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Abstract 
 
There is a demonstrated need to have the ability to verify the performance characteristics of 
stormwater control measures (SCMs), also known as best management practices (BMPs) and 
stormwater quality improvement devices (SQIDs).  In the US there have been a number of successful 
verification programs and a good number of failed programs over the past twenty years. 
When the need to verify an SCM is identified, typically through regulatory bodies and the product 
suppliers, the initial focus is on the development of a protocol.  Protocols describe data quality 
objectives (DQOs) such as analytical methods, sample numbers, statistical methods, storm event 
qualification criteria, etc. and method quality objectives such as quality assurance project plans 
(QAPPs), sample handling, data management and reporting. 
  
Another critical but often overlooked element is program management.  How do you establish a 
management framework that is fair, robust, sustainable, funded and recognized by regulatory bodies 
as a verification entity? 
   
This paper provides draws on past experience to provide insight on common elements of successful 
programs and pitfalls that increase the risk of failure. A new national multidisciplinary and multi 
organizational verification and certification framework is now being formed that will reduce costs and 
speed times to acceptance of SCM by agencies in the United States who administer stormwater 
management programs. 
  

1. INTRODUCTION 

 
Throughout the United States, billions of dollars of conventional landscape-based and manufactured 
stormwater controls measures (SCMs) are being installed to manage stormwater runoff quality, 
volume and peak flows.  In what is a heavily regulated and fragmented space, there is inadequate 
understanding the performance, operations and maintenance of these facilities.  
 
There is a demonstrated need to have the ability to verify the performance characteristics of SCMs, 
also known as best management practices (BMPs) and stormwater quality improvement devices 
(SQIDs) (Great Lakes, 2017).  In the US and other countries there have been a number of successful 
verification programs and a number of failed programs over the past twenty years (Lucke, 2017).  
 
When the need to verify an SCM is identified, typically through regulatory bodies and the product 
suppliers, the initial focus is on the development of a testing protocol.  Protocols describe data quality 
objectives (DQOs) such as analytical methods, sample numbers, statistical methods, storm event 
qualification criteria, etc., and method quality objectives (MQOs) such as Quality Assurance Project 
Plans (QAPPs), sample handling, data management and reporting.  
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Another critical but often overlooked element is program management.  How do you establish a 
management framework that is fair, robust, sustainable, funded and recognized by regulatory bodies 
as a reliable verification entity?   
 
This paper draws on past experience to provide insight on common elements of successful programs 
and pitfalls that increase the risk of failure. A new national multidisciplinary and multi organizational 
approach is now being formed that will reduce costs and speed times to acceptance of SCM for use in 
stormwater quality management in the United States. 
 

2. VERIFICATION AND CERTIFICATION 

There is an important distinction between the terms verification and certification.   Verification refers to 
a process by which a SCM is evaluated according to a specific protocol.  The end result is a report 
which is verified by a program.  This verification basically states that the information in the report is 
accurate and true and that the study was completed in accordance with the protocol.   Once 
complete, the verification report and verified data can then be used to gain a certification with a 
specific regulatory body. 
 
The verification report is used by the regulatory body to first determine that the technology can meet 
their water quality goals and work to satisfy their permit requirements.  For example, data may be 
collected to demonstrate that the technology can achieve removal of total suspended solids (TSS), 
total phosphorus (TP), or other pollutants such as heavy metals and nitrogen at a targeted efficiency.  
Once the regulatory body determines the verification meets their requirements, then a certification can 
be issued to allow the use of the technology within their jurisdiction. To ensure that future results are 
similar to those provided by the tested unit and to provide guidelines for use consistent with local 
program needs a certification typically includes conditions of use which may include: 
 

• Specific design criteria to allow the technology to operate as intended given regional 
hydrologic characteristics and site conditions 

• Possible land use restrictions 
• Operations and Maintenance criteria 
• Additional data collection and reporting requirements  

 
It is important to note that to gain a certification, the regulatory body needs some kind of program in 
place to provide the certification.  In the US, many agencies use reciprocity to simplify their program.  
Rather than reviewing a verification report and accompanying data they can simply accept another 
regulatory body’s certification as evidence of adequate performance. For example, the City of San 
Diego Stormwater Standards manual (Geosyntec, 2018) requires that innovative biofiltration systems 
be approved by the Washington State Department of Ecology. Or, an agency may require that data 
considered in their own certification process by verified by another agency.  For example, the New 
Jersey Department of Environmental Protection requires that SCM performance data be verified by 
the New Jersey Corporation for Advanced Technology (NJCAT) prior to consideration.  Even when 
reciprocating another regulatory body’s verification or certification, local hydrology and regulatory 
requirements still need to be considered and ideally a letter or statement would be issued by the local 
approving agency outlining the condition of use. 

