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Climate change poses significant risks for communities, particularly in the form of extreme 

weather, such as severe thunderstorms, ice storms, hailstorms, windstorms and blizzards, which 

are expected to increase in frequency and intensity in the coming years (IPCC 2012; McBean 

2004). Major cities are especially vulnerable to extreme weather, due to their large, dense 

populations, valuable and geographically concentrated property, and complex, interdependent 

infrastructure networks, all of which are exposed to these climate hazards (Corfee-Morlot et al. 

2009; Lankao and Qin 2011). 

 

Faced with extreme weather and other shocks and stresses, cities have been encouraged to pursue 

resilience as a strategic priority, meaning “the capacity of a social system (e.g., an organization, 

city, or society) to proactively adapt to and recover from disturbances” (Comfort, Boin, and 

Demchak 2010, 9). References to urban resilience have proliferated rapidly in both scholarly 

literature and policy discourse (Meerow, Newell, and Stults 2016). Despite inconsistencies in its 

definition and application, resilience has solidified as both an organizing principle—a broadly 

accepted tenet that inspires action across many communities of practice—and a public policy 

objective (Beatley 2014; Béné et al. 2017; Leichenko 2011). However, implementing urban 

resilience is a significant challenge, because it requires coordinating the efforts of numerous 

departments, adopting flexible and adaptive processes to accommodate changing circumstances, 

and allocating resources to preventative measures in anticipation of an uncertain future threat 

that might never materialize (Bahadur and Tanner 2014; Beatley 2014; Boin and Lodge 2016).  

 

Although achieving urban resilience will involve many societal actors and coordination across 

sectors and scales, its implementation can be facilitated through policy design, meaning the more 

or less systematic effort by governments to set goals and select appropriate instruments to 

achieve these goals, largely by attempting to alter social behaviour in the public interest 

(Considine 2012; Howlett 2011). Choosing among policy instruments is one of the most difficult 

and contentious aspects of policy design, because it involves assumptions about the motivations 

of target populations and has implications for the management tasks and skills required of 

implementation agents (Peters 2002; Salamon 2002). There are many different evaluation criteria 

by which governments can weigh policy instruments against one another, but the ultimate choice 

inevitably involves trade-offs between different instrument attributes (e.g. efficiency; equity).  

 

This paper addresses two key questions. First, how can policy design contribute to the 

implementation of urban resilience? Second, what challenges and future questions need to be 

addressed? To ground the analysis, the paper focuses on flooding, the world’s most common and 

costly natural hazard, which threatens people and property in cities across the globe (United 

Nations 2015). It begins by operationalizing the concept of urban resilience through the lens of 

flood risk management, drawing on existing scholarship to elucidate its underlying logic and 

objectives. Drawing on recent research by the author, it then presents a range of policy 

instruments that city governments can use to strengthen urban flood resilience. The third section 

discusses decision criteria that urban policymakers must consider when choosing among policy 

instruments. The final section discusses challenges and outstanding questions.  
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Urban Flood Resilience 

 

Urban flooding is a significant and growing global problem (Jha et al. 2011; Jha, Bloch, and 

Lamond 2012). Urban flood impacts are projected to worsen considerably over the next century, 

due to population growth and expansion of economic activities in flood-prone areas, as well as 

more frequent and severe extreme weather triggered by climate change (Casey 2015; Hallegatte 

et al. 2013; Kundzewicz et al. 2014; Winsemius et al. 2016). Increasing urban flood damage has 

prompted international criticism of the traditional flood management policy paradigm, which 

centres on expensive, publicly-funded structural defenses and disaster assistance to fund 

recovery (Klijn et al. 2012; Sörensen et al. 2016; Thieken et al. 2016). Flooding routinely 

exceeds defence structures, while disaster assistance in high risk areas creates a moral hazard, 

because there is no incentive for property owners to reduce their risk (Gordon and Little 2009). 

 

As an alternative, scholars and practitioners are increasingly promoting flood resilience as a 

policy objective (Juan-García et al. 2017; Liao 2012; Mugume et al. 2016; Rijke et al. 2016; 

Wardekker et al. 2010). Hammond et al. (2015, 15), for instance, define a “flood resilient city” as 

one that has the capacity to “resist, absorb, accommodate and recover from the effects of a flood 

hazard in a timely and efficient manner, including through the preservation and restoration of its 

essential basic structures and functions”. Making urban areas more resilient to flood risks, it is 

argued, requires engaging a wide range of stakeholders and implementing a diversity of 

strategies to reduce and manage flood-related impacts (Driessen et al. 2016; Hegger et al. 2016). 

