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ABSTRACT 
Worldwide, the increasing challenges due to stormwater run-off in urban areas are well known. 
Authorities need to be prepared for emergency situations and have plans for preventive measures to 
avoid flooded properties and public grounds. Several studies highlight that homeowner’s knowledge 
and awareness of their own flood risk, will lead to better protection and less damage. What is probably 
less focused is that preventive-measures within your own property will also help to reduce the flood 
risk for your neighbours settled at a lower site. Stormwater fee derived from the area model can be seen 
both as an instrument to motivate property owners to manage rainwater in a more sustainable way, and 
a way of financing public infrastructure related to stormwater. Many cities and states worldwide have 
already introduced area models as a basis for calculating stormwater fee at property level. There are 
many models which range from very simple and rough calculations to more complex and detailed. In 
some countries, e.g., USA, differentiated stormwater fees have been used for decades, while for 
example in Norway this is still a controversial topic. In this study, we will conduct a literature review 
of area models, which aim to describe what a single property should pay in stormwater fee. Which 
model is best, depends entirely on the goals you want to achieve. Based on the literature review, our 
understanding is that more attention will be paid on area models if there is a clear connection between 
instrument and goal. In this article we aim to categorize and group the different models and describe 
for which goals they are best suited. 
Keywords:  stormwater fee, barriers, incentives, values, criteria, policy making. 

1  INTRODUCTION 
Urbanization continues to be the driving force for global growth [1]. The battle for space, 
which functions to be taken care of within the urban areas, is constantly increasing. At the 
same time as the urban building density and proportion of impermeable surfaces increases, 
we face the consequences of climate changes, among others more frequent torrential rainfall, 
that demands increased local management of stormwater. Large and small cities are 
struggling on how to deal with this continuously increasing stormwater problems, caused by 
climate change and decades of urbanization [2]–[8]. In many countries, we observe that local 
authorities have adopted stormwater fees as a source of revenue to finance maintenance, 
operation and costly upgrading of stormwater infrastructure [9]–[13]. In the United States, 
the first municipalities introduced stormwater fees in 1964, and today at least 1,851 local 
governments in 41 states have this [14]. The emergence of the implementation of stormwater 
fees across the United States over the past five decades reflects a significant shift in fiscal 
responsibility for the operation, maintenance, and improvement of public infrastructure 
systems at the local level [15]. As a result changes in stormwater management policies can 
lead to intensifying conflicts between urban development and stormwater management [16]. 
Achieving sustainable urban development requires a balance between economic, social, and 
environmental assessments in the municipal decision-making processes. To choose good 
local strategies for sustainable urban development, it is important to understand the barriers 
that can be encountered in the design and implementation of the desired policies. The aim of 
this article is to provide an overview of the economic instruments used internationally aiming 
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among others to reduce the risk of urban flooding and pollution. For this paper we have 
identified the following research questions: (1) When introducing stormwater fee; what kind 
of models at property level to choose between, and how to categorise them? (2) What are the 
barriers and how to choose model when introducing this fee? 

2  CATEGORISATION METHODOLOGY 

2.1  Purposes of introducing a stormwater fee 

There will be various reasons for implementing stormwater fees, and we will evaluate the 
purposes described in the literature. It can be (1) to raise money to pay for the running costs, 
maintenance and the development of new stormwater measures; (2) stormwater fees can be 
used as incentives to change people’s behaviour to manage stormwater on their own plot; (3) 
in places where there is a shortage of water, water fees can be used to encourage use of 
stormwater in a more sustainable way, for example for flushing toilets, irrigation of gardens 
and plants etc.  

2.2  Principles on which models for stormwater fees may be based 

In determining which considerations are to be prioritized for the choice of economic model 
for stormwater fees, several trade-offs must be made. The complexity of the models will also 
reflect the extent to which the different values can be considered. We have chosen to evaluate 
our findings in the literature according to the considerations and values shown in Table 1. 

Table 1:  Values on which stormwater fees can be chosen. 

