Strategies to overcome barriers and to effectively achieve sustainable urban stormwater management: A review
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Abstract
[bookmark: _GoBack]Sustainable urban stormwater management (SUSM) is essential to urban sustainability. However, barriers to adopting it are observed even in places where SUSM is more widespread.  Recent studies have evaluated strategies for overcoming some types of barriers. However, any study has systematically analyzed the strategies available for overcoming the most common barriers, contributing to widely adopting SUSM. Thus, this article aimed to provide a literature review on these strategies. Sixty-six documents were evaluated, resulting in eight solution strategies, detailed by 81 implementation measures, which were critically analyzed. The interrelationships among the solution strategies and their applicability to overcome the SUSM-related barriers were evaluated. This analysis showed that the solution strategies are interdependent, so it would be inefficient to adopt the strategies in isolation. On the other hand, adopting a strategy can help overcome several barriers, also enhancing other strategies, and consequently contributing to the global scenario of effective SUSM adoption. The availability of this systematized information helps break through common barriers and optimizing efforts to adopt SUSM where it is incipient. 
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1. Introduction
Sustainable urban stormwater management (SUSM) is a comprehensive and integrated approach to manage urban water, which addresses not only traditional sanitary aspects, but also environmental and quality of life issues (Fletcher et al. 2015). There are several concepts related to SUSM, such as compensatory techniques, alternative techniques, best management practices (BMP), integrated urban water management (IUWM), sustainable urban water management (SUWM), low impact urban design and development (LIUDD), low impact development (LID), water sensitive urban design (WSUD), green infrastructure (GI), and the sustainable urban drainage system (SUDS). This approach has several benefits when compared to conventional urban drainage (Ballard et al. 2015), however it has not yet been adopted worldwide.
The paradigm shift from conventional urban drainage to SUSM faces several barriers, which have already been observed in some places where SUSM is more widespread. Vasconcelos et al. (2020) carried out a literature review of the barriers to widely adopting SUSM. These barriers have several sources, such as local government issues, strategic vision, laws and regulations, financial resources, community engagement and urban drainage knowledge.
Guidance on SUSM adoption can be found in guidelines, e.g. from Maryland (Chesapeake Bay Foundation 2004) in the US, as well as from the UK (Ballard et al. 2015). Moreover, there are some studies that discuss overcoming some barrier types, especially related to technical aspects and governance (e.g., Petrucci et al. 2013; Sage et al. 2015; Dhakal and Chevalier 2017; Qiao et al. 2018). However, they do not embrace a broad, updated and integrated view of the existing strategies to overcome the common barriers to SUSM from various types of barriers. The barriers are interrelated and, therefore, their solution strategies must also be integrated to have greater chances of being successfully adopted (Brown and Farrelly 2009). Compiling this information is important both for countries that are more advanced in SUSM to overcome their barriers, as well as for countries that are beginning their transition, enabling them to learn from the other places experience and optimize their efforts.
In this context, this article aimed to fill a gap of integrated and updated information on strategies for overcoming barriers and effectively implementing SUSM. Thus, the specific objectives of the paper were: to develop strategies to overcome barriers and implement SUSM based on a literature review; to critically analyze these strategies; and to evaluate the interrelationship among the strategies and their applicability to overcome the SUSM-related barriers. 

2. Methods
The research consisted of a literature review on the existing strategies for adopting SUSM that have the potential to collaborate with overcoming SUSM-related barriers. A flowchart showing the methodology is illustrated in Figure 1.
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Fig. 1 Flowchart showing methodology
The literature search was carried out in the Web of Science and Google Scholar databases in the first semester of 2019. The following keywords were searched: sustainable stormwater management, compensatory techniques, alternative techniques, BMP, source control, stormwater control measures, IUWM, SUWM, LIUDD, LID, WSUD, GI, SUDS, sustainable drainage, water, and urban. Variations in word spelling were considered (e.g., stormwater, storm water, and storm-water) and also combinations between the terms, aiming to refine the results. The documents’ reference lists and those that cited them were also evaluated, aiming to identify any relevant documents that were not found in the searches. Thus, 133 documents were pre-selected.
The selected documents included articles from peer-reviewed scientific journals, official documents, such as legislation and manuals, critical reviews of these documents, and academic theses. After reading their abstracts and conclusions, 66 documents were selected to compose this literature review. For each selected document, the following items were identified: location of the study; if SUSM-related barriers were analyzed; for which barriers it presented solutions (among the 31 identified by Vasconcelos et al. (2020)); the proposed solutions; if the proposed solutions have already been applied; if the solutions have already been applied, what results have been obtained. The broader solutions were called solution strategies. The details of how to implement them, based on the ideas found in the literature review, resulted in the implementation measures. The strategies were ordered in a potential implementation sequence, based on sectorial studies (Roy et al. 2008; McManus 2009). The solution strategies and their respective implementation measures were described and discussed to provide information to support adopting them in other locations. Then, each solution strategy was related to the others and to the barriers that could be overcome by adopting it, based on the information presented throughout the discussion.

3. Strategies for SUSM adoption and overcoming barriers
The literature review enabled us to identify eight solution strategies and 81 implementation measures, which were summarized in Table 1 and discussed in the following sections. The strategies were presented in a potential order of implementation. 
Table 1 Solution strategies and their implementation measures (to be continued)
	Strategy 1. Information generation

	 
	1.1. Knowledge of existing system

	
	
	1.1.1. Registration of existing structures

	
	
	1.1.2. Monitoring

	
	1.2. Research and availability of local and reliable knowledge about SUSM

	
	
	1.2.1. Cost and benefit research

	
	
	1.2.2. Long-term performance research

	
	
	1.2.3. Maintenance research

	
	1.3 Pilot projects

	
	
	1.3.1. Adoption of SUSM strategies in public buildings

	
	
	1.3.2. Adaptative management

	Strategy 2. Capacity building

	 
	2.1. Comprise SUSM in higher education courses

	
	2.2. Technical training for SUSM

	
	2.3. Institutional teams trained for SUSM

	
	
