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Abstract

:

Green infrastructure (GI) has increasingly gained popularity for achieving adaptation and mitigation goals associated with climate change and extreme weather events. To continue implementing GI, financial tools are needed for upfront project capital or development costs and later for maintenance. This study’s purpose is to evaluate financing tools used in a selected GI dataset and to assess how those tools are linked to various GI technologies and other GI project characteristics like cost and size. The dataset includes over 400 GI U.S. projects, comprising a convenience sample, from the American Society of Landscape Architects (ASLA). GI project characteristics were organized to answer a number of research questions using descriptive statistics. Results indicated that the number of projects and overall cost shares were mostly located in a few states. Grants were the most common financial tool with about two-thirds of the projects reporting information on financial tools receiving grant funding. Most projects reported financing from only one tool with a maximum of three tools. Projects primarily included multiple GI technologies averaging three and a maximum of nine. The most common GI technologies were bioswales, retention, rain gardens, and porous pavements. These findings are useful for decision-makers evaluating funding support for GI.
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1. Introduction


Green infrastructure (GI) has had a very long history and has emerged as a central strategy in climate-related adaptation and mitigation to reduce adverse effects on and from infrastructure [1]. The foundation of GI is reflected in a number of different elements or concepts. It can be traced back at least for example to “Garden Cities” and green cities that included green belts, corridors, greenways, ecological corridors, and other similar forms and types of spaces in the U.S. and Europe [2]. The need to integrate such green elements into cities in an urban planning context has often been emphasized [3].



The role of GI in climate-related adaptation and mitigation applies to a wide range of climate-related water phenomenon such as extreme precipitation, sea level rise, and heat, all of which have been increasing for many years and are projected to continue to increase. Walsh et al. [4], for example, point out that, in the U.S. since 1991, “the amount of rain falling in very heavy precipitation events has been significantly above average. This increase has been greatest in the Northeast, Midwest, and upper Great Plains—more than 30% above the 1901–1960 average” [4] (p. 36). Globally since 1880, “sea level has risen by about 8 inches... [and is] projected to rise another 1 to 4 feet by 2100, ... much greater than at any time in at least the past 2000 years” [4] (p. 44). The fourth National Climate Assessment provides similar conclusions with respect to water inundations [5] (p. 43). In addition to the water management functions, which is the focus here, GI is also used for other purposes, providing co-benefits and multiple functions in general [6,7,8] such as reducing the impacts of extreme heat and improving air quality. McPhillips and Matsler [9] identify, for example, the heat management benefits provided by green roofs [10,11], tree canopies, and other vegetation. The role of GI in providing these benefits as a foundation for climate-related adaptation and mitigation relates to and has roots in a number of disciplinary areas such as “nature-based” solutions and ecosystem services [12,13,14]. These functions are also often performed in conjunction with urban planning, sustainability and resilience planning, and development, yet the density of many urban areas is considered likely to require special adaptations of GI approaches [3]. GI techniques that take advantage of elevated spaces and vertical walls in dense urban areas begin to approach this problem.



For GI goals to become a reality, financial support is needed in the same way attention was given to finance for gray infrastructure (defined below) over the past century or more. GI finance differs from gray infrastructure financing in the kinds of investors it attracts, since it reflects socially conscious investment. As such, a different kind of financing emerges. GI financial mechanisms may be similar in structure to those used for gray infrastructure, however, they differ in the details in important ways, as an outcome of the emphasis upon socially responsible investment. These details include the terms, conditions, who the buyers are and what they want. Combinations of GI and gray infrastructure in financial packages, however, are important hybrids in that more funds and investors can potentially be attracted to the combined benefits.



Gray infrastructure signifies infrastructures that rely upon structures as distinct from GI, which incorporates natural systems. The differences between green and gray infrastructures have been emphasized in the literature, for example by Bell et al. [15] (p. 3) in the context of stormwater control systems (SCMs) as follows: “Gray SCMs are larger structures made from conventional construction materials (e.g., concrete, steel, and plastic) that focus on storage and release, whereas green SCMs are typically smaller, consist of media and plants, and focus on reducing runoff and pollutant loads.” GI can potentially support connectivity with gray infrastructure, and this connectivity can increase the reduction of negative water-related impacts of gray infrastructure, and potentially open up opportunities for additional funding. McPhillips and Matsler [9] (p. 2) focus on connectivity also in the context of stormwater control measures (SCMs) as “hybrid” systems that are “ecological to technological, or green to gray”. Infrastructure connectivity poses a complex analytical problem involving networks and numerous modeling approaches [1,16,17] and green–gray infrastructure connections are the next frontier with finance potentially heavily influencing and enabling both sectors and their connections.



