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In this study, we develop an economic evaluation of the Boston Harbor Cleanup, a court-mandated action started in 1986, through a comparison of cleanup costs and relevant ecosystem service values. Our results suggest that the ecosystems in the study area provide services to society with a capitalized value ranging from $30 to $100 billion. The $4.7 billion cost of the Boston Harbor Cleanup is about 5–16% of the total asset value of ecosystem services. Although it is not clear what fraction of the ecosystem value is due to the cleanup, our results suggest that the cost of the cleanup may be justified by our high- or midpoint-estimates of the value of ecosystem services.
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INTRODUCTION

Ecosystems in Boston Harbor and neighboring areas provide a multitude of services to society. The environment that we enjoy today is to a large extent a result of the Boston Harbor Cleanup project. Thirty years ago, the harbor was heavily polluted, and costly cleanup activities were motivated by the 1972 Clean Water Act (Levy and Connor, 1992). In this study, we attempt to evaluate the cleanup as an economic decision. We develop estimates of ecosystem service values for the Boston Harbor area and compare these ecosystem benefits with cleanup costs.

Coastal ecosystems are complex, and water quality affects ecosystem services through multiple pathways. Due to data limitations, it is difficult to develop a detailed analysis by documenting changes, before and after the cleanup, in water quality, ecosystem conditions, services they provide, and social benefits associated with these services. This type of assessment typically involves a subset of ecosystem services and cannot capture the full benefits following the cleanup (Fross and Kite-Powell, 2015). To capture the wide range of ecosystem benefits, we employ an alternative approach following Costanza et al. (1997), which estimates ecosystem values based on land covers.

Pollution control and cleanup is a common challenge facing many urban harbors around the world. Under budget constraints, ecosystem restoration projects must pass an efficiency test (cost-benefit analysis). Because of its cost, scale, and duration, the Boston Harbor Cleanup presents a unique case for cost-benefit analysis. What makes this case even more interesting is that the cleanup started as a court-mandated action in 1986 when it was widely believed that the action could not pass a cost-benefit test. With growing knowledge on ecosystem valuation in recent decades, we can now reexamine the cleanup as an economic decision. Results of this study will provide useful information to coastal managers and the public facing similar decisions in the coming years.

BOSTON HARBOR CLEANUP

Boston Harbor had been heavily polluted due to industrial development and population growth since the nineteenth century. By the mid-1970s, organizations within the Boston community started to fight for a cleaner Boston Harbor. The municipal wastewater treatment plants at Nut Island and Deer Island, constructed in 1952 and 1968 to service the greater Boston communities, were engineered to treat 112 million and 343 million gallons per day (mgd), and 280 and 848 mgd at peak flows (Levy and Connor, 1992). With flows exceeding their capacity, raw wastewater was often discharged directly into Boston Harbor, and the harbor was soon polluted to such an extent that recreational activity was severely constrained; marine habitat was greatly affected; and water quality was poor. In the early 1980s, the two failing primary treatment plants discharged a total of 350 million gallons untreated wastewater each day into the harbor. Digested sludge was discharged in the northern harbor. Frequent combined sewer overflows (CSO) discharged 3 billion gallons annually during wet weather (Rex, 2008).

In 1972 the Clean Water Act was passed. The Metropolitan District Commission (MDC) applied for a 301(h) waiver, claiming that the costs of constructing a secondary treatment plant outweighed the benefits (Levy and Connor, 1992). At the time, the MDC was the state agency charged with the operation of the wastewater treatment sites. The EPA failed to act on the waiver, and in 1982 the City of Quincy filed a lawsuit against the Commonwealth of Massachusetts for violating the Clean Water Act (Levy and Connor, 1992). In 1983, the Conservation Law Foundation filed a second lawsuit against the Commonwealth for violating and the EPA for failure to enforce the Clean Water Act (Levy and Connor, 1992). In 1986, Judge A. David Mazzone mandated the court-ordered construction of a new treatment plant and supplemental cleanup projects (Rex, 2008).

