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Abstract


Doughnut economics (DE) is an economic model that expresses the social and ecological dimensions of nexus designed by Dr. Kate Raworth in 2012. The concept, which is based on the Sustainable Development Goals (SDGs), intends to rethink our economy for the twenty-first century to meet social demands within a safe environmental ceiling. The DE model’s parameters are achieved only through interconnections, but these links are not well-defined for integrated strategic decision-making. A deeper description of Nevada illustrates the relevance of a cross-disciplinary decision-making tool that could identify interconnectivity among diverse but essential sustainability indicators. The state surpasses the planet’s water demand boundaries, greenhouse gases emitted by nonrenewable energy sources, and chemical pollution; meanwhile, the state is falling short in food security, housing, gender equality, social equity, political voice, safety, and justice. The research brings a circular economic model to an American state-level context and introduces the model to dynamic thinking.
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1. Introduction


The climate crisis, loss of biodiversity, ecological degradation, increasing demand for finite natural resources, social unrest, out-of-control consumerism, and other complex urban pathologies are limiting our knowledge capacities, budget, and time availability to make the right decisions in urban planning at the speed and reliability required to cope with these adversities [1,2,3,4,5]. The institutional capacity and common regulatory framework continue to be fragmented, impacting the daily quality of communication, implementation procedures, and coordination among the different domains [6,7]. Today, every sector is evaluating and developing initiatives to cope with this challenge. The silo thinking has continued over the last several decades, delivering short-sighted solutions that can eventually lead to scenarios that will be impossible to reverse. This study addresses the possibility of integrated governance and nexus thinking by defining interrelationships using doughnut economics (DE) indicators. This model aims to conceive and rethink the economy within two boundaries: a social foundation and an ecological ceiling, showing in a single graphic the scarcities and overshoots of a city, a region, a country, or the planet itself [8,9].



Interconnected complex systems consist of many variables, and simultaneous interactions can occur. These include a dynamic and mutable environment with direct and indirect feedback loops and nonlinear behaviors that cannot be simplified [10]. Decision-making in sustainable complex scenarios requires occurring through these dynamic interconnections [11].



This research study focuses on the state of Nevada in the United States as a case study, allowing for the collection of local data to understand its sustainability levels.



Recently, systematic approaches and participatory processes have been developed to enhance cross-sectoral collaboration [12]. Current models integrate mixed methods to link these resources to other crucial variables such as health, ecosystem services, social participation, circular economy, and urban planning [11,13].



The general problem is how citizens can integrate critical regenerative and distributive projects without undesired socio-ecological side effects for the region in a circular economy framework.



Given the lack of integrative and strategic methods regarding circular economy nexus complex systems, the research aims to elaborate a Doughnut Economics and a primary indicator interrelationship matrix to recognize the magnitude of decision-making.



The main objectives of the research are:



(1) To develop a Doughnut Economics model for Nevada, examining the social and environmental progress levels.



(2) To build a primary indicator interrelationship matrix for future system dynamics DE models.



This study is significant because it expands the contribution to interdisciplinary research and open innovation practice, specifically in the circular economy, by establishing a framework that can evolve and be enhanced, encompassing different approaches or data actualizations.



This innovative framework aims to ease the communication among stakeholders to develop integrative and articulated strategies that recognize ecological boundaries, socioeconomic thriving, and other well-being benefits [4,14].



Project manager’s and policy-makers decisions rely not only on reliable data but also on perceptions, interests, and personal dogmas that affect an objective balance among stakeholders. These frequent mismatches and lack of homogeneous assessment tools bring about poor policies and short-scale resource management [15,16]. For this reason, the model developed uses published data and remains closer to the DE original version.



Same as the SDGs, DE parameters are achieved only through the interconnection of individual goals, but these links are not well-defined for integrated strategic decision-making. For example, increasing demand for natural resources causes severe risks and tradeoffs to other human sectors and living systems [17,18]. Parallelly, the interrelationship between climate crisis, ecosystem degradation, and negative impact on people’s well-being is more evident every day [19]. Adequate cross-disciplinarity increases integration in decisions and actions taken for sustainable goals [19,20]. A second model that influenced DE framework is the circular economy systematic approach. Resourceful use of raw materials and zero waste practices is a revival of growth limits that defines the environmental ceiling [21]. Natural capital preservation, resource yield optimization, and minimizing negative externalities decouple resource consumption from economic growth [22]. A third similar model is the Green Urbanism Wheel by Dr. Steffen Lehmann, which is based on an urban approach using the circular economy to bring together spatial context-dependency solutions associated with energy, water, biodiversity, sociocultural features, urban planning, and transportation sustainable strategies [19,22]. As with these models, DE with holistic complex system thinking is oriented toward thriving rather than pursuing endless economic growth [1,23].