Values Explanation 

Simplicity 
The calculation of the stormwater fees should be easy to understand for 
residents and easy to calculate and implement for the local 
municipality’s administration.

Sufficiency 
The fees collected must cover both investments, operating and 
maintenance costs, as well as ensuring that the long-term management 
of the system is sustainable. 

Equity 
If equitable revenue responsibility across customer class is important to 
a local government, moving away from a stormwater fee structure that 
charges flat fees to all customer classes would be advisable. 

Legal Implementation of the fees is legally justifiable.

Provenance 
neutrality 

The total water and sewage fees should not be changed after the 
introduction of a separate stormwater fee. But the distribution between 
the various fees is changing.

Behaviour 
change 

Incentives leading people to change their behaviour e.g. reducing 
stormwater runoff from their own property.

Polluter pays 
In environmental law, the polluter pays principle is enacted to make the 
party responsible for producing pollution by paying for the damage done 
to the natural environment.

Precautionary 
principle 

The precautionary principle is an approach to innovations with potential 
to cause harm when extensive scientific knowledge on the matter is 
lacking. 
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     Criteria are often associated with values, but they are not synonymous. Criteria may be 
applied to any number of different levels of experience. Values, on the other hand, are at the 
same logical level as beliefs. From this perspective, values are similar to what are called “core 
criteria”. Criteria can also be said to be a way of measuring the presence of a value. We have 
arrived at a conceptualization of values based on three propositions: (a) Values cannot be 
directly observed; (b) Values engage moral considerations; and (c) Values are conceptions 
of the desirable [17, p. 28] 

2.3  Barrier types 

In a comprehensive European study [18], seven types of barriers were identified, these are 
barriers that affect the ability to transfer policy to action in different ways. Barriers are also 
studied for spatial planning and policy integration [19], [20] and for climate change 
adaptation [21].  
     The barriers overlap to a certain extent and can therefore not be said to be mutually 
exclusive. 
     In 1991, economist Douglas North published an article entitled “Institutions” in the 
Journal of Economic Perspectives [22]. North defines institutions as “human-designed 
constraints that structure political, economic, and social interactions”. Restrictions, as 
described by North, are designed as formal rules (constitutions, laws, property rights) and 
informal restrictions (sanctions, taboos, customs, traditions, codes of conduct), which usually 
help maintain order and security within a market or society. Another way of explaining the 
concept is that institutions are established and stable patterns of behaviour that define, control 
and limit action. With North’s definition of institutions, we choose to classify all the barriers 
in Table 2, except the technological ones, as institutional barriers. The technological barriers, 
in this context, can be which parameters are to be included in the models and how accurate 
data are needed to calculate stormwater fees. 

3  METHODS AND DATA 
Research literature regarding stormwater fees has been found in various databases, available 
from the respective universities in which the authors are employed. Keywords in the literature 
search have been stormwater fee, stormwater taxation, stormwater funding. Alternatively, 
we have also combined the keywords financing and stormwater. The purpose of this study 
has also been to investigate barriers and opportunities which also have transfer value for the 
implementation of stormwater fees. We have also reviewed literature on local stormwater 
management and searched for articles which deal with barriers, success factors and enablers 
in general terms. Our inclusion criteria were peer-reviewed scientific articles from the last 
twenty years. We have read the articles that met these search criteria to find if they are of 
interest to our research on various principles for determining stormwater fees and if the 
articles are mentioning any barriers. After completing searches on these keywords, we have 
used “chain search” [23, p. 193] where we have studied additional literature mentioned in the 
articles’ reference lists. This means that you find relevant literature in that one text leads to 
the next. The method has its strength in that it leads from a good reference to another, and in 
this way, you can follow the development of the arguments through the literature search. The 
weakness of the method is that you may miss references to other understandings and 
disagreements in relation to the one you started the chain by. These articles that we find in 
chain searches, may also be older than the «primary articles», which means that we do not 
continue with chain searches if the articles are older than twenty years. Our selection criteria  
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Table 2:  Different barrier types and associated challenges. 