	2.3.1. Drainage expert in the municipality’s drainage sector

	
	
	2.3.2. Multidisciplinary professional teams

	
	
	2.3.3. External support to small town teams

	Strategy 3. Decision support tools

	 
	3.1. Sustainability indicators for urban stormwater management

	
	3.2. Catchment scale modeling

	
	3.3. Assessment of the suitability of each space for SUSM

	
	3.4. Dialogue among the stakeholders

	
	
	3.4.1. Community participation in SUSM initiative selection

	
	
	3.4.2. Consideration of developers' needs for SUSM adoption

	
	
	3.4.3. Open co-governance

	Strategy 4. Technical guidelines

	 
	4.1. Urban Drainage Manual comprising SUSM

	
	
	4.1.1. Clearly establish the SUSM objectives 

	
	4.2. Runoff quality control

	
	
	4.2.1. Retention of frequent rain

	
	4.3. Runoff quantity control

	
	
	4.3.1. Preservation of pre-development flow

	
	
	4.3.2. Vegetation recovery in strategic areas

	
	4.4. Maintenance routine

	
	4.5. Optimization

	
	
	4.5.1. Take into account ease of maintenance in the design criteria

	
	
	4.5.2. Consider safety, aesthetics and city integration in the project phase

	
	4.6. Overview

	
	
	4.6.1. Integrated approach (considering hydraulic, hydrological, environmental, sanitary, landscape, and other aspects)

	
	
	4.6.2. River renaturalization

	
	
	4.6.3. Predict, in the design phase, the possibility of failure and design redundancy for the most sensitive structures – those with the greatest potential of impact in a failure event





Table 1 Solution strategies and their implementation measures (continued)
	Strategy 5. Legislation 

	 
	5.1. Implement existing laws

	
	
	5.1.1. Proper regulation to implement the laws

	
	
	5.1.2. Regulation based on hydrological criteria

	
	5.2. Incorporate SUSM into existing relevant laws

	
	
	5.2.1. Review existing legislation to dismiss conflicts regarding SUSM adoption

	
	
	5.2.2. Urban drainage manual that includes SUSM linked to the master plans

	
	5.3. Laws that require SUSM adoption and preservation of pre-development hydrological conditions in new development and renovations

	
	
	5.3.1. Legislation should be flexible to allow simple projects that address ecological processes and stakeholders’ interests 

	
	
	5.3.2. Address local government specificities regarding SUSM device’s design and maintenance

	
	
	5.3.3. Require SUSM in renovations

	
	
	5.3.4. Ensure long-term policies

	
	
	5.3.5. Ensure fair liability sharing between runoff generators

	
	5.4. Integration between legislation and investment program

	
	
	5.4.1. Stable long-term fund source

	
	5.5. Urban stormwater management integrated to urban planning and in catchment scale

	
	
	5.5.1. Avoid impact propagation downstream at the municipal level

	
	
	
	5.5.1.1. Drainage district (intersection between municipality and catchment boundaries) aiming at integrated catchment management

	
	
	
	5.5.1.2. Use of hydrological modeling for integrated planning

	
	
	5.5.2. Land use regulation that ensures SUSM adoption

	
	
	
	5.5.2.1. Planning green areas

	
	
	
	5.5.2.2. City development based on hydrological criteria

	
	
	
	5.5.2.3. Integrating rainwater and other urban sectors

	
	
	5.5.3. Integrated management at different government levels

	
	5.6. Maintenance planning and support

	
	
	5.6.1. Maintenance and inspection plan, ensuring the owners’ responsibility of keeping devices working well and the public authority’s permission to inspect them

	
	
	5.6.2. Maintenance support program, providing information, reminders and instructions

	
	5.7. Incentives for SUSM adoption, followed by obligatoriness

	
	
	5.7.1. Economic incentives

	
	
	5.7.2. Awards and recognition programs

	Strategy 6. Community engagement

	 
	6.1. Survey on public attitudes about stormwater management and on existing SUSM structures 

	
	6.2. Education and awareness about SUSM programs to the population

	
	
	6.2.1. Empower the community to be included in the decision making process

	
	
	6.2.2. Empower the community to inspect the SUSM devices

	
	6.3. Propagation of SUSM

	
	6.4. Multifunctional structures

	
	
	6.4.1. Embrace the needs of several sectors

	Strategy 7. Financing

	 
	7.1. Fees and taxes

	
	7.2. Municipal fund resources

	
	7.3. Financial resources provided by federal and state governments to regional agencies responsible for infrastructure and sanitation

