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Abstract  16 

 17 

Sustainable food consumption studies have largely focused on promoting human health within 18 

ecological limits. Less attention has been paid to social sustainability, in part because of limited 19 

data and models. Globally, agriculture has one of the highest incidences of forced labor, with 20 

exploitative conditions enabled by low margins, domestic labor scarcity, inadequate legal 21 

protections for workers, and high labor requirements. This research assesses the forced labor 22 

risk embedded in the US retail supply of fruits and vegetables. We demonstrate there is risk of 23 

forced labor in a broad set of fruit and vegetable commodities, with a small number of 24 

commodities accounting for a significant fraction of total forced labor risk at the retail supply 25 

level. These findings signal potential trade-offs and synergies across dimensions of food 26 

systems sustainability and the need for novel research approaches to develop evidence-based 27 

forced labor risk mitigation strategies.  28 

 29 

 30 

Main  31 

 32 

An estimated 1.8 million workers globally are subjected to forced labor in agriculture and 33 

fishing.1 This means that in order to meet the Sustainable Development Goal (SDG) 8.7 by 34 

2030, exploitive working conditions for over 600 workers need to be eradicated each day.2 35 

Defined by the International Labour Organization, “forced labor refers to situations in which 36 

persons are coerced to work through the use of violence or intimidation, or by more subtle 37 

means such as accumulated debt, retention of identity papers, or threats of denunciation to 38 

immigration authorities.”3 Within agriculture, the conditions for forced labor to occur are shaped 39 

by remote and isolated work environments, low margins, seasonal work, inadequate legal 40 

protections, shifts toward piece rate pay systems, sustained downward pressure on prices,  41 
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domestic labor scarcity and reliance on migrant labor, and high labor requirements, particularly 42 

for harvesting delicate products.4,5  43 

 44 

Although the persistence of forced labor in food production is well-documented globally5–7, and 45 

its elimination is of clear policy importance, the systemic precarity of many work arrangements, 46 

illegality, and supply chain opacity create data and management challenges.8 Thus, there 47 

remains a need for supply chain approaches that transcend disciplinary silos to develop and 48 

improve metrics for detection.9 Although social life cycle assessment (S-LCA) has emerged to 49 

partially fill this gap, its practice is still at a developmental stage.10 Critical challenges include 50 

defining consistent and valid social indicators, the development of datasets beyond the country 51 

and sector level and across the life cycle, and ensuring methodological rigor.10,11 Empirical S-52 

LCA research on the social performance of foods has largely been case study-based, with the 53 

agricultural stage commonly identified as a driver of risks or impacts.12–15   54 

 55 

Besides inhibiting the achievement of the SDGs, the lack of data on forced labor and other 56 

labor-related social risks means that interventions to improve environmental or health outcomes 57 

of food systems may result in unintended consequences. For example, national and 58 

international authorities have promoted foods with high labor requirements (e.g., some produce; 59 

wild-caught fish) to enhance nutrition and reduce burdens on ecosystems. These foods may 60 

have high labor-related social risks; promoting their consumption without addressing the 61 

upstream labor conditions may unintentionally exacerbate existing inequities.  62 

 63 

Sustainably meeting future food needs will require systems transformation, which must be 64 

supported by an evidence-based approach that captures its complexities. The objective of this 65 

research is to assess the risk of forced labor associated with fruits and vegetables consumed in 66 

the US by compiling distinct datasets and developing a new forced labor risk scoring method. 67 
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We assess forced labor risk 1) per serving, to compare risk across numerous fresh and 68 

processed fruits and vegetables; and 2) at the level of the US retail fruit and vegetable supplies, 69 

including retail waste and loss, to identify risk hotspots.    70 

To compute forced labor risk, we first compiled origin data for the US fruit and vegetable supply. 71 

Second, we qualitatively coded the forced labor risk in agricultural production for each country-72 

commodity combination using a three-tiered approach, with the most granular data available 73 

used in the final assessment (Table 1). Consistent with the Social Hotspots Database (SHDB)16, 74 

we applied conversion factors to translate qualitative risk levels into quantitative scores in the 75 

unit medium risk hours equivalent (mrh-eq). Risk of forced labor was calculated as a function of 76 

characterized risk and worker hours (calculated from country-sector specific labor intensity per 77 

dollar and commodity prices).  78 

Results  79 

The final dataset included 93 fruit and vegetable commodities corresponding to 307 commodity-80 

country combinations. More than half of the combinations (57%) in the forced labor risk analysis 81 

relied on data that was specific to the commodity and country of origin (Step 1; see Table 1).  82 

42.7% and 0.3% of combinations were supported by data at the sector-country level (Step 2) or 83 

country-level (Step 3), respectively. The results of the qualitative coding of forced labor risk 84 

show that most commodity-country combinations were coded as High Risk (85%). Of the 85 

commodity-country combinations coded as High Risk, 54% were due to hand harvest of the 86 

commodity and sector-level risk in the country (part of Step 1 coding; see Table 1). Seven 87 

percent of combinations were coded as Very High Risk, and the remaining eight percent of 88 

combinations were coded as Medium (4.5%) or Low (3.5%) Risk.  89 

 90 

Per-serving forced labor risk associated with fruits and vegetables  91 
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Forced labor risk is compared separately for fruits and vegetables, with Jenks natural breaks 92 

optimization used to identify commodities with more risk per serving in the dataset. Risk scores 93 

for commodities are weighted according to the share of supply from each country of origin (by 94 

mass).  95 

Forced labor risk scores for fruit ranged from 1.3 to 0.016 mrh-eq, a difference of about two 96 

orders of magnitude (Figure 1). Fruits categorized as having more forced labor risk included 97 

several types of berries (processed blackberries, fresh and processed raspberries), citrus (fresh 98 

tangerines, lemons, and limes), pineapples, fresh mangoes, avocados, and papayas. 99 

