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Abstract  
 

Lack of stable and dedicated funding has been a primary 

challenge for municipalities in the United States to 

implement effective stormwater management programs. 

Stormwater utility fees (SUFs), as user fees, are an alternative 

dedicated revenue source to fund stormwater management. 

When complemented with stormwater utility credits or 

discounts, SUFs provide greater flexibility to adopting best 

management practices and reducing stormwater runoff at a 

lower overall cost to the community. While SUFs have been 

increasingly used, there is little systematic research on this 

topic. This paper reviews literature on how SUFs work, 

discusses the mechanisms for setting the fees, and provides 

examples of different rate structures from across the U.S. 

Then, we use the findings of the literature to evaluate SUFs as 

a funding strategy for stormwater management based on four 

revenue evaluation criteria of efficiency, equity, revenue 

adequacy, and feasibility. Overall, the literature indicates that 

stormwater utility fees are a more efficient and environmentally 

sustainable source of revenue that allows for long-range planning 

of capital improvements and operations, but their high political 

visibility and legal obstacles can affect their effective 

implementation. However, more empirical research is needed to 

assess these propositions. There is a lack of literature on 

effective SUF designs, equitable fee types, the extent to which 

SUFs lead to change in public behavior and their impact on 

business and stormwater management investments in a 

municipality. 
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Introduction 
 

Increasing urban development has led to increased stormwater 

runoff and water pollution [1]. Developed land prevents 

stormwater from soaking into the ground. Therefore, stormwater 

runoff from the impervious areas along with pollution flow into 

natural water bodies without being treated. This untreated 

stormwater can result in contamination of drinking water 

supplies, threatening both human life and wildlife; as well as 

changes in stream ecosystems, and ecological degradation 

such as erosion, and increased flooding, especially during 

extreme weather conditions [2–4]. 

 

To address water pollution and protect water quality in the 

United States, the U.S. Congress passed the Clean Water Act 

(CWA) of 1972. This act focused primarily on wastewater and 

industrial discharge but did not specifically address stormwater 

[5]. In 1987, the CWA was amended through the Water Quality 

Act (WQA) that mandated the implementation of a 

comprehensive national program to address stormwater runoff 

(enacting implementation and funding). These regulations, 

however, did not ensure a stable or dedicated source of 

funding for the necessary improvements to the stormwater 

system. Traditionally, in the U.S., stormwater management 

funding has come from the general fund, a primary 

government fund that is not allotted for a special purpose, and 

whose main revenue source is property taxes. Therefore, in the 

allocation of funding, stormwater management competes with 

other pressing local services [6,7], and usually receives low 

priority and its funding is often inadequate [6]. 

 

Lack of funding has been one of the primary challenges to 

implementing effective stormwater programs [8,9]. 

Insufficient funding affects not only the construction of new 

facilities but also keeping the old systems functional [10]. 
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This problem is further exacerbated by the rising costs to 

manage stormwater [11]. Due to lack of funding and the 

increasing costs of providing stormwater management, local 

governments face challenges to comply with the federal and state 

regulations and improve stormwater quality. In the absence of 

adequate revenues, municipalities have used other methods to 

fund their stormwater projects, including special assessments, 

development fees, impact fees, permits and inspection fees [9]. 

In recent years, stormwater utility fees have been increasingly 

used by local government as an alternative revenue source to 

implement sustainable stormwater programs. 

 

Stormwater utility fees (SUFs) were first introduced in the U.S. 

in the 1970s but were not widely used until the 1990s [11,12]. 

SUFs are used to generate dedicated revenue to meet the 

increasing demand for investment in stormwater management, 

including planning and operations, and new capital construction 

and improvements [11,13]. Their use in the U.S. increased 

with the amendment of the Clean Water Act (CWA) in 1987, 

which compelled many municipalities to seek alternative funding 

sources for stormwater management. In the last decade only, 

the number of municipalities with SUFs in the U.S. has 

increased more than 150 percent, from 635 in 2007 to 1681 in 

2018 [14,15]. Following the American example, some 

municipalities in Canada have also adopted SUFs in recent 

years [16]. In 2018, 29 SUFs were identified in Canada [15]. 

Similarly, other countries such as the United Kingdom, 

Germany, and Australia have stormwater programs similar to 

the U.S. [17]. However, the focus of this paper is to discuss 

stormwater utility fees specifically in the U.S. 

 

Previous research suggests that, compared to the use of general 

revenue, stormwater utility fees provide a more equitable and 

stable source of revenue [13,18,19]. Research on this area, 

however, is limited and outdated. In this paper, we conduct a 

comprehensive research on stormwater utility fees as a funding 

strategy for sustainable stormwater management. This paper is 

organized as follows. The next section presents a literature 

review on stormwater utility fees. In Section 3 we connect 

surveys with academic research and provide real examples to 
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discuss how stormwater utility fees are designed and 

implemented across the U.S. Section 4 assesses stormwater 

utility fees as a revenue strategy based on four criteria: 

efficiency, equity, revenue adequacy, and feasibility. In Section 

5, we propose a research agenda and call for more empirical 

research to answer several critical questions. Finally, we 

summarize and conclude in Section 6. The paper may inform 

municipalities in the U.S. as well as in other countries that are 

considering or in the process of implementing SUFs. 