Sayers et al. (2013, 44) suggest that a “portfolio of management responses…provides the most 

robust, resilient and sustainable approach” to managing flood risk. Indeed, a mix of policy 

instruments achieves a number of important public objectives, including: 

 

 efficiency and effectiveness: the advantages of one instrument compensate for the 

disadvantages of another, which minimizes risk and maximizes opportunities; 

 reversibility and flexibility: use of multiple instruments means that individual measures can 

more easily be modified, adapted, or removed; 

 adaptability: a portfolio of measures can be better adapted than a single instrument in 

response to climate change; and, 

 robustness: combinations of measures are more likely to offer acceptable performance across 

a range of possible future conditions. 

 

The next section identifies a range of policy instruments that city governments could use to 

strengthen urban flood resilience and offers examples of how they have been used in Canadian 

communities. The list is not exhaustive, but rather attempts to demonstrate the diversity of tools 

available to local policy-makers. 

 

Policy Instruments and Urban Flood Resilience 

 

Policy instruments are tools of governance that use state authority and resources to influence the 

behaviour of targeted individuals or groups in order to achieve strategic public objectives. In a 

recent study, Henstra and Thistlethwaite (2017) conducted an in-depth review of existing 

literature focused on flood management, which included scholarly sources such as books and 

journal articles, reports produced by international organizations and think tanks, and results of 
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related research projects. The search produced sixteen flood risk management instruments 

(summarized in Table 1), which were included because they offered the potential to:  

 

 share with other parties the burden of loss associated with flooding, which would 

otherwise be borne entirely by local governments;    

 spread the responsibility for risk reduction among non-governmental parties that 

contribute to, or are affected by, flood risks; or 

 share the costs associated with publicly funded flood risk-reduction measures. 

 

The authors then assessed whether and how these tools have been implemented in two large 

Canadian cities – Calgary, Alberta, and Toronto, Ontario – which have faced recent extreme 

flood events and are likely to experience more flooding in the future. The findings revealed that 

the flood risk management tools are underutilized in these cities, which leaves them exposed to 

concentrated economic risk, rather than diversifying risk in ways that improve resilience 

(Thistlethwaite and Henstra 2017). 

 

Table 1. Policy Instruments for Urban Flood Resilience 
 

INSTRUMENT DESCRIPTION 

Compassionate grants Financial transfers from municipal governments to individuals to cope with flood-

related losses not recoverable through private insurance. Examples: (1) Ottawa’s 

Residential Compassionate Grant Policy (2009) distributes grants of up to $1,000 to 

property owners affected by sewer backup; (2) Hamilton’s Residential Municipal 

Disaster Relief Assistance Program (2005) provides compensation of up to $1,000 

to residents who experience basement flooding caused by severe rainstorms 

(including overland flow). 

Municipal insurance Company-provided guarantee of compensation to municipality for property damage 

and legal liability in return for a premium. Municipalities typically retain some 

financial risk through a deductible. Examples: (1) Toronto's 2015 insurance 

coverage cost about $5.1 million, providing $100 million in liability coverage and 

$1.8 billion for property damage, with a $5 million deductible; (2) Calgary's 2016 

insurance policy includes a loss limit of $700 million for damage to property, with a 

deductible of $2 million, with similar retentions and coverages for liability. 

Stakeholder engagement Collaboration with individuals who could be affected by decisions, or who have 

resources to support implementation, to find collective flood risk management 

solutions. Examples: (1) “risk dialogues”—an expert presents flood risk scenarios 

and facilitates discussion about potential development in flood-prone areas; (2) 

stakeholder advisory group participates in flood management decision-making. 

Public participation GIS Web-based interface with geospatial data to inform users and encourage them to 

participate in flood risk management proposals, scenarios, and debates. Example: 

the Planning Department of Canmore, AB used PPGIS to engage the public in 

deciding between four possible sites for a new downtown parking facility, and this 

initiative was found to be a valuable complement to traditional public participation 

processes. 

Citizen observatory Network of citizens to collect photo evidence of flood damage, monitor water levels 

using sensors, and provide real-time observations of river and stream activity via 

mobile applications or social media. Example: In communities along the 

Kennebecasis River in in southern New Brunswick, volunteer observers collect data 

from water level gauging stations, weather observing stations, and snow courses, 
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which are used to inform flood warnings released by the Emergency Measures 

Organization. 

Flood warning system Mechanism to alert residents about impending flood threats. Example: in Ontario, 

Conservation Authorities issue flood warnings to the media and “Municipal Flood 

Coordinators”, who are expected to inform local residents. 

