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A comprehensive set of regionally relevant indicators and metrics is crucial for tracking progress in transforming food systems to meet the UN Sustainable Development Goals (SDGs). Household food security, foundational to sustainable, equitable, and resilient food systems, aligns with SDG 2 (Zero Hunger). Policymakers require accurate data to guide decisions, yet a major challenge is developing scientifically sound, participatory, and reproducible approaches for sub-national food system indicators and metrics. This study addresses this need by using the Delphi research method to create a multi-indicator system of both stand-alone and complementary food security metrics specific to Hawaiʻi. Engaging 24 food security experts in Hawaiʻi, with a 58% response rate in the second round, consensus was achieved on 55 of 71 metrics (78%). The U.S. Household Food Security Survey Module (HFSSM) received the highest rating among stand-alone metrics (3.5, SD = 0.8). Complementary metrics were organized within a framework encompassing the four dimensions of food security: availability, access, utilization, and stability. Access metrics received top ratings, including the ‘rate of households below the ALICE threshold’ (4.4, SD = 0.7). ALICE stands for Asset Limited, Income Constrained, and Employed, and refers to households that earn enough to be ineligible for many public assistance programs but not enough to afford basic necessities. Results highlight the need to clarify terminology, address food (in)security misconceptions, develop new metrics for data gaps, and prioritize initiatives like the Supplementary Nutrition Assistance Program (SNAP) that address Hawaiʻi’s high living costs and enhance food access. The participatory, multidimensional metrics model presented here is adaptable to other regions, extending its impact beyond Hawaiʻi.
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1 Introduction

A clear and comprehensive set of indicators and metrics is essential for measuring progress in all areas of the food system (Fanzo et al., 2021). While no single metric universally defines food system sustainability (Prosperi et al., 2016), efforts are increasingly focused on developing diverse indicators to monitor food systems or various elements of food systems holistically, often at global and national scales (Steffen et al., 2015; Chaudhary et al., 2018; Béné et al., 2019; Wang et al., 2019; Willett et al., 2019; Fanzo et al., 2020; Melesse et al., 2020; Hebinck et al., 2021; Zhou et al., 2023; FAO, 2023; Orou Sannou et al., 2023). Interest is also growing in creating metric systems that assess food system transformation at the city or sub-national level (Prosperi et al., 2015; Carey and Dubbeling, 2017; Coppo et al., 2017; Ilieva, 2017; Landert et al., 2017; WB, FAO, and RAUF, 2017; MUFPP, 2020; Blue Bird Jernigan et al., 2021; Moragues-Faus, 2021).

Food security is a fundamental component of sustainable, equitable, and resilient food systems, aligning with SDG 2 (Zero Hunger) (United Nations, 2015). Like food systems, food security is multidimensional. To capture this complexity, indices like the Global Hunger Index (GHI), Global Food Security Index (GFSI), and the Proteus composite index combine a range of metrics, reflecting various dimensions of food (in)security and enabling more comprehensive assessment (Caccavale and Giuffrida, 2020; Economist Impact, 2023; Global Hunger Index (GHI), 2023). Many of these indices utilize data from FAO’s extensive suite of metrics to establish internationally comparable benchmarks for assessing and addressing food insecurity (FAO, 2013; FAO, IFAD, and WFP, 2013).

However, many current metrics are best suited for low-income regions, limiting their applicability to sub-national contexts in developed countries. Furthermore, many multi-indicator food system dashboards are developed with limited stakeholder input, which reduces transparency and inclusivity (Béné et al., 2024). Research addressing sustainability is more impactful when “co-produced” by both academic and community stakeholders (Volkery et al., 2008; Mauser et al., 2013; Karlsson et al., 2018; Nature Editorial, 2018; Norström et al., 2020). Food security researchers face two key challenges in creating impactful metrics for decision-making: (1) creating metric dashboards that accurately reflect local conditions while remaining clear and reproducible to allow for comparisons over time and across contexts and (2) establishing participatory and inclusive processes for developing these multidimensional metric systems (Béné et al., 2024).

This study addresses these challenges by developing a multi-indicator system of currently existing stand-alone and complementary food security metrics specific to the U.S. State of Hawaiʻi, ranked by importance. It utilizes the Delphi method to model a participatory, scientifically grounded approach to select metrics for multi-dimensional food systems. Findings carry deep implications both for Hawaiʻi policymakers as well as food systems planners and researchers in other sub-national contexts seeking participatory, scientifically valid methods to assess complex food systems concepts.

At a time when power in the global food system is increasingly being critiqued as catering to corporate interests (Canfield et al., 2021; Montenegro de Wit et al., 2021; Nisbett et al., 2021), ensuring transparent and democratic participation in food systems is essential for establishing credibility when developing a process for selecting metrics (Allen et al., 2019; Behringer and Feindt, 2023). The Delphi technique offers a promising approach because it is not designed to produce a final or “correct” answer, but rather act as a useful communication tool to generate debate (Hasson et al., 2000; Powell, 2003). By adopting a similar methodology, stakeholders can create metric systems that are firmly rooted in meaningful engagement and facilitate transformative changes within food systems. This adaptability highlights the study’s relevance in tackling localized food (in)security challenges and encourages the exchange of best practices across diverse communities.



2 Background


2.1 Conceptualizing food security

Food security exist “when all people, at all times, have physical, social, economic access to sufficient safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life” (WSFS, 2009). The concept has evolved over time to incorporate four dimensions, which must be fulfilled simultaneously for food security to exist: availability, access, utilization, and stability. Availability focuses on the physical presence of a sufficient quantity of food in a given location or for a population Access refers to the physical and economic ability of individuals or households to acquire food, whether it is through production, purchase, or donation. Utilization emphasizes the physiological needs and nutritional well-being of the individual, and considers how the body ingests, metabolizes, and makes use of energy and nutrients in food. The stability dimension highlights the need for the first three dimensions to be sustained across time (Gross et al., 2000; FAO, 2008; Barrett, 2010; Carletto et al., 2013; Pangaribowo et al., 2013; Qureshi et al., 2015; Hwalla et al., 2016; Bahn et al., 2021; FAO, IFAD, UNICEF, WFP, and WHO, 2022).



2.2 Food security dimensions and social levels

Dimensions of food security are often associated with various social levels. Key determinants of availability such as food production, imports, and stocks are typically associated with global, regional, or national levels (Carletto et al., 2013; Bahn et al., 2021; Hwalla et al., 2016). “Household” and “individual” are often explicitly or implicitly identified in definitions of access (Gross et al., 2000; Barrett, 2010; Carletto et al., 2013; Qureshi et al., 2015; Ogot, 2021; FAO, IFAD, UNICEF, WFP, and WHO, 2022), likely because individual or household income act a key driver of access to food. Utilization aligns closely with the individual level due to its emphasis on the physiological needs of the body and nutritional status. As a temporal dimension, stability does not fit neatly into any particular social level, but rather can apply to all levels. Conceptual frameworks designed by various authors generally follow this pattern, though there are exceptions (see Figure 1).
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FIGURE 1
 Food security dimensions and their associated levels, by study.