DE integrative framework consists of two concentric rings: an inner social foundation ring with twelve social indicators and an outer planetary ceiling ring with nine environmental indicators. Its scientific grounding has turned into a transdisciplinary model use reimagines a converging sustainable future [1]. In a single graphic, DE users can easily distinguish if citizens are short in crucial human needs or exceeding the planetary boundaries in a particular area or context. The social foundation includes food, health, education, income, sanitation, energy, networks, housing, gender equality, social equity, political voice, and peace and justice. Meanwhile, the ecological indicators to keep Earth’s life-supporting systems include climate crisis, ocean acidification, chemical pollution, nitrogen and phosphorus loading, freshwater withdrawals, land conversion, biodiversity loss, air pollution, and ozone layer depletion [2]. These indicators consist of one or more weighted variables that depend on the model’s authors, working as a socio-ecological compass that aids us in devising the big picture, where everyone could contribute to healthier and more sustainable living [1] (Figure 1).



DE, SDGs, and Green Urbanism Wheel are frameworks to rethink viable and intertwined strategies encompassing all biophysical processes and human aspirations [6,24].



On that account, the DE model is an accurate socio-ecological picture of a particular time that grasps the assets but also the risks and nexus pressures that provide a convening space for stakeholders to complement the socio-ecological nexus knowledge and to make shared strategic decisions required to achieve significant progress without leaving any stakeholder behind [1,21,22]. Nonetheless, one of the main refusals for this method is the loss of a centralized and controlled narrative. Narrative decentralization raises undisputable environmental justice demands regarding who gains or losses from sectorial decisions [18]. In the end, interlinked frameworks significantly redefine old economic models of prosperity, development, and unlimited growth [12,25].



This research explores the Nevada case study as a practical approach to understanding the model in a U.S. context.



Nevada is the seventh-largest state in the country, with 286,380 square kilometers. The Bureau of Land Management, a federal entity, owns nearly 85% of the territory [26].



The Paiute, Shoshone, Quoeech, Washoe, Hualapai, and other Southwestern Native American groups had inhabited Nevada for centuries before European and American colonization [27]. In the 1700s, horses were introduced to Southwest tribes, bringing commercial opportunities and deadly diseases [28]. After the Mexican–American War (1846–1848), Mexico ceded the present-day U.S. states of California, Nevada, Utah, and parts of Arizona, New Mexico, Colorado, and Wyoming to the United States [29]. In the 1850s, the discovery of gold and silver mines brought Mexican American migrants and immigrants to populate these lands massively. The state became the 36th in 1864 during the Civil War [26] and in 1869 was the first state to ratify the 15th Amendment, recognizing African American men’s vote [26]. Meanwhile, the Central Pacific Railroad crossed Nevada in 1868 [28]. As the most relevant infrastructure project in the American Southwest, the Hoover Dam was completed in 1935 and provides water to 40 million people today [30].



Nevada has 3,104,614 people, over 90% in urban space and 9.34% in rural lands. Race and ethnicity in the state consist of White alone, 61.6%; Black alone, 12.4%; Hispanic, 18.7%; Asian alone, 6%; American Indian and Alaska Native, alone 1.1%; native Hawaiian and other Pacific Islander alone, 0.2%; some other race alone, 8.4%; two or more races, 10.2%. The population grew 15% in the last ten years [26].



Mining and tourism are the state’s most well-known economies; they represent 4.72% and 15.67% of Nevada’s gross domestic product (GDP), respectively. On the other hand, the financial economics, insurance, and real estate industry represent almost 30% of the state GDP. Meanwhile, professional business services are 17.27%, and the government is 15.9% [31]. The 2008 financial crisis and the 2020–2022 COVID-19 pandemic has shown economic volatility and rapid resilience in responding to these international challenges.




2. Material and Methods


The methods consist of the following:



Input: Twelve social and nine environmental indicators published by existing peer-reviewed data, government reports, or international organizations for Nevada.



Time frame: The latest and more complete information has been published in the last five years.



Process:



Step 1: Identify the most reliable and updated indicators based on the doughnut economics parameters.



Step 2: Identify an estimated sustainable target for each indicator.



Step 3: Identify general interrelationships between parameters in peer-reviewed journals and international organization reports from the last five years.



Step 4: Visualize those indicators in a doughnut economics model.



