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Introduction: In Small Island Developing States (SIDS), limited statistical capacity and reliance on imports hinder comprehensive assessments of food systems. For island territories, this issue is more pronounced as food production data are disaggregated, inconsistent, and scarce. Most non-independent territories within the SIDS designation are not included in international food availability datasets, and local datasets are not readily available. Increased food self-reliance has been proposed to enhance food nutrition security and sovereignty across SIDS. Puerto Rico, an island territory of the United States, is highly reliant on food imports.

Methods: Using local import, export, and production records from fiscal years 2017–2019, combined with representative food loss and waste estimates, we developed datasets quantifying food availability and self-reliance metrics for Puerto Rico as a case study. A novel data crosswalk, adaptable to other island territories, supports the replication of this approach.

Results: Oils, grains, and protein foods had the highest per-capita availability. Agricultural self-reliance was highest for dairy (95%), fruits (47%), and vegetables (33%). Food self-reliance, incorporating processed foods, was highest for dairy (70%), and vegetables (22%). Dietary self-reliance, comparing local production to dietary recommendations, was less than 20% across food groups. Loss-adjusted availability fell short of dietary recommendations for fruits and vegetables but exceeded recommended levels for grains, oils, and protein foods.

Discussion: These findings highlight critical gaps in local food production and inform strategies to align availability with nutritional goals. This approach and its metrics can be instrumental for other island territories, offering an approach to monitoring self-reliance in non-independent contexts.
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1 Introduction

Small Island Developing States (SIDS) comprise a geographically dispersed group of 39 countries and 18 territories with shared social, economic, and environmental vulnerabilities (1). These low-lying coastal nations—primarily located in the Caribbean and Pacific—face complex challenges including food insecurity, nutrition-related issues, and the impacts of climate change, such as rising sea levels and natural disasters. In SIDS, the quality, types, and frequency of data are often not sufficient to address the range of questions needed to enable food systems transformation (2, 3). This gap in data availability can be attributed to a lack of available resources, limited local statistical capacity, and varying priorities with regard to food systems (3–6). Food availability and food security research is limited to SIDS countries (2, 7), but studies that cover non-independent territories are scarce. With limited scientific research on non-independent islands, trends in food supply, diets, and food systems risks are understudied and, presumably, undermanaged for over 5.4 million people (8) in vulnerable contexts. To address local food system challenges—be it through policy, management, or innovation—data collection and interpretation at the local level is necessary. While food availability, imports, exports, and production data are available for SIDS countries through the Food and Agriculture Organization Database (FAOSTAT), these data are not available for most non independent territories within the SIDS designation. Inconsistent or sparse agricultural census implementation and hard-to-access trade records complicate food supply assessments of non-independent territories, for which data are not reported by their governing countries (9). In the case of territories of the United States (US), food intake and availability are not represented in broader US data series.

Puerto Rico (PR), an island territory of the US with 3.2 million inhabitants, is hindered by such data gaps, despite pressing needs, making it an ideal candidate for case analysis. Although food insecurity is not monitored in PR through any national or federal surveys, data from a recent study indicate that food insecurity in PR, assessed via the US Household Food Security Survey Module, could be up to 3.8 times higher than in the US (10, 11). In addition to food insecurity, poor nutrition and diet-related chronic disease may be widespread (12, 13), yet very little is known about the local food context, including food insecurity rates, food consumption or availability, and prices. In the US, the National Health and Nutrition Examination Survey (NHANES) includes a dietary intake interview component that provides representative food intake estimates (14), but PR is not included in NHANES; no other representative food intake estimates are available. Similarly, the Food Availability data series provides estimates of the amount of food available for consumption in the US (15). The US Department of Agriculture’s Economic Research Service (USDA ERS) manages and disseminates the Food Availability data series within the Food Availability Data System (FADS) (16). FADS does not include data on the food supply in PR. In PR, the Department of Agriculture (PRDA) reports production and import data for major agricultural products, but these disaggregated records do not describe the entire food supply and are not consistently available (17). In April 2023, the PR Statistics Institute released an online tool to improve accessibility, though it only summarizes data for products with local production (18).

Heavy reliance on food imports can expose SIDS and island territories like PR to global supply chain disruptions, natural disasters, and rising food costs. Prioritizing self-reliance through local food production aligns with efforts to enhance food security, resilience, and sustainability in the face of climate and economic challenges. Self-reliance studies quantify the net balance between production, imports, exports, and consumption of food in a certain geography (19). The concept of food self-reliance is commonly evaluated as a ratio of food demand (consumption) to production and has been evaluated in other regions, such as the Northeastern US (20), and among sovereign countries (21).

In this study, we quantify food availability for PR as a case study, analyzing both the proportion of foods available that originate locally (“agricultural self-reliance” and “food self-reliance”) and the dietary contributions of locally produced foods (“dietary self-reliance”). While islands’ reliance on food imports are commonly cited as a vulnerability, this study aims to assess self-reliance by food group to estimate the gap between local food produced and the necessary amounts to provide a healthy diet to the local population. More broadly, we provide a methodological framework and open-access foundational datasets to support assessment of food availability and self-reliance in other contexts, such as island territories, protectorates, and nations, where such datasets and metrics do not exist and are sorely needed.



2 Materials and methods

We evaluate the recent state of food availability in PR in 2016–2019, which includes the effects of Hurricanes Irma and María, recent climatological events which decimated local agricultural production in PR but also avoids the global disruptions in supply chains that occurred during and immediately after lockdowns caused by the COVID-19 pandemic. Here, we briefly summarize our methodological approach, with detail provided in Supplementary material 1.