2.3 Food (in)security in Hawaiʻi


2.3.1 Risk factors

Among the many factors associated with food insecurity in Hawaiʻi, economic risk factors like low income and unemployment are key drivers. 40.2% with incomes below the poverty line did not have food security, compared to 5.3% of households with incomes over 200% of the poverty level (Juarez et al., 2023). In March 2021, 76% of families who reported very low food security had lost employment income due to COVID-19 (Pruitt et al., 2021). More recently, 49.1% of unemployed survey respondents were not food secure, compared to less than 15% of those who were employed (Juarez et al., 2023). Low educational attainment is another important risk factor; during the COVID-19 pandemic, 90% of those experiencing very low food security had a high school diploma or less (Pruitt et al., 2021). Some ethnic groups are at a higher risk: food insecurity rates for Pacific Islanders, Filipinos, and Native Hawaiians are 44, 43, and 27%, respectively – all higher than the state average of 22% (Stupplebeen et al., 2020). Food insecure individuals are also more likely to experience unstable housing, spend 50% or more of income on housing, be female, be a renter, be younger than 50 years old, experience depression, and live in a rural area (Stupplebeen et al., 2020; Pruitt et al., 2021; Juarez et al., 2023).



2.3.2 Food (in)security measurements

This study separates food (in)security metrics into two general categories: stand-alone metrics and complementary metrics. Stand-alone metrics refer to individual metrics developed specifically for measuring food (in)security. There are five stand-alone food (in)security metrics in Hawaiʻi:

(1) Current Population Survey (CPS) – Food Security Supplement (FSS)

CPS-FSS is a survey conducted annually in December via telephone by the Census Bureau and U.S. Department of Agriculture (USDA). It measures household food insecurity over the previous 12 months using the U.S. Household Food Security Survey Module (HFSSM), an experience-based survey that consists of up to 10 questions for adults and 18 questions for households with children. Recent data shows 9.1% of households were food insecure from 2019–2021 (ERS, 2023).

(2) Hawaiʻi Behavioral Risk Factor Surveillance System (BRFSS)

BRFSS is coordinated by the Centers for Disease Control and Prevention (CDC) in collaboration with the Hawaiʻi State Department of Health (DOH) (DOH, 2023). States are allowed to add questions to supplement the standard questionnaire. In 2018 and 2021, one food security question was added to the Hawaiʻi BRFSS to measure household food (in)security [Hawaiʻi Health Data Warehouse (HHDW), 2023]. The question – taken from the HFSSM – was: “The food that (I or we) bought just did not last and (I or we) did not have money to get more.” “Often true” and “sometimes true” responses were combined to estimate individual food insecurity (Stupplebeen et al., 2020). Recent data shows 14.3% of adults were food insecure in 2021 (HHDW, 2023).

(3) Map the Meal Gap (MTMG)

MTMG is an annual estimate of household food insecurity published by Feeding America, a nonprofit organization and national network of food banks, food pantries, and meal programs (Feeding America, 2023a). It is based on a statistical model that takes into consideration food insecurity, unemployment, poverty, income, homeownership, disability, and other factors (Feeding America, 2023b). Recent reports estimate 11.9% of individuals were food insecure in 2020 (Feeding America, 2023c).

(4) Household Pulse Survey (HPS)

HPS is a 20-min online survey conducted by the Census Bureau designed to collect data quickly and efficiently on the ways in which people’s lives have been impacted by the COVID-19 pandemic. HPS includes one question that measures household food insufficiency by asking respondents about their food situation in the last 7 days. Food insufficiency is more severe than food insecurity and is analogous to the CPS-FSS definition of “very low food security” (FRAC, 2021). Recent results showed 12% of adults experienced food insufficiency in April 26 – May 8, 2023 (Census Bureau, 2023).

(5) SMS Community Pulse Survey (SMS-CPS)

SMS-CPS is an independent, statewide, non-sponsored telephone survey conducted by SMS Hawaiʻi (a private company). Data collection occurred over 7 phases from May 2020 to April 2022 (SMS Hawaiʻi, 2023). Phases conducted in July 2020 and May 2021 included one question about individual food insecurity. Data published by Pirkle and Sentell (2021) showed 25% of individuals were food insecure in May 2021.

However, stand-alone metrics by themselves fail to capture the multidimensionality of food security (Discussion section details the limitations and advantages of each stand-alone metric). This study therefore identifies additional, complementary metrics that can enhance (but not replace) stand-alone metrics.





3 Methods


3.1 Conceptual approach

Figure 2 illustrates the conceptual framework of food security used in this study. Though scholars increasingly advocate for including agency and sustainability as additional food security dimensions (HLPE, 2020; Clapp et al., 2022; FAO, IFAD, UNICEF, WFP, and WHO, 2022), a four-dimensional framework is preferred because (1) six dimensions would significantly increase the burden on participants and (2) participants are likely to be more familiar with the internationally established four-dimensional approach. Like other food security frameworks, the four dimensions are associated with different social levels: availability corresponds to the national and state levels, access to the household level, and utilization to the individual level. Stability is temporal and relates to all the other dimensions.
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FIGURE 2
 Conceptual framework of the four dimensions of food security.


This study refers to the various aspects of food security as “dimensions,” but “pillars” was also used in correspondence with participants. “Pillars” was first used by the FAO (WSFS, 2009) but most experts now prefer “dimensions” (HLPE, 2020; FAO, IFAD, and WFP, 2013) because “pillars” suggests the dimensions are (1) static and separate as opposed to interrelated and interdependent and (2) of equal importance, when in fact food security challenges differ by degree and context (Berry et al., 2015).



3.2 The Delphi method

The Delphi method is a versatile technique that has been used to identify food systems indicators and metrics (Schmit et al., 2017; Allen et al., 2019; Boylan et al., 2019; Flinzberger et al., 2020; Mullender et al., 2020; Padilla-Rivera et al., 2021). No universal guidelines have been established for the proper implementation of the Delphi technique (Hasson et al., 2000). However, iteration, controlled feedback, participant anonymity, and aggregation are key building blocks for any Delphi study (von der Gracht, 2012; Saffie et al., 2016; Allen et al., 2019; Ismail and Taliep, 2023).