Step 5: Create a generic matrix showing positive, null, and negative interconnections.



Output:



1. Nevada’s doughnut economics model.



2. Generic doughnut economics interrelationships matrix.




3. Results


The social and environmental dimensions in Nevada’s doughnut economics uses four general categories for each indicator: unsustainable, marginally sustainable, moderately sustainable, and highly sustainable, established in this study. These categories aid in visualizing the sustainability ranking independently of the details and parameters used for each indicator.



To construct Nevada’s Doughnut Economics and the interrelationship matrix, the research study used sustainability parameters and peer-reviewed references to refer to the positive, mixed, negative, or unclear interlinkages between parameters.



3.1. Nevada’s Social Dimension


3.1.1. Food Indicator


This parameter comprises three indicators whose values will have an equal-weighted effect: self-sufficiency (34%), children’s nutrition levels (33%), and food productivity (33%).



The prevalence of moderate or severe food insecurity in the population (self-sufficiency) indicator: The category is based on the published worldwide values. The country’s prevalence of moderate or severe food insecurity is between 68.3% and 7.8%, with an average of 30%. Values under 5% are considered on a sustainable track [32]. According to Governor Sisolak, 12% of Nevada citizens experience food insecurity [33].



Food sufficiency, children ages 0–17 whose households can always afford nutritious meals indicator: access to sufficient food is critical for children’s development [34]. The category is based on accomplishing the universal coverage required. The average in the country is 69.8%, and Nevada is under the national average at 64.5% [34].



The proportion of income per acre used for agriculture (Productivity): A limited amount of farming activities are required to keep water and land resources in Nevada. Currently, the average crop profit in Nevada is $129 per acre. However, increasing more sustainable and profitable crops without increasing water or land demands could improve rural communities’ livelihoods. The range of categories is based on an estimated $8561 annual return on berries production by one acre [35]. The region has five or more native berries that can be produced for consumption [28]. Another farm alternative for some crops is water-smart hydroponics; the profitability exceeds berries production, with an average revenue between $10 to $25 per square foot [36].



Interlinkages: A general perspective of food accessibility and production has mixed benefits and disbenefits according to health, income, energy generation, gender equality, and social equity. It shows a potential ecological trade-off if not managed carefully, especially with water quality and fertilizers, herbicides, and pesticide runoff, triggering ocean acidification. An unclear positive or negative balance remains with other ecological indicators. For example, a particular food strategy’s implementation, specificity, and magnitude can modify carbon capture and storage [37,38].




3.1.2. Health Indicator


Even though the health indicator is multifactorial, the research considers preventive healthcare and improving survival by using the number of infant deaths and life expectancy on an equal base to determine it.



The number of infant deaths (before age 1) per 1000 live births indicators: the category range is based on the lowest national levels. Nevada, with 5.8%, is above the national average rate of 5.7% [34].



The life expectancy category uses the average 70–80 age range worldwide to determine it. Nevada’s average life expectancy is 78 years, like the national average and above the world’s population’s average life expectancy of 72 years. Gender, genetics, hygiene, diet and exercise, access to quality health care, lifestyle, recreational opportunities, and crime rates influence this indicator [39].



Interlinkages: In general, better education, high income, access to sanitation facilities, energy, reliable internet, and housing increase health levels in the population [40,41]. Similarly, gender equality, social equity, and a state of peace positively affect health [42]. There is also a strong link between human well-being and environmental conditions, including the regulation of diseases. Land conversion has a mixed interrelationship with health [11].




3.1.3. Education Indicator


This indicator is composed of equal proportions by the percentage of the population able to read and write among persons aged 15 and older and the percentage of students who graduated within the regular time.



The percentage of the population who can read and write among persons aged 15 and older is an indicator of literacy. The categories are based on U.S. literacy ranges. Nevada is closer to the lower ranking with 83.9% [43].



The second indicator, the percentage of students who graduated within the regular time, relates to higher education achievements. The categories are based on the U.S. percentage of high school students graduating with a regular high school diploma within four years of starting ninth grade. Nevada has 80.9%, below the national level (84.6%).



Interlinkages: Educational attainment is associated with constructive citizens and well-being [34]. An increase in education increases the opportunities to fulfill most of the social needs, including political voice and lower insecurity [41]. However, in general, access to education is concentrated in urban areas. These circumstances can cause unclear interrelationships between greenhouse emissions, land conversion, and biodiversity loss [44].