	
	7.4. Public financing mechanisms, through loans from development banks

	
	7.5. Private financing, e.g. from companies to which SUSM adoption is important for the success of their activities

	Strategy 8. Inspection

	 
	8.1. Punishment for violating SUSM strategies




3.1. Strategy 1: Information generation
SUSM implementation depends on knowledge about the current drainage conditions and the existing SUSM structures, applied to the local context (Subramanian 2016). Thus, it is important to have a register of existing drainage systems (Subramanian 2016) and to monitor their behavior (Li et al. 2017). 
Local and reliable knowledge about SUSM is also essential to be widely adopted. Therefore, this research field must be fostered (Qiao et al 2018). It should focus on developing broad (national) and specific (local) guidelines for the design, construction and maintenance of SUSM structures (Dhakal and Chevalier 2017) in the local language (Brazil 2005). A good example of this type of material is The SuDS Manual, from the UK, which includes technical details for different devices for the local context (Ballard et al. 2015). Creating a regional agency for research and education – for professional stakeholders and population – can collaborate with these objectives (Dhakal and Chevalier 2017). 
Besides the guidelines, the barriers presented by Vasconcelos et al. (2020) point to the need of researching costs and benefits, long-term performance and maintenance. These data are essential to justify the SUSM adoption and are scarce for many contexts. For example, it is believed that SUSM costs less in the long term than conventional drainage (US EPA 2008a; Chang et al. 2018), but not having data regarding the costs, it is difficult to verify. There are studies, such as those by Forgiarini (2010), Lengler (2012), Lisbôa et al. (2012), and Zhang et al. (2015), which present some BMP costs data. A publication by the UK’s environmental agency provides a large database of costs for this country (Keating et al. 2015). 
Computational modeling can be used to simulate the long-term performance (Li et al. 2017), but the ideal would be to collect real information, based on monitoring activities. Long-term performance and proper maintenance are directly related. A US environmental agency document presents a study on water quality control in BMPs over time (Tetra Tech, Inc. 2010). Studies from the Chesapeake Bay Foundation (2004), Lim and Lu (2016), and Mehring and Bridgeman (2019) provide some information on the necessary maintenance.  
Pilot projects are also very useful tools for generating information about incipient technologies. They still help to approach the community (technique and population) to these iniciatives and, therefore can significantly enhance the SUSM adoption process (Van Roon et al. 2005; Cruz et al. 2007; Buehler et al. 2011). Because SUSM is still under explored in some places and surrounded by uncertainties, public policies can be adopted to encourage experimentation and support possible failures (Farrelly and Brown 2011). As a starting point, SUSM strategies could be adopted in public buildings (Cruz et al. 2007; Bitting and Kloss 2008; Chang et al. 2018) or in local government projects (McManus 2009). Chaffin et al. (2016) propose adopting a strategy called adaptative management, which includes the adoption of monitored demonstration projects and the implementation of broader projects in stages, with incremental local learning. It would help to overcome several barriers related to SUSM adoption. Overall, it can be observed that generating local information and knowing the existing drainage system is essential for progress in SUSM and supports the proper planning.

3.2. Strategy 2: Capacity building
In conjunction with the information needed to safely and effectively adopt SUSM, technical professionals (institutional and private) must be trained (Brown and Farrelly 2009; McManus 2009). SUSM should be included in higher education courses (Van Roon et al. 2005). Furthermore, entrepreneurs, designers, constructors, maintenance teams, and drainage system managers must be properly trained (Cruz et al. 2007; Heal et al. 2009). The training program could be based on the local barriers (Brown and Farrelly 2009) and be promoted through workshops (Roy et al. 2008) or courses that lead to certification (Lim and Lu 2016). 
At the institutional level, capacity building should consider the organizational structure. Inter-sectorial training should be promoted (Brown and Farrelly 2009), covering technical, political, and institutional skills related to SUSM's daily life. A multidisciplinary institutional team (Van Roon et al. 2005) with a drainage specialist in the sector responsible for implementing SUSM (Cruz et al. 2007) is also important. In the case of small cities, a regional team can be structured for their support, so that they are assisted by trained professionals, despite their small technical team (Parkinson et al. 2003). Training should be planned at all levels, as it is necessary and different for the various stakeholders, such as designers, maintenance workers, and managers, who need political and institutional skills. 

3.3. Strategy 3: Decision support tools
Technical support for decision-making is required for effective SUSM implementation. It is provided by decision support tools and could help local governments in planning and developing their SUSM projects (Subramanian 2016). It could consist of a framework with tools and guidelines to support the planning of new development (McManus 2009). Thus, an example of a decision support tool would be the sustainability indicators for urban stormwater management (Silva 2016). 
The tool must also consider the local characteristics, such as its physical restrictions, current use, and the area’s inclination (Galderisi and Treccozzi 2017). Some drainage manuals present suitability matrices from different SUSM structures that serve as decision support tools, such as the São Paulo (São Paulo 2012) and Curitiba (SUDERHSA and CH2M Hill 2002) manuals in Brazil. Using available spaces should also be considered, such as vacant areas (Qiao et al. 2018), and the adoption of SUSM in multifunctional public infrastructures, without changing their original function (Ballard et al. 2015). Combining the use of existing spaces with their skills, the US Green Infrastructure Municipal Handbook (US EPA 2008b) indicates that as streets are the main sources of diffuse pollution in urban areas and they have great potential for adopting green infrastructure, one should take advantage of this potential and adopt SUSM in these locations to mitigate impacts at the source.  In addition, vegetation and the narrowing of streets result in many benefits for the population (Van Roon et al. 2005). 
The dialogue between the stakeholders, directly or indirectly involved in the urban stormwater management, is essential to implement SUSM successfully. Therefore, it must also be used as a support tool in the decision-making process. Hence, functional communication mechanisms at each level of governance and also with other stakeholders should be established (Dhakal and Chevalier 2017). The community must actively participate in choosing measures to be adopted (Van Roon et al. 2005; Ballard et al. 2015), which may increase the approval and engagement. One way of putting this into practice, which has already been shown to be ineffective, is through participatory budgeting (Parkinson et al. 2003). 
Participation can increase the active involvement of the community, including the financing of structures and the possibility of using private land to implement SUSM (Qiao et al. 2018). It would also enhance the fair division of responsibilities (Costa Junior and Barbassa 2006; Ballard et al. 2015). The needs of developers must also be considered (McManus 2009). As an integrated solution for all these aspects, Qiao et al. (2018) propose a form of governance called open co-governance which is based on dialogue and active participation of different stakeholders, and would be more suitable for the effective implementation of SUSM. In this scenario, researchers would mediate communication between public and private sectors, acting as knowledge brokers. This measure would be very comprehensive with regard to overcoming SUSM-related barriers, therefore its documentation and sharing, when implemented, would be of great value. In short, decision support tools optimize SUSM, and community participation legitimizes choices and enhances their effectiveness.