The Delphi technique offers many advantages. Importantly, it avoids social dynamics and political pressures, preventing any one individual from overpowering other voices (Keeney et al., 2001; Wentholt et al., 2009; Lund, 2020; Zickafoose et al., 2022). Anonymity helps to eliminate bias and allows respondents to be open and truthful about their views (Keeney et al., 2001). The Delphi approach also identifies consensus opinion when there is uncertainty or lack of empirical evidence (Powell, 2003), allows less popular ideas to be eliminated in iterative rounds rather than receiving equal weight as they might in a survey or interview, is helpful for building practical strategies (Lund, 2020), can be used with small to medium-sized sample sizes, and facilitates community input and participation in decision-making (Brady, 2015). From a practical standpoint, it gathers expert opinion without physically convening participants (Hasson et al., 2000) and utilizes low-cost questionnaires that can be sent electronically (Brady, 2015).

As for limitations, anonymity may result in a lack of accountability (Allen et al., 2019) or be compromised altogether in small communities if participants talk about the study among themselves (Brady, 2015). The focus on consensus can result in a diluted version of the best opinion, a “lowest common denominator” (Powell, 2003, p. 378). In some cases, the iterative process can also eliminate ideas because they are less popular even if those ideas are important pieces of data that represent the feelings or experience of some respondents (Lund, 2020). Additionally, bias may be associated with the prioritization of “expert” opinion. Lund (2020) notes the Delphi approach assumes (1) it is possible to identify individuals who can be considered “experts” on a subject, (2) “experts” always have the best ideas, and (3) the most popular ideas are the best ideas. Bias of the experts themselves is also an issue, as participants must try to respond impartially and reflect current knowledge even though they may be directly affected by the outcome (Keeney et al., 2001).



3.3 Conducting the study


3.3.1 Interview phase

This study consisted of two phases, an interview phase and a Delphi phase. The interview phase was conducted from May – August, 2022 and comprised of a literature review and one-on-one, semi-structured, online interviews with Hawaiʻi-based food security experts, community leaders, and other stakeholders. Interviews lasted 30–60 min. Originally, research and data collection were scheduled to end here.



3.3.2 Delphi phase: round 1

Opportunity arose to build upon this research the following year. The research question was redefined to what is articulated in this study’s Introduction, and a Delphi method was adopted. Interviews were treated as the exploratory phase of a typical Delphi study and findings were used as a foundation on which to identify metrics included in the Delphi phase, which lasted from March – August 2023. Round 1 of the Delphi phase consisted of an online survey that asked participants to rate the usefulness of (1) stand-alone metrics and (2) complementary metrics grouped under each dimension of food security. Open-ended questions were included to gain insight into participants’ reasoning. Two weeks were allotted for participants to complete the survey, but this was extended by two weeks to increase the response rate. Anonymized results – including the average group ratings and standard deviations for each metric – were compiled and shared with participants.



3.3.3 Delphi phase: round 2

Round 2 of the Delphi phase focused on establishing consensus by giving participants a chance to change their rating to align with the group more closely. If a metric did not achieve consensus in Round 1, participants were presented with their original rating and the group average and asked to re-rate the metric. Those who responded “Do not know/Unsure” or did not rate a metric in Round 1 were not asked to rate that metric in Round 2. Open-ended questions were once again included to gain insight into participants’ reasoning. Anonymized results and overall findings were shared with participants. Time constraints and diminishing participation rates prevented the implementation of a third Delphi round focused on metrics that had not yet reached the consensus threshold. Figure 3 outlines this study’s research procedure.
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FIGURE 3
 Research procedure.




3.3.4 Consensus

There is no agreed-upon definition of what constitutes consensus in Delphi studies (Niederberger et al., 2021). Standard deviation and mean average are one of the most common methods of determining consensus among measures of dispersion (von der Gracht, 2012). A standard deviation of <1 on a 5-point Likert scale is commonly considered to signify consensus (Musa et al., 2015; Niederberger et al., 2021) and was adopted here.



3.3.5 Participant selection

During the interview phase, participants were identified through their affiliation with anti-hunger organizations and initiatives in Hawaiʻi and word of mouth. Delphi phase participants were vetted to confirm they met at least one of the following predetermined criteria, which was adapted from Zickafoose et al. (2022) and Lund (2020):

• Held or holds a position of authority related to strengthening food security in Hawaiʻi (e.g., employment in a relevant role within a relevant organization).

• Authored or co-authored scholarly publications related to food security in Hawaiʻi.

• Are considered by an individual who meets either of the criteria above as an expert on food security in Hawaiʻi.

Participants were identified through academic literature, affiliation with organizations and initiatives engaged in food (in)security-related work, word-of-mouth, and nomination by other experts.

The number of participants in Delphi studies has ranged from 10–1,685 depending on the scope of the issue and availability of resources (Reid, 1988 via Powell, 2003). A review of 49 Delphi studies (Mukherjee et al., 2018) found a median sample size of 20 participants. A separate review of 122 Delphi studies suggested 23 is an optimum number of participants, but anywhere from 14–36 participants is appropriate for publishable research (Lund, 2020).



3.3.6 Metric criteria

To ensure maximum relevance and utility to the local context, metrics were chosen based on the following criteria:

• Statewide (e.g., not a national average or average of a smaller community or island within the state).

• Quantitatively measurable.

• Understandable and accessible to the general public at no cost.

• Available now.

• Periodically updated.

• Relevant to food security or its dimensions.



3.3.7 Rating system

Participants rated metrics on a 5-point Likert scale, one of the most commonly used rating scales in Delphi studies (Giannarou and Zervas, 2014; Jünger et al., 2017). A rating of 1 indicated the metric was “Not at all useful” and 5 indicated the metric was “Extremely useful.” A sixth option – “Do not know/Unsure” – was also provided in case participants felt they did not know enough about a metric to rate it. “Do not know/Unsure” responses were excluded from standard deviation calculations.



3.3.8 Anonymity

Complete anonymity could not be provided for participants because individualized questionnaires for Round 2 needed to be sent electronically to each person directly. Additionally, Hawaiʻi is a relatively small state and the work of many experts overlaps. Many participants were aware of other experts who were invited to participate in the study, though their responses remained anonymous. McKenna (1994) describes this relationship as “quasi-anonymity” (p. 1224).



3.3.9 Group stability

Group stability refers to “the consistency of responses between successive rounds of a study” (Dajani et al., 1979, p. 87). Dajani et al. (1979) and von der Gracht (2012) argue that Delphi rounds should only be stopped after group stability has been confirmed to ensure results have not occurred by chance. However, confirming group stability would require each participant to re-rate all metrics in all Delphi rounds, a significant time investment for participants. A review of 34 Delphi studies since 2019 found stability was almost never used as a closing criterion and was often not reported (Nasa et al., 2021). In practice, consensus and not stability is often used as the criterion for stopping further inquiry (Chu and Hwang, 2008; Aziz et al., 2015; Chen et al., 2017); this study adopts the same approach.