3.1.4. Income Indicator


It is composed of equal proportion by the percentage of the population under the poverty line and the unemployment rate through the percentage of citizens without a job who are available for work and have been actively looking for a job in the prior four weeks. We found that 12.5% of Nevada’s citizens are under the poverty line. The categories are based on U.S. values between 20% and 7% [45]. The unemployment rate in Nevada is 4.2%, which is above the national average of 3.7% [46].



Interlinkages: Access to higher income can improve most social needs, such as governance. However, higher income might induce higher consumption of resources, increasing greenhouse emissions, freshwater demand, land conversion, biodiversity loss, air pollution, and use of ozone-depleting substances. Parallelly, the risks of poverty increase with the deterioration of environmental conditions [11]. Interrelations with ecological parameters are unclear.




3.1.5. Sanitation Indicator


Nevada’s population with access to safe sewage systems is 99.55% [47]. Wastewater treatment has a high energy demand; however, it positively correlates with ocean acidification prevention and the decrease of freshwater withdrawal by reusing treated water in different sectors [48].



Interlinkages: A mixed interrelationship exists between social equity, greenhouse emissions, chemical pollution, land conversion, biodiversity loss, and air pollution.




3.1.6. Energy Indicator


The measure is composed of equal proportions by the percentage of the population with access to electricity and the rate of energy from renewable sources.



Access to electricity in the U.S. is fully covered; however, other countries have less than 20% coverage [49]. World ranges conform to the target levels used.



The renewable energy indicator is based on electricity production and does not include fuel consumption for private or public transportation, including airplanes. Nevada’s renewable energy is 30.7%, with a strategic goal of 50% of its electricity from renewable resources by 2030 [50]. The target is based on 0 to 100% coverage from renewable resources.



Interlinkages: This parameter shows potential tradeoffs with other ecological indicators if not managed carefully, especially with water treatment and distribution and land conversion for urban and farming uses, food production, and distribution [16,37,38]. Internet access and social inequality improve with better access to reliable energy. Tradeoffs with greenhouse emissions, land conversion, air pollution, and the use of ozone-depleting substances depend on the characteristics of the strategy.




3.1.7. Networks Indicator


Accessibility to a reliable network is related to internet coverage and speed. For example, Nevada’s internet speed is 104.1 megabits per second (Mbps), which is already reasonable [51]. Category ranges use the world’s internet speed standards.



Interlinkages: A positive interrelationship exists with housing. Other social benefits remain unclear, including social equity [52]. Greenhouse emissions related to new logistics systems are under debate.




3.1.8. Housing Indicator


The indicator is composed of an equal proportion of homeless people per 10,000 individuals and the percentage of occupied housing units with at least one of the following problems: lack of complete kitchen facilities, lack of plumbing facilities, overcrowding, or severely cost-burdened occupants in a 5-year estimate [53].



Lack of housing is composed of multiple factors: house affordability, low income, health inequalities, drug abuse, domestic violence, and racial disparities, among others. The national average is 17.58 homeless people per 10,000 individuals. Nevada has 22.4 homeless people per 10,000 individuals. Category ranges correspond to the national average value [54].



Severe housing problems threaten well-being. In Nevada, 19.6% of occupied houses have at least one of the following problems: lack of complete kitchen facilities, plumbing facilities, overcrowding, or severely cost-burdened occupants. Category ranges correspond to the U.S. average of 17.3% [53].



Interlinkages: Homeownership and house affordability benefit social equality [55]. Building new housing considering ecological functions in previously impacted land, such as brownfields, might have minimal environmental tradeoffs, but environmental interrelations are mixed depending on building specificities [56].




3.1.9. Gender Equality Indicator


Higher education and income are critical indicators of gender equality. The percentage of women ages 25–44 with a college degree in Nevada is 24.9%, the lowest value in the country. The national average is 35.7% [57]. The category’s ranges use this U.S. average. The gender pay gap uses women’s median annual earnings as a percentage of men’s median annual earnings for full-time, year-round civilian workers ages 16 and older as an indicator. Nevada’s value is 85.6%, above the nation’s average value of 81% [58]. The category’s ranges use this U.S. average value.



Interlinkages: Improving gender equality also expands social equity, contributes to enhanced governance, and reduces acts of violence [59,60,61].




3.1.10. Social Equity Indicator


Nevada’s income inequality is 45%, close to the U.S. average of 48%. Gini Index ranges are between 0 to 1. The closer the value to 0, the community is equal. Meanwhile, values closer to 1 mean an unequal income distribution [62].



Interlinkages: This indicator positively correlates with governance and peacefulness [59,61].