1.1. Scope of the Research


This paper focuses on how GI projects aimed at water management in the U.S. are funded, what the characteristics of these funding mechanisms or sources are, and how funding relates to the size, cost, location, and in some cases the completion date of the project. The basis for this analysis is a convenience sample, which is not intended to be representative of the broader set of GI, and whose value is in its contribution to a growing database for GI projects. The sample contains GI which provides water management primarily through vegetation and to some extent material adaptations to promote water absorption (e.g., porous pavement). The term ‘technology’ is used in this paper in connection with GI where it refers to GI types since they involve knowledge applications such as hydrology, plant science, etc. This is consistent with the definition of technology as applying knowledge areas [18] and its use for GI [19,20].



Much of the success of GI projects is likely to depend upon financing and understanding the circumstances under which different types of funding are used. Thus, the paper addresses the following research questions:

	R1.

	
How does project size and cost vary by the general type of funding source (public, private, or mixed)?




	R2.

	
How does project size and cost vary by GI technology used?




	R3.

	
Do larger projects in terms of either size or cost use more funding tools?




	R4.

	
Do projects use different financial tools based on the total project cost?




	R5.

	
Do older projects rely on fewer funding sources?




	R6.

	
Does the use of GI technologies in the convenience sample change over time, potentially affecting the kind of GI financing used over time?










1.2. Green Infrastructure Defined


Green infrastructure is defined by the U.S. EPA [21] as usually vegetation-based and reducing or managing water flows by slowing water down, infiltrating it into the ground, evaporating it, transpiring it through vegetation, or redirecting it: GI “reduces and treats stormwater at its source while delivering environmental, social, and economic benefits”. Other research has generally used that definition, for example, to trace the history of GI over more than a century [1]. Within the broad GI category, however, there are numerous types or subcategories of GI and the U.S. EPA [21] lists about a dozen types and even more subtypes, and specific municipalities often put forth other typologies. The Georgetown Climate Center [22] has also provided a similar typology and definitions. Although the research presented here analyzes about a dozen GI types individually, these can roughly be grouped into several categories that are potentially relevant to the way GI is managed and financed: (1) land-based (bioretention, rain garden, bioswale, natural buffers) and street-related (porous pavement, green streets, street trees); (2) building-based (green roof, downspout removal, cistern, rain barrels); and (3) multi-purpose depending on how they are deployed (detention, retention). The variety of definitions for the types of GI has been noted by others [3,6] and has been considered a factor in contributing to uncertainty in how to categorize GI [9]. The broader term, stormwater control measures (SCM) has been used to reflect the range of technologies from gray to green [9,15]. Bell et al. [15] provides details on how the name for a given GI type can differ for different designs and different locations. In other areas of the world, the definition of GI has different meanings. In Europe, for example, GI can often signify facilities with non-water related uses [23,24,25]. GIs with different names also can signify the same GI functions, for example, rain gardens and bioretention.



This paper focuses on the water management function of the GI element, which can encompass both water quantity and water quality functions. It uses the GI category that respondents in the ASLA survey indicated. The benefits of GI are widely acknowledged for stormwater management, as well as providing other co-benefits indicated above. New York City, for example, quantitatively measures the performance of green infrastructure toward their stormwater management goals, and the results were compared with what has been used by over a dozen utilities elsewhere [26]. The Center for Neighborhood Technology [27] provides a calculator for measuring runoff against green infrastructure characteristics. A number of compilations of GI cases have used or linked these characteristics and benefit measures to specific types of financing [28,29].



A concept that is a foundation for GI is infrastructure itself. Although infrastructures have been used for thousands of years—for example, the ancient Roman aqueduct—the term itself has come into common usage much more recently. A brief review traces its origins to the 20th century [1], with the term generally referring to the physical facilities and services that support economic and social activities. Another definition calls infrastructure “the ‘sinews’ of the city” cutting across numerous functions [30] (p. 4) while yet another defines it in terms of the processes it supports moving materials or services from an origin to a destination through a distribution network [31] (p. 104); [32]. Defining GI as infrastructure is important in order to relate it to municipal governments where different funding streams can become available to it that would not typically be available to categories defined biologically. Also, such visibility to municipal governments that fund gray infrastructure might support combined funding opportunities. However, reference to infrastructure may on the contrary subject GI to similar disinvestment that other infrastructures have experienced.