4 Results


4.1 Participation and participant characteristics

Fifteen online interviews were conducted during the interview phase. Of 46 invitations sent in the Delphi phase, 24 experts (52%) responded to Round 1 (including 4 partial responses) and 14 (58%) responded to Round 2 (see Table 1). Participants who provided partial responses in Round 1 were included in Round 2 but were only asked to reconsider the metrics they had rated in Round 1. Participant characteristics stayed relatively consistent throughout the study. Of 24 respondents who participated in the Delphi phase, 71% identified with civil society or non-governmental organizations (NGO) in both Round 1 (n = 17) and Round 2 (n = 10) while 21% identified with academia in Round 1 (n = 5) and Round 2 (n = 3). One person each from the private sector and government participated in Round 1 (4% each) while only the government-affiliated expert responded in Round 2 (7%). Participants were also asked to identify where their understanding of food security was grounded. Those who selected “statewide” represented 54% (n = 13) of responses in Round 1 and 50% (n = 7) in Round 2. The remaining responses were divided between the different islands. Oʻahu experts represented 29% (n = 7) of responses in Round 1 and 36% (n = 5) in Round 2. Molokaʻi, Maui, Kauaʻi and Hawaiʻi Island were represented by one expert each in Round 1. Kauaʻi and Hawaiʻi Island experts also responded to Round 2 (see Table 2).



TABLE 1 Response and participation rates.
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TABLE 2 Participant characteristics, by sector affiliation and geographic area of expertise.
[image: Table2]



4.2 Interview phase

Interviews established a knowledge base from which suitable metrics were identified for the Delphi phase. Participant views about the potential root causes and risk factors of food insecurity were particularly helpful.



4.3 Delphi phase


4.3.1 Number of metrics and progression of consensus

A total of 71 metrics were rated. Consensus increased from 18% in Round 1 (10 of 55 metrics) to 78% in Round 2 (55 of 71 metrics). All stand-alone metrics (5 of 5 metrics) and 75% of complementary metrics (50 of 66 metrics) reached consensus.

Among complementary metrics, consensus was lowest under the availability dimension at 25% (1 of 5 metrics) in Round 2. There was no progression of consensus because availability metrics were excluded from the Round 1 survey on the grounds that per capita availability of food is not an important factor in determining food (in)security status in highly developed countries like the United States. However, 64% of participants disagreed with this approach. Availability metrics were therefore included in the Round 2 survey, with metrics related to local production and farmers’ markets transferred from stability to availability. Participants were asked to re-rate these metrics (even if the metrics had achieved consensus in Round 1) to ensure ratings were based on the suitability of the metric to the availability dimension. However, Round 2 average ratings were low and the consensus rate was lower than all other food security dimensions.

The access dimension consisted of the most metrics – more than all other dimensions combined – due to the various federal nutrition programs available in Hawaiʻi. Consensus progressed from 11% in Round 1 (3 of 27 metrics) to 83% in Round 2 (39 of 47 metrics). The consensus rate was highest under the utilization dimension, progressing from 24% (4 of 17 metrics) in Round 1 to 100% (6 of 6 metrics) in Round 2. Under the stability dimension, consensus progressed from 18% in Round 1 (1 of 8 metrics) to 50% (4 of 8 metrics) in Round 2. In response to participant feedback, fourteen metrics were added in Round 2 and 19 metrics were transferred from one dimension to another (see Table 3).



TABLE 3 Number of metrics and progression of consensus.
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4.3.2 Average ratings

Among stand-alone metrics, CPS-FSS received the highest average rating (3.5, SD = 0.8), followed by Feeding America’s MTMG (3.4, SD = 0.9) and Hawaiʻi BRFSS (3.2, SD = 0.9). HPS and SMS-CPS were excluded in Round 1 due to their significant limitations but added in Round 2 after being proposed by participants. However, they did not receive high ratings (2.9, SD = 0.7 and 2.5, SD = 0.9, respectively).

Among complementary metrics, the access dimension accounted for the six highest-rated and 10 of the top 12 metrics. ‘Rate of households below the ALICE [Asset Limited, Income Constrained, and Employed] threshold’ (4.4, SD = 0.7) received a considerably higher average rating than the second-highest metric, ‘percentage of food insecure individuals and children ineligible for federal nutrition assistance programs, including SNAP [Supplemental Nutrition Assistance Program]’ (4.0, SD = 0.8). ‘Percentage of households with at least one child under 18 receiving SNAP or food stamps’ (3.9, SD = 0.9), ‘living wage-to-minimum wage ratio’ (3.8, SD = 0.8), ‘SNAP participation rates’ (3.7, SD = 0.6), and ‘WIC [Special Supplemental Nutrition Program for Women, Infants, and Children] coverage rates’ (3.6, SD = 0.6) rounded out the top six metrics. Six other metrics – four from the access dimension and two from the utilization dimension – tied for seventh place with an average rating of 3.5. The two utilization metrics – ‘percent of Hawaiʻi adults experiencing 14+ days of poor physical and mental health in the last 30 days’ (3.5, SD = 0.8) and ‘percentage of adults and teens who consume five or more servings of fruits and vegetables daily’ (3.5, SD = 0.9) – were the only non-access metrics to break into the top 12 (see Table 4). The highest-rated availability metric was ‘pounds of food locally produced’ (3.0, SD = 0.9) and the highest-rated stability metric was ‘monthly seasonally adjusted civilian unemployment rate’ (3.2, SD = 0.8); however, neither received high enough ratings to be included in the top 12 (See Supplementary materials for results of all complementary metrics).



TABLE 4 Highest rated stand-alone and complementary metrics.
[image: Table4]

Participants’ emphasis on the access dimension was consistent even when ratings were grouped by participant characteristics. When ratings were grouped by sector affiliation, access metrics accounted for 6 of 7 of the top metrics for academia and civil society/NGO. Two metrics were common to both groups. On grouping based on whether participants’ understanding of food security was grounded (1) in one of the Hawaiian Islands or (2) at the state level, access metrics accounted for 8 of the top 9 and 9 of the top 10 metrics, respectively. Four metrics were common to both groups. ‘Rate of households below the ALICE threshold’ received the highest ratings in all groups.





5 Discussion

Several key observations, implications, and recommendations are outlined below:


5.1 The definition and scope of food (in)security dimensions require clarification

Analysis of participant comments showed “availability” was interpreted differently by different people. This study’s conceptual framework considers food to be available if it is physically present currently anywhere in the state. However, when explaining why they disagreed with the decision to exclude availability metrics in Round 1, many participants cited factors that could threaten availability in the future, such as natural disasters, labor strikes, increases in prices and transportation costs, climate impacts, and other world events. Similarly, some participants felt availability was a problem in certain areas, such as low income, immigrant, and indigenous neighborhoods. As one participant wrote, availability “may not seem relevant now, [but] it could become so quite quickly, and for some areas of the state more than others.” From the authors’ perspective, however, these concerns are not issues of availability but matters of stability and access because they relate to the potential impacts of events in the future and over time, or the inability of specific groups or communities to access food already present within Hawaiʻi. Table 5 summarizes these differences in interpretation. Whether due to confusion, disagreement, or simply a lack of clearly defined terminology, these discrepancies (1) help to explain the low rates of consensus and (2) reveal the difficulty of describing food security issues in Hawaiʻi precisely. The conceptual framework attempted to provide some degree of clarity, but findings suggest more work is required to establish a common approach for employing technical food security terms.



