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ABSTRACT 
 
Growing climate variability, including increasingly frequent and severe heatwaves and 
warmer nights, increases the risk of heat-related illness (HRI), especially for outdoor and 
other climate-vulnerable workers. In 2006, following a spike in farm worker fatalities, 
California became the first state in the nation to pass an occupational heat safety law 
guaranteeing workers access to water. Using data from the National Agricultural Worker 
Study (NAWS), which includes survey responses from farm workers throughout the 
continental United States, I estimate a difference-in-differences model to assess the 
relationship between the implementation of the law and the provision of water to farm 
workers in California and in the surrounding region. I find only limited evidence of a 
relationship between California’s HRI prevention law and the provision of water to farm 
workers.  
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INTRODUCTION 
 

Between 2000 and 2010, workers in the United States suffered over 350 recorded 

fatalities due to exposure to environmental heat (Gubernot, Anderson, & Hunting, 2015). 

Between May and November 2005 in California alone, thirteen workers died of heat-related 

causes (California Department of Public Health and the Public Health Institute, 2007). As 

the climate changes and heatwaves become longer and more frequent, agricultural workers 

are expected to face increased heat risk (Choudhary & Vaidyanathan, 2014; Roelofs & 

Wegman, 2014; Tanglis & Devine, 2018; U.S. Global Change Research Program, 2018; the 

World Health Organization, 2018). Since the 1950s, the U.S. military has taken steps to 

prevent heat-related fatalities among its ranks, but aside from educational campaigns, no 

active heat-related illness (HRI) prevention policies exist for civilian workers at the federal 

level (NIOSH, 2016). Federal prevention efforts in this area are limited to the Occupational 

Safety and Health Administration’s (OSHA) campaign to educate the public about HRI 

through a broadly disseminated informational program, dubbed “Water. Rest. Shade” 

(Arbury et al., 2014; OSHA, 2019). 

As reflected in National Institute of Occupational Health (NIOSH) 

recommendations and OSHA’s educational materials, hydration is widely understood to 

limit the risk of heat stress (NIOSH, 2016; OSHA, 2019).1 The body requires the 

consumption of fluids to produce sweat, which dissipates body heat as it evaporates 

(McArdle, Katch, & Katch, 2001; NIOSH, 2016). However, especially for unacclimated 

individuals (Arbury et al., 2014), hot and humid environments are associated with increased 

                                                
1 Though the NIOSH’s Criteria for a Recommended Standard states that, during heat exposure, it is better to 
drink “virtually any nonalcoholic beverage” than nothing, they are clear that the ideal beverage to prevent 
HRI is water (NIOSH, 2016). In addition to water, the NIOSH (2016) also recommends the consumption of 
sports beverages and clear juices to treat certain HRIs. 
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sweating, which may lead to dehydration and HRI (McCardle et al., 2001).2  Other 

workplace factors associated with reduced occurrence of HRI and heat-related fatality 

include access to shade, the ability to take breaks, and allowances for workers to 

acclimatize through gradual exposure to working in high temperatures (Arbury et al., 2014; 

Jacklitsch, 2014; Jackson & Rosenberg, 2010; NIOSH, 1972, 2016; Tustin, Cannon, 

Arbury, Thomas, & Hodgson, 2018). 3 Nonetheless, only two states have policies 

mandating their provision to outdoor workers (Bethel & Harger, 2014; Gustin, 2018). In 

2006, under pressure from unions after a rash of farm worker deaths the year prior, (Cable, 

2005) California became the first state to permanently codify such protections (California 

State Senate Democratic Caucus, 2006).  

 

Estimating the effect of the regulation on the provision of water to farm workers 

Providing drinking water for workers and encouraging them to consume it 

throughout the day are both key parts of California’s HRI prevention regulation (California 

Code of Regulations, 2018). California’s evidence-based HRI prevention standard could 

provide valuable insights for other state policymakers as they work to address the 

increasing threat of occupational heat exposure for climate vulnerable workers (Devine, 

2018; Gustin, 2018; Sherman, 2018). Though the California Department of Industrial 

Relations claims that enforcement and training efforts “are saving lives and resulting in 

increased compliance among employers,” (Chasarik & Fryer, 2011) no studies have yet 

                                                
2 See Hajat et al. (2010) for a thorough assessment of the prevalence of different types of HRI among 
agricultural workers in the United States and the need for electrolyte balance to maintain homeostasis. 
 
