Ministry of
BRITISH = Water, Land and
COLUMBIA | Resource Stewardship

Addendum:
Understanding the Potential Flood Risk of Current and Future Provincial
Land Use Policy: Policy Review and Case Study Analysis by Big River Analytics

Date: July 15, 2026
Addendum Partner Ministries: Emergency Management and Climate Readiness; Housing and
Municipal Affairs; and Water, Land and Resource Stewardship

Background

This addendum to Understanding the Potential Flood Risk of Current and Future Provincial Land
Use Policy (the Report) provides updated information and clarification resulting from an inter-
ministry review. It is intended to address identified gaps, out-of-date information and ensure
alignment with provincial priorities related to housing, climate resilience and risk reduction.

As part of implementing the B.C. Flood Strategy, the Ministry of Water, Land and Resource
Stewardship (WLRS) engaged Big River Analytics to examine the increasing risks of flooding and the
challenges associated with current flood risk management practices, including the role of provincial
land use policies in British Columbia. This Report comes at a time when the B.C. government is
working to increase housing supply to meet current and anticipated population needs, while also
addressing the growing impacts of climate change and development pressure in flood prone areas.
The B.C. government is committed to supporting the timely delivery of housing, while also ensuring
that communities are safer and more resilient by guiding new development away from high-risk
flood areas.

Updates and Clarifications to the Report

Due to the passage of time and subsequent policy changes by the B.C. government and local
governments, some content in the 2024 report is no longer current.

For example, the case study findings related to the City of Kelowna's growth, bylaws, and floodplain
management do not reflect updates completed since 2024, including recent Official Community
Plan (OCP) amendments and revised planning tools. Since the Report was drafted, Kelowna has
adopted more modern and robust flood risk management policies, including engineering
upgrades, enhanced hazard monitoring, ecosystem-based mitigation, major capital investments,
and integration of flood resilience into climate and land use planning frameworks. Other local
governments identified in the Report may have also updated their policies since the Report was
drafted in 2024.




Similarly, since the Report was finished, many local governments across the province have updated
their OCPs and zoning bylaws, as required under the B.C. government’s housing legislation. This
includes incorporating updated housing needs calculations, a longer-term planning horizon, and
ensuring there is enough planned and zoned capacity to accommodate the identified housing
need.

In some cases, local governments have used this opportunity to implement a range of other
changes including updating Development Permit Areas, strengthening policies for hazardous
conditions, or in some cases incorporating new flood mapping. For the most accurate information
about current local policies and requirements, readers are encouraged to contact their local
government.

There have also been changes to some of the funding programs mentioned in the Report. Because
of this, information such as what's available, who is eligible, and the goals of the programs may no
longer be accurate or up to date. Current information related to provincial funding programs can
be found on the B.C. government's Emergency Management Financial Supports webpage.

The B.C. government continues to work closely with the federal government to advocate for
expanded, predictable, and more flexible flood resilience funding programs to support
communities in both structural and non-structural risk reduction efforts.

Finally, the findings and interpretations contained in the Report reflect the professional opinions
and perspectives of the authors. They do not necessarily represent the positions, policy direction, or
current priorities of the B.C. government.


https://www2.gov.bc.ca/gov/content?id=1C43B418CB8C42DD9BA1279947B20D62
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Abbreviations

B.C. British Columbia

BCBC British Columbia Building Code
EAD Expected Annual Damage

FCL Flood Construction Level

FHALUMG  Flood Hazard Area Land Use Management Guidelines

NHC Northwest Hydraulic Consultants Ltd.
NIBS National Institute of Building Sciences
NFIP National Flood Insurance Program
OBWB Okanagan Basin Water Board
OLRS Okanagan Lake Regulation System
Key Concepts
Design Flood

A design flood is a hypothetical flood that is simulated to evaluate discharge and water
levels under specific environmental conditions. Design floods can be used to assess flood
protection measures and disaster preparation plans. Flood levels include expected flood
probabilities, typically given as 20-year (5% annual exceedance property), 100-year (1%),
and 200-year (0.5%) floods. A 1:200 year flood event has a 0.5% chance of occurring every
single year, and a 12.5% chance of occurring at least once in a typical 25 year mortgage
term. Design floods are based on flood frequency analysis, which is a statistical evaluation
of previously-recorded floods, thus as more data are incorporated into the flood frequency
analysis, the design flood will change.