3. PROTOCOLS 

There have been a number of established protocols for both laboratory and field testing, most of 
which have somewhat similar requirements for analytical methods, number of storms, percent storm 
coverage, antecedent conditions, hold times etc.  The protocol requirements are typically incorporated 
into a QAPP which describes all aspects of the experimental design, a test hypothesis, the SCM 
being tested, reporting requirements and identifies project stakeholders.   Protocols which have 
realized success are the Technical Assessment Product Evaluation (TAPE) protocol developed by the 
Washington State Department of Ecology (Ecology) (Ecology, 2011) and the NJCAT protocol for 
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laboratory testing (NJDEP, 2013).  Other sources of protocol and methods include the American 
Society of Testing and Materials (ASTM) Committee C27.70 for Stormwater Treatment (ASTM, 2009, 
2011, 2012). The American Society of Civil Engineers (ASCE) Environmental Water Resources 
Institute (EWRI) has also authored a guideline to the certification of manufactured treatment devices 
(EWRI, 2017) 
 
Protocols are typically developed by either a formal or ad-hoc committee composed of stakeholders, 
regulators and practitioners.  Early protocols were based on best engineering judgement without a lot 
of laboratory or field experience.  Once they were implemented, it became evident overtime that the 
methods and other aspects of the protocols required modification for a variety of reasons.  Sometimes 
modifications are necessary to close a loophole in the protocol which can give a SCM proponent an 
unfair advantage if exploited.  Sometimes testing or analytical methods are found to be impracticable 
or imprecise or new technologies emerge which require new testing methods.  It is common for 
regulatory targets to change or to become more stringent over time as well, which can require 
protocol changes. 
 
Hence, an important part of the program management process is to have a formal protocol 
development process in place, such as ASTM, to develop, change and modify protocols over time.    
 
What becomes problematic are a few factor: 
 

• Protocol development can be arduously slow and requires active engagement of all 
participants.  These committees are typical driven by volunteers and also need more 
practitioners who actually do the testing and understand the nuances of the procedures. 
Proactive management to continuously engage stakeholders in the process is a must. 

• The protocols are a cornerstone of the verification studies.  So significant deviation of the 
protocols may necessitate a retesting of new technology.   This can create a financial burden 
on the manufacturers doing the testing and create confusion in the market place. Clear 
guidelines for reverification/certification must be provided to allow the manufacturer to budget 
for retesting and to plan for new product development. 

• Having different protocols for different certification programs creates a major barrier to market 
entry for emerging technology. Programs such as STEPP are trying to consolidate methods 
and protocols to reduce costs and speed technology development 
(WEF,2014)(WE&RF,2016). 

4. PROGRAM MANAGEMENT 

Frequently there is a lot of effort which goes into the development of a protocol, only to find that there 
is not a lot of thought as to how the process of verification is to be managed and maintained over a 
period of time.  This becomes a major impediment to getting a program underway.  Once a program is 
established, then the next challenges are engaging with multiple jurisdictions in an effort to get them 
to accept the verification process with recognized protocols and to get them to establish certification 
programs to account for their specific needs and requirements. Some of the fundamental building 
blocks of the program include developing a structure, securing funding, maintaining the technological 
bar, and expanding and improving the program over time. 
 