The cleanup operation consists of two court-mandated actions, which have led to significant improvement in water quality in the harbor area (Massachusetts Water Resources Authority (MWRA), 2008). By 1991, sludge discharges into the harbor were ended, and CSO discharges were cut in half to 1.5 billion gallons per year (Rex, 2008). In 1995 the new primary treatment facilities on Deer Island began operation (Massachusetts Water Resources Authority (MWRA), 2014). Finally, in 2000, wastewater was no longer discharged into shallow areas of the harbor, and treated effluent is now discharged into Massachusetts Bay through a 9.5 mile-long outfall (Rex, 2008). The cleanup has transformed Boston Harbor from the “dirtiest harbor in America” to a “Great American Jewel” (Massachusetts Water Resources Authority (MWRA), 2008). The total cost of the two court-mandated projects was $4.7 billion, including $3.8 billion for the Boston Harbor Project and $0.9 billion for the Combined Sewer Overflow project (Massachusetts Water Resources Authority (MWRA), 2014, 2016). Most of the cost has been absorbed by consumers through increased water and sewer bills.

ECOSYSTEM SERVICE VALUES

Economic Valuation of Ecosystem Services

Ecosystem services are the direct and indirect benefits that humans derive from ecosystems, and in coastal environments these include nutrient cycling, climate regulation, habitat provision, and recreational uses (Millennium Ecosystem Assessment Board (MEAB), 2003). While a general approach for ecosystem service identification and valuation has been developed, and there are many ecosystem valuation studies in the literature, the valuation of coastal protection projects remains a challenging task (de Groot et al., 2012; Reddy et al., 2015).

Economic value is a human construct and exists only in the context of human societies that make use of the market goods and services produced by people, and the ecosystem services supplied by the earth's environmental resources. Because it derives at least in part from people's preferences, which in turn are a function of their circumstances and understanding of the world, economic values are by definition more ephemeral and changeable than, for example, physical or chemical properties of resources. Some economic values can be estimated directly by observing the prices at which goods and services are traded in markets (e.g., the value of seafood). Other “non-market” goods and services are not traded in markets; their economic value must be estimated by techniques such as travel cost and random utility models, hedonic methods, or contingent valuation. The selection of valuation methods for various ecosystem services is not always straightforward. Examples of such selection can be found in de Groot et al. (2002) and Wang et al. (2010).

In theory, ecosystem value is jointly determined by the supply of ecosystem services (e.g., production of salt marsh as habitat for birds and fish) and demand for the services by society (people's willingness to pay) (Johnston et al., 2002). Thus, the value of an ecosystem is a function of its scale, condition, and the services it provides. To avoid double counting, changes in multiple ecosystem services should be valued jointly (Johnston et al., 2011). Also, marginal ecosystem service value may rise rapidly when changes in the ecosystem condition pass a “critical threshold” (Farber et al., 2002).

Marine ecosystems are biological assets that potentially are capable of generating flows of returns indefinitely. Fenichel et al. (2016) describe a conceptual framework for computing the price of natural capital (e.g., ecosystem resources). The unit price of natural capital is a function of the stock of natural capital, parameters characterizing ecological dynamics, human behavioral feedbacks, and the value of ecosystem service flows.

Unfortunately, valuation of ecosystem services at a specific location is typically a complex and time-consuming process. As a result, many studies involving ecosystem valuation of natural resources and environments rely on benefit transfer techniques: they adapt valuation information from the literature to the project sites (Woodward and Wui, 2001; Johnston et al., 2015). Earlier efforts to integrate results of ecosystem valuation studies from different locations are summarized in Costanza et al. (1997). More recently, researchers have developed the Ecosystem Service Valuation Database (ESVD) that summarizes results of valuation studies around the world. Other compilations of ecosystem values can be found in Pendleton (2008), de Groot et al. (2012), and Kocian et al. (2015).

Valuation Methods

The ecosystem service valuation framework for this study is outlined in Figure 1. Since different coastal areas host different ecosystems that provide different ecosystem services, the first step is to identify ecosystem/land cover types such as wetland, beaches, habitats, and recreational sites, and estimating their spatial extent. Next, specific ecosystem services that each land cover provides are identified (Table 1). The ecosystem service values are then estimated at the unit level by land cover.
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FIGURE 1. Ecosystem service valuation method.