Expected Annual Damage (EAD)

Expected annual damage in the context of flood risk refers to the average monetary loss
or damage that is anticipated to occur each year due to flooding. It is calculated by
estimating the potential flood damage across different flood scenarios, each with a specific
probability of occurrence, and then averaging these outcomes over time.

Flood risk
Flood risk is a combination of hazard (likelihood and severity of floods), exposure (presence

of people or assets in flood-prone areas), and vulnerability (susceptibility to harm and
recovery capacity).



Flood risk management strategy

A flood risk management strategy is a comprehensive plan designed to manage and
mitigate the risks associated with flooding to safequard communities, economies, and
ecosystems. The strategy may employ policies, regulations, or coordinated actions to
reduce the likelihood and impact of floods. These strategies are typically developed by
government agencies or regional planning bodies in collaboration with stakeholders.

Flood Hazard Area Land Use Management Guidelines (FHALUMG)

The FHALUMG are a set of guidelines created by the provincial government for use by local
governments, land use managers, and approving officers when optionally developing flood
risk strategies. These guidelines define minimum standards for flood protection across
local government, defining requirements for development in flood-prone areas and
specifying floodplain management practices such as setbacks and construction levels.
Flood Construction Level (FCL)

To keep assets above projected water levels, flood construction levels specify minimum
vertical distances of development above streams and water bodies. Following Provincial
guidelines in British Columbia, flood construction levels are frequently established via a
0.6-metre freeboard—a vertical distance to account for local differences in water level and
modelling uncertainties—on top of design flood levels. Engineers and Geoscientists BC
mandates that its members take into account the effect of climate change when designing
flood works, although the amount of the factor of safety to be incorporated into design for
climate change is not mandated.

Land use Policies

Definitions of land use policies vary widely in the context of flood protection. In this report,
land use policies represent measures relating to the regulation of land via zoning,
development permits, designation of floodplains, strategic land uses, and urban planning
measures. Structural measures to address flood risk such as dams, dikes, stormwater
system design, and building standards will not be covered.

Moral hazard

A moral hazard refers to a situation where one party is more likely to take risks because
they do not have to bear the full consequences of those risks. For example, Federal and
Provincial Disaster Financial Assistance programs create a moral hazard by enabling local
governments to develop in high-risk flood areas knowing they will receive aid if a disaster
occurs, thereby reducing their incentive to implement risk reduction measures.



Background and Context

The provincial government is navigating the challenge of supporting local governments in
reconciling two conflicting goals: expanding housing development to address the ongoing
housing crisis and mitigating the increased flood risk associated with new projects in
flood-prone areas. As the provincial government’s influence on land use planning grows,
local governments face increasing pressure to address both objectives in their jurisdictions.
Floods are already the most expensive natural disaster in Canada, costing B.C. $689.4
million per year (Canada Task Force on Flood Insurance and Relocation, 2022). Without
careful planning, new developments could substantially increase exposure to flood risks,
leading to higher damages and socioeconomic disruption.

Research Questions

The Ministry of Water, Land, and Resource Stewardship commissioned a project to
investigate how Provincial land use policies can influence flood risk. The project addresses
four research questions:

1. Which Provincial land use policies have the potential to decrease or increase flood
risks in areas with flood hazards?

2. Based on a local case study, what is the impact of flooding in terms of exposure and

damage costs?

3. What policy amendments or guidance could be prioritized to further understand or

reduce those risks?

4. What existing policies and/or guidance could be more effectively used or revised to
further reduce risk to people living in flood hazard areas?

This Summary Report presents the methods and main findings in response to each
research question. The full report may be accessed by contacting the British Columbia
Ministry of Water, Land, and Resource Stewardship.

Methods

This report uses policy analysis to review current land use policy tools available to
governments at various levels, associated guidelines, and the delegation of flood risk
management responsibilities. The report then employs a case study of local governments in



the Okanagan Basin to evaluate the implementation of flood policies and the impact of
different land use policies on flood risk.