Barriers Policy formulation/design Policy implementation

Cultural 
Lack of acceptance and 
support from the public or 
affected actors

Lack of support from implementing 
actors. Low public acceptance 

Political 

Missing or unstable majority 
of interests in political 
choices. Internal tensions in 
key political parties

Political interference in the 
implementation phase. No political 
champion for stormwater fee policy 
making and implementation 

Legal/ 
regulatory 

Lack of or illegitimate legal 
basis for policy or action 
design 

Missing or illegitimate legal basis for 
implementation of measures. 
Developing a new legal framework 
takes time

Organisational 
Unclear and/or conflict-filled 
division of roles or 
cooperation between actors. 

Unclear placement of responsibilities, 
lack of capacity or conflict-filled 
areas of cooperation

Knowledge 

Unclear or conflict-filled 
perception of the connection 
between measures and goal 
achievement 

Lack of knowledge about methods of 
implementation. Underestimation of 
the extent to which a new legal 
framework would be needed 

Economic 
Lack of or insufficient funding 
for political choices or 
measures 

Lack of or insufficient financing of 
implementation despite formal 
commitments

Technological 
Lack of necessary or mature 
technology for action

Implemented technology is 
inadequate or inefficient 

 
also exclude all articles that are not written in English or Scandinavian languages. We have 
limited this review to articles from the last 20 years, with a few exemptions for articles that 
are characterised as “reference articles”. These are journal papers which are regarded of such 
great importance that we have included them. With these subjective inclusion and exclusion 
criteria, we have reduced the number of relevant articles for this literature study to 113. This 
literature has been carefully reviewed to identify if they are relevant to our research, and 
finally we ended with 56 references. 

4  RESULTS 

4.1  Calculation basis for stormwater fees found in the literature 

The equivalent residential housing unit [9]–[11], [13]–[16], [24]–[35] approach, uses the 
average impervious area of a property as a standard unit to determine the stormwater fee. 
Residential equivalent factor [10], [14], [29] calculates the average runoff volume for a 
selected stormwater event for properties with the same zone status (e.g., single dwelling), 
and all properties in this zone-category are charged the same fee. For the gross property area, 
a stormwater fee is imposed on the property’s gross area. This model assumes that the entire 
property contributes to run-off or that all properties are equally developed. The distributed 
transportation alternative [10], [13] considers the stormwater management of municipal roads 
and calculates the toll based on the average mileage for a specific user. The hydrologic 
alternative fee [10], [11], [36] is based on the characteristics of the individual property, such 
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as soil type, topography, impervious area, and requires detailed information about each plot. 
Incentive scheme is used to encourage residents to manage as much stormwater as possible 
on their own property [9], [12], [13], [32], [37]. To improve runoff quality [9], [25], to reduce 
the demand on the sewer infrastructure [37], to install LIDs [4], [9], [26] a discount scheme 
can be built in to compensate for this. In intensity of development [9], [14], [27], [35], [38] 
stormwater fee is usually very similar to the coefficient of runoff [35]. The gross area and the 
intensity of development methods assign factors for different land use types [31]. For the tier 
fee [29] fees are charged by classifying property plots in categories based on the rate of 
impervious area, land use purposes, etc. The flat fee is a funding mechanisms that charge a 
flat rate to users of a stormwater conveyance system [24], [29] and is based on the size of a 
property, and on the average stormwater burden their property type contributes [32]. Fee 
types that are easy to administer (e.g., flat fees) is not fully representing the stormwater 
contribution from the parcels [29]. The dual fee [24], [29] calculation method divides 
properties into residential or non-residential and burdens the classifications differently. For 
the water usage fee [29], [32] the fee level is according to the household water usage. Runoff 
volume and rates can be determined using a number of factors (usually the impervious area) 
[13]. The parcel area rates is based on the size of parcel [29]. The cap and trade [9], [15] 
evaluation is based on criteria quota trading with discharge limits for stormwater runoff. The 
municipality sets a limit for the discharge of stormwater on the main sewer system. The 
maximum permitted discharge is then distributed among residents. Quota trading is 
encouraged, where quotas give permission to release a certain amount of stormwater at the 
property level. For offset program [25] reimbursement of overpaid income tax that the 
landowner has paid in is set off against debt due for stormwater fee. The stormwater fee with 
fixed and variable component is a proposed method for taxation based on individual parcel 
assessment, described by Barton [36], Peterson et al. [39] and Godyń et al. [40]. For these 
models a fee specific for the property can be calculated through the combination of detailed 
land use maps, a hydrological model, estimates of current and expected costs of stormwater 
networks and treatment. For the Pigouvian instrument tax concept [12], [25], [33] one 
assumes that optimal tax on pollution should be a direct tax that corresponds to the marginal 
external damages caused by the pollution. Traditional “command-and-control” regulations 
set uniform standards for all sources, with the most common being technology- and 
performance-based standard. Command-and-control regulation sets specific limits for 
pollution emissions and/or mandates that specific pollution-control technologies that must be 
used [41]. Ad valorem tax [16], [21] is a tax whose amount is based on the value of a 
transaction of property. Funds are not dedicated and stormwater programs must compete with 
other programs for funding [32]. The parcel area fee is based on size of parcel. 
     Even though several of the articles reviewed discuss implementation challenges, we rarely 
find any discussions about which values, or barriers formed the basis for the model. Table 3 
shows the evaluation and the criteria that seem to be emphasized for the different models. 
Some models are very common, which we interpret as being easy to understand for residents, 
they are politically acceptable and easy to administer. Such simple models, on the other hand, 
are not quite fair or sufficient, as they have simplified calculations of the individual parcels 
in terms of infiltration properties and stormwater load.  

