon and Williamson, 2010

0 Increased summer cooling requirements for buildings and increased load on air conditioning with
implicit capital and operational costbplicatiors;

o Premature weathering and reductions in the lifespan of building materials, especially ataktics
coatings;

0 Increased heat stress on occupants, construction woakerproperty managers. Discomf@idss
of well-being) loss of working daydoss of productivity loss of experiencestc.;

o Increased ultraviolet radiatipmvhich isa major cause of polymer (i,@lastic, rubber, wood lignin)
degradationaffecting the life span of many products used in buildings;

0 Increased freezthaw cycles andakper frost penetration in some parts offifeeince where
reduced snowfall allows frost to penetrate deeper;

0 Increaseddourand potential infestation from decaying waatelcompost; and

o Building and infrastructurdamage associated with dry soil movemgsubsidence due thying of
soils).

There may also be some benefitafi continued warmindy notably, reduced space heating and water
heating requirementsThe desirability of certain areas for real estate developmantalso increage
e.g.,in northernBritish Columbia

Note thatpotential impactérom extremdaemperatures arteatwave areconsideredn Section3.3.2

Increased Precipitation

Potential impacts on real estate from projected increasasan annual precipifan (MAP) by the
2080sinclude(Camilleri, 2000;Boyle et al, 2013; and McMahon and Williamson, 2010

o Increased water infiltration to foundations and increased risk of foundation fractures;

0 Increased chemical degradation, through efflorescence andioafrobuilding materials and
components and reduced structural integrity;

0 Increased biological degradation (e.g. through mold growth) of building materials and
components and reduced structural integrity; and

0 Visual impacts to building facades throudtemical and biological degradation and deterioration
of materials.

Note thatpotential impactérom extreme precipitation (includingverine andoverland flooding,
landslidesand erosiongreconsidered in SectioB.3.2
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Sealevel Rise

Ocean temperaturese also risingnd as the oceans wartheyexpandraising sedevels. In addition,
global warmings also melting ice caps, mountain glaciers, and-laaskd ice shedtsall contributing to
sealevel rise.

Ocean levels cabe measured either in absolute or relative terAissolute sedevel is the height of the
ocean surface, whereas relative-lsae| is the ocean height in relation to the continental cistative
sealevel is primarily determined by absolute sea lglvet is also affected by vertical land movement
from tectonic activity, sedimentation, ocean circulation patterns, wind velocity, atmospheric pressure,
salinity, wave heights and isostatic rebo(e adjustment of the land following the retreat of gtas

from the last ice agdThomson et aj 200§ andBCMOE, 20Q).

Absolute sedevels, as well as maximum sksvel are increasing acroie coast of British Columbia
(Walker et al, 2007). On the coast, sdavel rise has occurred in most locatipimgt varies depending on
rates of land uplift and subductioRlistoric rates ofsealevelrise along the coast vary from a high

+9.8 cmpercentury in Prince Rupertp +1.0 cmper centuryin Vancouver{o -16.8 cmpercentury in
Tofino, owing tosignificant land uplift on the West Coast of Vancouver Island.

Projections of future selavel rise, for the purposes of infrastructure planning orcdlast, are
approximately 0.5 metres to the year 2050, 1.0 metre to the yegradtdp.0 metres to the yed2(®
(Ausenco SandwelR01D).

Thepotentialimpacts of sedevel rise will vary depending on the locatispecific factors noted above, as
well as the vulnerability of the coastline to ero&iamfunction of local relief, geologyand shoreline
composition(Okey et al2012).

If shoreline barriers (e.g., seawalls and dikes) arsuif@iciently high,a one to two metre rise in sea level
could render muchoastakeal estate vulnerable to inundatiddotential mpacts of projected sdavel
riseby the 2080énclude(Boyle et al, 2013; BCMOE, 2013; Okey et.a2012; Ausenco SandweR011;
Thomson et a] 2008;Abeysirigunawardena and Walk@008; BCMOE, 2007andWalker et al, 2007)

o Permanent inundation of lelying lands and property, including high anity areas (beaches,
coastlines) that may holtigh value)potential for real estate development;

o Rising water tables and reduced drainage capacity;
o Permanent loss of roads and access to coastal land and property;

o0 Increased coastal erosion and inundatibooastal infrastructure, with potential loss of
infrastructurefunctionalityand higher maintenance and insurance costs; and

o Contamination of fresh water aquifers ateterioration ofirinking water.

Note thatpotential impactérom storm surge and cdasflooding areconsideredn Section3.3.2

Economic Tools for Climate Change AdaptatioRromotingAdaptation in Private Real Estate DecisidnsLL ONE SKY FOUNDATIOI



3.3.2 SuddenonsetExtreme Events

Storm Surge, Coastal Flooding and Erosion

Storm surge refers to a temporary increase in the height of the sea due to extreme meteorological
conditions such as low atmospheric pressure and strong wBidston, Davis and Fencl, 2010rhe
impacts of a storm surge can be magnified by high tides as well aa-l@yskrise.

Trends in storm surge activity on tbeast ofBritish Columbiainclude increasein yearly maximum sea
levels(Abeysirigunawardena, Smith, and Taylor, 201thich arencreasing aa rate of+3.4 mm per
yearover the period943 to 200 (Graham and Dig2001]). In addition, storm itensities on some parts
of the mast have increadéGraham and Diaz, 2001

Some pedictions for thduture storminess of the climasaggestewer, but more intense storms, while
other predidbns suggestore intense and more frequent storms and wave gétimysirigunawardena

et al, 2009; Pike et a] 2008; Parry et al2007;andStanton, Davis and Fencl, 2Q1(®imilar to sedevel
rise, the actual impacts of storm swsgell vary spatiallydepending on the vulnerability of the coastline
to erosion(Okey et al, 2012. Storm surgeouldhave vaious impact®n coastal infrastructure in British
Columbia (StantorDavis and Fencl, 2010; Camilleri, 2000; Abeysirigunawardena, Smith, and Taylor,
2011;andGraham and Diaz 2001

o Damage tdanked land, buildingand infrastructureand managed green spg
o Injuries fatalities, and disruption to livelihoods

o Inundation and flooding of loMying lands and property, including high amenity areas (beaches,
coastlines) that may hold potential for real estate development;

o Increased foreshore erosion and isfracture impactsncluding temporary loss of infrastructure
functionalityand higher maintenance and insurance costs;

o Contamination of fresh water aquifers and impacts to drinking water queality;

o Road and access closures from temporary flood inwrdati

Extreme Precipitatiah Riverine and Stormwater Flooding, and Landslides and Erosion

Extreme precipitation events in British Columbia have been increasing over the last 50 years, particularly
in the summer season and for short duration e{@ots et al, 2011) Such events are also projected to
increase in intensity, duration and frequency in the future, both on the coast and interior re@rdish of
Columbia Risk from riverine flooding will vary by watershe®®.otential impacts aéxtreme

preciptation events on real estdig the 2080s includ@Pinna Sustainability, 2014; Camilleri, 2000;

Kharin et al, 2013 Boyle et al.2013; Burn et a) 2011;ICLR, 2010; Heap, 2007; Murdock, Bennett and
Werner, 2007; Rodenhuis et,&007; Pike et al2008 Jakob and Lambert, 2008ndMurdock et al,

2013:

0 Increased exceedance of stormwater infrastructure capacity and inundation and flooding of low
lying lands and property, either through:
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9 Infiltration flooding, where the soil around a foundation becosesirated with
groundwater, or groundwater legeixceed the height of the basement floor, or

1 Sewer backupnvhen underground sewer systems surcharge due to high wolumes;

o0 Road and access closures (e.g. washouts of roads and bdidges) livelihoas, caus
construction delaystc;

o Damage toloss of buildings, green spaces aimfrastructure iped water, drainage, sanitation,
communications, power, gastc.);

o Injuries and fatalities, and mental disorders (stress and antdetyposedccupais andworkers;
and

o Deterioration okources oflrinking water fromincreasedurbidity and pollution ruroff.
Wildfire

Climate change is projected to increase the frequency and severity of wildfiiag toincreases in
summer temperatusevery hot dag, longer warm spells, reduced summer precipitation, fuel
accumulation, extended droughts and pest outbrgaks. projection foBritish Columbiasuggestdoth
an increase in the seasonal fire severity rating and an increase in fire season length nf@mnetks by
2045(BCMFR, 200§. Fire startshave also been projected to increase by betwe@er2dentand 190
per cenby 2100(Taylor et al, 2009. Potential impacts on real estate fratdfires and associated
smokeby the 2080s include

o Damaged, loss of, buildings, green spaces and infrastructure (communications, power);
0 Road and access closures disrupt livelihoods, cause construction delays, etc.;

0 Anincrease in burned landscapes could decrease visual quality of areas and reduce propgerty value
the desirability of certain areas to live and work;

o Wildfires lead to hydrophobic soils which can increase risk of flooding and erosion with associated
impacts (see above);

0 Loss of visual amenity from smokand
o Injuries and fatalities, mental disordedfstress and anxietyand respiratory illnessés exposed
occupants and workers.

Extreme Temperatures and Heatwaves

Heat waves are rare hot extremes or prolonged periods of abnormally hot &vgadesely how many
days, andhow high the temperatures stuisefor an event to be classified as a heatwave variously
defined(Kinney etal., 2008) Globally, increasing temperatures éuértually certaird to increase the
frequency and magnitude of warm days and njgind decrease the frequency and miiagle for cold
days and nightdeading to an increase in the frequency and intensity of heat \(Beeaviratne et al.,
2012. Rare hot extremes are also projected to become more frequent in &avitlda onein-20-year
extreme hot day projected to bew® about a onn-five year event by the 205@#/arren and Lemmen,
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2014. Potential impacts of extreme temperatures and heatwaves on real estate by the 2080s include
(McMahon and Williamson, 2010; Boyle et &013 and Camilleri, 200D

o Increased loadand shifting peak demands for space cooling, aéociatedapital and
operational codmplications

0 Increased heat stress on occupants, construction woekerteading taliscomfort and potential
health(including premature deathahd safety impliations;

0 Increaseddourand potential infestation from decaying wastelcompost;

o Damage to bildings and infrastructurassociated with dry soil movement (subsidence dtfeeto
drying of soil3;

o Constructiorand renovatiomlelays and loss of work daysriwg heatwaves; and
o0 Increased demand on watklivery and collection systeniacreasg pressure on water supply
infrastructureand water resources

Water Shortage, Drought

Projected changes to temperature and precipitdticough the 2080will affect water availability

Current trendén BC andacross Canadshowreductions in the proportion of total precipitation falling as
snow as well as the spatial coverage and duration of snow cover, affecting the timing and amount of
spring runoff(Bush et al.2014 and BCMOE, 201p Rising mean annual temperatures are also
influencing evapotranspiration and water loss to the atmosphere with implications for the wateBbalance
manifestedas changes in the amount and timing of water availaiBitsgh et al.2014). Research across
Canada suggests that the future climate will consist of more intense dry extremes and droughts, which
could increase seasonal aridity and reduce freshwater availability in soméBusast al.2014.

Potential impacts on real esdy the 2080s includ&¢vacs and Thistlewaif®014;Eclipse Research
Consultants2010;and Boyle et al.2013:

o Reduced quality of water supply duesarmer water temperatures doder streanflows in late
summer;

o Damage to bildings and infrastrucire associated with dry soil movement (subsidence dtieeto
drying of soilg;

o Increased drought risk and potential water shortages with implicatiohedtih, livelihoodsthe
aesthetic quality of the landscape, aulity of life generally withirsomereal estate
developments in certain areasd.,Southern BGand theOkanagan) and seasons (late surmaner
early autumix

o0 Increased demand on water delivery and collection systeaneaing pressure omassociated
infrastructurewith associated capitaihd operating cost implicationsnd

o0 Increasedompetition for scareaterresourcebetween sectors (e,@griculture, industrial,
residentialcommercial, environmengtc.)and between developments along water courses or on
aquifers
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Damaging Storms

Damagingstorms inclué: deep low pressure systensgvere thunderstorms and otheyh windevens,
hailstorms lightning events, and traditional winter storms, such as blizzasdszme snowfaleévents
andice stormd freezing rain eventsEven undeexistingclimate conditionsheseevents are having a
significantimpact on British Columbiangieap, 2007andWarren and Lemmen, 20L4Although
projections for the future are uncert@Rummukainen, 20J)2there is some indication that storm events
may increase in frequengintensity, or bothin the futurg(Warren and Lemmen, 2014dnd Field et a).
2012. Potential impacts on real estate from damaging storms by the 2080s include
(Abeysirigunawardena et a2009;Field et al. 2012;and Boyle et a).2013:

o

Damage toloss of buildings andnfrastructure fiped water, drainage, sanitation, communications,
power, gasetc.) and managed green spaces (including trees)

Disruption to critical services (temporary power outages, loss of heating, lo@swfunications,
loss of water supply);

Loss of other amenities for occupants;

Injuries and fatalities, and mental disorders (stress and antdetyposedccupantandworkers;
and

Road and access closures (e.g. washouts of roads and bdidges) livelihoods and supply chains
for commercelead toconstruction delaygisrupt renovation, etc.
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iReal estate development is the continual reconfi

need8 (Mil es.et al, 2000)

4.1 INTRODUCTION

Human settlements require land and other resources to provide shelter, food, transpatitéitasnand
meetother needs of residents. Generdlte process of altering land from its natural state for human
settlements called devalpment or land user both®

Property owners and developers make decisions about land use that rangienfplenmome renovations
to large complex industrial project®rivate real estate decisions are those made by oargitiesthat
have title toa real estate as$edlevelopersor both,who are not government corporations. Execution of
these decisions requires ownership of lafichlso requireaccess to capital, an understanding of public
processi(e., regulatory environment), managementacity, knowledge of markets, and the ability to
deliver and maintaia completed real estate assetventually these assets will be updated, renovated
and ultimately,replaced.

Two streams of private real estate decisions generagetiviy that play such a large role in the
provincial economyseeBox 1).

1. Developers undertake projects that shape the built environment. They turn an idea into a plan to
create housing, commercial space, public amenities, ang other services desired by the market
and host communities. In doing so, developers take on considerable financial risk. Often execution
of a largescale development process requires partnerships to help secure a suitable site,
architectural input, fiancing, access to technical consulting, quality construction expertise, and
other expertise. Developers must get approving authorities to understand their plan and reach a
decision to approve it once the overall design has met the objectives of the officmunity
plans. This ofteslengthy process is meant to ensure that both the community and the developer
realize intended benefits and avoid a result that detracts from communiyeiveil

2. Property owners make decisions governing selling, buyingtaiaing, and renovating or
upgrading vertical real estate. In short, property owners and seeybdoperty owners deal with
assets already created by the development process. The decisions of property owners in aggregate
strongly influence market tread Examples include willingneg® install watersavingdevices
(e.g., aerated tap fittings) and appliances (e.g-fllow toilets); to installfire resistant materials
(e.g., for interior walls, roofing, siding, windows, doors, eto.)convert to ma efficientHVAC
systemsand to adopt new technology (efgr, passive cooling This postdevelopment area of
real estate activity creates business opportunities for materials suppliers, designers, decorators,
small builders, and many other entrepreséu

5 Land may also be set aside for camstion purposes, such as watersheds to provide sources of potable water, to aid flood control, to provide
habitat for flora and fauna, et@his is commonly referred to as preserving natural capital.

5ln September 2013, T Canbians havemampes ug spepding ondame temowationstiand improvements. At 7 per cent
per year since 2003, spending gains in this area have outshone other components of household spending. During thHay9fiihaue
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In British Columbia, real estate related activities, including construction, contribute significantly to the economy. The
construction sector cgonised 7 per cent of provincial Gross Domestic Product (GDP) in 2011, while the finance, insur
and real estate sectothe largest service sector indugtrgccounted for 25 per cent of provincial GDP. From 2002 to 20
the construction sector expandelr cent, growing significantly more than the national average over the same perioq
per cent). This strong growth was driven primarily by development in the oil and gas sector. The construction sesto
the largest employer in the goepioducing sector in 2011.

From January 2012 to June 30, 2014 residential construction investment in British Columbia increased 14.4 per cent
housing starts grew 10.2 per cent.

Source BC Stats (2012)

In this section, &y actors, stages and decisionrmisin the real estatdevelopment process are described.
These decision points provide opportunities for the application of economic instruments to promote
socially sound adaptation choices, which are explored in subsequent sections.

4.2 THE REAL ESTATE DEVELOPMENT PROCESS

Multiplemodel s of the real estate deve bsaadnelopmenpr ocess
life-cycled pre documented in the literatyeg.,Zuckerman and Blevins, 1991; Jarchow, 1991; Roulac,

1996; GLA, 2005; and Kohlhgp 2013. A holisticreal estate developmemtocessomprisedive broad
stagesgeeFigure2):

1. Land banking and packagingarly-stageplanning); } Acquisition

2. Land developmentr vertical developmer{mid-stage planning) _
_ o _ _ _ Construction
3. Construction and buildin¢horizontal developmentjigal-stage planning)

4. Operation and maintenance; and } Occupancy
5. Renovation, disposal and redevelopment. ]» Disposition

Thesefive stageseflect the more detailed process describe@enl Estate Developmein®rinciplesand
ProcesgMiles et al, 200pandThe Real Estate Development Mattkohlhepp, 2012 The typology of

the completed land and buildings works may range from a single house to a complete community, which
includes open spagparks, institutionglcommecial andresidentiabuildings,and other structures.

Broaddecisions and actions that actors and practitioners invelvemchstage of the real estate
development processe summarized belowThe process may be very complicated; it is not possible to
list everydetaileddecision that may beade

renovations accounted for justen25 per cent of total residential investment. Currently, that share is almost 40 per cent. Accordingly, the
sectords economic i mportance has® ¢M®OwEce®ingmi tisca®0OlBB)over the past
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Figure 2: Real Estate Development ProcedsAdaptation Opportunity Space

ORIGINAL ACTOR PROGRESSING THROUGH PROCESS ANOTHER ACTOR ENTERING PROCESS

A |
I LI 1

Acquire brownfield  Acquire greenfield

Decision: hold for now, but ultimately abandon
(i.e., sell land to third-party for packaging)

Decision: hold and proceed

Decision: abandon (i.e., sell land with concept plan,
completed studies and approvals to third-party)

Decision: make land ripe for construction

Decision: abandon (i.e., sell packaged land with
_ plots, infrastructure and services to third party for
construction and building)

Decision: proceed to building construction

Decision: Sell homes, residential and
commercial strata property to third party for
ownership / leasing / management)

Decision: manage leased properties

Decision: divest (i.e., sell property
showing substantial depreciation to third
party for major renovations)

Decision: retain property and renovate

Decision: divest (i.e., sell worn out
property to third party to tear down
and redevelop)

Decision: retain property for redevelopment

Decision: hold or sell to third _

party for redevelopment

Source Adapted fronKohlhepp(2012

4.2.1 Land Banking and Packaging

In anticipation of future market needsdividualsor corporationsnay undertake land banking and

packaging. This involves purchasing properties to be held for future sale into the market when potential

investment gains are suitabl®ften it is a corporate group that acquires a site forduerelopment

which it will carry out in a new corporation created for the specific purpose. The motivation to create the

new corporation (ifBritish Columbig includes liability and tax concern$he sale of the development
site to the new corporatiomill involve profit taking by the original investor(s).
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Perhaps the be&nhown land banking strategy in British Columbia is the British Pacific Properties (BPP) acquisition in
of 4700 acresn West Vancouver above three fledgling seaside neighbourhoods. The city promoted the sale to avoid
bankruptcy. Owned by the Guinness family of London, BPP committ$8 iillion of immediate development and paid fg
the construction of the Lions Gateige. Real estate development by BPP continues today

Source West Vancouver Archivesvww.memorybc.ca

Landbanked sites may be greBeld or brownfield (previously built out In each case, a similar
decision path will be followed in anticipatio the site gaining value until it is sold f(re)development.
Some land banking occurs inadvertently. For exapgpdehool district may have purchased land for
future schools; howevedemographic changesayhave rendered the site surptagequiremats
providing the school district the option of selling it.

When an individual or corporation acquires a sitefditure development, it will plan for development
under one or more of the types of subdivision permitted undésating Title Actin British Columbia, of
which there are fivéBC Ministry of Transportatiorand Infrastructure, 20)4

o0 A feesimple subdivisionresults in a separate indefeasible title for each lot created undearttie
Title Act,

0 Strata subdivisionallows development where fetmpe land is divided into multiple units, with
all unit owners having a right to use common elementeere are three stgpesu bare land
strata v building strataandw phased strata subdivision;

0 A cooperative associatiorr shared interest subdivisiomy be created under tReal Estate
Development Marketing AcDevelopers sekhares in a land owning company;

o Development ondian reservesfalls under federal jurisdiction unless it conforms to part 24 of the
Land Title Actor

0 LeasesunderSection B.1 of theLand Titles Actwith leases exceeding three years or with an
option to extend beyond three years are considered subdivisions.

The type of subdivision will determine the nature of the ownership that buyers of a develafiment
have. For exampl| strata owners have an interest in their dwelling unit as well as common property.
Feesimple owners have total control of their property.

Table2 throughTable5 illustrate a typical decisiemaking path for a potential mixade development

of residential and commercia.@.,retail, office, services, etc) real estatehighlighting the boad

decisions actions,actors andoractitiones at each stage in the developinamcess A suitable site

would be urban or suburban. The actors and practitioners may be internal (employed in a development
group), or engaged by contraets required.These individuals can make decisioasd encourage

actions) that result in a saly sound level of adaptation, leading to a low Fislore resilient
development.Note that a number of decis®and actionsnay berepeated at each stage of the
development procegand thus appear in more than one table)
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Actors / Practitioners Decisions / Actions

Purchaserindividual, corporation, Review market trends and estimate future needs for a large scale
or corporategroup devdopment on a large site (several acres or more)

Review histories of potential sites
Real estate analyst ) ) )
Carry out environmeal and other technical reviews

) Check whetheroning and official community plan objectivage in place
Planning consultant ) .
Establish whether thsitecan be rezoned

Consider the potential site for development by purchafssiteor by

Land owner, developer another third-partydeveloperor development group

Lawyers accountants Acquire the site that meets anticipated agl investment return targets

Hold site until conditions niee it ripe for saler dbtain zoning changes
and development permibilding permits are obtaineat the nexstageof
the process)

Land ownerdeveloperand
approving authorities

Site developer Prepare the site for development and sale

Sub-contractors Create land development ampt; prepare financing package

Sell the site taleveloper(s) (henceforth, referred to as a development

Land ownerdeveloper group)

4.2.2 Land Development

There are two pmary influences on the potential of a site for real estate development. These are

policies andbbjectiveswithin the Official CommunityPlans(OCP), including growth strategiesnd

zoningand sukdivision bylaws In real estate terminology, the @éoper looks for the highestlue

(private returnjand best use possibilities for the site. At this stage of the real estate development process,
the development concept gets shaped by the site possibilities and community objectives as expressed in

theOCPand zoning bylaws. In some jurisdictions regional growth strategeeslso relevantThe

development concept includes all land uses and their locations, proposed number and types of residential
units,theamount and type of commercial and retailcgpas well as other features (parks, roads,

community facilities, schools, natural areas, etc.).

In order to produce the development concept, the proponent will have invested in market research and
detailed feasibility analyss(Miles et al, 200Q) Theproposed development not only needs to attract
buyers, it has to meet the expectations of the public sector as expressed in official plans and zoning
bylaws Local governments have power under ltheal Government Adb regulate developmeit

primarily through zoning. Local governments malgouse the comprehensive development district
process (as in Burnapio increase the amount of interaction with proponents concerning real estate
projects that may be proposed.
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Actors / Practitioners Decisions / Actions

Lead developer and partndfsgal
and accounting

Development group

Real esite analystappraiser

Consultants

Development group

Approvals by local government anc
other authorities

Development group and planning
consultants

Development groupnd sub
contractors

Development group

Development groupnd consultants

Propose real estate development concept to potential partners and p
form development grgp (corporation).

Draw up initial plan concept. Consider the broad external context:
transportation, floodplain, watershed, natural areas, etc.

Work with owned site; or, purchase a site; or buy an option to purcha
the site

Calculate investment returns based on development options

Carry out technical reviews (environmental, seismic, geotechnical),
archaeological assessment, etc.

Carry out market review, or feasibility study. Is thereiigable demand
for the proposed residential units, commercial and other space?

Decideif feasible: proceed or abandon

Revise development plan and review with approving authoritieat loc
government, Environment, Health and Transportation ministries, and
Government of Canada Fisheriesodiify development permit

Make sure the development plan aligns with zotiyigwsand OCP
objectives (densityamenities, mix of land uses, attainable housing,
environmental protection, etc.)

Present development plan in public procdfisstrate design lojectives
that serve OCP values

Make final plan adjustments. Sign contracts with-sabtractors.Pay
devebpment fees to local government

Prepare site, install infrastructure and services

Install rainwater retention measures, protect ecological assets, and u
natural systems (water retention, habitat, buffer gpatc.) Implement
materials handling and waste management plans

Decide to proceed to construction and buildingxt statepr sell
developed site. Will costs be covered and suitable profit gained if the
project proceeds?