Findings from the policy analysis and case study address the first two research
questions-identifying land use policy tools in B.C,, reviewing their implementation, and
assessing flood impacts. These findings are then used to answer research questions three
and four by informing subsequent policy recommendations.

For this analysis, the case study leverages data from three primary sources:

1. Land Use Policies in the Okanagan Basin: The initial analysis of provincial policies,
bylaws, Official Community Plans, and additional official documents provides insights
into flood hazard regulations, resources available to local governments, and
prospective increases in housing supply.

2. Okanagan Mainstem Floodplain Mapping (NHC, 2020): This project provides
detailed floodplain maps for the Okanagan River and mainstem lakes, including flood
levels under mid- and late-century climate scenarios.

3. Flood Risk Mapping for the Okanagan Watershed (NHC & IBI Group, 2023): This
project builds on the Okanagan Mainstem Floodplain Mapping project, delivering
comprehensive flood risk assessments including quantified hazards, exposure, and
vulnerability in terms of damage costs, affected populations, and service disruptions.

Findings
Governance of Flood Risk and Implementation of Land Use Policies

Which provincial land use policies have the potential to increase or decrease flood risks?

Flood risk in B.C. is primarily managed by local governments. In the Okanagan Basin, this
flexibility has led to varied flood risk management implementation, where many local
governments fall short of provincial guidelines.

The provincial government provides local governments with three main resources to
support local land use planning with respect to flood risk: Flood Hazard Area Land Use
Management Guidelines (FHALUMG), the BC Building Code (BCBC), and location-specific
floodplain maps or funding to conduct floodplain mapping. Local governments are not
required to develop flood-related bylaws, but if they do, they must consider (but not
necessarily follow) the FHALUMG. Both the FHALUMG and BCBC flood-related guidelines
and requirements fall short of international standards and best practices for flood risk
management. Provided floodplain maps are frequently outdated and funding to conduct



new floodplain mapping is often provided in the aftermath of major floods, as seen in the
Okanagan and Interior region following the 2017/18 floods. This executive summary
highlights the potential updates identified in this project for the FHALUMG and the BCBC, as
well as improved approaches to floodplain mapping in the Policy Recommendations section.

In the event of a flood, damages are currently covered by federal and provincial disaster
financial assistance (DFA) and, to a lesser extent, flood insurance. Federal and provincial
disaster financial assistance creates a moral hazard—a situation where one party is
incentivized to take risks because they do not bear the full consequences—by permitting
local governments to develop in high-risk flood areas without incentivizing risk reduction.
Residential flood insurance became available in Canada in 2015 but is not widely available,
affordable, or adequate.

The federal government is now in the process of moving away from DFA and developing a
low-cost National Flood Insurance Program (NFIP) for homeowners without adequate flood
insurance protection (Government of Canada, 2024). This program aims to provide a
cost-effective approach to disaster recovery for homes already in floodplains.

Impact of Land Use Policy on Flood Risk

Based on a local case study, what is the impact of flooding in terms of exposure and
damage costs?

This case study of local jurisdictions in the Okanagan Basin reveals expected annual
damages to buildings and contents of almost $58.9 million attributable to the Okanagan
and Mainstem Lakes. Almost half of these expected annual damages can be attributed to
Kelowna, alone, at $23.8 million.

Municipalities on Okanagan Lake with more robust flood risk management strategies
generally have a lower flood risk than those with less stringent flood risk management
strategies. Penticton, with the fewest flood risk protection policies of all evaluated
municipalities, has the highest per-resident expected annual damage at $235. In contrast,
Vernon, with a similar population and percentage of land in floodplains but a much more
rigorous flood risk management strategy, has an 88% lower per-resident expected annual
damage (EAD) at $28.

Kelowna is facing substantial additional flood risk in the next 15 years. Kelowna's 2040
growth strategy (Official Community Plan Bylaw No. 12300, 2023), in response to the



ongoing housing crisis and expected increase in demand, includes constructing 25,330 new
housing units, up to 68% of which could be in floodplains'.

This case study projects the EADs attributable exclusively to Okanagan Lake for these new
housing units described in the 2040 growth strategy under two exposure scenarios and two
policy scenarios. EAD for new builds will fall between $8.0 million and $16.4 million
depending on whether Kelowna updates its Flood Construction Levels (FCLs) from 343.66m
by the recommended 0.7m and decisions on how many of the new housing units will be
built in the floodplain, as seen in Table E.1.