3 Acclimatization is the result of a gradual physiological process by which the body naturally adapts to heat 
by producing more sweat and sweating at a lower skin temperature (Arbury et al., 2014; Jacklitsch, 2014). 
NIOSH recommends that new worker spend less than two hours in the heat on their first day working in the 
heat and that they increase their time spent working in the heat gradually (Jacklitsch, 2014). NIOSH also 
recommends that experienced workers returning to hot working conditions gradually increase their time spent 
in the heat to avoid symptoms of HRI (Jacklitsch, 2014). 
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assessed employer compliance with the element of the law requiring the provision of water. 

My study uses data from the annual National Agricultural Worker Study (NAWS) to assess 

differences in employers’ provision of drinking water to agricultural workers in California 

and surrounding states, where similar laws were not in place.  
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BACKGROUND 

In August of 2005, as California’s Occupational Safety and Health Administration 

(Cal-OSHA) investigated five apparently heat-related occupational fatalities that occurred 

during the prior month, California implemented temporary emergency heat stress 

regulations to protect workers from extreme heat (Bedell, 2005). The regulation required 

that supervisors be trained to recognize the signs of heat-related illnesses and that outdoor 

workers be provided water, shade, and opportunities to rest (Cable, 2005). With only slight 

modification, these rules were made permanent the following summer (California Code of 

Regulations, 2018; California State Senate Democratic Caucus, 2006). Although the 

regulations have been heralded as life-saving measures by the Department of Industrial 

Relations (California State Senate Democratic Caucus, 2006; Chasarik & Fryer, 2011), 

lawsuits filed against Cal-OSHA by the United Farm Workers of America (UFW) 

contended that a lack of enforcement, a failure to cite employers, and a failure to follow up 

on violations left farm workers at risk (Wozniacka, 2012; United Farmworkers of America 

vs. State of California Division of Occupational Safety and Health, 2012).  

State inspection data make it evident that, at least initially, compliance rates were 

low (Gorman, 2009). A year after the regulations were made permanent, only 52% of farms 

inspected were found to be in compliance with all of the regulations’ requirements 

(Gorman, 2009). Despite low levels of full compliance initially, by 2014, Cal-OSHA 

reported 90% fewer heat-related fatalities than in 2005 (Sum, Lee, & Gherga, 2015) and 

many advocates consider California’s policy as a model HRI prevention standard (Devine, 

2018; Gustin, 2018; Sherman, 2018). State reports provide comparisons of California’s 

change with nationwide trends; however, more research is needed to understand whether 



 

   

 

5 

the decrease in heat-related fatalities in California was due to the regulations or other 

factors (Sum et al., 2015).  

The NAWS, a longstanding multi-state survey of agricultural workers, does not ask 

workers about their acclimatization period, access to shade, or ability to rest if they 

experience symptoms of HRI; though it does ask if they are provided water on the job. 

Beyond the provision of water, the lack of data on other aspects of occupational heat safety 

makes the study of any correlation between the passage of California’s heat safety 

regulations and the treatment of workers difficult to assess.  

Though the NAWS data indicate that most agricultural workers in California were 

provided water at work even before the implementation of permanent regulations, state 

reports and ethnographic studies suggest that some employers provided water while failing 

to comply with other aspects of the regulations (Gorman, 2009; Horton, 2016). A common 

violation reported to Cal-OSHA was the failure to provide adequate shade (United 

Farmworkers of America  v. State of California Division of Occupational Safety and 

Health, 2012). Other violations included cases of employers neglecting to train farm 

workers in HRI prevention, not having a written heat safety plan, and failing to train 

supervisors to recognize the symptoms of HRI (United Farmworkers of America v. State of 

California Division of Occupational Safety and Health, 2012).  

In addition to limited data with which to assess compliance with most aspects of the 

regulations, OSHA has identified the underreporting of the heat-related illnesses that the 

regulations are intended to prevent is an area of concern for researchers (Hajat, 2010; 

Horton, 2016; Jackson & Rosenberg, 2010; Leigh, Marcin, & Miller, 2004), something 

OSHA also acknowledges (Fagan & Hodgson, 2016). Fear of reduced pay and retribution 

are widespread, leading workers in many sectors to avoid seeking treatment or reporting 
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safety issues and injuries (AFL-CIO, 2016; Horton, 2016). The risk of being charged for 

working under an assumed name and false documents or being reported to immigration 

officials exacerbates fears that lead to underreporting (AFL-CIO, 2016; Horton, 2016).4  

Undercounting also compromises the accuracy of heat-related fatality statistics 

(Horton, 2016). Heat-related deaths are often attributed solely to their distal causes — i.e., 

chronic illnesses that were exacerbated by an ultimately fatal incident of heat exposure — 

rather than to the heat exposure itself, the proximate cause of death (Horton, 2016).5 In 

addition, time elapsed between the time a fatality occurs and the performance of an autopsy 

reduces the likelihood that elevated internal body temperature and other physiological signs 

of heat exposure will be clear and observable indicators of heat as a cause of death (Horton, 

2016). Additionally, worker fatalities that occur after a worker’s shift or away from their 

place of work may not be classified as work-related (Gubernot et al., 2015). 