Arrange onstruction financingor not if the site and plan will be sold to
another developesr development group)

Prepare detailed building plans aratain building permit(s)
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4.2.3 Building and Construction

The previous two staged the developmentprocesshoul d result i n a site that

Land development is complete and utility services, roads, rainwater systems, and prepared building sites
have been constructe@he proposed vertical development will levgrned byhe zoning (or reoning)
and the objectives and policy of tB&CP. Construction and building ar@w ready to commence.

Sometimes, at this poiimt the process, the development site and building plans are sold to another
development groupThis entity will have reviewed the development plan and building plans, and
calculated the prospects for a suitable return on investment once the buildings have berdaas#d or
a combination of both.

Actors / Practitioners Decisions / Actions

Development group and partners  Form the construction tegnmcluding key consultants

Development group and sub Sign contracts with sucontractors; set the construction timetable
contractors

Development group and planning Finalize building plans and tdin approvals from authorities
consultants

If not yetarrangedput construction financing in placeuy insurance,

Development group postperformance bonds, etc.

Carly out construction and building

Development group and sub Implement materials hatidg and waste management plans

contractors
Deal with change orders
Engineers Carry out inspectionsf works
Approving authorities Carry out inspetionsat stages of construction

Development group and consultant Market the proje@ salesleasing

Complete construction, connect services, test systems (ventilation, he
Development group and sub smart controls, electrical, plumbing, wiows, etc.) and technology (hea
contractors pumps, gedghermal, solar, grey water, etc.)

Prepare buildings for occupancy

4.2.4  Operations and Maintenance

At this stageof the real estate development process, the constratibbuildinghas been completed.
Thecomplded site with buildings, etc. woulikely be sold by thelevelopment gup and new actors
and practitionersvould become involvedvith the newly created assgeiscluding:pension fundgas
investment ownershouseholdsleaseholdergproperty manageystrata corporationduilding operators
(engineers and othersub-contractors providing irrigation systems, landscape installation and
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maintenance, repairstc. The new owners and leaseholders will be motivated to keep the real estate
assets well maiatned and the related costs as reasonable as possible.

In theexampleof mixeduse residential and commercial real estiatespecific buildingghe developeor
development group wiform a strata corporation with responsibility for management andtemgince of

the common areas and grounds. Likely, the strata will engage a property management company to look
after maintenance, repairs and replacement needs

This stageof the real estate development process has an unknown life time. -Aomstiuctd building
that is properly maintained, updated and renovated might last for 100 years or more in British Columbia.

Actors / Practitioners Decisions / Actions

The completed and commissioned building is sold to an investor, or s
to individual buyers and leaseholders

Devdopment group and partners ~ Form a strata corporation, for specific buildings
Building operations turned over thet grata (or investment owner)
Building deficiencies are carcted for owners / leaseholders

The following plans may be defined and adopted:
1 Establish a commofund for annual and periotlrepairs including

renovations
Owners of wataproperty 1 Maintain and repair the common propeirtgspecially the building
(investment owner and individual envelope

owners through a strata corporadiol Establish a contingency reserve fund
Emergency evacuation
Landscape maintenance

1 Operation of building systems

=A =4 =

Individual strata property owners  May decorate their units, replace applianaed finishings

Decide to maintain, repair, remogel renovate their properties; replace
Feesimple owners mechanical, heating and electrical systems; add new techn@apy
solarPV or thermal heat pumps, rain waters collection, gtc.

4.2.5 Renovation, Disposal and Redevelopment

This stage of the real estate developnpeatesgefers topropertieghat hae suffered from lack of
maintenance or that may be badly outdatetbperties mape affected negatively by chandesg.,
renovations or redevelopmeim)nearby properties and exposure to nuisance and égksnpise, soil
subsidence, flooding, debris and debris flows, wildfidgur, etc.). Properties that have declined to the
point that renovation is infeasible may be disposed of and repl&astkvelopment projects follow the
sameprocessas new real estate development projects
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Decisions concerning renovatiaisposal and @evelopmenmay not follow a typical path. Hower,
thefollowing actorsinfluence outcome&ohlhepp, 201

o Property Renovatorr T hi s a c tpoopertyawithgsubistangasecomomit or physical
depreciation and creates value by curing these deficiencies then repositioning and operating the
building until he property is ready for redevelopmerit

o Property Redeveloper T hi s a property with sughsseriaus physical or functional
deficiencies that the improvements must be torn down and redeveloped for another use. This
essentially begins theal estate development process all over again

Individual homeowners also participate in the residential renovation mafkélor e money was sp
renovating homes in Canada than building new ones during the 12 months to the end of June 2014
accordingtd at a compi | ed by (GoheandBvaih 2014iREnovtmm degismres byo
homeowners range from upgrading roomg) (kitchens, battoons) and finishings to additions and

rebuilding on someor the entireoriginal building footprinf CMHC, 214). Specific renovation projects

may involve (CMHC, 2014):

0 Repair of foundations and supports

o0 Structural upgrading to meet seismic requirements

o Renewal of building envelope (and insulatierterior and interior) to current cade

o Roofing (and roof ovédrangs), rainwater systems, windows and sealants

o Utility systems (heating, ventilation, lighting, etgprticularly energy efficierdptions or

o Enhancemenisuch agatural lighting, low emissions materials, energy efficient appliances, water
saving apliances, etc.

4.3 OPPORTUNITIES TO PROMOTE GOOD ADAPTATION CHOICES

4.3.1 Decision Point® Intervention Points

Figure2 highlights the highedevel decisions that private actors are confronted with across the real estate
devel opment process. For instance, at the concl us
developer(s) could:

a. Decide to sell the packaged land with plots, infrastructure, and services to patftyrdor
construction and buitlédi;ngpr(fAvertical devel opmen

b. Decide to retain the packaged land and undertake construction and building itself.

Private actors are also confronted with a range of more detailed decisions at eachastsge which
were discussed abaovd heleft-handside ofTable6, for example, lists key activities during the vertical
development stage requiring private actors to make choices. These &hnitiesoryd have the
propensity to influence (positively or negatively) the impacts of ¢énahange on real property (by
affecting the exposure, the vulnerability, or both the exposure and vulnerability of infrastructure,
buildings or people to specific climate hazardsable7 attempts to summarizbe degree to which
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decisions by private actoes each stage in the development procestd influence climate change

impacts on real property. The length of the arrow indicates whether decisions taken by private actors at a
particular stage in the dewgiment process could have a low (L) or high (H) influence on impacts arising
from a specific hazard.

Decision point-intervention point Opportunity for influence

Encouragéuilding and landscapindesigrs to
Design buildings and landscaping incorporate measuréisat reduce risks fromelevant
climate hazardat development location

Design riskfinancing products to incemictions to
reducerisks prior to events, in addition to &g
recovery after events

Prepare finance and legadckage for
construction/building, including insurance

Influence timetables to accouiatr possible
Establish construction/building timetables interruption from relevant climate hazards at
development location

Mainstream desired climate change adaptation
Draft and rgotiate contracts with sutontractors for practices and behaviours into contrgets.,
construction/building work provisions for extreme heat events, provisions fol
water conservation, etc.)

Mandate or incent voluntary disclosure of climate
related riskwithin marketing materials for
potential buyers and tenants

Create and implement marketing strategyfiftished
buildingsready for occupancy

Eachof the moredetaileddecision poirg alsoprovides local and provincial government polityakers
with opportunities to intervene apdomotemore efficient climate adaptation choiéese., adaptation
actions and behaviosithat yield net social benefittooking again at the vertical development stahe, t
right-handside ofTable6 showsopportunitiesvherepolicy-makerscould exertinfluenceto promote
betteradaptation choicdsy private actorsitthe key decision poirg. At somedecision poirs, private
actors may facenanychoicesover which policymakerscouldexert influenc€. By way of example,
Table8 lists specificadaptation reasures that could be incorporated into the design of buil¢timg$irst
decisionintervention pointn Table6) to help mitigate risks arising frospecificclimate hazards.

” A wide range of adaptation measures thatgé\actors could take to manage risks from various climate hazards are presented in Table 10
through Table 19 in Appendix A.

Economic Tools for Climate Change AdaptatioRromoting Adaptation in Private Real Estate DecisipmsL ONE SKY FOUNDATIOI



Real Estate Development Process Stages

Land banking Land Construction Adaptation

Climate hazard and packaging development  and building Occupancy Renovation | Redevelopment Actions
L H L H L H L H L H L H
Increased Table13
temperature - — > > > -
L H L H L H L H L H L H
Incre_a_seq Table14
precipitation —p —_— > > > =)
L H L H L H L H L H L H
Sea level rise Table15
> > > =) > >
Storm surge, L H L H L H L H L H L H
coastal flooding, R R R - R R Tablel6
erosion g g g v g v
Extreme L H L H L H L H L H L H
precipitation, Table17 and
flooding, erosion, > > > = > > Table19
landslides
L H L H L H L H L H L H
Wildfire Tablel8
Extreme L H L H L H L H L H L H
temperature and _ _ _ Table20
heatwave E— — — > > >
L H L H L H L H L H L H
Water shortage, Table21
drought — — — > > >
L H L H L H L H L H L H
Damaging storms _ Table22
— > > > > —

Source based on expert judgement of project team

Notee ALO suggests that the propensity of deci si ons tfalimatectahgyg onperliproparty éitharct or
by affecting exposure and / or vulnerability of i msfggeststharthe propensity of ddeisiond di n g
taken by private actors to influence (positively or negdyivthe impacts of climate change on real property is HIGH.
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Climate hazard Examplesof design choices

Use green or brown roofs to limit heat absorption

Increased
temperature and Use larger flootto-ceiling heights to allow for future cooling mechanism retrofits
heat waves Use thermally reflective surfaces (high albedo) for roof, sidimg)facades
Install moisture resistant flooring and wall finishes in the basement
Extreme . . . .
S Install ontsite water retention and management techniques (e.qg., rain gardens, pe
precipitation and
flooding surfaces, stormwater tank, etc.)

Install sanitarysewer backwater valve to reduce risk of sewer backup

Install electrical, heating, ventilation, plumbing, air conditioning equipment and ot

_ service facilities above the projected sea level height
Sea level rise ) o . i
Accommodate sekevel rise through structal modifications (e.g. raised foundations

stilts, platforms, etc.)

Install fire resistant materials (for interior walls, roofing, siding, windows, doors, e

Wildfire

Install backup power (generator) for water supply system

Install heating strips on flat roofs to prevent blockage of drains by ice
Damaging storms Install impact resistant roof covering to protect from hail storms

Install wind-resistant roofing materials (e.g. polymer modified shingles)

4.3.2 Case Examples

Across all stages in the real estdevelopment process there are oveke8decisionintervention points,

and at some of these points private actors faeg many adaptation choic@s evident from Annex A)

To keep the scope of the project manageable, it was ddoidecus on thredecisionintervention points
ascaseexamples The purpose of these case examples is to allow us to identify peliareets to

particular decisiofinterventionpoints in the real estate life cycknd to identify at one economic
instrument that coufil in theonyd be used to overcome those barriers. As an exploratory study, the goal
is to identify instruments with promise in a particular application, to describe how they work, to outline
key dhallenges to thesuccessfuimplementation in BC, and to makecommendations to further
investigate their viability.The threechosercaseexamplesre:
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1. Real estate development process stage
Land packaging

Relevant actors

Developers (individual, corporation, or group of corporations), real estate ahalgsining consultants,
lawyers, accountants, financial institutions, technical consultants (engineers, architects, EIA specialis
approval authorities

Potential goal of government

For developers and their partners to mainstream a socially opévedldf climate change adaptation into
Aiplansod for the provision of housing, commerc
market and host communities

Main climate hazards addressed:
Sealevel rise
Storm surge, coastal floodingiosion
Extreme precipitation, flooding, erosion, landslides
Wildfire
Extreme temperature and heatwave
Water shortage, drought
Damaging storms

2. Real estate development process stage
Occupancy (minor upgrades) and renovations (major upgrades)

Relevantactors:

Fee simple property owners, strata corporations, tenants, financial institutions, technical consultants (er
architects, contractors), equipment suppliers, real estate agents, apptbeaties(building code)

Potential goalof government:
Forowners of real estate to upgrade their properties with climate resilient and resistance measures to tr
minimize the pesent value (investment plus residual damagejalcostsof climate change. Upgrades are
most costeffectively undertaketogether with other buildingnvelope equipment or landscape renovations
the property.
Main climate hazards addressed:

Increased temperature

Increased precipitation

Sealevel rise

Storm surge, coastal flooding, erosion

Extreme precipitation, floodingrosion, landslides

Wildfire

Extreme temperature and heatwave

Water shortage, drought

Damaging storms
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Real estate development process stage

Redevelopment

Relevant actors:

Fee simple property owners, strata corporations, tenants, lawyersyé@ejs, financial institutions, real
estate analysts, planning consultants, real estate agents, apjitbeaities

Potential goalof government

To help markets provide appropriate price signals to property ownemsdaragean optimal level omaraged
retreat fronmlocationsprone to (mainly) coastahd fluvial flooding, where such a policy is justified.

Managed retreat iheterm used to describe the gradual shiftingpoivate, public or bothproperty and
activities away from hazardsuch asoastal processes) threatening them, thereby eliminating exposure tc
hazard. Retreat can potentially occurtsto scales depending on circumstand@3 <hifting buildings back
from thehazard (e.gsed within existing property boundarigsr (2) if relocating buildings within existing
properties is not possible then the next stagetieat is to relocatealvageable buildings (and whole
communitiesYo anothetocation.

Managed retreat may be justified whefia examplethe @nstruction and matenance costs girotection
works are higher than the capitalues of the assets to be protectedwider community is either unable or
unwilling to pay for the costs @haintainingprotection worksndefinitely; etc.

Main climate hazards addressed:
Sealevel rise
Storm surge, coastal flooding, erosion
Extreme precipitation, flooding, erosion, landslides
Wildfire
Water shortage, drought

Note: See, for exampléZIWEM (2006); Turbott (2006);Alexander, et al. (20128iders (2013); and Tinker (2013)ychKousky (2014)

We use thehree casexamplesas follows:

(0]

In Sectionb, succeeding general exploration giotential barriers to efficient adaptation decisions
by private actorswe identify barriers specific to each cazample and

In SectionO, we identifyat least one@conomic instrument that government(s) in BC could use to
overcomehe identifiedbarriers to good adaptation choice®ach casexample
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5.1 INTRODUCTION

In a world with perfectly functioning markets for all goods and serveféisient adaptation to climate

changewould be enabled through normal markansctions prices would provide rationaindividuals

in the real estate sectaith incentives to reducesks arising frontlimateh a z ar ds (radated icl i ma't
ri sks o tdsodallysptinmakldavels.However, markets seldom function perfectydmay not even

exist for certain goods and servicddoreover, people do not alwalgshave rationally A number of

fibarrier® hamperthe ability of individuals or businesses to use their resoéiroasural, financial,

human, social, and physical capitab manage climateelated risks in a way that would deliver net

social benefits For example, inconsistent, poor quality inadequate informatioon hazards, such dke

frequency and /or intensity sform surger drought can prevenpeoplefrom efficiently managing risk

associated with these events.

In this section we investigat@@ntial barriers to efficient adaptatidacisions. We begin by developing
an indepth understanding of hawarket failureandbehaviourafailurescould impede efficient
adaptation to climate chan@geeBox 3 for an explanation of what we mean fmarket failuresand
behaviourafailures) We subsequently apply this knowledge to identify potential barriers to optimal
adaptation in each dfiethree casexamples

Thepresence ofuchbarrieis means thaprivateadaptation actionsould: bethe wrong sort of actionge
insufficient;be over and above what is nheeded; not occur at the right ¢éirmot take place at all.

Market failures

Market failures occur when freefynctioning real estate markets, operating without adequate government intervention
deliver outcomes that are satisfactory from the point of view of society. This happens when the private returms which
individual or business receives from carrying out a particular action (like undertaking adaptations to climate change)
from the returns to society as a whibleesulting in a suioptimal amount of adaptation. Real estate markets can also fai
whenthe individual or business does not have sufficient information to recognize the returns from climate change adg

Behavioural failures

Even when markets are providing the right price incentives to individuals and businesses, alongside atadatpiare
information, people do not always respond in a O6perf
affect the way people process information and make decision. These behavioural failures can also restdpiimzasub
amount of adaptation.
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5.2 ADAPTATION AS AN INVESTMENT DECISION

From an economic perspective, adaptation choices fundamentally involve investment decisions-that trade
off typically (higher) initial capital costs and uncertain (lower) future damage t@tssider a decision

to upgrade an existing home with flood resistance and resilience meadortwe simplest case, the

initial capital cost comprises thiell purchase price dBay) door guards, as well @l installation costs
where relevant. Inther cases, where a home is already undergoing renovations or repairs, the initial
capital cost is given by ttdifferencebetween the purchase and installation cost of a baseline product
(e.g., new carpet for the ground floor, new permanent internal)o@mwisan otherwise equivalent product
that provides essentialtihie same servicebut reduces the consequences of flooding (e.g., polished
concrete floors, readily removable internal doors). The deom@ther to make the investment to
reduce floodingisk requires weighing the initial capital cpathether full or incrementahgainst the
expected reduction in future private damage costs. Damage costs of concern to private households
include both tangible costs (e.g., physical damage to buildingscarents) and intangible costs (e.g.,
inconvenience of podtood recovery, welfare losses from injuries, anxiety, depression, etc., loss of life,
etc.).

Assessing the reduction in future private damage costs requires the household to form expédctations o
uncertain future flood damages both with and without the installed measures. Retrofitted flood resistance
and resilience measures are unlikely to completely eliminate future private damage athgsssible

flood eventd i.e., some level of residudbmages will likely persistthen exposed to (say) alD00 year

floodd though they are expected to be lower than they would otherwise be in the absence of the

measures. Comparing tegpecteduture private damage costs to the initial capital cost ofritlied

measures requirexpecteduture damage costs to be discounted to present dollar equidalesitey a

di scount rate appropriate to the househol d. Al l
would entail choosing a level of fldaesistance and resilience upgrades that minimizes present value
(investment plus residual damage) private ctisf3efining both investment and damagests more
broadly to include, for example, unprisiomgnblvesnvi ron
minimizing present value (investment plus residual damage) social’¢d5ts.

8 Adaptation actions may also entail changes in annual operating and maintenance costs, in addition to the initial @aplitatieege cases,
the tradeoff is between (higher) lifecycle adaptation costs and uncertain (lower) future damage costs.

°Fl ood Aresistance measureso aim to pr ev e-guards fload skits, aidhrickevers), r eachi ng th
whereas flood firesilience measuresodo aim to minimizesethenmianking, caused b
waterproof wall plaster, raised utility services) (DEFRA, 2007).

10 Formally, the household minimizes wate losses by equating marginal private investment (or lifecycle) costs to marginal residual private
damage costs.

1 For societywelfare losses are minimized by equating marginal social investment (or lifecycle) costs to marginal residual sociabdtésnage

12 A primary goal of economic instruments is to internalize these unpriced environmental externalities into the decisiopgrivatie b
households and developers (i.e., to make these private actors pay for their externalities). With diliexteteanalized, households and
developerd in pursuing their own private ageriavill still make socially desired choices, all else being equal.
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5.3 BARRIERS TO OPTIMAL LEVELS OF ADAPTATION

5.3.1 Adaptation Deficit

In a world with perfectly functioning markets fall goods and services, decentralized adaptatimudv

be facilitated through normal market actions, with price signals giving private individuals or businesses

( A a c tincentiged fo reduce climatelated risks to socially optimal levels. A ratioaatorfaced with

flooding risks would decide whether not to invest in flood resistance or resilience measures on the

basis of the calculation described above. With perfectly functioning markets and all externalities
internalized, rationadctorswi | | be able to make t meedscUndersuighs t hat
circumstances, the fact that so faetorshave so far adopted flood resistance or resilience measures

would simply tell us that such measures are not yet justifiesbcial cosbenefit grounds However, an
examination of insured aretonomic (uninsured) losses from climatéated natural disasters in Canada

since 1950 shows that they have been rising at an exponential rate. In 2013 insured losses from severe
weather events totalled $3.2 billidrthe highest yeagnd losses in Canai history (IBC, 2014).

Insured losses associated widvere weather in each of the four preceding years hit $1 billion. The scale

of these losses suggests underinvestment in climate adaptation relative to some notion of the socially
optimal level of adptation. Such underinvestment is sometimes describmiiaa d apt at i on def i ¢
(Burton, 2009; and Fankhauser and McDermott, 2013). ABtbelata show, the adaptation deficit is
increasing and is likely to become significantly larger with projectiedaté change.

Economists have postulated a number of reasons to account for the adaptation deficit (Brauninger, et al.,
2011; and Productivity Commission, 2012), in much the same way they have sought to explain the
fenergy ef fi ci en andopgneabpedergh ese (Vaffecand Stadns, 1304; Jaffe, et al.,

2004; and Gillingham, et al., 2009). Most of the explanations posited in the literature for levels of
adaptation (or energy efficiency) falling short of what might be considered socialiyabjatie couched

in terms of a range of market barriers

5.3.2 Market Barriers, Market Failures, and Behavioural Failures

A market barrier may be defined as any disincentive to the adoption of an adaptation measure or
behaviour. It can be anything that limite thbility of individuals or businesses to use their resoérces
natural, financial, human, social, and physical capital manage climateclated risks in a way that
would deliver net social benefits (Productivity Commission, 2012).

The existence of markéarriers could result in undadaptatiod where adjustments by individuals or
businesses are insufficient, which would explain the adaptation deficit. Market barriers may also result in
other forms of maladaptation (sBex 1). Consequently, communityide wellbeing may be reduced

from the level it would otherwise be if the market bagaid not exist.
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Maladaptation may arise from:
o Inaction: for examplea failure to adjust water resources management to account for climate change

o Overadaptation: for example, where adjustments are made that are proven to be unnecessary give
climate ultimately realized (a sea wall built to withstand 4m of sea leseethrat never occurs);

o Underadaptation: for example, where adjustments are insufficient in that they do not achieve the
maximum potential reduction in losses for the climate ultimately realized; or

o Incorrect adaptation: for example, where adjustmentmacke, but are later found to be either not
adaptive or counteadaptive, actually increasing impacts above what they could have been given
improved exante adaptation.

Each of these outcomes gives rise to unnecessary costs. For example -fataptaton, resources are wasted
through unnecessary investments. For wadiaptation, society experiences unnecessary damages, and ma
incur additional costs from retrofitting or replacing assets prematurely to withstand a different realized clin

Source Ranger et al. (2010)

Irrespective of the form of maladaptation that market barriers may create, their presence signifies a

potential role for government intervention to help markets reallocate resources to impraetdrew

adapt. However, notallmarketar r i er s are mar ket failures (or, mo |
in classical welfare economics. This is a crucial distinction in terms of justifying government

intervention.

For example, in the context of energy efficiency, uncertainty adwergy prices (and thus the actual cost
savings from installing energy saving technologies), combined with the irreversible nature of these
investments, is often cited as a barrier to the adoptitimesitechnologies. Specifically, the uncertainty

is said to leadactorsto use irrationally high discount rates to analyze the present value of energy cost
savings. But uncertainty, in and of itself, is not a source of market failure. It is perfectly acceptable for
actorsto take uncertainty into accounten making investment decisions, and to apply relatively high

discount rates to irreversible investments whose benefits are uncertain. To the exéent thatue s 6
discount rates are high for these reasons, this does not constitute a market failure.

The qualitative attributes of new energy saving technologies, which may make them less desirable than
standard, less efficient technologies, is also cited as a market barrier to energy efficiency. One example is
the perceived quality differences betweempact fluorescent light bulbs (CFLs) and incandescent light
bulbgd differences that include hue of the light, the appearance of the bulbs, the time to reach full
intensity. However, these quality differences are what economists refer to as intangs)levlticst are

very real to thectorscontemplating the acquisition of CFLs, and do not correspond to a market failure

that ought to be addressed by government interventioprinciple, actors may have similar concerns

over thequalitative attributesf technologies to mitigate climate risks.

Market failures, in contrast, occur when one or more of the conditions necessary for markets to operate
efficiently are not mét conditions that include:

o Perfect informationgctorshave all the relevant informatiorecessary to understand the costs and
benefits of their choices);
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o Perfect mobility of resources (there are no barriers to enter and exit the market, with free flowing
capital, labour and other resources);

o Perfect competition (no singbetorcan influencehe market price or market conditions, and
products are identical and interchangeable);

o No transaction costs (there are no costs associated with making a market transaction that are not
accounted for in the price soefl Itehred sp rsotdauncdtp oiitnste,l
cost to a buyer of locating a suitable supplier);

o0 No externalities (there are no unpriced effects, such as environmental damage, that accrue to a third
party or third parties other than the buyer and seller of the prodad);

o No public goods (all goods are characterized by increasing marginal costs and halefined
property rights, so that potential buyers can be excluded from consumption if they fail to pay).