Table E.1: Projected Expected Annual Damages for New Housing Units in Kelowna

| Exposure Scenario
Moderate (2,860 units): High (11,200 units):

New development occurs New developmentis
Policy Scenario evenly across growth concentrated along
areas. shorelines.

Current: Kelowna keeps current

outdated FCLs. $ 8.8 million $ 16.4 million
Updated: Kelowna adopts FCLs

ded b t flood
recommenaed by recent oo $ 8.0 million $ 14.8 million

maps and requires all crawlspaces
to be built above these FCLs.

Source: Big River flood risk projections for Kelowna. Note: “FCL" stands for Flood Construction Levels.

Minimizing added exposure—or the amount of new development that occurs in the
floodplains—is the most effective way to reduce the additional expected annual damages.
Updating flood risk management policy by adjusting FCLs to the newest recommended level
and not allowing crawlspaces to be constructed in floodplains also reduces expected annual
damages: compared to scenarios using the current policy, the updated policy is associated
with a 9-10% reduction in projected expected annual damage attributable to new housing
units. The analysis of exposure and vulnerability to flooding mirrors the findings from the
Task Force on Flood Insurance and Relocation (2022), highlighting the need for significant
investments to reduce future damages.

" Includes both the Okanagan Lake floodplain defined using a 200-year design flood as well as the Mill Creek
floodplain defined using a 200-year design flood.



Policy Recommendations

What existing policies could be more effectively used or what new policy amendments or
guidance could be prioritized to further understand or reduce those risks?

Building on these findings, the report recommends a multi-faceted approach involving
updates to provincial policies, improved governance structures, and enhanced support for
local governments. These recommendations largely align with the actions outlined in the
B.C. Flood Strategy, with some further input, priorities, and considerations provided. The
recommendations are briefly discussed here, and organized into the following four
overarching categories:

Improve assessment and communication of flood risks
Address multi-level governance of flood hazards
Incentivize best flood risk management practices

il S

Provide resources to local governments and communities

Each recommendation is assigned a priority based on the urgency and impact of adapting
to, managing, or reducing flood risk:

e High: Urgent and impactful. Essential for mitigating significant risks, improving
overall resilience, or fulfilling critical strategy goals

e Moderate: Urgent or impactful. Involves actions that complement other
high-priority initiatives

e Low: Less urgent and less impactful. Often serve as additional enhancements rather
than fundamental needs

1: Improve Assessment and Communication of Flood Risks

Up-to-date mapping is essential for local governments, individuals, and organizations to
understand and mitigate their risk. Without updated, comprehensive flood risk information,
flood strategies are less effective. This section includes recommendations for achieving this
overarching goal.



Conduct Province-Wide and Up-To-Date Floodplain Mapping

Priority: High

Currently, many local governments depend on outdated maps to inform risk management
and lack either the capacity to update these maps or the knowledge that they must be
updated. We recommend the following approaches to address this:

e Provincially coordinate regularly updated floodplain mapping
e Delegate to regional or watershed-level organizations
e Include changing climate conditions and 200-year flood events

Improve Public Access to Flood-Related Resources

Priority: High

Floodplain maps are not publicly accessible in all B.C. communities. This leads to challenges
for local governments in developing flood strategies, for insurance companies in
consistently assessing risk, and for property owners in understanding and protecting
themselves against risk. We recommend the following approaches to address this:

e Ensure free and equitable access to flood risk data
e Implement mandatory flood risk disclosures for property transactions

Conduct Comprehensive and Wholistic Flood Risk Assessments

Priority: Low

Hazard-based flood resources such as floodplain maps do not assess the exposure and
vulnerability of assets within the floodplain. This may lead to individuals or governments
underestimating flood risk and inefficient allocations of resources. We recommend the
following approaches to address this:

e (Coordinate risk assessments that:
o Engage stakeholders to identify & address local values
o Include a wide range of data sources, including Traditional Knowledge
o Include measures of exposure and vulnerability in risk assessments

2 : Address Multi-Level Governance of Flood Hazards

The current distribution of powers, responsibilities, and incentives hinders efficient flood risk
management. Local governments, municipalities in particular, are largely responsible for
developing community-level flood strategies, but face many competing priorities and lack
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the resources to develop comprehensive flood strategies. The nature of damage
compensation programs further creates a moral hazard for local governments where local
governments lack incentives to reduce flood risk.