Processed blackberries were sourced from two countries (Chile and Mexico), and were 100 

qualitatively assessed as High Risk based on Step 2 data. Blackberries had the highest labor 101 

intensity (sector worker hours per serving) among all fruits, due to their countries of origin. Fresh 102 

and processed raspberries were sourced from two countries (Mexico and US), with all 103 

combinations assessed as High Risk based on Step 1 (fresh) or Step 2 (processed) data. Fresh 104 

and processed raspberries had the second and third highest labor intensity per serving among 105 

fruits.  106 

All sources of fresh tangerines (Italy, Mexico, Peru), lemons, and limes (Argentina, Mexico, US) 107 

were assessed as High Risk using Step 1 data. These commodities had the fourth and fifth 108 

(lemons and limes tied) highest labor intensities per serving in the dataset. While fresh and 109 

processed pineapples are not as labor intensive, they were sourced from five countries, with 110 

three sources assessed as Very High Risk (Costa Rica, Thailand, US) according to Step 1 data. 111 

Finally, fresh mangoes, avocados, and papayas had all sources assessed at high risk according 112 

to Step 1 (mangoes and avocados) or 2 (papayas) and have relatively high labor intensities per 113 

serving. 114 

 115 
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Vegetables had a wider range of forced labor risk, from 1.7 to 0.0099 mrh-eq (Figure 2). 116 

Commodities categorized as having more risk per serving were fresh and processed asparagus, 117 

fresh okra, and processed chile peppers; these had the top four labor intensities of all 118 

vegetables. Asparagus was sourced from three countries (Mexico, Peru, US), all of which were 119 

assessed as High Risk based on Step 1 data. Okra was sourced from four countries (Mexico, El 120 

Salvador, US, Honduras), with all sources assessed as High Risk based on Step 1 data except 121 

Honduras, which was Low Risk (Step 2). Processed chile peppers were sourced from three 122 

countries, two of which were assessed as High Risk (Canada and US) and one as Very High 123 

Risk (Mexico) based on Step 1 data.  124 

 125 

Within vegetables, a small number of commodity-country combinations stood out as having 126 

much higher maximum forced labor risk than their weighted averages (Figure 2). For example, 127 

fresh tomatoes and artichokes were sourced from the US and Mexico, with the US providing 128 

most of the supplies for each (88% and 98%, respectively). In both cases, the maximum risk 129 

source was Mexico, based on Step 1 data. The combination of a Very High (tomatoes) or High 130 

(artichokes) Risk code and relatively high sector labor intensity was responsible for the notably 131 

high maximum risk. Similarly, for fresh sweet corn, most of the supply was from the US (98%), 132 

which was assessed as Medium Risk using Step 1 data. The maximum risk source was 133 

Thailand, which was assessed as High Risk using Step 2 data and has a relatively high sector 134 

labor intensity.  135 

 136 

Fruit and Vegetable Retail Supply Risk  137 

 138 

Assessing forced labor risk at the level of the total US retail supplies of fruits and vegetables 139 

provided a different picture. Retail supply data included retail-level food waste and loss. Of the 140 

forced labor risk embedded in the US retail fruit and vegetable supplies, 13% and 12% was 141 
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wasted, respectively. Comparing per-serving results with total supply results, some, but not all, 142 

commodities that were categorized as having more per-serving risk also contributed a large 143 

portion of the total forced labor risk embedded in the retail supply (Figure 3). For example, five 144 

fruit commodities accounted for 39% of the total risk in the US retail fruit supply: fresh avocados, 145 

bananas, tangerines, and fresh and processed pineapples. All of these commodities except 146 

bananas were categorized as having more risk, but because bananas were the number one fruit 147 

(by mass) supplied at the retail level, they contributed a high fraction of retail supply risk.   148 

 149 

For vegetables, five commodities accounted for 55% of the total risk in the US retail vegetable 150 

supply: fresh and processed tomatoes, fresh green peppers, processed chile peppers, and fresh 151 

asparagus. Tomatoes alone accounted for 25% of the retail vegetable supply risk. Fresh and 152 

processing tomatoes were the number three and five commodities, respectively, in the retail 153 

supply on a mass basis, and have relatively high risk compared to other vegetables.   154 

 155 

Discussion 156 

 157 

We find a risk of forced labor in the agricultural production of a broader set of fruits and 158 

vegetables consumed in the US than has been previously represented. A staggering 85% of 159 

commodity-country combinations were coded to be at high risk of forced labor, with another 7% 160 

at very high risk. Recent media corroborates our findings for commodities identified as having 161 

more risk, including pineapple,17–19 avocado,20,21 and chile peppers.22,23 While our findings are 162 

congruent with other catalogues of risky commodities,6,24,25 our approach enables moving 163 

beyond the standard binary categorizations of risk. These results point to the need for 164 

policymakers, companies, farmers, workers, and communities to come together to address the 165 

systemic issues (examples in Table 2) at the source of the vulnerabilities related to fruit and 166 

vegetable production. For their part, consumers can demand further transparency regarding at 167 
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risk commodities, seek out and ask grocers to carry produce certified under proven certifications 168 

such as the Fair Food Program.26,27  169 

 170 

Our method enables supply chain stakeholders to not only have a commodity-by-commodity, 171 

quantitative view of forced labor risk, it importantly allows for aggregation and analysis at the 172 

food supply or product portfolio levels. While many commodities are at higher risk, a small 173 

number of commodities account for significant fractions of the risk embedded in the US retail 174 

fruit and vegetable supplies. This is important for retailers as they can target their response to 175 

address the risk associated with particular fruits and vegetables instead of applying blanket 176 

verification, largely found to be ineffective.28 Additionally, identifying the wasted fractions of 177 

forced labor risk at retail makes visible a social sustainability aspect of food waste and loss, 178 

similar to prior research that has documented its embedded environmental29–31, economic32, and 179 

nutritional30,33 costs.  180 

 181 

Our results are also informative to companies and policymakers developing and implementing 182 

procurement requirements. Our data and methods can inform risk-based due diligence 183 

according to the OECD-FAO Guidance for Responsible Agricultural Supply Chains.34 Due 184 

diligence requires that organizations identify, analyze, mitigate, prevent, and ultimately account 185 

for potential and actual adverse impacts of their operations.34 Due diligence, transparency, and 186 

public commitments regarding forced labor are critical to achieving SDG 8.7. A recent analysis 187 

of 350 of the world’s most significant food and agriculture companies found that 40% did not 188 

publicly disclose a commitment to eliminate forced and child labor from their supply chains.35 189 