Table 1. Classification of ecosystem services.
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We follow the general approach of Costanza et al. (1997) and utilize a simple unit value transfer method. Because valuation estimates of certain ecosystem services (e.g., recreational and health benefits) are significantly affected by population density, income, and other community characteristics at the study site, a key step in the process is making adjustments to the valuation estimates for different local ecological and social conditions (Brander et al., 2006; Johnston et al., 2015; Wolf et al., 2015). For example, the vast majority of published ecosystem valuation studies are conducted in non-urban settings; yet results from these studies have been used in cost-benefit analyses for coastal and marine ecosystem restoration projects in urban areas. Erroneous valuation of the ecosystems in coastal urban areas can have serious consequences, affecting a large population in a shared environment.

In urban areas, a network of multifunctional open spaces, parks, waterways, trees and woodlands is essential to support a high quality of life. Natural (green) space offers recreational and leisure opportunities to a large number of people. It is a place for children to play and people to meet and therefore has a social function (Vandermeulen et al., 2011). It offers considerable public health benefits as well (Wolf et al., 2015; Wolf and Robbins, 2015). To reflect these important beneficial effects in the study area, we select high-end estimates of ecosystem services in the literature and make additional adjustments (Figure 2). For the study, we consider 13 land cover types, and their high- and low-end unit values are in Table 2. Data sources for these ecosystem service values are summarized in Table A1 in the Appendix.
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FIGURE 2. Unit ecosystem service values.




Table 2. Unit ecosystem service values (2016$).
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Typically, the unit ecosystem service values available in the literature are given in U.S. dollars per unit area per year (de Groot et al., 2012; Kocian et al., 2015). In the study, we estimate both the annual value and asset (capitalized) value of ecosystem services. We calculate the total asset value of ecosystem services (in $) as the sum of two components. One is the sum of discounted annual flows over 100 years, and the other is a sum of additional asset (stock) values of other ecosystem services (Figure 1). The total ecosystem value is the sum of individual ecosystem services values across different land covers. Specifically, the total asset value is:
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where t = (1, 2, …, 100) is year; δt is the discount rate in year t; i = (1, 2, …, 13) is the index for land cover types; ESVi is the unit flow value of ecosystem service from land cover i (in 2016$/acre/year); Si is the spatial extent of land cover i (in acres); and OAVi stands for the unit asset value of other ecosystem services from land cover i (in 2016$/acre). OAV includes additional asset values of ecosystems for carbon storage and increased housing values (e.g., a premium added to property values due to the presence of nearby ecosystem amenities). Note that an asset value is the sum of discounted annual values over time, and thus OAV should not be discounted. For example, a property's value (asset value) is the sum of its discounted annual rental values over the life of the property.

In economic project analysis, the rate at which future benefits and costs are discounted relative to current values often determines whether a project passes the benefit-cost test. This is especially true of projects with long time horizons, such as those dealing with long-term ecosystem service values. For example, studies have shown that the discount rate schedule makes a considerable difference to estimates of the social cost of carbon (the present value of damages from emitting a ton of carbon dioxide) (Arrow et al., 2013). Although there may be other causes for the discount rate to decline over time (e.g., declining productivity and population growth), uncertainty about future discount rates has been identified as the main reason for a declining discount rate schedule. Future discount rates are inherently uncertain because of uncertainty in the rates of growth in consumption and return to investment (Arrow et al., 2013; Cropper, 2013). In this study, we use the “approximate recommended” sliding-scale discount rates by Weitzman (2001). For comparison, we also use two constant discount rates (3 and 7%) in our ecosystem value calculations.

The areal extent of each type of land cover at Mean Higher High Water (MHHW) is quantified using Geographic Information System (GIS) analysis. We divide the study area into four sub-areas by watershed: Mystic River Watershed, Charles and Neponset Rivers (combined) Watershed, Weir River Watershed, and Harbor Islands, as in the Boston Harbor Barrier Assessment Study (Kirshen et al., 2018). The “Harbor Islands” watershed includes all areas of Boston Harbor not included in the other three watersheds. We adjusted watershed boundaries adjacent to the harbor slightly to assure no overlap with the Harbor Islands watershed.