TABLE 5 Examples of different interpretations of “Availability”.
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The scope of the utilization dimension also requires nuanced clarification. Metrics focused on health outcomes received high ratings but may not be appropriate proxy measures for utilization. For example, ‘percent of Hawaiʻi adults experiencing 14+ days of poor mental and physical health in the last 30 days’ (3.5, SD = 0.8) received joint-highest ratings. Research in Hawaiʻi supports the link between food insecurity and physical and mental health, including suicidal ideation, lower self-esteem, and depression (Stupplebeen et al., 2020; Juarez et al., 2023). More broadly, meta-analyses have found food insecurity is associated with common mental disorders like depression, anxiety, sleep disorders, and stress (Bruening et al., 2017; Arenas et al., 2019; Pourmotabbed et al., 2020; Tribble et al., 2020; Thomas et al., 2021), as well as negative physical health outcomes including diabetes and cardiovascular disease (Gucciardi et al., 2014; Gundersen and Ziliak, 2015; Leung et al., 2020; Thomas et al., 2021; Kantilafti et al., 2023). However, there are many potential determinants of poor mental or physical health other than food insecurity; determinants can range widely from individual attributes and genetics to broader social, cultural, economic, political and environmental factors (WHO, 2021a). An increase in these percentages may not be attributable to increased food insecurity.

The second-highest rated metric – ‘prevalence of overweight and obesity among children, teens, and adults’ (3.3, SD = 0.6) – was more controversial. The metric is based on body mass index (BMI), which one participant accepted as useful: “While it’s been trendy to stigmatize weight-focused metrics, BMI is an easy data point to collect and useful indicator of health which is strongly correlated to healthy food consumption. So I feel good about scoring prevalence of obesity as a 4.” Indeed, the association between obesity/overweight and unhealthy diets is well established (WHO, 2020; WHO, 2021b; Jakobsen et al., 2023) as are associations between overweight/obesity and food insecurity (Moradi et al., 2019; Pourmotabbed et al., 2020; Thomas et al., 2021; Eskandari et al., 2022; Zhou et al., 2023). Once again, however, food insecurity and unhealthy diets are not the only determinants of overweight/obesity. “There are a lot of other determinants from genetics, to physical activity, to stress, and even exposure to organochlorines,” one participant correctly remarked. With so many biological, environmental, and societal factors contributing to obesity (Lee et al., 2017; Blüher, 2019), adopting such a complex and challenging public health issue as a proxy measure may not be advisable because population-level changes in BMI (or lack thereof) may not be attributable to changes in food (in)security or utilization. Furthermore, there is increasing evidence that overweight itself is not bad for one’s health and can actually lower all-cause mortality, particularly for older age groups (Flegal et al., 2013; Hughes, 2013). “Being ‘overweight’ does not necessarily indicate being unhealthy,” wrote one participant. “It is extremely problematic to assume so…PLEASE do not include this measure.”

Ambiguities in the definition and scope of food security dimensions point to a need for all stakeholders to adopt a clear, standardized framework and common language for discussing food security in Hawaiʻi. Figure 4 proposes a revised conceptual framework, informed by survey results, that includes the following updates:

(1) Focuses on Availability at the State Level: By anchoring availability to the state level, this framework highlights Hawaiʻi’s unique context while still acknowledging the impact of national or global events on local food availability.

(2) Emphasizes Key Factors: The framework integrates and emphasizes factors highly rated by survey participants, ensuring that the most relevant aspects are addressed.

(3) Prioritizes Healthy Diets in Utilization: This refinement designates healthy diets as the central focus within the utilization dimension. Results suggest health metrics and other considerations like sanitation and health care – which typically fall under the purview of nutrition security (FNS, 2022) – are less well-suited for assessing utilization in Hawaiʻi’s context.
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FIGURE 4
 Revised conceptual framework of food security in Hawaiʻi. Revised sections are presented in red.




5.2 Misconceptions about food (in)security persist

Some comments revealed assumptions that do not fully align with the current understanding of the relationship between food imports, local production, and food (in)security in Hawaiʻi. The first is that transporting food long distances to Hawaiʻi leads to much higher food prices: “[Importing food for residents and the tourism and military industries] adds significantly to our food costs, exacerbating food insecurity for our most vulnerable populations,” one participant wrote. Various sources estimate ocean transport does increase the cost of goods, but only by 1.75–7.5% compared to the national average – much less than many might assume and significantly less than the 59% increase in costs attributed to rents and services (Pape, 2015). Lowering shipping costs would not translate into substantially lower food prices for Hawaiʻi.

Furthermore, it is misleading to compare the price of imported food to the price of food on the continental U.S.; a more apt comparison would be to compare the price of imported food to the price of food produced in Hawaiʻi. Here, the evidence is clear: it is expensive to grow food in Hawaiʻi. Hawaiʻi farms face higher input costs than their competitors (Parcon et al., 2011), are smaller (Naomasa et al., 2013), and are generally 15–20% less efficient than continental U.S. farms (Arita et al., 2012). Many farmers feel economic constraints – particularly relating to labor, land, or capital (Miles and Heaivilin, 2018) – make the state’s goal of doubling local production by 2030 impractical (Meter and Goldenberg, 2017). High production costs translate into higher prices for consumers, meaning imported food is typically less expensive than locally produced food (Khan et al., 2020).

The second assumption is that increasing local food production increases food security. “Availability of local food is critical to increasing food security,” remarked one participant. Indeed, food security and self-sufficiency – or the extent to which Hawaiʻi can “satisfy its food needs from its own domestic production” (DBEDT and DOA, 2012, p. 4) – are often conflated and used interchangeably (Leonard, 2021; Lyte, 2021; Terrell, 2021). However, greater self-sufficiency does not guarantee food security for several reasons. First, the higher price of locally produced food means the primary beneficiaries of increased production will likely be high-income residents and tourists, not low-income or food insecure families (Shaw et al., 2021). Second, most agricultural land is used to produce export crops like coffee and macadamia nuts (NASS, 2023); other non-food crops like seeds, biofuels, and ornamentals do not contribute to food security (Kent, 2016). Third, increasing self-sufficiency too much or in the wrong way could reduce food security by creating overdependence on one source, depleting local resources, or disproportionately disadvantaging some groups like the non-farming poor. Food security could be enhanced through the stability dimension if the state cultivated the capacity to increase self-sufficiency, when necessary, but only if this capacity did not come at the expense of existing trade connections (Kent, 2016). Increasing local production could bring economic, environmental, and cultural benefits (Bremer et al., 2018; Malachowski and Dugger, 2018; Khan et al., 2019; Hutchins and Feldman, 2021), but that is outside the scope of this study. For the purpose of this investigation, evidence does not suggest local production would necessarily lead to greater food security for households. These misconceptions underscore the need for a standardized, scientifically grounded framework and language for food (in)security that accurately reflects Hawaiʻi’s unique context.