When any of these ideal conditions are not met, a maaletd exists, and marketdeft to their own

device® will not achieve a socially optimal allocation of resources for adaptation. Even if the conditions
are met, the desired level of adaptation may still not result from market actions trxtatsso not

behave rationally. Classical welfare economics assumes market participants are rational in their
behavioud carefully weighing their own costs and benefits in making economic decisiomsximize

their utility.’®* Hence, with perfectly functioning markets actomwould be expected to take decisions

that maximize welbeing or profi or in the current context, minimize the present value costs
(adaptatiorinvestmentosts plus residual damage costs) of a given clinedéted risk. There is

substantive @dence nevertheless that consumer decisions are not always perfectly datindahdeed
suffer from systematic bi ases -pplirbatldvelswfirvastmentin f ai | u
adaptatiort* Behavioural failures describe decisiorakingthat is inconsistent with the maximization of
individual weltbeing, even when individuals are provided with the appropriate information and
incentivest®

5.3.3  Socialy Optimal Levels of Adaptationand the Costs of Interventions

The presence of anket failures or behavioural failuresill result in an inefficient allocation of resources

for adaptationf markets are left to their own devicakeir presence providesanimumjustification for
government intervention to improve social weding. While busingses face some of the same issues as
individuals, competitive forces servesomewhamaoderate the importance loéhaviourafailures for
decisionmakingin firms (Shogren and Taylor, 2008). Hengeyernment interventioto promote good
adaptation decisns by businesses is primarggncerned with overcominglevant market failurési.e.,

to focus on inefficiencies that relate to either market structure or the incentives of businesses. In contrast,
promoting good adaptation decisions by individymimarily requiresinterventiongo remedy both

relevant market failures and behavioural failures.

Importantly, he mere existence of market failures and behavioural failures, which are pervasive, is not
sufficient to justify government intervention. Itdaiso necessary to demonstrate that the benefits arising

Butiityi s the term economi st $evelo§satisfacton, happingssell-bemgoapersonahkenefiti dual 6 s

14 Shogren and Taylor (2008Yenkatachalam (2008Brown and Hager{2010, Shogrengt al.(2010) Pollitt and ShaorshadZ2011), Baddeley
(2011, andGsottbauer and van den Bergh (20fdjvide reviewsf this evidencén the conéxt of environmental, energy and climate policy.

15 Specifically, behavioural failures describe decisma ki ng t hat is inconsistent with Arational cho
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from suchintervention exceesthe cost of implementation to government (Productivity Commission,
2012). Theoptimallevel of adaptatiodesired by society as a whalell marketfailuresand

behavioural failureswhere to be correctedill thereforetypically be greater than the narrowgye
sociallyoptimal level, since overcoming some of the failures may be so costly that it is not worth doing
(seeFigure3). Furthermore, by definition, for market barriers that are not market or behavioural failures,
it will not be possible to design policy interventions that pass a sociabensfit test. If there is no

market or behavioural failure, removing tharter does not increase community wading (Jaffe and
Stavins, 1994) With these caveats in mind, in the remainder of the document we nonetheless consider all
market barriershat may preverdctors in the real estate development process fitamagingclimate

related risks in a way thabuld deliver social benefits. Whether or not an intervention(s) to redress a
specific barrier(s) passes a social dustefit test is a question that would need to be answered through
subsequent analysis, on a chyecase basis.

High resiliencel Low risk

Additional risks from not overcoming market
barriers, market failures, and behavioural failur
that cannobe removed at an acceptable cost

If government
interventions removed
all market barriers,
market failures, and

behavioural failures to
adaptation decisions by
private real estate actors Remove those markbtrriers, market
failures and behavioural failures thgess
a social cosbenefittest, including costs
of implementation to government

Increasing levels of adaptation by
private reakstate actors

Low resiliencel High risk

Source:Based on Jaffe and Stavins (1994)

5.4 RELEVANT MARKET FAILURES

5.4.1 Externalities

Externalities are cos{er benefit§ arising from an activity that afaced bymembes of wider society
who are not party to that activity, and thus have no control over it. An indepéemdieittual or business
makes decisions that control the activity, thase actorglo not pay for the impacts of the activity on
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wider society When an economic activity takes place, there are normally two groups affected: the buyer

and the producer (seller). But sometimes, the economic activity has an effect on people who are not

directly involved. Because these effects are on a person wehteimal to the activity, they are called
fexternalitieso. Ext er na b thatis,ghe econamic abtieity afone her pos
person or group can have-oeierlemona ofosihtervepeomp!| reg

Both negative and itive spillovers could influence efficient levels of climate change adaptation,

resulting in too much of an activity that leads to maladaptation, or not enough of an activity that enhances
adaptive capacity (Productivity Commission, 2012). For exammpayate land owner could construct a
seawall to protect his or her property from-gmgel rise. If the seawall increased erosion at adjacent
properties, it could result in a negative externality if the costisad&rosionis not reflected in the costé

the seawallor borne by the private land owner who constructed it. As a result, the land owner will likely
not take these external costs into account when making decisions about how best to protect his or her
property to sedevel rise. Similar nedive externalities could result from decisions taken by private land
owners to protect their property from riverine flooding, where flooding risks athygaroperties and
infrastructure are increased.

Positive externalities can arise from learnimgdoing, whereby the adopter of a measure to reduce
climaterelated risks creates knowledge about the measure through its use, and others freely benefit from

the information generated about the existence, characteristics, and performance of the me&sure. Int

context of energy demargide management programs, two types of learhirdoing spillovers are

di stingui-dhiabéesofidaneefiprogr am s p-driversare mdiveldals ( J af f e
who do not participant in the program, but whstall energy saving technologies due to hearing about

them from program participants. Program spillovers occur when participating individuals install

additional energy saving technologies, without financial incentives or technical assistance, due to wha

they learned through participation in the program. Bothggpgositive externality would be equally

applicable to programs to retrofit existing homes and businesses for efetattal risks.

Governments can subsidize activities that generataymsitternalitiege.g., grants, subsidized loans,

tax credits, etc.) Conversely, the main interventions to redress activities that generate negative
externalities involve direct regulation, tradable quota schemes, or tax instruments. The goal of these
interventions is not necessarily to totally curtail all activities that generate negative externalities, but
rather to ensure that resources are allodaya@al estate actoiis a way that takes account of the benefits
and costs of the activities for albciety as a whole.

16 For negative externalities the general issue is one of coste:dhe costs that are borne by participants in an economic activity, and then there

are costs that are borne by third parfeg.,damages taquatic ecosystentausedy contaminated runff, respiratory illnesses that result from

exposure to pollutedir). The costs that the participants lde#ne costs to the producer that are transferred to the buyer via the marlt price

aretermedi pri vate costso. T h e -partzipants ar¢erinedlit e >atr eer nt a la nsd £tr 3 ®oflwidefsociety nt he per s |
which includes those individuals experiencing the external costs, too much of the offending economic activity is takifalasgethe

collective welfare of society would be improved if the economic activity generating the extestealas curtaile(but not necessarily stopped

entirely) This provides a rationale for government interver@tiono fii nt ernal i zed the negative externality
Faced with higher costs, both producers and buyers will reatiedevel of the offending activity. Internalizing external castgpically

accomplished using direct regulation, tradable quota systems, or tax instruments. The same analysis applies to pualities,exteept the

general issue is now one wfpriced benefitsvhich areundes uppl i ed from soci etyds perspective
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5.4.2 Public Goods

Public goods are goods or services which, once provided to one person, are then available to all people at
no additional cost (Productivity Commission, 2012). Public goods have two defining characteristics:

1. Consumptiorby one person does not reduce the quantity of the good or service available to others;
and

2. Once the good or service is produced, it is difficult for the supplier to stop people from using it who
do not pay for it. Thdesr ipr ablsemdef erred to as

Public goods tend to be intangible items; that is, things which are difficult to grasp with the hands. Many
public goods fall into the category of information or knowleilgeo key determinants of adaptive
capacity

The freerider problemmeans that, in contrast to private goods, businesses cannot sell or charge for each
unit of a public good that is consumed. The profit motive for the private sector to provide public goods is
thus very weak. As a result, public goods tend to be ymdeided in the absence of government
intervention. If the public good is valued by society, community-ineithg will be lower than it

otherwise would be in the absence of government provision or support.

Some goods or services needed for effective atlaptaxhibit public good characteristics, and are
therefore undersupplied by the market (or not provided at all). Governments can enhance community
well-being by ensuring the appropriate provision of these goods and services.

Information and knowledgean be a public good with benefits for many, including those who did not
invest in creating it. Because individual businesses are unable to fully capture the benefits from their
innovation efforts, which instead accrue partly to other businesses and eosstin®y underinvest in

creating knowledge. This will result in underinvestment in the R&D of technologies and practices to
manage climate impacts. Furthermore, early adopters of a new technology or practice can be a useful
source of information for otirs, who can learn from the successes and failures of early adoption. The act
of installing, for example, flood resistance and resilience measures is itself a source of useful information
for others. Individuals and businesses may therefore be reltwtastall these measures now, preferring
instead to wait and benefit from the learning experience of early adopters. This is sometimes labeled as
the secondnover advantage (Markides and Geroski, 2005). However, the act of adoption creates a
positive exernality by providing information to others for which the adopter is unlikely to be
compensated. The presence of this positive externality justifies government intervention.

Early-warning systems for climatelated risks (e.g., heat extremes, floods&yere storms, etc.) along
with hazard maps for vulnerability assessments also have public good characteristics, and will tend to be
underprovidedy marketdn the absence of government support.

5.4.3 Imperfect Information

Imperfect information can lead to mkat failure where individuals and businesses have inadequate
information to make welinformed decisions. In the context of climate change adaptation, the issue of
access to information relates to both information about the performance of adaptatioremaad
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information about the costs of climatelatedrisks The quality and extent of information may be
thought to lie along a spectrum:

No information Asymmetric information Adequate information

At one end of the spectrum there may be no or veleg information to help real estate actors make

informed decision® possibly, because of the public good nature of the required information (discussed
above). In these cases, the government may need to commit to provide the information itself, or

alterndively, to fund its provision by the private sector. Relevant information may also be available to
individuals, but the process of gathering it (because of search or other transaction costs) and processing it
(because of cognitive constraints) may notbstless. Under these circumstances, individuals may trade

off the benefits of making better decisions using better information against the costs of gathering and
processing it. They may gather infor rmaneyiben unt il
privately rational given their knowledge base and the costs of adding to it, but that are less than socially
optimal, because armed with all relevant information about (say) emerging adaptation measures or

practices, they might rationally chooted s e acti ons more often. To redr
i gnoranceo0o government could undertake an informat

At the other end of the spectrum, all real estate actors have adequate information to make the lsest choice
However, because of behavioural failu¢discussed in Sectidh5), this does not guarantee solsial
optimal adaptation choices.

In the middle of the spectrum, information is available, but its distributiay beasymmeticd i.e.,the
available informatioms unevenly distributed between actors in the real estate market. In economics,
information asymmetry exists when one party (e.g., a land or property owner) to a transaction holds
relevant information, but is unable anwilling to transfer this information to the other party (e.g., an
insurer alender a prospective buyer, eic.As a consequence two problems arise which may impede
efficient climate change adaptatiby real estate actargl) adverse selection; an2) (moral hazard.

Adverse Selection

Adverse selectiors often described as a situation where one side of a transaction (e.g., the purchaser of
insurance) kows somethingbout itself that the other side.g., the insurerjoes nat It is also described

as a situation wére one side addmarket(e.g., buyers of real propertgannot observe the type or quality

of the goode.g., real propertyon other side of the markég.g., sellers of real property), athe side of

the market with the informatiaacts opportunistically to take advantage of this asymmeinr.these

reasosit is sometimes calledfahidden informatiod problem. Note that dverse selectigrin contrast to

moral hazardpccursbeforeentering into the transaction

Oneway adverse sektion couldmpede effective adaptatidoy real estate actors is by restricting the
availability of insurance at affordable and adequate premiums. In insurance mahkextse selection
arises when(a) the riskof loss varies across buyg(g) insures arenot perfectlyinformed about those
differencesand (3) buyers havauperior information.At a given premiummore property ownerngith
higherthanaverage rislof loss are likely to purchasmore insurance than are home owmeéts lower-
thanaverae risk of loss.Adverse selectiotherefore increases the premiitnat an insurer must collect
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in order to coveaverage expecterdaims. This maymake some types of insuranuoet viable. Low-risk
property ownersnight be unwilling to buy coverage apremium rat¢hat is sufficient to allow an

insurer to cover averagxpectedlaimsfor both low and highrisk property owners Equally, hgh-risk
property ownersnight be unwilling to buy coverage at a premitate that is not subsidized by levgk
property ownersIndeed, these exact issues are currently being debated in Canada as insurers consider
the viability of providing insurance for overland flooding:

il nsurers identified the fiinability toantcharge ad
risk associated with the implementation of overland flood insurance. Without affordable and
adequate premiums, insurers argued that the business case to implement flood insurance lacks
credibility. The inability to charge adequate premiums was linkiddthe problem of adverse
selection. Because flooding only happens in specific locations in Canada, insurers argued that
premiums would have to be priced at levels that are too expensive for consumers in these areas to
ensure an adequate premium baseaver losses. If premiums cannot be priced at affordable

levels that adequately compensate insurers, flood insurance fails to meet a key standard for
viability. To improve the affordability of these premiums, the market penetration would have to
expandoy offering coverage in lower risk areas. Yet, insurers were skeptical whether lower risk
populations would even accept these premiums, since the lower risk group would effectively be
subsidizing the cost for those living in the higher risk areas [leWwdité and Feltmate, 2013]

Insurerscan reduce adverse selectiongogupng buyers into classes with different expected cleasts.
Adverse selection will be less problematic there accurate thelassification Classification also
provides liyerswith anincentive to take steps to limit lossasdtherebyqualify for lower premium
rates. Making insurance ampulsorycanalsoconstrain adversgelection by forcing lowisk property
ownersto buy coverageBut this has distributional implications: isright to force low-risk property
ownersto subsidizenigh-risk property owners?

A similar problem arise transactions wherieis toocostlyfor buyersto tell which goods arghigh-

gualityd goods and which ar@ow-qualityd goods If buyersand sdkershave perfecinformation about

guality differences between goodse prices of thevariousgoods will simply adjust to flect those
differences.There are certainlynany markets in the real world in which it may be very costly or even
impossible tggain accuratinformation about the quality of goods being soldhe example often cited is

the market for seconldand cars, but the same issues are relevant to the (resale) housing market, where
the quality of real property is affected by, among othings, certain climateelated risks.When a

consumer buys a usedrit may be very dficult for him or herto determine if it is a good car a

flemord. By contrast, the seller of the used oay havea pretty good idea of the quality the car.

Likewise, buyers of real property may find it difficult to accurately ascertain to what extent (say) a home
is at risk to climate hazards. Sellers, on the other hand, may have a better idea of potential risks from past
experience. In both cases, this platuyersat the mercy obpportunistic sellers

The problem iswhenan individual decides to try to salhighrisk homeheor sheaffectsb uy er s 6
perceptions of the quality of the averaggk homeon the market.Since buyers have inadequate
information to accurately differentiate between the climéks faced by different homesis lowers the
pricethatprospective buyerare willingto-pay for the averagask home which in turnhurts the people
who are trying to selbw-risk homes If too mary high-risk homesare dfered for sale it makes it
difficult for the owners ofow-risk homego sell theirpropertyd and hehomesthat are most likely to be
offeredfor sale are the ones that people want most to gef.rid
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Signalingcanovercomethis form of adverse selectionrOwners oflow-risk homescan signathe

relatively lower vulnerability of their property through (say) voluntary or mandatory risk disclosure

(Al abellingd) pr ogr aaoasoffer warranties th leelp potentiouypess distiegiish s el | e
high-quality vehicles from lowequality ones; sellersf low-quality vehicleswill not offer warrantes

because they would loseo muchmoney.

Moral Hazard

Another interesting problem that arises in insuranaeketsis known as thenoral hazargbroblem.

Consider thdhomeinsurance market again and suppose for simplicity thabatiesare located in a
communitywith identicallikelihoodsof wildfire risk, so that there is no problem of advesséection.

Then again, thékelihood of fire may beaffectedby the actions taken bhyomeowners For examplea

home with a fire resistant building envelope is less likely to be vulnerable to wildfire than a home without
such features.

Whenan insuresetspremiumratesit has to take imt account the incentives tHadme ownersave to
take actions to mitigate riskf no insurance is availablbome ownerbave an incentive to take the
maximum possible amount of cark.it is not possible tqpurchaséhomeinsurancewith wildfire cover,
then allhomeownersin the communitywvould (say) have fire resistant building envelopes, aisits
emergency water supplyi-home sprinkler systenetc. In theabsence of appropriate insurance
covemlge thehome ownebears the full cost of higr he actions which provides an incentivte investin
mitigating risk up to the point whetke marginal begfit from taking morecare justequals the marginal
cost of doing so.

If ahome ownecan purchasappropriaténsurancecoveiage then the cost of wing hisor her home
damaged by firés much less After all, if thehome is affected by firthen theownersimply has to report

it to the insurance compaiaynd heor shewill get an insurance payout to repiairThis lack of incentive

to takeactionsto mitigate riskis the source ofmoralhazard.Moral hazardefers toa situation whee an
individual thatbearsno risk may behavdifferently compared to situation when they are fully exposed to
risk.l” Note that he moral hazard problernm contrastd the problem of adverse selectiomccurs after
entering into a transaction.

If the actions taken by home owners to mitigate risk®bservable there is no problern insurer can
base th@remiumrateson the amount of care takemheinsurercan faveone premiunrate for
propertieghat installedsay)sprinklas and a different rate for those that do ridtit normallythe insuer
cannot perfectly observe relevant actitailen This leads to a paradogachhome ownewants to buy
more insurancandinsurersare willing to provide more insurandehome ownergontinue to takan
acceptabléevel ofcare However,insurerscannot do thaif they cannot perfectly observe the level of
care taken by househo|dsecause if they providenore insuraace,home ownersvould start to take less
care. This can result in the absence of insurance cover for particular risks, in turn limitirzg¢feeof

17 Two key features of moral hazard are (Varian, 1990; and Katz and Rosen, 1998):

1. The presence of hidden action. One party (the insurer) is unable to observe the action of theyofttes pame owner). For this
reason mor al hazard is sometimes called a fihidden actiono proble

2. The party, whose actions are hidden, either through acts or omis
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climaterisk management optiorgpen to real estate actors. Indeed, the potential for moral hazaed is on
key reason why insurers in Canada question the viability of providing insurance for overland flooding:

Insurersarefiunsure about the effectiveness of flood insurance as an incentive for policyholders
to take mitigative actions to reduce flood rigké Flood coverage may limit the incentives for
policyholders to invest in mitigation knowing that they do not have to pay for flood damage
[Thistlewaite and Feltmate, 2013]

In general, inswars want customets face some part of thesuredrisk so they hae an incentive to take
appropriate careConsequentlymost insurance policies incluéied e d u c t i bplaeysnde notrs of c(os e e
Box 5).

There are twrinciple approachessurers employ tdiscourage moral hazard

1. Adeductible( or @ & previsiendn) an insurance policy under which the person buying insura
has to pay the initial damages up to some set limit. If the moral hiazaird type that is likely to increas
the likelihood of a loss, then the insurer will typically use deductibles. This is because the use of a
deductible saves the insurer money, not only by encouraging greater care by policyholders, but als
reducirg the cost involved in processing and dealing with a large number of small claims.

2. A copaymentd a provision in an insurance policy under which the policyholder picks up some
percentage of the bill for damages when there is a claim. If the moral hamfedtige that will increase
the size of a payout, then the insurer will typically uspagments. This is because the larger the loss
policyholder suffers, the larger the-payment. Policyholders thus have an incentive to keep the size
the loses down.

Governments could also intervénéntrodudng taxation on activities which increase risk and subsid
activities that improve the carepalicyholdertakes. Howeveraswi t h pr i v detistorsrelatisgua e r
deductibles and epaymentssetting appropriateax and subsidyates suffers from imperfect information.

Source Katz and Rose(11998

Financial Liguidity

Golove and Eto (@96) describe anothease of asymmetric informatiavhich may hinder access to

capital for investment inreergy saving technologies (though equally applicable to investment in eapital
intensive adaptation measures). This ocatran individuals or businesseseunable to transfer
information toprospectivdenders about the relative certaiatyd magnitudef operating cossavings

from investmerg in energy efficiency upgradesndthereforethelikelihood of repaymentAs a result,
borrowers may be unable to obtain financing or may only be able to obtain financing at less than
favourable terms (i.e., at amerest rate and amortization period that is, respectively, higher and shorter
than it otherwise would be in the absence of the asymmetric information). This in turn leads to
underinvestment in energy efficiency relative to the social optimum.pidilem of information transfer
between property owners and lenders will likely prove more problematic in the context of investment on
climate risk reduction measufesn terms of convincing lenders of the expected cash flows (difficult to
monetize risk reduatins and associated losses avoided) from the investments.
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Recognizing that actions to reduce operating costs and enhance cash flows also help borrowers repay

mortgages, some lenders offaortgageproducts that rewardproperty owner foenergy efficieng
investmentd when it comes to setting tleterest rateamortization periodyr the size of thenortgage.

Equally, investment in adaptation measures would help borrowers remain solvent and better able to make

repayments in the face of climate changéisTnay justify the provision of similar mortgage products
rewarding borrowers for investment in risk reduction measures.

5.4.4 Misaligned Incentives

Misaligned or split incentives can also result in market failditgis iscommonlyl ab el ed t-he
agenn  p r oandoecumsdwherone party (thegenj has the authority to act on behalf of a consumer
(thepri ncipal ), but does not f widpteferences.f | ect t he

The landlordtenant relationship ithe classic example of misalighimcentive® frequently cited as a
key barrier to energy efficiency in buildings (IEA, 200M)the landlord decides the level of energy
efficiency in a building (e.g., he or shays the energysing equipmentwhile the tenants pay the
energy bills, helandlord has little incentive to invest @mergyefficient equipmend particularly when
thetenanthas incomplete information about the energy efficiency of the buildmghis casethe
landlordmay not be able to recoup thetracosts of energefficient appliancesn the (higher)rent
charged for the buildingEqually, vihen the landlord paybe utility bills, he or shenay havean
incentive to purchase energificientequipmenthowever the tenant has no incentive to consense
less) energy In either case, the level of buildimgergy efficiencwill be less than theocial optimum,
creating a market failur@affe and Stavins, 1994). The extent to wihéctdlordtenant relationshgpmay

lead to a less than socially optimal level of inmeent in adaptation measures in rental properties has not
yet been empirically investigated. Hence, it is difficult to gauge how much of an issue it truly is in the

context of climate change adaptation. While some of the benefits from investmentséduision

Apr i

cons.

measures could accrue to tenants (e.g., improved health and safety, less disruption, reduced damage or

loss of personal property) a significant portion of the benefits would also accrue to the landlord (e.qg.,

reduced damage to or loss of equipméuildings and other assgsafeguarding rental income by
keeping the building viable for occupancy

Even iflandlordtenant relationshgjwere shown not to present a significant barrier to optimal levels of

investment in adaptation in the rental metrkrany othefforms of misaligned incentivesxist, for
example

o Developers, @hitects, engineers and builders sesitet layoutpuilding materials, equipment, and
managed landscapes for prospective building occupants;

o Existingowners/ occupants detarine building performance for future owners / occupants through

the investments they make (or do not make)

o New property buyers (and builders) determine the pool of real property available to buyers in the

resale market; and
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o Organizationsn whichdifferent departments or business units have split responsibility for capital
investmenbudgetsand operating cogtudgets to pay (sayyater, insuranceand energyills.*®

It is easy to envisage these situations leading to underinvestment by real estate elatmatein
adaptation relative to the social optimum.

5.5 BEHAVIOURAL FAILURES

To facilitate economic analyses of complex behaviolassical welfare economidsiilds a simplified
modelof economic life by assumintfat there are only twmaintypes of actorsfirms and households.
The model also makes a numbeswhplifying assumptionabout how these two types of actors behave
and interact.Notably, bothsets of actorare assumed tateract in perfectly competitive markets
Situations when this assungot breaks down were highlighted above. Equally vitah$ are assumed

to maximizetheir profits from producing andelling goods and services, and househatdassumed to
maximizetheir utility (or selfinterest)from consuming goods and servicéa.addition households (or
specifically,individualswithin the householddre assumed:

o0 To have stable or fixed preferendés;
o0 To have access to all the relevant information bearing on the decision at hand; and

0 To be able to fully process this informationdrder to reach the optimal (utility maximising)
decision, based on a calculation of the expected costs and i melts and benefits need not
necessarily be defined in terms of money.

Hence, homodcanungcus anentirely rationaindividual blessed withfull access to perfect
information, motivated entirely by sédliterestand a desire to maximise their owappinessand
possessing the cognitiabilitiesof a super computdo accurately weigh the costs and benefits of any
given course of afin.