 

Literature Review  
 

In the U.S. stormwater runoff has traditionally been controlled 

through underground pipelines (―gray infrastructure‖) that are 

supported with general-fund allocation. In recent decades, 

there are additional efforts to engage the participation of 

property owners for the adoption of stormwater Best 

Management Practices (BMPs). Aiming to prevent and reduce 

water pollution [20], these BMPs may include measures such 

as rain gardens, wetlands, green roofs and walls, trees, 

pervious pavement, and on-sight rainwater storage [12,21,22]. 

 

Existing literature on stormwater management finance mainly 

consist of government manuals, implementation guidelines 

and reports, particularly from the Environmental Protection 

Agency (EPA) and local governments. In recent years a number 

of surveys have been published including the Black and Veatch 

and the Western Kentucky University stormwater utility 

surveys. The Black and Veatch biennial surveys assess 

stormwater management, finance, and governance; while the 

Western Kentucky University surveys explore fee setting, and 

maintain an up-to-date database of SUFs in the U.S. and 

Canada. 

 

With the proliferation of stormwater utilities since the 1990s, 

several academic articles have been published on stormwater 

utilities, yet academic literature on SUFs as a funding strategy 

is limited. Earlier studies focus on the potential benefits of user 

fees in terms of equity, efficiency, and acceptability, as well as 

the potential use and the challenges to adopt them in different 
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contexts. Lindsey [6] estimates the potential for construction 

of on-site BMPs in different types of properties by comparing 

the costs of construction and maintenance of BMPs with the 

costs of implementing SUFs in Maryland. His findings 

suggest that only industrial users would consider the 

construction of on-site BMPs. Cameron et al. [10] review the 

experience and the institutional and legal issues of SUFs in the 

U.S. and present considerations for the implementation of SUF 

in Canada. The authors find that SUFs in Canada would be 

comparable to those implemented in the U.S. and highlight 

start-up costs and public perceptions as potential obstacles for 

implementing SUFs. Busco and Lindsey [23] develop a web-

based resource center for municipalities interested in financing 

stormwater management. Brisman [24] discusses the benefits and 

challenges that municipalities faced or should consider when 

implementing SUFs. According to the author, SUFs have the 

advantage of raising revenue and educating the public; 

however, the process of establishing them is long and requires 

political will and support from the public. Grigg [17] assesses 

changes in stormwater organization and finance. In terms of 

finance, the author concludes that the main advantages of 

SUFs are that they create a new revenue stream, and enable 

municipalities to assign charges based on the benefits they 

receive. 

 

More recent studies analyze the impact of municipal 

characteristics on the SUF funding structures. Kea et al. [25] 

analyze the relationship between location, population density, 

home value, and SUF characteristics, and identify trends and 

patterns in the establishment, funding mechanisms, and 

magnitude of SUFs. Fedorchak et al. [5] analyze the 

application of eight SUFs in Virginia to determine the impact 

of land use on the sources of revenue. Other studies have 

focused on the use and economic efficacy of stormwater 

credits to incentivize users to adopt BMPs. Doll et al. [26] 

review credit approaches by providing examples of 

municipalities that implemented credits or discounts along 

with SUFs for on-site stormwater management. Thurston [27] 

studies the opportunity costs of residential BMPs for stormwater 

runoff control in a pilot study. The author finds that while the 
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implementation of BMPs reduces the amount of stormwater 

significantly, the overall municipal cost of stormwater 

management increases when considering construction and 

maintenance costs, as well as the opportunity costs of taking a 

parcel of land out of other uses. Kertesz et al. [28] study the 

hydrologic and economic efficacy of four stormwater utility 

credit programs for installing BMPs. 
 

Research on SUFs as a funding strategy is limited and 

scattered. While reports on stormwater management often 

mention SUFs, there is very limited reference in academic 

literature about how the financial instrument are designed, 

where its has been utilized, and whether it is effective and 

sustainable for stormwater management. These questions are 

critical for municipalities that are considering the adoption of 

SUFs. To fill this gap in the literature, this paper will conduct 

a comprehensive research on stormwater utility fees and 

credits as a funding strategy for sustainable stormwater 

management. 
 

How Are Stormwater Utility Fees Designed and 

Implemented?  
 

SUFs are user fees that users pay for their use of the 

stormwater management system. One of their most important 

features is that revenues from SUFs are specifically dedicated to 

stormwater management [13], either for stormwater capital 

infrastructure or operations and maintenance, or both [12]. All 

properties within a jurisdiction are required to pay the fee, 

including those that are tax-exempt. 
 