Programs fail or never get off the ground for a number of reasons.  Examples include the USEPA 
Environmental Technology Program which was in progress but most likely because there were no 
certification programs at the time which recognized the ETV and hence no real incentive for the 
manufacturers to engage in the process.  Sampling methods and analytical standards were evolving 
at the time as well.  In particular, field testing illuminated some of the shortcomings of typical TSS 
testing procedures which tended to underrepresent bed load particles in captured samples and then 
to underreport their presence in test results as compared to Suspended Solids Concentration results 
for the same samples.  These issues caused some confusion about the reliability and comparability of 
the results. 
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In 2012, the State of Virginia established a protocol known as the Virginia Technology Assessment 
Protocol (VTAP) Stormwater BMP Clearing House but the protocol proved to be technically arduous 
and it was introduced at a time when the regulation of stormwater quality in the Commonwealth of 
Virginia was in political flux (Sample, 2012) 
 
The original TAPE program in the State of Washington was initiated in the late 1990’s and ran for 
nearly a decade before being suspended due to the lack of funding.  Supplemental funding by the 
State of Washington was allocated and the program was restored in 2011 with an updated protocol 
and governance structure.  It is now the most recognized field testing verification and certification 
program in the US. 
 
Stormwater Australia (SA) has developed a new protocol (SQUIDEP) (SA 2016) which could be used 
on a national basis but has yet to complete the details of how to manage the process.  Participants 
are still working on this but facing the same issues as other emerging processes move involving the 
management of the process vs the creation of a recognized protocol. 
 
The NJCAT program stemmed from the Technology Acceptance Reciprocity Partnership (TARP),  
TARP (https://www.njstormwater.org/docs/tarp_stormwater_protocol.pdf)  was a multistate/multiphase 
program which had two tiers.  The first tier was lab and unverified field data used to gain a conditional 
approval.  The condition of the approval was concurrent field test according to the TARP protocol. A 
successful verification demonstrating the technology met the State’s requirements resulted in a final 
certification of the technology.  This program transitioned into today’s NJCAT program which is solely 
laboratory testing. 

4.1. Developing a Structure 
An overall framework and structure needs to be developed for a successful program.  All of the 
existing programs have favorable elements but could also benefit from improvement, especially if they 
are expended to a national scale.  The basic elements of a structure include: 
 

• Central program management institution 
• Formalized process for the development and revision of protocols and methods 
• Training component 
• Technical resources for reviews of QAPPs and reports 
• Stakeholder engagement 
• Technical resources to provide guidelines, testing services, and independent review and 

report writing. 
• Data management and communications standards 

 
There is probably no one organization which encompasses all of the skill sets but rather effective 
program management requires an effort by multidisciplinary organizations.  This is a current goal of 
the STEPP program in the US. 

4.2. Funding 
 
Funding is required to support a sustainable program.  Funding provides for program management, 
review consultants, web administration, publications and periodic travel.  Though most stakeholders 
recognize the value of having recognized verification and certification programs for SCMs, obtaining 
funding is difficult.  The value propositions for the stake holders are: 
 

• Developer (public and private sector): Approved SCMs which can collectively save hundreds 
of millions of dollars in both direct costs and opportunity costs. 

• Manufacturer: Increased agency acceptance due to improved confidence in performance and 
operational feasibility of individual verified technologies and of the manufactured SCM 
industry as a whole. Clear articulation of performance standards and verification processes 
which gives clear product development targets and safeguards against a downward spiral of 
system sizing and performances claim construction.  Ability to differentiate between properly 
vetted and unproven technologies. 

https://www.njstormwater.org/docs/tarp_stormwater_protocol.pdf
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• Regulator:   Reduced administrative costs of managing separate programs and a level of 
confidence that SCMs will function as intended.  Lower risk of becoming embroiled in 
controversy as disparate SCM performance claims are evaluated.  Significant savings in long 
term operations and maintenance and confidence that permit conditions are being satisfied.  

• The Environment: Environmental benefits gained can be a huge from a Triple Bottom Line 
perspective.  Meeting water quality goals helps improve the receiving water quality which 
benefits all stake holders and promotes a healthier aquatic environment. 
 

Other benefits include offsetting future environmental cleanup costs.  For example Trash Total 
Maximum Daily Loads (TMDLs) in coastal California mandate 100% removal of particles greater than 
5 mm prior to discharging to natural receiving waters (Wu, 2010).  This reduces the long term cleanup 
costs of beach debris and ultimately plastics accumulating in the ocean. 
 
The “do nothing option” (WEF, 2014) provides the consequences of not having a program including 
the “blind acceptance risks spending public dollars on under-performing SCMs, while rejection stifles 
the use of new, potentially innovative and highly effective practices”. 

 
Given these benefits, one would think that obtaining funding would be easy, however it is probably the 
biggest hurdle to developing and maintaining a successful program.  Sources of funding include: 
 

• Pay to play by the manufacturers.  Both NJCAT and the TAPE programs charge for 
evaluations. 