Not surprisingly then, evidence from behavioural experiments anavoeld observations indicate that

our behaviour deviates systematically from wtia classical economimodel wouldpredict When

individualsmake poodecisions the traditionahodel sayst is purelythe result of misinformation or a

lack of information.But werarelycollect read or properlpbsorhall of the information that is available

when making a decisiornThetype, complexity andolumeof informationavailable and he way in

which it iscommunicated and by whqrall have a significant impact dhe likelihoodwe will read

understanand use it efficiently As a result, individuals are observed to make seemingly irrational

choices that deviate from what the cladstmamnomic model would predict. Suichational aspestof
decisionmakigareo f t en ref erred t®0ast dbporaal oalr at hé amdmue e
failures discussed above (Pollitt, et al., 2011; and Shogren, 2012a and b).

18 This organizational disconnect betwesapital and operating budgets is often described as a financial barrier to accessing capital for
investment in property upgradegrimarily in the context of energy efficiency, but equally relevant to investments in aapitasive adaptation
measuresln both instances funds for investment are sourced from owners of capital budgets while the benefits accrue to owagirgjof oper
cost budgets.

19 Specifically, individuals know what they like and how much they like it relative to all other thingsharitlis rankordering is stable over
time.
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Both forms of degrture from the classical economic model would result in a less than socially optimal
allocation of resources by markets to climate change adaptdtuesimpliesthatlocal and provincial
governmenpolicy-makerswhen designing economic instruments torpote climate adaptation whiave

to think about correcting for both market failsemdbehavioual failures, andto do so simultaneously
Failure to account for behavioural anomalies may lead to inefficient instrument design. For example,
offering incentivesfor inherently interesting tasks for pro-socialbehaviour offeringtoo muchor too

little incentive andofferingtoo many options caall be counterproductivéKamenica 2012)

Evenin a perfectly functioning market, the presenceeatiaviarral failuresalone provides justification

for government intervention in private decisimakingd whenreal estate actoksiow whatclimate

adaptation choicesarebésbr t hem, but st i | | chaicaShogren andal&ylr, t hos e
2008) Gowernmentnterventio® wher eby private individuals are Anu
outcome, while still respecting their freedom to chéokasbeen callediibertarian paternalisth Thaler

and Sunstea, 2003).

5.5.1 Sources of Behavioural Failures

The man departures frorthe classical @nomicmodelindicated by observed behaviour in experimental
or reatlife settingscan be groupednderthefollowing mainthemes fullainathan and Thaler, 2000
Shogren and Taylor 2008; Pollitt, et al., 2011; Shogrem2&04nd Madrian, 2014{1) bounded

rationality or imperfect optimizatior{2) prospect theory and importance of refergmiats (3) bounded
self-control andimeZarying discount ratesnd (4) bounded seilfiterest (presocial behaviour and
fairness).

Bounded Rationality

The phenomenon of bounded rationality emerged from the work of Herbert Simon in the 1950s, who
contrasted decisiemaking from the perspective$ both economics and psychology (see, for example,
Simon 1955 and 1979)Contrary to theassumptionsf classical economimodels Simon maintained

that individuals do not seek to maximise thaility from a particular course of action (since they @nn
assimilate and digest all the information that would be neededsg.d&ven if everyondnadaccess to

all the information required, their minds would be unable to process it profdryhuman mind
necessarily restricts itsélfitisb o u n d e dy nb yt i fvangorbeessing inforanation.

Hence in many different situationsdividualsseeks o met hi ng t h atsomethinghgtood enou
satisfies some minimum requirement or aspiration.gd&ien shoppingfor example, waspire to

something thatve find acceptablesomething that moves tswardour goal althoughit may not

necessarily be optimaDue to limitson information, timeor cognitive abilitieswe considem sequence
choicesamong asomewhat arbitrargubset of all possibleptions and wherwe come across an item that

meetsour aspirationgoal,we buyit. This realworld behaviour is what Simon callédatisficingd a
combination of two words: fAsatisfyo and fAsufficeo

One consequence of satisficing is individuals terapjay smplifying i j u d g kenristics to
complicateddecisions Tversky and Kahnemani974). ddgement heuristigsrovideusefulmental
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shortcuts, such as rutes-thumb,thathelp us make decisions quickly and with less effoior
examplewhenindividualsassesshe likelihood or probable impact of a course of acttbhey do sdy
recallingsimilar examples thateadilyspring to mind t tawailalfility heuristio .) Memorable and
traumaticevens are deemed more likelyf asked to judgéhe likelihoodof being affected by future
wildfire, we will tend to overestimate the likelihodd have been caught inwildfire in the pasd even
if pasteventsare completely unrelated to future probabi{l&sI, 2006).

Judgement heuristiogsanlead to systematibiases rather than idiosyncragicorsof judgement! This is
a concern for policynakers as systematic biases, if ignored, will result in inefficient climate adaptation
(seeTable?2).

Prospect Theory

In theclassicalkeconomicnodelan individuad preferences among differeciurses of action are

assumed to beontextindependerdt i.e., not influenced byeference points such as theirrent

endowmenbf assetsior influenced by the way available choicesare e s e nt e d .(Kahneménf r a me d ¢
and Tverskynvestigated this assumption through a series of experiments and observed that reference

points do in fact matter when people make decisions, especially in the presence of uncertainty. They
devel oped fipeosypect o e Kahdeman and Tverskito79).fAinambérofg s (
decisionmaking behaviours with implications for climate change adaptation derive from prospect theory,
including:

0 The value an individual assigns to a course of action, sugsagy the habitable areas within their
home to reduce flood risk, is a function of change, in a positive (gain) or negative (loss) direction,
from a starting point. In prospect theory, the starting point is referred to as the reference point. The
value an individual attaches to raising the habitable areas of their home derives from the difference
between the reference point and the amount of any positive or negative shift away fioithis
case, thalifferencein flood risk with and without raisinthe habitable areas. This differs from the
classical economic model, which assumes the value of an action derives exclusively from the final
outcome (i.e., the level of flood risk with habitable arefathe homeslevated, and not the
magnitude or dire@in of change from theeference point Among other things, the emphasis on
change from the reference point means that individuals might accept an adaptation action in one
situation that they reject in anotBeif the reference point is different;

o Individuals are progressively less sensitive to change as they move further away from the reference
point. Dfferences between small gains or losses close to the reference paissigreed a high
value(are more impactful\whereas differences further away frédme reference point aessigned
smaller valuegare less impactful) For instance He difference betweaeeducing damages from a
1-100 year flood fron$10,000to $5,000 will seem rathelargeto an individual butreducing
damages fror$100,000to $95,000will seem relatively small, evehough the objective difference
($5,000 is identicaj

20 A key concept underpinnirjgdgement heuristics faccessibilitg . he rule of thumb isnore accessibl® the individuathana probability-
based calculationf expected costs and benefaimd thus is prefred (especiallunder time pressure or while under a heavy cognitive load)
(Darnton, 2008).

21 The use of judgemetieuristicsis not irationad theyallow individualsto reduce the effort (dransaction costs) associated with decision
making. When heistics become problematic, from anonomigerspectiveis whendecisionsased on heuristics are biased and vithese
biases are systematically repeatesl, 2006).
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o Individuals exhibit loss aversion. A negative change (loss) from the referencésassigned
greater value thanositive changegain) of an objectively idetical amount. The prospect of
losing $1®@ in a gamble, foexample seems worse than the prospeatvisfning $100 seems goad
In other words, losing (or giving something up) hurts more than a comparable gain pleases. The
classical economic model assunmadividuals areneutral to losssor gairs of an equivalent
amount. Loss aversion is typified by the endowment effect, whereby individuals assign greater
value to what they already possess than they do to an equally attractive alternative. It als® prese
a bias towards the status quo in almost any deersi@king context.

o Individuals have real difficulty with computations involving extreme probability events, such as 1
100 year st or ms. 0 toBimplify mdttersapdople doretimesatieixtiternetyg o
likely but uncertain events (e.g., with greater than 99 per cent likelihood of occurrence annually) as
if they are certain, and on other occasions, treat extremely unlikely events (e.g., with less than 1 per
cent likelihood of occurrence annlyy as impossible, so they can be ignored. The problem with
this strategy is that extremely unlikely events do occur occasionally, and extremely likely events do
not happen every so often.

o Individuals tend to overweight loyrobability events and undeeight mediumto high
probability events. Events judged to be unlikely to extremely unlikely are given more
psychological weight than they deserve in decision making, especially when associated with vivid
and salient experiences (e.g., the Okanagan MouR&ark and McLure wildfires in 2003). A
classic consequence of this phenomenon is insudaweeare willing to take a sure loss (pay a
premium) today to prevent the small likelihood of a larger loss in the future. In other words, people
are risk aversa losses when the probability of severe loss is very small. This observation also
helps explains woratase scenario planning. Equally, events judged to be somewhat likely to
almost certain are treated with less importance than they merit. For ingtthaeEng the
likelihood wildfire risk from 50 per cent to 25 per cent does not have the same impact as reducing
the likelihood from 25 per cent to no chance at all. This is called the certainty effect.

o Individuals are influenced by the way a particuacision is described (or framed). The classical
economic model assumes that our preferences are unaffected by the way a choice is presented. Yet
there is substantive experimental and real life evidence that indicates the way in which individuals
reactto a problem or decision is determined by the way in which information is presented. For
example, as we exhibit loss aversion, framing a decision in terms of gains or losses can have such a
profound influence obehaviour People are less likely to ch@oan option framed as a loss from a
reference point compared to the same option framed as a gain from a reference point.

Key anomalies and biases resulting from the above deaisiding behaviours are describedliable?2.

Bounded Seltontrol

Many of the choices individuals face involve outcortied unfold over time Adaptation to climate
change is no differe@tadaptation decisions typically involve tradiaff investments (sacrificing
resources) made todayth uncertain (lowerjuturedamage costsThe classicaleconomic model
assumes peop-tenes kb idynamically tongisedipehaviouwhen making such
tradeoffs. Specifically, tadeoffs between receivingewardstoday andeceivingthem with delay are
independent of when that delay occufsin individualprefess $10 now to$15 next week, thethat same
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individual must also prefe$10 in 51 weeks tdb15 in52 weeks. In other words, the mere passage of time
(with no new informationyloes not change the preference of this individual to forgo $5 in order to have
$10 without a week delay. Tirmnsistent behaviour impligeople have a constant discount atd

use fAexponent ieadetemniningathmreservalue gf dutunechsts and benefits.

But people often seem to deviate systematically frone¥p@nential discounting modePeople are
observed t@xcessivelyavor gratification (or avoid negratification) now at thexpense of future
gratificatiord as the followingyjuotations demonstrafé:

o fTNext week, I 61 | start exercisingo,;
o MNext mont h, | 61 I qui t smokingo; and
o AiNext year, l o1 | start saving for retiremento.

We oftenbelieve that whatever we are doinght now is far morémportantthan what we will do

tomorrow (Traler, 1981). This suggests thaopleare relativelyless patient in the near term, implying
higherdiscount rates relative to the discount rates they use for actions in the far distant future; here people
aremore patient with lower discount ratgghogen, 2012) This behaviour wher e peopl esd di
rates change over tims,known asthyperbolic discountiny ( Gr oom, et al ., .2005; a
With hyperbolic discounting at some point in the futuren peopl eds
incongstentchoicesand plansPollitt and Shaorshadz2011). For instance, the same individual in the

above example mayreferstill prefer $10 now to $15 next weekpt with hyperbolic discounting, they

may now instead pref&l5in 52 weeks to $@in 51 weeks. With exponential discounting the

individual 6s preferences would not reverse |ike t
two options.

Thetendency of individualto excessivelyavourimmediate rewardé@ndthe avoidanceof immediate
cosoverlonget er m rewards i s k@Dvnn agh Uie r aisd@rederat bids ra,s 02 Q 0 (
helpsto explainfiself-controlp r o b | e mddiotion,low lsavings ratefor retirement, accumulating

debt on credit cardsnd procrastiation (Pollitt and Shaorshadz2011). Rocrastinaibn (waiting when

we should do something) is, of course, a potentially serious impediment to efficient climate change

adaption that requires individuals to make immediate sacrifices.

Bounded Selinteres

The classical economic model assumesitidividuals operate as independent decisitakers,

unaffected by the preferences and behaviour of athemso economicus only selfinterested any
nonselfinterested acts argational. The opposite of parselfinterest is altruism An altruistic

individual issolelyconcerredfor the weltbeingothers, with no thought about onesalfhile it is overly
idealistic to assumthat altruism ighe chief driver behind ourehaviour it is reasonable tassumehat

some elementsf altruismenh er i nt o mo s t-makirg ocCertaialyjobserded behavioupim
experimental or redlfe settingssupports the notion that we do care to some degree about others, and we
also care about what others thinkugf(andour choices)see, for exampléZharness and Rabin, 208ad

2iExcessived means relative to expo mewvduals atll prefer psesentgnatifidatiorgto futuvée t h exponer
gratification, other thingsequlj ust not as much as individuals that exhibit fAhyperbol
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Bergstrom, 2006 We are concerned about fairness,aglbere to social normand we act prgocially
(Pollitt and Shaorshadz2017).

The importance of this falimate change adaptatipolicy designshould not be understate@he way in
which othermpeople behave and the internal motivations that infludreehoiceswe makeare justas
likely to biasadaptation decisiemaking as judgement heuristics, loss aversion, present biad? 8lc.
2006). Two important neselfinterested behaviours are:

o We are strongly influenced by what others do There are very few situations (if any) in which
our actions are not dictated by the social situation we are in and the people we are aroahd. Soc
norms are the firuleso that tell us how to behayv
stronglyinfluence a variety of behaviours across a wide range of situaties,not smoking in
public, being quiet in a library. Social penalties ionrcompliance can influence actions in
negative ways; social benefits that derive from conforming can influence actions in positive ways
(Jackson, 2005)Bearing social norms in mind when designing interventions can enhance their
long-term effectivenss; this mainly involves telling people what other people would do in a similar
situation. We are much more likely tcomply with socialnorms when we are consciously aware of
thenmd if the norm is desirable (i.e., promotes good adaptation decisions Ioy &xctoe real estate
sector), let people know aboutMor eover, the fAmessengero i s very
particularly open to influence from experts, people in authority, or from people whom we respect or
like (Dawnay and Shah, 2005).

0 Peoplearemotv at ed t o @ do . Odrbehaviduig sometitnds maotigated by a desire
to advance the common gabdhe general good of society. We see our own-biihg as
connected to the larger wddking of society. In many situations, this means peoplefaae
willing to participate in the provision of public goods / the creation of social benefits. For example,
a home owner may be willing to plant his or her garden with grass instead of pavement or decking
(reducing the functionality of the garden) wilie knowledge they are creating a range of social
benefits flood risk reduction for neighbouring properties, better water drainage of the surrounding
area, and more habitat for wildlifé&J nder st andi ng peopl eds motives f
common goods crucial for designing effective adaptation policy instruments. In general, people
have bothintrinsic motivationgwhere we dahingsfor our own inherent rewandandextrinsic
motivations(wherewe do things for some exterBapossiblyfinanciad reasm). It has been
shown thaextrinsic motivationganficrowd-outd intrinsic motivationgFreyand Jegen2001).
There are mangituationsvhere we ddhings for other people for which weould be insulted if
they paid ud e.g., doing volunteer work, havirgfriend over for a meaD@wnay and Shah,
2009. In thesesituationsyeceiving a paymertetracts from the feeling A wa r m obhhvingv 0 )
done something godd. This means thdtnancialrewards deadlines, théhreat of punishmenetc.
to promote god adaptation decisions by real estate actors can be cpuoderctive, if not
appropriately designed and targeted, as tomtsdecrease e o pihtrengicanotivation(Kamenica
2012; and Madrian, 2014).

2 One reason this might occur is if an individual cares about the inferences that otheabaudkkem. In this situation, introducing a monetary
incentive for a presocial act reduces the extent to which engaging in it credibly signals altruism to others (Bénabou and Tirole, 2006). So,
monetary incentives canesstodogooedeeds.at i ndividual 6s willingn
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5.5.2 Anomalous Effects and Decision Biases from Behmural Failures

Just increasing the availability of informatiomist necessarily the simple solutibrseems to promoting
efficient climate change adaptation. As the above discussion highlights, the presence of a number of
behavioural failures means wi@ay not useavailableinformationrationally,in ways that suppo#dfficient
adaptation Equally, financial incentives designed to influence adaptation choices can backfire if they are
not structured to account for relevant behavioural failures. Ini,gsherbehavioural failures presented

above give rise to a number of systematic biases and anomalies that can iifiipedeaimate change
adaptationin different ways; these are summarised @ble2.
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Bias or anomaly Description

Overconfidence bias

Loss aversion

In the contexbf climate change adaptatiahpeople (decisiormakers in the home or at
work) are overconfident, they would tendielieveanyrisk they faces lower than it is in
reality. This will weaken their incentive to mitigateerisk. It also has implicatins for
insurance as an adaptation tool. For a start, underestimating risk will lead people to
underinsure. It also weakens the case for (government) compulsory insurance as a
mechanism to overcome asymmetric information in insurance markets. In$eaqeof
asymmetric information problems, compulsory insurance is often proposed as a gove
intervention, since it can improve the wbiing of all insured individuals. However, whe
there is a significant fraction of overconfident individuals i tharketplace, compulsory
insurance ceases to improve the viling of all insured, because it makesdask people
worse offy they end up overpaying for larger amounts of insurance than they would
otherwise want with voluntary insurance

Peopleare much more sensitive to a loss than a gain of equivalent size. Because los:
loom larger than gains (i.e., hurt more), people tend to beseisking when the decision
making context is perceived to involve losses, butaigrse when the dems-making
context is perceived to involve gains. As a result, more energy will be spent trying to
or recoup losses than will be devoted to attaining gains.

This has implications for the effectiveness of adaptation policies, if pémple a relor)
can be encouraged to make public commitmengsayp) disclosing known climatelated
risk to prospective buyerpeople will go out of their way to fulfill their commitments to
avoid loss of reputation.

Lossaversion also has implicationsforpot y desi gn, when #Apur
are being considered to incent preferred adaptation actions. In general, a stick (e.g.,
charge, or fine) provides a much stronger disincentive than a ssiztd carrot (e.g.,
subsidy) provides an incemdi. Lossaverse individuals dislike price increases (from the
imposition of a tax) more than they like gains from price cuts (from the introduction of
subsidy); consequently, they will cut back purchases when prices increase more than
extra amounthtey would buy if the price decreased.

A further consequence of loss aversion is that differences between adaptation option:
(including doing nothing) will seem more important if they are framed in terms of loss¢
negative aspects rather ththey ae framed in terms on positive aspects or gains
(framing effects). Hence, highlighting the costs of inaction can be useful in spurring
adaptation actions or behaviours, including legitimizing policies like managed retreat.
Equally, people are unlikely ithoose an option framed as a loss from their reference p
compared to the same option framed as a gain from the reference point.

Loss aversion also induces a preference for maintaining the status quo (status quo bi
reluctance to give up an itewe already own or services we already receive (endowmel
effect).
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Individuals are more reluctant to give up or sell something once they own it, than they
interested in acquiring it if they do not. One implication of this effetttas selling prices
are frequently higher than buying prices. In fact, it is not unusual for the selling price
fiwi | | itoragcnceespst compensationo) to be up
i wi | | iospganyeds)s. The r e as ningan item andtlus valbeltyess!
than sellers who are losing the item. When we consider selling an item or giving som
up, we think emotively about all of our past experiences using it, rather than thinking
Endowment effect rationally about our use of it.

This presents challenges to policiesg., tradable development rights or it programs
as part of managed retredgsigned to encourage people to sell or exchange real prope
inhazardpor one areas, and relocate t ocoudageaf e
people to give up (say) their homes may need to be much higher than anticipated in ¢
overcome the endowment effect, particularly given how emotionally attached we can
our homes.

Individuals are strongly influenced ltmow possible choices are presented to them. Peo
tend to be somewhat passive decisioaker® we accept information that is handed to u
By framing information in a certain way, people will interpret the information provided
differently: is the glashalf full or half empty? For instance, framing a decision in terms
gains or losses can exert considerable influendeebaviour If one course of action is
dressed up as a loss, and another as neutral or as a gain, we will tend to avoid the ay
los® even when the outcomes of both courses of action are numerically identical. Fc
example, even though the following two statements convey exactly the same informa
about managing flood risks, because they are framed differently, one is expdtaddoe
effective than the other:

0 Message A: fAlnstalling flood resist
save you around $5,000 inthe eventofa@ 0 year fl oodod; ¢
0 Message B: #Alf you dondt instahyourf |

Framing effects . .

9 home it could cost you around $5,000 in the eventeflall0 year fl o
Message A emphasises the benefits of installing the flood resistance and resilience
measures, whereas message B stresses the costs. Because losses (i.e., costs) loorr
than gains, framing a retrofit program using message B will likely be more effective th
using message A.

Individuals are also heavily influenced by who presents them with choices, in addition
how the choices are framed. The weight we give to irdtion depends greatly on our
reaction to the fimessengero. For exan
influences the weight we attach to informaloguggesting that information will prove
more effective when delivered by experts or our peers.m&ly also irrationally discard
information provided by a messenger we dislike. In some situations, people have
developed a dislike of government interventions; a more effective strategy for influenc
behaviour in these circumstances may be to usehntg messengers.
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Individuals have difficulty in making a decision when presented with too many options
When faced with a decision involving too much choice or a difficult choice, people ma
choose not to change their behaviour atdelay any decision, or choose the easiest
optiond typically the default option (see status quo bias below). For example, studies

Choice overload that more people buy an item when they are presented with only a handful of options
when presented with a large s¢options. While the provision of an extensive set of
options may initially be seen as desirable, it ultimately proves demotivating. This has
implications for the design of programs that offer retrofit measures to increase the clir
resilience of relapropertyd basically, focus on a few key measures

Peopledo not exclusively act in their own séfterest, only considering financial costs ar
benefits to themselves when making decisions. They often agbpiallyd contributing

to the provision of public goods / creation of social ben@&faésen if this imposes persona
costs. The motivations underlying gsocial acts can have different implications for the
design of effective incentives to promote good adaptdtjoreal estate actors.
Consideration should be given to the balance between intrinsic and extrinsic motivatic
pro-social acts, as well as our sense of fairness.

Pro-social behaviour is governed by intrinsic motivations (where we do things becaus:
makes us feel goéddt h e waorwd ef fect) and extrins
some external reasdnfor financial reward or because we are ordered to). Adaptation
instruments providing ewatutdnsntr mosdbe a
counterproductive (demotivating). It is important to consider how real estate actors

perceive the behaviours policy makers are trying to change:

o I f the behaviour is normally cons-i d
productive to intrduce punishments (e.g., a tax, charge, fine, etc.). Attaching
punishments to undesired behaviours can legitimize thelsavious in the mind of
individuals (having Apaido for thei
result in punishments kilmg countesproductive effects, with real estate actors
continuing with the undesired behaviour together with accepting the punishmer

Crowdingout effects and and

faimess o If it is normally consi der e drodubtieetod r
introduce financial rewardsProviding (even small) monetary incentives for desir
behaviours that otherwise tend to carry some warm feeling of having done
something good, can reduce intrinsic motivation and lead to lower effort relative
having no monetary incentive at all.

In either case, monetary reward (punishment) decreases (increases) the behaviour th
policy-maker is trying to chandethe exact opposite of what the classical economic mo
would predict.

Peopleds willingness t o c on byraisednse bfdairness.
When formulating adaptation incentives polimakers should appeal to this sense of
fairness. For instance, most of us are conditionZlperatord we will contribute to social
good if we are sure that others will do the same (i.e., other will not free ride on our effi
One consequence of this is that increasing contributions by others will increase the
likelihood of our own contributin. Hence, monetary incentives designed to reward
cooperation will prove effective in certain situations, such as encouraging managed re
from areas prone to severe flood risk. Managed retreat will be substantially more effe
if all property ownes jointly relocate. This suggest the use of a smart subsidy that cre:
an explicit network externality between neighbouring properties by paying an addition
agglomeration bonus when individual property owners retire land adjacent to other re
land, creating a continuous buffer zone.
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Individuals use points of reference in order to make decisions. Anchoring is the term
to describe our tendency to rely toodh
typically, the frst piece of data, information or evidence offéradhen making decisions.
During decisioAamaking, individuals use this initial value to make subsequent judgmen
about a course of action. Once an anchor is set, decisions are made by adjusting aw
that anchor. For example, the initial price listed for a home sets the standard for subs
negotiations, so that prices lower than the initial list price seem more reasonable, eve
they are still higher than what the home is truly worth.

Attachingdisproportionate weight to one reference anchor when making decisions is
problematic in two ways:

1. Seemingly arbitrary first impressions, data, or information can serve as anchor:
when we evaluate options, leading us to discount other relevant factors. For
. . example, a potenti al home buy-modelleda y
Anchoring bias . s . N .
kitcheno advert i-mgedanduse thisttrgerian asghe bakis far
establishing the value of a home, rather than considering (say) its exposure to
or wildfire risk; and

2. The adjustments we tend to make away from an anchor are typically insufficier
For example, the minimum payment shown on a credit card statement anchors
decision® leading us to make smaller repayments than we otherwise would e
not exposed to a suggested minimum payment. Whether we like it or not, our |
keep referring back to the recommended number.