In the U.S., a total of 1681 SUFs, mostly adopted by cities and 

counties were identified in 2018, with a higher concentration 

in Minnesota, Florida, Wisconsin, Washington, Iowa, Ohio, 

and Texas, all of them having more than 100 SUFs [15]. These 

are typically concentrated in urbanized areas and serving 

populations under 50,000 residents [29]. While the number of 

SUFs in 2018 shows a significant increase compared to the 

numbers a decade ago when there were only 635 [14], this 

number shows that less than 10 percent of the cities and towns 

in the U.S. have adopted SUFs. 
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SUFs Authorization and Administration  
 

Almost all states in the U.S. provide municipalities with the legal 

authority to enact and administer stormwater programs and 

assess user fees [30]. The authority is usually derived from an 

enabling statute enacted by the state legislature or via the 

constitution of the state [30]. While in some municipalities, 

the state authorization is sufficient to assess SUFs, some other 

municipalities require voter approval. For instance, 

municipalities in California that want to collect local fees require 

voter approval through a public referendum, following the 

Proposition 218 on Requirements for Property-Related Fees 

[31]. 

 

In addition to variations in state laws, the administration of 

the fee also varies across states. States commonly use two 

models for the administration of the fee, the utility model or 

the public works model, depending on their local priorities and 

political situations [17]. For instance, in some states, such as in 

Connecticut, authorities create a stormwater utility district as a 

special assessment district that imposes a user fee to fund 

stormwater management [32]. In this case, the utility district 

can act independently of the local politics and administration 

associated with the general fund and general taxation process. 

In other states, the Department of Public Works of the cities or 

counties administers the fee to properties within the city or 

county limits (e.g., Minneapolis, MN; Athens-Clarke County, 

GA). 

 

SUFs Rate Structure  
 

SUFs are charged to consumers as a flat rate or a variable rate 

based on the consumers‘ use of stormwater management 

services [25]. 

 

In a flat rate structure, the consumer pays a fixed amount for 

the use of stormwater management services regardless of the 

actual usage. There are two methods to assess the fee in this 

structure, a flat or tiered fee. Under a flat fee, consumers pay 

the same fee amount.  The use of flat fees is more common 
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for residential properties [33] and has been the funding 

mechanism in small towns and popular in municipalities with 

lower home values [25]. In 2018, 236 SUFs were identified in 

the U.S. using the flat fee method with fees ranging from less 

than $0.001 to $69.25 monthly, based on stormwater needs 

and local political realities [15]. In tiered fees, all properties 

are categorized -by use or size of the property- and charged 

accordingly. Tiered fees are most commonly used only in non-

residential properties due to administrative challenges [33]. 

These types of rates are the second most popular systems in the 

U.S. with 241 SFUs identified in 2018 [15]. 

 

In a variable rate, the system usage is determined by the volume 

of stormwater runoff produced by th consumer‘s land. Several 

parameters, some of them directly related to the amount of 

runoff, may be used by the municipalities to determine the 

usage of the system including the impervious area, the 

percentage of imperviousness, the amount of runoff, the water 

consumption, and the intensity of development among others. 

The most commonly used parameter is the impervious area on a 

property [5,13,18]. 

 

There are several methods used for the calculation of the fee (see 

Table 1), but there are two methods that are more commonly 

used:  the Equivalent Residential Unit (ERU) and Residential 

Equivalent Factor (REF). First, the Equivalent Residential 

Unit  (ERU),  also  known  as  the  Equivalent  Surface Unit 

(ESU) method, is calculated based on the average impervious 

area on residential parcels in a municipality [5,34,35]. The 

cost for each parcel is calculated based on the parcel 

impervious area as a share of the ERU area. To determine the 

number of billable ERUs for non-residential parcels, their 

impervious areas are divided by the impervious area of a 

typical residential parcel [18]. This method has been the most 

prevalent funding mechanism in the U.S., particularly in larger 

cities with high population densities [25]. According to 

Campbell [15], there were 786 ERU utilities identified in the 

country in 2018. Second, in the Residential Equivalent Factor 

(REF) method, fees are calculated based on the amount of 

runoff [5]. The REF is determined by the ratio of runoff 
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volume generated by one acre of land to runoff volume 

generated by one acre of low-density residential land [36]. 

The monthly charge that a property pays is determined by the 

REF, the base rate, and the net area. This method is popular in 

municipalities with higher home values [25]. 
 

Overall, SUFs can be very flexible and tailored to local needs 

either as a variable rate or as a flat rate. Municipalities may also 

employ a combination of these methods based on their needs. 

For instance, many municipalities adopt a flat fee for 

residential properties and a variable fee for non-residential 

property types, with variations in fee calculations [13,33] (see 

Table 1). 
 

Utility Fee Credits and Discounts  
 

In some municipalities, SUFs are complemented with stormwater 

utility discounts. These discounts promote private stormwater 

management [37] and allow the managing authority greater 

flexibility in protecting water quality and aquatic habitat in 

urban watersheds at a lower overall cost to the community 

[26]. Almost 50 percent of the SUFs in the U.S. are 

complemented with a stormwater credit program [38], 

generally available only to nonresidential property owners 

[26]. 
 