First, a data crosswalk was constructed to consistently identify traded food items by food groups. Second, using this crosswalk, food availability data for PR for the 2016–2019 period were constructed using publicly available data sources from various government agencies, as described in Table 1. The data used covered local agricultural production, food imports and exports, losses, and waste (Table 1). Third, food availability datasets were used to estimate three self-reliance metrics, including a novel metric of “dietary self-reliance” that compares local production with dietary recommendations. This analysis distinguishes between fresh and processed foods, as defined below. This distinction was made to make a fair comparison between local production and total availability given that local food production data are only available at the farm-gate (fresh).


TABLE 1 Description of data sources used in the development of food availability datasets for Puerto Rico.


	Data type
	Source (s)
	Description
	Use

 

 	Agricultural production 	PR Department of Agriculture (17) 	National agricultural production records from farmers in PR. Data collected by the PRDA provide crop, livestock, and fish production information on a yearly basis. 	Annual production for each crop produced during the study period was identified using PRDA gross agricultural income reports provided upon request by the Statistics Office of the PRDA.


 	PR Institute of Statistics (18) 	Online database of local agricultural production. 	Used to complement PRDA data when reported units needed to be converted to generalizable units (i.e., millar to quintal or mazos to quintal).


 	Imports and exports 	PR Planning Board (26) 	Trade data are collected by the PR Planning Board (PRPB) and are available on a Fiscal Year (FY) basis, Imports represent shipments from the US or foreign countries. Exports represent shipments from PR to the US and foreign countries. PRPB trade data are cataloged by HS commodity codes. 	External trade data are available publicly, but this study used workbook versions of the data provided by the PRPB upon the authors’ request. Including the study period (FY 2017, FY 2018, and FY 2019). Over 1,200 different foods, food products and food preparations were estimated to be imported and exported each year, and these products are not disaggregated by commodity composition.


 	Population data 	US Census Bureau (54–56) 	Annual demographic estimates are published for PR and its municipalities by the Population Estimates Program of the US Census Bureau through the Puerto Rico Community Survey (PRCS). 	Population data were necessary to define per capita dietary requirements for the population living in PR during the study period. Considering that there was a significant decrease in the local PR population after Hurricane María in 2017, population estimates were allocated as follows for the analysis: For FY 2017, the 2016 PRCS 1-year estimates were used; for FY 2018, the 2017 PRCS 1-year estimates were used; for FY 2019 the 2018 PRCS 1-year estimates were used. Population estimates for people 5 years and older were used, as that is the age range that most closely aligns with the Dietary Guidelines for Americans (DGA).


 	Conversion factors for losses 	Loss-Adjusted Food Availability (LAFA) data series produced by USDA’s Economic Research Service (ERS) (27) 	Provides estimates of the annual per capita food availability in the US adjusted for losses that occur across the food value chain. LAFA data series provides separate loss estimates for losses that occur from farm to retail, from retail to consumer, and losses at the consumer stage for over 200 commodities. 	While definitions of food loss and waste vary around the world, here we retain the terminology used by ERS in which food-loss estimates represent the edible amount of food, postharvest, that is available for human consumption but is not consumed for any reason (including cooking loss; natural moisture loss; loss from mold, pests, or inadequate climate control; and food waste) (15).


 	Food pattern-equivalents 	LAFA data series produced by USDA’s ERS (25) 	LAFA also provides conversion factors from mass to DGA food pattern-equivalents (FPEQ). FPEQs convert mass-based amounts of foods and beverages in the Food and Nutrient Database for Dietary Studies into food-pattern components.* 	Conversion used to express availability in FPEQ were manually added to the HS Food Categorization Crosswalk and applied to estimate food availability in the units used by the DGA in their recommendations.





*Further details are provided in Supplementary material 1.
 


2.1 Harmonized system food categorization crosswalk

Given that most food in PR is imported, we relied heavily on import and export data in which each item is identified with a unique commodity code. The commodity codes are derived from the Harmonized System (HS), which is the global system of nomenclature applied to most world trade in goods (22). To reliably exclude non-food agricultural products from the analysis, and to group food items by food group and degree of processing, we constructed a data crosswalk prior to building the food availability dataset. We developed the HS Food Categorization Crosswalk, which is an Excel-based workbook that merges various datasets to link multiple attributes to food commodities based on their HS codes. This Crosswalk categorizes more than 8,000 different agricultural products. While the focus of this research is on PR, the HS Food Categorization Crosswalk can be directly used or modified for research in other geographies, such as SIDS and is available open access (see Supplementary Dataset 1).

Because one of our aims was to compare local production to dietary recommendations, we mapped commodities to each of the food groups and subgroups included in the 2020–2025 Dietary Guidelines for Americans (DGA) by degree of processing (23). The DGA food groups (and subgroups) included were: vegetables (dark green, red and orange, legumes, starchy, other); fruits; grains; dairy; protein foods (meats, seafood, nuts, seeds, and soy); and oils (from plant-based origin). The degree of processing was either fresh or processed. Foods were categorized as fresh if they were raw, single-ingredient foods that had not undergone any degree of processing beyond harvest and packaging; unmilled grains and foods that are frozen to preserve quality such as frozen fruits, vegetables, and meats were also included in this category (n = 2,072). Foods were categorized as processed if they had undergone any degree of processing or included more than one ingredient. Milled grains, such as flours, oils, and processed food products were included in this category (n = 1,948). Food items that could not be grouped into one of the DGA food groups were included in the crosswalk but categorized separately to be excluded from subsequent analyses (i.e., coffee, sugar, candy confections, alcoholic beverages; n = 1,018). Finally, agricultural items that were not intended to serve as human food were included in the crosswalk but categorized separately to be excluded from the analysis (i.e., grains used for seeds, live animals, animal feed, tobacco products, etc.; n = 3,302). There are certain food items, especially grains, which can be used for human food or animal feed. These were not cataloged separately in the crosswalk and were subtracted during the analysis process (as should subsequent studies using the crosswalk analyze human food availability). Of the total HS codes available for agricultural commodities in the Global Agricultural Trade System (GATS), n = 4,020 were categorized as into DGA food groups by degree of processing (24) (see Supplementary Dataset 1 and Supplementary material 1).