3.4. Strategy 4: Technical guidelines
Technical norms and manuals must comprise the SUSM guidelines. Each location has its specific characteristics, hence, it requires targeted guidance. The SUSM guidelines must clearly explain its objectives, and methods that should be adopted to overcome each impact (Tucci 2007; McManus 2009). For example, the objectives may be to reduce impervious surfaces in densely urbanized areas to prevent further soil imperviousness and to restore the river ecosystem (Galderisi and Treccozzi 2017). Therefore, aiming at these objectives, some impacts should be mitigated. To minimize the impact of increasing the pollutants load in the water, the suspended solids load must be reduced. For floods, it is recommended to maintain the pre-development peak flow (Tucci 2007).
Quality control is one of the main objectives of SUSM because urban areas contaminate the runoff and, consequently, the surface and groundwater bodies. The type and level of contamination are directly related to the land use. Hence, in North Rhine Wesphalia (Germany) the level of treatment required for runoff is defined according to the land use of the contribution area (Dierkes et al. 2015).
However, most guidelines for quality control recommend the retention of frequent rain. This is the case of Maryland and Los Angeles, in the US, which request the retention of the first inch of rain (Chesapeake Bay Foundation 2004), and of 0.75 inch or 85% of a 24-hour rain (County of Los Angeles 2014), respectively. In the UK, the interception of the first 5 mm of rain is required, which actually comprises more than 50% of the country's precipitation events (Ballard et al. 2015). 
Quantity control (volume and flow) of the runoff in urban areas is another of SUSM's main goals. It is even more relevant in regions where the precipitation volumes are high, such as Brazil, China, India and Singapore, and, therefore, suffer constantly with floods. Interventions to control the water quantity must be planned at the local basin scale. The combined effect of all the planned interventions should also be verified through hydraulic-hydrological modeling, to avoid possible adverse effects, such as the combination of delayed flows (Tucci 2007; Petrucci et al. 2013). The Chesapeake Bay Foundation (2004) and Petrucci et al. (2013) advise that priority should be given to infiltration structures, which enable the permanent interception of water and also collaborate with the improvement of its quality (Sage et al. 2015).
The strategies proposed for the runoff volume control must adequately address the established objectives. For example, Martins (2017) states that compensatory techniques are efficient for events of up to five years of return period and, for storms greater than 10 years of return period, the performance of medium and large detention basins is better. In addition, Tucci (2007) states that distributed structures are effective in areas smaller than 10 ha, and for larger areas, a specific study is necessary to determine which strategies should be adopted. Detention basins could be built in squares, as multifunctional structures, through their lowering and preparation for water infiltration (Ballard et al. 2015; Miguez et al. 2015). Ballard et al. (2015) also suggests using marginal roads areas and parking lots, separated by elevated guides, to retain the water. 
Another commonly adopted strategy to control the quantity of water is its harvesting, which can be beneficial in places where the volume of precipitated water is less than the consumption of non-potable water. Gerolin et al. (2010) concluded that the relation between the average annual rainfall and the annual demand for non-potable water should be considered. If this ratio is less than 1.0, the benefits of reuse are significant. However, if this value is greater than 1.5, the effects of controlling the runoff volume are negligible. In addition, if the rainfalls occur concentrated at certain times of the year, it is more hydrologically and economically viable to adopt two reservoirs, one for controlling runoff and the other for storage to use the water (Gerolin et al. 2010). In addition, the authors suggest the joint adoption of cisterns and green roofs in places with high rainfall indexes. 
Regarding quantity control, the ideal goal should be to keep the pre-development flows and volumes (Cruz et al. 2007; Chang et al. 2018). Thus, the UK recommends, in addition to the interception of the first 5 mm of precipitation, the control of a 100-year return period and six-hour duration rainfalls at pre-development levels (Ballard et al. 2015). In this case, the volume of extreme rainfalls can be retained and released later, at controlled flow. In the US, however, the recommendation is to control peak flows to pre-development levels from a minimum return period of 10 years (National Research Council 2008). However, this requirement applies differently according to the location. In Maryland, for example, the same volume of water must be infiltrated into the soil that it did before the occupation (Chesapeake Bay Foundation 2004). In Pennsylvania, it is established that the peak flows of high return periods must be kept equal to those of pre-development, and the volumes of two-year return periods and 24-hour duration rainfalls must be retained and not released (e.g., infiltration, evapotranspiration, or water use), aiming at the joint control of water quality (National Research Council 2008). 
The rainfall volumes for the same design criteria vary, therefore it is necessary to establish the control guidance according to the local rainfall characteristics, land use and economic viability. In regions with higher rainfall, if considered the same design criteria as regions with lower rates, control structures would have impractible sizes in terms of economic and urban space use (Lim and Lu 2016). Thus, Chang et al. (2018) recommend that the objectives of SUSM for arid and humid climates should be different. In drier climates, the control of water quality becomes more important than that of quantity and the potential to use rainwater as an alternative and economically viable source of water resources must be emphasized, as pointed out by Gerolin et al. (2010) and Steffen et al. (2013).  These criteria differences are also evident when observing that in Singapore the SUSM structures are required to support only three-month return period rainfalls. The rest of the flow must be driven to the drainage pipes, which are dimensioned for a 10-year return period (Lim and Lu 2016). In a study on how to control the runoff volume in India, Gogate et al. (2017) proposed adopting infiltration wells and rain gardens for houses and green roofs for commercial areas.
Van Roon et al. (2005) affirm that the best way to maintain flows and volumes at pre-development levels is through urban design and the appropriate relation between impervious and vegetated areas. However, in urbanized areas, it is difficult to apply it. In these cases, strategies that fit the existing land cover could be adopted. Martins (2017) suggests the combined adoption of linear and centralized devices. Palla and Gnecco (2015) point out that a reduction of at least 5% of the impervious area is necessary to obtain hydrological benefits. This could be achieved by recovering vegetation in strategic areas (Miguez et al. 2015), such as flood plain areas, which can be combined with linear parks and multifunctional structures. 
In addition to water quantity and quality, the guidelines must comprise the maintenance procedures and routine, necessary for the proper performance of SUSM structures. Research institutions and companies could provide maintenance guidelines and technical support (Li et al. 2019). A maintenance manual for the population, with appropriate language and content, should also be developed (Chesapeake Bay Foundation 2004; Mehring and Bridgeman 2019).
SUSM regulation must also consider optimization of the structures, addressing several aspects, such as water quality, quantity, economics, ecosystem services and the population’s quality of life (Ballard et al. 2015). Thus, Birgani et al. (2013) performed a multicriteria analysis considering quality, quantity and economics, and recommended the adoption of detention basins and permeable pavements. However, Galderisi and Treccozzi (2017) pointed out that GI have advantages over gray infrastructure, even though they are both SUSM structures. By this bias, bio-retention systems, green roofs, and rain gardens would be more advantageous, in addition to being multifunctional structures, which use spaces that are normally available in urban areas (Lim and Lu 2016). Optimization should be considered in the design phase. One example could be the use of wetlands instead of detention basins, and the division in two parts of their storage volume, to improve the water quality (Chang et al. 2018). Ease of maintenance (Heal et al. 2009), safety, aesthetics, and integration into the urban landscape (Ballard et al. 2015) must also be part of the design criteria. Projects with filter strips, that facilitate the sediment removal (Heal et al. 2009), and that use spontaneous vegetation (Chang et al. 2018), for example, are more likely to receive adequate maintenance, as it is simpler. 
An overview of the project context should also be considered. Loperfido et al. (2014) pointed out that distributed SUSM structures reproduce pre-development conditions better than centralized ones. They also conclude that the increase in the forested area and the reduction of impervious areas are more important than the spatial distribution of structures. Renaturalization of rivers, as stated by the ABC Waters Program, in Singapore, also has a very broad positive impact (Lim and Lu 2016), despite its practical implementation challenges. In addition, combining optimization and an overview of the project, the structures’ failure probability and relative impacts could be assessed, and a redundancy for the most sensitive structures – with the greatest negative impact in the event of failure – could be included in the project (Bahrami et al. 2019). In general, the standardization directs and guides the use of SUSM through organization and technical communication and consists of a link between stakeholders. 