Municipalities commonly offer two types of credits and 

discounts: for impact reduction and cost reduction [34] (see 

Table 2). The first type of credits are offered to properties that 

implement BMPs to reduce stormwater runoff volume or to 

improve runoff quality. For instance, the city of Minneapolis, 

MN offers up to 50 percent credit to customers that implement 

on-site stormwater management that improve water quality and 

50 or 100 percent credit for practices that address stormwater 

quantity [34]. Similarly, the City of Urbana, IL offers credits to 

property owners that adopt BMPs such as runoff reduction or 

runoff volume reduction (20% credit), runoff water quality (10% 

credit), and direct discharge into a stream not maintained by the 

City (50% credit) [39]. The second type of credits are less 

common, and are offered to private entities that provide public 

education and outreach or take on maintenance responsibility. 

For instance, the City of Urbana, IL offers credits to 
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institutions that provide approved stormwater educational 

program for students ($5 credit per student—maximum 50% 

discount) [39]. 
 

Few municipalities, in addition, provide greater flexibility 

through stormwater credit trading programs. These programs 

allow developers to meet the stormwater retention 

requirements on-site or purchase credits from others who have 

voluntarily adopted BMPs in their properties through a 

stormwater trading program [40]. These volunteers supply 

retention options at a relatively low-cost. For small local 

governments, however, these markets can be costly to establish, 

administer, and enforce [40]. The District of Columbia, for 

instance, has created a stormwater credit trading program. 

Volunteers can sell stormwater retention credit (SRC) to the 

Department of Energy and Environment (DOEE) through the 

SRC Price Lock Program, where individuals interested in 

selling the credit must meet eligibility requirements and 

complete the certification process. Volunteers can also sell 

their credits in an open market to private property owners. 

Prices for the Lock program are determined based on (i) the 

location of the project in the Municipal Separate Stormwater 

System (MS4), depending on the type and vulnerability of the 

stream; and (ii) the length of the agreement. The price for the 

first six years is expected to help recover the costs of BMPs 

development and installation, and the next six years to cover 

maintenance costs. 
 

Table 1: SUFs Rate Infrastructure. 

 
Fee Type Characteristics Example 

Flat Rate 

Flat fee Fixed amount for all 

users of the 

stormwater system 

Clayton County, GA: 1 

$3.75 monthly flat fee for 

residential properties 

Tier Consumers categorized 

based on a selected 

variable (e.g., land use, 

area, etc.) 

City of Le Seuer, MN 2019 

monthly rates: 2 

0–0.5 acre: $6.38 

0.5–1.0: $8.50 

1.0–5.0: $29.75 

>5.0 acres: $$42.50 

Variable Rate 

Equivalent 

Residential Unit 

Based on impervious 

area determined by the 

Village of Clemmons, 

NC: 3 
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(ERU) Average impervious 

area of a Single Family 

Residential parcel 

1 ERU = 3952 sq ft. 

$5 per ERU monthly 

Residential: $5 

Non-residential: $5 x No. 

of ERUs 

Residential 

Equivalent Factor 

(REF) 

Based on the amount of 

runoff 

City of Champlin, MN: 4 

$7.50/acre per REF 

monthly 

Low-density residential unit 

(1/3 acre): 

$2.50 monthly 

Commercial parcels have a 

REF of 2.2 8 

Square foot Based on the parcel sq. 

ft. of imperviousness 

City of Kyle, TX monthly 

rates: 5 

Residential: $5 

Commercial: $0.0021 per 

sq. ft. of impervious cover 

Water usage Fee assessed based on 

water meter or 

water usage 

Village of Northbrook, 

IL: 6 

$1 per 1000 gallons of 

water consumed 

Combination 

Combination of a 

tiered and an 

ERU fee 

Tiered fees for 

residential properties 

and ERU rate for non-

residential properties 

Northeast Ohio Regional 

Sewer District rates 

for 2019: 7 

Residential: 

Tier 1: $3.09 

Tier 2: $5.15 

Tier 3: $9.27 

Non-residential: $5.15 per 

ERU 

Combination of 

water usage and 

ERU fee 

Water usage fee for 

properties with a meter 

and ERU for other 

properties based on 

impervious area 

Bozeman, MT monthly 

rates: 8 

Properties with a water 

meter: $3.23 per meter. 

Properties without water 

meter: 

1 ERU = 2700 sq. ft. 

$2.68 per ERU 

Single-Family 

residential: $2.68 

Multi-

Family/Commercial: $2.68 

x No. of ERUs 

 

Notes: Information retrieved from the webpages: 1 Clayton County Water 

Authority. Rates, Fees & Billing for residential Accounts. 2 City of Le Sueur, 

MN. Request for Council Action. 3 The Village of Clemmons, NC. Stormwater 
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Funding. 4 WSB Associates, Inc. [36]. 5 City of Kyle. Kyle‘s Storm Drainage 

& Flood Risk Mitigation Utility. 6 Village of Nortbrook. Northbrook 

Stormwater Utility. 7 Northeast Ohio Regional Sewer District. Regional 

Stormwater Management Program. 8 Bozeman, MT. Stormwater Division, 

Learn About My Utility Bill. 
 