By manipulating anchors, and thus by changing the points of reference;pali@rs can
nudge people towards a desireddtion action or behaviour. This may prove effective
moments when people enter a new situation, such as moving house or place of busin
Anchoring may also be used to influence the outcomes of negotiations during (say)
development approvals.

Individuals employ mental shecuts when assessing the probability or likely consequer
of a course of action. We judge the probability of events, for instance, by how quickly
easily examples can come to mind. That is, we make dasibiased on knowledge that i
readily available in our minds, rather than searching out and examining all pertinent

information. What first comes to mind is more likely. For example, an individual aske
judge how likely they are to be involved inwddre landslide, will assess the likelihood as
much higher if they have been caught in a landslide in thé pagn if past experiences

are completely unrelated to future probability. For that individual, probability estimate
biased by the vivid sahnce of their own personal experience. Most of the time we use
favailability heuristicodo without even

Availability bias Nevertheless, as with any mental shortcut, sometimes the availability heuristic can le:
peopleto make mistakés pursue courses of #an that are not optimal. We inadvertently
assume that readilgvailable instances, examples or images represent unbiased estim.
true statistical probabilities, not because they are more or less common, but only beci
they stand out in our mindsrhis is especially true with sensational headlines, typical ol
extreme weather events.

Similar decision errors can also stem
case, the likely consequences of an event are judged by the degteeftat s
representative of something similar and familiar. For example, an individual may
(erroneously) judge the likely consequences of stormwater floadibgequivalent to
those offluvial flooding.
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Peopleare observed to excessly favor satisfaction (or avoid nesatisfaction) now at the
expense of future satisfaction. We believe that whatever we are doing later will not bt
important as what we are doing right now. That instant satisfaction overpowers any ti
of later egret. By placing greater importance on immediate outcomes, people exhibit
tothepresedapt | y known @& which agppliesdoegairts and iosses:0

o Immediate gains are typically perceived to be more valuable than similar sized
arisingafter a delay. Delayed outcomes are devalued, so people often satisfy
themselves with small gains in the shiemm, at the expense of greater longer tert
benefits.

0 Losses in the sheterm are regularly avoided, even if this leads to larger future
COsB.

Present bias helps tonexpl apnohl| emsmbel
savings rates for retirement, the accumulation of debt on credit cards, and procrastine
A preference to receive positive outcomes early leads individuals tbtgighmediate
temptations that they may later regret. Present bias has two important implications fo
efficient climate change adaptation in the real estate sector:

o Individuals will often underestimate the importance or relevance of something t
mighthappen in the distant future. This means that the benefits of adaptation &
that mitigate risks arising primarily from projected climate change will be heavil
devalue® making them less attractive. Adaptation actions that chiefly mitigate
risksof current climate variability and extremes, or that generate immediate co
benefits, will see their benefits devalued much less, and thus fare much better.
general, people will devalue the benefits of adaptation actions more if the risk
reductions arg@erceived small, there is a long delay until they are realized, and 1
are uncertain.

Present bias o Individuals will tend to procrastinate in the face of Agam costs, or put off

unpleasant tasks, even if they yield large future benefits. This will naturalrpre
a barrier to adaptation actions that require individuals to make immediate sacrit
of time (e.g., to fill out application forms for home retrofit programs or negotiate
bilateral trades in a Tradable Development Rights scheme) or money (e.g. U |
front for measures to enhance the climate resilience of a property or surcharge
top of development cost charges).

Understanding present bias is important for designing effective incentive schemes for
climate change adaptation. For instance, asediate losses provide a stronger
disincentive than longerm rewards provide an inducement, the incentive package of a
building retrofit program should, if possible, be devised to: (a) avoid or reduftentp
expenditures by individuals; (b) avoid or ue@ paperwork and processing times; and (c
provide individuals access to tools or decision aids to ease the selection of the best a
In the context of (a) requiring individuals to pay for upgrades in cash (and later file for
rebate) involves a saeht los® as cash must be handed over. Paying via a (subsidized
makes a transaction more abstract; individuals are less likely to feel the loss associat:
paying.

Including deadlines or expiration dates in incentive schemes (or other intengenti
requiring active choice) can also help overcome procrastination, as can the use of
commitment devices that allow people to meetsetfgoals. The latter can be effectively
facilitated by providing i-soemi thagtses i h
provision of subsidies which are dependent upon persistent achievement of goals. In
addition, it has been observed that commitment devices are usually more effective wt
costs of failure increase. One common method to increase suclsdostsake
commitments publig in this case, breaking the commitment will lead to reputational
damage.
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An implication of lossaversion is thapeoplehave a strong tendency to remain at the sta
quad to avoid action and avoid charfydecause the perceived disadvantages of leavinc
loom larger than thperceivedadvantages. We are biased towards avoigotgntial
negative impactgenerated by change, even when thogmctsare less than from making
no change at all. This bias is onfethe reasons that the manipulation of default options
alternative an individual receives if they do not explicitly request otherwise) can be a
powerful policy tool.

Many public policy choices have a-astion default imposed when an individualddo
make a decision. Bias for the status quo means individuals tend to stick to the defaul
option, even ift is chosen for them. Hence, the default option can be structured to
influence decisiormaking to maximise social benefits without restrictimgdjvidual choice.

Statusquo bias Indeed, setting defaults is often regarded as the{protop i ¢ a | instrume.!
paternal i smo. For exampl e-qutdefaultsr(iie., consente
by default, unless explicit opposition is registtby the donor or saver) can substantially
raise organ donation rates and contributions to savings schemes, relative to the use ¢
defaults (i.e., no consent is presumed, unless it is made explicit by the donor or saver
the context of climatehange adaptation, eptt defaults could similarly be used to incen
greater takeup of insurance or the penetration of (say) flood or fire resistance measure
new buildings.

In general, the manipulation of default options is particularly useful whdhgdual choice

involves, or is perceived to involve, significant time or effort and when the stakes are

highd as would be the case with many climate adaptation decisions, given the inherel
uncertainty, lack of accessible information, and large potertissequences of inaction.

When confronted with a complex decision individuals tend to unconsciously filter out ¢
of information as a coping strategy. We are drawn to the most psychologically vivid a
observable factors, and attadisproportionate weight to those factors. This may influen
adaptation decisiodsfor example, potentially contributing to an overemphasis on the
(highly observable) initial investment cosersusthe (difficult to observe) expected value
of risk reducibns, leading to an underinvestment in adaptation.

A further consequence of salience is that individuals will tend to overestimate the likel
of something vivid, that they can easily imagine or have recently experienced, especi:
it would be partularly frightening (natural disaster) or particularly existing (winning the
lottery). Natural di sast écreatingaperiotdf us

increased attention for climate change adaptation, and increasing motivation for adop

Salience effects .. . .
newpolicies (e.g., managed retreat) or setting new norms (enhanced building code).

When designing (dis)incentives for good adaptation choices, salience also means tha
immediate (and therefore more vivid) losses will provide stronger disincentives to acti
than longterm rewards (risk reductions). As a result, adaptation policies shbuld, i
possible, be designed to reduaesh outflows now or target immediddssesrom current
climaterelated risk the latter isconsistenwith prioritizing no-regret actios. For
example, designing retrofit programs that avoid the need fémomp costs to be covered b
households will likely prove successuparticipants in a program to retrofit water
conservation measures to addressre water shortageould be offerd interestfree loans
to be repaid as part of their water bill. The repayments could be structured so they ar
offset by the water bill savings, making the equipment appear effectively free.

Sources Tversky and Kahnemai1974); Thaler (1980, 198and 1999) Samuelson and Zeckhaug2988; Ajzen (2000);lyengar and Lepper
(2000; 06 Do n o g h u e (2000);BreyRrad ldegef2001); Pearce (2002Kahnemar(2003; Thaler and Sunsteif2003) Dawnayand Shah
(2005); PSI (2006)Ariely (2008); Productvity Commission(2008and 2012)follitt and Shaorshad£2011); Johnson, et al. (2012); Kamenica
(2012); Shogren (2012); and Madrian (2014).

Note: The biases and anomalies in the table apply to deaisakershoth in the home and in busineddowever, a stated in the main text,
standard decisiemaking processes and rules will typically minimize their impact on the choices made by businesses.
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5.6 CASE EXAMPLES

Prominent market barriers to achieving the stated adaptation goal in each of our thee@mplesare
presented belowNote that limitations to the implementation of economic instruments to overcome these
barriers are discusseseparatelyn Section0.

1. Real estate development process stage
Land packaging

Relevant actors:
Developers (individual, corporation, or group of corporations), real estate analysts, planning consultants, lawyer:
accountants, financial institutions, technical consultants (engineers, architects, EIA specialists), approval authori
Goal of government
For developers and their partners to mainstream a
provision of housing, commercial space, public amenities, and other services desired by the market and hoste
Main climate hazards addressed:

Sealevel rise

Storm surge, coastal flooding, erosion

Extreme precipitation, flooding, erosion, landslides

Wildfire

Extreme temperature and heatwave

Water shortage, drought

Damaging storms

Market barriers to achieving goal faced by actors
No or lack of developer / client awareness of clirralated threats and opportunities
Uncertainty about climate impacts at a local scale, lack of confidence in projected impacts at a local scale
Low demand for climate resilient defepment by prospective clients
High perceived investment costs versus low perceived benefits

Insufficient return on investment or payback (real estate market yet to be fully convinced geatéieed
additional costs of climate resilient plans and giesire supported by the benefits)

Skepticism that real estate market will capitalize clinmatated risk reductions in property prices

Unwillingness to pay additional costs (developers perception that climate resilient real estate is more expe
dewelop than businesasusual developments)

Lack of government incentives (including mandatory disclosure of risks and government subsidies)
Perceived limited availability of adaptation technologies or practices

Unproven (and potentially unreliable) techrgiks and practicésperception that climate resilient plans are
untried, untested and untrue

Devel opers are reluctant to venture into Anew t
unforeseen liabilities
Concern that climate resilient plan f a | | outside the boundaries of

by local governmentéinconsistent with OCPSs)

Perverse subsididsdevelopment is sometimes subsidized by public dollars for infrastructure (both initial
construction and maiabhance or repair)

Misaligned incentived developers create site plan for prospective occupants of the development

Negative externalities (e.g., environmental and health & safety impacts, emergency services and recover
and positive externalities (e,dearningby-doing, spillovers)

Public good8 loss (or under provision) of a range of public goods to surrounding communities (e.g., habit:
recreation opportunities, aesthetics, etc.)

Range of behavioural biases and anomalies (notably, present &iias,cgto bias, availability bias,
overconfidence bias)
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2. Real estate development process stage
Occupancy (minor upgrades) and renovations (major upgrades)

Relevant actors
Fee simple property owners, strata corporations, tenants, financial inssitugohnical consultants (engineers,
architects, contractors), equipment suppliers, real estate agents, approval authorities (building code)
Goal of government
For owners of real estate to upgrade their properties with climate resilient and resistasuees to try to minimize the
present value (investment plus residual damage) social costs of climate change. Upgoitiesnanst costeffectively
undertaken together with other building envelogquipment or landscape renovations to the property.
Main climate hazards addressed:

Increased temperature

Increased precipitation

Sealevel rise

Storm surge, coastal flooding, erosion

Extreme precipitation, flooding, erosion, landslides

Wildfire

Extreme temperature and heatwave

Water shortage, drought

Damaging storms

Market barriers to achieving goal faced by actors

No or limited awareness by property owners, tenants or the market generally of-citated threats and
opportunities

Uncertainty about climate impacts at a local scale, lack of confidierngrojected impacts at a local scale
Information is not directed at relevaauidience flecisionmakers

Low demand for climate resilient property by tenants and market generally

Lack of technical expertieto know what adaptation measures to install laowt to properly install them
Transaction cosfs do not know where to get trusted advice and information

Unproven (and potentially unreliable) technologies and praétipesception that adaptation upgrades are
untried, untested and will adversely affectesthttributes of the property

High perceived investment costs versus low perceived benefits

Insufficient return on investment or paybacksusc o mpet i ng uses of owner 8s
Uncertain ownership periddconcern that property will be sold before investtriepaid back

Skepticism that real estate market will capitalize clintatated risk reductions in property prices
Unwillingness to pay additional up from costs

For owners needing to debt finance upgradee or poor credit rating or collateral, concexeobalance sheet
debtratio (for corporations)

Lack of government incentives (including mandatory disclosure of risks and government subsidies)
Property transfer tax is levied on land and improvements, including risk mitigation upgrades

Ownersofrentalpoperty are reluctant to venture into 0
themselves to unforeseen liabilities

Concern that adaptation upgrades do locabgoveroneemp | y
(inconsistent with zoningubdivision and other bylaws)

Misaligned incentived between landlords and tenants and between owners / tenants and insurers (moral t

Negative externalities (e.g., environmental and health & safety impacts, emergency services and recover
andpositive externalities (e.g., learniiy-doing, spillovers)

Range of behavioural biases and anomalies (notably, choice overload, present bias, status quo bias, avai
bias, overconfidence bias, salience effects, fairness, anchoring bias, fraractg)eff
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3. Real estate development process stage
Redevelopment

Relevant actors
Fee simple property owners, strata corporations, tenants, lawyers, (re)developers, financial institutions, real este
analysts, planning consultants, real estate agapgsoval authorities
Goal of government
To help markets provide appropriate price signals to property owners to encourage an optimal level of managed
from locations prone to (mainly) coastal and fluvial flooding, where such a policy is justifladaged retreat may be
justified wheré e.g., the construction and maintenance costs of protection works are higher than the capital valu
assets to be protected, the wider community is either unable or unwilling to pay for the costs of mgiptaiection
works indefinitely, etc.
Main climate hazards addressed:

Sealevel rise

Storm surge, coastal flooding, erosion

Extreme precipitation, flooding, erosion, landslides

Wildfire

Water shortage, drought

Market barriers to achieving goal faced ly actors
No or limited awareness by property owners or the market generally of clietated threats and opportunities
Uncertainty about climate impacts at a local scale, lack of confidence in projected impacts at a local scale
Information is not direetd at relevanaudience flecisiormakers

Skepticism that real estate market will capitalize climtatated risk increases in property prices (in theory, the
price of a property should approach zero as tide line encroaches the building envelope)

Uncertainownership period property owners will move before threshold that triggers managed retreat is m
The costs, time and general inconvenience of relocating

Desirability of living in highrisk areas, like in on sandy coasts

Negative perception of allowing weable land to be lost to the sea

Cultural resistance to change

Lack of government incentives (including mandatory disclosure of risks and adequate compensation)
Lack of clarity on roles and responsibilities across government, and between public andspdtate

Concerned about potential for litigatidack of clarity on liability for decisioomakingd e.g., potential for
itakingso challenges

Zoning / subdivision by law$ e.g., height to boundary, yards, vegetation clearance, etc.

Perverse subsididspropety owners do not bear the full cost of their decision to live in locations prone to se
flooding (e.g., development is sometimes subsidized by public dollars for infrastructure and protection wo
initial construction and maintenance or repa tosts of flooding and erosion are also not borne fully by
communities or private property owners because of Disaster Financial Assistance)

Property transfer tax inhibits the mobility of resources

Negative externalities (e.g., environmental and healfafety impacts, emergency services and recovery cos
and positive externalities (e.g., creation of habitat, recreation opportunities)

Range of behavioural biases and anomalies (notably, loss aversion, endowment effects, present bias, sta
bias, oveconfidence bias, salience effects, fairness, anchoring bias, availability bias)
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6.1 INTRODUCTION

At key decision points throughout the real estate development pragésssmarket failures and
behavioual failuresmay result in a range of maladaptations by private actors, leadsodp-aptimal
levels of climate change adaptatimn societyas a whole As a resultcommunity wellbeingwill be
lower than it otherwise would be in the absencthe$ebarriers toefficientadaptation This providesa
rationalefor government interventi@to overcome the offending barrieaadhelp markets reallocate
resources to impravthe adaptation choices made by private actors in the real estate Sheforimary
aim of government policymakers is tglacethe sector on a low rigkigh resilience pathway.

In this section wedentify economic instruments thiéie provincial government or locgbvernments in

BC coulduseto overcome barriers ood adaptédn choicedy private actors in the real estate sector.
We begin by describing the range of policy tamlgilable to government, before lookingradividual
economic instrumenthat couldbe useal to overcomekey barriers to good adaptation choi¢gegachof

our threecaseexamples We find that the most effective policy respofmeeach casexamplewill

combine regulatory tools withconomic instrumendesigned to overcome case specific barriers, as well
as economic instruments to overcome basraaitting across all three caseamples

6.2 POLICY TOOLKIT

Policy toolsto promote efficient adaptation decisions by private actors iretleestatesector can be
categorized in a number of waysgrawala and Fankhaus@008 Brauningergt al., 2010;
ButzengeigeiGeyer et al., 2011Koehler, et al., 2014and Macintosh, et al., 201# We distinguish
threebroad categoriesf adaptation policy toolavailable to government(s) in BC

1. Planning and regulatory tools;
2. Economic instrumentand
3. Spending tols.

Each category can have one or more primary objectB@zengeigeiGeyer et al., 2011) The main
objective of planning and regulatory to¢sg., zoningand subdivisiorylaws)is to mandatelesired
adaptation actions by private actors. Econdmstruments can havaultiple objectives:

24 For exampleBrauninger, et al., 201@elineate between: subsidies; taxes and fees; licenses, permits and variations; othdraseaket
instruments; financial instruments; pubpdvate partnerships; and risk financing instruments
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0 Toincentadaptation actions drehavious by private actore.g., subsidies, taxes, charges, tradable
guotas)

0 To raisefunds and mobilieresources for adaptatige.g., taxes and charges);
0 To spreadinancial isks acrosgrivateactorsand taxpayerée.g., insurancedisaster aig and
o To dficiently allocat resources to desired adaptation actieng. tradable quotg).?®

Spending tools obviously seek to raise funds and molézeurces for adaptatiga.g, capital spending
programghrough the budgetary procgsisut can alstielpspreadinancial risksacross actorand
efficiently allocate resources to specific adaptation acties, (publieprivate partnerships)As noted in
Section2, spending tools are outside the scope of this project and are not consideregthartioeus of
this report is on instruments to incesatcially soundadaptation actions drehavious by private actors

6.2.1 Planning and Regulatory Tools

The first response by governmenta perceived policy issusuch as the failure of markets to provide an
optimal level of adaptation to climate chanigepften to regulateA government may, for example, pass
a law to prohibit or regulate an actionbehavour anticipated to result in maladaptatiowith regulation
private actors aressentiallytold what to do or what not to d@-his traditionalgovernment response to
market failuress referred to agl ¢ 0 mmamaicdo n t r o it affords primate@actonelatively little
flexibility in achieving policy goalg®

There is a long history of governmarge of commandndcontrolplanning and regulatory tools
managdanduse and developmefiti n t h e p u Madny of thesertdols care adso kie used to
addressnarket failures that result in a soptimal level of adaptation by private actors in the real estate
sector. The maiplanning and regulatory toalkat local government can use to these ends are
summarized iMable10. In some places in the table we suggest that ariaglpotentially provide
vehicle to compel a specific adaptation activity. This dadsnean that it is currently being used to
these ends or that it is possibbedo sowithout changs to legislation.

Tablel0also highlights how each tool could contribute to improved climate adaptasioe]l as its
applicabilty to each of our casexamplad an arrow ) by a casexampleindicates that thplanning or
regulatory tool has a role to play in promoting good adaptation decisions by private actors, either directly
or indirectly, by supporting the effective implementation of one or more of the economic instruments
discussedurtherbelow.

25 The creation of new markets, esgdlgithrough the use of auctidgpe mechanisms, can be useetficiently allocate scarce resources to
desired adaptation actions rather than relying on governments to administratively allocate them usingiregulatio

26 | ocal governments in BC are nonetheless looking for ways to increaféexibdity of their planning and regulatory toélsncluding
allowingforiper f oh amaed® desi gn i n new sFRortexhinple, developersay lzenreqlirediceretaeniacaotaine n t .
percentage of stormwater onsite, but it is up to the developer to come upcvatitige solution for meeting that tar§et.g., usingmpervious
surface, bioswales, green roofs, etc.
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Adaptation Tool Description

An OCP provideshe general guidelirseforhow a community aspires to develop over tin
An OCR which can be developed byunicipalities and regional districtis a statement of
objectives and policies to guide planning and land use managdewsionswithin the
area covered by the plaBoth the objectives (that establigte broad direction for the
future of acommunity and more specific policies (that indicéite way in which local
government wilimplementor attain theobjectives typically through regulatory tools)
included in tle OCP provide an overarching framework for promoting better adaptatior

Official Community Plan (OCP) decisions by private actors in communities. For example, objectives may aiateotp
people and property or to manage risksland subject t¢say) coastal hazards, such as
erosionand inundation. Policies may specify how local government plans to address
coastal erosion and inundation, using (say) setbackdetignabn ofir et r e at
whereprivate propertyowners could be subject to limits bardarmoring and rebuilding
etc.

1. Development plans P 2. Property upgrades P 3. Manage retreat P

Hazard maps identify areas susceptiblpddls such as wildfire, coastal flooding and
erosion, stormwater and fluvial flooding, landslides, &tbe nappingof hazadsprovides
the technical basis f@anning(re)development by:

o0 Identifying areas at risko specifichazards
o Providng a basis for directing negwe)development away from areas at riakd

o0 Guidingpolicies to acommodatére)development in areas whete risk can be
efficiently managede.qg., see the Natural Hazards Development Permit Areas
employed bythe District ofNorth Vancouver).

Hazard mapping

Hazard nappingalsoprovides valuablinformationfor publiceducation andmayeven
encourage private actors in laad zonedo take their owrproactive measures to reduce
risksd and possibly encourage insurers to offer-bsised insurance cover.

1. Development plans P 2. Property upgrades P 3. Manage retreat P

The primaryregulatory toolhat local governmes use tananagemendevelopment is
zoning. Zoningmapsdivide acommunity into different districts (or zones) based upon t
types ofuses and buildingthat are permitte¢e.g., residentiadinglefamily, residential
multi-family, commercial, or indugtal). Zoningbylaws alscspecfy the different
regulations that govertevelopment withira zone. For example, zoningylaws may
specifythe size and dimensions of buildings and structlvew, far structures need to be
set backrom (say)streetsthe dnsity of development allowedonditions for the
) provisions of amenitieand use of different (bonus) densitiaad different standards for

Zoning publicworks and service It therefore follows thatoning bylawscanhelpmanage
climaterelated risks by spefging, for example, minimum building setbacks from hazarc
levels of structural protection, minimum elevation requirements for buildings irrisigh
flood areastypes of land use and densitiesguirementgor lot grading.etc.

In addition,as theestdlishment ofzoningbylaws requirepublic engagementhey also
serve toas a vehicle teducae and raise awareness

1. Development plans P 2. Property upgrades 3. Manage retreat P
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Subdivision refers to the process of developing alegal title for property by creating
several lots from one or more existing parcels, adjustirrgaligningan existingproperty
line, land dedication, or consolidatitgo or more properties into one loBubdivisioncan
involve a fee simple propertg,strata lotwith no existingbuildings or an existingstrata
unit. Any proposed subdivision mulse approved by an Approvir@fficer, who has the
authority to considethe OCP zoning bylawsworks and service requiremendasid other
relevant informatiorto decide whether to approviacluding approval with conditions) or
Subdivision refuse the proposed subdivisiapplication

Subdivision can be usexa conjunction with zoningo prevent or establish conditions for
the subdivision opropertyat riskto climatehazads. For examplean Approving Officer
may refusea subdivisionapplicationif the propertyis, or is expected to hexposed to
climatehazardgunless appropriate adaptation is provided)f the coss to government of
providing works and serviceseanticipated tde excessive

1. Development plans P 2. Property upgrades 3. Manage retreat P

A Development Permit Area (DPA) is a sefarid useobjectives and guidelineslating to
a specific areaasdefinedwithin the OCP or a zoning bylaw Local governments have the
authority to establish DP#or, among other thinggrotecing the natural environment, its
ecosystems and biological diversiprotecing development from hazardous conditipns
andestablising objectives to promote energy conservation, water consienvaand reduce
greenhouse gas emission®here a DPA has been designated, no subdivision, building
construction or modification, @lteration of land can proceed unless a Development Pe
Development permit areas has first beerissued by the local governmerithe Development Permit outlines hdve

specified objectiveareto be met

A DPA may specify areas of land that must remain fredewg€lopmenor that areexposed
to natural hazard@ndmayspecify guidelinesr conditonsunder which the objectivesr
the DPA are tde addressebly developers. For example, it may requirératependent
professional t@ssessisks toaproposed developmeatt t h e axpgndei cant

1. Development plans P 2. Property upgrades P 3. Manage retreat P

Local governmentsn BC regulate the construction and desigmoildingsthroughthe
building code. This codeis based orthe modelNational Building Cod¢hatthe BC
government then amestb addresgprovincial reeds The code ispplicable to alhew
building construction or significant retrofitBuilding codeestabliskesminimum standards
for, among other things, theructural protection of buildingdt also contains requirement
for energy and watarseefficiency.