For companies procuring fruit and vegetable commodities within the US, our results point to the 190 

urgent need to transparently address potential embedded forced labor risks in their supply 191 

chains. 192 

   193 
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Analyzing risk at this systemic level is not only useful for prioritizing risk mitigation efforts but 194 

also for preventing shifting of risks. For instance, when media attention or policy responses are 195 

focused on one commodity in a country, vulnerable workers and their exploiters may move to 196 

another geographic region or shift to another commodity, displacing the risk, not removing it. For 197 

foreign produced commodities, the use of import bans (either short- or long-term) may result in 198 

sourcing from other countries with potentially unknown or underappreciated labor risks, to 199 

maintain supply without safeguards.  200 

 201 

Country-commodity combinations that are major contributors to US supply risk also represent a 202 

spectrum of value to the source countries, suggesting a need for nuanced policy responses. For 203 

example, tomatoes were the largest contributor to vegetable supply risk in this analysis, with 204 

Mexico and Canada as the primary importing countries. For Canada, tomatoes represent less 205 

than 1% of agricultural production value.36 Migrant workers hired through the Temporary 206 

Foreign Worker Program are vulnerable to forced labor due to loopholes similar to the United 207 

States’ H-2A temporary agricultural workers’ visa.37 Whereas for Mexico, tomatoes are a major 208 

crop, representing 3% of the country’s agricultural production value36, and workers are mostly 209 

local. For Mexico, a total ban on imports would likely worsen the very socio-economic 210 

vulnerabilities that drive the risk of forced labor domestically and the risk associated with 211 

migrating to other countries’ agricultural sectors.9 Our analysis represents a first step toward 212 

adapting and using supply-chain approaches for the detection of forced labor, and with more 213 

comprehensive data, its expansion could allow for the targeted investigations necessary for 214 

auditing and government agencies to develop more specific policies. 215 

 216 

Notably, we identified forced labor risk in a substantial segment of the domestically produced 217 

US fruit and vegetable supply. Most research on modern slavery in supply chains focuses on 218 

global value chains, particularly those originating in low- and middle- income countries.38 This is 219 



 10 

at the exclusion of scrutinizing domestic supply chains in high-income countries38 and despite a 220 

lack of cogent evidence that high-income importing countries’ labor standards create a market 221 

incentive for improved labor conditions in low- and middle-income export countries.39  Using the 222 

lens of the total fruit and vegetable supplies in this analysis connects domestic and global 223 

supply chains – an advancement for the modern slavery field.  224 

 225 

It is unlikely that the forced labor risk we identified in US production is merely a product of more 226 

stringent monitoring and enforcement stemming from better governance. Forced labor persists 227 

in the agricultural sectors of many high-income countries1 because: 1) the same dimensions of 228 

risk are salient across low, middle, and high-income countries regardless of governance (e.g., 229 

precarious work, dependency on migrant workers); 2) farm profitability is volatile, and the sector 230 

is spatially fixed;38 3) producers may use agents charging recruitment fees that represent a 231 

substantial share, equate or even surpass workers’ wages;6 and 4) improved enforcement does 232 

not equate to improved detection due to the prioritization of immigration violations over labor 233 

violations when workers report grievances.40,41  234 

 235 

Limitations and future research 236 

 237 

Though this novel analysis represented a step-change in improving the scope and scalability of 238 

quantitative forced labor risk estimates, a dearth of commodity-level data resulted in several 239 

limitations. The Very High Risk classification was only an option in Step 1, where either 1) there 240 

were documented occurrences of forced labor in the commodity-country combination according 241 

to Verité’s Strengthening Protections Against Trafficking in Persons in Federal and Corporate 242 

Supply Chains report6 or 2)  the commodity-country combination was included on the US 243 

Department of Labor’s (DoL) List of Goods Produced by Child Labor or Forced Labor.24 DoL 244 

does not assess commodities, but rather receives and analyzes evidence to determine if a 245 
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commodity-country combination meets the threshold for listing. On the other hand, Verité 246 

compiles comprehensive information on each commodity it assesses, but its report only details 247 

information on a limited number of commodities. This gap of known cases of forced labor in 248 

commodity-country combinations is likely large. There is no known repository of forced labor 249 

cases in agriculture globally or nationally, except Brazil’s ‘dirty list’ (lista suja).42 Furthermore, 250 

data produced by organizations such as the International Labour Organization often aggregate 251 

agriculture with fishing and forestry.1 New sources of more comprehensive data would allow for 252 

a more complete analysis. 253 

 254 

Labor intensity data strongly influenced modeled risk, but was only available at the country-sector 255 

level and per dollar of sector output. As such, this variable could not represent real differences in 256 

the intensity of labor required across the production of fruit and vegetable commodities within a 257 

given country. Using a measure of labor intensity based on dollars of output resulted in higher-258 

priced commodities being associated with higher risk and lower-priced commodities with lower 259 

risk, relative to other items in the dataset. However, price is not always a reliable predictor of 260 

forced labor in agriculture. Due to this limitation in our labor intensity data, we accounted for one 261 

critical aspect of labor intensity and forced labor risk, hand versus mechanical harvest6, in our 262 

qualitative risk coding process. Hand harvest was coded as a commodity-region specific 263 

determinant of forced labor risk, when data were available (see Methods section).  264 

 265 

Commodities with less risk in the results are not necessarily void of forced labor, for multiple 266 

reasons. First, the absence of forced labor occurrences in our data sources may reflect 267 

inconsistent or underdeveloped country-level reporting structures. For example, okra from 268 