3.5. Strategy 5: Legislation
The existence of laws – including policies, plans, and programs – and the appropriate regulations to the SUSM adoption is essential for its effective implementation. Many places already have laws on SUSM and, in these cases, an effective and continuous communication of them is necessary (Buehler et al. 2011). The regulation is necessary for the law’s enforcement, by detailing it enough to be applicable. When existing laws are not properly regulated, their adoption is not feasible. The regulation must be based on hydrological criteria (Dhakal and Chevalier 2017). In a scenario of widespread adoption of SUSM, stormwater would transit between the properties, because, analogously to the natural cycle, water does not follow political limits. To make this dynamic possible, the Los Angeles County in the US establishes that stormwater management plans should include formal agreements between neighbors, as a property commitment, which comprise receiving runoff from adjacent properties (County of Los Angeles 2014). 
In addition to the regulation of existing laws, it is necessary to incorporate SUSM into relevant laws that do not yet address it, which is a reality in most places where SUSM is incipient. Therefore, support for the proposal of these laws and regulations is necessary (Roy et al. 2008), both in the political sphere, and among professionals and the community. It is also important to review the SUSM-related laws, so that eventual conflicts are corrected. SUSM adoption should be mandatory in new development and reforms, aiming to keep the pre-development conditions, for new developments, and to fit the storm-sewer pipes capacity, in case of reforms in fully urbanized areas. Legislation must be flexible, to allow the adoption of simple projects, which address the SUSM requirements, and according to the interests of the stakeholders (Van Roon et al. 2005). It is important to ensure fair liability sharing between the runoff generators. Attention should also be paid to local specificities (e.g., physical, climatic, and governance) (McManus 2009). An example of this is reported by Chang et al. (2018), by pointing out that Western countries usually prioritize water quality control in their SUSM strategies, while Eastern countries give more importance to quantity control and the use of rainwater. 
To foster the wide adoption of SUSM policies, its long term validity must be ensured (Dhakal and Chevalier 2017). They also need to be attached to a stable source of financial resources (National Research Council 2008), as is case of some policies adopted in Europe (European Commission 2013). Resources for operation and maintenance must be specially planned by the government (Li et al. 2019), since the good performance of the structures depends on this. 
There are some programs, laws and regulations in place that serve as a reference. On a continental scale, there is the European Union’s Water Framework (2000/60 / EC) (Council of European Communities 2000), which is a framework for stormwater quality management in Europe. In this continent, Germany stands out in the request and incentives for SUSM adoption (Chang et al. 2018). This country has federal laws dealing with the quality of water infiltrated into the soil, and which require compensation for the occupation of natural areas (Dierkes et al. 2015). Its states also have landscape plans, which require the adoption of GI (Buehler et al. 2011). 
In Australia, the states are responsible for their policies and regulations – establishing SUSM guidelines – and local authorities determine project-specific provisions for development (Chang et al. 2018). China has recently adopted the sponge city policy, which aim to retain 70% of the stormwater volume in situ (Chang et al. 2018). Since 2006 (regulated in 2011), Singapore has had the Active, Beautiful, Clean (ABC) Waters Program, aiming to improve urban water management and the population’s quality of life through the SUSM adoption. This program requires developments from 0.2 ha to control its peak effluent flow for a 10-year return period and a 4-hour rain duration (Chang et al. 2018) and foresees, in addition to the adoption of BMPs, restoration of rivers and the use of rainwater (Lim and Lu 2016). 
In the US, several cities already have their own SUSM laws. Los Angeles and Maryland, for example, require a stormwater management plan for contructions and reforms (Chesapeake Bay Foundation 2004; County of Los Angeles 2014). In Seattle, it is required to maintain natural drainage patterns, care for flood-prone areas and increase their risk, protection of water bodies and the installation of BMPs for all projects (Seattle 2016). 
In Porto Alegre, Brazil, legislation requires hydrological studies for projects larger than 100 ha (Porto Alegre 2005), however its applicability is low, given the scarcity of projects with such dimensions in urban areas. Los Angeles, in the US, solve this issue by requiring stormwater control for all projects, but with different complexities: a volume of water to be retained is established for projects with more than four residences; for smaller projects, a list of BMPs is available, of which at least two must be implemented, not requiring a specific study (County of Los Angeles 2014). 
Water resources management must occur at the hydrographic basin scale. However, due to political arrangements, it is often subdivided by political boundaries, such as municipalities. Thus, the legislation might integrate the municipality and the hydrographic basin water resources management – including urban stormwater – to avoid the transfer of impacts downstream (Tucci 2007). Therefore, the US has a watershed permiting framework for managing stormwater (National Research Council 2008). Another proposal for the integration of management is by establishing drainage districts, which consist of the intersection between the limits of the municipality and those of the hydrographic basin (SUDERHSA and CH2M Hill 2002). Dhakal and Chevalier (2016) propose the concept of a two-tier governance model that includes an integrated government between the municipality and the drainage district, in addition to being more decentralized and involving stakeholders, characteristics favorable to the management of SUSM. Despite being a measure that collaborates with the overcoming of several SUSM-related barriers, it has not yet been implemented on a full scale. To avoid the transfer of impacts downstream, hydrological modeling can also be used as an urban planning tool (Bahrami et al. 2019). This can be feasible through partnerships between researchers and the drainage sector (Farrelly and Brown 2011). 
The planning and development of the cities must consider hydrological criteria (Tucci 2007), incorporating the natural processes of the rivers and hydrological features into the urban design and providing explanations to the population (Liao et al. 2016).  Land use regulation must preview SUSM (Baptista et al. 2013), ensuring its adoption in new developments (SUDERHSA and CH2M Hill 2002). Thereby, the areas to be kept vegetated must be planned in order to preserve the infiltration capacity in strategic places (Van Roon et al. 2005). Parkinson et al. (2003) recommend allocating about 2% of the public area of new developments to SUSM. In settled urbanized areas, it is only possible to propose mitigating devices (SUDERHSA and CH2M Hill 2002). 
In order for integrated management to occur more effectively, it is recommended that the rainwater sector be integrated with the others operating in the urban space (Cruz et al. 2007). Carneiro (2008) suggests a single institutional management body for related issues, for example a regional agency composed by a public consortium for infrastructure and sanitation management in metropolitan regions – which could also serve to generate local information on SUSM. This would make it possible to make regional investments (Tucci 2004).  However, other configurations, such as the establishment of a stormwater management committee (Li et al. 2019), are also possible. Singapore created a water agency, the Public Utilities Board (PUB), to implement the ABC Waters Program (Lim and Lu 2016). Beyond the municipal scale, SUSM should be integrated at different government levels (Buehler et al. 2011), where each level complements the one before, but honoring the local specificities (McManus 2009).
The long term performance of the devices must be ensured to compute their hydrological contribution in a scenario of widespread adoption of SUSM. Thus, adequate planning and support for the operation and maintenance of the structures must be carried out (National Research Council 2008). A maintenance and inspection plan – which establishes the owner’s responsibility to maintain the structures, and the public authority’s role to inspect them – can be developed (Seattle 2016). The plan’s maintenance activities must be aligned with the local government (McManus 2009). 
Inspection of the devices’ operation can also be carried out by the community – which must be trained to do so – and not only by the public authorities (Chesapeake Bay Foundation 2004). The local population has daily contact with the structures, and does not depend on public institutions’ employees, which are commonly scarce (also pointed out as one of the SUSM-related barriers by Vasconcelos et al. (2020)). To train the population, a maintenance support program must be created, providing information, reminders and instructions (Bitting and Kloss 2008; Li et al. 2019). 
A way to foster community collaboration is through SUSM adoption incentives. They could address the local barriers to SUSM, monitoring and adjusting them, when necessary (Bitting and Kloss 2008). At an early implementation stage, incentives should be prioritized over punitive measures (Goulden et al. 2018). Thus, it is believed that the wide adoption of SUSM in Germany is due to a policy of overlapping incentives, which deal with various urban issues in an integrated manner (Buehler et al. 2011). After widespread use of incentives, the adoption of SUSM may become mandatory, because there will probably be less rejection and greater commitment from the population (Buehler et al. 2011).
Economic incentives are the most common, which can be direct, such as subsidies, or indirect, such as reduced rates (Chang et al. 2018; Li et al. 2019). In Japan, for example, there are subsidies for stormwater harvesting (Chang et al. 2018). Rates according to the impervious area are a common and effective way of indirect economic incentive, adopted in Germany (Chang et al. 2018).  Positive incentives consist of financial compensation for the population to adopt and pay for SUSM devices (Forgiarini 2010). Hence, credits or discounts on materials and services, or taxes reductions, for example, can be provided for those who adopt mitigating measures (Cruz et al. 2007; National Research Council 2008; US EPA 2009; Dierkes et al. 2015; Dhakal and Chevalier 2017). Market-based incentives calculate the prices of the externalities related to the adopted design, so that SUSM would be encouraged (Miguez et al. 2015). Thus, models of economic benefits for the catchment can be created to guide collaborative investments in SUSM (Subramanian 2016), or to commercialize the controlled effluent (water volume or contaminants retained) (National Research Council 2008). Other viable incentives are the recognition and award programs (Bitting and Kloss 2008; Dhakal and Chevalier 2017), such as the certification of constructions (Cruz et al. 2007), and the priority in obtaining licenses (Bitting and Kloss 2008). Therefore, legislation - combined with guidelines - requires and guides the SUSM adoption, and the combined use of incentives enhances its effectiveness.