Building codes can be usedreduce the sensitivity of structures to climate hazarelg.,

Building code mitigating flood risksby specifyingminimum construction levelsthe use of flood resistant
materialsthe location ofervices, etc. Furthermore, bilders ca be providedvith
incentives(e.g., grants, takredits)to exceed the minimum standards in codibe
application process (specifically, withholding approvals) may also be used encourage
property owners to allow covenants on the title deeds ensuringgatose future owners
are aware of the sigpecific building requiremen{and by extension relevant climate
hazards).

1. Development plans 2. Property upgrades P 3. Manage retreat

Economic Tools for Climate Change AdaptatioRromoting Adaptation in Private Real Estate Decis|ats ONE SKY FOUNDATION



Setbacks are buildinggulationghat esablish aminimumdistance from a boundary line
(e.g., street, tide line, etapherepropertyowners are prohibiteflom building structures
Similar to setbacks, buffer zonejuirepropertyowners to leaveortions oftheir property
undeveloped in ther natural stat® to support naturgbrocessegsuch as wetlandsr
vegetated aredbat prevenbr reduceaunoff and flooding).Setbacks and buffeese
commonlyestablished through zonin@CPbylawsandDPAs.

Setbacksand buffersan be used tkeepbuildings and structures in floodplains and coas
areasaway from portions gpropertythat are vulnerable tboodingand erosiontheycould

Setbackand buffer zones similarly be used tdimit wildfire risks. Local governmentsould restrictor prohibit
developmenwhere sufftient setbacker bufferscannot be accommodateth coastal
areas, buffer zones could be created to erderelopment adjacent to tekoreline
provides natural protection tbuildings and structureshile allowing for upland migration
of beachesdunes, wetlands etc. Setbacks and buffer zones in coastal areas could be
established on the basis of projectedIseal or erosion rates over the lifetime of the
development.

1. Development plans P 2. Property upgrades P 3. Manage retreat P

When approving new developments or substantive renovations or redevelopment, loc
government may be able to impose special condifioestrictions that helpncourage
good adaptations to climate chan@éese could be implemented througheaiety of
planning and regulatory toglmcluding those listed abovéxampleconditions /
restrictionsthat would benefit adaptationclude

0 Restrictions on hard armouri@goroperty owner agrees not to construct structure
flood defenses (but may be@Med to use sofrmouring alternatives);

0 Removal requiremendsproperty owner agrees to remove structures and buildin
when they become inundated as the tide line recedes. In other words, develog
is allowed, but with the expectation that it will eteslly have to cede to the rising
sealevels;

o Dedication® property owner dedicates an easemeptrtwide buffer zones;

o o o Protection requiremerds property owner is required to design new developmen
Permitting retrictions and associated infrastructure to be more resilient teattirelated risks;

0 Rebuilding restriction$ limit the ability of a property owner to rebuild buildings
and structures damaged or destroyed by climate hazRelsuilding may be totally
prohibited or limited (property owners are allowed to build smalleremesilient
structures, or required to provide for additional setbacks or buffees)nission to
rebuild may also be granted with conditions, for example, that ban hard armoul
and

o Retrofitting requiremen&s property owner is required to install ckte resilient
structures or use climate resilient materials when (say) they apply for a permit
renovate or expand a building.

Local government may be able to implen
of high-risk areaswhereby the densityf housing and development is reduced

1. Development plans P 2. Property upgrades P 3. Manage retreat P

Local government caacquie interest indevelopedgroperty, througlvoluntarysalesor
mandatoryexpropriationfor a range of purposes, includingonstruction oftructural
protectionworks .g.,a dike)or establishingsetbacks for public safetyJndevelopeddnd

Acquisitions and buyouts 2 . X
subject to naural hazardgan also bacquired to prevernts development.

(also co :ts ! dde L € Government couldeaseacquiredoroperty backo private actorsintil it becomes
as payments are _0 en rr_1a € DY uninhabitable due ttsay) sedevel rise and erosion. The legsgyments would
government to third parties) significantly offsetthe initial cost of acquiring the property.

1. Development plans P 2. Property upgrades 3. Manage retreat P
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Easementare instruments by whichpropertyowner grants tanother partyincluding all
levels of governmeitights with respect this or hedand This istypically done through a
written agreemennegotiatechetween the owner and the third payd registered on the
land title. As easementsire registered in the titileedghey bind current as well as future
owners Easementare typicallyvoluntarily sold or donated by landownewsho receiwe
tax benefitdor thar donation which can be transferableThey nay be negotiated as part
of thedevelopment approval procesisafterwards.

Ownershipof land conveys a buite of rightsto the owner t@arry out certain activities
(e.g, cut down the trees, buil house, subdivide, etc.By signing a easementhe
property ower voluntarily gives up some of those rights for as long asakemenis in
effect The third party acquirean interest irthe propertybut not the right of exclusive
possessionTheoriginal property owner may continuermake economiaseof (a portion
of) theproperty This makegasementmoreacceptabléo property ownerghan
acquisitionor buyout programs

An easement may be either posit{geants rights to use of the larslich as a righof-way)
or negativgrestrics the useof land, such a requiring it remains in its natural state)
Conservation easements are a special kimeghtiveeasement created to preselasedin
its natural stateNegative easements are sinito (restrictive) covenants.

A restrictivecovenant is a written agreemédrgtween two or more parties to lirtfiie use of
land(e.g., Imiting or preventing building on land, or preventing its subdivisanrequire
it be used in a specifizay (e.g, requiringmaintenance of coastal wetlandgnimum
building elevationsetc.). Similar to easements,rastrictive covenant wilfrun with the

Easementsconservation land® and bind successots the title. Theymay be used in conjunction with other
easements, rolling conservation regulatorytools(e.g.,subdivision).

easements and restrictive Easementsind covenants can lbsed to prevent development in areas that are vulnerat
covenants climate hazardsFor example, they could be useditoit new development irigh-risk

. areas, limit or prohibithe construction dfiard armoring, regee removal of structures that
(also consider e cometoencroach qublic lands due to erosion, agubssibly require real estate
as payments are oftenade by disclosureof natural hazards and associated risks.

government to third parties) ) . . . oo .
A rolling conservation easemesimultaneouslymposes both negativeights (preventing

an owner from engaging in certaactivities on his or her land) apdsitive rightggranting
the easement holder rights to use the propertgddain purposes)Local government
could then drafeasement ternthat allow limited development in uplandipions ofa
property at risk to (say) séavel rise, storm surge and erosiarile preventing certain
activitiesalong the shoreline.

The easement woul d rdiusenortusewduld bedriggered asdy)e
the tide line migrated inlahas sedevelsrise In contrasto traditional conservation
easementthatrequirethe whole parcel be preserved in its natural staténg easements
allow for limited development of upland portionstbé property,but would prohibithe
constructia of hardarmoring and othestructureghat could obstrughe natural migration
of the tide line inland As the tide linerecedesind lands become inundajédde easement
terms wouldalsorequire thabuildings andstructures be removedkemovals coulde
financed by either public dollars or dedicated taxes levied on the eventual beneficiarie
(e.g., touristspf shorelines returned to their natural state (Additional Hotel Room
Tax).

Propertyownersreceive upfront compensatioifpaymentyor agreeing totheterms of the
rolling easement, which increasindigits developmenbn the parcel over timeHowever,
becausehey cancontinue to develop and use their property until risingesezls threaten
buildings and structures, compensation paysiehbuld be significantly lower than under
acquisition and buyout programs, or traditional easement programs.

1. Development plans P 2. Property upgrades 3. Manage retreat P

Sources Titus (2011);Grannis (2011)Codiga and WaggR011); Siders (2013)BCMOE (2013);andBCMCSCD (2015)

Note: An arrow P) by a casexampleindicates that the planning or regulatory tool has a role to play in promoting good adaptation decisions by
private actors, either directly or indirectly, by supporting the effectiygementation of one or more of the economic instruments discussed
below.
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6.2.2 Economic Instruments

Economicinstruments act to change modify behaviour by changing thecentives facingprivate

actors They primarilywork by using market signdsthatis, pricesand trading opportunitiésto

provide an incentive timdividuals and businessesact in a wayhatwill achieve the governmets
policy objective. An important category céconomidnstrumentss fiscal measuresuch as taxes and
subsidieswhich are used to influence pricing signals facprtyate actors The direct use of markets and
the creation ohewmarketsthatdid not previously exigs another way thaconomianstruments can be
used to achieve the governneflgiective?” As an alterative to intervening in decisions directly, the
government can facilitate the opportunities for agents to participate in voluntary excranfpes (
example permits or rights to undertake certain activities) in a thayachieves the policy objective
Private actorsespondo the incentive®y making decisions based on their own assessment of the costs
and benefits oflifferent courses ddction given the incentives put in place by éaenomianstrument.
This is in contrast to traditional commaadd-control regulatios, which basicallyspecify exactlyhow
thepolicy objective is to be achievdry private actors.

Key Characteristics offfective Economiclnstruments

Effective economidnstrumentdave thredey characteristics:
o Clearly specified obgctives

The objective that the economic instrument is trying to achieve must be clearly specified if it is to
be an effective instrument. A clearly specified objective is also necessary to enable progress
towards attaining #it objective to be measureddito providefeedback to policymakers regarding
changes that may be required to the instrument. Instruments which have multiple, and possibly
conflicting objectives, are highly unlikely to be effective. It may be unclear to private actors which
objective is being pursued as the primary policy goal and how this impacts on the design and
implementation of the instrument.

o Coherence with otherpolicy tools.

An effectiveeconomidnstrument shouldat act against other policy toasd should complement
themif they are trying to achieve a similar objectivategration with othepolicy toolsis

important when implementingconomidnstruments because they must operate within the legal
and institutional frameworkstablished by other instruments and reguiat Economic
instrumentsrerarely used in isolation; they aoften used in combination with other instruments
and regulationto form a package qdolicy toolsto achieve a given objectivé-or examplea
rebate prograrno encourag¢he installatiorof propertylevel risk mitigation measures will usually
be accompanied by an information campaigfuttherencouragg@rogram participationin

addition, & economidnstrument can be used in combination with traditional comnaeuakl

control regulation. The traditionaregulationcould set a base requireméetg., like the minimum

27 For example, in British Columbia and Alberta nearkets for carbon offset projects were created as compliance mechanisms for, respectively,
theGreenhouse Gas Reductions Targets(fctthe public sector) and ti8pecified Gas Emitter Regulatidfor large industrial sources of
greenhouse gases).
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standards i building code)which must be complied witlandthe economidnstrumentcould
offer incentives to gdeyond the minimumstandardstipulated by the traditionaégulation

0 Robust monitoring and compliance mechanisms

An effectiveeconomidnstrument must be monitored to ensure that it is working as intended and is
achieving its objectiveslt is also necessary that those subject tettmomidnstrument comly
with it.

There may be possibilities for avoidance or evasidisoél instrumentswhich would weaken

their effectivenessFor example, it may be possible to understate the level of tasiablargeable
activitiesandthusevade payment of appropiéaiaxer charges.If the tax or chargearrangements
are very complex, fanstance the incentive not to comply witihemwill bestrong. Subsidies and
gquotabasedschemesnay be less subject to deliberate avoidanttee incentives may be such that
private actorsactively want to participateThe more complex thechemehowever the greater the
participationcostsfor private actorsHigh participation costs (relative to the benefits of
participating) will discouraggrivate actorsrbm participating.

Effective monitoring okeconomidnstruments is particularly important given the potential
uncertainty regarding tiredimpacs. Unlike commanelndcontrol regulationwhich may, for
example, set a strict limit on some activity, maspnomidnstrumentswhich work through
incentiveswill depend upon the individual reactions and decisiornmivate actors.

Because thanpactswill take time to be known, there may need to be revisioas bestrument
over time to ensure that it continues to achieeegivernmerit sbjectives. For example, gax on
an undesirabldoehavioummay need to be adjusted if the impactpoivate actors isessor greater
thananticipatedvhen the instrument wa®nceived An effective monitoringplanwill help
provide information necessary to make the adjustments to ensucgitfigal objectives are met.

Types of Eonomiclnstruments

Examplesof economic instruments include, but are not limited to:
o Financial instruments and incentives
This category of economic instrumemsludes:

1 Subsidies All forms of direct and indirectinancial assistance to private acttysnduce
specific actions linked to the assistanoeludinggrants, price support, tax credits, tax
breaks, tax exemptions, accelerated depreciatBome finacial instrument§ specifically,
credit enhancements lileoft loans, loan guarantees, interest rate buy downa, fetiaction
like subsidies, directlynobilizing additional financial resources fdimate change
adaptation investments

1 Taxes Mandatory, urequited monetary paymerty private actors to government.axes
are unrequited in the sense that services provided by government to taxpayers are not
normally in proportion to their paymentsor example, thannual servicea property owner
receivesifom local government are not normally directly proportional to temual
property tax paymentsA percentage ot @veriue can nonetheless be earmarked to
fund a specific stawdcen (Rotgel, mwhems ai sibear me
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removal ofinundatedbuilding and structuresnas parbf a managed retreat strategyljhe
objective of many taxes is to raise revenue for government. But taxes can also be used to
influence the decisions of private actr® incent socially optimabehaviour;

1 Charges Chargesarecompulsory requitechonetarypayments t@overnment The terms
charges and fees are often usgdrchangeably Charges are requited in the sense that the
payments are collected to cover the cost to government of providenyiae. Development
Cost Chargedor examplearepaymentzollected fromdevelopers byocal governmento
offset some of the infrastructure expenditures incumeskrvice the needs of new
development Other local government examples inclddes clarged for sewer, water, and
garbage collectigrand tiargepaidwhenapplying for a building permitCharges could, in
theory, Dbe designed for the provision of dnad.

1 Marketable (tradable, transferable) permits, rightgjumtas These instrumentre based on
the principle that any increasethre use of(say) land by one private actor (or at one location)
must be offset by a decrease of an equivalent or sometimes greater duyeativther
private actor (or at anothaydation) Hence, either total land use is reduced in a community
or land use at one (higiisk) location is exchanged for land use at another-(ieky location
within a community. Tradable Development Rights are an example of this type of
instrument.

1 Market creation Involves the explicit creation of a (new) markat environmentabr
naturalresourcesto encourag their efficient use ando foster recognition that these
resources are scarce and valudbded thusvorth conserving. Water market® promote
water use efficiency and conservation) prowadexample ofa created market that can
contribute to climate change adaptatiorthe context of water supply shortages

o Risk sharing or transfer mechanisms.

These mechanisms can be divided nigk-financingandlossfinancing instrumentéBrauninger,
et al., 2010; anButzengeigeiGeyer et al., 2011) The former are prchasedn advanceby private
actorsand governmestexposedo hazards iranticipation(i.e., before an eventf being impacted
In contrastjossfinancinginstruments ararranged byrivate actors angovernmergto aidwith
therecoveryprocesdrom a specificevent after the event occurd he three main riskinancing
instruments are:

1 Insurance Insurance is the promisé a (large) payout to compensate for specific future
lossesshould an event occun exchange for a (smaller) payment today. Not oiolgs
insurance enable recovery fraheevent, it can also be designed to inagk mitigation
behaviours.

1 Weathererivatives A weather derivative is a risk management product that provides a
private actor protection against adverse weather. In contrast to conventional insurance, where
the payout is based on a demonstrated loss, the payout of a weather desiabesl on a
weather index (and specifically specifiedthreshold on that index). For example, the index
could be millimetres of rainfall below or above a specified threshold using observations from
a weather station(s).
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1 Catastrophe bond<Catastrophéonds (or cat bonds) are an examplarofisurance product
to create riskinked securities which transfer a specific set of (natural disaster) risks from an
insurer(s) or reinsurer(s) to investors in financial markets. Financial markets have many
timesthe capacity of reinsurers to absorb large insurance payouts. Investors thus take on the
risk of a specified event or set of events occurring in return for attractive rates of return on
their investment in the bond. If a qualifying event or set of evecturs the investors will
begin to lose the principal they invested and the insurer(s) or reinsurer(s) will receive that
money tofinancetheir payouts.

o Information and education provision.

These instruments work to change behavibtsugh the provisionf moreinformation or
changing the distribution of information thataigailabléd makinginformation which may be
available to somerivate actoravailable to othersExamples of these instruments include:
information and education campaigns, labellieguirements, or requirements to disclose other
information to the market

There are a number of ways in which government action can lead to greater information provision:

1 Government can require information to be disclosed (this may require the enadttawst o
requiring private actors to make information available, possibly with penalties for non
compliance or the provision of incomplete information);

1 Government can encourage information provision (without the passing of laws making it
mandatory); or

1 Govenment caritself collect and make the information available directly to private actors.

Informationinstruments are often characterised as bRibtyt-handed because the degree of
direct government involvement in decisioraking or directing behavious more limited than with
otherpolicy tool® theydo not directly impose legally binding rglen theactualbehaviour of
individuals or lusinesses making the ultimate decisjors do they provide monetary incentives to
make different choices

o Decision orchoice architecture.

Even ifaccurate and timelyformation isgenerate@nd shared effectivelprivate actorsn the
real estate sector mapt always makefficientuse ofit. Moreover, incentiveprovided by some
of the instruments listed aboganbackfired not result in the desirdoehaviousd depending on
howtheyar@ r e s ent e d tqpeople Detisioa onéaice architectureeflectsthese
observationd thatthere are many ways to present a choigariteate actorgtypically, decision
makes in the home or in businesses that petigkers want to influenceand that what ishosen
by these actorsften depends upon how the choieeresentedlt simply refers to the careful
design of the context in which people make choices. Publicrgeaioy-maker® t h ehoide c
architectsd havea range of tools at their disposalnfiluenceprivate decisionor the greater
good e.g., reducing the number of choice alternativasyingthe order of choice alternatives,
judiciouslyselecing default ofions, limiting the time for making choices, priming, etc.
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o Reform of existing maladaptive incentives irgovernmentrules or processes

Subsidies caprovide important economic incentivesprivate actors to achieymlicy objectives
In practice however, many subsidies promote inefficient and unsound ecoraewiElopment
Somegovernmensubsidieqdiscussed below in Secti@3) providedisincentivesto private actors
to respond tdothcurrent climateconditionsandprojectedclimate change Some axesalso
impede effective climate change adaptatlmnlimiting or delayng adaptation decisions
Reformingperversesubsidies and taxés an important preursor to the introduction of other
economic instruments.

Relative Strengths ofEconomiclnstruments

A key advantage cfconomidnstrument is that they rely on decisions mad@fyate actorsn response

to the incentives they faca heindividual actortherefore decides how to respond given his or her
individual asessment of the costs ahdnefits of different courses of actiohhe decisions taken will
reflect the preferences of thevate actorénvolved Ewmnomic instrumentsan hereforebe designed in
the absence of information thatunlikely to be knowmprospectivelyby governmenpolicy-makers

Often when governments use traditional commandcontrol regulation, they are required to estimate or
infer such information when trying develop regulatory tools to correct market failumsich raises the
likelihood of making errors

If the economic instrumens well designed, it will put in place incentives which encouaieate actors
to behavein a way which facilitates the attainment of the governmestlicy objectives.That is, the
socialbenefts of theinstrumentwill be maximised byndividuals and businessasting in their own
interests.The private actorsvill also have an incentive to minimise theosts of complying and
achieving the governmdhtebjectives

Economicinstruments areén general, very flexibl@olicy toolsin the sense that they often do not specify
in detail howprivate actorare tobehave These instruments create and manipulate incentives, but
individual actorsmake their own choices and decisions based on thaetines facing them Because
private actorganrespond to economiastruments irboththe shorterm and in the longegerm, this
enables both static and dynamic efficiency gains to be achiévssl static and dynamic efficiency
advantagesf economic mstrument®vercommandandcontrol regulationn correcting market failures
are well documenteseeBox 6 for an explanation of these advantgges

Consideration of compliance costs should take account of trelmmste by both thprivate actorand

the government itselfThe extent of these costs will depend on the type of economic instrument being
used thetype and extent of costs imposed on bothptfivate actorand borne by government will

differ widely baween fiscal instrumentsiich agaxes and subsides) aqdotabasednstrumentgsuch

as tradablelevelopment rights)For example, he creation ofjuotabased instrumentill create a range

of costs for both those participating in the market and thergment who is responsible for establishing
and providing oversight of theewly creatednarket. For private actorshere may be direct cos®uch as
registering to participate, but there are also likely to be significant indirect costs, such assthe cos
involved in understanding the market rules and how the market opefaiesould involve significant
expenditure on training staff and equipping them with new 8kilisnay be that the introduction of (say)
a tradable development rigrasheme replags other forms of tradition@bmmandand-controlregulation
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(e.g., &propriatior) andthis may require property owneisdevelop a very new skill seThe

government will also bear costs in settingtiuptradingscheme There will be for instancethe initial

set up costs involved in putting the market framework in place, including developing and passing any
legislationrequired. In addition, the government will bear-going costsaissociated witimonitoring the
operation of thenewly createanarket.

Static efficiency( or fi ¢ h e aOQneaf thencrucsiabproperties economic instruments is thativate actors
not only take differenadaptatioractions but mayalso end up with different levels aésidual climate risks
Private actorshat find it relativelycheap to undertakisk reductions do more thactorsthat find itless feasible
or moreexpensiveensuring that the overall costafjiven leel of riskreduction is less expensive than if all
actorswere reqired to meet a uniform standar@®r, alternativelyeconomic instrumentsffer morerisk
reductiongor the same level of resources

Direct regulationgould, in theory,also achieve ik costminimizing outcome However, this would require
policy-makers to sdafifferentrisk reductionstandard$or each private actpand, consequently, that policy
makers obtain detailed information about #uptatiorcostsfaced by each actoiSuchinformation is simply not
available to governmenBy contrasteconomianstruments provide for a cost minimizingj/location of
adaptatiorburden amongctorswithout this information.

Dynamic Efficiency( or @ c h e a p e r With direct rbgeléioh, privateracodsyvest to meea risk
reductionstandard anthen stop.In contrast, placing a price amwanted risk (say, with a tagjeates a
permanenincentive forcontinual risk reductionsBecause everff u n i t q effecfively hiassalprieattached to
it, anyutility-maximizing orprofit-maximizingactorhasan ongoing incentive to make furthésk reductions
over time. An economic instrument creates a permanent incentiienfmovement and should accelerate the
development of newnd deaper technologider managing climateelated risks.

Source OECD (2003) and EFTEC (2004)

An aspect of mangconomidnstruments, which is perhaps less of an issue for comaagidontrol
regulation, is the fact that in many cases these instrumenitsdivectly through price® oftenincreasing
prices to encourageertainbehavious. These price effects are often regarded as having direct equity
conseguences, especially fodividuals Price increasetend todisproportionatelympact lowerincome
households.Suchregressive impacisan add to the political difficulties in implementiagonomic
instrumentsespecially when the price increases affestsentia goods or servicesThere are
mechanismshatcan be used to overcome such concekwever, it maybe a costly (and possibly
controversial) process to calculate flilcempensatiodto be given tdower-incomehouseholds.

Other aspects of equity and fairness requireg¢bahomidnstrumentsare transparent in their operations
and impacts; athcontain appeals or dispute resolution mechanisms

Anotherissue with the use aconomidnstrumentsierives from the fadbat they rely on altering the
incentives facingrivate actorss a way of changing behaviout.can be difficult to determind¢ size
and formof the incentive necessary to achievepbbcy-ma k eobjéctve. For examplewhen using a
rebate to encourage households to purchase and install prigvettyisk mitigation measurésis
necessary to determies antewhatrebatdevel should be used(This reinforces the important role of
monitoring in ensuring the effectivenessegbnomidnstruments.

Timing isafurtherissue with the use @conomidnstruments.Not only may there be uncertainty with
regard to thémpacts @ the instrumentbut there may also be uncertainty with regard to whemtpacts
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will occur. It may take time foprivate actorsd change their behaviour in response to gedrincentives
as a result of an economic instrume@again, this highlight¢he need for effective monitoring.)

The timepotentiallytaken foreconomidnstruments to have an impact suggests that they are unlikely to
be suited to policy problems which regua rapid and immediatesult.

Economiclnstrumentso Address Market Baers in the CasExample

It is clear from Sectiob.6that private actors in eadf our three casexampledace multiple barriers to
making socially optimal adaptation choice&some common theme®nethelesemergehat we can use
to identify economic instruments ppomotebetteradaptatiorchoices irprivate real estate decisions
Barrierscommon to all casexamplesnclude

o Various forms ofiinperfect informationwhich hinders awareness of risks and effective response

to those risks, and increases uncertainthepotential costs and benefits to private ac{ofdoth
action and inaction)

o Multiple barriers relating to insufficient price signals (and incentitte)justify allocating
resources (human, money, tactogy) to adaptation actions behavious, and a lack of funding
mechanisms;

0 A range ofbehavioual failures, whichmpairsthe effective use of information (should it be
available)as well ageduces the effectiveness of incentives (should they bédea)yand

o Policy failures that create perverse incentive for maladaptation by private actors.
In the remainder of this section wensidereconomic instruments thatdress thabovefailures

0 The use oDevelopment Cost Chargasincentivize the integt#on of climate resilient design into
new developments at the planning stage (eaaenpld);

0 The use of propertievel upgrade prograsito increase the penetration of climate resilient and
climateresistance measures and practices in existing properdisseample2);

0 The use offransferablddevelopmentCreditsto supportmanaged retreat (casgample3);

0 The use of mandatory hazard disclosure to overcome informational failures across all three case
examplesand

0 The use of choice architecturegoidethe design of economic incentives and the provision of
information, to maximize the effectiveness of the above instruments.