Due to the lack of comprehensive and widespread data, localized surveys and 

ethnographic research may offer the best indicators of the frequency of heat-related 

illnesses, injuries, and fatalities among agricultural workers. Localized surveys make clear 

that, among farm workers in the United States, HRI is widespread (Bethel & Harger, 2014; 

Mirabelli et al., 2010; Spector, Krenz, Rauser, & Bonauto, 2014). For example, a 2014 

survey of farm workers from four migrant farm worker camps in Oregon found that 30% of 

their workers had experienced two or more HRI symptoms during the previous week alone 

(Bethel & Harger, 2014).  

                                                
4 Horton (2016) provides an in-depth assessment of the practice of “identity loan” in which legal residents 
rent their documents to individuals who lack legal authorization to work, a practice that became more 
common in agriculture following the 1986 passage of the Immigration Reform and Control Act.  
5 In high-income countries such as the United States, cardiovascular or respiratory illnesses are often the distal 
causes of these deaths (Hajat, 2010). 
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Because agriculture is one of the largest sectoral employers of climate-vulnerable 

workers (Roelofs and Wegman, 2014), employing 2.6 million people in the United States 

(Economic Research Service, 2016), understanding how heat impacts farm workers’ health 

is crucially important to improving occupational health outcomes (Tanglis & Devine, 

2018). As calls for the adoption of federal regulations to prevent HRI increase (Devine, 

2018; Gustin, 2018; Sherman, 2018) and workers become more climate vulnerable 

(Choudhary & Vaidyanathan, 2014; Roelofs & Wegman, 2014; World Health 

Organization, 2018), it is essential to understand what factors impact employers’ 

compliance with regulations to prevent HRI, especially among vulnerable outdoor workers.  
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LITERATURE REVIEW 

Especially in regard to outdoor workers, a substantial body of literature makes clear 

that HRI is a growing public health risk. Quantitative and qualitative research highlights 

disparities in HRI knowledge and risk among workers based on individual characteristics. 

Though there is substantial evidence that the presence of proactive and supportive 

supervisors is associated with lower rates of injury, questions remain about the efficacy of 

regulatory policies, especially when mandated at the federal level. Though there is a 

growing body of literature on worker, workplace, and legislative traits associated with 

compliance with occupational safety regulations; the efficacy of existing occupational 

safety training programs and compliance with the regulations in California have not been 

rigorously assessed. 

While HRI remains a community health concern, there are some areas of consensus 

in the literature about practices associated with lower levels of HRI and heat-related 

fatalities (Arbury et al., 2014). Importantly, the availability of water is widely understood to 

be associated with lower levels of HRI, though quantitative and ethnographic research 

make clear that the provision of water alone is not sufficient to ensure adequate hydration 

(Horton, 2016; Jackson & Rosenberg, 2010; Stoecklin-Marois, Hennessy-Burt, Mitchell, & 

Schenker, 2013). Stoecklin-Marois et al.’s (2013) research, focused on Central American 

and Mexican farm workers in Mendota, California, found that workers reported drinking 

only half the recommended amount of water on the job each day. Horton’s (2016) research 

also suggests that inadequate hydration during the day is common. Although it does not 

have an explicit HRI prevention standard, OSHA does cite employers for failing to protect 

workers from known risks, including “inadequate water management” (Arbury et al., 

2014). In one study of cases involving heat-related occupational fatalities or multiple 
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workers reports of HRI, 70% of employers were cited by OSHA for failing to manage 

water sufficiently well (Arbury et al., 2014).  

 

Individual risk factors for fatal occupational heat-related illness 

Both quantitative and qualitative research indicate that there is a relationship 

between certain farm worker characteristics and the way that workers are treated. Horton’s 

(2016) ethnographic study of farm workers describes how supervisors and farm labor 

contractors use gendered insults and exploit cultural norms to influence both male and 

female workers to forego water and restroom breaks. Her observations are corroborated by 

studies that report differences in how male and female farm workers perceive and respond 

to the risk of HRI (Bethel & Harger, 2014; Gubernot et al., 2015; Horton, 2016; Stoecklin-

Marois et al., 2013; Tustin et al., 2018). Employers also sometimes exploit a worker’s 

immigration status in attempts to maximize profit (Horton, 2016). Especially for 

undocumented workers, fear of reprisal is associated with a reluctance to report labor 

abuses (Bethel & Harger, 2014; Fagan & Hodgson, 2016; Horton, 2016).  