As a result, the legislation and use of flood protection policies vary substantially between
local governments, with spotty and varied use of flood protection standards in bylaws in
some areas. This increases exposure and vulnerability to flooding for these communities.

Investigate Drivers of Compliance with FHALUMG and Incentivize the
Development of Flood Bylaws

Priority: High

The use of flood bylaws and their compliance with FHALUMG varies across local
governments. However, the reasons behind this noncompliance are manifold and the
success of incentives will require investigations into past approaches, challenges and
successes, and funding sources. We recommend the following approaches to address this:

e (Conduct an engagement-based investigation into the drivers behind compliance and
noncompliance with the FHALUMG, along with the drivers and barriers of local flood
risk management strategy development.

e Investigate potential incentives for developing flood strategies, for example:
o Conditioning disaster financial aid on the development of flood strategies

o Developing targeted funding for local governments to develop flood
strategies

o Encourage the development of flood bylaws by creating legally binding flood
protection standards for local governments

o Employing community flood risk ratings

Limit Development in Floodplains

Priority: High

As seen in the case study, limiting exposure is the most effective way to reduce flood risk,
particularly for vulnerable development such as housing. Currently, setbacks are not
consistently used by local governments, and many local governments continue to develop in
floodplains. We recommend the following approaches to address this:

e Establish and enforce provincial standards for floodplain development permit areas
or setbacks
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e Explore options to improve compliance with the Local Government Act's prohibition
of landfills in floodplain setbacks

e Research potential impacts of prohibiting development in floodplains

Focus Provincial Supports on Proactive Programs

Priority: High
Proactive programs are crucial for reducing both the need for and costs of reactive
measures. Proactive programs additionally mitigate hazards to human health and alleviate
the strain on emergency services, ultimately enhancing community resilience and protecting
vulnerable populations and assets in flood-prone areas. Disaster recovery programs such as
the NFIP need proactive programs deployed alongside them to reduce flood risk and reduce
reliance on post-flood recovery resources.

e Investigate and quantify the impact of existing funding programs

e Support proactive flood risk reduction programs such as property buyouts,
relocation assistance, and designing plans for community-led managed retreat

e Explore funding for a flood retrofit program

Include Mandatory Flood Protections in the BC Building Code

Priority: Moderate
Building codes for flood protection results in a $6 benefit for every $1 saved (NIBS, 2019).

However, the Building Act General Reqgulation currently lists flood-related building
requirements as a temporarily unrestricted matter, and international building standards
surpass those currently implemented in B.C. We recommend the following approaches to
address this:

e Advocate for inclusion of flood requirements for B.C. and/or National Building Codes,
which could include:
o Recommending against crawlspaces in high-hazard areas
o Locating mechanical and electrical equipment above the FCL
o Building homes in floodplains with wet and dry floodproofing

e Engage with the CBHCC to align federal and provincial efforts
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Advocate for Incentivizing Property-Level Flood Protection in the
National Flood Insurance Program

Priority: Low

Disaster financial assistance programs create a moral hazard for local governments. It is
critical to engage with developers of the NFIP at an early stage so that this program does
not face similar pitfalls. We recommend the following approaches to address this:

e Advocate for the NFIP to include incentives for property-level flood protection
e (Coordinate provincial grants to support property-level flood protection installations
e Research the costs, benefits, and impacts of:

o Different types of property-level flood protection measures

o Different mechanisms for incentivizing or requiring property-level flood
protection measures

3 : Incentivize Best Flood Mitigation Practices

Update provincial guidelines and building codes to reflect best practices in flood risk
management, including non-structural measures and natural landscape preservation.
Promote the use of green infrastructure, such as wetlands and green roofs, to enhance
flood resilience.

Review and Update the FHALUMG

Priority: Moderate
The FHALUMG has remained largely unchanged since its development in 2004. As found in

the policy analysis, the FHALUMG does not reflect international best standards, and this can
lead to increased flood risk.