3.1.11. Political Voice Indicator


The U.S. Prosperity Index Report includes a sector about governance. It measures political accountability, the rule of law, government integrity, and enabling more community involvement in the political system. Nevada occupies 37th place in the state rankings [63].



Interlinkages: Citizens’ participatory governance is critical for peace and for mitigating future conflicts [64].




3.1.12. Peace and Justice Indicator


It is composed of equal proportion by National Center for Access to Justice’s Justice Index and by homicide rate per 100,000 individuals.



The Justice Index measures attorney access, support for self-represented litigants, language access, and disability access. The category uses a 0 to 100 scale. Nevada’s score is 20.4 [65].



The homicide rate category uses a scale of 0 to 10. Scores above 10 are considered critical. The homicide rate in Nevada is 7.3 per 100,000 people. The national homicide rate is 7.5 per 100,000 [66].



Interlinkages: Higher health, education, income, gender equality, social equity, and political voice raise peace and justice levels [67]. However, access to the internet and ecological parameters’ interrelationship with this indicator remains unclear.



The following table summarizes Nevada’s social dimension parameters and values (Table 1):





3.2. Nevada’s Environmental Dimension


3.2.1. Climate Crisis Indicator


Total state carbon dioxide emissions are from direct fuel use across all sectors, including residential, commercial, industrial, and transportation [70]. The category is based on a safer limiting global warming to 1.5 degrees Celsius above pre-industrial levels, which means that every person on Earth would need to emit an average of just 2.3 metric tons of energy-related carbon dioxide per year by 2030 [71]. The U.S. average is 15.7 metric tons of energy-related carbon dioxide per capita per year. Meanwhile, Nevada is 13.5 metric tons of energy-related carbon dioxide per capita per year [70].



Interlinkages: Greenhouse emissions affect climate and precipitation patterns, water supply systems, energy and food operations, biodiversity loss, and human health and well-being [37,72]. Chemical fertilizers produce higher greenhouse gases in the atmosphere [73]. Climate alterations can trigger the use of refrigerants, air conditioning, and other devices with ozone-depleting substances [74].




3.2.2. Ocean Acidification Indicator


Even though Nevada contributes to the Colorado River delta’s revival or deterioration, the state’s contribution remains unclear.



Interlinkages: Air pollution, land pollution infiltration, ocean littering, and agricultural product runoff are responsible for ocean acidification, declining marine biodiversity, and adding more pressure on land resources for food production [75].




3.2.3. Chemical Pollution Indicator


The Toxics Release Inventory tracks toxic chemical releases and pollution prevention activities reported by industrial and federal facilities. The category’s units are a total of releases per square mile. Nevada’s total releases are 4204 lb/square mile, the highest score in the U.S. [76].



Interlinkages: Industrial pollution, including farms and hazardous pharmaceutical waste, can damage large areas of ecosystems that people depend on [77]. Chemical pollution has different forms, from plastic to mercury, threatening human well-being, freshwater reservoirs, and biodiversity.




3.2.4. Nitrogen and Phosphorus Loading Indicator


The indicator comprises an equal proportion of impaired lakes and reservoirs by nitrogen and phosphorus loadings. Impaired water bodies do not achieve water quality standards [78].



The Bureau of Water Quality Planning assessed 383,486 acres of lakes and reservoirs in the last three years in Nevada. The total water impairment in lakes and reservoirs by nitrogen sources is 0.43% (1684 acres or 6.81 km2). Meanwhile, phosphorus sources are 16.32% (62,572 acres or 252.52 km2 [79]. The category provides a quartile ranking using the number of acres. The lowest and most unsustainable value is based on the current 28% or 106,391 acres of lakes and reservoirs with critical conditions to support aquatic [79].



Interlinkages: Nutrient over-enrichment leads to eutrophication and hypoxia in water bodies, including marine ecosystems, affecting biodiversity [80]. In addition, fertilizers export and mining practices contribute to air pollution.




3.2.5. Freshwater Withdrawals Indicator


Freshwater withdrawals ranking uses U.S. Census Bureau scores in domestic water use in gallons per capita per day [81]. The national level is 82 gallons per capita per day. Meanwhile, water demand in Nevada is 126 gallons per capita per day [82].



Interlinkages: The parameter shows a potential trade-off with other ecological indicators if not managed carefully, especially with land conversion, biodiversity loss, and ocean acidification [38]. Also, this factor is sensitive to energy and food production [37,83].