3.6. Strategy 6: Community engagement
The population is one of the main stakeholder groups who need to be engaged with SUSM for it to perform well, because the devices need to be built, maintained, and inspected. Thus, policies and plans for community engagement must be established (Ballard et al. 2015; Pradhananga and Davenport 2017). According to Ballard et al. (2015), there are several engagement possibilities, namely: information, consultation, involvement, collaboration and empowerment.
To facilitate participation, the community must have easy interaction with government agencies responsible for adopting SUSM, as already mentioned in Section 3.3 (Ballard et al. 2015; Dhakal and Chevalier 2017). The government and specialized companies must provide technical support and guidance for design, construction, operation, and maintenance of the devices. In new developments, the SUSM structures and each owner’s responsibilities must be clear and formalized in the contracts (Ballard et al. 2015). 
To foster community engagement, it is necessary to understand, through targeted research, the public attitudes about stormwater management and the existing SUSM structures (Goulden et al. 2018). Therefore, education and awareness programs may be proposed and come into force (Ballard et al. 2015; Maeda et al. 2018), using information campaigns (Almeida 2014), population targeted guidelines (Chesapeake Bay Foundation 2004), signs next to the existing SUSM devices, awareness and instruction activities when new structures are installed (Santos et al. 2016), teaching SUSM in schools (Dhakal and Chevalier 2017), and effective communication of the policies (Buehler et al. 2011) (also useful for implementing the existing legislation in Section 3.5). The creation of a regional agency to support research and education, suggested as a way to encourage the generation of information (Section 3.1), could help implement all these activities (Dhakal and Chevalier 2017). 
In a study on population awareness strategies on SUSM, Maeda et al. (2018) concluded that residents of the neighborhoods studied in the US prefer that the dissemination of educational content is done without needing to go somewhere or receive someone at home, by distributing leaflets in homes or videos on the internet, for example. Education programs must include empowerment of the community to participate in decision-making processes (Brown and Farrelly 2009), and to inspect the operation of existing SUSM structures in their neighborhood (Chesapeake Bay Foundation 2004; Ballard et al. 2015).
In addition to awareness and training in SUSM, its dissemination to all stakeholders is also essential for its widespread. The adoption of SUSM in public buildings (measure already presented in Section 3.1) (Cruz et al. 2007; Bitting and Kloss 2008; Chang et al. 2018) can collaborate with the dissemination. SUSM guidelines to specific groups (e.g., population, entrepreneurs, technical professionals, and institutional teams), with appropriate language and knowledge level, may also be developed. Multifunctional structures can be used to foster the propagation of SUSM and community engagement, overcoming barriers related to the lack of priority of urban drainage, and lack of space and money for SUSM structures (Cruz et al. 2007; Vojinovic and Huang 2014; Subramanian 2016). Considering its adoption, the needs of different sectors can be met (Buehler et al. 2011) and it is possible to contemplate the expectations of multiple uses of the population, such as leisure areas combined with the SUSM structures. As well as collaborating in decision making (strategy 3), community engagement and participation also increase the effectiveness of SUSM measures that depend on the collaboration of the population, such as construction, maintenance and inspection of structures. It has several correlated benefits, and therefore should receive persistent trials.