4.2  How to overcome the implementation barriers in a stormwater context 

When planning to introduce a fee for local stormwater management, barriers among decision-
makers, residents [52], [53] or the local administration may occur. Ngyen et al. [33, p. 157]  
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claims that “the close cooperation of various levels of government administration is a vital 
factor for successful implementation”. Many of the barriers are difficult to overcome because 
they are systemic and embedded within organizational cultures, practices and processes [54]. 
Griggs writes “How programs are financed, depends on their scales of operation, how they 
are organized, and on the community’s approach to taxation and use of fees. In a state with 
the enabling legislation and successful utilities in place, it makes sense to adopt stormwater 
fees if they are politically acceptable” [12].  
     Key success factors in implementing new policies and measures are described by 
Åkerman et al. [18]: Cultural barriers: Carefully prepare information and communication 
strategies. Political barriers: Having a project champion who is backing up the stormwater 
fee policy and manages to create legitimacy. A political leadership developing over time, 
with a network of policy makers and experts who is working intensively for successful policy 
implementation. Legal barriers: Having an existing legal framework that supports this kind 
of initiative. Organisational barriers: A clear pioneering spirit among key professionals 
involved in the preparations. Existing institutional framework with clear mandates, roles and 
responsibilities. Knowledge barriers: Preparatory work and expert knowledge exist and is 
easy to access and bring into the process. Economic barriers: Acceptable initial capital costs 
and financing. Technological barriers: Available technology that work well. 