Flood hazard disclosure Municipal mechanism to inform potential buyers that a property has experienced, or 

is at risk of experiencing, flood damage. Example: the District of North Vancouver, 

BC works with realtors to ensure full disclosure of natural hazard risks when 

properties are transferred to new owners. 

Subsidies Conditional contributions toward the cost of flood risk reduction activities. 

Example: Winnipeg’s Basement Flooding Protection Subsidy Program offers 

homeowners a grant of up to 60 percent of the cost of installing a sump pump 

system or backflow prevention valve. 

Credits Reduction or elimination of a financial obligation in exchange for actions that 

reduce flood risk. Example: the Stormwater Credit Program in Waterloo, ON offers 

residential property owners a credit of up to 45 percent of their assessed stormwater 

utility fee for using approved techniques such as rain barrels, underground cisterns, 

or rain gardens. 

Land use regulation Legal restrictions on the location, type, scale, and density of development in flood 

risk areas to minimize exposure of people and property. Example: restricting lands 

in floodplain and flood fringe to non-residential uses (e.g., parks). 

Flood mapping Mapping areas and assets at risk of flood inundation to estimate potential damages 

and inform risk reduction measures. Example: in November 2016, the City of 

Edmonton made public a series of flood maps for mature neighbourhoods, which 

depicted the impacts of a 1-in-100-year rainstorm over four hours, accompanied by 

advice for homeowners to mitigate the risk to their property. 

Development conditions Rules that impose conditions on building permits with the objective of minimizing 

flood risk. Example: Kelowna, BC’s Mill Creek Floodplain By-law imposes a 

minimum setback distance of 30m from the creek, a minimum elevation of 600mm 

above the high groundwater table for the lowest habitable floor, and a maximum 

size increase of less than 25 percent of the structure’s site coverage. 

Green infrastructure /  

Low Impact Development 

Comprehensive approaches to decrease the volume of runoff by detaining 

stormwater on site and allowing it to infiltrate into soil. Example: Toronto's Low 

Impact Development Stormwater Management Guide encourages (but does not 

require) the use of swales, permeable landscaping, green roofs, and bio-retention 

strategies to manage stormwater. 

Corrective tax Targeted tax to discourage risky behaviour and raise revenue to offset its costs. 

Example: higher property tax rates in flood-prone areas to share the costs of flood 

defences with individuals who enjoy locational value but disproportionately 

contribute to the municipality’s flood risk. 

Stormwater charge Fee levied from property owners based on their property’s contribution to 

stormwater runoff. Example: Edmonton’s monthly Stormwater Utility Charge is 

calculated based on property area, development intensity (proportion of lot used for 

intended development), and a “run-off coefficient” relating to the permeability of 

the lot's surface. 

Special surcharge Fee added to property tax or utility bills to fund flood mitigation initiatives. 

Example: the Regional Municipality of Halton, ON levies a special surcharge on 

residential utility bills (approximately $40 per house), which raises revenue to pay 

for a basement flooding mitigation strategy. 
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In choosing among these and other instruments, however, decision-makers must consider not 

only their likelihood of achieving desired policy objectives, but also their suitability within the 

local context and their capacity to achieve policy goals over time. The next section discusses a 

set of fundamental attributes of policy instruments that public managers can use to assess their 

relative suitability. 

 

Instrument Selection 

 

Policy instruments are technically substitutable, meaning that many alternative tools could be 

employed to achieve the same policy objective (Landry and Varone 2005). However, instrument 

choice is not purely technical, but rather political, because it involves assumptions about the 

motivations of target populations, imposes different distributions of benefits and burdens and 

commits resources that are difficult to redeploy (Peters 2002; Salamon 2002). Based on a review 

of existing scholarship, there are twelve fundamental attributes that can be used to assess the 

relative suitability of policy instruments intended to strengthen urban flood resilience (Table 2). 

These evaluation criteria are discussed below. 

 

Effectiveness is a measure of the extent to which an instrument is likely to achieve the intended 

policy objectives, irrespective of its economic costs or logistics of implementation (Salamon 

2002, 23). Although gauging the effectiveness of public policy can be difficult due to ambiguous 

outcomes and imprecise indicators, professionals experienced with flood risks and their 

management can reasonably be expected to discern the prospective effectiveness of policy 

instruments. 

 

Technical viability refers to the availability of specialized data and expertise required to 

implement a particular policy instrument, without which it cannot be effectively deployed. For 

example, an instrument that can be precisely targeted or calibrated only with reference to 

technical data collected by other levels of government or proprietary information held by private 

firms is less technically viable than one that can be implemented using open-source data. 

Similarly, if the successful deployment of an instrument requires specialized expertise held only 

by a select few individuals, its technical viability can be said to be lower than one that is 

intuitive, understandable and easily executed by non-expert personnel. 

