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The concern with preserving natural resources for the future has been capturing global attention due to the state of decline of productive ecosystems. Chesapeake Bay, a large estuary located on the mid-Atlantic coast of the United States of America is such a productive ecosystem supporting thousands of animal and plants species, and the surrounding human population. Despite the concept of sustainable development, there has been continued pressure on the natural resources and the ecosystem services of the Bay. Institutional restoration and management efforts have been extensive, generating organizations, agreements, regulations and projects, among others. This research assesses Chesapeake Bay’s sustainability in four domains: environment, social, economy, and governance, using the Circles of Coastal Sustainability methodology. Each of the four domains has five categories, and each category is evaluated by the authors’ expert judgment using indicators related to the socio-ecological system and the definition of sustainable development. The article proposes a global sustainability score developed by a literature review of sustainability evaluated through the expert judgment of the authors. The results from the framework gave a “Satisfactory” score to the overall system; the environment and economic domains obtained the “Satisfactory” score, whilst the government and social domains obtained “Good” and “Poor” scores, respectively. The categories ranged between “Excellent” and “Poor” scores. The “Excellent” score was obtained by organization. The “Poor” score was obtained by five categories across the domains including social benefits, demographic, identity, security, and economic wellbeing. The assessment showed that the system has degradation problems, but the results have provided a general foundation for management bridges and barriers for sustainable development, with the barriers used to discuss new bridges towards holistic management proposals. The framework is a tool in progress to communicate to various actors the current sustainability development with the available information, provide a holistic system view, and find knowledge gaps in the research of a system. Similarly, the framework and assessment can be complemented, adapted, refined, and improved with each application as part of an adaptive management iterative cycle.
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1 Introduction

The 1987 Brundtland Report was developed by the United Nations to propose “a global agenda for change” (Keeble, 1988). The report was the first to define the concept of sustainable development as “development that meets the needs and aspirations of the present generation without destroying the resources needed for the future generation to meet their needs” (Keeble, 1988). Concern about preserving natural resources for the future has been capturing the attention of the global public due to the state of decline of productive ecosystems (Keeble, 1988; Kuhlman and Farrington, 2010). This raises the question of how to assess the sustainability of a social-ecological system to reveal the management needs.

The Chesapeake Bay is a large estuary with an area of 6,100 km2 located on the mid-Atlantic United States of America (USA) coast (Goetz et al., 2004; Bilkovic et al., 2019). The Chesapeake Bay watershed drainage covers 167,000 km2 within six states of the country, Delaware, Maryland, New York, Pennsylvania, Virginia, and West Virginia, and the Federal District of Columbia, the nation’s capital (Boesch et al., 2001; Testa et al., 2017; McLaughlin et al., 2022). Currently, its natural resources support thousands of animal and plant species and a human population of approximately 18 million (Morgan and Owens, 2001; Phillips and McGee, 2016; Ator et al., 2020; Delia et al., 2021). However, since the mid-1900s, there has been a substantial loss of natural resource quality and productivity (Phillips and McGee, 2016; Hood et al., 2021; CBP-Who, 2023). In 1970, the nation’s Congress sponsored a study to analyze the source of the Bay’s degradation (CBP-Who, 2023). The main issue identified was cultural eutrophication, an excessive algae growth resulting from nutrient enrichment by human activities (Boesch et al., 2001; Kemp et al., 2005). Some of the nutrient enrichment activities in the region are agricultural fertilization, runoff of sediments and animal waste, and atmospheric nitrogen deposition from the fuel combustion of cars or industries (Boesch, 2006; Williams et al., 2009).

One of the results of these algae blooms is hypoxia, which occurs when organic matter from algae sinks into the deep water, where it is decomposed, depleting dissolved oxygen to a certain low level (Kemp et al., 2005; Du et al., 2018). Natural ecological processes in forests and wetlands around the watershed and the coastline tended to “buffer” and regulate nutrient enrichment. Some examples of “buffers” are forests, wetlands, oyster reefs, and submerged aquatic vegetation (SAV), which trap and absorb nutrients and sediments (CBP-Dev, 2023). However, land-use change to accommodate a growing population has compromised many of these natural systems (Kemp et al., 2005; CBP-Issues, 2023).

The development and exploitation of the Chesapeake Bay natural resources contribute billions of dollars and thousands of jobs to the region’s economy and quality of life (McLeod and Leslie, 2009; Phillips and McGee, 2016; CBF-Fisheries, 2023). The Bay provides countless valuable and quantifiable economic goods and services, such as recreational activities, tourism, food, real estate, and shipping transport (Phillips and McGee, 2016). Further ecosystem degradation threatens the natural resources, which are the basis of the region’s economy. The decline in water quality can affect the fisheries, esthetic, and human health (Kemp et al., 2005; Birch et al., 2011; Compton et al., 2011; Steinzor et al., 2012; Phillips and McGee, 2016; George, 2019; Miller Hesed et al., 2020; Kenney and Gerst, 2021).

In response to the observed ecosystem decline, the government promoted agreements to guide the effort to reduce pollution and restore ecosystem health. This is led by the Chesapeake Bay Program (Hood et al., 2021; CBP-Accomplishments, 2023; CBP-Who, 2023). The Chesapeake Bay Program (CBP) partner institutions gathered input from citizens, stakeholders, academic institutions, and local government to draft an inclusive, goal-oriented document that addresses current and emerging environmental concerns, the Chesapeake Bay Watershed Agreement (CBWA) (CBP-Who, 2023). The community-based management’s initiative to incorporate, consult, and lead new actors to participate in the management has increased to benefit the system’s wellbeing. The results are the Total Maximum Daily Load (TMDL), a federal “pollution diet” to restore the water quality, and “Watershed Implementation Plans,” often called WIPs (CBP-TMDL, 2023; CBP-WIP, 2023). The WIP documents include specific steps and plans each jurisdiction will take to meet the goals of the TMDL by 2025 (CBP-WIP, 2023).

The extensive information and overall institutionalized management effort transcending six states and the USA’s national capital in the Chesapeake Bay watershed makes it an ideal socio-ecological system for assessing sustainable development. There are several holistic frameworks that assess the sustainability of a system. However, most of them focus on only one sustainability domain (environmental, social, or economic) or evaluate the causes and responses to a particular issue, such as eutrophication. The framework chosen in this assessment is based on the Circles of Coastal Sustainability (De Alencar et al., 2020), further developed by Gallo-Vélez et al. (2023). This framework is designed to assess environmental, social, economical, and governance domains to understand the complex interactions of the region’s development. Governance was added to the three previous pillars of sustainability (ecological, social, and economic) because the fragmented nature of governance and management has been recognized as one of the main limitations of sustainable development (Neumann et al., 2017; De Alencar et al., 2020).

At present, the method to evaluate sustainability is still in development, and the assessment is highly subjective because of the availability of quantitative and qualitative information from each domain (De Alencar et al., 2020; Gallo-Vélez et al., 2023). Moreover, evaluating sustainability requires the expertise of scientific professionals familiar with the system. Nevertheless, the assessment serves as a foundation tool for understanding the concept of sustainability within the system. It initiates dialog about the meaning of sustainability and aims to identify indicators that must be quantified for its achievement. The assessment, while acknowledging its limitations, can serve as a basis for developing comprehensive, holistic responses considering the environmental, economic, and social impacts.



2 Methods


2.1 Study area

The Chesapeake Bay is an estuary with a watershed 14 times the size of the Bay (11,603 km2:166,000 km2), located in the middle of the USA Atlantic coast (Figure 1) (Bilkovic et al., 2019). The Bay is approximately 300 km long from north to south, with the width varying from 20 km in its mouth to 45 km in the middle and a few km in the upper (Kemp et al., 2005; Garzon et al., 2018). The mean depth is 6.5 m, with the deepest point (53 m) located in the middle of the Bay (Hardaway and Byrne, 1999; Lin et al., 2002; Bilkovic et al., 2019; CBP-Facts, 2023).
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FIGURE 1
 Chesapeake Bay Watershed boundaries and location in the United States of America.


Overall, the watershed remains mostly forested, with some urban development areas. The land use is divided mainly into agriculture and a mix of urban and rural development (CBP-LandCover, 2023). Agriculture dominates most of the watershed (CBF-LandUse, 2023), while the main expansion of metropolitan areas are Washington, D.C., Baltimore, Philadelphia, Richmond, and Hampton Roads (Ruark, 2010). Based on the 2020 USA Census data, the cities positioned between these major metropolitan areas have the highest population, with an estimated total of approximately 10 million people (Bureau, 2023). The population is growing, particularly near the waterfronts of the Bay’s tidal waters (Walsh et al., 2019). On the shoreline, the major structural habitats are seagrass beds, marshes, and oyster reefs (Bilkovic et al., 2019).

The main source of freshwater input comes from the Susquehanna, Potomac, Rappahannock, York, and James rivers (Kemp et al., 2005; Du and Shen, 2017). The flow of freshwater drives the estuarine circulation and suppresses vertical exchange. Destratification can occur because of strong, episodic winds. However, stratification is quickly reestablished, retaining particulate and dissolved materials in the lower layer. The circulation of the Bay makes this a productive system, with efficient ecosystem nutrient use and a tendency for oxygen depletion from deep water (Kemp et al., 2005).

The socio-economic system of the Chesapeake Bay watershed is divided among six states of the USA. The north part of the watershed includes New York State, flows south to parts of Pennsylvania State, and then to Virginia at the southern border. In the middle, there are parts of Delaware and West Virginia States, most of Maryland, and the whole District of Columbia (Figure 1) (Arnold et al., 2021).



2.2 Socio-ecological assessment framework

The Circles of Coastal Sustainability framework was adapted from the Circles of Sustainability developed by De Alencar et al. (2020). The objective was to design a holistic framework to assess the sustainability of the socio-ecological systems of the world’s coasts. The framework is divided into four domains (environment, social, economy, and governance), each with five categories related to any coastal environment. The categories were developed by the multi-disciplinary Scientific Committee of Future Earth Coasts1 in 2016 and have been applied to the Spanish coast (De Alencar et al., 2020) and Magdalena River delta in Colombia (Gallo-Vélez et al., 2023).