• Grants from government institutions.  The State of Washington partially funds the TAPE 
program.  The EPA funded reports by WEF (WEF, 2014) 

• Grants from NGO organizations.  The Great Lakes Commission funded studies and helped 
create a new program which is working in collaboration with the STEPP program (Great 
Lakes, 2017).  The Interstate Technology Regulatory Council (ITRC) received funding to look 
at training and BMP performance evaluation (ITRC, 2018) 

• Revenues from training workshops or webinars  
• Fees from programmatic subscribers such as permitees 
• Fees from stormwater utilities.  Many utilities are being created and getting a portion of these 

to verify SCM, O&M, etc. makes economic sense 
• Fees paid by a manufacturers association such as SWEMA, the Stormwater Equipment 

Manufacturers Association (SWEMA, 2018) could be an option provided there is a clear 
benefit. 

 
Experience indicates that at the very least, seed capital is needed to get a program started, with some 
programs spending on the order of $300K USD for the first year.  Fees paid by manufacturers range 
from $10K to $20K but are not really sufficient to sustain verification programs.    If the program 
involves multiple jurisdictions, then some kind of fee structure to participate and to get technical 
training on verification and certification processes should be an attractive model as it is more cost 
effective for the participants as compared to “going it alone”. 
 
Regardless of the funding source, successful long-term program management requires a financial 
business plan to insure sustainability. 

4.3. Allow for Governance with Fair and Equitable Technology Review. 
Each successful program has elements which help contribute to its success.  Many of these elements 
are borne from learning from past successes and failures.  For example the process used by NJCAT 
allows for peer review of technical reports by other manufacturers.  At first this seemed to invite a 
firestorm but time has proven that this process has been professional and provides strong technical 
review.  Comments are then responded to and either explained or corrected.  In the event of a 
dispute, the question is then adjudicated by a third party professional. 
 
It is best to have a governing board composed of a group of stake holders.  Governing board 
members my include representatives from industry, local or state (provincial) government, national 
regulatory bodies, standards associations, financial and legal professionals, and the academic or 
technology development community.  Responsibilities of the board can include: 
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• Oversight of fiscal operation 
• Insurance of fair and impartial processes 
• Manage any grievances 
• Working to promote and grow the process to gain more recognition and expanded 

capabilities 
 

4.4. Maintaining Program Integrity 
One primary object of any program is to set a performance bar and develop a protocol and process to 
insure that bar is met by all technologies.  However, experience has shown that both program 
management and setting the bar tend to be entropic.  Incremental deviations from protocols and best 
judgement can lead to a long term programmatic degradation 
 
For example, in early programs, the technical reviewers were volunteers.  Early submissions were 
heavily scrutinized and vetted while later submissions had a tendency to gain acceptance much 
easier.  As volunteers the continued demand for they time without compensation lead to less critical 
review and sometimes, no review at all.  
 
Keeping in mind that certifications are done regulatory bodies which are principally public entities 
involved with civil works management.  The certification of a technology can mean that both public 
and private development may use a technology although in some cases a technology may be 
approved for privately owned and maintained facilities only.  In either case, what can be problematic 
is that having only one technology certified can lead to issues of sole sourcing, which is typically 
avoided, especially with public sector work.   
 
The consequence of this is a pressure to certify additional technologies which may or sometime may 
not meet all of the criteria established for the certification.   This process can lead to a degradation to 
the integrity of the program as once standards are lowered to gain additional technology they cannot 
be raised again.   
 
Also, once a technology is certified, there should be a clear process whereby that certification could 
be modified if the technology does not continue to meet the certification criteria or conditions, or if the 
certification criteria change. 
 
In addition, the pressure on program managers can be significant from the manufacturers in their 
effort to gain approvals and sell additional products.    This process can sometimes lead to 
communication breakdown between the program managers and the manufacturers which can 
ultimately lead to complete cessation or breakdown of a program.  To help avoid these issue the 
program needs to: 
 

• Hold the bar for reviewing and approving the technology 
• Have a formal communication process in place and a grievance process 
• Have a degree of follow up to insure design and installations are in compliance with the 

certification 
• Insure reviewers maintain a high level of independence and are compensated for their work 

4.5. Managing Change 
Change is one of the biggest challenges of managing and maintaining a program.  There are a 
number of different change agents including technical changes in analysis, programmatic changes 
resulting from learning feedback,  protocol modifications as more experience  reveals holes and 
“easier said than done” issues from practitioners.  Additionally, due to innovation in research and 
development programs, technology is constantly changing and stormwater quality regulations tend to 
become more stringent over time. 
 