Honduras was assessed as Low Risk according to our coding schema and sources, but this 269 

may well be due to inadequate reporting in the country. Additionally, this analysis focused 270 

exclusively on risk in agriculture, but there are also other supply chain nodes with documented 271 
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cases of forced labor, particularly food processing. For example, cases of forced labor were 272 

reported in a potato packing facility in Texas during this analysis.43 Potatoes were the lowest 273 

risk vegetable in the analysis, which reflects a limitation of assessing risk solely at the 274 

agriculture stage. This also attests to the fact that low forced labor risk commodities are not risk-275 

free and that our conservative methodological approach likely produced an underestimation. 276 

 277 

Although the scope of this initial analysis was limited to agriculture, our method to characterize 278 

forced labor risk aligns with the S-LCA approach and associated databases (i.e., Social 279 

Hotspots Database and Product Social Impact Life Cycle Assessment Database). This 280 

alignment facilitates future risk assessments that span full product supply chains, by combining 281 

and expanding our higher resolution data (i.e., commodity-country specific) with more generic 282 

background data for other supply chain stages from S-LCA databases. This represents an 283 

advance in S-LCA practice, which typically relies on generic (i.e., sector and/or country specific) 284 

data for scoping analyses of risk and company-specific primary data within supply chains for 285 

higher resolution analyses.10 The latter is generally inaccessible to stakeholders outside of 286 

those supply chains (e.g., the public), and may be inaccessible or difficult to attain even for 287 

companies’ own supply chains due to lack of traceability for far upstream suppliers.  288 

 289 

Despite these limitations, alignment with the S-LCA approach enables quantitative risk 290 

assessments that can be conducted within and across food supply chains, when sufficient data 291 

are available. To date, the lack of scope and scalability of risk estimates has prevented the 292 

inclusion of forced labor data into analyses of sustainable diets and food systems. The forced 293 

labor risk assessment methods used in this analysis provide a viable starting point for 294 

measuring a critical indicator for the social sustainability of food systems.  295 

 296 

Conclusion 297 
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 298 

Forced labor in agriculture is a threat to the sustainability of food systems. However, the scarcity 299 

of data noted limits holistic analysis and action. Future research should prioritize data and 300 

model development to enable analyses of forced labor and other labor-related social risks (e.g., 301 

wages, child labor) across the life cycles of a wide range of foods. These efforts can help 302 

ensure that the rights and dignity of “the hands that feed us”44 are centered in the transformation 303 

of food systems.    304 

 305 

Methods 306 

Data for this forced labor risk assessment were managed and analyzed in Microsoft Excel and 307 

R softwares. The overall calculation for forced labor risk per serving of fruit or vegetable is 308 

described by the equations below 309 

 𝐶𝐹𝑖,𝑘 × 𝑊𝑟𝑘𝐻𝑟𝑠𝑖 × 𝑃𝑟𝑖𝑐𝑒𝑘  =  𝐹𝐿𝑖,𝑘 (1.1) 

 
∑ 𝐹𝐿𝑖,𝑘 × 𝑃𝑟𝑜𝑝𝑖,𝑘 = 𝑀𝑒𝑎𝑛𝐹𝐿𝑘 

𝑛

𝑖=1

 (1.2) 

where each fruit and vegetable commodity is denoted by k and each country of origin is denoted 310 

by i; CF is the risk characterization factor assigned to commodity k from country i; WrkHrs is the 311 

labor intensity for the vegetable and fruit sector in country i (hours per dollar, in producer 312 

prices); Price is the price of commodity k (dollars per serving, in producer prices); FL is the 313 

forced labor risk per serving for each commodity k from origin country i; Prop is the proportion of 314 

supply of commodity k accounted for by country i; and MeanFL is the weighted average forced 315 

labor risk per serving for each commodity k.  316 

Fruit and vegetable supply data 317 
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We used import quantities and origins from FAO’s Food Balance Sheets,45 averaged over the 318 

years 2011-2013, and converted quantities to their primary equivalent in metric tons using 319 

commodity- and country-specific extraction rates from Kim et al. (2019).46 Using these import 320 

quantities, we calculated each import country’s share of total US imports for each item, and 321 

excluded those countries responsible for <5% of total imports. This cutoff rule was applied to 322 

simplify data collection and because the risk level of a very small fraction of a commodity’s 323 

import origins – and an even smaller fraction of the total supply of a commodity – did not 324 

meaningfully affect the risk level of the total commodity in a partial sensitivity analysis (see 325 

Supplementary Materials). 326 

Consistent with FAO’s method for preparing and publishing the FBS,47 we calculated total US 327 

domestic supply of a commodity by subtracting exports from the sum of US production, imports, 328 

and stock changes, averaged over 2011-2013.45 We then calculated the proportion of each 329 

commodity in the US food supply that was produced domestically by subtracting total import 330 

share (total imports divided by the domestic supply) from 1. 331 

Some FBS items were too broad to enable meaningful analysis of labor risk (e.g. Fruits, Other). 332 

We disaggregated these items into their components based on FAO’s Definitions and 333 

Standards45 and extracted import data from FAO’s detailed trade matrix.48 We then used the per 334 

capita availability of each disaggregated commodity from USDA’s Food Availability Data 335 

System,49 and multiplied by the US population to calculate US domestic supply. We harmonized 336 

these USDA commodities with the disaggregated components of the FBS items, excluding 337 

those FBS components without corresponding USDA data.  338 

After disaggregating FBS items where necessary, our full dataset included 57 fruit and 339 

vegetable commodities (Table S2). We mapped these commodities to items in the US 340 

Department of Agriculture’s Loss-Adjusted Food Availability (LAFA) data series for the year 341 
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201849, aggregating items with multiple processed forms into one processed product (Table S3). 342 

We excluded six items from the LAFA dataset that were either too aggregated to assess risk 343 