5  DISCUSSION 
We have managed to identify eighteen principles for fee or tax determination in the reviewed 
literature.  
     When national laws refer to stormwater only as a pollution problem, the law is then 
probably based on the precautionary principle. If laws must be changed to allow the 
introduction of stormwater fees, i.e., stormwater is regarded as a quantity problem, then the 
law must be founded on the polluter pays principle. When municipalities emphasize the 
polluter pays principle, the calculation of the stormwater fee should ideally include the costs 
the stormwater run-off from each individual property potentially contributes to the 
surroundings. Furthermore, it should also include the costs this runoff will impose on the 
local authority working to prevent damages. The most common way of calculating the 
stormwater fee is to apply the equivalent residential unit model (ERU) where the fee is 
determined based on the proportion of permeable surfaces on each property. Basically, this 
is a fee for stormwater that occurs from sealed surfaces on the site, such as roofs, driveways 
etc. and from which the stormwater is led to the public stormwater system. In practice, it is 
hard to design a fee which is regarded as fair for all types of properties. To reduce the 
administrative costs and to make the fee easier to deal with, a fee which is scaled 
proportionally to the plot area has therefore been introduced. In Växjö in Sweden, the design 
of the fee is currently divided into three categories (detached houses, other buildings and 
plots without buildings) [44]. This could possibly challenge some landowners’ view on what 
can be accepted as fair. 
     Some municipalities have enacted the principle that despite the introduction of a new 
stormwater fee, the total amount of charges should remain unchanged.  
     Our research reveals that all the previously mentioned barriers are important for local 
municipalities to have in mind when implementing storm water fee at a local level. Which 
barriers that are the major obstacles during the process will vary a lot and requires detailed 
knowledge of local conditions. The organization of the water sector can be fragmented, in 
that various administrative units have shared responsibility for e.g., stormwater management 
from the built environment. For example, in the literature we have found that in some cities 
the Road Department is responsible for the stormwater management [10], while in other cities 
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this belongs to the Water and Sewerage Department. In addition to organizational barriers, 
we also find examples of financial barriers. This might be that the agencies responsible for 
stormwater management operate with insufficient budgets. To overcome these challenges the 
legislation must be changed so it provides the right to collect stormwater fees sufficient to 
cover the full cost of producing the services. For some landowners, the burden of a high 
stormwater fee may motivate them to set up preventive measures that can reduce the 
stormwater fee. This can be achieved by building more green infrastructure or reduce non-
permeable surfaces on their individual property [29]. This can then lead to some unintended 
consequences for the municipality. If high number of landowners install measures that 
infiltrate, delay and/or detain stormwater on their own property, and thus pay a reduced 
stormwater fee, then the monthly income of the municipality can be reduced so that the 
municipality must increase the fee rates for stormwater management [29]. This possibility of 
fee reduction gives local politicians another dilemma; what about those properties that do not 
have the opportunity to install any green stormwater measures? In dense urban areas, there 
will be little space available for new stormwater measures, except green roofs and walls on 
some buildings. At the same time, when much of the older urban development was approved 
for construction permits in earlier times, it was not relevant to set any additional requirements 
for stormwater management at the individual properties. It may seem unfair for these 
landowners to be imposed a maximum stormwater fee, since it is not possible to have 
mitigating measures on their own property. An additional dilemma is related to the fact that 
the types of fees that are easy to administer will not fully represent the stormwater 
contribution from the individual properties. A consequence of introducing a model that more 
accurately represents the stormwater load from each individual property, will inevitably be 
more administratively demanding, and contain a larger number of factors that might be 
difficult or costly to obtain. Stormwater fees have not only been introduced to finance 
necessary measures, or to cover costs. Using low impact development (LID) approach to site 
development and stormwater management, the basic principle is to use nature for better 
source control. This is accomplished through sequenced implementation of runoff prevention 
strategies, runoff mitigation strategies, and finally, treatment controls to remove pollutants. 
Wilkerson et al. [55] mentions “awareness barriers” and explains this by saying that LID is 
a relatively new practice that most households are unaware of. At the same time, it turns out 
that achieving a voluntary development of LID on existing city properties only through the 
use of information campaigns has little effect. The incentive scheme is not intended to only 
provide funding for necessary stormwater measures, but it should also lead to actions to 
reduce runoff. The use of incentives may give more attention to the topic, but at the same 
time the fee level must be of a certain size to lead to a change in behaviour. 
     In practice, some models discussed here are little in use, such as The cap and trade and 
hydrologic alternatives. The latter is based on characteristics associated with the individual 
property such as soil type, topography, impermeable surfaces, and requires very detailed 
information [11], [36]. The purpose of using a stormwater fee may vary. About a third of the 
EU’s territory is exposed to permanent or temporary water shortages. Thus, more sustainable 
water management can prevent water shortages. Rain water harvesting system can reduce 
water shortage during dry periods in arid regions, and a fee model that is linked to “water 
usage” may then be relevant [56]. Water consumption (and the fee level) can then be reduced 
by collecting rainwater and using it for example to cleaning, watering plants, and flushing 
toilets. 
     The Pigou instrument is a fee model based on payment for externalities. These are effects 
that you inflict on others that you do not include in your choices. An example that can be 
used, is when a property at the upper part of a catchment area cause flooding of the properties 
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below. The landowner who resides at the top, neither knows that his actions affect others, nor 
knows that stormwater from his property causes problems for others who live further down. 
Economic theory defines this as a negative externality. Pigou’s solution to the problem is to 
increase the private marginal cost by introducing a tax on pollution or inconvenience that the 
individual inflicts on others. At the same time, the environmental tax contributes to fulfilling 
a principle that polluters must pay, and the tax contributes to changing production and 
consumption patterns over time. Ad valorem tax is typically imposed at the time of a 
transaction, as in the case of a sales tax or value-added tax (VAT). Funds are not dedicated, 
and thus can be insufficient or erratic; stormwater programs must compete with other 
programs for funding. The taxpayer payments will in no way reflect stormwater burden, thus 
there is no incentive to modify actions [32]. 
     When a municipality is planning to introduce a differentiated fee model, stakeholders 
should be involved through participation processes to identify values and barriers. Technical, 
economic, and environmental aspects as well as local knowledge could then be included in 
the planning processes at an early stage. 