Each agricultural commodity in the HS that corresponded to a DGA food group was linked to additional data. All levels of losses identified in USDA’s Loss Adjusted Food Availability (LAFA) dataset were documented, when applicable, to food items in the Crosswalk. LAFA conversion factors for mass per Food Pattern Equivalent (FPEQ), the servings unit used by the USDA, were also added to food items in the crosswalk (25) (Supplementary Datasets 1, 2; Supplementary material 1). When LAFA factors were not an exact match for the HS commodity, alternate factors were also identified for the HS food, if available.



2.2 Food availability

We constructed annual food availability datasets for PR by adapting the USDA’s Food Availability Data Series (FADS) method, as summarized in Figure 1A. Food availability was only analyzed for foods that corresponded to the DGA food groups. To estimate food availability, food exports and agricultural products that were suitable for human consumption but were destined for non-food uses, were subtracted from the total food supply (17, 18, 26). Agricultural products not suitable for human consumption were excluded from the analysis. Domestic food availability was estimated by DGA food group and subgroup as the net of supply and use in mass or volume units. Therefore, food availability was estimated for all foods in a certain food group or subgroup (i.e., availability of starchy vegetables) as opposed to the individual level (i.e., availability of potatoes) (see Supplementary material 1). To compare the amounts of food available for people in PR to the DGA, domestic food availability was adjusted to represent the per-capita amount of food available on an as-consumed basis in FPEQ (Figure 1B). Per capita food availability was estimated by dividing domestic food availability by the adult population in PR. Food availability data overstate the actual amount of food eaten by including substantial quantities of food lost from spoilage, moisture loss, and food waste beyond the farm gate in the marketing system (27). Therefore, LAFA loss-adjustment factors were applied to account for losses at the retail and consumer levels.

[image: Diagram illustrating two processes for estimating food availability. (A) depicts “Domestic Food Availability” calculated by adding beginning stocks, annual production, and imports, then subtracting ending stocks, exports, and non-food uses to determine “Domestic Food Availability.” (B) extends this model by dividing “Domestic Food Availability” by the adult population to find “Per Capita Food Availability,” then subtracting losses from farm to consumer, and dividing by conversion factors to yield “Per Capita, Loss-Adjusted Food Availability on a Food Pattern-Equivalent Basis.”]

FIGURE 1
 Method for estimating: (A) food availability in Puerto Rico and (B) per-capita loss-adjusted food availability on a food pattern-equivalent basis. In the Food Availability Data System (FADS) (27), food availability data were computed as the balance between supply (beginning stocks, annual production, and imports) and disappearance (exports, non-food uses and ending stocks) and refined for losses (such as moisture losses, spoilage, and non-edible parts). In this study, the total food supply was estimated from local food production and trade records. There are no public records of local commodity stocks in PR; these estimates were therefore not included. Image is adapted from Figure 1 in “Updated Supermarket Shrink Estimates for Fresh Foods and Their Implications for ERS Loss-Adjusted Food Availability Data” to match the current methodology (15). The term “supply” indicates sources of agricultural products, use’ indicates destination of agricultural products other than human consumption. The net of “supply” and “use” is food available domestically. Icons are free of copyright and obtained from Microsoft 365 library. Puerto Rico Map silhouette is attributed to Natasha Sinegina, published by Creazilla licensed under a Creative Commons Attribution 4.0 license.




2.3 Self-reliance metrics

To evaluate the current contributions of the local agricultural system to self-reliance, Agricultural Self-Reliance (ASR) was estimated as the proportion of local fresh food production and local fresh food availability by food group and year (Equation 1). For ASR, production and availability are adjusted for losses using LAFA loss factors. ASR compares local fresh food production data to fresh food availability for a fair comparison of the additional agricultural production that would be necessary to meet local consumption of fresh foods. Local fresh food production was estimated as the sum of all individual farm-gate food products produced locally that belong to each food group (x) for each year (y), adjusted for losses and in kilograms. Similarly, fresh food availability was estimated as the sum of all available fresh food products that belong to each food group (x) for each year (y), adjusted for losses and in kilograms.
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We define Food Self-Reliance (FSR) as the proportion of local food production that contributes to total food availability by food group (Equation 2). FSR is the positive opposite of import dependence. The numerators of FSR and ASR are the same, but the denominator of FSR includes both fresh and processed foods (total food availability). Total food availability was estimated as the sum of all available fresh and processed food products that belong to each food group (x) for each year (y), adjusted for losses and in kilograms.
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To compare food availability to DGA recommendations, self-reliance was estimated based on dietary recommendations by food group and described as Dietary Self-Reliance (DSR). Recommended daily intake for each food group was based on a 2,000-calorie diet and the “Healthy US-Style Dietary Pattern” in the 2020–2025 DGA. DSR was estimated as shown in Equation 3, where loss-adjusted local fresh food production is calculated as in Equation 1 but converted and divided by total population to derive per capita estimates in FPEQ for each food group (x) and year (y) and per capita recommended intake for each food group (x) and year (y) is derived according to the DGA.
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3 Results


3.1 Food availability

Food availability in PR was assessed for FY 2017, FY 2018, and FY 2019 (hereafter simply referred to as 2017, 2018, and 2019, respectively) (see Supplementary material 2 for individual year results). Annual average results are presented in Table 2. Food availability is presented as the net of local production, imports, and exports adjusted for losses at retail and consumer levels. Some imported foods were re-exported from PR, therefore there were exports reported for food groups for which there is no local production (e.g., oils).