1.3. Financial Tools


In order to realize the potential for GI, financing is a critical necessity. Infrastructure in general has had a long history of disinvestment for both capital or construction costs and maintenance, and it is important for GI not to experience these same constraints. GI is particularly in need of a strong financial base given that it is relatively new, the technologies used are very diverse, they are generally decentralized or dispersed, and it is appealing to social goals as discussed above. Having a wide variety of funding mechanisms that go beyond reliance on a few popular mechanisms for which there is a lot of competition can provide a flexible base adaptable to different conditions and resources to begin to confront GI financing needs.



Financing tools for GI are currently very diversified and widely dispersed across federal, state, and local organizations. These represent public, private, and non-profit funding sources and within those broad groupings and their combinations are many different types of grants, loans, bonds, user fees, and taxation mechanisms or tools. Interest in financial support for GI has been increasing in the public sector [33]. For example, U.S. EPA guidance reported at least a 10% reserve for GI based on Public Law 112-74 for FY12 [34], GI financing policies have been formulated for State Revolving Funds [33,34], and financial activity in general has been reported for specific GI projects [20,35,36]. On 14 January 2019, the Water Infrastructure Improvement Act (H.R. 7279) became P.L. 115-436 that promoted GI use [37]. The U.S. EPA [38] listed almost two dozen federal programs with potential green infrastructure content distributed across about a dozen federal agencies with U.S. HUD, EPA, and DOT accounting for almost half of those programs, and others identified as collaborative programs [35].



Appendix A summarizes some of the major financial tools actually or potentially applicable for GI along with some illustrative examples from numerous sources [22,35,38].



A number of financial mechanisms applicable to GI coincide with or originate from other forms of environmental funding for climate mitigation and adaptation, specific environmental and infrastructure sectors, and extreme weather event special purpose appropriations. A brief description of some of the major financial tools follows below.



Grants have originated in environmental provisions in legislation and accompanying administrative procedures. With respect to the water management function of GI, the legislation has primarily originated from the U.S. Clean Water Act and programs in about a dozen federal agencies [38] that work collaboratively [35]. Some are broadly applicable to communities while others include applications for the use of GI at government owned or managed facilities, such as the U.S. Department of Energy and U.S. Department of Defense [35]. These funding authorities often can be delegated to states and other governmental units, depending upon the State eligibility or ability to meet federal grant administration conditions. Examples of grants relevant to GI that originate from various federal agencies depend on the type of infrastructure area to which GI applies. Loans also originate from federal agencies as well as from many other types of organizations, and a common mechanism applicable to GI is the State Revolving Fund [38]. Bonds are a very diverse funding mechanism and are issued by different types of organizations with different structures and pay-back or other compensation mechanisms if applicable. Well over a dozen different kinds of bonds are actually or potentially applicable to GI depending on the nature and purpose of the facilities being financed, such as conventional municipal bonds, climate bonds, green bonds, and other special purpose bonds [39,40,41,42]. Numerous charges exist including taxation, development exactions, and user fees. Some of these are linked to loans and bonds in the form of pay-back mechanisms, and others are not. Financially-based exemptions also appear in a variety of forms, for example, tax exemptions. In the private sector, many mechanisms exist that can be similar to government mechanisms, however the source of funding is very different, and the method of fund disbursement can differ from the procedures used by government [43,44]. Different funding sources are also often combined. Public–private partnerships (P3), for example, are a way that this occurs, and the forms these take varies with the partners involved. Alternatively, combinations can arise without collaborations. The institutional context of funding is a critical consideration which is a concern that has been analyzed in the U.S. [6] as well as internationally [45,46].





2. Approach and Methodology


2.1. Database Components


A large database of GI projects is maintained by the American Association of Landscape Architects (ASLA) [47]. The advantage of the database is the availability of different project characteristics systematically suitable for addressing the research questions posed above. However, the dataset is not a random sample and would generally be characterized as a ‘convenience sample’ provided by ASLA members in response to an EPA request for case studies. The use of this database is not intended to be representative of the population of GI projects nor is the analysis intended to infer the characteristics of such a population. Instead, this research reflects only the characteristics of the ASLA database to explore further questions about GI technologies and financing tools.



The cases from the ASLA database were extracted for this project in about 2017. The data was compiled from the ASLA cases for the following parameters [47] listed in Table 1.



Out of 461 cases, 17 were eliminated because there was limited data associated with them or because they were outside of the U.S. (in Canada) leaving 444 cases for analysis. When cases are dropped for a specific analysis, the updated number is presented. Only the following variables had fewer than 444 cases: financial tools (n = 102) and completion year (74).