We start howeverpy looking at reforms to existing maladaptation incentidestified incaseexample
2 and casexample3.

6.3 REFORM EXISTING MALADAPTATION |INCENTIVES

Some taxeand government transfecan distort the waprivate actorsise resourceseading to an
(mis)allocation of resources that does not maxim@@munitywell-being. The same taxes and transfers
mayalso act aa barrier tcefficientadaptatios to climate chan@ereducing the incentive for individuals
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or businesses to adaeforeinvestigating the merit aiew economic instruments to achieve an

efficient level of adaptation, poliesnakers should start bgflorming or eliminatinglistortionary taxes

and transfers Thisprovidesan easyi nnroe g b et éwrinmd pol i cy response. Not
increase community welleingby enabling resources to be used where they provide the greatest value

they ako help communities better mandgerisks ofcurrent climatevariability and build capacity to

adapt to future climate chang@wo key area$or potentialreforms identified incaseexample2 and case

example3 areconsidered below.

6.3.1  Property Transfer Tax

Whena private actor purchasesgains an interest in propeityBC theyare subject tpropertytransfer

tax (PTT), which isdue upon closing The amount oPTT dueis based on thé&fair market valué of the

land and improvements (e.fuildings)at the date of registratiofi The PTT is levied at a rate of 1 per

cent on the first $200,000 of the fair market value of a property, and a rate of 2 per cent on the fair market
value increment in excess of $200,00ar example, if the fair market valo¢a purchasegbroperty is

$190,000 the taxowed by the buyes 1 per cent 0$190,0000r $1,900. If the property fair market

value is ¥50,000 the tavowed in this casis 1 per cent 0$200,000(or $2,000)plus2 per cent of the

remaining $550,0006750,000- $200,000) or $11,000 for a total takill of $13,000

ThePTT obviouslyimposes additional costs on property transactidi number ofpropertysaleswill
therefore be lowethan wouldotherwisebe the casin the absence of the taXhis could in theory,

impede efficient adaptation choiceBy makingpropertytransactions more expensivee PTT could

make it difficult for some propertywmersto moveaway fromareas agreaterisk from extreme weather
event® sellers unwilling to accephe risk are impeded from selling to buyers willing to accept or who
are more able to adapt to the risk. This isetimmes referred to as tliiel e6ir®d &ffect(Productivity
Commission, 2012)Other things being equakwer property transactiomsll also make it more

difficult for real estate markets to effectively capitalize climaiated risks (and risk reductiorin)
property prices. And this is exactly the outcome desired by polakers if markets are to send the right
price signals to help prate actors make good adaptation choices.

In addition, athe PTT is levied on the fair markedlue of the whole property.€.,land and
improvementyit also taxes capital improvemeiitsluding, for examplepropertylevel risk mitigation
measuresThis couldprovideproperty ownersvith a disincentive taindertale improvements that
increase the resilience and resistance of firepertyto climatehazardsor indeed any other
improvements that may be in the interests of society

6.3.2 Government Transfas for Hazard Protection Measures and Disaster Aid

Private poperty ownersre unlikely to make optimal decisions regarding the development or divestment
of coastal or riverfront zones if they do not bear the full cost of their decisions. Developnteseof t
zones ioftensubsidized by governmente.g., public dollars subsidize infrastructure (including

structural flood defenses), both the initial construction costs and ongoing maintenance and repair costs

28 PTT should not be confused with annual property tawdschare paidannuallyon eachregisteregpropertyto fund local governmenservices

2% Fair market value ithe price that would be paid by a willing purchaser to a willing seller for a propertydtahimprovements) in the open
market on the date of registratiorittp://www2.gov.bc.ca/gov/topic.page?id=44BE9E3F54994721 A06 EEFFBC5FAD6DB
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(Kim and Karp, 2012; ankousky, 2014) Furthernore, he costs oftorm surger overland flooding
events are ndully borneby private property owners becausegofzernment funded iBasterFinancial
Assistanc€dDFA)0 the same can be said of other events covered by the DFA

Thus,privateproperty ownerén protectedlood pronezonesbenefit at the expense of tdixpayers today
And, because of theelf-reinforcing cycleof government transfers that fuels growth in these areas (see
Figure4), they also benefiit the expense of future generatiofisaxpayerd leadingto continually
increasingadaptation costd-ilatova, 2013) As Figure4 illustrates the safer it becomes to live a flood
prone areathe moreprivateactorswould like to live and work there, the higher the total flood risk
becomesand the more thgovernmentomes under pressureitvest to increase overalrotection

levels and so oifFilatova, et al., 2011)The cycle will continue in principlertil (say)asocialcost
benefitanalysis(CBA) indicates theost ofincreasing or maintaining structugaiotectionmeasures
exceeds the benefits of avoided damaggsesent value termslo postpone oavoidthe point in time
when this happensat wha time communities will be exposed to significant seel@nomic costst

seems prudent to investigatays to disrupt the setkinforcing cycle, and reverse the endlessly growing
flood risk.

Thefisimpled solutionis to reform (e.g.reduce restructue, eliminate)the governmentransfers that fuel

the cycle, so that private property owners bear all the costs of their investment and divestment decisions
in highrisk flood area¢Bagstad, et al, 2007)n this way development ihigh-valued, riskyareas might

still occur, butdevelopmenin economicallymarginal areas would ceasknportantly, such reforms will

only result in efficient choices if the same private property owalshave access taccurate

information aboutherisksthey face(see.e.g., Sectio.7), as well as the capacity to use that
information(see, e.g., Sectioh 8).

An example of a freenarket approach to interrupting the seinforcing cycle of growing flood risk is
the Coastal Barriers Resources Act (CBRA) enacted in the USA in T9®&2CBRA does notagulate
how private actorslevelop theiccoastaland, butinsteadransfers the full cost fromll taxpayergo the
individualsand businessagho choose to builth areas at risk to coastal floodhgipeoplecan develop,
but taxpayerswdhpayd ( US Fi sh and WiSpedifically, theCERA restricts leedera 0 0 2 ) .
financial assistance, including disastelief assistance provided by the Federal Emergbtayagemen
Agency (FEMA)and the National Flood InsuranBeogram (NFIP) for examplethe NFIP cannot
provide flood insurance coverafy@ structures built or substantially improved after éinea is designated
as a Coastal Barrier Resources SydleBRS unit; and f an NFIRinsured building withira CBRS unit
is substantially improved or substantially damaged NR& policy will be cancelled By reducing
perversggovernmensubsidiesand helping marketsork better theCBRA seeks to increaske
consevation ofcoastal habitagncouragrivate actors to reconsider thdievelopmenthoices and
reducewasteful governmergpending to develgprotect,and rebuild agaiand agaifUS Fish and
Wildlife Service, 2002).
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1. Growing economic value of 2. Increase in both the stock
land and real property in - ——— 4 risk and value of that stock

coastal and riverfront zones leads to increase in flood risk
6. Further expansion of 3. Government is under
capital (property and increased pressure to
infrastructure) in coastal minimize the likelihood and
zones and floodplains consequences of flooding
5. More people, property and 4. Decrease in likelihood of

economic activity attracted to
coastal zones and floodplains
(due to improved safety)

flooding via strengthening of
(mainly) hard armoring

Source Adapted from Filatova, et al. (2011)

Recommendationl;:

The provincial government should reform (e.g., reduce, iesne; or eliminate) the perverse subsidie
that fuel the selfeinforcing cycle of continued growth in coastal or riverfront zones prone to flaodil
Interrupting this cycle is necessary if private property owners are to bdae atidts of their investmen
and divestment decisions in higlkk flood areas. Development in highlued, risky areas may still
occur, but development in economically marginal areas would cease.

Recommendation2:

The provincial government and local governmeshisuld investigate the case for reforming the propge
transfer tax so 4matpr(apaptit pd apkarasgahddidoase Is
not act like a deterrent to property owners to undertake improvements that increase theyresitiesir
property to climate hazards (e.g., by offering a tax credit for such improvements).
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6.4 DEVELOPMENT COST CHARGES

During the Al and packagingo st agexanmplel),thdassumed a | est
goal of government iof developers and their partners to mainstream a socially optimal level of climate
change adaptation into Aplansd for the provision

other services desired by the market hasgt communities

Development Cost Charges are discussed bel@fpakential economic instrument belp provide
private actors with sufficient incentives (price signals) to integrate an optimal level of adaptation into
development plansncluding thechoice of land for development

6.4.1 What are Development Cost Charges?

Developmentost Charges (DDCsye financial instruments used logal governmento pay for the
growthrelated capital costs associated with mmvelopment or redevelopmer®DCs arelinposed
under the Local Government Act [Sections @&7]3°

fito assist local governments in paying the capital costs of installing certain local government
services, the installation of which is directly or indirectly affected by the development of lands
and/or the alteration/extension of building® ( BCMCSCD, 2005)

Local governments are permitted to IXeCsto collect monies foproviding, constructingaltering or
expandingoads, sewagevateranddrainaganfrastructureas well as foparkland acquision and
improvemen{BCMCSCD, 2005%" Typically, costs are recovered fdplanning;f public consultation;
fengineering desigrright-of-way or parkland acquisitioifjlegal costs{interim financing;{ contract
administration;construction; anficontingencie§BCMCSCD, 2005).

Buildings for public worship, developmeswhere the valuef work covered by the building pernist
less than $50,000, buildings with fewer than four resideatia$, and developmenighereit can be
demonstratethatno new capital costs ageneratear whereDCCs havealreadybeenlevied for the
same developmerare all exempt from DCCs (BCMCSCPR0QO05) Furthermorelocal governments can
either exempt olevy reduced DCCs fonot-for-profit rental housingfor-profit affordablehousing a
subdivision of small lots that is dgsied to result in low GHGmissions and a development that is
designed to result in loenvironmental impact (BCMCSCD, 2005).

Local governments are alaffordedflexibility to decide fwhetrer DCCswill be leviedon a uniforn®
or areaspecific basi®,Twhen charges will be collectéide., DCCs are payable by partisponobtaining

301n the City of Vancouver, development charges are known as Development Cost Levies (DCLs) and are gotreivéahbguver Charter.

31 The Vancouver Charter allows the City of Vancouver to use DCCs to collect monies for: acquiring property for, and estabildbare
facilities; and to develop affordable housing for households displaced by development.

32 A municipalwide DCC means that the same DCC rate is applied for a particular type of land use deemed to generate a similar or same
capital cost burden, throughout the municipality regardless of the location of any specific developmelitBCMCSCD, 2005)

33 fiAn areaspecific DCC divides the municipality into areas according to geogrépligr the purpose of determining the DCC. As each area
has its own set of DCC projects, this results in a distinct charge for a particular type of land use within theadefinéche charges may differ
substantially between areas depending on respective servicing requirements and projected deve{@C@WDECD, 2005)
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an approval of subdivision or a building pentfitandihow DCCswill vary (e.g., on a density gradient
(squardootage)basisor perunit (number oflots, dwelling$ basis)(Baumeister, 2012

ThelLocal Government Aatequiredocal governmentto usemonies collected from DCder approved
servicesonly. DCCs are implemented through a bylaw that musipipeovel by the Provincial Inspector
of Municipalities

DCCs are generally calculated in one of two ways.

1. Average cost pricing With this approach a local government estimates the totabpéal infrastructure
costs attributable to all new development throughout the municipality over a certain time period, ar|
divides that by the projected number of new units (e.g., lots or dwellings) that will be developed ovi
same time period, ariiivg at the DCC. As a result, the DCC does not vary according to the actual
infrastructure required by a particular development or specific geographic location. With average ¢
pricing DCCs are levied on a uniform basis.

2. Marginal cost pricing. With this approach a local government estimates the DCC on the basis of th
actual net capital infrastructure costs attributable of a specific development. Marginal cost pricing |
result in more economically efficient outcomes.

A hybrid approach which levies DCCs on an area basisalculates an average DCC based on the net capite
infrastructure costs attributable to new development in a given geographical area larger than a single
development, but smaller than the entire oipality.

Local authorities fregently use a combination of approaches.

Source BCMCSCD(2005 andSustainable Prosperif2012)

6.4.2 Development Cost Charges as an Adaptation Tool

DCCsarecurrently usedy local governmentprimarily to financeinfrastructure needs arising from

growth The roleDCCsplay as discaltool should not beinderstatedin 2009, contributions from

developers accousdfor just over nine per cent of total municipal revenues in Bi€lien and Enid

Slack 2012). Clearly, DCCs areavaluable revenue sourte fund growth But few local governments

view DCCs as a planning tool, instead relying on #gutatory tools summarizéd Table10to

influence wherand wherdevelopment happend his is despite the fact that maagademicsuggest

the way DCCs arstructureccan impachow and wherand resources asedandhow developments

are designece.g.,Skaburskisand Tomalty 2000; Slack, 2005kaburskis 2 0 0 3 ; Clinch and
2010; and Sustainable Prosperity, 2@h#2 2014)

As a planning toolappropriately designedCCs can be used to provide developers fuitancial
incentives to achieve several policy objectives relating to urban form, inclugitiging sub-urban
sprawl,direcing growth to builtup areas, sing land moreefficientlyd andconsequently, improving air
quality, reducing GHG emissions, angmoing energy efficiency SeeBox 8 for an explanation dfiow
this works. While appropriately designed DCCs daused to influence urban form and genenate

34DCLs are levied by the City of Vancouver when the building permit is issued; however, developersvecttalistagger payments if a letter
of credit is provided to the City.
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social benefitsit may also be possible to design thenmitentivize developers to incorporate a socially

optimal level of climate resilience into new developmésee below)Ng (2013 makes the case for
using DCCs to mitigate climate chaidgepecifically, GHG emissionsUnfortunately, there are no

currentexamples of DCCs being used to promote adaptation to climate change.

Cl

Within a municipality profit-maximizing rationatlevelopersvill compare the expected n@esent valuéNPV)
of developmenat variouslocationsand develogirst the site(s) with the greatediPV. The NPV of gparticular
development Wil depend on, among other things, land prices and property vahuresthese in turn are affected
by DCCs: depending on local market conditions, some portion of DC@assed to homebuyers and
landowners, thus inflatingropertyprices(reducing demarjdand depressing land pricésducing supply), and
some portion is absorbed by developdRegardless, the profitability of a development for a developer is
affected.

Now, assume there are two development locations within a municipsili&A andsite B, that are identicah all
respectexcept that developingjte A entailshigherinfrastructure costée.g., because it is located on greenfield
the edge of townfor themunicipality than site Be.g., because it is located on brownfield in town eard make
use of existing infrastructure)f the infrastructureosts are fundethrougha uniformDCC, theDCC rate levied
at each sitevill be the same, and trdevelopemill be indifferent to selecting site A or site Bf, in contrastthe
infrastiucturecosts ardinanced usingn aresspecificDCC that recognizes the higher coatsite A,the
developewill then select sité first, the lowe-cost siteoffering the higheNPV. Hence areaspecificDCCs
that reflect differentiainfrastructurecosts shift development from highcostsites to more efficientower-cost
sites within the municipality.

Evidencesuggestshat providinginfrastructuras morecostly for lowdensitysitesthan for highdensitysites To
promoteeconomically efficienland use decisionshe DCC shouldthusbe higher per unit for lovdensity
developments than for higihensity developmentd-or the same reasomevelopments locatetdose to existing
services should pay less than those further awaya consequenchigher DCCdor landuse athe outer edges
of atown can incentivizelevelopmenin the innertown andtherebyreduce urban sprawl.

Source Slack(2002)and Ng (2012)

nch and OO6Nei || (2010) present refectthenfdlocostet i cal f
and benefits, private and sociaf,newdevelopmerg, and thereby encourageveloperdo makesocially
optimallocationand land usehoices® The framework is context neutral and there is no reason why it

could not be used to promagfficient adaptation choices by developers. They suggest-pawaharge

comprising:

% Therationalefor such a framework is persuasively described by Deyle and Smith (2007), who propose a similar framework operating through
annual property taxes. The basigumenis an ext ensi onp ays tphrei Mmbiemledd ctiarpubl i c

necessitated by the development of land that is exposed to climate hazards. That is, consumers of government sempaefosiioetd in

proportion to tleir consumption.

infrastruc

All land is subject to some hazards (e.g., wind, hail, lightning), but risks from some hazards, such as flooding, st@rossangend wildfire

vary spatially at a scale that is relevant to local land use planning. Also, vuletahifiost climate hazards varies with the nature (design,

type, construction) of improvements that are made to land. Hence, where a developer opts to make improvements tb-lésidarehisy and
thereby makes it necessary for local governmentsawige, for instance, emergency management services and public infrastructure that is also
exposed to climate hazards, they should pay the majority of the costs for planning, preparedness, risk mitigationonrsadegpatise, and
recovery by local govement.
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1. Aniinfrastructurechargete o r ecover t he -ralatedicapitaljpcasts assogidtesl gr owt h
with a new developmenldeally, this charge would be based on margioat pricing plus

2. A firisk charg®to make developers pay for the external costs of climgltded riskcreated by the
planneddevelopment.Recall that external costs are costs imposed on wider society that result from
choices made by the developer, imnich are not borne by the developer.

I n the contextriskchaadapt abudbd, i kel y be based on a
costs (in present value terms) of climate changaeldevelopmensite,and how these costs varied with

different levels of adaptatiorin other words,Hhis would involve constructing a charge that vaakesng a

risk-gradient, analogous to a charge that vaaleaga densitygradient for the purpose of promoting

smart growth This may be the theoretically idleway to construct the charge, loupracticeit is likely

beyond the capabilities of most local governments.

Instead of attempting to perfortine calculationgequiredto achieve a socially optimal outcome, a
Afsecond best o appr gaaementaodallbar@dditionsvtmekistimy DEGs kwhich may
not be optimal, but at least represent an improvement on the status quo. With some expectation of what
defines a desirable level of adaptation at new development sitéscahgovernmentould set an initial

set of chargeswhich also recover the costs they may incur in preparing a climate risk assessment
observebehaviouramong developers, and then adjust the charge accordimgiieriving the initial set of
charges théocal governmentould start with one climate hazard (e.g., flood or wildfire risk) and a

limited set of more readily quantifiable damage abgiessibly working with insurers, who may have

some of the required information.

There are other opportunities to encourage efficidaptation choices by developers within the current
DCC frameworkin BC:

o Local governments have some flexibility over wh
perspective DCCs affect both project timing and cash flthes/ introduce a carrying cost for
developers (Skaburskis and Tomalty, 2000). Delaying the collection of DCCs would thus benefit
developers by reducing the carrying sosAllowing developers to stagger payments or pay in
installments would similarly benefit developers. Local governmemitd consider delaying or
staggering the collection of DCCs if developers committed to implementing specific adaptation
measures at the development sifée Local Government Act allows the Minister to authorize the
payment of DCCs in instalments an@égeribe conditions under which instalments may be paid
(BCMCSCD, 2005)

o DCCs are not used to cover annual recurring cd3td thelife-cycle costs ofmaintaining
infrastructure and servic@s areas prone to climate hazards today will become more ared mor
significant forlocal governmentas the climate changes. Consideration could be given to using
DCCs to recover the lifeycle costs of infrastructure arising from growth, and not ggjedwth
related capital costs;

0 Local governments use DCCstoreaovet he fAnet 06 i nfrastructure cost
developments. Net costs are derived from estimates of total gross capital costs by sulftracting:
grants and external fundinfjthe proportion of capital costisatbenefitexistingresidents
existing DCC reserve monig§credits and rebates for specific projeetsd{the municipal assist
factor According to the Local Government Act, the r
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governments with financing infrastructure arising from new developmatier than paying for

total capital costsAs a resultjocal governmentare requiredo contribute some level of financial
assistance to new developments, separate from the portion of capital costs allocated to existing
development$o reflect the beefits residents accrue from the new developmdihtis contribution

is facilitated t hr ou gThe asdsefactocanrbéexpiegsedlasai as si st
percentage afapitalcostsand in practice ranges from as low as one per cent (i.e., @@ meof

the development related capital costs are recovered through DCCSs) to as high as 50 per cent
(BCMCSCD, 2005). It isargelypolitically, rather than technicallgletermined reflecting a
Council 6s desire to encourage devel opment

In theory, the asst factor could provide a vehicle flmcal governmentt incentivize specific
adaptation actions by develop&rwith larger assist factors rewarding lowesk, more resilient
development choicedn other wordsgifferentassist fact@would be used tencourage or
discouragenetype of development over anoti@etow-risk development planghatincludea

number of relevant adaptation actions identified at Anneaw&) highrisk development plans

(which include nonef these actions)Asthis is not tle intended use of thessistactor,

clarification is needed as to whether this would be permittéareover, whildocal governments

are free to discount thddCCsas they see fitpst revenues must lvecouped from elsewhere.

One option is to combinigher assist factonsi t h riskbhargéi descri bed above
revenue neutral incentive scheme for developers.

6.4.3 Challenges

There arananychallenges toeforming DCCs to help provide private actors with sufficient incentives
(price signals) tantegrate an optimal level of adaptation idi&velopment plans:

o Many factors influence where and what type of development takes place (including zoning and
subdivision bylaws). Hence, the regulatory and planning toolfahle 10 will need to be
analyzed to ensure they do not work against, but sugpuort,eforms to DCCs;

0 Local governmentwill be reluctant tamplementreformsto DCCsthat result in lowetotal
revenues.In reality,local governmenttendto activelylook for ways to increase, not decrease,
DCCs However, it is possibée at least in theoy to make reforms to DCCs that are revenue
neutral Furthermore, the potentially offsetting impact on property tax revenues should be
considered. In princlp, properties in areas withhproved more resilieninfrastructureand
servicesshould appreciate in valugéligherassessed valu@sll in turnresult in increasktax
revenueat the existing tax rase

0 Relatedly, the importance of DCCs as a fiscal toehtes anindset thaDCCsare not glanning
tool. The reliance of local governments on Dd@srevenudo finance the capital costs of growth
may affectthe ability of municipal staff to see how DC@suldalso be used as a planning tool,

0 Local govenments will be concerned that development may leapfrog to a neighbpuisaliction
with a differenf more favorabl®CC regime Hence, reforms to DCCs may need to apply across
the province;

o Provindal legislation sets theulesgoverning the design @CCs and the use of monies collected.
These rules wilinhibit the ability oflocal governments to use DCCs to inééme good adaptation
decisions by developery limiting: fwhat services can be recover§eligible costs{the use of
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monies colleted fthe timingof collection etc. Changes to the Local Government Act (and DCC
Best Practice Guide) would likehe required:;

o0 Local governmentmay be concerned about the administrattiveden of managing a more
complex DCC system. Indeed, soloeal governmentsare reluctant to vary DCCs by aéeaever
mind by (say) area and climatelated risk§ due to fears about tleministrative demands of
managingnultiple charges. There is evidence nevertheless that the administrationsjecta
charge gstems is no more onerotisan a uniform charge systg®ustainable Prosperity, 2012 and
2014)

o In addition to concerns over the capacity of local governments to administer a more complicated
DCC system, there is also the issue of whetheexpertiseandinformation exists to create a
practical system that varies charges on the basis of climlated risk € g., how do you calculate
theexpectednonetary value of changes in climadated risk attributable to a new development
and

0 There may be institional challengeassociated with needing municipal staff from finance,
planning, engineering services, utilities, emergency management services, etgpiedily have
different agendas (recovering costs and balancing budgets versus changing b&havimage
risk) andlittle interactionto work closly together on a regular basis.

6.4.4 Other Tools

Fasttrackingthe developmerdpproval process is a strategy logavernments can use to encourage
climate resilientlevelopments.This would involvegranting priority status to developments that
incorporatediesirableclimate change adaptation adaptionst leashada contemporary adaptation
actionplan, so that those applications recefaster processing than thetherwise would.The fast
trackingprocessprovidesan incentive tgrivate developers to incorpordte stipulatechdaptation
measures.

The Local Government Act authorizes logalvernments to establish zoning bylaw conditjovisich if

met, entitlea developeto ahigher density than iavailable for the zoneThese provisiongknown as
fidensity bonusés have traditionally been used to increasestoek of affordable housing and to
conserve and creafmainly environmental) amenitield seems reasonable to expsaieadaptation
measues to be considered community amenijtfes examplegreen roof (to reduce heat loading and
stormwater runoff)the protection of green spafte provide local cooling effects and reduce stormwater
runoff), andthe construction adrtificial wetlands or the protection of riparian aredor stormwater
management.
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Recommendation3:

The provincial government should undertake a study into the feasibility of usingmEatiidCC, with a
Airi sk charged to capture the estimated net
each new development site, and how these casyswith different levels of adaptation. Is it possible
construct a DCC t-draddiveanti e, iadh omwc ta tilre skam
constructed to vary along a densijsadient (for the purpose of promoting smart growth)? Adtively,
the same study could be conducted with respect to annual property taxes.