The FHALUMG should be reviewed and updated to include more stringent requirements for
flood-resistant construction within the BC Building Codes. We identify the following potential
updates:

e Discuss the implications of climate change
e Update and actively maintain all included resources

e Include guidance for local governments on how to understand flood risk and flood
risk data
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e Include guidance for public communication of flood risk
e Recommend that local governments:
o Regularly review and update their flood risk management strategy

o Use language that refers to current regional flood maps

Develop Provincial Guidelines for Building Retrofit Programs

Priority: Moderate
Canada does not have any national recommendations for managing flood risk in existing

buildings. Building retrofit programs for flood resiliency saves $6 for every $1 invested (NIBS
& Multi-hazard Mitigation Control, 2019). We recommend the following approaches to
support this, which are also supported in the Existing Buildings Renewal Strategy and the
Realizing Resilient Buildings provincial projects:

e Develop recommendations and funding programs in partnership with the federal

government for building retrofits

e Establish provincial funding programs to support building retrofit initiatives

Explore and Support Non-Structural Flood Mitigation Measures

Priority: Moderate
Current guidelines focus largely on structural solutions, including protocols and engineering

standards. Structural flood measures often postpone or shift flood risks elsewhere without
lowering the overall flood danger. We recommend the following approaches to address this:

e Coordinate evaluations of non-structural measures
e Develop provincial guidelines for non-structural flood mitigation measures

e Leverage existing funding programs and include them in flood resources for local
governments

Explore and Support Requests for Community-Led Managed Retreat

from Hazard-Prone Areas

Priority: High

Land acquisition programs can be a very effective tool to reduce flood risk because they
reduce exposure. However, there is limited provincial guidance on managed retreats, and
the feasibility of conducting managed retreats on a local government level can be
challenged by upfront costs. We recommend the following approaches to address this:
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e Support land acquisition programs, possibly by developing:
o Funding pools for land acquisitions
o Guidelines for municipalities to design plans for managed retreat

o Province-wide buyout program in collaboration with municipalities

4 : Provide Resources to Local Governments and Communities

Any potential reforms to provincial land use policies and regulations, whether mandatory or
discretionary for adoption by local governments, will impose an additional administrative
load on governments. These reforms should be accompanied by provincial resources to
ensure an equitable and effective implementation of any provincial policy changes at the
local level.

Provide Additional Capacity for Smaller Communities
Priority: High

The provincial government currently has several funding programs available for local
governments to apply for to support the development or implementation of local flood
strategies. However, smaller communities often lack the capacity to apply for these funds or
develop comprehensive flood strategies. Smaller communities are also often more
vulnerable to floods. We recommend the following approaches to address this:

e Enhance community capacity through:
o Pooling resources into regional watershed hubs

o Shared staffing across communities

Research Flood Risk Management Solutions Specific to the

On-Reserve Context
Priority: High

First Nations in B.C. are substantially more exposed to flood risk (Thistlethwaite et al., 2020).
Additionally, government entities do not always recognize the differences between the
off-reserve and on-reserve context, which has in the past led to ineffective structures that

do not work on reserve and end up creating more problems (Alderhill, 2023). We
recommend the following approaches to address this:

e Provide targeted funds for:
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o Flood risk management & preparedness programs on reserve
o Capacity to support the development of Nation-specific strategies
o Comprehensive on-reserve floodplain mapping

e Collaboratively develop flood risk management strategy guidelines specific to the
on-reserve context

e Address First Nations' loss of land

Use a Phased Approach and Provide Resources when Introducing

New Regulations

Priority: Low

The implementation of new regulations can be a burden on local governments to integrate
into their own policy. This burden can be prohibitive to effective integration, especially for
smaller local governments, if no support is available to assist the integration. We
recommend the following approach to address this:

e Provide additional funding or staffing to help local governments implement
regulatory changes

Conclusion

The recommendations aim to enhance the province's flood resilience by providing clearer
guidance and support to communities. By leveraging existing policies, developing new
land-use strategies, and prioritizing additional research, B.C. can effectively reduce flood
risks and manage the financial impacts of flooding, ensuring a safer and more sustainable
future for all residents.
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