3.2.6. Land Conversion Indicator


Natural lands with minimal human alteration are critical for wildlife and biodiversity preservation. The state’s natural land cover percentage is 93.8% [84]. The category uses the lowest range of 30% as the minimal protected land for strategic wildlife preservation [85].



Interlinkages: Water, energy, and food systems conflict with ecosystem functions, including hydrological alteration, deforestation, and diminishing ecological integrity [37].




3.2.7. Biodiversity Loss Indicator


Species designated as threatened or endangered enlisted for Nevada are 46, the same as the national average score in a single state [86]. The category is aligned with the Post-2020 Global Biodiversity Framework coordinated by the International Union for Conservation of Nature (IUCN). This global biodiversity framework aims to halt biodiversity loss by 2030 and achieve recovery and restoration by 2050 [87].



Interlinkages: Biological loss can affect human health, food production, and ecosystem services that people rely on [37].




3.2.8. Air Pollution Indicator


The Air Quality Index (AQI) measures four major air pollutants regulated by the Clean Air Act: ground-level ozone, particle pollution, carbon monoxide, and sulfur dioxide. Nevada has a score of 42.1 units. The category uses AQI ranking. Air values over 150 are considered unhealthy (World Population Review, 2021a) [88].



Interlinkages: Better air quality improves health. It prevents obesity, and diabetes, reduces stress and asthma attacks, enhancing cardiovascular systems, among other benefits [89].




3.2.9. Ozone Layer Depletion Indicator


An ozone-depleting substance (ODS) for the state of Nevada is not available. The late score for the country is 714 tons [90]. According to Nevada’s population and considering that most Americans consume similar equipment and materials with ODS, such as refrigerators, air conditioners, foam contained in buildings, fire protection systems, and fire extinguishers, the state consumes 6.72 tons, approximately [91]. The Nevada Statewide Greenhouse Gas Emissions Inventory and Projections, 1990–2040, report 1.536 tons of ODS substitutes [92]. The category uses cross-multiplication to calculate Nevada’s rankings based on the national score on the consumption of ozone-depleting substances map created by the United Nations Environment Program [90].



Interlinkages: Vulnerability and health problems arise when ozone-depleting substances are released, contributing to air pollution [74].



The following table summarizes environmental parameters and values for Nevada (Table 2):



Nevada’s Doughnut Economics model (Figure 2) uses social indicators to visualize the social foundation shortfalls at the center of the graphic-meanwhile, the ecological ceiling overshoots spread out of the doughnut.



To define strategic policies, projects, and programs, the model must consider possible trade-offs and synergies among the indicators. These interrelationships with benefits or disbenefits are not evident for every interrelationship, or they can differ depending on the strategic plan. These kinds of indirect or unclear interrelationships should be analyzed in more detail.



The IPCC’s latest climate change report [93] shows a table regarding the positive or negative relationships between climate responses and strategic adaptation options and their relation to sustainable development goals. In the same way, DE indicators must show the type of relationships for an integrated decision-making framework and managing externalities [19].



The following matrix (Figure 3) is based on this IPCC relational database and the critical connections published and reviewed for each DE parameter previously:






4. Discussion


Nevada’s doughnut economics model reframes social and environmental indicators in an integrated diagram that responds to sustainable social and ecological levels. The process of building it is flexible, but it requires certain groups of specialized data. Most of the selection of these indicators relies on official reports published periodically, contributing to showing how the model evolves. The state’s significant social and environmental challenges are food insecurity, limited access to justice, political apathy and opacity, social inequality combined with over-exceeded greenhouse gas emissions, chemical pollution, and unsustainable freshwater withdrawals. The Doughnuts Economics interrelationship table also includes existing and potential synergies among indicators contributing to further systematic analysis. The research compiled synergies and tradeoffs among these parameters, but strategy specificity is required to adjust interlinkages.



Global initiatives have utilized DE as a holistic self-portrait, a starting point for continual integrative thinking for cross-departmental collaboration and civil society. In 2020, in Amsterdam, they created a city and global supply chains model tailored by the participants organized and guided by the Doughnut Economic Action Lab and C40 cities [94]. Another DE is in New Zealand, operated by a charitable trust oriented toward motivating a sustainability-led economy over compelling communication and educational programs [95]. Unlike these two models, Nevada’s doughnut economics focuses on its internal interconnections and insights before opening to its interconnection worldwide, reducing the number of challenges the state must address inwardly. Nonetheless, Nevada’s DE model must be enriched by cross-collaboration and diffusion of the benefits related to the framework.