Table 2: Examples of the Types of Credits and Discounts. 

. 
BMPs Impact Reduction Cost 

Reduction Volume 

Reduction 

Water 

Quality 

Vegetation    

  Dry or Wet Ponds X X  

  Dry or Wet Swales X X  

  Green roofs X X  

  Infiltration trenches X X  

  Rain gardens X X  

  Vegetated swales X X  

Storage    

  Rain barrels X   

  Ponds X   

Infiltration    

  Pervious pavers X X  

  Soak away pits X   

  Filter strips  X  

  Manufactured 

underground filters 

 X  

  Sand filters  X  

Education & 

Outreach 

   

  Public education and 

outreach 

  X 

  Taking on 

maintenance 

responsibility 

  X 

 

The Evaluation of Stormwater Utility Fees  
 

In the public finance literature, revenue evaluation criteria are 

used to evaluate mechanisms for generating revenue [41,42]. 

This evaluation framework has been used to evaluate other 

revenue generating mechanisms [43,44]. There is little 

systematic research on the use of SUFs as a funding strategy 

for stormwater management. Therefore, in this study, we adapt 

this framework to evaluate the SUF strategy on four typical 
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criteria of revenue evaluation: Efficiency, equity, revenue 

adequacy, and feasibility (see Table 3). We use the existing 

literature to assess the extent to which evidence is available that 

SUFs lead to efficient use of resources, are equitable, 

sustainable, and feasible to implement. We also identify gaps 

in the literature that need to be addressed to help 

municipalities make more informed decisions. 
 

Table 3: Evaluation Framework. 

 

 
Criterion Sample Questions 

Efficiency  Does the fee lead to a change in 

behavior? 

Does the fee promote or hinder 

economic development? 

Equity Benefit received Are the ratepayers direct 

beneficiaries of the services? 

Is the fee amount proportional to 

the costs/service? 

Ability to pay How regressive is the fee for 

different income groups? 

Sustainability Adequacy How much revenue does it raise? 

Is the revenue sufficient for 

maintaining and improving the 

system? 

Potential for growth To what extent can the revenue 

keep up with rising costs? 

To what extent can the revenue 

keep up with inflation? 

Stability and 

predictability 

How stable is the revenue? 

How predictable is the revenue? 

Feasibility Political feasibility How visible is the fee to the public? 

What are the legal barriers? 

Administrative 

feasibility 

How costly is establishing and 

administering the fee? 

Is it hard for the public to maintain 

compliance with the policy? 

 

Efficiency  
 

This criterion refers to the extent to which SUFs may lead to 

operational and economic efficiency. Operational efficiency 

refers to the efficient use of municipal resources available for 

stormwater management, and economic efficiency refers to the 

extent to which SUFs promote economic development in 



Prime Archives in Sustainability: 2
nd

 Edition 

15                                                                                www.videleaf.com 

municipalities where they are adopted. While the primary 

objective of implementing SUFs is to generate revenue to 

address stormwater runoff and water quality, they have the 

potential to lead to efficient use of resources through changing 

public behavior. In this section, we assess the extent to which 

evidence is available that stormwater utilities lead to change in 

public behavior, reduction in the amount of runoff, and hence, 

reduction in cost of stormwater management and efficient use of 

resources. We also explore the impact of increasing SUF and the 

adoption of BMPs on property values. 

 

SUFs have the potential to promote the adoption of on-site 

Best Management Practices (BMPs) and therefore, reduce the 

overall costs of stormwater management for the municipality. 

However, there is little empirical evidence that explores 

whether they actually promote BMPs. Some authors argue 

that when fees are proportional to the percentage of 

impervious material, it can discourage development that 

increases runoff [45]. Others argue that higher fees could 

encourage property owners to adopt BMPs to reduce the 

property‘s impervious area [5,27], considering that property 

owners choose the less expensive option between adopting 

BMPs and paying the fee [46]. Evidence on this area is 

limited. Lindsey [6]‘s findings suggest that only industrial users 

would consider the construction of on-site BMPs, under several 

assumptions. Therefore, further research is needed to assess the 

extent to which SUFs result in behavioral changes. 

 

In addition, when municipalities combine SUFs with credits and 

discounts, they encourage property owners to adopt on-site 

stormwater management. This can also lead to efficient use of 

stormwater management resources. These practices reduce the 

impervious area on new constructions or when existing 

properties are remodeled. The adoption of BMPs can reduce the 

amount of runoff and decrease the public cost of providing 

stormwater management. However, credits and discounts must 

be designed in such a way as to incentivize property owners. 