What becomes difficult is making a decision as to when require a technology to retest given any one 
of the factors above.  It is important to recognize that as a market matures the need for verifications 
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and testing increase.  As with other technology develop for example, automobiles, building codes, 
pharmaceuticals, etc.  In early stages of development there were no verification or testing 
requirements for stormwater treatment technologies, which had little test data and worked with 
regulatory bodies to gain a few installations.  As demand for the products grew, regulatory bodies 
began to ask for more stringent data and protocols.  These test requirements are costly and time 
consuming but the emerging companies effectively bootstrapped into the market. 
 
Today the market is much larger and the risk of using an unverified technology is much higher than 
early market development.  So today, new technology needs much higher levels of capitalization 
which has led to market consolidation by larger, well-funded companies. 
 
However innovation continues as the larger manufacturers continue to innovate, small entrepreneurs 
get acquired or an occasional well capitalized startup, such as Tesla for example, can provide 
breakthrough and disruptive technology.  Either way, the testing need to be done.  The TAPE 
program does have a conditional use designation which is a pathway to allow new technology without 
the risk of having too many deployed without verification. 
 
For stormwater MTDs one may think, that they are simple and all of the testing is not needed, but 
consider the design lifespan of these devices in the civil environment which can range from 30 to 50 
years.  The consequence of unverified technology can be of significant cost and environmental 
impact. 
 
What may be surprising to some, is that the major markets for MTDs is in the most highly regulated 
areas.  So from one perspective, rather than being a hindrance to business and development, these 
programs help foster and grow business and ultimately drive innovation. 
 
Therefore, there needs to be well defined criteria that would trigger the need to retest.   Some of these 
criteria are: 
 

• Protocol changes, especially to close loopholes that result in an undue advantage for a 
particular technology 

• Significant changes in system design or geometry.  Including: 
o Different filtration media or filter characteristics 
o Different criteria for pollutant parameters such a particle size distribution 
o Changes in design hydraulics including head loss and flow rates/flux 

• New and emerging pollutants or differing treatment requirements 
• New manufacturer of an out of patent device. Even though a technology from a new company 

may be promoted as being the “same” as the original product by the original company, it is 
important to test to evaluate the impact of different design, production and installation 
processes. 

4.6. Training and Recognition 
For a verification program to be successful it needs a degree of recognition by a regulatory authority 
such as the US EPA but also needs recognition by a series of regulatory bodies who will actually 
implement certification programs to allow for the use and sale of these products within their 
jurisdiction.  This is the “carrot” need to drive funding from a number of different sources. 
 
What is problematic to this, is that many regulatory authorities do not have the skills, budget or 
resources to put a certification program in place.  Therefore, it is important to have a training 
component with the verification program to provide the guidance and training needed to implement 
certification processes in what could be thousands of jurisdictions across the US. 

5. MOVING AHEAD 

There are a number of ongoing and emerging programs around the globe including the ETV process 
in Canada, the Stormwater Australia SQUIDEP and an emerging program in New Zealand (Lucke 
2017). Of these programs, the STEPP program, currently under the purview of the Water Environment 
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Federation Stormwater Institute, is leading the effort to address these long term program 
management issues (http://wefstormwaterinstitute.org/). 

5.1. STEPP 
The Stormwater Testing and Evaluation for Products and Practice (STEPP) program is seeking to 
build an organizational consortium of existing programs and select national organizations, each of 
which manages part of the process. STEPPs goal is to “improve water quality by accelerating the 
implementation and adoption of innovative stormwater management technologies by removing current 
barriers to innovation, creating regulatory confidence, minimizing duplicative performance evaluation 
efforts, and establishing a common framework for testing and evaluating both public domain and 
proprietary stormwater control measures”. 
 
STEPP is exploring a new approach by tapping into a consortium of national organizations and 
existing successful programs. This concept is using the best of these organizations and not 
reinventing the wheel for these processes.  The one factor which is still unknown is the overall 
management of the process in terms of who will own it and what the funding model looks like. 
 