2.2.1 Sub-categories and indicators for the Chesapeake Bay watershed

The categories are generic qualities of coastal sustainability; they can be applied to a diverse range of socio-ecological systems and size scales. To adapt the framework to the Chesapeake Bay watershed, the categories were divided into sub-categories related to recognizable and comprehensive indicators from the region (Table 1).



TABLE 1 Sub-category and indicator used for the Chesapeake Bay watershed sustainability assessment with their corresponding reference.
[image: Table1]

Table 1 has a total of 129 indicators: 30 indicators for the environment domain, 33 for society and culture, 39 for economy, and 27 for politics and governance. The Chesapeake Bay watershed is one of the most studied places in the world (Arnold et al., 2021). The enormous availability of information, management, and communication makes it a challenge to choose indicators. Therefore, the selection of the indicator was based on the Chesapeake Bay Program (CBP-Issues, 2023) and a literature review of the system. The available information was adapted to the framework with the main commitment to reflect the “real-life” sustainability of the system.



2.2.2 Propose global sustainability score

The sustainability score thresholds were developed by De Alencar et al. (2020), as shown in Figure 2. The sustainability score has five levels ranging from “Excellent” optimal condition to “Bad” worst condition. The color range from De Alencar et al. (2020) was changed from red-blue, based on the European Union Water Framework Directive, to a more globally recognizable “traffic light” range of red-green, also used by Gallo-Vélez et al. (2023).

[image: Figure 2]

FIGURE 2
 Design template representing the overall system, domains, and categories of the Circles of Coastal Sustainability framework applied to the Chesapeake Bay watershed, with its respective score system color palette and example. Additionally, the design includes the proposed global sustainability score system definitions. Adaptation from De Alencar et al. (2020).


Gallo-Vélez et al. (2023) developed a score based on a decision tree adapted from Sachs et al. (2021) to define a threshold for each indicator. Each indicator obtained a numerical value according to its sustainability level: “Excellent” = 5, “Good” = 4, “Satisfactory” = 3, “Poor” = 2, and “Bad” = 1. However, this approach requires extensive details about each indicator, and the general result can be misinterpreted.

Therefore, this study proposes a different sustainability assessment based on an extensive literature review of “Sustainability development.” The overall socio-ecological system is assessed on a simple Excellent-Bad scale, using the authors’ expert judgment, as shown in Figure 2. This approach is based on the definition of sustainability by Keeble (1988), which represents “Excellent.” The other grades (“Good,” “Satisfactory,” “Poor,” and “Bad”) represent degrees of deviations from “Excellent.” The simplification is to convey a clear message about the current circumstances of the system to a non-scientific audience. For example, a “Bad” score would be given to a region during an economic crisis (recession, currency crisis, or others) because the system lacks one of the pillars for sustainability development. This could also be applied if the region has a crisis in any of the domains: a government crisis, such as a war or military coup; an environmental crisis, natural or man-made, such as a flooding area or oil spill; or a social crisis, such as homelessness.

The socio-economic crisis may not look related to a degraded ecosystem. However, according to Mensah (2019), a social crisis (such as poverty) has the potential to lead to environmental destruction and economic stability. The destruction of available natural resources can subsequently contribute to increased economic instability, leading to a cycle of further environmental destruction and increased social inequality (Mensah, 2019). It is important to note that this correlation is not universally applicable or instant; it may manifest over the years. Nonetheless, it is crucial to consider.

Furthermore, Figure 2 has two words that require to be defined: “barriers” and “bridges.” These words were defined using Boesch’s (2019) article as a metaphor for barriers against and bridges toward effective regional ecosystem management. Some examples can be seen in the same article, e.g., barriers could be limited knowledge of causes and consequences, managers’ lack of authority and responsibility, limited public and stakeholders’ concerns, and others. Some examples of bridges are education, enduring engagement of responsible managers, and effective communication of causes, risks, and benefits (Boesch, 2019).

The general score (Figure 2) was developed based on a literature review to propose a global sustainability score using the authors’ expert judgment for each domain (Table 2) and each category (Table 3). The normalization process is done by using expert judgment to assess the collective set of indicators for each category and then using Table 3 to provide a general evaluation; then, each domain is assessed using Table 2; and finally, the overall system evaluation is conveyed to stakeholders in Figure 2.



TABLE 2 Categorical scales to globalize the score for each domain.
[image: Table2]



TABLE 3 Categorical scales to globalize the score for each category.
[image: Table3]

It is essential to note that the evaluation of the Chesapeake Bay watershed was developed using indicators from Table 1, drawing from scientific and non-scientific sources spanning 1999 to 2023. Therefore, this evaluation remains valid for the duration of the specified timeframe.



2.2.3 Communication of science

One of the main goals of the sustainability assessment was to improve communication with stakeholders and the general public. Understanding sustainability development can be overwhelming when the interconnection between the domains can be incredibly complex. Therefore, science communication tools are helpful in knowledge-sharing with the general public and policy/decision-makers. This requires a modification of De Alencar et al.’s (2020) “bull’s eye” image to make it more easily understandable as an assessment of the sustainability of a socio-ecological system. The new representation resembles a daisy-like flower, so the image is called “Sustainability Daisy” (Figure 2). The socio-ecological system’s name is at the center of the new design, surrounded by each of the domain’s divisions with its five categories as petals. On the outside of the wheel, IAN symbols represent the four domains2. These symbols can be locally adapted, e.g., Dollar $ represents the currency of the USA, and the blue crab represents the Chesapeake Bay ecosystem because of the cultural importance of the fisherman in the region (Paolisso, 2002).





3 Results

Table 4 has a total of 129 indicators, with the evaluation of each category using the authors’ expert judgment coupled with the proposed global assessment (Table 3). The “Economics” domain has the highest number of indicators (39), followed by the “Social” domain with 33. Finally, the “Environment” domain has 30 and the “Governance” 27.



TABLE 4 Data for the assessment of indicators.
[image: Table4]

Tables 5–8 have the authors’ best judgment to evaluate each domain and category (Tables 2, 3) using the information provided by Table 4. Additionally, these tables have the main bridges and barriers toward sustainable development found by the indicators. It is important to note that some of these bridges and barriers can be connected; however, this is not applicable to all cases. Finally, the sustainability of the overall Chesapeake Bay watershed socio-ecological system was assessed using the information provided by Tables 5–8 and the proposed global assessment (Figure 2).



TABLE 5 Environment score with the bridges and barriers from each category.
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TABLE 6 Social score with the bridges and barriers from each category.
[image: Table6]



TABLE 7 Economics score with the bridges and barriers from each category.
[image: Table7]



TABLE 8 Governance score with the bridges and barriers from each category.
[image: Table8]

The sustainability daisy of the Chesapeake Bay watershed using the Circles of Coastal Sustainability framework and proposed global evaluation is presented in Figure 3. This graphical representation summarizes the socio-ecological evaluation. The “Satisfactory” score is presented in the middle of the figure, which means the overall system has degradation problems with bridges and barriers to obtaining sustainable development. The following chapters of the results elaborate on each domain and category evaluation.

[image: Figure 3]

FIGURE 3
 Chesapeake Bay watershed sustainability daisy.



3.1 Environmental

The environmental domain obtained a “Satisfactory” score because the system shows ecological degradation with a human society trying to maintain, restore, and improve it. All the categories obtain the same “Satisfactory” score (Table 5). The “Alteration of Landscape” score was based on increasing land protection, and there are management programs to improve the restoration of the shoreline ecosystems (CP-ProtectedLand, 2023). The main barrier is increased development around the tidal water and in major rivers and increasing armored shorelines around the Bay as a sea level rise (SLR) response (Goetz et al., 2004; Patrick et al., 2016).

The “Ecosystem functions” category score is based on the management projects to improve nutrient filtration, stabilization of shorelines and river edges, and sediment buffers through what the management calls “vital habitats” (CP-VitalHabitats, 2023). Some examples are oyster reefs, SAV restoration, wetland management, and forest buffers. There are also management responses to support animal and plant species (CP-AbundantLife, 2023). Some challenges include habitat degradation and disease of oysters, increased shoreline armoring, decreasing SAV ecosystems, and invasive species endangering endemic species (Jackson et al., 2001; Patrick et al., 2016; CP-InvasiveSpecies, 2023).

The “Global environmental change” score is based on the climate change projections in SLR, increase temperature, and precipitation. The changes in these variables could hinder current management efforts to preserve ecosystem resilience (Du et al., 2018). Nevertheless, there are climate change and coastal management adaptations, according to current information in the Maryland Coastal Adaptation Report Card 2021 (RC-CoastalAdaptation, 2023). The main barriers identified in the report are inadequate data, static goals, and lack of funding.

The “Shift in hydrodynamic” category score is based on climate change that increases extreme events and tidal amplitude (Zhong et al., 2008; Hong and Shen, 2012; Ross et al., 2017; Bigalbal et al., 2018). However, management efforts have developed computer models to predict these changes and develop management responses to decrease the impact of this event on the ecosystem’s resilience (Hood et al., 2021).

Finally, the “Biochemical and physical flows” category score is based on reducing nitrogen, phosphorus, and suspended sediments (Ator et al., 2020; Frankel et al., 2022; Zhang et al., 2023). The reduction has decreased hypoxia by 50–90 days (Frankel et al., 2022). The potential impact of climate change on the bay will be significantly smaller if the nutrient reductions continue improving (Irby et al., 2018). Therefore, more reductions are needed to accomplish ecosystem resilience and achieve a “Good” score. The main barrier is urban runoff due to the increase in land development in the last decade and the increase in future predictions (Goetz et al., 2004; Ator et al., 2020; Zhang et al., 2023).



3.2 Social

The social domain obtained the lowest score in the system. The “Poor” score was given because the social conditions bring environment destruction and increase inequity (Table 6). The same score for “Social benefits from ecosystem” is based on the degradation of natural resources, providing goods and services to the region’s society due to the state of decline of the environment (Phillips and McGee, 2016). Some examples are the fish advisory consumption due to mercury, nitrate levels in drinking water wells, and the cost of illness of vulnerable groups due to fine particle pollution in the air (Birch et al., 2011; Cuker, 2020; Willacker et al., 2020; IAN-EnvJus, 2023).