TABLE 2 Summary of foods available in Puerto Rico, annual average FY 2017–FY 2019 in metric tons (MT).


	Food group
	Local production
 (MT)
	Imports (MT)
	Exports (MT)
	Losses (MT)
	Loss-adjusted food availability (MT)



	Fresh
	Fresh
	Processed
	Fresh
	Processed
	Fresh
	Processed
	Fresh
	Processed

 

 	Vegetables 	104,863 	195,714 	134,387 	4,998 	33,261 	134,330 	20,629 	161,249 	80,497


 	 Dark green vegetables 	14 	1,166 	0 	0 	0 	440 	0 	739 	0


 	 Red and orange vegetables 	23,729 	33,942 	36,650 	1,362 	12,552 	27,540 	6,831 	28,769 	17,268


 	 Beans, Peas, Lentilsa 	185 	3,177 	23,751 	569 	20,253 	1,287 	21 	1,506 	3,477


 	 Starchy vegetables 	72,592 	74,213 	44,847 	2,815 	100 	61,755 	8,296 	82,235 	36,451


 	 Other vegetables 	8,343 	83,216 	29,139 	253 	356 	43,307 	5,481 	47,999 	23,302


 	Fruits 	50,403 	63,866 	153,329 	13,031 	5,454 	56,597 	23,276 	44,641 	124,599


 	Grains 	15 	468,729 	139,128 	32,848 	20,554 	143,077 	32,832 	292,819 	85,741


 	Dairy 	225,434 	14,003 	106,175 	2,097 	10,547 	70,252 	35,732 	167,087 	59,896


 	Protein foods 	41,667 	288,443 	94,567 	1,816 	3,204 	118,095 	23,844 	210,199 	67,519


 	 Meats, poultry, eggs 	40,705 	273,191 	74,746 	944 	2,989 	111,563 	19,345 	201,389 	52,412


 	 Seafood 	907 	13,423 	16,749 	851 	203 	6,110 	4,032 	7,369 	12,515


 	 Nuts, seeds, and soy products 	56 	1,829 	3,071 	21 	12 	422 	468 	1,441 	2,591


 	Oilsb 	– 	– 	69,155 	– 	716 	– 	23,185 	– 	45,254





aDried legumes are included among processed foods as they are primarily imported for canning locally. bDoes not include fats from animal sources. Bolded values represent food group totals.
 

On average during the study period, grains, protein foods, and fruits were the most abundant food groups available in PR on a loss-adjusted mass basis (Table 2). The percentage of total food available that was fresh (vs. processed) was higher for green vegetables (100%), meat, poultry, and eggs (79%), grain (77%), dairy (74%), starchy vegetables (69%), other vegetables (67%), and red and orange vegetables (62%) on a loss-adjusted mass basis. Compared to fresh foods, processed foods were most abundant for oils (100%), leguminous vegetables (70%), nuts, seeds, and soy products (64%) and seafood (63%).

Methodological similarities between the LAFA dataset and the Food Availability Datasets produced in this study allow for comparisons between US and PR food availability by food group. To contextualize our food availability results, we provide comparisons with food availability estimates from the US. Table 3 summarizes the results for per capita loss-adjusted food availability data from the LAFA dataset and our results for PR. For vegetables and fruits, per-capita food availability was similar in PR and US. Among food subgroups, however, there were notable differences in availability, particularly for vegetables. For example, while total vegetable availability was only 6% higher in the US than PR, dark green vegetables were 27.2 times more available in the US than in PR. Red and orange vegetables and leguminous vegetables were 71% more available in the US than in PR. In contrast, availability of starchy and other vegetables was 27 and 19% lower in the US than in PR, respectively. While availability of fruits was comparable in PR and in the US, the proportion of fresh fruits available was higher in the US (63% of total fruit availability as fresh vs. 38% in PR).


TABLE 3 Food Availability in the United States and Puerto Rico, on a food pattern-equivalent basis, compared to dietary recommendations, average for FY2017–FY2019.*,**


	Food group
	Average recommended amount per capitaa
	United States loss-adjusted per capita food availabilityb
	Puerto Rico loss-adjusted per capita food availability



	(FPEQs)
	(FPEQs)
	(FPEQs)



	
	Fresh
	Processed
	Total
	Fresh (imported)
	Fresh (local production)
	Processed (Imported)
	Totalc

 

 	Vegetables (cup eq/day) 	2.5 	1.16 	0.72 	1.89 	0.70 	0.33 	0.75 	1.78


 	 Dark green vegetables (cup eq/week) 	1.5 	1.23 	– 	1.23 	0.04 	0.00 	– 	0.05


 	 Red and orange vegetables (cup eq/week) 	5.5 	1.65 	0.97 	2.62 	0.66 	0.45 	0.43 	1.53


 	 Beans, Peas, Lentils (cup eq/week) 	1.5 	0.14 	1.92 	2.06 	0.06 	0.01 	1.25 	1.32