(e.g. frozen fruit) or had a zero value for retail availability in 2018 (e.g., dried pears). The final 344 

aggregated LAFA fresh and processed commodities (n=93) are the unit of analysis, (k) in the 345 

equations above. 346 

Labor intensity and prices 347 

We used labor intensity data (worker hours per $1 of country-specific sector output) from the 348 

Social Hotspots Database (SHDB).16 The sectors in the SHDB come from the Global Trade 349 

Analysis Project (GTAP) database. SHDB data for average wage rates were collected for the 350 

greater part from the UNIDO and ILOSTAT databases (about 85%).50 To complete the dataset, 351 

data from national statistics, employment sites and about minimum wages were used.50 Data 352 

available in local currency were converted to USD for the reference year.50 Data were mapped 353 

from the available classification/ granularity to the relevant GTAP sector classification.50 Only 354 

one sector was used for this analysis: vegetables, fruits and nuts. Labor intensity data 355 

corresponds to this broad sector at the country level (e.g., vegetables, fruits, and nuts 356 

production in the US). The SHDB labor intensity data use producer prices.  357 

We used average US retail prices per cup equivalent (serving) and per unit sold (mass or 358 

volume) from the U.S. Department of Agriculture’s Fruit and Vegetable Prices dataset.51 Prices 359 

per serving in this dataset are adjusted for a preparation yield factor, accounting for inedible 360 

portion and cooking loss/gain as appropriate. Prices were often provided for multiple processed 361 

forms of fruits and vegetable commodities (e.g., apple juice, apple sauce, frozen apples). In 362 

these cases, prices were aggregated to a weighted average processed commodity price, as a 363 

function of all processed forms’ contributions to the total processed commodity mass according 364 

to LAFA. Retail prices were deflated to producer prices using a multiplier derived from data on 365 
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commodity margins from the US Bureau of Economic Analysis52 (See Supplementary 366 

Materials). 367 

Qualitative coding of forced labor risk levels 368 

Due to a paucity of data, forced labor risk was constructed through a multi-step process wherein 369 

risk was qualitatively coded using data on known occurrences and government response (Table 370 

1). Known occurrence data required the use of multiple sources to cover all country-commodity 371 

combinations and was sorted by resolution in “steps”. Step 1 was commodity-country specific 372 

risk using Verite’s Strengthening Protections Against Trafficking in Persons in Federal and 373 

Corporate Supply Chains report,6 the United States Department of Labor’s (DoL) List of Goods 374 

Produced by Child Labor or Forced Labor,24 and several sources focused on harvest methods 375 

(See Supplementary Materials). Step 2 was sector-country specific risk using the United States 376 

Department of State’s (USDoS) Human Rights Report (HRR)53 and the USDoS’s 2019 377 

Trafficking in Persons (TIP) report.54 Step 3 was country-specific risk generated from the Global 378 

Slavery Index (GSI).55 Risk from the highest resolution step of data available was used in the 379 

final quantitative score. Government response data was extracted from the TIP report.54  380 

Specifically, two researchers independently coded each data source using a codebook written a 381 

priori. An interrater reliability target was also set at .90 to ensure consistent application of codes. 382 

Coding disagreements between researchers were negotiated until consensus was achieved. 383 

When both known occurrences and government response data were available for a commodity-384 

country combination, a weighted average risk level was calculated (85% known occurrences, 385 

15% governance), following the Social Hotspots Database method for forced labor 386 

assessment50 (See Supplementary Materials). When either known occurrences or government 387 

response data were unavailable for a commodity-country combination, the risk level was based 388 

on the highest resolution data available.   389 
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 390 

For Step 1 known occurrences data, risk in the Verité report was coded as very high risk, 391 

medium risk, or not applicable. The DoL report was coded as very high (due to the stringent 392 

evidence requirements for a commodity to make the list)24 or not applicable since the report 393 

uses a binary system where commodities are either listed or not. If a commodity was not 394 

included in either report, the risk was not assessed as exclusion did not equate to no risk.  395 

 396 

To supplement Step 1 known occurrences data, an additional sub-step was conducted to 397 

assess commodity-specific risk associated with hand harvesting. Hand harvesting is more likely 398 

to engender forced labor than mechanical harvesting.6 Reports from USDA56 and broader web-399 

based searches were used to determine if a crop was hand or mechanically harvested in a 400 

specified country. If it was reported that harvest aides were used, the crop was conservatively 401 

coded as a mechanized harvest since harvest aides are intended to reduce labor inputs. After 402 

the initial search, numerous country-commodity combinations remained data insufficient. Some 403 

data gaps were able to be filled through expert elicitation (Table S1). When data were 404 

unavailable, risk was not assessed, as lack of data did not equate to no risk. Once commodity-405 

country combinations were coded as hand or mechanical harvest, we cross-referenced Step 2 406 

data on known occurrences of forced labor in the country’s agricultural sector (described below). 407 

If a commodity was hand harvested and evidence of forced labor risk existed in the country’s 408 

agricultural sector, risk was coded as high. 409 

 410 

Step 2 had a similar structure to step 1 but used the HRR53 and TIP report.54 In the HRR, sector 411 

specific data related to “Workers Rights, Prohibition of Forced or Compulsory Labor” were noted 412 

in Section 7b in the 2018 version of the report used. 50 unique countries were identified for the 413 

custom report built according to all countries present in our dataset; the U.S. was exempt as it is 414 

not included in the HRR. ‘Agricultur*’ and ‘farm*’ sectors were searched for within the report and 415 
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coded as either ‘high’, ‘medium’, or ‘low’. The TIP report narratives were also searched for the 416 

same terms and coded with the same risk levels. When sector data was not available in either 417 

report’s country narrative their risk was denoted as ‘not applicable’ so that risk was not skewed 418 

by the lack of data.  In step 3, the country-level risk was calculated by coding the 2016 GSI29 to 419 

provide percentages of workers subjected to modern slavery and the risk levels of this 420 