The “Demographic” category “Poor” score was given because there is no regulation on population growth considered necessary for the economic model (Ruark, 2010). Additionally, the distribution is primarily sprawling, with no development regulation to decrease environmental degradation (Goetz et al., 2004; Ator et al., 2020). Finally, the “Identity” category obtained the same score because residents feel more connected by the political boundaries than the ecological ones, with little community or individual action to improve the Bay’s environmental health (Ardoin, 2014; CP-Stewardship, 2023).

On the other hand, the “Satisfactory” score for “Social well-being” is based on the management efforts that have improved the public access for boating, swimming, and fishing; the walkability to a green area; and there is a proposal from the report cards to implement indicators to measure environmental justice in the region (ReportCard_CBW, 2020; CP-PublicAccess, 2023; IAN-EnvJus, 2023). Additionally, due to the TMDL, there is an increase in wastewater regulations (Tango and Batiuk, 2013), and homelessness has decreased on average on the study site from 2009 to 2019 (Batko et al., 2020). The main barrier is obesity mortality due to the high-calorie and low-nutrient food dominated by the Standard American Diet (SAD) (Cuker, 2020). The burden of an unhealthy diet falls mainly on low-income individuals in the region (Cuker, 2020). The added “Poor” score is a result of the evaluation of “Social well-being” indicators in the entire country. The “Satisfactory” score was left because the evaluation is on the region. In the context of the entire country, the main barriers are the current rise of mortality in the country due to a lack of communal support and obesity (Sterling and Platt, 2022). Communal support refers to prenatal care, maternal leave, preschool care, elementary and high school education, education beyond high school, and substantial time off for non-economic activities (Sterling and Platt, 2022). Additionally, a review of the healthcare system found that the system is not the main contributor to people’s health in the country, and the main contribution is more related to social determinants (Rice et al., 2013). More research about these regional barriers is necessary to assess its sustainability.

The “Satisfactory” was also given to “Social resilience” because more than half the population is prepared for a hazardous event and have the environment literacy needed to act responsibly to protect and restore their local watershed (ReportCard_CBW, 2020; CP-ELIT, 2023). The main barriers are the vulnerable communities related to neighborhoods with race-based housing discrimination, low-income communities, children, and the elderly (Rice et al., 2013; ReportCard_CBW, 2020).



3.3 Economic

The economic domain obtained a “Satisfactory” score. This score is based on the efficient and resilient economy of the system. However, there are barriers and obstacles to economic vitality, which considers the limitation of natural resources and social wellbeing (Table 7).

The “Security” category “Poor” score is based on the high proportion of foreign workers in the region working in agriculture and an increase of part-time workers of almost 30% in larger companies that want to avoid paying additional benefits (Cuker, 2020). The 13% of the population in the region is in poverty (McKendry, 2009; Cuker, 2020), and after losing 3 months’ salary, there is a 37% risk of falling into poverty in the country (OECD, 2020). There are no economic safety nets to protect the vulnerable from falling into poverty, and a decade is needed to recover (Worts et al., 2010). However, there are some bridges toward sustainability, such as a low-poverty population and a decrease in the gender gap in the economic sectors (McKendry, 2009; Cuker, 2020; WEF, 2020).

The category “Economy well-being” also obtained a “Poor” score. This score is attributed to the difference in urban and rural areas. Urban areas have higher median household incomes, while rural areas have greater house affordability (ReportCard_CBW, 2020). However, since there is no public transportation outside the main urban areas, transportation between the two regions relies on cars (Martin and Shaheen, 2011). This, in turn, increases expenses and has a negative impact on the environment (Martin and Shaheen, 2011; Zhang et al., 2023). On the other hand, while there has been a consistent net growth of jobs across the entire watershed (ReportCard_CBW, 2020), it is important to note that further information is required to determine the number of part-time positions or foreign workers within these employment opportunities.

The “Infrastructure” category “Satisfactory” score is based on the existence of the necessary infrastructure for an efficient and resilient economy, such as energy, roads, airports, and ports (Morgan and Owens, 2001; CBP-Highway, 2009; CB-Ports, 2023; eia-state, 2023). The barriers are the low availability of public transport (Garrett and Taylor, 1999; Buehler and Pucher, 2011, 2012) and limited maintenance of the existing infrastructure (ASCE, 2021). However, in recent years, the government and private sector have supported additional funding to increase infrastructure maintenance (ASCE, 2021).

Finally, the last categories obtain a “Good” score because there is a balance between economic efficiency and resilience, which, according to Table 2, considers the organization and diversity of the economy. The “Industry” category score is based on the extractive and non-extractive resources. Furthermore, in the last two decades, there has been a significant increase in environmental industry jobs, which is a positive development for the environmental resilience of the region (Phillips and McGee, 2016; CBF-Economy, 2023). The “Dependency” category is based on the diverse economic activities. The population does not depend only on coastal resources, although coastal resources are important to the economy (McKendry, 2009; Phillips and McGee, 2016; Maryland Port Administration, 2023; PortVirginia, 2023). To achieve economic vitality, the region could establish an economic foundation that depends on “green jobs” or “sustainable jobs.”



3.4 Governance

The governance domain obtained the highest score in the system. The “Good” reflects the local government, higher-level reforms, and policy-shaping projects that have improved the region’s environmental health. Enhancing the ecosystem’s health leads to improvements in both the economic and social domains. The governance domain has yet to achieve effectiveness in achieving environmental resilience (Table 8) despite substantial progress (Irby et al., 2018; Frankel et al., 2022; ReportCard_UMCES, 2023).

The “Excellent” score was given to the “Organization” category. The score acknowledges the coordination and partnerships between the federal government, state agencies, local governments, non-profit organizations, academic institutions, and others (USEPA, 2017; CBP-Who, 2023; MidAtlantic-Fisheries, 2023; MSA, 2023). The current organization works toward environmental restoration and has implemented various reforms and policies to accomplish its objectives through continuous research, implementation, and adaptation (CBP-Who, 2023).

The “Law and justice” score was “Good” because the Environmental Protection Agency (EPA) settlements require reasonable assurance, consequences, offset, goals, and tracking mechanisms of the socio-ecological system (EPA-CBW, 2010). There is also an agreement on how each jurisdiction partners with the local government to achieve and maintain water quality standards (CBP-Who, 2023). Currently, the Chesapeake Bay Foundation (CBF) serves as a non-profit organization that pressures the government to enforce laws and regulations by applying lawsuits against state governments that have not followed the agreements (CBF-Mission, 2023). Moreover, the Atlantic States Marine Fisheries Commission (ASMFC) has a law enforcement committee to guide the fisheries management plans and propose legal advice (ASMFC-Law, 2023).

The other category that scored “Good” was “Resource management.” The Chesapeake Bay is an example of an institutionalized effort to develop and apply marine ecosystem management (CBP-Who, 2023). Currently, there are Watershed Implementation Plans to meet the TMDL federal “pollution diet” goals (CBP-TMDL, 2023). The Chesapeake Bay Stewardship Fund supports networking and information sharing between partners (NFWF-CBWF, 2023; NFWF-INSR, 2023). There are accountability tools, such as the Chesapeake Decision tool, that explain how the outcomes will be accomplished (ChesapeakeDecisions, 2023); the University of Maryland Center for Environmental Science (UMCES) Chesapeake Bay Report Card, which helps stakeholders and the general public understand the state of the Bay by providing ecosystem, economic, and social indicators (ReportCard_UMCES, 2023); and the CBF, which as it was stated before is a non-governmental foundation that pressures several levels of the government to achieve the management restoration projects (CBF-History, 2023). On the other hand, fisheries management comprises two basic functions: conservation and allocation (CBF-Fisheries, 2023). The accountability measures include size limits, seasonal closures, trip limits, and gear restrictions (NOAA-Fisheries, 2023).

The last two categories scored as “Satisfactory.” The “Representation and power” score was based on the system’s management, which has government representatives, academic institutions, non-governmental organizations, fish and wildlife agencies, and private citizens (CBP-Partners, 2023). Additionally, the political roles of women have increased in recent years (WEF, 2020, 2021). The main barrier is the lack of representation of people who identify as “non-white.” Currently, in the CBP, 15% of “non-white” races work in partnership, and 7.7% are in leadership positions. The CBP is working toward increasing diversity to represent the communities suffering the most from environmental injustice (CP-Diversity, 2023).

Finally, the “Legitimacy & accountability” category “Satisfactory” score was given because there are several sources of data, assessment, and institutions to hold the management of restoration projects accountable (CBF-Mission, 2023; ChesapeakeProgress, 2023; ReportCard_UMCES, 2023). The USA is the 25th least corrupt country in the world (CPI-USA, 2021), and the watershed has generally low corruption, with the Delaware state holding the highest corruption value (BestLife, 2022). The main barrier is the lack of accountability responses. There is no information about the consequences of breaking the law and policies within literature or official government web pages.




4 Discussion


4.1 The Chesapeake Bay watershed sustainability

The score for each domain provided new information about the Chesapeake Bay as a socio-ecological system. The indicators gave an idea of “real life” sustainability, which gives a deeper understanding of the current state using available scientific information or other reliable sources. The categories, domains, and overall system used this information to evaluate the global sustainability score proposed by this article (Figure 2 and Tables 2, 3). The main bridges and barriers to sustainability for each domain are presented in Tables 5–8.

It is important to consider that this global score’s main objective is to communicate the assessment at a more general level for various participatory stakeholders. Communication can become a bridge between scientists and stakeholders, which can help improve ecological and socio-economic wellbeing.

The evaluation was based on an extensive literature review of existing indicators, but the need for more measurable and verifiable indicators was apparent. Additionally, a quantitative threshold for each indicator category should be developed. The chosen indicators should be appropriate to evaluate the overall system, with a high spatial and temporal resolution, analysis methods, and holistic discussion. This kind of information requires high governmental, scientific, and local participation. This research can be the starting point for developing new information about the meaning of sustainability in the Chesapeake Bay watershed, as it starts the conversation about the indicators, thresholds, goals, barriers, and bridges needed to achieve it. By developing this research and implementing the management, the score system could increase to a “Good” score (Figure 2).

The overall “Satisfactory” score obtained with this framework is consistent with other literature and frameworks. For instance, the 2022 Chesapeake Bay and Watershed Report Card scored 51%, with an improving trend in some areas. Furthermore, according to recent literature (Ator et al., 2020; Frankel et al., 2022; Zhang et al., 2023), there are improvements in the water quality due to the management, with some barriers to becoming a restored ecosystem.