 	 Starchy vegetables (cup eq/week) 	5 	2.54 	1.90 	4.44 	2.01 	1.70 	2.39 	6.10


 	 Other vegetables (cup eq/week) 	4 	2.57 	0.27 	2.4 	2.15 	0.19 	1.25 	3.52


 	Fruits (cup eq/day) 	2 	0.52 	0.28 	0.80 	0.16 	0.12 	0.51 	0.79


 	Grains (ounce eq/day) 	6 	0.68 	6.49 	7.16 	11.65 	0.00 	2.91 	14.56


 	Dairy (cup eq/day) 	3 	0.46 	1.03 	1.49 	0.03 	0.56 	0.73 	1.32


 	Protein Foods (ounce eq/day) 	5.5 	6.55 	0.13 	6.68 	5.68 	0.62 	2.03 	8.33


 	 Meats, poultry, eggs (ounce eq/week)d 	26 	45.84 	– 	45.84 	37.81 	4.22 	10.44 	52.47


 	 Seafood (ounce eq/week)e 	8 	2.04 	0.92 	2.96 	1.47 	0.11 	2.70 	4.28


 	 Nuts, seeds, and soy products (ounce eq/week)f 	5 	7.08 	– 	7.08 	0.60 	0.02 	1.10 	1.72


 	Oils (grams/day)g 	27 	– 	44.70 	44.70 	– 	– 	36.94 	36.94





*Data for Puerto Rico represent FY 2017–FY 2019 while data for United States Represent calendar years 2017–2019. **Population estimates for Puerto Rico are from the American Community Survey.

a Dietary recommendations are based on 2,000-calorie diet following a “Healthy US-Style Dietary Pattern” described by the DGA.

b Weekly availability was estimated by from daily availability from LAFA times 7.

c Total = Fresh Imported + Fresh Local Production + Processed Imported; deviations are due to rounding.

d LAFA data are only available at the un-processed level for meats.

e LAFA data for seafood are only available through 2018.

f LAFA dataset does not include soy products. Processed nut products are not differentiated. LAFA data for peanuts, tree nuts, and coconuts is available through 2018.

g Availability of oils in the US is based on LAFA data for “salad and cooking oils” which is available through 2010. Availability of oils in PR is based on oils from vegetable sources. Bolded values represent food group totals.
 

Per-capita availability of protein foods, oils, and grains was substantially different between the US and PR. Protein foods were 24% more available in PR, with variations across subgroups. Seafood availability was 45% higher in PR, and the availability of meat, poultry and eggs was 14% higher in PR compared to the US. For plant-based proteins, however, availability in the US was over 4 times higher compared to PR. Oils are 21% more abundant on a per-capita basis in the US than in PR. Total per capita grain availability is 51% lower in the US than in PR, though grain availability is likely overestimated, as an unknown quantity is destined for animal feed (see Limitations).



3.2 Agricultural self-reliance

ASR results show the proportional contribution of locally produced fresh foods to total fresh food availability by food group, adjusted for losses. Total ASR was higher in 2017 than in subsequent years (34%) and lowest in 2018 (25%) (Figure 2). In 2019, total ASR increased relative to 2018, but did not return to 2017 levels. On average during the study period, ASR was highest for dairy (95%), followed by fruits (47%) and vegetables (33%). ASR was 0.003% for grains. ASR for oils was not calculated as oils were not classified as fresh products.

[image: Bar chart depicting Agricultural Self-Reliance (ASR) percentages for vegetables, fruits, grains, dairy, protein foods, and total from 2017 to 2019. Average ASR for vegetables is 33%; fruits, 47%. Grains average an ASR of 0.003%. ASR for dairy is high, averaging 95%. Protein foods maintain an average ASR of 10%. The overall total ASR is 29%. Average ASR is marked with black lines over year by year estimates.]

FIGURE 2
 Agricultural self-reliance (ASR) in Puerto Rico by food group: proportion of fresh foods available provided by domestic production adjusted for losses on a mass basis (FY 2017–FY 2019).


For the dairy group, local dairy production consisted of fresh cow’s milk. Dairy ASR remained high throughout the study period, with only a 5.3% decrease and 4.6% decrease relative to 2017 in subsequent years, respectively. ASR for fresh fruits decreased throughout the study period. Relative to 2017, ASR for fresh fruits decreased by 49% in 2018 and by 24% in 2019. For fresh vegetables, ASR decreased throughout the study period, with ASR 41% lower in 2018 and 27% lower in 2019 relative to 2017 (see Supplementary material 2). On average, local production was highest for starchy vegetables (69% of total fresh vegetable production), red and orange vegetables (23% of total), and other vegetables (8% of total) throughout the study period. Meat, poultry, and eggs contributed to the majority of locally produced fresh protein foods (97%) while seafood contributed 2% of local fresh protein foods. For the nuts, seeds, and soy production category of protein foods, local production consisted of fresh coconuts and contributed 0.2% of total protein food production (Table 2). As with vegetables, ASR for protein foods declined substantially in 2018 (32% lower than 2017). However, unlike vegetables, by 2019 ASR for protein foods rebounded to be only 2.5% lower than 2017.



3.3 Food self-reliance

Total FSR was higher in 2017 than in subsequent years (22%) and lowest in 2018 (16%) (Figure 3). In 2019, total FSR increased relative to 2018, but did not return to 2017 levels. Total FSR and FSR for individual food groups behaved like ASR over the study period. Considering fresh and processed foods available, adjusted for losses, the proportion of those foods supplied by local agricultural production (food self-reliance) was lowest for oils (0.0%), grains (0.002%), protein foods (8%), fruits (12%), and vegetables (22%) on average over the study period. Food self-reliance was highest for dairy (70%). Food self-reliance across all food groups averaged 19% throughout the study period (Figure 3).
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FIGURE 3
 Food self-reliance (FSR) in Puerto Rico by food group: proportion of total (fresh and processed) foods available provided by domestic production adjusted for losses on a mass basis (FY 2017–FY 2019).