 

An instrument’s political feasibility is a function of the support it is likely to receive from elected 

decision-makers and influential interests (May 2005; Meltsner 1972). For instance, members of a 

community’s governing council might oppose the use of a particular instrument if it contradicts 

their own political values, their strategic political interests, or the wishes of their constituents. 

Similarly, a particular instrument might be opposed by powerful local stakeholders, such as the 

business community, neighbourhood associations, or issue-specific pressure groups, if their 

interests are likely to be negatively affected. In both cases, the instrument in question is less 

feasible than potential alternatives, because it is more likely to be rejected by decision-makers or 

met with resistance from affected interests.    
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Table 2. Policy Instrument Attributes / Evaluation Criteria 

 

CRITERION OPERATIONAL DEFINITION 

effectiveness degree to which the instrument achieves the core objectives 

technical feasibility extent to which there are sufficient data and expertise to design and 

implement the instrument 

political viability degree to which the instrument is supported by elected decision-makers 

and influential community interests 

social acceptability degree to which the instrument is supported by the general public 

economic efficiency degree to which the economic benefits of implementing the instrument 

outweigh the costs  

administrative operability level of human and organizational resources required to implement the 

instrument 

equity / fairness extent to which the benefits and burdens of the instrument are fairly and 

equitably distributed  

accountability extent to which the instrument achieves a clear and transparent allocation 

of flood-related responsibility 

flexibility degree to which the instrument design and effects are reversible in the 

future if necessary (i.e., does it “lock in” resources?) 

durability degree to which the instrument can survive a change of government 

(ideological threats) or economic downturn (economic threats) 

coherence degree to which the instrument aligns with other policy objectives 

legitimacy degree to which the instrument is perceived as just and appropriate 

 

Social acceptability refers to the degree of public support a policy instrument is likely to receive, 

which is crucial for its successful implementation. Public support or opposition towards policy 

interventions is influenced by many factors, including general social norms, specific beliefs 

about the appropriate role of government, and perceptions about the personal burden that the 

course of action might impose (Nilsson et al. 2016). Although governments can influence a 

policy instrument’s social acceptability (e.g., by providing evidence that a majority favours the 

course of action), these efforts raise the instrument’s cost and complexity relative to alternatives 

(de Groot and Schuitema 2012). For these reasons, an instrument with lower social acceptability 

can be considered less suitable than one that is likely to receive strong public support.   

 

The economic efficiency of a policy instrument considers the balance between benefits and costs, 

with the assumption that alternatives with a lower cost-benefit ratio are more desirable (Atkinson 

2015; Salamon 2002). Costs in this context refer not only to the economic resources the 

government must expend to implement a given instrument, but also the costs it imposes on non-

governmental actors affected by the policy intervention (e.g., compliance costs due to 
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regulation). In an atmosphere of scarce resources, city governments must consider the relative 

efficiency of policy instruments, in order to achieve the maximum impact at the lowest cost. 

 

The human and organizational resources required for a policy instrument—denoted here as 

administrative operability—influence the difficulty of its implementation. Some instruments are 

more complex and cumbersome to operate than others, because they require participation by a 

larger number of actors and organizations, and this weakens their suitability relative to other 

alternative instruments (Salamon 2002, 24).   

 

In the context of instrument selection, equity refers to the fairness of the distribution of benefits 

and burdens among those affected by the policy intervention (Mees et al. 2014; Salamon 2002). 

Some flood risk management policies offer windfall gains to specific beneficiaries, while other 

policies impose costs on specific target groups, raising questions about distributive justice 

(Thaler and Hartmann 2016). For instance, structural defences such as dikes and levees can raise 

property values because protected land is more profitable, whereas flood hazard disclosure could 

lower property values if potential buyers are put off by the risk of loss (Yeo 2003). As such, 

equity considerations must be part of instrument selection.     

 

An important aspect of flood risk management is accountability, which in this context refers to 

the clear and transparent allocation of flood risk reduction responsibilities among the state, 

private organizations, and individual citizens (Johnson and Priest 2008). Policy instruments that 

more clearly delineate responsibilities can be considered more suitable than those that obscure 

responsibilities or leave them opaque. 

 

One of the primary rationales for adopting flood risk management as an alternative strategy to 

the traditional, hazard-based model of flood protection described above is that future flood risk is 

uncertain (Kuklicke and Demeritt 2016). Key factors that will contribute to future flood risk, 

such as climate change, population growth, urbanization, and socioeconomic change, are 

difficult to model accurately because of their inherent unpredictability. This uncertainty calls for 

flexible and adaptive approaches that allow for adjustment and recalibration in response to 

changing flood risk (Tempels and Hartmann 2014; Walker, Cave, and Rahman 2001). As an 

instrument choice criterion, therefore, flexibility refers to the degree to which a given instrument 

and its effects can be redirected or reversed in the future (Nair and Howlett 2016). 