6  CONCLUSION 
In this study, our focus has been to identify differences between calculation models of 
stormwater fees. To answer the research questions, we studied how stormwater fees were 
calculated in eighteen countries. We have identified 18 different models, that describes the 
calculation of stormwater fees. Some of these models are simple and widely used and 
therefore assumed accepted by both the population and local politicians as an appropriate 
tool for calculating stormwater fees. More sophisticated models that requires more detailed 
data about each property can be regarded as fairer but are more demanding to install and run. 
The main intention of this study was to identify fee models developed on property level and 
barriers associated with the implementation of such models. However, this study also 
included some fee models that are based solely on economic principles and not on 
characteristics on individual property. When implementing stormwater fee there exists both 
technical and institutional barriers. For successful implementation these barriers are 
important to identify at an early stage. 
     In recent years, stormwater management has evolved from a site-specific, technical issue 
mainly handled by engineers and water professionals to be an interdisciplinary field including 
engineers, landscape architects, urban planners, and citizens. This entails decision-making 
across different norms, values and work-practices that sometimes be challenging. 
     When implementing stormwater fee, the fee must be comprehensible and fair to citizens. 
But at the same time, it must be reliable and easy to set up. Essential basis data for calculating 
the fee, e.g., property conditions, precipitation and investment costs should be simple to 
collect and maintain for municipalities. The model must also be possible to manage for 
smaller municipalities with limited time, human resources, and expertise. 
     If local authorities emphasize a model that can be regarded as fair and simple, a 
stormwater fee structure where the property owners pay a fee proportional to the plot area, 
should be chosen. To motivate citizens to reduce or delay rainwater from their own property, 
permeable surfaces, ponds etc. should be included in the model. The ERU-model can then be 
the starting point for developing a fee structure. Although the intention is to create the model 
as fair as possible, it will soon become difficult for the citizens to understand as well as 
complicated for professionals to maintain. If the main goal for the fee is to generate revenue 
to cover running costs and maintenance of the storm water system based on a simple model, 
flat fee is preferable. Furthermore, tier fee is an option if you still want to keep the model 
simple, but at the same time differentiate the payment from properties to some extent. 
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     In preparation for the introduction of stormwater fee, local politicians, municipal staff, 
and landowners should be involved at an early stage in order to map which values and barriers 
are important to emphasize when designing the fee model. 
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