occurring. The qualitative codes included: >0.70% = high, >0.30% = medium, >0.20% = low, 421 

and <0.19% = very low; these thresholds were adapted from the Social Hotspots Database16 422 

forced labor assessment method. Overall, we took a conservative approach to risk assessment 423 

and structured the codes to reflect uncertainty. For example, a “very high” risk code was only 424 

applied to commodity-country specific data, and a “very low” risk code was only applied to 425 

country-specific data. 426 

 427 

Government response data from the TIP report was coded as very high, high, medium, or low 428 

risk, or not applicable, following the Social Hotspots Database approach. Codes corresponded 429 

to the country tier classifications provided by the TIP report (Tier 3, 2W, 2, 1) which refers to 430 

different levels of compliance with the TVPA.  431 

Quantitative scoring of forced labor risk  432 

Finally, we applied characterization factors to convert risk levels to medium risk hours 433 

equivalent (mrh eq) per serving. Used in the Social Hotspots Database, the unit medium risk 434 

hours equivalent enables straightforward, scalable comparisons across products and 435 

identification of risk hotspots within a supply chain. An analogue in environmental life cycle 436 

assessment is carbon dioxide equivalents (CO2-eq), where the characterization factor for each 437 

emission corresponds to its global warming potential over a particular time frame (e.g., 100 438 

years). This relationship reflects a clear causal pathway between emissions and expected 439 

warming. The connection between worker hours and forced labor is not causal; however, the 440 



 19 

amount of worker hours required to produce a product is a compelling variable to use to scale 441 

and compare risk. 442 

We adapted the SHDB social impact assessment method, using the following conversion 443 

factors: Very High Risk = 10, High Risk = 5, Medium Risk = 1, Low Risk = 0.01 mrh eq, Very 444 

Low Risk = 0.001 mrh eq. These factors reflect the relative probability that an adverse situation 445 

will occur across all social risk categories in the database.16 The Very Low Risk level was added 446 

to match our coding and higher resolution data; it is not found in the SHDB. Because 447 

commodities had multiple origin countries, weighted means and ranges of forced labor risk were 448 

calculated.  449 

Hotspot analysis of fruit and vegetable supplies 450 

In addition to risk per serving, we assessed risk at the level of the national per capita annual fruit 451 

and vegetable supplies to identify risk hotspots. We assess supply at the level of retail 452 

availability, which includes the total quantity available for sale at retail outlets in the US. Retail 453 

availability for each commodity included the following fractions using the LAFA data series: 1) 454 

retail waste or loss and 2) food purchased. This approach allows us to explore the embedded 455 

social risk that is wasted or lost on the demand side of the supply chain.  456 

Retail availabilities of commodities (lb capita-1 year-1)49 were multiplied by retail prices51 to 457 

estimate retail availability of each commodity in dollars. Prices were adjusted using a margin 458 

multiplier and commodity-specific risk was calculated, following the same procedure as in 459 

calculating per serving risk.  460 

Data Availability 461 
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Results data generated during the study and select input data are available in the 462 

supplementary materials. All other data are available from the corresponding author upon 463 

reasonable request. 464 

Code Availability 465 

R code supporting this study is available from the corresponding author. 466 

 467 

References 468 

1. International Labor Organization and Walk Free Foundation. Global Estimates of Modern 469 

Slavery: forced labour and forced marriage. (2018). 470 

2. United Nations. Sustainable Development Goals Knowledge Platform. (2020). 471 

3. International Labor Organization. The meanings of Forced Labour. 472 

https://www.ilo.org/global/topics/forced-labour/news/WCMS_237569/lang--en/index.htm 473 

(2014). 474 

4. Allain, J., Crane, A., LeBaron, G. & Behbahani, L. Forced Labour’s Business Models and 475 

Supply Chains. https://www.jrf.org.uk/sites/default/files/jrf/migrated/files/forced-labour-476 

business-full.pdf (2013). 477 

5. LeBaron, G., Howard, N., Thibos, C. & Kyritsis, P. Confronting root causes: Forced labour in 478 

global supply chains. 479 

https://eprints.whiterose.ac.uk/126167/1/Confronting_Root_Causes_Forced_Labour_In_Glo480 

bal_Supply_Chains.pdf (2018). 481 

6. Verité. Strengthening Protections Against Trafficking in Persons in Federal and Corporate 482 

Supply Chains: Research on Risk in 43 Commodities Worldwide. (2017). 483 



 21 

7. Organization for Security and Co-operation in Europe. A summary of challenges on 484 

addressing human trafficking for labour exploitation in the agricultural sector in the OSCE 485 

region. https://www.osce.org/files/f/documents/b/4/37937.pdf (2009). 486 

8. New, S. J. Modern slavery and the supply chain: the limits of corporate social responsibility? 487 

Supply Chain Management: An International Journal 20, 697–707 (2015). 488 

9. Gold, S., Trautrims, A. & Trodd, Z. Modern slavery challenges to supply chain management. 489 

Supply Chain Management; Bradford 20, 485–494 (2015). 490 

10. Kühnen, M. & Hahn, R. Indicators in Social Life Cycle Assessment: A Review of 491 

Frameworks, Theories, and Empirical Experience. Journal of Industrial Ecology 21, 1547–492 

1565 (2017). 493 

11. Grubert, E. Rigor in social life cycle assessment: improving the scientific grounding of 494 

SLCA. Int J Life Cycle Assess 23, 481–491 (2018). 495 

12. Benoît-Norris, C., Cavan, D. A. & Norris, G. Identifying Social Impacts in Product Supply 496 

Chains:Overview and Application of the Social Hotspot Database. Sustainability 4, 1946–497 

1965 (2012). 498 

13. Zira, S., Röös, E., Ivarsson, E., Hoffmann, R. & Rydhmer, L. Social life cycle assessment of 499 

Swedish organic and conventional pork production. Int J Life Cycle Assess 25, 1957–1975 500 