4.1.1 Environmental

The management barriers for the environment are presented in Table 5. Most barriers are related to changes in hydrodynamics due to climate change. Increasing evidence suggests that climate change, particularly global warming, makes the coastal ecosystem more vulnerable to the effects of nutrient enrichment, one of the main issues in the Chesapeake Bay (Kemp et al., 2005; Frankel et al., 2022). This causes the management plans for the ecosystem resilience of the region to lag or fail, resulting in a lack of improvement in biochemical and physical flows (Meals et al., 2010; Du et al., 2018; Frankel et al., 2022). This could discourage actors, such as stakeholders, from trusting, applying, or investing in management plans to increase ecosystem resilience (Meals et al., 2010; Boesch, 2019; Frankel et al., 2022; Zhang et al., 2023). Boesch (2019) discusses how important it is for stakeholders to understand that models and reality differ, the recovery of an ecosystem could take decades, and there are variables that cannot be predicted. Expressing the complexity of recovering an ecosystem is not meant to discourage or criticize the management of the Chesapeake Bay but to highlight the complex process that requires much effort and resources. Understanding this could make the stakeholder more inclined to protect the environment and the ecosystem services it provides. Nevertheless, some studies have shown that the current nutrient reduction management goals (TMDL) can potentially decrease the impact of climate change on the system (Irby et al., 2018; Frankel et al., 2022).

Given the complexity of global environmental change, it is crucial to focus on developing strategies manageable inside the region, such as obtaining adequate data, regularly updating goals, and securing additional funding for coastal adaptation. Furthermore, establishing bridges to enhance ecosystem resilience can mitigate some of the effects of climate change worldwide.

One of the leading polluters that can be managed in the watershed is uncontrolled urban and suburban development (Goetz et al., 2004; Ator et al., 2020; Zhang et al., 2023). There needs to be more accountability and developed limits for the housing growth in the watershed and shoreline. Additionally, more incentives are needed to restore, conserve, and improve the forest buffers, wetlands, and SAV at a more local management level. These vital habitats could stabilize the shoreline from the SLR and mitigate the input of nutrients from the increased precipitation (Davis et al., 2006; Leyva Ollivier et al., 2023). Finally, to enhance environmental resilience, it is crucial to have clear information about the quantity of these vital habitats. Currently, the vital habitats management projects are meeting the goals with little change in the system’s resilience. A clear threshold of area cover to buffer the current nutrients and sediments could be a helpful goal to increase management efforts.

Agriculture activities are another example of some barriers that can be managed in the region. The main nutrient and sediment input comes from a lack of regulation on agricultural activities. Since 2014, agriculturists have voluntarily implemented many Best Management Practices (BMPs), which are nutrient-reduction tools (Fox et al., 2021). More funding and incentives for BMPs could be applied to the system to improve water quality (Chadwick et al., 2011). According to Saacke Blunk et al. (2020), incentives can also be a bridge to build education for the best professional guidance for landowner conservation, farm and nutrient management, and water conservation.



4.1.2 Social

Table 6 presents the main barriers of this domain. The social benefits from the ecosystem, such as food and water, are degrading due to the increasing pollution of the watershed (Phillips and McGee, 2016). This has been addressed in the environmental section. Furthermore, the health of the Bay should be a main priority for the residents, who are the beneficiaries of the ecosystem services it offers. However, the main solution for residents is to move or build bigger houses outside the city (Goetz et al., 2004; CBP-Dev, 2023). Continued population growth makes this last action counter-productive because it only increases the pollution around the system with more infrastructure needed for urban or rural development. Therefore, one of the main barriers is the sprawling development around the watershed, which could be regulated.

Another consideration is the social wellbeing of the residents. According to Cuker (2020), the food system is built on making profits by focusing the standard American diet on animal-based food, refined carbohydrates, and a few fiber-rich fruits and vegetables. The result is a diet with low nutritional value and high caloric intake, which has health consequences. The same study identifies that the burden of unhealthy food falls mainly on low-income residents. Similarly, the healthcare system in the country is not the main contributor to people’s health (Rice et al., 2013). Rice et al. (2013) provide a review of the healthcare system in the USA and found that the “social determinants of health” include cultural and environmental factors, such as poverty, education, racial segregation, and others. The results indicate that social wellbeing could be mainly linked to socioeconomic status and race. However, more research in the region is needed to validate this information with more quantitative indicators.

There is also a lack of identity around the ecoregion. The few people who relate to the environment work professionally in the system (Ardoin, 2014). The people feel more connected by the political boundaries than the ecological ones due to the different government dependencies on the rural and urban development on the Bay (McKendry, 2009). Allen and Schlereth (1990) argue that the regional identity is strongly marked by an “us versus them” mentality by what is called the Eastern Sharemen’s regional consciousness due to the isolation and outrage at perceived outside interferences. Overall, the success and sustainability of the Chesapeake Bay restoration will ultimately depend on the actions and support of the region’s residents. Therefore, a sense of identity outside the political views is needed to form a bridge.

There are some management efforts in the system to increase social sustainability. The UMCES Chesapeake Bay Report Cards have developed social indicators, such as stewardship, vulnerability, and walkability (ReportCard_CBW, 2020). These indicators were added considering the impact human communities have on the environment and the environment on human communities (Laumann et al., 2019). The information provided by the Report Cards presents the opportunity to understand the link between the environment and social issues and to develop management actions that consider both. There are also proposals to develop environmental injustice indicators (IAN-EnvJus, 2023). This information can be helpful as a bridge to improve the residents’ social wellbeing by providing environmental justice regardless of socio-economic status or race.

Education and outreach to the region’s residents are some of the main bridges that require high attention. The knowledge of environmental justice, preparedness for hazards, urban sprawl issues, and ecosystem services to all the residents can increase the sense of responsibility for the ecosystem’s health. Awareness of the socio-ecological system dynamic can increase social resilience to hazard events and develop a sense of belonging, which is highly needed to improve ecosystem resilience.



4.1.3 Economic

The economy in the system is highly efficient and resilient, and although some sustainability barriers exist (Table 7), these barriers are more related to economic vitality (Goerner et al., 2009; Mensah, 2019).

Security and economic wellbeing need improvements with more equitable opportunities for different communities and socioeconomic status (McKendry, 2009; Worts et al., 2010; Cuker, 2020; OECD, 2020). To improve economic sustainability, the wellbeing and security of the workers should become a priority. Currently, the main economic activities in the region purposely hire foreign or part-time workers, mainly because it reduces expenses or avoids paying additional benefits (Cuker, 2020). Furthermore, 37% of the residents of the USA are at risk of falling into poverty, and 18% live in poverty (OECD, 2020). According to Worts et al. (2010), recovering after falling into poverty takes a decade due to the absence of social safety nets in the country. Implementing regulations around part-time jobs and foreign workers is the main bridge to overcome these barriers. Another improvement would be to increase social safety nets to protect vulnerable communities from poverty.

On the other hand, economic wellbeing and security are highly linked to individual transport, which puts individuals with no financial means or access to cars at an economic disadvantage. Moreover, the well-established reliance on private automobiles for urban and rural transportation creates a unique challenge to the region’s environmental resilience (Buehler and Pucher, 2011, 2012; Martin and Shaheen, 2011). Improving and increasing alternatives to public transport could become a bridge to decrease pollution from motor vehicles and improve equality in the security and economic wellbeing of the residents.

Finally, although the region’s economy is highly diverse and efficient, some barriers exist. The insufficient reliance on environmental jobs leads to a decline in natural resources, reducing the economy’s and environment’s resilience. The main bridge could be increasing environmental industry jobs to develop a more circular and local economy, which helps increase environmental resilience and thereby improve extractive natural resources (Morseletto, 2020). There can also be incentives to improve residents’ participation in the region’s sustainability management plans. Additionally, another proposed bridge is the development of clear indicators about the effectiveness of the environmental industry in maintaining, restoring, and improving the ecosystem.



4.1.4 Governance

Governance was attributed the highest score due to the high capacity of governmental organizations, management plans, and transdisciplinary collaboration (Table 8). These bridges have made the region’s management an example of ecosystem-based management by increasing the environmental resilience of the Bay in the last few years (Irby et al., 2018; Frankel et al., 2022; CBP-Who, 2023). The main barrier is the limited information in the literature about implementing accountability measures. Therefore, to enhance governance sustainability, the government needs to establish bridges that ensure the application of accountability measures. The consequences for polluters must be clear, and law enforcement must be robust to ensure accountability and decrease future environmental violations. Fines or subsidies could become this bridge by the principle of “polluter-pays” or by compensating those following the restoration plans.

The 2014 Agreement of the CBP contains a “Stewardship Outcome” to increase diversity (CP-Stewardship, 2023). The main objective is to increase the number of trained members of society from diverse backgrounds to enhance the ecosystem health of their local community. Similarly, this bridge could help identify bottom-up and community-led solutions that produce equitable, efficient, and effective outcomes (CBF-Sprawl, 2023). The project is relatively new; obtaining the expected results from this bridge may require more time.




4.2 Holistic management application of the Circles of Coastal Sustainability

Table 9 was developed considering the barriers obtained by the results and bridges proposed in each previous domain’s discussion. Upon examination of the table, it becomes apparent that bridges are repeated or sometimes adapted accordingly to the domain or category. These repeated bridges were used as a foundation for holistic management response proposals for the Chesapeake Bay watershed.



TABLE 9 Chesapeake Bay watershed barriers and proposed bridges.
[image: Table9]

One of the main repeated bridges is accountability and developing limits for housing growth. This bridge is considered because of the barriers in the urban and rural sprawl development, the growth close to tidal water in major rivers or shorelines, and the infrastructure made to accommodate cars for transportation. These barriers cause other problems, such as the high cost of infrastructure and social segregation (Bueno-Suárez and Coq-Huelva, 2020). A holistic response that considers these barriers is the concept of “compact city growth.” The compact city growth is defined as a high-density, mixed-use city with efficient public transport and dimensions that encourage walking and cycling (Bibri et al., 2020). This concept can regulate sprawl and the growth close to tidal waters. Additionally, in the region, where car ownership is crucial for the residents’ economic and social wellbeing (Buehler and Pucher, 2011, 2012; CBF-Sprawl, 2023), public transport development could become a bridge to decrease greenhouse gas emissions and reduce social exclusion from residents of different socioeconomic statuses (Kwan and Hashim, 2016; Saif et al., 2018). Some social benefits include reducing traffic injuries, noise, congestion, and physical inactivity (Kwan and Hashim, 2016).