2.2. Data Transformations and Analytical Method


Preparation of the data for analysis involved a few minor steps. All numerical data entries were converted to a common unit (e.g., metric vs. imperial units) to allow for direct comparison. A new variable, cost per square foot, was created as the ratio of project size and cost to standardize project size enabling better comparison of project costs. One-hot encoding was used to create a series of binary variables for both financial tools and GI technologies extracted from a written description of the project. Counts were derived for each project for the number of GI technologies a given project used and the count of the number of financial tools used to strengthen the exploratory effort. Case data was then analyzed using descriptive statistics and regression, keeping in mind the non-random, non-representative nature of the dataset.




2.3. Brief Description of Selected Database Characteristics


2.3.1. Geographical Distribution of Dataset Projects


The projects in the dataset and their characteristics were not uniformly geographically distributed. As an example, by state,

	
Only 43 states and the District of Columbia were represented in the dataset. Delaware, Hawaii, Nevada, North Dakota, South Dakota, and West Virginia did not have any projects represented.



	
Maine, Montana, Nebraska, Rhode Island, and Vermont each had only 1 project while New York had the most with 56 projects. New York along with California, Pennsylvania, Illinois, and Oregon together accounted for 42% of the projects while each of the other states accounted for under 5% individually.



	
Vermont had the lowest total costs with $24,820 and Ohio had the highest with $140,161,100. Ohio along with New York, Georgia, Oregon, and California together accounted for almost two-thirds of the total GI costs.








Figure 1 shows the distribution of the convenience sample dataset by State. Although this is not meant to be representative of GI projects given the non-representative nature of the dataset it enables comparisons to be made with other datasets and to begin to identify why gaps have occurred.




2.3.2. GI Financial Sources and Tools


All 444 cases indicated whether the financial source was public, private, or mixed, and only 102 (23.0%) specified the financial tool used. Projects that did specify the financial tools rarely used more than one—over 80% of the 102 cases indicated using only one tool—and the maximum number of tools used by a single project was three. For cases reporting financial tool, the most common financial tool was grants with over 66% of cases indicating grants as a source of funding and 51% of cases obtaining funding solely through grants. The most common combination of financial tools was a public/private mix of grants and donations. Most projects—around 70%—received exclusively public funding while a little over one quarter received exclusively private funding and under 5% received mixed public/private funds.



Table 2 provides the distribution of financial tools by financial source based upon case projects in the convenience sample.




2.3.3. GI Technology


All 444 cases provided a project description from which the GI technology used was characterized based on keywords. Though individual projects tended to use multiple GI technologies (the average was three and the maximum was nine), projects tended to use the same type of technologies: 55% of the projects used bioswales, 50% used rain gardens, 45% used bioretention, and 44% used porous pavements. Only 17% of cases did not use any of these top four technologies. The U.S. EPA [21] provided the following definitions of these top four GI technologies, recognizing that different sources can define these technologies differently as noted earlier:

	
Bioswales: “... vegetated, mulched, or xeriscaped channels that provide treatment and retention as they move stormwater from one place to another.”



	
Rain gardens: “... versatile features that can be installed in almost any unpaved space. Also known as bioretention, or bioinfiltration, cells, they are shallow, vegetated basins that collect and absorb runoff from rooftops, sidewalks, and streets. This practice mimics natural hydrology by infiltrating and evaporating and transpiring—or “evapotranspiring”—stormwater runoff.”



	
Bioretention: This is considered to be similar to rain gardens.



	
Porous pavements: “... infiltrate, treat, and/or store rainwater where it falls. They can be made of pervious concrete, porous asphalt, or permeable interlocking pavers.”











3. Results


3.1. Characteristics of the Green Infrastructure Projects in the Dataset


As indicated above, the size of the dataset was 444 GI projects. These projects had the following characteristics, shown in Table 3. More detailed results are presented for each research question in the next section.




3.2. Research Questions


3.2.1. Research Question 1: How Does Project Size and Cost Vary by the General Type of Funding Source (Public, Private, or Mixed)?


In addition to very specific financial tools provided by a subset of cases, all 444 projects were categorized more generally as receiving public, private, or mixed sources of funding. Project size (in square feet), cost (construction or capital costs), and a calculation of cost per square foot were all compared based on this general source of funding. There was no statistically significant difference between the general funding source categories based on any of these three measures.

	
For project cost, the ANOVA comparing the three groups separately had a p-value = 0.740 while the t-test comparing public to private and mixed had a p-value of 0.597



	
For project size, the ANOVA comparing the three groups separately had a p-value = 0.286 while the t-test comparing public to private and mixed had a p-value of 0.115



	
For cost per square foot, the ANOVA comparing the three groups separately had a p-value = 0.225 while the t-test comparing public to private and mixed had a p-value of 0.095.