(2020). 501 

14. Pelletier, N. Social Sustainability Assessment of Canadian Egg Production Facilities: 502 

Methods, Analysis, and Recommendations. Sustainability 10, 1601 (2018). 503 

15. Du, C., Ugaya, C., Freire, F., Dias, L. C. & Clift, R. Enriching the results of screening social 504 

life cycle assessment using content analysis: a case study of sugarcane in Brazil. Int J Life 505 

Cycle Assess 24, 781–793 (2019). 506 

16. Benoît-Norris, C., Bennema, M. & Norris, G. A. The Social Hotspots Database V4. (2019). 507 

17. Mears, B. 6 charged in human trafficking scheme involving Thai workers. CNN (2010). 508 



 22 

18. Shah, R. Rainforest Alliance certifying unethical pineapple farms, activists claim. The 509 

Guardian (2020). 510 

19. Larsson, N. Human rights in Thailand: Andy Hall’s legal battle to defend migrant workers. 511 

The Guardian (2016). 512 

20. Linthicum, K. Inside the bloody cartel war for Mexico’s multibillion-dollar avocado industry. 513 

Los Angeles Times (2019). 514 

21. Dehghan, S. K. Are Mexican avocados the world’s new conflict commodity? The Guardian 515 

(2019). 516 

22. Godoy, E. Migrant Farm Workers, the Main Victims of Slave Labour in Mexico. Inter Press 517 

Service (2019). 518 

23. Marosi, R. Product of Mexico: Hardship on Mexico’s farms, a bounty for U.S. tables. Los 519 

Angeles Times (2014). 520 

24. U.S. Department of Labor, Bureau of International Labor Affairs. 2018 List of Goods 521 

Produced by Child Labor or Forced Labor. 522 

https://www.dol.gov/sites/dolgov/files/ILAB/ListofGoods.pdf (2018). 523 

25. Know the Chain. 2020 Food & Beverage Benchmark Findings Report. 524 

https://knowthechain.org/wp-content/uploads/2020-KTC-FB-Benchmark-Report.pdf (2020). 525 

26. Fair Food Program. https://www.fairfoodprogram.org/ (2020). 526 

27. Lindgren, K. Justice in the Fields: A Report on the Role of Farmworker Justice Certification 527 

and an Evaluation of the Effectiveness of Seven Labels. https://fairworldproject.org/wp-528 

content/uploads/2016/10/Justice-In-The-Fields-Report.pdf (2016). 529 

28. LeBaron, G., Lister, J. & Dauvergne, P. Governing Global Supply Chain Sustainability 530 

through the Ethical Audit Regime. Globalizations 14, 958–975 (2017). 531 

29. Heller, M. C. & Keoleian, G. A. Greenhouse Gas Emission Estimates of U.S. Dietary 532 

Choices and Food Loss. Journal of Industrial Ecology 19, 391–401 (2015). 533 



 23 

30. Conrad, Z. et al. Relationship between food waste, diet quality, and environmental 534 

sustainability. (2018) doi:10.1371/journal.pone.0195405. 535 

31. Birney, C. I., Franklin, K. F., Davidson, F. T. & Webber, M. E. An assessment of individual 536 

foodprints attributed to diets and food waste in the United States. Environ. Res. Lett. 12, 537 

105008 (2017). 538 

32. Conrad, Z. Daily cost of consumer food wasted, inedible, and consumed in the United 539 

States, 2001–2016. Nutr J 19, 35 (2020). 540 

33. Spiker, M. L., Hiza, H. A. B., Siddiqi, S. M. & Neff, R. A. Wasted Food, Wasted Nutrients: 541 

Nutrient Loss from Wasted Food in the United States and Comparison to Gaps in Dietary 542 

Intake. Journal of the Academy of Nutrition and Dietetics 117, 1031-1040.e22 (2017). 543 

34. OECD, F. OECD-FAO Guidance for Responsible Agricultural Supply Chains. (2016). 544 

35. World Benchmarking Alliance. Food and Agriculture Benchmark. World Benchmarking 545 

Alliance https://www.worldbenchmarkingalliance.org/food-and-agriculture-benchmark/ 546 

(2020). 547 

36. Food and Agriculture Organization of the United Nations. FAOSTAT: Value of Agricultural 548 

Production. http://www.fao.org/faostat/en/#data/QV (2021). 549 

37. Friscolanti, M. Canada’s uncomfortable reliance on migrant workers. Macleans.ca (2016). 550 

38. Crane, A., LeBaron, G., Allain, J. & Behbahani, L. Governance gaps in eradicating forced 551 

labor: From global to domestic supply chains. Regulation & Governance 13, 86–106 (2019). 552 

39. Berliner, D., Greenleaf, A. R., Lake, M., Levi, M. & Noveck, J. Governing global supply 553 

chains: What we know (and don’t) about improving labor rights and working conditions. 554 

Annual Review of Law and Social Science 11, 193–209 (2015). 555 

40. Hodkinson, S. N., Lewis, H., Waite, L. & Dwyer, P. Fighting or fuelling forced labour? The 556 

Modern Slavery Act 2015, irregular migrants and the vulnerabilising role of the UK’s hostile 557 

environment. Critical Social Policy 026101832090431 (2020) 558 

doi:10.1177/0261018320904311. 559 



 24 

41. Migrant Justice and Milk with Dignity Standards Council. Milk with Dignity First Biennial 560 

Report: 2018-2019. https://milkwithdignity.org/sites/default/files/2020MDReport.pdf (2020). 561 