Another repeated bridge is the funding and incentives to increase vital habitats and climate change adaptation. The proposed holistic management is the increase of natural spaces around the urban areas surrounding the Bay. The selection of natural spaces could serve as a climate change adaptation tool by using green infrastructure. Green infrastructure is defined as green spaces that promote recreation activities, preserve biodiversity, and help regulate and manage technical problems such as stormwater (Patra et al., 2021). In the Chesapeake Bay case, the green infrastructure could increase vital habitats that serve as nutrient and sediment buffers, mitigate SLR, and attenuate indoor temperatures and heat islands (Leyva Ollivier et al., 2023).

Accessibility to nature can also improve social wellbeing by improving aesthetic and environmental injustice (Wood et al., 2017; Nieuwenhuijsen, 2021). Moreover, it can potentially decrease suburban sprawl for residents looking for green areas, providing natural areas within the cities (Bueno-Suárez and Coq-Huelva, 2020). Rural populations could collaborate by using traditional knowledge from the ecosystem to implement green infrastructure in urban areas. This collaboration could help reconcile the cultural boundary, decreasing the “us versus them” mentality (Allen and Schlereth, 1990) and increasing the economic wellbeing of rural areas while improving ecosystem resilience. The increase in natural areas has the potential to develop a sense of identity around the ecoregion and improve education in vital habitats, as it is part of the daily life of urban citizens.

The repeated bridge of obtaining adequate data and regularly updating goals is highly related to the scientific community. However, as straightforward as this action is, to be considered a holistic management response, it must be taken further by sharing this information with various actors. The research, education, and outreach of this data and goals could increase the awareness of the current socio-ecological system conditions and the sense of responsibility. The education of the residents could be focused on sustainable development, ecosystem health, climate change adaptation, societal benefits from the ecosystem, issues with sprawling, environmental justice, preparedness for hazards, public transport advantages, and others. There could also be more focused education with specific stakeholders, such as agriculturists, stakeholders investing in management restoration plans, or teachers from various academic stages. The scientific community embraces a significant role in sustainability development as it develops the information needed to achieve and share this goal.

Finally, according to this framework, the Chesapeake Bay watershed socio-ecological region has the governance effectiveness to implement holistic projects to improve sustainability development. Nevertheless, some proposed bridges could improve the effectiveness of current and future governance. The repeated bridge is that the consequences for polluters must be clear, and law enforcement must be robust to ensure accountability and decrease future environmental violations. This article proposes using financial instruments as an incentive mechanism and an accountability tool to ensure the implementation of current and future restoration plans. Fines could be employed under the ‘polluter pays’ principle, while subsidies could be provided to compensate those who adhere to the management plans. The additional funds from the fines can be invested in the current conservation project on climate change adaptation, vital habitat conservation, sustainable fishing technologies, and the application of BMP for low-income farms.

On the other hand, subsidies could be used as incentives for diverse actors, such as agriculturists, fishers, or residents. Agriculturists could be rewarded for following the BMPs, and the fisheries could be rewarded for the conservation and allocation of key species or for using sustainable fishing technologies. Similarly, the residents could receive subsidies for water conservation, recycling, compost practices, stewardship, and others.

These subsidies could help increase community-based management (Ostrom, 1990) around the watershed, promoting social and economic wellbeing improvements. The social benefits of working directly with land management are a sense of belonging to the local community, improving general health, both physical and psychological, feeling safer in the local community, and utility skills (Moore et al., 2007). The subsidies could also have economic benefits, such as a social safety net for citizens who risk falling into poverty from losing a job. The government could temporarily employ full-time workers who have recently lost their jobs, allowing them to use their skills to improve the region’s environmental health while actively seeking permanent employment. Furthermore, part-time workers who seek economic security could participate in community management roles, simultaneously improving their economic and social capital while contributing to ecosystem resilience. Social capital is defined as the network, trust, and norms that facilitate community cooperation and cohesion (Moore et al., 2007).



4.3 Communication of science

The previous discussion about the scientific community outcome and education falls into the communications of science. The change in the graphic design for the framework was developed to communicate to a broad audience with different specialties. The UMCES Science Communicators who developed the design for the report cards also participated in the development of these new designs to communicate the framework better. According to Vargas-Nguyen (2020), the report cards have helped the residents, giving them the knowledge to improve and protect their communities, which is part of the intention of the design presented in this study. Therefore, the result is expected to enhance public awareness, understanding, literacy, and culture of the system and sustainability.

In Figure 2, daisy shapes and icons were selected because of their well-known shape around the world. The icons were used to attract stakeholders from the region with non-scientific backgrounds. According to Malamed (2009), the brain processes visual information first, as humans have an excellent capacity for picture memory. After the first viewing, our minds need to make sense of the images. Our brain scans our memory and uses what we already understand to interpret and infer meaning from the unknown. The understanding derives pleasure, satisfaction, and competence, increasing our desire for further understanding (Malamed, 2009). This design serves as a tool to capture the interest of several actors to engage and motivate them to understand its content more, thereby prompting more attention toward the accompanying explanation.


4.3.1 Propose global sustainability score

The scoring system for this article (Figure 2 and Tables 2, 3) was developed considering the same goal as the sustainability daisy: clear communication. The “Excellent” score aligns with the definition of sustainable development. The “Good” score is a system with the necessary bridges, such as tools and information, to achieve sustainability. Therefore, this communicates that there is effective management and that the categories with these scores do not require immediate action. The “Satisfactory” score conveys the bridges and barriers for effective management toward sustainable development. Meanwhile, the score “Poor” conveys mostly the obstacles and barriers. These scores increase knowledge and awareness of the barriers to sustainable development. This increases the urgency of management actions. Finally, the “Bad” score was given to the system in a crisis. The lowest score was considered because sustainability development cannot be attained without a sustainability pillar: environment, social, economic, or government. The sustainability daisy can also represent insufficient data for assessing sustainability. In Figure 2, the presence of gray is noticeable; this color is assigned when there is insufficient data to assess a particular category or domain.

Gallo-Vélez et al. (2023) used a more quantitative score system with the goal of communicating the urgency for effective management actions. However, this scoring system may create expectations that reaching these values guarantees success, presenting a potential challenge to oversimplifying the system’s barriers toward sustainable development (Boesch, 2019). What happens if the goal is reached with little progress toward sustainability? How does a change in the quantity of one indicator affect the others? Additionally, what if these goals do not consider the dynamic of diverse socio-ecological systems? These goals could potentially become static, hindering adaptive and management responses toward sustainable development.

The proposed global score system approach aims to communicate the meaning of sustainability in a more generalized manner. Then, when the main message is communicated, the barriers and bridges based on scientific methods can be taught to give policy decision-makers more specialized information. These bridges and barriers must be discussed by specialists in the different domains. Similarly, transdisciplinary participation and collaboration are required. Therefore, the proposed global score system could become a guide toward adaptive management for sustainable development within diverse coastal ecosystems.

There are some challenges to this global score system approach. The diversity of ecosystems, societies, economies, and governments makes this assessment highly general, which could cause misunderstanding compared to other systems that obtain a better score. Some policy decision-makers could misunderstand that applying identical management strategies in different regions guarantees success. Therefore, understanding the differences in socio-ecological systems and developing reliable scientific information from each region are crucial.

Appropriate management responses are urgently needed to improve sustainable development on a global scale. The framework opens the communication between diverse actors about the current indicator’s threshold and the importance of transdisciplinary collaboration. Nevertheless, it is essential to clarify that this scoring system is still in development.





5 Conclusion

The sustainability of the Chesapeake Bay watershed socio-ecological system was assessed with a “Satisfactory” score. This score was given because the region has degradation problems with bridges and barriers to obtaining sustainability development. The score system on the Circles of Sustainability Framework is still in development. However, the results convey a general idea of the current status of the region.

The results of the domain, categories, and indicators assessment gave a general foundation of the management necessities. Overall, the Chesapeake Bay Program has environmental projects around the system to improve the health of the Bay. These projects have increased and protected the environmental resilience of the ecosystem. Similarly, this article proposes additional bridges, which were summarized in holistic management proposals. This proposal includes the concept of compact city growth; increased natural areas using green infrastructure; high involvement of scientists with research, education, and outreach on the socio-ecological system; and financial instruments as an incentive mechanism and an accountability tool to ensure the implementation of the restoration plans.

Specialists from each domain should discuss the results of the assessment together. The indicators were taken from different sources, so the assessment can be subject to bias if analyzed according to an individual discipline and availability of information within a timeframe. Therefore, transdisciplinary participation and collaboration are required, which is one of the framework’s objectives. The framework is a tool to communicate the current sustainability development, provide a holistic system view, and find knowledge gaps in the research of a system. The framework and assessment can be complemented, adapted, refined, and improved with each application as part of an adaptive management iterative cycle.
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(Anand and Sen, 2000; Goerner
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‘The system has a resilient ecosystem
that meets the needs of the present
generation without compromising
the ability of future generations to
meet their needs (ccble. 1958)

‘The system is an equitable society
with a cultural vitality founded on
sustainable development. This
society actively supports the capacity
of current and future generations to
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and Birkeland, 2014). The social

condi
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2019)
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‘The hydrodynamic shift has
reached the “breaking point}

changing the hydrodynamic regime
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has a regime shift
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1995)
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for the people living in the system

‘There is no sense of identity linked
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Society s vulnerable to ecosystem
degradation. There is no education,
awareness, or societal cooperation

against hazards

‘There is no economic security for

the population living in the system

‘There is no infrastructure for
economic development or/and the
infrastructure is only increasing the

degradation of the ecosystem

‘The system has no economic
wellbeing for the residents of the
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‘The industry has taken the
ecosystems natural capital to the
“breaking point” with no efficiency
for economic growth

‘There is an economic crisis becaus

the economy completely depends
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that have reached the “breaking
point” It can also be a crisis

because industries have led to the

loss of ecos

m services

‘There is no organization around the
degraded socio-ecological system

There are no law:

and justice
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The lack of law and justice collapses

the ecosystem

‘There is no government
representation and power, and the
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degraded. Or the representation
and power are given to specific
individuals without considering the
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There is no legitimacy and
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There is no resource management
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Beatley and Wheeler,

2014

Muhamad et al, 2021
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‘The landscape alteration does not
decrease the ecosystem resilience for
the current and future generations
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natural resilience and are useful to
for the current and future

generations

‘The region mitigates global climate
change.