5. Recommendations


This study contributes dynamism to the DE model. The model requires more development toward a dynamic system that can be easily operated and shared with diverse regional sectors and stakeholders. DE parameters could be standardized for every state of the country, allowing the dissemination of this collaborative planning.



This integrative planning is translated into time and budget savings, by reducing redundant procedures. At the same time, policymakers should create a specific department or committee for monitoring risks, reporting opportunities, updating verified data, and producing science communication from the findings and achievements related to the interlinkages between existing and future policies.
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Figure 1. Optimal Doughnut Economics scenario without social scarcities or negative externalities to the environment. 
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Figure 2. Nevada’s Doughnuts Economics model. Unsustainable ecological ceiling overshoots and social foundation shortfalls are in red. 
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Figure 3. Doughnut Economic interrelationships matrix. Positive and negative relationships amid DE indicators (based on H.-O. Pörtner et al., 2022). FO: Food, HE: Health, ED: Education, IN: Income, SA: Sanitation, EN: Energy, NE: Networks, HO: Housing, GE: Gender Equality, SE: Social Equality, PV: Political Voice, PJ: Peace and Justice, CC: Climate Crisis, OA: Ocean Acidification, CH: Chemical Pollution, NP: Nitrogen and Phosphorus Loading, FW: Freshwater Withdrawals, LC: Land Conversion, BL: Biodiversity Loss, AI: Air Pollution, OD: Ozone Layer Depletion. Interrelations with benefits or disadvantages occur among the indicators. Some of these interlinkages have mixed or unclear results. The indirect relationship on some levels remains unclear, so no significant data exists to confirm a specific interrelation. 
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Table 1. Nevada’s social dimension.






Table 1. Nevada’s social dimension.





	

	
Sector

	
Indicator

	
Units

	
Weight

	
Unsustainable

	
Marginally Sustainable

	
Moderately Sustainable

	
Highly Sustainable

	
Nevada

	
References






	
1

	
Food

	
Prevalence of moderate or severe food insecurity in the population (Self-sufficiency)

	
Percentage of

population

	
34%

	
>30

	
30–14

	
14–5

	
<5

	
12.0

	
Nevada’s indicator: [33]

Categories: [68]




	
Food sufficiency, children ages 0–17 whose households could always afford nutritious meals

	
Percentage of population

	
33%

	
<70

	
70–80

	
80–95

	
>95

	
64.5

	
[34]




	
The proportion of income per acre used for agriculture (Productivity)

	
US$/acres

	
33%

	
<300

	
300–5 k

	
5 k–9 k

	
>9 k

	
129

	
[69]




	
2

	
Health

	
Number of infant deaths

(Before age 1) per 1000 live births

	
per 1000 live births

	
50%

	
>7

	
7–6

	
6–4

	
<4

	
5.8

	
[34]




	
Life expectancy

	
Years

	
50%

	
<70

	
70–75

	
75–80

	
>80

	
78

	
[39]




	
3

	
Education

	
Literacy

	
A

	
50%

	
<75

	
75–85

	
85–95

	
>95

	
83.9

	
[43]




	
High School Graduation

	
B

	
50%

	
<80

	
80–85

	
85–90

	
>90

	
80.9

	
[57]




	
4

	
Income

	
Poverty rate, population under the poverty line

	
C

	
50%

	
>20

	
20–12

	
12–5

	
<5

	
12.5

	
[45]




	
Unemployment rate

	
D

	
50%

	
>5

	
5–4

	
4–3

	
<3

	
4.2

	
[46]




	
5

	
Sanitation

	
Population with access to safe sewage systems

	
Percentage of population

	
100%

	
<80

	
80–89

	
89–95

	
>95

	
99.55

	
Nevada’s indicator: [1,47]

Categories: [70]




	
6

	
Energy

	
The proportion of the

population with access to electricity (Accessibility)

	
Percentage of population

	
50%

	
<20

	
20–50

	
50–95

	
>95

	
100

	
Nevada’s indicators and categories: [49]




	
Energy from renewable sources

	
E

	
50%

	
<20

	
20–50

	
50–95

	
>95

	
30.7

	
Nevada’s indicators and categories: [50]




	
7

	
Networks

	
Average download internet speed

	
Mbps

	
100%

	
<25

	
25–60

	
60–100

	
>100

	
104.1

	
Nevada’s indicators and categories: [51]




	
8

	
Housing

	
Homelessness

	
People homeless per 10,000

	
50%

	
>30

	
30–15

	
15–2

	
<2

	
22.4

	
[54]




	
Severe housing problems

	
F

	
50%

	
>20

	
20–12

	
11–6

	
<5

	
19.6

	
[53]