Recommendation4:

Local governments should provide the option for delayed or staggered payment schedules for D(
exchange for commitments by developers to mainstream socially dessitddpecific adaptations to
climate change in their development plans.

Recommendation5:

The provincial government should consider amending DCC legislation to allow for the recovery o
life-cycle costs of infrastructure necessitated by new developments, and éxgdiat of eligible
services to include investment in climaesilient measures. The provincial government should also
develop guidance for local governments on how to calculate theylife costs of services affected by
climate change.

Recommendation6:

Localgy er nment s should remove internal #dAcul tu
being used as both (1) a planning and adaptation tool and (2) a fiscal tool (e.g., increasing coope
and communication between planning, financing and engimedepartments, as well as educating th
on the potential role of DCCs as an incentive mechanism).

6.5 PROPERTY-LEVEL UPGRADE PROGRAMS

Dur i ngcecupdnaga Ad A r e stagse el the reahedtateadelopment process (caseample?),
the assumegotentialgoal of government igr propertyowners to upgrade thdiuildings, structures and
landwith eligible climate resilient and resistance measures to try to minimize the present value
(investment plus residual damage) social costs of climate change.

Propertylevel upgradeprograms are discasd as a potentiastrumenimix to provide private actors
with sufficient flincentives (price signalsjinformation and education; affdechnical assistande
retrofit an optimal level of adaptatido their property Program design should be infioed by the
lessons othoice architecturdiscussedn Section6.8. Even considering thieeadingior this sectionit is
evidentthatwords have power, argrograms should choose the language they use carefiil/terms
A adu t Of raent doranktante@re not effective;itese are nderms that inspire, motivate, or have
positive connotations Instead, terms | i ke Aupgradeo or
motivatingprogramparticipation.

The intention dthis sectioris solely toprovidean overview ofvhat an upgradprogramcould look
liked and specificallythe range of broad and more detailed design issuewdhid need to be worked
throughif policy-makers were to pursue this instrumenhere area multitude of design options that
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cannot be evaluated within the scope of this papent least because many options are case specific and
depend on the program objectives, target market and available resources.

6.5.1 Elements of an Upgrade Program

A genericprogram for propertyevel climate resilient upgrad@sapplicable to residential, commercial,
and industrial property ownéyscomprises up tsix major elements (sdeigure5). Theseare:u a
capital sources); v aprogramadministratoryy programactivities(incentives, information, technical
assistance, marketing and promotijon)repayment vehicles; credit enhancements; andsecurity. A
loanbasedorogram will comprise akix elements; a grasdtasedorogram,only the capital sour¢s), the
administratoyand program activities

1
1
1 Credit )
1
| enhancements Security
1
e S A,
1
—>| Incentives ’—
Information, disclosure ’—
Capital - _’I ! Prope
p | Administrator |__| N S
sources X - owners
—>| Technical assistance ’—

—>| Marketing & promotion ’—

Modifications to Zoning
Bylaws, Building Code, where
necessary
Subsidy (grant-based) approach

r

Repayment
vehicle

Subsidy (loan-based) approach
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Capital Sources

Funding to finance progranosts (nitial setup, ongoing administration, and prag activities)canbe
sourced from:

o The province (revenues from taXesharges, levies, or debt);

0 Local governmenfrevenues from taxes, charges, levies, or debt);
o Private financial institutions (lending);

o Private insurers (reduced insurance ctistproperty ownerg

0 The property owner (cash or debt);noost likely,

o0 A combination ofseverakources.

Program Administrator

The administrator can be one of a number of actors, including government departments or agencies,
independengnot-for-profit) third-parties and various hybrids thereoAdministrators can also include
private financial institutions (i.e., national or regional banks or credit unimssyersand forprofit
third-parties (e.g., building contractdésparticularlyin loanrbasedorograns.

The alministrator receivefunds that cover the costs mfogram activitieshey provide directly or
indirectly (via contractors), including monies loaned or granted, froariaty of sources.

Repayment Vehicles

A repayment vehicle is not needed foaigtbased funding mechanismklowever, if theprogram ito
function similar to a revolving loan fund (RFL)perhapsapitalized by an injection gfublic tax
dollar® arepayment vehicle is requiragthich aims to keep theublicly financedcapital basentact
over time¥’ A repayment vehicle is also required if the capital source is private

For a traditional thirgparty loanbetween a property owner and a lender (whether a pfinatecial
institutionor administrator of a publicly financed RFElthe simplest repayment vehicle involves the

lender sending out a regular bill to the borrower (recovering loan principle, interest and fees), collecting
payments, and tracking payments and defalitisovative financingnechanismgwith strong
securitization)are emergingn the field of energy efficiency programinghich have several advantages
over traditional lending product#\ promising approach that may bpplicable tqropertylevel climate
adaptation progranis the Property Assessed Clean EnergyGE) model (se€igure6).

36 For example, a portion of the tax revenue collected from the carbontax cauldlmar kedd (or hypot hecated) to fun
propertylevel upgrade program.

87 A RLF is a source of capital from which loans are mddgans are made tmorrowers (property owners) that are consistent with standard loan

origination, serving and underwriting practicess loans are repaid by borrowers, the money is returned to the RLF and becomes available to

finance more projectsn this way the RLFbecmes an ongoing or 0r edvesténdinghegnipacpof tbejorgmal f i nanci ng
capital injection. The interest (or fees) paid by the borrower are inclusive of the administrators costs to manage the fund, so the capital base

remains intact. REs are typically administered by government agencies or independesroiiththird-parties.

Economic Tools for Climate Change AdaptatioRromoting Adaptation in Private Real Estate Decis|ans ONE SKY FOUNDATION



As a general rule, lenders will favor a repayment vehicle that is most likely to collect regular, full
payments of principle, interest and fed&ew and unfamiliar mechanisms are likebyrequire some form
of credit enhancements astifong securitizatian

Passthrough
i— share of Administrator and partnecontractor(s)offer anupgrade
property tax W LINIF1RaBgérierates reductions in climatelated risks.
increment
Consent of Projects are debt financed by the administrator, using either
mortgage lender private funds (e.g., bonds or lending) or public funds (e.g., tax
| dollars), or a mix of both.
Property
'_’ Property owners pays back the loan through an assessment
owner | (surcharge) on their property taxes. This requires the local
Develops and installs Property tax payments government to place a lien on the property, which may require
upgrade project and (inclusive of project enabling legislation. The security provided by the first position
provides ongoing cost repayment) (tax lien makes it possible to use private capital froond markets
M&V and lien on property for andmakes privatdinancial institutionanore willing to

maintenance services

security) underwrite projects, and lend at commercially attractive rates.

As the assessment is tied to the property (and not the owner)

Enabling Tax the repayment obligation remains with the property even if
legislation (if assessment ownership transfers. This enables the loan term to be extendg
needed) ] over many years. It also enables owners that would not qualify
office for a bank loan to access attractive financing.

I The longeiterms and lower cost of capital results in low
Payment for Passthrough monthly surcharges making more projects immediately eash
equipment, project related flow positive.Longertermsalso enablesleeperupgrades.

installation and costs (principle and

Because the takenis senior to mortgage debt, property
owners usually must get the approval of existing (mortgage)
Administrator lenders before signing up the program.

wSLINBaSyiGa Wassldtiondor HusingsSeS a K S &
property owner does not take on any additional debt.

ongoing services interest)

Can be used for selective (nportable) upgrades in all sectors,
but due to transaction costs minimum project siz&23,00Q

Service debt
& returns to
private
investors (if
relevant)
Capital

expense to tenants (addressing the problem of split incentive

Public or Private Capital

{ dz2NDKIF NBS 2y LINE LIS N B NB qu‘lKkj
S

Credit Enhancements

Credit enhancements encompass a variety of provisions thaertdurisk of extending credit to a
borrower (secalledficredit rislo)d basicallythey are anything that improves the likelihood that loans are
repaid in full and on timeThe main forms of credit enhancemeowsnmonlyused in programming
include:floanloss reservedlinterest rate buy down$§joanguaranteesfadedicated line of credif]
defaultinsuranceand{subordinate debt.

Security

Loans can either be secured or unsecurfedecured loan is a loan offered to borrowers with collateral.
Thecollateral provides the lender security that the principle and interest will be repaid and also what they
receive in the event that a loan defaulsproperty owner can effectively borrow as much as the assessed
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value of the collateralThis is suital# for property owners, who can clearly offer their property as
collateral, and who require larger loéni is less suitable for tenantn general, secured loans offer
lower interest rates and longer loan terms, because the loan is backed by cdiktteral be repossessed
in the event of nopayment.

Unsecured loards asthe term suggesdscomewith no security(e.g., liens on property or fixtures)

Instead, credit risks and associated losses are minimized through careful loan origination and
underwritng practices.Clearly, with unsecured loans, a borrower can get qualified even when not
owning a propertyIn the absence of collateral, loan amounts also tend to be smaller than with secured
loans. Unsecured loans are therefore most applicable to ten@aking selective improvementsiterest
rates tend to be higher and loan terms shdrtelessbackedoy third party credit enhancements.

It should be fairly evident from the above discussion that sepssgtamelements interactThe

presence of aing form of security (e.g., a tdden on property), for example, can reduce the level of
credit enhancements desired by administratbilsewise, robust repayment vehicles can also mean that
lower levels of credit enhancements are required.

Program Adtivities

To address all pertinent market barriers to the installation of preleedlymeasures to increase the

climate resilience of buildings, structures and land, a program needs to provide for four activities:
financial incentives, information, techuail assistance, and marketing and promotiohhese four

activities are typically packaged into one of several broad program designs or models, which appeal to
different sectors (s€Eablel1l).

6.5.2 Key Design Issues
Programdesign willtypically address the following issues
0 Target market.

What types oproperty ownersvill the programtarge? The targetnarket can be defined broadly
(e.g.,all residential commercia) industrialpropertie$ or narrowly (e.g., single family homés
flood-prone communitiesdepending on the scoped budgebf the program

o Eligible measures.

Whattypes ofclimate resiliebhupgrades will qualify fomcentivesunder the prograh For
example, th&JS Department of Homeland SecuéitResilience STAE Pilot Project uses the
Insurance Institute for Business & Home Safe@RTIFIEDHome and FORTIFIED for Safe
Living standardsd define eligibleupgrades Alternatively, if no suitable standards exist, a list of
eligible measures for application in specific circumstané@sanbe generated through a
combination otlimate risk assessmemngineering studies and cdmtnefit analyss.

%Note that technical assistance and fhhanmbal onnsesentviecesoar eWhemmbhnh

combined with telenical assistance and information senices they are in Figured5t he program i s said to offer
Furthermore, the adoption of an adaptation action is a function of both the level of incentive and the program expemditkedranad
promotiord the more you spend on the latter, the less you will need to spend on incentives, other things being equal.
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Residential Commercial Industrial

Program Category Property Property Property

Small Large Small Large

Prescriptive programs

Pregriptive programs that incentivizhe purchae and

installation of some or all of a set of papprovecclimate P P P
relatedrisk mitigationmeasuresarranged byesidential,

commercial, or industrial propergwners

Whole building, direct install programs

Programsthatprovide a set of prapprovedclimate

relatedrisk reductiormeasures that may be installed at 1

time of a visit to theropertyor provided as &kitoto the P P P
property ownerusually at modest or no cost to the

property owneand sometimes accompanied by a rebat

Theseprograms may also include a basic, wétkough

assessment afimaterelatedrisk.

Whole building property assessment

Programsthatcombine a comprehensipeopertylevel
risk assessment that identifipropertywide climate
relatedrisk reduction pportunities Theseprograms
generally involvemultiple rebates fofi b u n diske d 0
reduction measurefoking for more substantive risk
reductions

Custom

Programs designed around the delivery ofsjiecific

risk reductiorprojects typicallycharacterizedy an
extensive orsite climaterelatedrisk assessment and
identification and installation of multiple measures uniq
to thatproperty These measures may vary sigrafitly
from propertyto-property

Selfdirect

Programs that ardesigned and delivered by theoperty
owner, using funds from the program administer

0 Marketing and promotion.

How will the program be marketed potential participan® Developing a rarketing and
promotionstrategyinvolves. fdetermining what channe(gcluding the use of contractonsjll be
used to communicate program infornoatitothe target markefjdeveloping marketing messages
that will be effective for eactnarket segmentand{ estimating a budget for marketing activities.
Marketing and promotion is an important determinant of program participatama given level
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of incentives, increasing expenditure on marketing and promotion will increase program
participation.

0 Implementation strategy.

Whatpolicies and procedures will govepnogram delivery?Prior to aprogrambeinglaunched, it
is important to define procedwéhat willdirectthe participationprocessincentive payment, and
verification requirementsilt is importantto strike a appropriatdalance between requiring
sufficient documentation to validatiee eligibility of property owners and the actions take
reduce theisk of fraud, while keeping the process as simple and straightfoasgralssible to
minimize barriers to participationPolicies and procedurggverningprogramdeliver are normally
written up in amanual forprogramstaff, as well as ontractorssupporting program
implementation

0 Incentive strategy.

Will the program offessubsidizedinancingor incentivepaymensto property ownersr

contractordo motivate purchases efigible climate resiliency upgradesSubstantive evidence

from years of energy efficiency programmisgggest that aprivate propertywner s deci si on
undertakeetrofitinvestments depends on the net financial gaior she accrudsom the upgrade.

Therefore financialincentives providethrougha programere expected to induageater

participationby property ownerg upgradeactivities by reducing theapitalcost(and thereby

i mproving the projectds net present value).

Financial hcentivescan take many forndse.g.,prescriptive or custorfmail-in) rebaes, discount
coupons, free direct installation, soft loaresjuced mortgage rates, insurance premdisoounts,
building permit discounts, teor chargecredits etc. The form of the incentive will largely depend
on the capital source(s) for the prograRinancial incentives can also be offered at different points
in the market depending on the program model and objeétieas, upstream (builders),

midstream (retailers), and downstream (property owners).

Higher levels of incentives can also offeredfoibundl|l edd upgrades, where |
multiple risk reduction measures, as opposed to single measures.

0 Intervention strategy.

What activities will the program empldg addresshe most pertinennarket barriergor the target
marketin order to increase adoption dimate resiliencyupgradedy thatmarket?
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Example Intervention Strategy

Market barriers Activiti es or interventions
A A

Uncertainty, lack of confidence about projections of climate
impacts at a local scale

INFORMATION F—

No or limited awareness by property owners, tenants or the
market generally of climate-related threats and opportunities

Do not know where to get trusted advice and informationd high |
transaction costs —

_‘
|

MARKETING & PROMOTION F—

Unproven (and potentially unreliable) technologiesd perception
that adaptation upgrades are untried, untested and will adversely
affect other attributes of the property

TECHNICAL ASSISTANCE ‘

Lack of technical expertised to know what adaptation measures <+——
to install and how to properly install them)

Skepticism over risk reduction benefits |«
—
Insufficient return on investment vis-a-vis competing priorities «—

—‘ INCENTIVES ‘

High perceived investment costs versus low perceived benefits <+ 7y

I nsufficient financial means t9 overcome Afirst cost hurdl

Range of behavioural biases and anomalies ‘—‘ CHOICE ARCHITECTURE ’_

< MANDATORY HAZARD DISCLOSURE ‘

Skepticism that real estate market will capitalize climate-related
risk (and reductions) in property prices

o Evaluation, measurement and verification.

What approach will be used to verify installati@islimate resiliency upgradés.g.,receipts

property inspection, etc.)How will achievement of program goals imeasured andvaluate@
Information managemesi/stems areital to these ends, as well e efficient administration of
the program. Tracking and reporting functions are used to asseggam performance against
goals, to monitor prograexpendituresn relation tobudgetsand to manage information about
program participantsEvaluators usé h gackéd d 0 d aséssaprogram parformanci terms of
its impacts

Program budget.

What is the annual budgfetr the program as a wholend what are the allocations for major
activities(e.g., incentivesnformation, technical assistance, marketing and promotion,
administration, delivery, evaluation)?
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o Timeline.

What are thenainimplementation milestones and whelo they occur?

Examples of propertievel upgrade programs to manage climaiated risks can be found in:

o Kovacs, P., Guilbaut, S. arg@hndink, D., 2014, Cities Adapt to Extreme Rainfall, Institute for
Catastrophic Loss Reduction (ICLR), Toronto, ON, Canada.

o GLA, 20009, Economic Incentive Schemes for Re
Impacts, London Climate Changeriership and the Greater London Authority (GLA), London, UK.

o Bowker, P., 2007, Flood Resistance and Resilience Solutions: an R&D Scoping Study, R&D Techr
Report, Department for Environment, Food and Rural Affairs (DEFRA), London, UK.

o DEFRA, 2008 ReslienceGrantsPilot Projects Department for Environment, Food and Rural Affairs
(DEFRA), London, UK.

I nformation on the US Department of Homel and Se
https://www.disastersafety.org/resiliensiar/

6.5.3 Challenges

Key challenge$o designing effectiv@ropertylevel upgrade programs for the purpose of climate change
adaptation are

o Freeriders are individuals or businesses who take adganof a granbased program even though
they would have purchased and installed the resiliency measures anywayidénemcrease
program costs without producing additional risk reductions in the community beyond what would
have occurred without theqgram activities. Program designs should seek to minimize free
ridershi@ for example, by building on surveys of the target market and an understanding of
existing adoption rates, by placing greater emphasis on financing as opposed to grants

o0 Inthe comext of energy efficiency, property owners typically need to see an estimate of the
monetary benefit§.e., annual and lifetime utility bill savingt)atare anticipated to accrue to them
frominstaling upgrades during planned renovations or as paratfral equipment replacemi.

This becomes part of their calculus of the net financial gain from installing the upijratley
determinant of whether they are likely to participate in a program. Quantified energy savings (in
dollars) are also a key inpto the cosbenefit tests (e.g., Participant Cost Test, Total Resource
Cost Test) employed by program administrators to, among other things, determine which
technologies are included in a prograand which programs are included in a portfolio

Quantifying the (private and social) monetary value of reductions in clineddgéed risks from
installing resiliency measures on a propéstyot straightforward. This could present a significant
challenge when it comes to convincing property owners to paatécip the program. It also
presents a challenge to defining eligible measures and setting incentive levels (see below).

0 Levels offinancialincentivesin energy efficiencyprogramsareusuallysetwith a desired level of
participation in mind, and adjwest (lowered) over time as penetratifithe target market
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increases. Since the net financial gain to a property owner is a key determinant of his or her
participation in a program, financial incentives are often set to generate a targetdustetito

(as measured by the Participant Cost Testargetsimple payback. Other things being equal,
including marketing and promotion efforts, a specific berafdit ratio is anticipated to resinta
specific level of participation. This is important &®tting program goals and budgets, and
managing fregidership. Setting incentive levels, program budgets, participation targetsyitc.
all provevery challenging if it is not possible to quantify the monetary value of reductions in
climaterelated isks.

o All eligible upgradesbviouslymustbe consistentith relevant parts of thieuilding code and
other local government bylaws

Recommendation?:

The provincial government should fund and design a pilot program(s) to incentivize property own
narrow target market (e.qg., singbmily homes, multifamily homes or commercial buildings in areas
prone to flooding risks, or wildfire risks) to upgrade their buildings, structures and land with climai
resilient and resistance measures to mitigate specific clirakted risks. The pilot should offer
Abundl edo f i-fimenaatincentives&€onsdidenatmmshould be given to testing the
performance of different program models (e.g., prescriptive, whole buittiiagt install, whole
building-audit led), as well as preferences for grants or financing incentives. The potential to part
the pilot with the insurance industry should also be explored.

6.6 TRANSFERABLE DEVELOPMENT CREDITS

Caseexample3 looks at floodingantd he A r e d e v e of hereabestatddeve imaamtgpmcess
i.e., the point in the process where decisions are required about reusing and inmgraxistng
development. Redevelopmearan range from tweaking the exitisfieto a major reconfiguration of
land, with the construction of an entirelgw landscape and set of buildings and usesse example 3
assume that thegoal of government i® help markets provide appropriate price signals to property
owners to encourage an optimal managed restegtegy(seeBox 10) from locations prone to (mainly)
coastal and fluvial flooding Addressing the question of whether sugiolicy is justifiedis beyond the
scope of this projec?

TransferabldDevelopmentCreditsare discussed below as a potential ecaadnstrument to help
provide private actors with sufficient incentives (price signalsptontarily retreat from highisk flood
zones whemetreatis the preferred strategy@conomigrounds. Though not the focus of this section,
TDCs could equallype used to help avoid new development in Hrigh locations.

39 Managed retreat may be justified whefim examplethe construction and maintenance costs of protection works are higher ticapithke
values of the assets to be protected, the wider community is either unable or unwilling to pay for the costs of maiotegiiog works
indefinitely, etc.
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Managed retreat is one of four strategies to adapt to the impactslefskase and fluvial flooding, though it is
mainly consideed in the former context

o Avoid--involves ensuring new development does not take place in areas sukgecteat or future
anticipatedl flood and erosion hazards;

o Protectd involves reducing exposur# development to flood and erosion hazaudimg $ructural
( A h aanddnorstructural( fi s gifotection methods

0o Accommodated involves reducing exposure, sensitivity, or both to flood and erosion hazards by, fo
exampleglevating housedlood proofing buildings, drainage systems, «ic.;

o0 Retreatd involvesmoving people, property and infrastructure away from flood and erosion hazards

Only new development

A

[ |

Protect Accommodate Retreat

Y
Relevant to existing development

Source Adapted fromBCMOE (2013)

6.6.1 What are Transferable Development Rights

Regulating private land use primarily the responsibility ofocal governments.Thechief means by
whichthey do thiss throughzoningbylaws Zoningestablisieshow privateproperty owners can legally
develop their properties, typically specifying, for example, whether land can be put into residential,
commercial, or other useZoning also regulastheintensity of usen agiven parcel of land, such as
the maximum number of dwelling units per acre

However, pningbylawscan be a blunt instrumefdr achieving mangocial andcenvironmental
objectives. The use of restrictive zonirtg achieveconservatiorgoals for exampletends to reduce
propertyvalueswhich meanstimay becontested by property ownerghis usually results in some
amount of lowdensity developmerteingallowed Lower property values also means redymegbery
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tax revenues. For these reasdhs,use of restrictive zoning for conservation gimfsotalways
embraced by local governmerits

Another way to achieve conservation goaithout taking away the rights of privapeoperty avnersis to
establisha g/stemof TransferablddevelopmentCredits (TDCs) also called Transferable Development
Rights (TDRs).TDCs, which can be used in combination with zonalpw ownership of the
development rights ongivately owned parcel of land to be separated fromevsimip of the parcel itself
(Walls, 2012) The developmenightscan then be transferred from that property to another one in a
different location. The property from which the rights aransferre@ sold is placed under easement
or some kind of restriinslimiting development The person tavhom the rights are transferid
purchased maysubsequentlysethem to develop another piece of propentyre intensively thais
otherwiseallowedunderits baseline zoningylaw. In this way theproperty owner bthe restricted parcel
receivedinancialcompensation for forgoing development and preserving his or her profémyarea
were development is restricted is calledfihe e na i e @ the aaea tb which theéevelopment rights
are transferred to fadtihte more mtengve useis called thdi r e ¢ eair veiandg.

Similar to other economic instrument$)Cs offer, in theory,a lowercost approach tachieving
conservatiorobjectives than uniform zoning bylawBhorsnes and Simo&999). TDCsallow flexibility

in development choices across property own@itss results in a situation wherepsoperties with the
lowest opportunity costén terms of forgone development valyjase preserved, and properties with the
greatest development valusemore intensiely developed (Walls, 2012)TDCs have the added benefit
in that they do not requitgublic funding to compensaproperty ownersor forgoing developmertn

their land All money changes hand&tween private propertwners and developeirsthe markeplace
for development rightthat iscreated by the TDC prografWalls, 2012)

There are no examples to date of TDCs being used in Canada to facilitate managed retreat; two examples
of municipalities using TDCs to conserve important heritage resoune@savided irBox 11.

City of Vancouver: Transferable Heritage Density Bonuses

The goal of the program is to hgdpotect important heritagesources Under the program, if a developer agrees
rehabilitate and legally protect any heritage buildiwghin their development, the Citgf Vancouvemayallow
the developer to increase the denaityhat development or to transfer the bonusitletsanother development

More information is available afhttp://vancouver.ca/homgropertydevelopment/densitincentivesfor-
developers.aspx

City of Calgary: Heritage Density Transfer Incentive

Likewise, he goal of the program is to protect im@rt heritage resourceslnder the programgwners of
flevaluated historic resourcemaytransfer unused density that is currently allowetheir historic property to othe|
sites in the Downtowrif they agree tdegally protecting their historipropert. Thebonusdensity can either be
transferred to rotherproperty owned by the sameividual or businessor transferred to anothewnerin the
Downtown

More information is available afhttp://www.calgary.ca/PDA/pd/Pages/Heritgganning/HeritageDensity
Transferlncentive.aspx

401n a cimatechangeadaptatiorcontext, nonetheleskcal government may have a diffat perspective, since reducing climestated risk may
reduce local government expenditures on emergency services, etc.
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