Global dlimate change does not affect
the system for the current and future

generations

‘The resilience of the ecosystem can

resist the disturbance of shifts in
hydrodynamics for current and

future generations
“The resilience of the ecosystem can
resist the disturbance of biochemical
and physical flow changes for the
current and future generations

“The system has sacietal benefits for
all the residents, current and future

generations

‘There is a balance between the
biological capacity and the human
populations resource demands for
current and future generations

‘The system has social wellbeing for
all the residents, current and future

generations

“The sense of identity linked to the
environment has developed local

community management, improving
ecosystem health for the current and

future generations

Society can cope with adversities,
adjust to future challenges, and set
the institutions or society that will
help toward future crises (Keck and
Sakdapolrak, 2013)

‘The system has economic security
and is protected from financial
instability and vulnerability for the

current and future generations

“The infrastructure of the systems is
designed to enhance the efficiency
and resilience of economic vitality
for both current and future

generations

“The actions to address the inequity
have increased the economic
wellbeing in the system for the
current and future generations

“The industry has high efficiency and

resilience. Natural resources and

the

economic growth for the current and

social wellbeing are considere

future generations

‘There are economic diversifications
and opportunities that consider
natural capital recovery and
industries for the current and future

generations

‘The organization has increased the
health of the socio-ccological region
with reforms and policy-shaping for
the present and future generations
The laws and justice of the socio-
ecological system have achieved the
desirable outcomes for the
environment, social and economic
present generation, and future
generations.

‘The power and representation in the
government achieve environmental
health, social equality, and economic
development for the current and

future generations

Diverse actors with authority wield
legitimacy and accountability have
improved environmental health,
social equality, and economic
development for the current and
future generations

The resource management plan has
achieved development that meets the
present’s needs without
compromising the future generation's

ability to meet their own needs
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Domain Score

Social

“Poor”
“The system recognizes individual’s
or generalsociety’s wellbeing,
However, there are no actions to
address social inequity.

Additionally,social conditions

bring environmental destruction

or/and increase in inequality

Categor

Societal benefits
from the ecosystem

Demographics

Social wellbeing

Identity

Social resilience

Score

Poor’
The societal benefits from the ecosystem are

degrading for most of the residents

“Poor’
“The population s growing without regulation or
control and approaching the ecosystems carrying
capaciy

tisfactory”/“Poor”

‘The sacio-ecological system has recognized and taken

action to improve mostresidents’social wellbing
On the other hand, social wellbeing s based on
certain culturs, physical characterisics, or
socioeconomic satus for most rsidents in the

country

“Poor”
Only a few have asense ofidentiy linked to the
environment. The populations ffot o maintain,

restore, and improve the ecosystem i low

Satisactory”
Some social groups are vulnerable to the adverse.
impact of natural hazards. There are actions

(education, awareness, or emergency services) to

address the inequity

Bridges

Food security.

Population growth helps the economic model
in the region

Increase i public access sites n the region

« More than half the population in the region

can walk 03 parkin 10 min
“Thre i proposal o mplement indictors o
messureenvironmentaljustic ndicators
Low food insecurity

Increase regulation on wastewater discharge

Proessonals that work o th system Ik
theiedenty tothe ccosystem

“Th resientscan connee o difrent
organizatons theough the Chesapake Bay

Program, Chesapeake Foundation, o others

Mot than halfthe population i prepard for
hazandous events

2796 of the populton is welprepared, and
52015 somewhat prepared n
environmental leracy

1% f schools n the vatershed are cetifed

as sustainable

Barriers

“The primary source of pollution comes from agriculture
‘Mercury contamination i widespread in the watershed and fish
One of the major rivers (Susquehanna) shows nitrate levels exceeding public drinking water standards

Health damage, affecting humans,due toair pollution

Lack of regula

n in population growth
Development occurs close to tidal water in major rivers or shorclines

Development s estimated to increase primarily through exurban spraw]

Food systems built on proft and increase health problems or residents
“There s a ise in mortality around the country due to a lack of communal support n al life
cyclestages

Food insecurity falls on vulnerable residents ofthe region

“The healthcare system does not contribute to the health of US residents

“Thereis low school sysem growth and a lack of maintenance ofthe current onesin the couniry

raditional commerca ishermen (waterman) do ot fcl he fisheies rgulation should
applyto them

Peopleinthe region fel more connected by th poltical boundaries

Les than hafofthe residents have no sene o responsibily to maintan,restore, and/or improve the

ecosystem

Halfthe population is not prepared for hazardous events.
‘The health-related and flooding risks fall mostly on vulnerable communities
22% ofthe population is not prepared for environmental literacy

Half of the students do not have a meaningful watershed education experience.
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Score
eland s dividd o fores (59%) sgrculural(26%), ndusteialuses (<1%), and ban (4% suburban
devclopment (125)
225 of thetotal i the region s proteced. Accoding o the WIP ageemen,this s 69% of the current
conservation gal
“The development i the CBW has ben groveing cose o tidal water and n major sivrs with almost 2/3 o the relons
s Theredensr o s s s e g s s it s e [RSS

developed 1and are ove the et 30 years of 80% primarily through suburban spawl,which ecds e road
“The altration ofthe landscape has incressed ecosstem

degradation. However,pojects aretrying to malntaln, resore,
orimprove the andscape

infrastructur around the Wtershed

Eight ub-estuarieson the By ae 50% armored, nd 23 e are beteen 30 nd S0% armored. Armoring will

probably incresse n the coming cntury due o the rsing sea eve

Al aeria surseys o SAVs have been taken since 1
185,000 acres it a i goalof 130,000 by 2025 1n 20

has been inked to reductions o i it utrents,wastewater-eatment efuent N, and ol suspended solds

37,10 2014, the CBWA estabishd  gol ofincreasing

the eral surveyesimated 76,462 scres The ncrease

Thee of the 10 slected tributarics have been esored,and 11 have beenadded. Currenly. the oyster abundance fn
the Bay has been reduced to 1% ofthe 19h-century evels
Befor the 19thcentury, the oyser populton could lteravater volameequialen o the upper and middle By in

~3.6daye Inthe prsen,this has changed up o3 100 days, Thre are managennent corts to ncrease Oystrs.

However,opste restortion s il challengin du o refhabita degradation and discses. There s o nformtion

sbout the cureent letion time

“The SAV s naural natrient and sdiment buffer, urery and refugefr diverse wildie, and natural shorline

protection. Management ot arebeing made o retore his vial habiat

Wetlandrestoraton s an important miigton ststegy forimproving water quality and buikding climate el

“Ther are 16,000 acres o wetland creted o restored,represnting 16.3% achievement of the 85.00-ace goal
“Susfactory”

“Theccosystem functons ave degraded. There s cfforts to
inceaseccosstem reslenc o keep the cosysem srvices

Thefrest buffer has beenrestord 10 230.5mile in 2021 Toproect the dges fthe iver, 70% st be protected.To
achiee the WIPHH goals,over 3000 miks o forest st be added annuallybetween 2022 and 2025

The region suppors thousands fspeie romis Watrshed toth Bay: The Chesapske Program hs seversl.
indicators o keep  ecord ofthe protection of wildlieand estortion ofhaitts o support th blance ofthe
ccopstem

“Thee are ~200 nvasivespeces that may v i the rgion. This s pat more than 40% of

e endemic speciesat sk

offurther deine. Ther are management plas o reducethis numiber and some of them consier th recretional
valie

“The recent perod of 2020-2021 had  decease n miles open. However, in 2018-2019, i obained 131373, reaching.
the 2014 CBWA. Currentythe project vy active i eschingthe binnia target o 132 mles

“The SLR on the system i projected toincresse by 0.7-16 mcentury. The rsing sealeve can ncrasecoasal loding.

afcting he shore

habitatsand low exchange.

Incress ntemperature (457 b th end ofthe 21 cntury The varming of the By can change thebiochemical

concentration, impacing the ccosystem. One exampl s the xygen concentrtion impcting the oxygen l inthe
esuary

“Saisfctory”

Global environmental change has caused ecosysem
degradaton. Thereae projcts o improse ecosystem resilence
o decreaseth ffectsof gl climate change. Addiionlly,
climte chang responses and adsptations protectthe region’s
residents

Tncress n precpitation of 10% by the nd of the 21" century. The changs in precipitation e projctedt deliver
higherwinter and sping flow Thi ncreases the trent and sediment input no the Bay

“There has been reent progees toward the Climate Monitoring and Asessment outcome. Climte change indicators
are prioiized o focus the management effortsinformaton. Continued monitoring, modeling and asessment ae:
importantfor measuringprogress, captring recosry trajectory, and undersanding the underlying mechanism

Climte Resliency Workgroupcollsborate it other GoalInplementation Teamsand commntis t supportthe

devclopment andfunding o new restoraton projects

Maryland i the eader i costal adspttion for dimate change. The Maryland report cards of 2021 gave: scor of
70100, This s becsuse there s signfican investment i floding and socioeconomic adapraton. The main barricrs

presented in the reportcad ae nadeguatedat,updatedgoul nd sckoffunding,
Climae chang s affctin the hydrodynamics ofthe Bay by ncrasing the wave heightand causing exteeme waves,

such a hurricanes and ropical torms

“Thepredicton of tidal amplitude s 075 encentury. With a incress n SLR o 1 m the tdal amplitude will ncrease | “Satisfacory™

by 15-20% on the upper Bay Thiscan increse the isues mentioned on the SLR indictor “The sif i ydrodynamics as caused ecosystem degradation.