Clearly this is a greatly expanded approach over existing programs but promises to establish a 
sustainable model for SCM verifications. 

5.2. Operations and Maintenance (O&M) 
 
One critical element of verification and certification is understanding the O&M needs of stormwater 
facilities.  A recent, and also upcoming, national conference (www.omswconference.org) revealed that 
municipalities are just now really beginning to incorporate O&M of SCMs into their asset management 
programs.  More information on O&M costs and methods is needed to drive SCM decision making to 
maximize the benefits of our current stormwater expenditures long into the future. 
 
To date there are no established protocols to verify system longevity in the field or to assess true 
operational costs.   NJCAT has a lab procedure to characterize scour for hydrodynamic separators 
and solids loading for filters. 
Though the protocol does provide an apples to apples comparison for silica loading, it does not 
account for impacts by bio films and bio fouling which can yield very different results in the field.   
 
The State of Oregon Department of Transportation (ODOT) has established a facility for the purpose 
SCM performance testing and long term load capacity assessment using real stormwater runoff 
(Lenth, 2017).  This promises to yield a much better characterization of system longevity. 
 

• A high priority for any national program needs to be characterization of O&M costs 

5.3. New Technology and Pollutants 
Despite the efforts that have been put into verification and protocols for almost twenty years only the 
surface has been scratched not only technologically but programmatically as well.  The principal focus 
has been on the percent removal of TSS with some programs looking at total phosphorus (TP), 
nitrogen (TN), and some metals.   
 
Different methods of analysis over and above a simple percent removal are slow to be adopted 
because simple percent removal is what is “in the books” as a performance goal.  Alternate methods 
such as BMP performance expectation functions are being adopted in some jurisdictions (Lenhart, 
2007) 
 
Emerging contaminants such as bacteria, polycyclic aromatic hydrocarbons (PAHs), endocrine 
disrupters, microbeads, pharmaceuticals and temperature are but a few pollutants being looked at. 
Undoubtedly new technology will be developed to address these pollutants over time.    
 

http://wefstormwaterinstitute.org/
http://www.omswconference.org/
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There may also be changes in how we regulate pollutants as more data are collected and runoff 
characterization is better understood on both a regional and land use basis.  For example, recent 
research by Lucke (Lucke, 2017) indicates that event mean concentrations of TSS, TN and TP for 
highly impervious sites may be less than has been used in existing models using historical data. 
 
Verification protocols for existing technology such as green roofs, permeable pavements, engineered 
media in bio retention system, etc. need to be developed and implemented as well. 

5.4. Integration into regional modeling systems 
 
One major issue with having a national level protocol and verification program is the “portability” of 
different performance measures.   For example, PSD in runoff can vary from one geographic region to 
the next, and regulators may disagree on what a standard PSD is for both laboratory and field testing 
protocols.  Different climate zones with have significant variations on the presence of organic matter 
or biological activity associated with bio fouling and bio films, especially with filtration systems. 
Different hydrologic regimes may not be too problematic as storm volume, intensity and flows are part 
of the sizing and design process rather than a pollutant parameter and therefore are dealt with at the 
certification level.   
 
Some efforts have been made to explore the idea that modeling such as calibrated CFD (Spelman, 
2018) can provide portability from one region to the next. The results are encouraging, but perhaps 
the logistical and regulatory hurdles make this approach very difficult. 
 
Another benefit verifications will provide the ability and confidence to incorporate the SCM 
performance into recognized models such as SWMM.   In some hydraulics and hydrology models 
such as MUSIC and WINSLAMM, a number of verified technologies have been incorporated a 
modules for use in water quality modeling and system design.  
 
The State of Washington has also certified a number of regional test facilities that are operated by 
Universities or other government institutions. 
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7. CONCLUSIONS 

The establishment of a strong, well-funded verification program is needed to grow emerging 
technologies, meet our environmental goals and satisfy the jurisdiction permit requirements. 
 
There are a number of success stories and learning stories to be told, but without having a program in 
place, the end result can poor functional technology, or no technology to fit the need of managing 
water quality in the urbanized environment or applications which conventional technology is cost 
prohibitive or not practicable.  
 
Having a good program in place actually grows a market for innovation, but market maturity has led to 
consolidation of businesses and higher costs to enter and participate in the market. 
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