5.3 Improved data collection and new metrics are needed

Participant comments highlighted numerous issues with current stand-alone food (in)security metrics, emphasizing the need for more accurate, timely, and context-sensitive data collection. First, data publication lags too far behind; CPS-FSS, MTMG, and Hawaiʻi BRFSS have reporting delays of 1–2 years, making it difficult to assess current food (in)security levels. Second, the data lacks detail; for example, the USDA only releases statewide averages for CPS-FSS, and the broad ethnicity/race categories used are too general to capture the diversity of Hawaiʻi (see Supplementary materials for a breakdown of demographic indicators available for each metric). Third, methodological inconsistencies can undermine data utility. During the COVID-19 pandemic in 2020, for example, Feeding America had to rely on a different data source for MTMG estimates, resulting in a sharp decline in food insecurity not reflected in CPS-FSS data. Feeding America notes that MTMG estimates are intended for comparison across regions within the same year, not for tracking trends over time (Gundersen et al., 2018a). Fourth, concerns about reliability remain. Although some evidence suggests that the single question used in Hawaiʻi BRFSS is valid (Urke et al., 2014), significant shifts in data from 2018 to 2021 do not align with other metrics (see Figure 5). As one participant put it, “This makes me question whether consistent data collection methods were used.” Additionally, there is no assurance that future Hawaiʻi BRFSS surveys will continue to include questions on food insecurity, raising concerns about long-term data continuity. Table 6 provides a summary of the main advantages and limitations of each stand-alone metric.
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FIGURE 5
 Food insecurity estimates from CPS-FSS, MTMG, and Hawaiʻi BRFSS, 2013–2021. CPS-FSS measures the percent of households while MTMG and Hawaiʻi BRFSS measures percent of individuals. *CPS-FSS percentages are three-year averages. Results are displayed according to the last year. For example, 2019–2021 estimates are displayed under 2021. Source: Authors own from ERS (2023), Feeding America (2023c), Gundersen et al. (2015), Gundersen et al. (2016), Gundersen et al. (2017a), Gundersen et al. (2017b), Gundersen et al. (2018a), Gundersen et al. (2018b), and Hawaiʻi Health Data Warehouse (HHDW) (2023).




TABLE 6 Key advantages and limitations of stand-alone metrics.
[image: Table6]

A promising development is the Hawaiʻi Foodbank’s recent food (in)security report using the HFSSM. Unlike the CPS-FSS, this survey included a sufficiently large sample size to offer a more detailed view of food insecurity across specific ethnic and racial groups and some counties. Additionally, the study identified important correlations between food insecurity and demographic and household characteristics, the use of foodbank services and government benefits, and health indicators. Results showed 30% of Hawaiʻi residents experience food insecurity (Hawaiʻi Foodbank, 2024), a rate notably higher than those reported by other sources. This survey sets a new benchmark for measuring food (in)security in Hawaiʻi and offers a robust foundation for longitudinal studies if conducted regularly.

Among complementary metrics, current availability metrics are inadequate. In 2013, annual food availability was estimated by Loke and Leung (2013) to be 657.9 kg of food per capita, but these estimates have not been updated. Estimates in more useful units like daily calories per capita are not available. The authors are also unaware of any statewide, published, and periodically updated data on Hawaiʻi’s food stocks or net trade. This is because (1) Hawaiʻi lacks a statewide warehousing system that can quickly meet surges in demand during an emergency (HIEMA, 2022) and (2) interstate trade data is rudimentary compared to foreign import data (Loke and Leung, 2013). On the other hand, local food production metrics are available. Thus, in Round 2, only local production metrics could be included under the availability dimension. Participants were understandably concerned about this imbalance. “I do not think [local production] affects food insecurity rates…I have concerns about how accurately we are measuring availability with this level of focus on local production,” one participant wrote. Indeed, the absence of appropriate availability metrics is misleading and appears to perpetuate the misconception that increasing local food production increases food security for households.

Future studies should address current limitations and develop new, context-sensitive metrics suited to Hawaiʻi. Developing a stand-alone metric to track year-round fluctuations in food (in)security could help policymakers respond more accurately to changing needs. Updated food availability estimates calculated in units like daily calories or protein per capita, rather than weight, would better capture resource sufficiency. Participants also proposed additional metrics – such as quantifying the financial shortfall that households face when nutrition programs do not cover the full cost of an adequate, nutritious diet and implementing a statewide household food consumption survey – to yield more localized insights and improve the precision of food (in)security assessments in Hawaiʻi.



5.4 Food insecurity in Hawaiʻi is tied to financial access and the high cost of living

Analysis of access metrics suggests income plays a significant role, yet it does not fully capture the nuances of food insecurity. Not surprisingly, lower-income households are more likely to experience food insecurity: a recent survey found 40.2% of households below the poverty line did not have food security, compared to just 3% of household earning over 200% of the poverty level (Juarez et al., 2023). However, this also means 59.8% of people with incomes below the poverty line did experience food security. In other words, income alone does not determine food insecurity. “Poverty measures are useful because they proxy financial access,” one expert wrote, “but [they] miss other determinants of food insecurity.” This explains why measures of income like the official poverty measure (3.2, SD = 0.8) did not receive relatively high ratings.

Instead, participants emphasized metrics that account for Hawaiʻi’s high cost of living. With the highest cost of living in the U.S., factoring in housing, utilities, groceries, and other essentials (MERIC, 2023), many residents struggle to achieve financial health (Ohri et al., 2020). Housing security is closely linked to food security; Hawaiʻi has both the highest median home values and the fourth-highest homelessness rate nationally (Tyndall et al., 2023). A recent study found that 74% of people reporting housing instability also experienced very low food security (Juarez et al., 2023). Several highly rated metrics underscore the importance of accounting for living costs:

• ‘Rate of households below the ALICE threshold’ (4.4, SD = 0.7) (Ranked 1st in access and overall): Despite their income being above the poverty line, ALICE households (Asset Limited, Income Constrained, and Employed) are ineligible for many public assistance programs and struggle to afford modern necessities like housing, childcare, food, transportation, health care, a smartphone plan, and taxes. Approximately 44% of Hawaiʻi households live below the ALICE threshold, including 29% that live above the federal poverty line. Rates are even higher for Kanaka ʻŌiwi (Native Hawaiians) and Filipinos at 60 and 59%, respectively. ALICE rates also correlate with food insecurity: 26% of ALICE households had difficulty obtaining enough food during the COVID-19 pandemic, compared to 6% who did not [Aloha United Way (AUW), 2022].