Worth noting, though, is that the most expensive projects in terms of overall cost and cost per square foot were both publicly funded while the largest project in terms of size was privately funded. Similarly, the least expensive projects in terms of overall cost and cost square foot were both privately funded while the smallest project in size was publicly funded.




3.2.2. Research Question 2: How Does Project Size and Cost Vary by GI Technology Used?


Cost and size were combined into a cost per square foot measure to compare projects by GI technology. The results are shown in Figure 2. Variability within each technology was high and there were numerous outliers. Street trees stand out as the technology with the highest mean and median, but there were only three cases that used street trees and one case was an extreme outlier, so the values may be biased. Setting aside street trees, the median cost per square foot for each technology is within the interquartile range (IQR) of all of the other technologies suggesting there are no major differences between the technologies in terms of cost per square foot.




3.2.3. Research Question 3: Do Larger Projects in Terms of Either Size or Cost Use More Funding Tools?


The number of financial tools used per project was very low: the maximum tools per project was three and the average was 1.2 with a standard deviation of 0.45. Only 2 projects out of those reporting used 3 tools (2%), 16 (about 16%) used 2 tools, and the rest used only 1 tool. It was determined above that neither project size nor project cost correlates with the use of general funding source (private, public, or mixed), so this question examines the relationship between project size and cost and the number of financial tools used. The results of the regression for each metric are provided in Table 4 and Table 5 below.



Unlike the general financial source evaluated in research question 1, both project size and cost have a statistically significant, positive correlation with the number of financial tools used. The magnitude of this relationship is small, though, given the fact that all projects used very few tools regardless of size and cost.




3.2.4. Research Question 4: Do Projects Use Different Financial Tools Based on the Total Project Cost?


The distribution of overall project cost is outlined by financial tool in Figure 3. For projects in this convenience dataset, the variability within each financial tool is high and the distributions across tools have significant overlap. While the most expensive projects were funded by taxes and user fees and the least expensive projects were funded by developers and donations there does not seem to be an obvious trend in the use of financial tools based on overall project cost.




3.2.5. Research Question 5: Do Older Projects Rely on Fewer Funding Sources?


Age of project was defined as the year the project was completed according to the specification in the dataset. The completion year was only reported for 74 cases (about 17%); the other cases were either missing this variable or were not completed at the time of the survey. A sudden drop-off occurs around 2013 that is likely due to incomplete projects at the time of sampling and fewer samples being collected after the initial compilation. Given the limited data available, the number of projects and the costs seem to have increased dramatically in the later years, which is possibly explained by the increasing popularity of GI and greater widespread use in just this sample. Figure 4 illustrates this trend for both total cost and number of GI projects by year.



Additionally, it appears as though the number of financial tools used per project is increasing slightly. This may be due to an increase in availability of financial tools, an increase in awareness of financing options, or the non-random nature of the dataset. As GI becomes more established, additional financing sources are likely to make funds available through various tools.



Figure 4 not only shows the dominance of public sources of funding in terms of both projects and costs (reflected by the large share of grants as a funding tool), but also the increase in the prominence of public sources over time for both projects and costs.




3.2.6. Research Question 6: Does the Use of Specific GI Technologies in the Convenience Sample Change over Time, Potentially Affecting the Kind of GI Financing Used over Time?


For the cases that reported year completed, it seems like the number of technologies used increased over time (at least for the technologies defined by the dataset). The most used technologies, bioswales, rain gardens, bioretention, and porous pavements, have been consistently used and popular over time. Perhaps as GI is more widely adopted, projects will continue to increase the number of techniques used as communities are more willing to experiment and the popularity of existing techniques will also expand as more technologies demonstrate their effectiveness, which in turn is likely to draw more funding and at least the need for funding. Figure 5 exemplifies the use of different GI techniques over time in just the convenience dataset. Other studies have identified this trend as well, for example, in a three-city comparison involving Portland, Baltimore, and Phoenix [9].






4. Discussion


GI has become a popular approach for water management to achieve both mitigation and adaptation relating to climate change concerns—such as sea level rise, increased precipitation, and heat—as well as providing other environmental co-benefits, such as improved air quality and increased green space. The expansion of GI to meet these goals will require accessible and affordable financial tools that are stable, flexible, and financially sustainable. Interest in financing GI has been increasing, as noted earlier in the paper, so a critical next step is to better understand how GI is used and financed.