Dairy FSR remained high throughout the study period, with only a 5% decrease and 3% decrease relative to 2017 in subsequent years, respectively. FSR for fruits decreased throughout the study period. Relative to 2017, FSR for fresh fruits decreased by 41% in 2018 and by 20% in 2019. For vegetables, FSR decreased throughout the study period, with FSR 46% lower in 2018 and 32% lower in 2019 relative to 2017 (see Supplementary material 2). As with vegetables, FSR for protein foods declined substantially in 2018 (33% lower than 2017). However, unlike vegetables, by 2019 ASR for protein foods rebounded to be only 2.6% lower than 2017.



3.4 Dietary self-reliance

DSR is the proportion of Dietary Guidelines for Americans (DGA) recommendations met by locally produced fresh foods in PR. A total DSR was not estimated because recommended amounts are specified in different unit-equivalents across food groups (i.e., cup-equivalents for fruits and vegetables and ounce-equivalents for proteins). Compared to the DGA recommendations, an average of 19% of the recommended dairy intake was provided by local dairy production during the study period (Figure 4). On average, DSR was 13% for vegetables, 11% for protein foods, and 6% for fruits. Average DSR for grains was 0.004 and 0% for oils during the study period.
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FIGURE 4
 Dietary self-reliance (DSR) by DGA food group on a food pattern-equivalent basis (FY 2017–FY 2019). Dietary recommendations are based on 2,000-calorie diet following a “Healthy US-Style Dietary Pattern” described by the DGA.


DSR declined across all food groups in 2018 relative to 2017, although reductions were higher for vegetables and fruits. In 2019, DSR for dairy and protein foods rebounded, but remained lower than in 2017 for vegetables and fruits. DSR decreased by 57% for vegetables in 2018 and by 36% in 2019 relative to 2017. Among vegetable subgroups, DSR for starchy vegetables was highest (34% DSR during the study period, see Table 4 and Supplementary material 2). DSR for starchy vegetables decreased from 52% in 2017 to 15% in 2018 and 35% in 2019. DSR for the other vegetables subgroup was 5% on average during the study period. In 2018 and 2019, DSR was 33% lower than in 2017 for other vegetables. During the study period, 8% of the recommended intake for red and orange vegetables came from local production. Relative to 2017, DSR for red and orange vegetables decreased by 10% in 2018 and by 50% in 2019. DSR values for the legumes and green vegetables subgroup were less than 1% during the study period at 0.4 and 0.05%, respectively. DSR for fruits was 6% on average during the study period. For fruits, DSR decreased from 8% in 2017 to 4% (52% lower) in 2018 and was 5% in 2019 (31% lower than in 2017).


TABLE 4 Mean agricultural self-reliance (ASR), food self-reliance (FSR), and dietary self-reliance (DSR) for Puerto Rico, average for FY 2017–FY 2019.


	Food group category
	Mean ASR
	Mean FSR
	Mean DSR



	(%)
	(%)
	(%)

 

 	Vegetables 	33.0 	22.0 	13.4


 	 Dark green vegetables 	1.0 	1.0 	0.05


 	 Red and orange vegetables 	43.5 	27.2 	8.2


 	 Beans, Peas, Lentils 	6.5 	2.0 	0.4


 	 Starchy vegetables 	44.5 	30.8 	34.0


 	 Other vegetables 	8.5 	5.7 	4.8


 	Fruits 	47.2 	12.4 	6.1


 	Grains 	0.003 	0.002 	0.004


 	Dairy 	95.0 	69.9 	18.7


 	Protein foods 	10.0 	7.6 	11.3


 	 Meats, poultry, eggs 	10.2 	8.1 	16.2


 	 Seafood 	6.7 	2.5 	1.3


 	 Nuts, seeds, and soy products 	3.3 	1.2 	0.4


 	Oils 	0.0 	0.0 	0.0


 	All food groups 	29.0 	19.0 	–





Bolded values represent food group totals.
 

The per-capita proportion of available dairy foods provided by local production remained stable throughout the study period (19% average DSR) with an 8% decline in DSR in 2018 but a 2% increase in 2019 relative to 2017. While the DSR for protein foods was 11% throughout the study period, DSR for the meats, poultry, and eggs subgroup was 16% during this period. For seafood, DSR was 1 and 0.4% for nuts, seeds, and soy products. DSR for meats, poultry and eggs decreased by 32% in 2018, from 18 to 12% DSR, and increased by 2% in 2019 relative to 2017 reaching 18.4% DSR. For seafood, DSR was 1.2% in 2017, and it increased by 35% in 2018 reaching 1.6% DSR. In 2019 DSR for seafood returned to the 2017 level at 1.2%. Given that DSR considers population size, shifts in DSR throughout the study period could be associated with the impacts of climatological events in 2018 as well as the related population decrease that happened afterwards.



3.5 Food availability, dietary recommendations, and self-reliance metrics

By comparing dietary recommendations against total food availability, it is possible to evaluate whether the amount and types of food available in PR’s food supply are aligned with the healthy eating patterns recommended by the US government (Figure 5).
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FIGURE 5
 Loss-adjusted per-capita availability of food in Puerto Rico, identifying local production, compared to DGA recommendations by food group on a food pattern equivalent basis (FY 2017–FY 2019).