• ‘Percentage of food insecure individuals and children ineligible for federal nutrition assistance programs, including SNAP’ (4.0, SD = 0.8) (Ranked 2nd in access and overall): This metric focuses on households who earn too much to be eligible for SNAP support but not enough to escape food insecurity. This financial shortfall is also referred to as the “resource gap” (Gundersen et al., 2018b, p. 114). Recent reports estimate the rate is 55% (Feeding America, 2023c), implying SNAP benefit amounts and eligibility thresholds are too low to help Hawaiʻi residents cope with high prices. One survey found five out of six Hawaiʻi SNAP recipients under 40 years old were considering moving to the continental U.S. because of the cost of living (Spoto et al., 2023).

• ‘Living wage-to-minimum-wage ratio’ (3.8, SD = 0.8) (Ranked 4th in access and overall): Although Hawaiʻi recently raised its minimum wage to $12/h (Lovell, 2022), this falls short of the $22.05/h living wage estimated as necessary for single adults to cover basic living expenses. Much like the ALICE threshold, a living wage measures an individual’s ability to afford essential household expenses by identifying the minimum hourly earnings required from full-time employment to cover food, childcare, insurance, housing, transportation, internet access, taxes, and other necessities (Glasmeier, 2023).

These results imply policymakers aiming to reduce food insecurity should prioritize reducing the financial burden of Hawaiʻi’s high cost of living. “Money provides food access,” one participant remarked. “Largely, if people have enough money, they have access to food.” Recent interventions – including increases to the state earned income tax credit and funding to address affordable housing, homelessness, and preschool costs (Angarone, 2023) – are welcome first steps. Other policies proposed by scholars include a living wage (Karger, 2020), a renter’s tax credit (Kimberlin et al., 2018), a minimum social security benefit plan for the elderly poor (Herd et al., 2018), and a universal per-child cash allowance of $2,000 (Bitler et al., 2018).



5.5 Supporting SNAP is critical

Among all federal nutrition programs, participants identified SNAP as the most important. Five of the top 10 highest-rated access metrics related to SNAP, including the second-, third-, and fifth highest-rated metrics overall. On average, SNAP metrics as a group were rated higher than metrics related to other nutrition programs (see Figure 6). These high ratings reflect the crucial role of SNAP in aiding households that face severe food insecurity, as SNAP participants often experience deeper financial hardship than those not receiving benefits. This disparity, where 39.9% of SNAP recipients report food insecurity compared to 24.5% of eligible non-recipients (Coleman-Jensen et al., 2022, p. 38, Table 8), reflects the severe need rather than any shortcoming of the program itself. Studies show SNAP reduces the prevalence, depth, and severity of poverty (Tiehen et al., 2012) and food insecurity in the U.S. (Kreider et al., 2012; Gundersen et al., 2017b; Swann, 2017; Gundersen et al., 2018b; Gundersen, 2021a; McKernan et al., 2021). In Hawaiʻi, SNAP recipients have confirmed the additional support helps them to pay their bills and eat healthier food that costs more (Spoto et al., 2023).
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FIGURE 6
 Average ratings of access metrics, by nutrition program. Each bar represents a metric. Only metric–‘utilization of Da Bux among SNAP users’ (Rating = 3.5)–is included in both SNAP and Da Bux. *Includes School Breakfast Program (SBP), Child and Adult Care Food Program (CACFP), Summer Food Service Program (SFSP), and the National School Lunch Program’s (NSLP), Seamless Summer Option (SSO), and Summer Food Service Program (SFSP). **Includes Senior Farmer’s Market Nutrition Program (SFMNP) and WIC Farmer’s Market Nutrition Program (WIC FMNP).


Policymakers can bolster SNAP through several impactful measures. At the federal level, these include:

• Increase the maximum benefit amount: For the first time since the 1970s, USDA recently updated the Thrifty Food Plan (FNS, 2021), which determines SNAP benefit levels, to better account for the true cost of a nutritious diet (FNS, 2023); (Waxman et al., 2021; Hartline-Grafton and Vollinger, n.d.). This alone reduced poverty by 4.7% and child poverty by 8.6% in the continental U.S. (Wheaton and Kwon, 2022). However, a more effective strategy would be to index SNAP benefits to local food prices so benefit levels are context-appropriate and sensitive to price fluctuations (Gregory and Coleman-Jensen, 2013; Fitzpatrick et al., 2021). This approach could (1) reduce food insecurity among SNAP recipients by nearly 60% (Gundersen et al., 2019), (2) reduce the need for additional emergency allotments during times of crisis, and (3) avoid subsequent “hunger cliffs” (Heaton, 2023) that occur when these additional benefits suddenly come to an end (FRAC, 2023).

• Expand the eligibility cutoff: Hawaiʻi is one of a few states that utilizes Broad-Based Categorical Eligibility (BBCE), which raises the SNAP eligibility limit to 200% of the federal poverty line (Spoto et al., 2023). While this allows more people to benefit, 48% of SNAP users are still food insecure (Stupplebeen et al., 2020). A national study estimated that expanding SNAP benefits by 25% for those with incomes under 400% of the federal poverty line would reduce food insecurity by 98.2% and cost $564.5 billion (Gundersen, 2021b).

• Expand eligibility to restricted groups: While the recent renewal of the Compacts of Free Association allows people from the Marshall Islands, Palau, and the Federated States of Micronesia to access federal benefits like SNAP (Blair, 2024), federal eligibility restrictions still prevent some groups in Hawaiʻi from benefitting from SNAP, including college students (with some exceptions) and people with felony drug convictions (Spoto et al., 2023).

• Phase out benefits more slowly: After a certain threshold, SNAP benefits decline steeply by about 30 cents for every $1 in additional income. These “benefit cliffs” cause anxiety and stress and make it difficult to escape food insecurity (Balasuriya et al., 2021).

At the state level, more can be done to maximize the positive impacts of SNAP. Ensuring all eligible recipients can benefit could boost incomes by $100 million annually (Meter and Goldenberg, 2017). State lawmakers should:

• Facilitate enrolment by adopting the Elderly Simplified Application Project (ESAP): Failing to submit an annual report is the most common reason why SNAP recipients are denied continued enrolment and must re-apply. Adopting ESAP would reduce the administrative burden on seniors by extending the recertification period from 1 to 3 years, eliminating the need for an interview to re-certify benefits, and reducing documentation requirements (Spoto et al., 2023).

• Help recipients understand and avoid benefit cliffs: Enhanced communication between state agencies, advocacy groups, and SNAP recipients could help residents understand how changes, like minimum wage increases or federal aid reductions, might impact their benefits (Spoto et al., 2023; Social Ventures LLC, 2018).

• Improve efficiency and capacity in state and county government by addressing turnover and staffing issues, lack of call center capacity, and outdated computer and processing systems (Spoto et al., 2023).