This paper begins to evaluate characteristics of GI financing by analyzing a single, but large database of GI projects across the U.S. from ASLA. Important findings from this convenience sample indicate that GI projects were more popular in certain states, some financial tools and GI technologies tended to be more commonly used than others, and there were no clear relationships between a project’s GI type, size, and cost characteristics and the financial tools used. This research sets the stage for a more expanded analysis of whether these patterns hold for a representative sample of GI projects, why certain financial tools and GI technologies may be used more than others, whether it is worthwhile to expand the types of GI technologies currently being used, and whether to broaden the use of financial tools to support them. Moreover, the set of GI technologies that were used more commonly seemed to be in the general categories of land use and street design, rather than focused on buildings or private property. This could have implications for types of funding tools used. Other contexts are important as well that were not available in the dataset such as the type of institutional conditions in the form of urban planning and land development that could have influenced both the application of GI and its funding [3,6]. Much of the attention in analyzing this particular dataset was on the costs and financing of the development or construction of GI. The support of GI financing of long-term operation and maintenance costs requires critical attention as well [3].



The methodology used here is transferrable across datasets and different areas allowing additional cases studies to be analyzed in a consistent way. Decision-makers evaluating options to finance their GI projects can draw upon these relationships to inform their decisions to obtain sufficient and affordable financing.




5. Conclusions


GI continues to be an important option for stormwater management and other co-benefits as indicated earlier. There is much to be understood and accomplished to bring about viable financial support for GI. This article has contributed to moving this area of inquiry forward by identifying and analyzing what the financing experience has been for a relatively large set of GI projects, and what financing types are related to the types of GI the projects use. Although it is not a representative set of GI projects, it contributes to an understanding of the use of GI financing tools and provides some significant characteristics that are important to evaluate should a larger data set of GI projects become available.



GI is unusual in the diversity of meanings or definitions applied to any given GI term, the decentralized nature of many of the technologies, the variety of settings in which GI arises and is used, and the many different kinds of sponsors and supporters. This analysis showed that like other studies, the national ASLA database revealed a diversity of types of GI [9] and financial tools, yet the full range of possible GI types and financing tools were not used. In part, this potentially is a function of how new the technology is and the flexibility users have to combine technologies. This is not necessarily a disadvantage, but rather it reflects flexibility and the ability to adapt to specific conditions and circumstances. The greater use of one type of financial tool, grants, in the convenience sample probably reflects the reliance of newer approaches to environmental management (given their initial uncertainties) on more common funding not requiring reimbursements. Afterwards when the approaches become more reliable, stable, and well-known, funding mechanisms are more likely to draw upon those that can support pay-back mechanisms.



Given the diversity of GI types and financial tools, it is important to understand the context in which GI arises. A number of researchers have recognized, for example, that urban planning and urban development processes are an important context that needs to provide and support [6,45,46] for GI and could influence the availability and choice of financial resources. One aspect of institutional context is stakeholder involvement as a factor in supporting financial tools to expand the use of GI. Support is needed to bring about the financial resources. How to handle stakeholder involvement and engagement is very challenging in a setting in which the objectives and the benefits of a given technology are very diversified.



GI funding options and opportunities increase where synergies are created with other infrastructures and the co-benefits they potentially offer. This is important for avoiding conflict and the perception of competition for funding among different kinds of infrastructure. The gray–green connectivity is one such area of connectivity [9,15]. At the outset of this paper, the premise was put forth that financial support for GI was necessary just as it has been for other infrastructures. The debate about infrastructure in general centers around investment needs. Data was not available on how these GIs connected to conventional infrastructure for storm water management, and where one stops and the other begins. This can make financing difficult where it is tailored to particular technologies. Much research on the co-benefits of GI could be brought to bear upon the support for GI, while not diffusing one of its basic purposes, that of water management. The robustness of GI in supporting a wide range of climate-related conditions will affect the attractiveness of funding options. In fact, GI financing options can draw upon other financial tools being used, for example, to finance resilience in connection with climate change [48,49].



Two aspects of green infrastructure that touch on methodological considerations could provide a good foundation for the financing issue: spatial and temporal characteristics of GI projects. Given that the database was drawn from a convenience sample several research questions could not easily be explored as representative of GI and guiding finance. Geography is an important beginning in understanding what financial tools are available that may be specific to a given political jurisdiction. The temporal dimension, likewise given only brief attention in this research, provides insights into how financial tools have evolved over time. In addition to being a convenience sample, several other limitations in the database arose in connection with time period. First, time was only reported for about a fifth of the projects in the dataset, unlike other datasets where date was available for the majority of the sites [9]. Second, time had various interpretations and it was not usually specified what the reference for time was, for example, construction vs. completion. These issues have to be resolved in order to apply time period more widely.