The modeing st devcloped 0 apy and s thehydrodynaic i ane o the main ool s o declop her s commitment o decrease e mpact

management plans.Pastand future adancements n thescientific understanding ofthe Chesapeske Bay snd it
‘watrshed s valuable esourcs that an nform the esoration ofoher cosystems

7% of themitrogen load redctons et 2020 and 2021 camefrom sgrculure. 73% of phosphorus came from

improsements totrestment echnologis i the wasiwtersector
“The concentrted animl eding opertion wasteaccounts o 17% of itrogen and 26% o phosphorus deliveed t0
the By and i treted s  nonpoint pallution source. The Bet Mansgement Practces i the management ol to
manage this plltion

17% ofitrogen comes from stormvatr running of parking s, oo, and ather had sufaces. 16% o discharges
from wastewter rctment lants and icorisae elessd direely. 4% drains ks ofsptc systems contaminsted
roundvater There s itle reductionin loads from urban runoff,mainly bcause and declopment hs continued t0
expand

“The management efort in nutient eduction have made the CB more e

10 warming atmospheric temperatures | SSustactory”

and highe discharges years by preventing addiional yposia from developing, 50-90days of addiional yposa | The iogeochemical and physiallows havechangedand cased
‘would have happened f he reduction had no ocurred ecosystem degradation. Therear actons to decrese the impct
CO2 levels will inresse continualy throughoutth 21 centry. 19% of i plltion comes from pover plans and | andineeaseecosystem rsilience

motorvehices which sl bac o theground and ar washed nt the waterways by i

Trace meta distribtion inthe Chesapeake By is dominatd by th input from th Susquehanna Rier Othr nputs
are shoe xoson, ndustey, tmospheric deposition,and municpal vastewatr Balimore Harbor and the Hampion

Roads complexaccount for st ofthe industial metal output

The need forfood secuiy incrsses he se offertilzaton and pesticdes

“The main non ederallyregulted nutrient ranof sourcesae griculursl sources (erilzrs).
1 2016, pesticdescontaminated 47% of domesticlly produced food inthe USA

“The sediment o reducton from 2020t 2021 i above the sverage annual redution from 2009 through 2020,
Howeverthere 5 ack o process nthecontt ofth TMDL

“The Watershed afrs fod scuriy due o agrculure and the food ndustey. Howeser, thebenefts ae degrading with
thencreas in pollton. Addionaly o ofthe primary sources ofthis plltion comesfrom agculure. There s
estensiv use of pesicides andartifcialfrlzersfor sniml feed

2% offish around the Bay and watershed exced the EPA mercury rteria. The data show that mercury

s widespread n he watershed, and concentrations infish are fequently high enough o risk human
heahh, widife, and orher fih

Recentstudies o tha 21-60% ot

e drnking vate wels tested n Pennsylaniaslower Susquchanna River Basin
had mitrate el exceeding public drinking witer standards

“The damage costof human morbidiy and mortaly inthe Chesspeake Bay is 39 billon dollars
Between 2010 and 2025, thepopoltion ncrcased from 173 millon to19:4 million. 12% ncrease There s no
regulaton onpopulation growth becaue s sen s necssiyforthe cconomic model

Accoding o the 2020 USA Census the Northest has the rgest altpopulton at 77.5%and theowestyoung
population a1225%

I the Watershed, 35% dentiya people o color This consders mainly people o do no consider themscles

‘whie such s Native, Asian,bsck, Hispanic, o thers

Immigration s esponsile for 6% of the population growth i the egion
‘T thids ofthe popultion i the regon livecose o dal wate in majo iersor 2k near the shocline. I s
estimated hat 80% ofthe dvclopment il ccur from 2000 02030, prmarilythrough exurban sprav]
(unconnected, spread-out, and low-densityresidntil subdivisions and commercil aessoutsid iesand town
centers)

The urban populaion inthe egion has concentrated around the southest o the mouth's By, mastly Washingion
e

The caster shor hasmost of the rualpopulation. Spraw s i s i pural areas, maly fo toursm, second

homes, and resort communi

“The presentfood systemis bt on making profits by focusin the tandard America diton nimal-based ood,
refned carbohydrate,and a fes be.rich frisand egetabes

1155 of By residents expeiencefood inscuriy which lls mosthesvly on peopleof colorand children

“The hesltheare system dossnotcontribute 0 th healkh of S residents. The factors eated nclde parens educaton,
poverty, family upbringing,lnguage barirs, neighborhood ffect, racial sgregation ey, workfoce s, soial
capital, and host environmental actors sucha lean i an wate:

Ther s rise i moraity doe 0 lac of commnal support inall e cyle stages (prenatal care, maternal e,

reschoolcare, lementary and highschooleducaton, education beyond high shol, and subsantltme off for
" riiih 2 “Satifctory” and Poor”

“The soio-cclogical systems has recognized and taken actionto
improve mostrsidnts socal wlleing. On the ther hand.
socalwellbeing is based on certan cltures, physial
characteristics,or scio-economicstaus fo most residents
School sysems scros the USA struggle t build new schools and renovae aging ones e oty

noneconomic actiitie). There s also  isin mortalty due t0abesty: The com, sy, wheat and sugar subsidies

ke high-calorie nd low-nutrient foods cheper,dominatingth standard Ameican Diet

D tothe TMDL WIP agreement the ha ben an incresse n the regulton of wasewterdischarge fcle,such
a5 tormwater, confined animal feedingoperation discharges, and federallyregubted wastewater

“The public transport n the CBY isconcentatedin Washington, DC. I the USA, there s a idea that public

transport sy forwork commuters and transt dependents
112021,257 publc accss e hae apened around the egion. This s 79% ofthe curent 2025 goal
The indicato measures Hov many people can valk 10 8 park i 10 min witha scor of 2%

Ther is  propasalt implement indicstors o measure evironmenta justice i the egion

Ther
metropolianctes and New Yok City homeessnes has decined by 10% from 200910 2019 i the USA

isanincress in homdlssnes in metropolian arcs,Hower

on aversge outsideofthe West Cosst

People e more connectd by th poliical boundsriethan theecological nes, mstly because ofthe diffeence in
government dependency. The people who denify thee identity n theecosystem work profesionlly in the system

Regionaldenty i srongly marked by  polarzaton mentality of ‘rurs versus urban” The Estern Shor egionsl
idenity has been defined b soation outeage s perceived from ouside nterfrence

For centurie, commercal ishermen of the Chesapeake By (Waterman) have supported thei famile nd
Communitiesand provided consumerswith oyste,crab,shad, sturgeon, and hrring, However, they do ot fcl the
hery regulation shold appy tothem due 0. gp betvecn sientifcand trditionl scologicl knowledge

The personal ctons to improve the Bay' health have  core of 38%
“Theadvocatng for public cngagement i ocal and regonal activites scored 19% i the sevardship indicator

According tothe stevardshipindicator, the portion ofthe public patcpatng n ommunites s 3%

“The resident can connect o ifrent oganizations through the Chesapeake Bay Progeam, Chesapeske Foundation, or
others

0% of the populton i prepared fo  hazardousevent

“The CBAY obtained  score of 58%. The ndes dentifies lces where people ae mare vlnerable o heath relted and
ooding rested isks The
dis

st vulnerable communiies ar eated o neighborhoods with ace-based housing

nination, o income communitis, children, and the lderly

“Saifctory”
The knolodge and sl nceded t atrsponsiby toprotectandrestoe therocal wateshed. The resls were 27% | Some soial groups ne vulersbl o the adverse mpactof
“wll prepared” 525 “somewhatprepareds and 2% “not prepared” matural hazards. Thereare actons (educaion, awarenes, o

“Mesningfl Watershd Education Espeiene” There ha been o proges i thes ndctorssinc 2017, Howevr, | SHRESRYSevices) o s negity

ther has been at ks 35% prearedness
2021, 14% of
schools from 2019

ool n the Watershed wre certifed sustanable. Thi s 6% decrase i sstainable

Approximatly58% of workers ome from Hispanic countie,Foreign workers arepad btween 2 and 33% ks than
theavragelocal orker

From 2005 10 2018, the mumber of part e workers inressedfrom 20 t0 0%, Mostgroery stores hire part-tme
‘workers 0 avoid paying addionalbenefits

Partime worker ned muliple jobs t haveecomomic securty
“The poverty wage is considerd caring less than 35000 year ncome
“The poverty population i the CBIV i 13, and 19% or children.

T the USA, 183 ofthe population s i rltivepovery. The populaton at ris of flling no povety (frgo 3
months” slary) is37%

Therare o saety nes 0 prtect vlnerabe ctzen llingto poverty. A decade s needed  recove rom povery

“The WE found that the gap between genders n conomic sectors s closng. with the conomic pat
opportuity score o 75.3%, with 100% epresening the ighest gnder equaliy

Most farm sborer re men of ~39years akd and pogle of color

“Theenergy nfrastructurearound the atrshed depends onthe state. The nfrastucture ncludes petzleu, natural
e electrcty,coal,mucea,renewable,andalernativefuls

Conawingo Dam s Hydrodectic generaton station locsted in Marylnd. Th dam infsstructure is mportat or
reducing nutrients and sediments

“Thegreatavailabily ofcrsand ther needed ifrastructure rduc the public eansport demands. Only e e fn
thecountey haveatempted 10 make car wnership and use mre costly dower and es convenient

oy
N e P oo SRR
T e e
o e ———

Phiadelphia Inernatonal Airport, Ronald Reagan Wasingon National Airpot and Harrisbug International
Airport
“There are ive major North At

tic porsand hundreds of smalle pts

“The American Socety of Civi Egincers s a Report Card withgradesabout the country’s overall ifrastrcture.
“The sore i DI which s 01t 3 0-100 soresystem. I recnt year, the government and theprvae sector hse
supported aditonsl funding o ncrase ifrastructure maintcnance.

Median hoschad income s highest nurban arasand lower n rurlaess
Housing afodsbily i highr in rural arcas and ower i urban s

“There s o publc ransportation outside the i urban s, Ther i relance o cars, which nreses expenses
and puts dissdvantged ciizens who cannot id  car o aford it

“Therehasbeen consstent netjobgroth cros the v watershd. Ther s no information avalsble regarding the
percentage o job growth that comes from part-ime jobs orforegners

Living i poverty without sty neseadst dangerous fobs and neighborhoods,hazardous house znes, and
decresed hestharequality

Minimalcconomic mpactbecaus most workers e nt ctizens o the country snd e ow wages

“The fishing sy in Chesapeske By hasbeenvald t beworth >3 billion dollas per yer.Inrecent years, the
most economicallyimporantfisheresare based on Janded value: Atlanic menbaden,striped bass and blue crab

ol atural g, and oflaethe egons main resourees o energy producton
102009, ourss spent 558 bllon whichsupports 600000 fobs, contributing 14 billon i abor income and 9.
billion n tase, minly in Maryland, Pennsyhania,Virgina, and Washington, DC.