5.6 Limitations


5.6.1 Methodological limitations

This study faced many limitations related to the implementation of the Delphi method. The extended gap between the initial interview phase and the subsequent Delphi rounds, along with revisions to the research question, may have caused some confusion about the study’s aims and potentially impacted participation. Time and geographic constraints prevented the organization of online or face-to-face focus groups which could have been used to hone the conceptual framework, identify additional metrics, improve the ergonomics of the online surveys, and verify findings from interview rounds. While this study exceeded the 47–57% response rates of some Delphi studies (Boylan et al., 2019; Flinzberger et al., 2020; Mullender et al., 2020), it fell short of the 70% response rate recommended by other researchers (Hasson et al., 2000; Giannarou and Zervas, 2014). Time demands on participants likely may have impacted engagement; despite efforts to streamline each round, Round 2 took approximately 31 min to complete, compared to 29 min in Round 1, as recorded by Survey Monkey. To mitigate participant fatigue, the decision was made to conclude the Delphi rounds upon reaching consensus rather than achieving stability of responses, though the latter is considered ideal. Furthermore, this study focused solely on quantitative metrics even though, as one participant noted, qualitative insights are “important in telling our stories” and could add depth to the analysis.



5.6.2 Lack of participant diversity

The limited representation of participants from the private sector and government, alongside the dominance of civil society and NGO voices, may have introduced bias, potentially affecting the quality of the findings (Keeney et al., 2001; Powell, 2003). This imbalance may also explain instances where “food security” was used interchangeably with “self-sufficiency.” Participants working closely with communities may prioritize practical, accessible language over scientific precision, leading to nuanced terms being used more flexibly within these contexts. Increasing diversity in participant backgrounds and expanding stakeholder engagement to other groups – including food insecure people themselves – could enhance the study’s validity and ensure a broader range of perspectives.



5.6.3 Confusion about the study’s purpose

The purpose of this study could have been communicated more clearly. There appeared to be confusion among some participants about whether the purpose of availability metrics was to (1) measure food availability as thoroughly and holistically as possible (incorrect) or (2) identify the most useful availability metrics for assessing the impact of food security policies and interventions (correct). When writing about their willingness to change their ratings, one participant wrote, “I do not think [local production] affects food insecurity rates. Perhaps that wasn’t what you were trying to measure [emphasis added]. If it is simply availability – physical presence, then I can align with other respondents.” In other words, this participant increased their rating of local production metrics to align with the group average even though they felt the metrics were not important for food (in)security. If other participants were also unsure about why they were being asked to rate metrics, this may have contributed to low consensus rates.



5.6.4 Exclusion of sustainability and agency as food security dimensions

Finally, this study opted to focus on a four-dimensional framework of food security and not include sustainability and agency as additional dimensions. However, excluding agency can overlook the cultural, social, and historical aspects that shape local food preferences, traditions, and sovereignty. For instance, native Hawaiian communities have long practiced indigenous farming and fishing methods that reflect a deep connection to community and nature. Excluding agency from assessments risks imposing top-down solutions that overlook community-led initiatives and undermine local ownership and resilience. Without agency, food security assessments may miss critical insights into community empowerment, self-determination, and the role of indigenous knowledge in enhancing food security. Omitting sustainability from food security assessments overlooks the role of ecosystem health for food security. Although 85–90% of Hawaiʻi’s food is imported (Loke and Leung, 2013), policymakers are increasingly focused on finding ways to increase local food production. Many residents still depend on the land and sea for sustenance, underscoring the importance of addressing sustainability challenges such as soil degradation, water scarcity, air and water pollution, invasive species, and biodiversity loss. Omitting the dimensions of agency and sustainability from Hawaiʻi’s food security assessments limits the relevance and transferability of findings, particularly to other settings with strong local or indigenous food systems. Regions or islands with similar ecological and cultural characteristics could benefit from Hawaiʻi’s experiences, yet assessments that lack these dimensions may fall short in offering insights that resonate across contexts. Incorporating agency and sustainability into future assessments provides a more comprehensive view of food security and creates a flexible framework that can inform policy development in other areas facing similar challenges, enhancing both the relevance and impact of shared solutions.




5.7 Future studies

To further refine the Delphi method approach used in this study and align with best practices for knowledge co-production (Norström et al., 2020), future research should adapt this model to additional areas of the food system and implement it across various sub-national contexts. Researchers should also investigate links between metrics for food (in)security and other, related concepts like “food systems resilience” (Béné, 2020) and “food acceptability” (Moore et al., 2022). Finally, practical issues related to developing a localized system of food (in)security metrics merit attention. Key questions include: How many metrics should be adopted? Should metrics from the availability, utilization, or stability dimensions be included, even though access metrics were rated highest? Which SNAP metrics should be prioritized? Are the selected metrics responsive enough to policy changes? It is important to consider not only which metrics are useful, but also what combination of metrics would be most appropriate and how to combine them. Creating a food (in)security index score is one possible approach that could help to increase understanding of the multidimensionality of food security among policymakers and the public [Organization for Economic Co-Operation and Development (OECD), 2008].




6 Conclusion

Among stand-alone metrics, the U.S. Household Food Security Survey Module (HFSSM), administered as part of the Current Population Survey (CPS) Food Security Supplement (FSS), received the highest ratings. Among complementary metrics, ‘rate of households below the ALICE threshold’ received the highest rating and access metrics accounted for the six highest-rated metrics and 10 of the top 12. Implications for researchers, food systems planners, and policymakers include the importance of clarifying and standardizing the definitions and dimensions of food (in)security; substantial data gaps and the need for researchers to develop new, locally relevant metrics to better capture the nuances of food (in)security; and the significance of Hawaiʻi’s high cost of living as a primary factor impacting food (in)security, suggesting that policymakers should prioritize support for programs like SNAP to enhance financial access to food.
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Level
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Key factors include: unemployment, emergency preparedness, ecosystem health, and disruptions to food
supply chains.
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State Level

Focuses on the total amount of food physically present within a nation (or in this case, state).
Determined by the level of food production, stocks, and net trade.

Note: Just because food is physically available doesn't mean households can gccess it.

Access

Focuses on a household’s physical, economic, and social access to food.

Factors include: household income and expenditure, prices, cultural appropriateness of food, social
stigma, lack of physical infrastructure o services, etc.

Household
Level

Note: Just because households can access food doesn't mean individuals can benefit nutritionally, from it.

Utilization

Individual
Level

Focuses on individuals within the household and the way the body makes the most of nutrients in food.
Factors include: diet quantity and quality, food preparation, food safety, clean water, sanitation, etc.

Note: Just because individuals benefit nutritionally. from food right now doesn't mean they always will.

Stability

Focuses on the presence of the first three pillars simultaneously and over time.
Factors include: shocks and stressors (e.g. adverse weather conditions, natural disasters,
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