To calculate the areas for different land covers in the four sub-areas, we compiled publicly available GIS datasets from different sources (Table A2 in Appendix). We assign a priority level to each land cover type to avoid double counting ecosystem values from overlapped areas of multiple land cover types. This way, the overlapped portions of lower priority land areas are not counted if they overlap with a higher priority land area. Generally, higher valued land covers (e.g., wetlands) are ranked higher on the priority list so that the overall ecosystem values are not underestimated. For example, a wetland area may also be in a city park, and by counting only the high-end unit value for wetland (which includes recreational values, etc.), we actually capture the park value.

Valuation Results

Different land covers in 2013 in the four sub-areas, Mystic River Watershed, Charles and Neponset Rivers Watershed, Weir River Watershed, and Harbor Islands, are shown in Figures 3–6, respectively. Results of the area calculation by land cover in the four sub-areas in 2013 are reported in Table 3. As noted above, the flow of ecosystem service values is converted to an asset value as the sum of discounted annual values over 100 years. As an example, the flow of high- and low-end estimates of annual values in the Mystic River Watershed under a declining discount rate is illustrated in Figure 7. As shown in the figure, the discount rate (red dashed line) is 4% in years 1–5, 3% in years 6–25, 2% in years 26–75, and 1% in years 76–100. Ecosystem service asset values for the four sub-areas under different discounting schedules are summarized in Table 4.
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FIGURE 3. Mystic River Watershed.
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FIGURE 4. Charles and Neponset Rivers Watershed.




[image: image]

FIGURE 5. Weir River Watershed.
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FIGURE 6. Harbor Islands.




Table 3. 2013 Land cover areas (acres) at MHHW by watershed.
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FIGURE 7. Flow of ecosystem service values (0 ft SLR), Mystic River Watershed (sliding-scale discount rate).




Table 4. Asset value of ecosystem services (2016 $ millions).
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CLEANUP COST VS. BENEFIT OF ECOSYSTEM SERVICES

Cost-benefit analysis (CBA) is a systematic method of identifying and measuring the economic benefits and costs of a project or program. The benefits of a project are the values of incremental outputs of goods and services, including environmental services, made possible by the project, and costs are the values of the incremental real resources used by the project (Hufschmidt et al., 1983). Ideally, benefit measures should reflect social welfare changes before and after the project (Johansson, 1993).

In the case of Boston Harbor Cleanup, relevant estimates of ecosystem service values in the 1980s (prior to the cleanup) are unavailable. Instead, we compare the cost of cleanup with a subset of ecosystem service values that are sensitive to water quality changes, assuming that these values would have been very low without the cleanup.

By comparing the cost of Boston Harbor Cleanup with the asset values of ecosystem services in the study area (last row in Table 4), we see that the $4.7 billion cleanup cost is about 5–16% of the total asset value of ecosystem services (about $30–100 billion under sliding scale discounting).

To provide a more detailed assessment, we compare the annual value of services provided by ecosystems sensitive to water quality changes with the annual debt service (total principal and interest payment) associated with the cleanup. The annual value of ecosystem services from the study area is in the range of $705 million to $2,128 million (Table 5). Ecosystem services that are sensitive to water quality change are identified in Tables 5. Assuming that without the cleanup all these services would have been lost due to poor water quality, we estimate the benefit of cleanup as $215 million to $859 million per year (Table 6).


Table 5. Annual value of ecosystem services (2016$).
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Table 6. Annual value of ecosystem services with and without cleanup (2016$).
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Because the annualized payment for cleanup costs is affected by both interest rate and amortization period, we examine six different financing arrangements: three amortization periods (20, 40, and 60 years) each under two interest rates (3 and 7%) in Table 7. We calculate the benefit-cost ratio as the quotient of cleanup benefit [$215 million (low), $537 million (midpoint), or $859 million (high)] and the annual payment under each financing scheme. For example, with 3% interest rate and 60 year amortization, the annual payment of the $4.7 billion cost is $170 million. For the midpoint estimate of annual ecosystem service benefit of $537 million, the benefit-cost ratio is 3.16: the cost of cleanup is 32% (1/3.16) of the ecosystem service benefit. In other words, if 32% of the ecosystem value is attributable to the cleanup, then the investment in cleanup is economically justified. Note that in this case we consider only partial ecosystem values that are sensitive to water quality changes. If we use full ecosystem values in the calculation, the benefit-cost ratio will be significantly higher.