	
9

	
Gender Equality

	
College graduate—women

	
G

	
50%

	
<28

	
28–45

	
45–60

	
>60

	
24.9

	
[57]




	
Gender pay gap

	
H

	
50%

	
<75

	
75–85

	
85–95

	
>95

	
85.6

	
[58]




	
10

	
Social Equity

	
Income inequality (Gini Index)

	
Percentage of income inequality

	
100%

	
>60

	
60–40

	
40–20

	
<20

	
45

	
[62]




	
11

	
Political Voice

	
Governance

	
I

	
100%

	
>40

	
40–25

	
25–10

	
<10

	
37

	
[63]




	
12

	
Peace and Justice

	
Justice access

	
Justice Index

	
50%

	
<40

	
40–60

	
60–80

	
>80

	
20.4

	
[65]




	
Homicide rate

	
per 100,000

	
50%

	
>10

	
10–5

	
5–2

	
<2

	
7.3

	
[66]
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Notes: A. Percentage of the population able to both read and write among persons aged 15 and older; B. Percentage of students who graduated within a regular time; C. Percentage of the population under the poverty line; D. The percentage of citizens with an out job is available for work and have been actively looking for a job in the prior four weeks; E. Percentage of electricity generation; F. Percentage of occupied housing units with at least one of the following problems: lack of complete kitchen facilities, lack of plumbing facilities, overcrowding, or severely cost-burdened occupants (5-year estimate); G. Percentage of women ages 25–44 with a college degree; H. Women’s median annual earnings as a percentage of men’s median annual earnings for full-time, year-round civilian workers ages 16 and older; I. State ranking based on political accountability, the rule of law, and government integrity. 













 





Table 2. Nevada’s environmental dimension.






Table 2. Nevada’s environmental dimension.





	

	
Sector

	
Indicator

	
Units

	
Ponderation

	
Unsustainable

	
Marginally Sustainable

	
Moderately Sustainable

	
Highly Sustainable

	
Nevada

	
References






	
13

	
Climate crisis

	
Per capita energy-related carbon dioxide emissions

	
A

	
100%

	
>9

	
9–6

	
6–2.3

	
<2.3

	
13.5

	
[71]




	
14

	
Ocean acidification

	
Average aragonite saturation state

	
B

	
100%

	
-

	
-

	
-

	
-

	
NA

	
NA




	
15

	
Chemical pollution

	
Toxics

Release

Inventory

	
Lb/square mile

	
100%

	
>800

	
799–401

	
400–41

	
<40

	
4204

	
[76]




	
16

	
Nitrogen and Phosphorus Loading

	
Percentage of assessed lakes and reservoirs impaired by nitrogen sources

	
C

	
50%

	
>28

	
28–21

	
21–14

	
<14

	
0.43

	
[79]




	
Percentage of assessed lakes and reservoirs impaired by phosphorus sources

	
C

	
50%

	
>28

	
28–21

	
21–14

	
<14

	
16.32

	
[79]




	
17

	
Freshwater withdrawals

	
Water demand

	
Gallons per capita per day

	
100%

	
>125

	
125–100

	
100–75

	
<75

	
126

	
Nevada’s indicator: [82]

Categories: [73]




	
18

	
Land conversion

	
Area of natural land with low human alteration

	
Percentage of natural land cover

	
100%

	
<30

	
30–50

	
50–70

	
>70

	
93.8

	
Nevada’s indicator: [84]

Categories: [85]




	
19

	
Biodiversity loss

	
Threatened or endangered Species

	
D

	
100%

	
>76

	
75–51

	
50–25

	
<25

	
46

	
Nevada’s indicator: [86]

Categories: [87]




	
20

	
Air pollution

	
Air

Quality

Index

	
E

	
100%

	
>150

	
150–100

	
100–50

	
<50

	
42.1

	
[88]




	
21

	
Ozone layer depletion

	
Ozone-depleting substances

	
F

	
100%

	
>14.11

	
14.11–9.4

	
9.4–4.7

	
<4.7

	
6.72

	
Nevada’s indicators and categories: [90]
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Notes: A. Metric tons of energy-related carbon dioxide per person per year; B. Carbon ion concentration; C. Percentage of 383,486 acres of assessed lakes and reservoirs; D. Number of threatened or endangered species; E. Index calculated for four major air pollutants regulated by the Clean Air Act: ground-level ozone, particle pollution, carbon monoxide, and sulfur dioxide; F. Ozone-depleting substances in tons.
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