42. Costa, P. T. M. Fighting forced labour: the example of Brazil. (Internat. Labour Off, 2009). 562 

43. Clarembaux, P. & Toral, A. Potato slaves. Univision (2020). 563 

44. The hands that feed us. Nat Food 1, 93–93 (2020). 564 

45. Food and Agriculture Organization of the United Nations. Food Balances (old methodology 565 

and population). (2020). 566 

46. Kim, B. F. et al. Country-specific dietary shifts to mitigate climate and water crises. Global 567 

Environmental Change 101926 (2019) doi:10.1016/j.gloenvcha.2019.05.010. 568 

47. Food and Agriculture Organization of the United Nations. Food Balance Sheets: A 569 

handbook. (2001). 570 

48. Food and Agriculture Organization of the United Nations. Detailed trade matrix. (2020). 571 

49. U.S. Department of Agriculture, Economic Research Service. Food Availability (Per Capita) 572 

Data System. https://www.ers.usda.gov/data-products/food-availability-per-capita-data-573 

system/ (2019). 574 

50. Benoît Norris, C., Bennema, M. & Norris, G. The Social Hotspots Database: Supporting 575 

Documentation (Update 2019). 117 (2018). 576 

51. U.S. Department of Agriculture, Economic Research Service. Fruit and Vegetable Prices. 577 

https://www.ers.usda.gov/data-products/fruit-and-vegetable-prices/ (2018). 578 

52. U.S. Department of Commerce, Bureau of Economic Analysis. Annual Industry Accounts. 579 

https://www.bea.gov/industry/industry-underlying-estimates (2012). 580 

53. U.S. Department of State. 2018 Country Reports on Human Rights Practices. 581 

https://www.state.gov/reports/2018-country-reports-on-human-rights-practices/ (2018). 582 

54. U.S. Department of State, Office to Monitor and Combat Trafficking in Persons. Trafficking 583 

in Persons Report. https://www.state.gov/wp-content/uploads/2019/06/2019-Trafficking-in-584 

Persons-Report.pdf (2019). 585 



 25 

55. The Minderoo Foundation. The Global Slavery Index 2016. 586 

https://downloads.globalslaveryindex.org/ephemeral/GSI-2016-Full-Report-1601916500.pdf 587 

(2016). 588 

56. Calvin, L. & Martin, P. Labor-Intensive U.S. Fruit and Vegetable Industry Competes in a 589 

Global market. https://www.ers.usda.gov/amber-waves/2010/december/labor-intensive-us-590 

fruit-and-vegetable-industry-competes-in-a-global-market/ (2010). 591 

57. ILO. ILO indicators of Forced Labour. https://www.ilo.org/wcmsp5/groups/public/---592 

ed_norm/---declaration/documents/publication/wcms_203832.pdf (2012). 593 

 594 

 595 

 596 
 597 
 598 
 599 
 600 
 601 
 602 
 603 
 604 
 605 
 606 
 607 
 608 
 609 
 610 
 611 
 612 
 613 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 
 626 



 26 

Table 1: Qualitative coding of forced labor risk levels 627 

Risk level 

Known Occurrences (85% of score) 
Government 

Response4 

(15% of score) 

Step 1: 

Commodity-

Country1 

Step 2:  

Sector-Country2 

Step 3:  

Country3 

Very high Commodity 
reportedly produce 
with forced labor; 
at least one 
account of forced 
labor 

NA NA Tier 3 rank 
 

High Commodity is 
hand-harvested 
and evidence of 
sector-country risk 
exists 
 

Forced labor, debt 
bondage or labor 
trafficking occurs 
in the sector 
 

>0.70% of 
people 
enslaved 
 

Tier 2W rank 
 

Medium Concern/indicators 
of risk present 
 

At least one 
account or report 
of forced labor, 
debt bondage, or 
trafficking for labor 
in the sector 
 

>0.30% of 
people 
enslaved 
 

Tier 2 rank 
 

Low NA Concern/indicators 
of risk present 
 

>0.20% of 
people 
enslaved 
 

Tier 1 rank 
 

Very Low NA NA <0.19% of 
people 
enslaved 

NA 

1. Sources: Verite (2017; 2018); US DoL List of Goods (2018); ERS (2010); Martin and Taylor (2013); 628 
Guilliam (2018); Rees (n.d.); MASIPAG (2015); USITC (2001); FDA and UC Davis (n.d.), Calvin and 629 
Martin (2010) 630 

2. Sources: US DoS HRR (2018) & US DoS TIP (2019) 631 
3. Sources: GSI (2016) 632 
4. Sources: US DoS TIP (2019) 633 

 634 
 635 
 636 
 637 
 638 
 639 
 640 
 641 
 642 
 643 
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Table 2: Examples of forced labor in the agricultural sector  644 
ILO indicators of forced 
labor1 

Example(s)  

Abuse of vulnerability Migrant communities from Central and South America, fleeing 
persecution and economic hardship, by searching for work 
opportunities (e.g. Honduras, Venezuela). 
Seasonal migrant workers/casual laborers. 

Deception Coercion and false information, particularly during the 
recruitment process. 

Restriction of movement  Lack of freedom of movement; inability to leave the farm. 

Retention of identity 
documents 

Removal of passports and working permits.  
Employment of undocumented workers. 

Isolation  Remote farm locations.  
Removal of communication devices. 

Physical and sexual 
violence  

Sexual harassment. 
Violence and the threat of violence. 

Intimidation and threats  Threat of deportation for undocumented workers. 

Abusive working and living 
conditions 

Lack of decent work – long hours, increased heat stress, 
inability to take breaks.  
Changing climatic conditions likely to increase risks moving 
forward e.g. air pollution inhalation and increased heat stress 
of agricultural workers from wildfires. 

Withholding of wages Piece-rate payments, wages tied to productivity.  
Wages not paid until the end of an employment period. 

Debt bondage  Deduction of wages to cover costs of permits, accommodation, 
food and living expenses. 

Excessive overtime Minimal or no additional pay for involuntary and long work 
hours beyond those contracted. 

1. Source: ILO (2012)57645 
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Figure 1: Weighted mean, maximum, and minimum estimated risk of forced labor per serving of fruits consumed in the US 
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Figure 2: Weighted mean, maximum, and minimum estimated risk of forced labor per serving of vegetables consumed in the US 
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Figure 3: Top five items as proportion of total forced labor risk in retail fruit and vegetable supply  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