On average, loss-adjusted per capita food availability exceeded DGA recommendations for several food groups, including grains (243% or 2.4 times the recommended amount), oils (137% or 1.4 times the recommended amount), and protein foods (151% or 1.5 times the recommended amount) (Figure 5). For protein foods, local protein production contributed 10% of all available fresh protein foods (ASR), 8% of all available protein foods (FSR), and 11% of the dietary recommendations for protein foods (DSR) (Table 4). Considering all sources of food, availability of protein food exceeds the recommended per capita amounts (Table 3).

Loss-adjusted per capita food availability was lower than DGA recommendations for vegetables (0.71 times the recommended amount), fruits (0.39 times the recommended amount), and dairy (0.44 times the recommended amount) (Table 3). While 95% of fresh dairy available was locally produced (ASR), local production only satisfied 19% of dietary recommendations (DSR) (Table 4). Regardless of origin or degree of processing, locally available dairy was less than required to meet the DGA recommendations among adults living in PR (Figure 5, Table 3, and Supplementary material 2). Similarly, for vegetables, almost 1/3 of fresh vegetable availability was supplied locally (ASR: 32%), but this amounts to meeting only 13% of the DGA recommendation (DSR; Table 4). Local fresh fruit production contributed to 47% of the total fresh fruit available locally (ASR), but only 6% of the dietary recommendations (DSR) (Table 4).

Results for ASR and FSR are comparable for oils (0% ASR and 0% FSR), grains (0.003 and 0.002%), and proteins (10 and 8%) for which processed foods accounted for nearly 1/4 of the total available. ASR was higher than FSR for vegetables (33% ASR and 22% FSR) with nearly 1/3 of total vegetables available in processed form. The highest difference between ASR and FSR was for fruits (47 and 12%) indicating that a higher proportion (nearly 3/4) of these foods were available in processed form. ASR and FSR were highest for dairy (95% ASR and 70% FSR) with 1/4 of all available dairy being in processed form. During the study period, ASR was 29% on average, while FSR 19% (Table 4).

FSR and ASR are different for most food groups (except oils). This discrepancy is because FSR includes all fresh and processed foods in the denominator while ASR only includes fresh foods. ASR compares local agricultural production with total availability of fresh foods and therefore offers insight into the proportion of available fresh food that could originate from local agricultural production independent of processing infrastructure. By considering processed foods, significant changes to FSR would require increased agricultural production as well as food processing locally. Evaluating the current contributions of local food processing is beyond the scope of the study at hand (see Limitations). The contrasting estimates offered by FSR and ASR values suggest that planning for increased self-reliance should consider the types of foods that are being substituted by local production. The availability of food processing infrastructure and the overall viability of such developments would influence the trajectory toward increased self-reliance, while agricultural potential and farmland accessibility would be a more definitive factor influencing ASR.




4 Discussion

We developed a publicly available food availability dataset for PR, quantifying the extent to which local food production meets food demand and dietary recommendations. This work is the first comprehensive analysis of contemporary food availability using trade and local production records, providing a foundation for future monitoring and evaluation of PR’s food system. PR’s food system shares many characteristics with SIDS, including reliance on imports, climate vulnerabilities, and limited infrastructure. Our study methodology is broadly applicable to non-independent SIDS territories, providing a framework to assess food systems when production and trade data are disaggregated. Our approach leverages widely used HS codes to merge datasets.

For PR specifically, food balance sheets in 1973 indicated heavy reliance on imported food with 100% of available cereals, 99% of fats and oils, and 59% of vegetables being imported (28). Our study shows that this trend has persisted and, in some cases, increased (Table 2). For example, during the study period, 74% of vegetables, 90% of proteins, and 80% of fruits were imported. Since 1973, land in agricultural production has declined by 63% (29, 30) and population has increased, reflecting shifts in technologies, global food systems, and consumer preferences. While local milk production remains relatively robust, focusing primarily on fluid milk, most dairy imports consist of processed products.

Previous studies, such as Comas-Pagán, estimated that 80% of PR’s food supply was imported, with the majority comprising cereals, oils, and legumes (31). Our findings align broadly but suggest slightly higher import dependence (81%, derived from FSR of 19%; see Table 4) due to continued declines in agricultural land, the impact of hurricanes, and differences in methodology. Notably, our inclusion of processed foods highlights a broader spectrum of import reliance compared to prior analyses.

Our study advances the conversation on food import substitution by estimating the proportion of available fresh foods provided by local production (ASR). While total FSR was 19% (Figure 3), fresh food ASR was higher at 29%, emphasizing the potential to reduce import dependence by bolstering local fresh food production. Import dependence has fostered a diabetogenic food environment composed of processed and non-traditional foods across SIDS (32). Promoting fresh food consumption could improve diet quality at lower infrastructure investment costs in SIDS countries and territories. However, achieving this requires context-specific studies, as well as investments in local markets, equitable food access, and consumer acceptance of fresh foods.

The effects of Hurricanes Irma and María in 2017 significantly disrupted agriculture, reducing self-reliance metrics in PR. These hurricanes destroyed up to 80% of crops (33), with the greatest impact in the present study for vegetables and fruits. Among locally grown starchy crops, root crops demonstrated higher resilience than perennial crops (i.e., breadfruit, plantain). Root crops have shorter growing cycles (34); some sprout again easily after foliage loss (i.e., cassava) (35); some tolerate flooded soils (i.e., taro) (36); some are resistant to hurricane winds given their vining growth (37); and they require minimal infrastructure (i.e., trellises, staking, refrigerated storage), partly explaining their relative performance. Protein foods and dairy also proved robust during this period, although poultry production suffered disproportionately due to infrastructural losses, lack of insurance coverage, and outmigration (33, 38). While climate change vulnerabilities have been studied across SIDS (39), the unique and detrimental sociopolitical conditions of non-independent island territories are not contemplated in these assessments (40). Monitoring food availability and self-reliance across non-independent SIDS can inform agricultural planning strategies that are adequate for each unique climatological, economic, and socio-political context.