 

Although flexible, adaptable instruments are desirable as part of an instrument mix to cope with 

evolving flood risk, achieving urban flood resilience nevertheless requires that policies are 

durable—that is, resistant to distortion and subversion resulting from changes in the broader 

political environment (May 2015). One potential threat to policy continuity is the election of a 

new government whose ideology opposes an instrument in use, which could lead to its repeal or 

substitution before its intended effects have been achieved. Another potential threat is a negative 

change in the economic climate that spurs decision-makers to abandon a policy instrument in the 

name of austerity. More durable policy instruments—those that can better withstand such 

changes in political and economic conditions—are therefore more suitable than those that are 

vulnerable to ideological or fiscal disruption. 
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Achieving policy objectives is more likely when governments combine multiple instruments in 

complementary ways (Howlett and Rayner 2007). For example, regulations can be made more 

effective by combining them with incentives, such as exempting targets from other regulations if 

they meet specific performance criteria, or providing favourable publicity to targets that exceed 

regulatory requirements. In addition, the adoption of some policy instruments can achieve 

positive co-benefits, such as when land use regulations in flood-prone areas preserve greenspace 

along waterways that can be designated as parkland. Policy instruments that align well with other 

instruments or achieve positive co-benefits can be considered more coherent and therefore more 

suitable as tools to implement urban flood resilience. 

 

Finally, the legitimacy of a policy instrument refers to the degree to which it is likely to be 

accepted by citizens as just and appropriate (van der Doelen 1998, 131). Policies that align with 

dominant values and attitudes of society are more likely to be perceived as legitimate, as are 

those that follow from meaningful engagement with stakeholders and the public (Wallner 2008). 

More coercive instruments—those that leave little room for independent behavioural choice—

can be expected to encounter greater scrutiny and resistance from target populations than those 

that incentivize voluntary behavioural change (Salamon 2002, 25). Beyond these general 

assumptions, however, other factors might affect the perceived legitimacy of local flood risk 

management instruments, so this attribute must be considered when designing policy responses. 

 

Challenges and Outstanding Questions 

 

Climate change is a significant risk for cities, and it requires proactive and adaptive strategies to 

build urban resilience. Flooding is perhaps the most prominent climate-related hazard, which 

threatens people and property in communities all around the world. Strengthening urban flood 

resilience demands that city governments engage with a broad range of stakeholders and employ 

multiple policy instruments to ensure urban populations and infrastructure assets have the 

capacity to resist, absorb, accommodate and recover from the effects of flooding. This paper 

identified sixteen different policy instruments available to city governments to implement urban 

flood resilience objectives and provided examples of how they have been used in practice. In 

addition, it explained twelve criteria that policymakers should consider when selecting among 

policy instruments, in order to minimize implementation challenges. However, two major 

challenges and their related questions remain. 

 

First, though scholars and experts generally agree that a combination of different policy 

instruments is required to facilitate the implementation of urban resilience objectives, it is less 

clear how policymakers should design cohesive, coherent and complementary packages of policy 

tools, or “instrument mixes” (Howlett and Rayner 2007, 2013). In most cases, policy-makers 

must contend with a long legacy of existing instruments, so one important design consideration 

is how additional instruments should be introduced (Howlett and Rayner 2013). For instance, 

should they be layered on top of existing tools (easier to achieve, but potentially less effective), 

or should they replace existing instruments (more difficult to achieve, but potentially more 

effective)? Another consideration is whether adding a new instrument will complement or 

undermine those already in place (e.g. whether they will be complementary or work at cross-

purposes) (Flanagan, Uyarra, and Laranja 2011). A third consideration is the optimal number of 
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instruments that are required to efficiently achieve the policy goals (ie, to minimize information 

and administrative costs and to avoid redundancy) (Howlett, How, and del Rio 2015).  

 

Second, though the twelve instrument attributes highlight important considerations for 

policymakers as they select one or more instruments to achieve resilience objectives, it remains 

unclear how these attributes should be measured and ranked. Some scholars have assessed 

instruments against these criteria using their own judgement and logic (Filatova 2014; Hellegers 

and van Ierland 2003), while others have engaged a multi-disciplinary panel of experts for this 

purpose (Mees et al. 2014). Further exploration of methods for systematic instrument comparison 

would be fruitful.  
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