3.7. Strategy 7: Financing
Financing is essential for implementing SUSM, from generating the necessary information to the hiring of trained teams and the construction of structures. Thus, the solution of financial resources issues can contribute to the overcoming of several barriers. In this sense, it is necessary to establish financial sources, incentives, or assistance programs, for all activities related to the SUSM adoption, including its operation and long-term maintenance (US EPA 2008a; Li et al. 2019). 
The money source depends on the organizational and financial structure in force at each location. Carneiro (2008) proposes, for example, that the funds for implementing SUSM should come from federal and state governments to regional agencies, which are responsible for infrastructure and sanitation in metropolitan regions. Baptista et al. (2013) suggests using the municipal fund and the Chesapeake Bay Foundation (2004) guides the use of the fund for maintenance and renovation of existing drainage systems. 
A local government investment strategy experiment for SUSM structures was carried out in Cincinnati, US, and obtained a good result. A survey on the acceptance of residents to install cisterns and rain gardens in their homes, without construction costs for them, was conducted in the project area. They could also request some money for this installation. However, the owners would be responsible for maintaining the devices, with technical support and reminders from the responsible governmental agency. Based on the survey’s answers, the best properties for installing the structures were selected, considering costs and hydrological efficiency, and they were installed by the local government. This experiment resulted in the construction of a large number of SUSM structures at a low cost (most owners did not even ask for an extra amount for the installation) (National Research Council 2008). 
Another way of financing commonly used is collection fees (National Research Council 2008; Dierkes et al. 2015), which may be linked to the use of the public drainage system (Cruz et al. 2007), to the impervious area of the property (National Research Council 2008; Chang et al. 2018), the inspection of the drainage system (National Research Council 2008) or the granting of licenses (Dhakal and Chevalier 2017). In the US, an average fee is charged for all houses in the same category, which eases the levying system, but does not encourage the owners to adopt SUSM devices (Chang et al. 2018). In Germany, as already reported in Section 3.5, the charge is proportional to the impervious area of each property (Buehler et al. 2011; Chang et al. 2018), which also incentives the community to adopt SUSM structures. However, it is important to note that the population is often opposed to collection fees due to corruption and the common inefficiency of public agencies in using resources properly. Thus, if this measure is to be adopted, it must be combined with an effective and transparent policy in terms of using the resources and boosting the population’s confidence in the local government (Forgiarini 2010). 
Public financing mechanisms and private financing are also financing possibilities. They can occur through loans from development banks or by companies interested in adopting SUSM to preserve the quality or good functioning of their activities, respectively. The European Commission (2013) reported a case of a mineral water company that financed the adoption of SUSM in a hydrographic basin upstream to its water source to guarantee the quality of its products. Financing is essential for adopting SUSM, as it is related to and is necessary for all strategies. 

3.8. Strategy 8: Inspection
To ensure the effectiveness of SUSM, the inspection of devices is necessary, both construction and functioning, already addressed in Section 3.5 (National Research Council 2008). The community can play an important role in the inspection. In the case of violation of SUSM strategies, when other less offensive measures were unsuccessful, some penalty must be applied, such as formal complaints, fines, or civil and criminal penalties (Chesapeake Bay Foundation 2004). The inspection, combined with the incentives, presented in Section 3.5, enhances the SUSM adoption.