This is particularly important for residential properties, in which 

fees are generally low, and such incentives may be insufficient 

to motivate property owners [28]. 
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Similarly, SUFs may impact property values; however, there 

is limited research on this. A study on the impact of a shift 

from meter-based to parcel-based billing system in the city of 

Philadelphia found that the aggregate property values decreased 

by $190 million for private non-residential properties after the 

increase in the fee [47]. On the other hand, some studies show 

positive impacts on property values attributed to the adoption 

of low-impact development or BMPs. For instance, Ward et 

al. [48] studied the impact of a natural draining system (NDS) 

in Seattle and found that residential properties with NDS 

project experienced an increase of between 3.5%- 5% in their 

values as compared to similar properties without NDS 

projects. 

 

SUFs can also promote or hinder economic development. 

Some authors argue that high fees for commercial and 

industrial properties may create incentives for businesses to 

relocate to other municipalities [5]. However, there is little 

empirical evidence on this. The city of Philadelphia study found 

that although businesses experienced increases in their 

stormwater fees as a result of the change from meter-based to 

parcel-based billing system, these increases did not provide them 

with sufficient incentives to relocate. Businesses, in particular, 

retail firms‘ decision to relocate are mostly influenced by 

competition and proximity to their customer base among other 

motives [47]. The study also argues that theoretically in the 

event of an increase in fee amount, businesses who lease a 

property and pay the stormwater fee would have the opportunity 

to renegotiate their rent amount during the lease renewal. But 

businesses that own the property will not have incentives to 

relocate as when they try to sell the property, they find that its 

market value has decreased. Therefore, in both cases, although 

the business is impacted, there is not enough incentive to 

relocate. 

 

In addition, the adoption of BMPs in a parcel can generate 

indirect benefits or co-benefits through social contagion. For 

instance, Hunter and Brown [49] find that garden clustering 

occurs among neighbors with direct visual access to nearest 

neighbors‘ easement areas. They find that it is 2.4 times more 
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likely that a property holds an easement garden if another 

property within its 30 m holds one. These BMPs, in addition 

to controlling runoff, can generate economic and social co-

benefits such as creating a more sustainable urban 

environment, adding/improving the habitat for birds and 

pollinators, and improving aesthetics in the neighborhood 

[50]. 

 

Equity  
 

The equity criterion assesses whether an SUF is considered fair 

in terms of its allocation of the costs and benefits. This 

criterion is assessed based on two principles: a benefit-

received principle and the ability-to-pay principle [43]. 

 

In terms of the benefits-received principle, we assess the 

extent to which users pay in proportion to their runoff relative 

to the costs they impose on the system. As a user fee, the SUF 

is in principle highly equitable as compared to the traditional 

funding approach because tax-exempt properties such as non-

profits, government entities, and other tax-exempt properties 

that are often big contributors to stormwater runoff can be 

charged [24]. However, depending on the fee type used, it can 

be more or less equitable. In the spectrum of fee structures, 

those fees tied to the amount of runoff are more equitable, 

while fees that charge a fixed amount regardless of the amount 

of runoff are less equitable. A combination of fee structures is 

somewhere in the middle. For instance, findings from [51] 

suggest that flat fees harm residential customers the most as 

they pay 10 times higher than they would under an ERU 

system. In addition, it is important to mention that fees can be 

set to favor one group over another. For instance, fees under a 

tiered or REF system can be set in a way that commercial 

properties pay more relative to their perceived impact on water 

quality [52]. 

 

An additional factor to consider under the benefit-received 

principle is that those who pay should be direct beneficiaries of 

the services they pay for. Since revenues from SUFs are 

earmarked exclusively for stormwater management purposes 
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[53], the SUF complies with the benefit-received principle. 

However, this principle is eroded to the extent that certain groups 

of users do not pay their fair share. SUFs are paid by both tax-

paying and tax-exempt properties, including federal properties 

[28]. There are some other properties, however, that are exempt 

from paying the fee such as airports and railroads [5], public 

streets and undeveloped land [38]. Given that these properties are 

often significant contributors to stormwater runoff, their 

exemption from paying a fee makes it less equitable to other 

ratepayers. 

 

In terms of the ability-to-pay principle, we assess the relative 

burden to ratepayers based on their income. The literature 

does not discuss how regressive the SUFs are; however, we 

found one case where SUF affected low-income populations 

disproportionately. For instance, in Detroit U.S., stormwater 

fees led to water shutoff for low-income residents [54]. Some 

municipalities acknowledge the burden on low-income 

populations and have developed assistance programs to offset 

the additional burden. We found one program in the city of 

Portland, OR where the City offers sewer and stormwater bill 

discounts to families with less than 30% and 60% median 

family income (MFI). Only qualifying single-family 

properties can apply for the assistance and discounts are 

approved for 2 years [55]. According to Black and Veatch, in 

2014, 11% of the survey participants offered a low-income 

discount, 7% offered an elderly/senior citizen discount, 5% 

educational institutions discount, and 1% disabled discount. 