The categorization of GI is an important need to begin to think about financial tools and their effectiveness, however, such tools might not be sensitive to type of GI being funded as long as it performs effectively. The discussion of this variation considers many factors such as what function is being emphasized and the rapidity with which GI technology has emerged.



Historical analyses that include the emergence and selection of a financial tool has indicated a lot of variation in what influences the use of financial tools. McPhillips and Matsler [9] (p. 4, 7, 8) have suggested regulatory, administrative, and organizational drivers as well as combined sewer overflow construction where they exist as a driver, though federal regulations are considered less important at least in their study. Other potential drivers may simply be opportunistic. Sustaining GIs has been influenced by financial conditions and resources, e.g., as McPhillips and Masler [9] (p. 7) indicate the recession diminished SCM development. Others have similarly emphasized the complex factors that contribute to GI implementation [3,6] though they do not directly touch on finance, the implications are clear.



Costs in this database, as indicated earlier, explicitly or implicitly pertain to construction costs or capital costs rather than operations and maintenance. In other studies, costs are considered to be associated with new development, however retrofits are also possibly included [9]. The sensitivity of both relative costs and the feasibility of financial arrangements to different GI types is a key direction for future research.



A data repository for GI projects and GI financial tools is important and would go a long way to support the transferability of knowledge about and experience with GI, including financing characteristics. This would enable analyses to move from non-representative to more representative data sets for GI. This is challenging of course given the wide variety of settings in which GI occurs. More precise databases would help identify the temporal dimension in which different financing tools emerge as indicated above. Time periods can then be linked to political stages and the availability of public funds. One could examine for example whether as public funds become less available, private funds take over as an important funding mechanism. Also, one could link this to practices globally [45] (p.754). As indicated earlier, a database that includes the details that characterize GI financing including the conditions and who the investors are that would be attracted to GI goals, would go a long way in providing financial decision makers with the means to financially support GI.



Thus, the analysis of GI presented here for a convenience sample of GI projects potentially sets the stage for a broader examination of GI and how financial resources can be used to strengthen its application to achieve important water management and other functions. In conclusion, there are many ways the financial base for GI can potentially be strengthened so that it can confront some of the financing obstacles infrastructure in general has faced. Some examples are increasing the number and flexibility of resources to adapt to a wide range of types and settings for GI, acknowledging the institutional context including planning and development processes so they can reinforce rather than conflict with GI needs, and clarifying and expanding the kinds of costs GI financial resources can cover.
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Table A1. Examples and summary of financial tools GIF financial tools summary. All information is drawn from [22,35,38].
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	Financial Tool
	Entity
	Illustrative Examples





	Grants
	U.S. Environmental Protection Agency (EPA)
	
	
Section 319 Nonpoint Source Grants



	
Urban Waters Small Grants (UWSG)








	
	U.S. Housing and Urban Development (HUD)
	
	
Community Development Block Grant (CDBG)



	
Sustainable Communities Regional Planning Grants



	
Community Challenge Planning Grant (CCPG)



	
Community Development Block Grant—Disaster Recovery (CDBG-DR)








	
	U.S. Department of Homeland Security (DHS)
	
	
Hazard Mitigation Grant Program (HMGP)



	
Pre-Disaster Mitigation Grant Program



	
Disaster Assistance (post-disaster)








	
	U.S. Department of Agriculture
	Various for water and forestry support, providing guidance and participating in collaborations



	
	U.S. Department of Energy
	
	
Weatherization and Intergovernmental Program








	
	U.S. Department of Transportation (DOT)
	
	
Transportation Investment Generating Economic Recovery (TIGER)



	
Federal Highway Administration Surface Transportation Block Grant (STBG)



	
Federal Highway Administration Congestion Mitigation and Air Quality (CMAQ)








	
	U.S. Department of the Treasury
	New Markets Tax Credit program



	
	U.S. Department of Interior
	Rivers, Trails and Conservation Assistance Program (in-kind assistance)



	
	U.S. Department of Commerce
	Economic Development Administration programs (EDAP)

NOAA Community Based Restoration Program (CBRP)



	
	U.S. Department of Defense
	GI on U.S. military bases; providing guidance and training



	
	State and Local Governments
	Special State Grant Programs



	
	State Water Resources Control Board
	Stormwater Grant Program (SWGP)



	Loans and Loan Guarantees
	U.S. EPA
	State Revolving Funds



	
	U.S. HUD
	Section 108 Loan Guarantee Program



	
	U.S. Department of Commerce (DOC)
	EDAP



	
	State and Local Governments

Infrastructure Banks/Green Banks
	State Revolving Funds



	Bonds
	Governments, Corporations, Financial Institutions;

Infrastructure Banks/Green Banks
	
	
General Obligation Bonds



	
Revenue Bonds



	
Industrial Revenue Bonds



	
Green Bonds



	
Qualified Energy Conservation Bonds



	
Climate Bonds



	
Social Impact Bonds



	
Environmental Impact Bonds (DC)



	
Catastrophe Bonds








	Taxation
	Governments, Special Districts
	
	
Tax abatement



	
Tax credits



	
Tax Increment Financing



	
Value capture



	
General taxes (sales tax, income tax, business tax, etc.)