Table 7. Cost of Boston Harbor Cleanup vs. benefit of ecosystem services.
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Overall, the results suggest that the cleanup investment is justified by our high-end and midpoint estimates of the ecosystem service benefits (B/C > 1). For the low-end estimates, the investment is justified if the debt is financed by long-term and low-interest loans. According to the Massachusetts Water Resources Authority (MWRA) (2014), the debt service schedule extends over 60 years (through fiscal year 2055). The long-term bond rates have been low (around 3%) in the recent decade. Both of these are favorable for low-cost financing.

ADDITIONAL CONSIDERATION

With climate change and sea level rise (SLR), coastal land covers and associated ecosystem values will change in the future. As rising sea level inundates low-lying lands, property owners have typically attempted to hold back the sea by shoreline armoring, which can accelerate erosion and loss of beaches and tidal wetlands. To preserve natural defenses and other ecosystem services, alternative management approaches have been proposed to ensure that wetlands and beaches can migrate inland, and to remove buildings, roads, and other structures from land as they become submerged (Titus, 2011; Gittman et al., 2015).

To assess the effects of SLR on the asset value of ecosystem services under managed coastal retreat, we compiled several land covers as listed in Table A2 from Sea Level Affecting Marshes Model (SLAMM) results prepared by Woods Hole Group, Inc. (WHG) for conditions of 0, 1, 3, 5 feet of SLR under contract to Massachusetts Coastal Zone Management (CZM) (Woods Hole Group, 2016). The SLAMM model “simulates the dominant processes involved in wetland conversions and shoreline modifications during long-term sea level rise” (Clough et al., 2012). The WHG/CZM SLAMM model results we use in this analysis do not utilize impervious surfaces. Therefore, the model did not prohibit marshes and wetlands from expanding into currently “developed” areas; the marshes and wetlands migrate as dictated by the elevation landscape, as if the impervious features were absent.

We calculate the total asset values at two SLR stages (0 in 2013 and 5 feet in 2100), using the results of different land cover calculations and assuming no changes in the unit ecosystem service values. Figure 8 depicts the asset values for the four subareas under the two SLR scenarios and sliding scale discounting. The results suggest that, without additional shoreline protection measures and restrictions on marsh migration, the total ecosystem asset values are expected to increase (mainly due to growth in marsh/wetland areas) in the study area under SLR, highlighting the benefits of managed coastal. As a result, the benefit-cost ratio for the Boston Harbor Cleanup will be significantly higher than our baseline estimates. If, however, the marsh were not allowed to migrate in the SLAMM model simulations, marsh areas would reduce with SLR. As a result, the value of ecosystem services would decrease in future years.
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FIGURE 8. Effects of sea level rise (SLR) on ecosystem asset values (2016$ million, sliding scale discounting).



CONCLUSIONS

Ecosystems in the Boston Harbor study area provide a multitude of services to society with an estimated asset value of $30–100 billion. Sea level rise will affect these ecosystem service values: without shoreline armoring, the values are expected to grow, reflecting the benefits of managed retreat as a policy option. The $4.7 billion cost of the Boston Harbor Cleanup is about 5–16% of the total asset value of ecosystem services. With long-term and low-interest-rate financing, the annual cost for the cleanup may be justifiable by our estimates of annual value of ecosystem services.

In many places around the world, industrial and residential development projects are justified by cost-benefit analyses over environmental cleanup or ecosystem restoration proposals, because polluted environment and degraded ecosystems offer little ecosystem services. Our study highlights the potential benefits associated with the cleanup option. Indeed, the Boston Harbor Cleanup has led to a significant increase in private investment, and economic growth along the waterfront has outpaced the City's overall rate of increase (Save the Harbor/Save the Bay, 2004).
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