4. Applicability of the solution strategies to the barriers
Table 2 presents an influence matrix among the solution strategies. The adoption of a strategy may be necessary or enhance the effectiveness of others, and its implementation planning must consider these relationships. It is observed, for example, that the strategy “1. Information generation” collaborates directly or indirectly with all the other seven strategies and, therefore, must be included in an effective policy for SUSM adoption. This highlights the importance of considering wider aspects when planning SUSM policies, embracing all the urban sectors related to drainage.
Table 2 Solution strategies influence matrix
	
	
	INFLUENCES

	
	Solution strategies
	1. Information generation
	2. Capacity building
	3. Decision support tools
	4. Technical guidelines
	5. Legislation
	6. Community engagement
	7. Financing
	8. Inspection

	IS INFLUENCEDa
	1. Information generation
	
	
	
	
	
	I
	D
	I

	
	2. Capacity building
	D
	
	I
	D
	
	
	D
	

	
	3. Decision support tools
	I
	I
	
	
	
	D
	D
	

	
	4. Technical guidelines
	D
	D
	D
	
	D
	
	D
	I

	
	5. Legislation
	I
	D
	D
	D
	
	I
	D
	I

	
	6. Community engagement
	D
	D
	I
	D
	D
	
	D
	D

	
	7. Financing
	I
	D
	D
	
	D
	D
	
	

	
	8. Inspection
	I
	D
	
	D
	D
	D
	D
	


a D: direct influence; I: indirect influence
The applicability of the eight solution strategies to overcome the barriers identified by Vasconcelos et al. (2020) is shown in Table 3. Note that to overcome any of the barriers, it would be necessary to adopt more than one strategy. For example, to overcome the barrier “Population would play a role in the maintenance”, the adoption of the strategies 4 to 8 would be required. It is necessary to establish the maintenance activities routine guidelines (strategy 4), which shall be enforced by the laws (strategy 5). However, if the community is not engaged in playing its role in the maintenance, this will compromise the hydrological and environmental performance of the device. One way to verify this lack of community collaboration would be through inspection (strategy 8) and, eventually, with financing (strategy 7).  This reinforces the need for a broad and integrated approach to advance in an effective adoption of SUSM. The implementation measures to be adopted to overcome a barrier depend on the local context and the preferences of the stakeholders. If the approach is not broad and integrated, effort and money can be wasted, as SUSM measures will not bring the expected benefits. 


Table 3 Relation among barriers and solution strategies
	
	
	Solution strategies

	Barrier types
	Barriers
	1. Information generation
	2. Capacity building
	3. Decision support tools
	4. Technical guidelines
	5. Legislation
	6. Community engagement
	7. Financing
	8. Inspection

	Municipality issues
	Lack of coordination and collaboration
	
	X
	
	
	X
	
	X
	X

	
	Lack of autonomy
	
	X
	
	
	X
	
	X
	

	
	Lack of administrative continuity
	
	X
	X
	X
	X
	X
	X
	X

	
	Urban drainage is not a priority
	
	X
	X
	
	X
	X
	X
	X

	
	Lack of capacity or experience
	X
	X
	X
	X
	X
	
	X
	

	
	Dearth of technical professionals
	
	X
	
	
	X
	X
	X
	

	
	Small cities without properly trained teams
	
	X
	X
	X
	X
	X
	X
	

	Strategic vision
	Lack of long-term planning
	X
	X
	X
	X
	X
	
	X
	

	
	Poorly defined economic benefits
	X
	X
	
	
	
	X
	
	

	
	Reluctance to change
	X
	X
	X
	X
	X
	X
	X
	X

	
	There is no space
	X
	X
	X
	X
	X
	X
	X
	

	Laws and regulations
	Lack of proper laws
	X
	X
	X
	X
	X
	
	X
	X

	
	Assignment conflict
	X
	X
	X
	X
	X
	
	X
	

	
	Laws applicable only to new development
	
	X
	X
	X
	X
	X
	X
	

	
	Lack of incentives
	X
	
	X
	
	X
	X
	X
	X

	Financial resources
	Lack of financial resources
	X
	X
	X
	X
	X
	X
	X
	

	
	Construction costs fall on the owners
	
	
	X
	X
	X
	X
	X
	

	Community engagement
	Lack of dissemination and knowledge
	X
	X
	
	X
	X
	X
	X
	X

	
	Lack of community engagement
	
	X
	
	X
	X
	X
	X
	X

	
	Population would play a role in the maintenance
	
	
	
	X
	X
	X
	X
	X

	
	Access issue regarding inspection
	
	
	
	X
	X
	X
	
	X

	Urban drainage knowledge
	SUSM is not learned in higher education
	
	X
	
	X
	X
	
	
	

	
	Untrained professionals
	X
	X
	X
	X
	X
	
	
	

	
	Lack of design and maintenance standards
	X
	X
	X
	X
	X
	
	X
	

	
	Unknown costs
	X
	
	
	
	
	
	X
	

	
	Limited knowledge about the maintenance
	X
	
	
	X
	
	X
	
	X

	
	Uncertain long-term performance
	X
	
	
	X
	
	X
	
	X

	
	Limited knowledge about the catchment-scale results
	X
	
	X
	X
	
	X
	
	X

	
	Gap between theoretical and practical
	X
	X
	X
	X
	X
	X
	X
	X

	
	Existing drainage system unknown
	X
	X
	
	
	X
	X
	X
	X

	
	Safety concerns
	X
	X
	X
	X
	X
	X
	
	X




5. Conclusion
This article presents systematized and updated information on strategies to overcome barriers and widely adopt SUSM. Eight solution strategies and 81 implementation measures were identified. Therefore, a long list of alternatives is available and can be used in various contexts, according to the interests and demands of the local stakeholders.
Adopting isolated solution strategies would be inefficient, since they are interdependent. Thus, an effective proposal to overcome barriers and adopt SUSM must include several strategies. Each strategy adopted can collaborate with the overcoming of more than one barrier and with the improvement of the urban stormwater management sustainability scenario as a whole.
The correlation between barriers and solution strategies provides a practical source of information for managers to seek solutions to overcome their local barriers. These systematized data also contribute to the optimization of SUSM adoption efforts in any place, including in incipient ones. 
Research on barriers is recent, as it is usually identified with effectively implementing SUSM. Thus, as it advances, other barriers and solutions will emerge and it is important that they continue to be documented. This includes theoretical implementation measures, such as open co-governance and two-tier governance model. 
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