	Financial Incentives
	Governments, Special Purpose Authorities
	
	
Tax deferrals



	
Tax exemptions



	
Tax credits








	Fees
	Governments, Special Purpose Authorities
	
	
User fees



	
Permit Fees



	
Stormwater utility fees



	
Exactions








	Special Purpose Funds
	Governments, Private Entities
	Disaster Funds



	Other
	Insurance Companies
	Insurance



	
	Philanthropies

Foundations

Charitable Trusts

Etc.
	Numerous



	Combinations
	
	Public–Private Partnerships (P3)
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Figure 1. Distribution by state of total projects (top) and total cost (bottom) represented in the ASLA convenience dataset. Note: This concentration of projects may not represent the actual concentration of GI investment and instead reflect the concentration of ASLA membership or awareness of projects. 
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Figure 2. Cost per square foot for different GI technologies. Note: The figure on the left represents the full dataset, including all of the outliers, while the figure on the right limits the x-axis to show the majority of the cases. The boxes represent the interquartile range (IQR), the bars within the boxes represent the median, the points marked with an “×” represent the mean, and the dots are the outliers defined as 1.5 times the IQR in either direction. 
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Figure 3. Total project cost by financial tool used to finance the project. Note: Only 102 cases (about 23%) provided information on the specific tools used. Projects often included more than one financial tool but did not specify the breakdown of how much funding came from each tool; this distribution represents the total cost of each project that used the given financial tool for at least a portion of the financing. The boxes represent the interquartile range (IQR), the bars within the boxes represent the median, the points marked with an “×” represent the mean, and the dots are the outliers defined as 1.5 times the IQR in either direction. 
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Figure 4. Total cost (top) and number of projects (bottom) by completion year (1988–2013). Note: Only 74 cases (about 17%) provided a completion year. This concentration of projects may not represent the actual concentration of GI investment and instead reflect the concentration of ASLA awareness of projects. 
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Figure 5. GI technology use by year (1988–2013). 
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Table 1. Parameter list from the ASLA convenience dataset.
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General Category

	
Description






	
Project Name

	
Name as given by project managers




	
Location

	
Address




	
City




	
State




	
Date

	
Date completed




	
Financial Source

	
Public




	
Private




	
Mixed




	
Financial Tool

	
Grants




	
Loans




	
Bonds




	
User Fees




	
Tax Exemptions




	
Donations




	
Developer Support




	
GI Technology

	
Bioretention




	
Rain Garden




	
Bioswale




	
Downspout Removal




	
Porous Pavers




	
Green Roofs




	
Cistern




	
Green Streets




	
Street Trees




	
Detention




	
Natural Buffers




	
Rain Barrels




	
Restoration




	
Project Size

	
Capture Area (Square feet)




	
Cost (construction or capital cost)

	
Total Cost Over Time (actual dollars)
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Table 2. Distribution of financial tools by financial source.
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	Grant
	Bond
	Loan
	Tax
	User Fee
	Donation
	Developer



	Public
	61
	8
	3
	20
	2
	0
	0



	Private
	0
	0
	0
	0
	0
	8
	1



	Mixed
	7
	0
	1
	0
	0
	13
	0



	
	Grant
	Bond
	Loan
	Tax
	User Fee
	Donation
	Developer



	Public
	64.9%
	8.5%
	3.2%
	21.3%
	2.1%
	0.0%
	0.0%



	Private
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	88.9%
	11.1%



	Mixed
	33.3%
	0.0%
	4.8%
	0.0%
	0.0%
	61.9%
	0.0%



	
	Grant
	Bond
	Loan
	Tax
	User Fee
	Donation
	Developer



	Public
	89.7%
	100.0%
	75.0%
	100.0%
	100.0%
	0.0%
	0.0%



	Private
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	38.1%
	100.0%



	Mixed
	10.3%
	0.0%
	25.0%
	0.0%
	0.0%
	61.9%
	0.0%







Note: Projects were categorized as only public, private, or mixed, so the columns sum to 100% of projects using that financial tool. However, projects used multiple tools, so the rows do not sum to 100%.
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