0% ofobsin the CBAV ar n sl and services:

15% ofjobs inthe CB are construction and manufscuring

15% ofjobs inthe CB are government.reaed

Ther has beena 433 surgefn environmental industeyjobs n Pennsyhania, Maryland, and Vieginia ovr the st o
decades

“Th fishingindustry i an important part o the rgion’s sconomy
“The tourism indusey i an important patof he regon’seconomy

Property value s ncreasing i the region. Mo people rebuying summer houses o retiring t houses ner the
shorcine

Portindustriesar important or the economy of

“The Chesspeske By s one ofthe igget o sites i terms of tmescale and dllars nvested

Maryland and Virginia rgion

“Theagrculualcamings in 2003 were 8%

“The carnings from construction and manufscuring in 2003 were 3%

“The carings from sles and srvice in 2003 was 40%
“The carnings from the government in 203 were 2%

“The EPA, ederal government and sat aencies, nonproft oganizations,and academic nstitutons coordinatedthe
restoation o the Chesspeske Bay Watershed through the CB

“The Chesapeske Bay Programis  partnership thtld andircted the egio'srestoraton. The partnershipincludes
19 fderal agencie, 40 state agencesand programs in several states,~1,800 ol governments, 20 academic Excelent

nstitutions,and 60 non-governmental organzations Thre are alsobusinesses, nonprofis and advocacy groups ARSI SRR T VAR
“The Magnuson-Stevens Fishery Conservation nd the Management Reauthorization Act s the primary v governing. [R G S SR et
marine isheies management inthe USA' federal wters [—

Overal the MAFMC leads the governanc o the management ofisheries. Meanwhik, the Aanic Siate Marine
Fisheres Commissons (ASEMIC) main bjective it devlop sustainable ish managenment plns o the Atantc
Const

Environmental Proecton Ageney stlement mandate essonable asurances, consequences, offst,crtain dates,

andracking,

“The CBP hasgathered nputfrom adiversity ofactors and i
sgsecment ofhow eschjrisdiction artnrs with the local government o chiese and mintin vt qualty
sandards

itutions o developthe CBWA. Thisdocument s an

“The B s anorganiaton that protets the Bay by pressring the government 0 enfoce laws and rgulations 0
educepollton and restore vital natural halbiats

and th co-plaotff setted alwsut it the EPA. Pennsyvaniaand Nevw York have not et the i

WA
The ASEA

C has a L Enforcement Commitce, which meets twce a yea o propose egladvie and guidance .
mansgement practics. The main mermbersae reprscnted by the Commisions participating sttes andthe District
of Columibia, members of NOAA Fisherie Service, the USA Coast Guard and the USA Fishand WildieSerice

“The USA s increased pltcl roles for women. Acconding o the WEF, 2021 ranking, the USA obtained 37/156.The
bestis Unumber of countie, There hs never b femalepresident

“The CBP includes government eprescntatives scademic instiatons, nd non.gosernmental oganiztions

“The 15% of people workingn the partnership dentifyas peopl f color: Fromthis percentge, 7.7 ok i leadership
posiions. The CBP has decided to plce n emphasis o expanding racial and ethnic divesity within the partnrship
“The maingou
il people inthe itershed can shar a i gos to improve the cosystem helth o the regon

“Saisfctory”
“Thegovernments decision considers the soco-ecaogicl
system. Therfore, the decision-making processconsders the

1o represent the communite hat re impacted by emvionmentalnjustice By increasing inclusion,

complesityof enviconmental hesth,socsl squalty, nd

“The CBE rpresntsth privtesector voice eosmomic development

I the MARMC council, therear 21 voting mermbersand four non-vting mermbers.Seven mermbersrepresent the
i and wikdife gencie, nd 13 reprsent privatectzens withknovledge sbout the fishin sctoror marine
conscrvation, The fou non-votng members represent orgaizations

“The CBF s the main orgnization sed s an accountability nstrument o the restoration lans. Oeral the
dvocation of this foundation has helped with the ffectivencss o etortion implementaton plans. Thei plitca

inalvemnent has stopped legislation and egultions that would dramtically st back efort o rstore the CBW.

Additional, the Higation department use el actions o hold accountable those who violte s, dein and drive
the plans,and delver thle resoration progres qery.

“The Magnuson:tevnsFishcry Conservation nd Management Resuthorzstion Act takes accountbility messures o
preventand en overishing, The accountabily measures are sz imis,scasonal cosures, rip s, geae

instion ofthe thre, There s o information i the liatu sbou the consqencesof

breakingthe messures
(ChesapeskeProgress hlpstrack the Chesapeake By Program progress with vailable,up-to-date, and acessible data | “Stsacory™
o more than two doen indicators o nvironmental heald,estoration, nd sewardship Diverse actors with authorky wiedlgiimacy and

“The University of Marylnd Cente fo Envionmenta Scince Chesspeake Bay Environmentl reportcards accounalily o improse environmental el socalcqaly
synhesize data from scientists and vlunters o convert o n image-ich format that s sy secessble o andeconomicdevlopment

rond udience. The report crdsprovide a ransparen, timel, nd gographicallydetaled sscssment of

Watershd helt,incding traditonal cosystem and socalcconomic, and culurl ndictos Overal the CB

watershed scored 4% n 2021

“The USA is onlythe 25t east corrup countey, with corruption stadilyinressng.

‘Number of public corrupion convictionsper 10,000 esdents,reportedvilations by mediclproviders between
202, sttes with Anti-Corruption Measure for Pulblic Official, nd Sst IntegrityScore. Between the stte o the
watershed, the mean corrupion s 1002/10, an thesandard deviation i 1825100, Deaware obained the
masimum value and New York the minimum, 46.45/100 and 0.05/100, respectvly

Toal Maximum Daily Load s  edera “polotion die” torestoe watr qualty

“The WP document that incudes detailsand specifc st cach jurscicton il take o meet the gols o the
TMDL by 2025

“Thisisa project from the EPA, CBR and NFW
information sharing between parters

The i abjctv s 0 investn and support networking and

“This ool promotes ransparncy and guides the CBPS GIT and Managerment Bosrd members o explin ho the
outcomes will besccomplished and b the progesswill be monitored, assessed snd reported

“TheSusainabe Fisheris GoalImplementaton Team (GIT)consiss o st ishries managers ed by th director of
theNOAA

B Office. This group collsborte o facilae the management fkey species ke the blue crab and oster

‘whilesso consideringfih habitatand forage of menhaden, srped bas, and sosines

“The Chesspeske Oyster Alanc s commitedto adding 10 billionaysters o the Bay by 2025
Chesspeske Bay Foundation organizstion pressres sversl lvesofthe government o achiee the mansgement
restoraton pojects

“The Report Cardsae part of the sletific communication management 0o, s thy proide ecosysem,economic,
socal,and cultralinicatorsthathelp thesakeholders an general public understand the sysen'scurent state
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Domain

Environment

Score Category
“Satisfactory” Alteration of landscape:
“The system has

ecological

degradation, and

human society is
trying to maintain,
restore, or improve the
ecosystem resilience

Ecosystem function

Global environmental change

Shift in hydrodynamic

Biochemical and physical flows

Score

“Satisfactory”
“The alteration of the landscape has increased ecosystem degradation.
However, projects are trying to maintain, restore, or improve the landscape

“Satisfactory”
“The ecosystem fnctions have degraded. There are efforts o increase
ecosystem resilience o keep the ecosystem services

“Satisfactory”

Global environmental change has caused ecosystem degradation. There are
projects o improve ecosystem resilience to decrease the effects of global
climate change. Additionally, climate change responses and adaptations
protect the regionsresidents

“Satisfactory”
“The shift in hydrodynamics has caused ecosystem degradation. There isa
commitment to decrease the impact

“Satisfactory”
‘The biogeochemical and physical flows have changed and caused ecosystem
degradation. There are actions to decrease the impact and increase ecosystem
resilience

Bridges

Increase in land protection
Increase in SAV restoration

Increase of bivalve tray restoration around tributaries

Restoration of habitats that buffer nutrients and sediments
Restoration of habitats that serve as a nursery and refuge for
diverse wildlife

Restoration of habitats that improve climate resiliency
Record of abundance biodiversity in the region

Open fish mitigation routes

Climate monitoring, modeling, and assessment to prioriize.
‘management efforts

Climate change adaptations in Maryland

Collaboration and supportto develop and fund new climate

change adaptation projects

Modeling system to apply and assess hydrodynamics to develop

‘management plans

Improvements to treatment technologies in the
wastewater sector

Best Management Practice is a management tool to reduce
waste from concentrated animal feeding

‘The nutrient redu

s have made the region more resilient to
‘warming atmospheric temperatures and higher discharges
‘The nutrient reductions have decreased 50-90 days of

hypoxiaa year

Barriers

Uncontrolled urban and
rural development near
the shoreline

Uncontrolled

suburban sprawl

Increase of armored
shorelines as a sea level rise

response
Restoration plans fail or lag

dueto habitat degradation

and discases

Increase in flooding affecting

flow exchange

Temperature increases,
changing the

biochemical concentrations
An increase in precipitation
increases nutrient and

sediment inpu

0 the Bay.
Inadequate data, updated
goals, and lack of funding for
climate change adaptation

Increase of extreme events

Increase in urban runoff
because of the expansion of
land development

Increase of air pollutants
from pover plants and
‘motor vehicles

Increase of metal pollutants
from natural and

industrial outputs

Increase the use of pesticides
Lack of progress in sediment
load reduction in the

lastyears
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Ciss cicumstances. System colpsing or colopse.
Degrading system with barters and obstacles for sustaindbiy development.
Systemriss colpse.

Degradation problems wilh biidges and boriers fo oblin sustainably
development.

Sustoinabiity development bridges are effective and measurable. The
systemis closer fo affaining sustainabilfy development.

‘Development thof mees fhe need of the present without compromising fhe
abilty of fufure generations fo mee fhe own noeds” (Keebe. 1953)