Dietary adequacy remains a challenge in PR (41), as has been documented across SIDS (2, 42). A study evaluating availability of food groups at a SIDS-wide level found that 94% of SIDS fail to meet food group requirements (2). This case study in PR found availability was less than dietary recommendations for vegetables, fruits, and dairy which are all associated with the “adequacy” components of the Healthy Eating Index (HEI) (43), the most commonly used measure of dietary quality based on the DGAs. In contrast, availability was greater than recommendations for grains, protein foods, and oils which, depending on degree of processing, are associated with the “moderation” components of HEI (43). Our results align with prior studies identifying low fruits and vegetable intake (12, 44–46), likely influenced by value chains constrains and extended shipping times for imports (31, 47). A recent study found that independent countries in the Caribbean Community (CARICOM) were only 34% self-sufficient for vegetables, but 149% self-sufficient for fruits (21).

A focused strategy to substitute imports with locally produced vegetables—particularly green, red, and orange vegetables—could enhance diet quality and diversify the local food environment. Investments in crop research, food safety, aggregation, and local procurement activities would support this shift. However, food availability alone does not equate to consumption; cultural preferences and structural barriers must also be addressed. For example, non-starchy vegetables (i.e., leafy greens or cruciferous vegetables), have not been significant part of PR’s gastronomic, economic, or agronomic systems (48, 49). Anthropologist Sydney Mintz mapped how Puerto Rican diets became structured by class, race, and identity (50). As he noted from his observations in the late 1940s, urbanization and dependency on imports marginalized home-grown vegetables in favor of convenient, globally distributed staples (50). A recent study of dietary acculturation among Puerto Rican adults living in the US found that stronger psychological US orientation was associated with higher diet quality, particularly with higher income (51). More Spanish use, stronger psychological Puerto Rican orientation, and shorter length of mainland-US residency were associated with traditional dietary patterns, which are of lower diet quality (51). It is relevant to note that PR’s GDP per capita was $36,779 in 2023 (52) while it was projected at $7,094 for 2024 in the Caribbean SIDS (53). This non-trivial difference highlights the need for country-specific data and analyses across SIDS, especially non-independent territories, as solutions to food import dependence must be contextualized.

This study contributes to a growing body of literature on food systems in SIDS, offering actionable insights for PR and comparable contexts. By quantifying food availability and self-reliance, we provide a foundation for evaluating the healthfulness and resilience of local food systems. Future research should explore nutrient availability, food preferences, and strategies to strengthen local food production, particularly in the face of climate change, including addressing issues of access to agricultural lands, land tenure, and youth agricultural education programs.


4.1 Limitations

This study models PR’s local food supply by simplifying trade transactions and applies conversion factors based on US data, which introduces several limitations. It relies on PRDA data (17, 18), representing only a subset of farmers in PR, likely underrepresenting local food production and underestimating self-reliance. Our self-reliance results are therefore conservative, though the magnitude of potential underestimation is unknown. Assumptions about food form and processing were made due to a lack of data on local food processing activities. U. S.-based loss estimates were applied, potentially underestimating losses in PR, especially for fresh foods, given extended shipping times for imports. Additionally, dent corn #2 and #3, destined for animal feed, were excluded due to insufficient data from local grain mills. Given that local food production data are only available for fresh agricultural products, the results of this analysis can only be interpreted in relation to agricultural activities and are not inclusive of further local processing of these agricultural products. Similarly, imported fresh products may be processed locally before being available for consumption and this analysis only considers those foods in their imported form.




5 Conclusion and recommendations

This study provides evidence of food self-reliance—the opposite of import dependence—for PR by food group, data that had not been previously made available. To assess self-reliance, a food availability dataset was built from disaggregated records, a data analysis challenge that is true of other non-independent SIDS. By using territory-specific production and trade records, this study offers insights into local food security initiatives. By means of a data crosswalk, the approach used in this study can support similar assessments for other non-independent island territories. Providing coverage of non-independent SIDS by international agencies in existing databases and supporting country-specific loss estimates is imperative to advance these efforts.

The findings of this study underscore the variability of food import dependence across different food groups and highlight the inadequacy of local agricultural production in meeting dietary recommendations during the specified study period in PR. There is a gap between the quantity of locally cultivated food and the recommended food intakes for the local adult population based on DGA recommendations. A food self-reliance strategy for PR must move beyond a singular focus on increasing food sufficiency to ensuring the nutritional adequacy of the food supply to promote health. Data from this study highlight the opportunity to increase local production of vegetables, especially dark green vegetables, and protein foods such as seafood and meats. The prevalence of poverty and food insecurity, coupled with the effects of climate change affecting local food stability, call for substantial policy interventions to address food security comprehensively.

To adequately formulate policies across non-independent SIDS that address food import dependence and food security, representative and longitudinal data are necessary. Efforts should be promptly directed toward incorporating data collection practices into the policy planning process. Implementing robust data collection practices that accurately depict local agricultural production, food intake, local food prices, and food insecurity rates is critical. These data not only facilitate informed policy development at the local level but also hold significance at the federal level, in the case of US territories, emphasizing the broader implications for comprehensive food security initiatives.
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