 

Revenue Adequacy  
 

Local governments are constantly balancing stormwater 

management with other local services under their budget 

constraints. Whether SUFs can raise adequate funding is crucial 

to ensure effective stormwater management. Some argue that 

stormwater utility fees may generate adequate, sustainable, and 

more stable revenue as they are earmarked exclusively for 

stormwater management purposes and do not depend on 

annual budget appropriations [10,53]. However, several 

factors can challenge the revenue adequacy of SUFs. 
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First, SUFs should work towards full recovery of direct costs 

such as stormwater management, construction, and maintenance. 

In many cases, the fee does not generate sufficient funds to meet 

the stormwater needs of the municipality. According to a 

survey in 2014, out of 78 respondents with SUF, 62 percent 

indicated not having adequate funding to meet most of their 

needs (Black & V, 2014). In the District of Columbia, for 

instance, revenues from the SUF only cover a fraction of the 

District‘s actual infrastructure costs [12]. Second, when not tied 

to inflation, stormwater utility fees lose their purchasing power 

and do not keep up with the increasing costs of providing 

stormwater management. In the same survey, 31 percent of 

respondents indicated not having any rate increases since 2004. 

Therefore, as the costs of providing the service increase, the 

funding gap is exacerbated [8]. Finally, stormwater utility 

discounts and credits can affect revenue adequacy. For instance, 

in southeastern U.S. (excluding Florida), discounts reduced the 

rate paid by an average of 25.6% [56]. To ensure adequate 

revenue generation, municipalities using a stormwater fee 

discount commonly set a maximum percentage for the discount 

[37]. 

 

Feasibility  
 

Feasibility is assessed based on two criteria, political feasibility 

and administrative feasibility. In terms of political feasibility, one 

of the major challenges of implementing stormwater fees is 

gaining public approval. SUFs have high visibility due to the cost 

of their development and implementation regardless of being 

called service fees, taxes, or assessments [13]. In addition, the 

knowledge gap between policymakers and the public have 

resulted in low support for establishing stormwater fees. The 

public is often unsure of how they would benefit from the 

service [13]. 
 

Legal challenges also hinder political feasibility. In 2013, the 

University of Western Kentucky identified 72 legal challenges 

against stormwater fees in the U.S., of which 16 cases resulted 

in unfavorable decisions and in 44 the fee prevailed [30]. The 

existence of these challenges is acknowledged by several authors 

[24], but only NACWA provides a comprehensive list of 
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municipalities and the description of the challenges 

experienced in each site from 1989 to 2016. Generally, all legal 

arguments related to stormwater utility fees fall under two main 

categories: The authority to enact, implement, and fund 

stormwater utility fees and the legality of the mechanism. 
 

The first category includes challenges to the authority to enact, 

implement, and fund stormwater as well as issues related to 

sovereign immunity. In several states, the authority of the 

agency in charge of SUFs has been questioned, but in most of 

the cases, the agency has been able to demonstrate its authority. 

Several legal cases related to this category include the limited 

authority of municipalities. For instance, the City of Durham, 

NC was challenged because it was authorized to collect fees 

to finance certain structural parts of the stormwater program, 

but not to finance the operation of the program. Similarly, 

there are legal cases related to local and regional agencies‘ 

authority to impose fees on federal, state, and Indian tribal 

properties. Regarding federal properties, there was a debate 

about whether the CWA waived the government‘s sovereign 

immunity. Congress passed an amendment in 2011 clarifying 

federal responsibility for stormwater charges [30]. Legal 

challenges on this matter question the payment of stormwater 

charges before the amendment. 
 

The second category includes challenges in terms of fees as 

an illegal tax, and the methodology used to calculate rates. 

Usually, establishing a new tax requires approval through a 

voter referendum or legislative approval. In most of the related 

legal cases it is claimed that the stormwater fee was imposed 

without previous approval from voters and therefore, it is 

illegal. Courts in most of the cases have ruled that stormwater 

charges are users fees. To distinguish fees from taxes, courts 

evaluate SUFs on the basis of their purpose, benefits to 

ratepayers, and costs to the government. In addition, several 

municipalities have been challenged by property owners for the 

methodology used to calculate the fee. For instance, the method 

of calculating the fee based on the impervious area was 

questioned in the City of Durham, NC; the City of Lewiston, 

ME; and the City of El Paso, TX [30]. 
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In terms of administrative feasibility, other barriers that 

challenge the implementation of stormwater utility fees are 

administrative and compliance costs, particularly when 

establishing variable fees. Administrative costs include the 

creation of a division, usually within the department of public 

works, and hiring additional staff to administer the fee, as well 

as the creation/maintenance of a regularly updated GIS data to 

assess the fee (case studies report). Flat fees are often easier to 

administer, while variable fees require the municipality to 

develop a fee that is applicable to each property category. 

Additional costs may include establishing a billing system. 

Some municipalities either add the fee as a separate line item 

into existing utility bills such as water/sewer or, as a non-ad 

valorem assessment. The first approach is easier and less 

expensive to administer [18], and therefore, a more commonly 

used method. 

 

Discussion and Future Research Agenda  
 

Systematic research on the use of utility fees as a funding 

mechanism for stormwater management is limited. Future 

research is needed in order to fill some of the gaps discussed 

below to better assess SUFs under the revenue evaluation 

framework presented in this paper.  Addressing these gaps 

will help municipalities make more informed decisions when 

establishing SUFs to implement stormwater management 

programs. 

 

In terms of efficiency, there is a lack of research that explores the 

effects of SUFs on public behavior and their extent, as well as 

their effect on more efficient use of resources, particularly the 

impact of SUFs in the adoption of BMPs in different properties, 

including residential, commercial, and industrial properties. 

Similarly, there is a lack of research on the impact of SUFs on 

new construction designs. For instance, whether or not new 

constructions incorporate green infrastructure or BMPs into the 

designs. In addition, studies are needed to assess the effect of 

SUFs on property value and businesses. Lastly, studies are 

needed to assess long-term changes in stormwater investments in 

a municipality. If BMPs are adopted, this could potentially 
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decrease investments in stormwater management. Studies are 

needed about municipalities where SUFs are new or relatively 

new, or where the rate structure has changed, or where the fee 

has significantly increased. 

 

Regarding equity, there is no research that explores what fee 

types are more equitable in terms of benefit-received 

principle. In addition, future studies are needed to investigate 

the impact of SUFs on different income groups. Similarly, there 

is a need for further research on the use of stormwater discounts 

and assistance programs and how these features affect people 

in different income groups, in particular, low-income 

populations. 

 

With respect to revenue sustainability, studies have found that 

stormwater utility fees are often not adequate to meet the 

increasing needs. Therefore, when establishing SUFs, it is 

important to set fees that are enough to maintain and improve 

the current stormwater infrastructure while not overburdening 

low-income customers. However, no research explores the 

composition of revenues to fund stormwater management, the 

distribution of revenues from SUFs between capital and 

operating expenses, and whether the revenues are adequate to 

fund stormwater management programs. Additionally, there is 

a lack of research on the extent to which revenues from SUFs 

can keep up with rising costs, inflation, and land development. 

 

As to feasibility, there is a need for updating the legal 

considerations expressed in NACWA in order to inform 

municipalities about recent/new barriers that can challenge the 

implementation of SUFs. Similarly, an investigation of how 

municipalities design SUFs to avoid or minimize legal 

challenges would benefit other municipalities considering 

implementing such fees. Similarly, in terms of administrative 

feasibility, there is a need for research that focuses on whether 

it is hard for the public to comply with the policy. 
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Conclusions  
 

SUFs are becoming increasingly used as an alternative 

method to fund stormwater management across the U.S. 

municipalities. Two of the most common methods used by 

municipalities to calculate stormwater fees are the impervious 

area of a property and the amount of runoff produced by it. 

Similarly, the use of stormwater credit programs is becoming 

prevalent to encourage stormwater BMPs, lower the burden of 

SUFs on low-income populations, and reduce the overall cost of 

stormwater management to the community. Municipalities 

generally offer two types of credits; for impact reduction and 

cost reduction. 
 

We apply the revenue evaluation criteria to assess SUFs as a 

funding strategy. As a public finance instrument, SUFs have 

several advantages. First, SUFs have the potential to lead to a 

change in public behavior and efficient use of municipal 

resources. Second, SUFs can be more equitable than the 

traditional property tax approach as users pay relative to the 

runoff generated. However, this varies with its 

implementation. For instance, charging all users a flat fee 

brings less equity into the funding system. In addition, it is 

critical to consider residents‘ ability to pay when establishing 

SUFs. Third, revenues from SUFs are stable and sustainable as 

they are earmarked exclusively for stormwater management 

purposes. However, factors such as the ability to recover 

direct costs, the ability to keep up with inflation, and the 

extent of stormwater discounts and credits challenge the 

revenue adequacy. 
 

There are some drawbacks, however. About its feasibility, one of 

the major challenges of implementing SUFs is gaining public 

and political approval. SUFs have high visibility due to the 

design and implementation costs, and often the public is unsure 

of the benefits they would receive from it. Other issues 

municipalities face when implementing SUFs are legal 

challenges related to the authority to enact them and the 

legality of the mechanism. To overcome these drawbacks, it is 

crucial to inform and involve the public into the decision-

making processes. 
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Future academic research is needed to better assess the efficacy 

of SUFs. In terms of efficiency, further research is important in 

order to explore the effects of SUFs on public behavior and their 

extent, as well as their effect on more efficient use of resources. 

With respect to equity, there is a lack of research on the fee types 

that are more equitable in terms of benefit-received principle, 

as well as their impact on different income groups. As to 

revenue adequacy, currently no research explores local 

stormwater management budgeting. Lastly, regarding 

feasibility, there is a research gap regarding variations in the 

use of SUF revenues across municipalities as well as effective 

SUF designs that can avoid or minimize legal challenges. 
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