 

Workplace and managerial traits as risk factors for occupational heat-related illness 

Bethel and Harger (2014) found that individuals working under a piece-rate 

structure were more concerned about HRI and less likely to feel “very comfortable” taking 

a break than their peers. Research on supervisors and managers suggests that a supervisor’s 

prioritization of occupational health may be positively associated with safer working 

environments (Lewchuk, Robb, & Walters, 1996; Yanar, Lay, & Smith, 2018; Zohar, 

2002). Some occupational safety laws mandate that both management and subordinates 

take responsibility for occupational safety through safety committees, a policy that 
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researchers have found to be associated with a lower rate of serious accidents, especially 

for firms that establish such committees proactively, before laws requiring them are passed 

(Lewchuk et al., 1996).  

 

Efficacy of occupational safety laws 

Research on the efficacy of occupational safety laws suggests that a policy’s design, 

the cost of compliance, and the organization responsible for enforcement may predict 

compliance rates and outcomes for workers. Klick and Stratmann (2003) use state-level 

fixed effects and controls for industry and economic traits and find that occupational safety 

laws are associated with higher rates of occupational fatalities, a counter-intuitive finding 

which suggests that, as regulations change their perception of risk, workers may be less 

focused on taking steps to mitigate it individually. In contrast, in Argentina, where 

provincial governments are responsible for enforcing labor regulations, Ronconi (2010), 

using a province-level fixed effects model, finds that the number of labor inspectors 

employed is positively correlated with firms’ compliance with labor regulations.  

Windapo’s (2013) research on the South African construction industry finds that 

occupational safety compliance is negatively correlated with the cost of complying, 

offering insight into how regulations impact employer priorities. She does not find evidence 

of any correlation between the perceived cost savings associated with compliance and 

compliance with the regulation; and, perhaps more surprisingly, she does not find any 

correlation between the degree of risk that the regulation intends to prevent and compliance 

with the regulation (Windapo, 2013). In Haynes et al.’s (2018) study of sun safety 

programs in Canada, however, the absence of a legislative mandate was cited as a reason 

that supervisors and companies did not adopt comprehensive policies or prioritize sun 
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safety. Research on mandatory occupational safety recordkeeping found that the number of 

workers employed by the firm was positively associated with compliance (Seligman, 

Sieber, Pedersen, Sundin, & Frazier, 1988) suggesting that the number of employees may 

also be associated with employer resources and liability. 

Other occupational health and safety studies focus on the efficacy of state-

administered versus federally-administered programs. For example, Bradbury (2006) 

compared states for which federal OSHA is responsible for enforcement of occupational 

safety standards with states that administer their own occupational safety programs, which 

are also required to meet basic federal criteria. Controlling for employment and economic 

factors, Bradbury (2006) found that states which administer their own OSHA programs 

experience fewer occupational fatalities than states with federally administered programs. 

The fact that state agencies may have an incentive to exercise more restraint in levying 

fines than would a federal agency so as to avoid driving businesses away (Bartel and 

Thomas, 1985; Bradbury, 2006) may help explain this. Bradbury (2006) hypothesizes that 

state agency regulators may be more committed to fostering cooperation between workers 

and firms and that such cooperation may result in a safer working environment than relying 

on fines to encourage compliance. 

Derr, Forest, Chen, and Conroy (2001) also find evidence of the efficacy of state-

enforced regulations. In a study of fatal falls in the U.S. construction industry, Derr et al. 

(2001) found that the 21 states that administer their own health and safety plans had fewer 

falls than expected. Derr et al.’s (2001) conclusion about the potential benefits of this type 

of “regulatory federalism,” and the association between stakeholder cooperation and safety 

is supported by Ronconi (2010) and Bradbury (2006). Smitha et al. (2001) also find a 
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negative relationship between state laws specifically requiring safety committees and 

manufacturing injuries, further bolstering the merits of a localized approach.  

 

This study’s contribution to the literature 

In sum, the evidence on the efficacy of occupational safety regulations is mixed. 

Some researchers have found a positive association between the implementation of 

occupational safety regulations and the occurrence of occupational fatalities, suggesting 

that such policies may have unintended negative consequences. There is also evidence, 

however, that low costs of compliance, state enforcement, and supportive supervisors are 

associated with higher rates of compliance with such regulations, and with safer working 

environments overall. The literature also highlights certain individual, workplace, and 

managerial traits that are predictive of worker treatment.  

Though existing evidence of the efficacy of California’s regulation is limited to 

trend comparisons (Sum et al., 2015), some advocates view it as a model for future 

occupational HRI prevention standards (Devine, 2018; Gustin, 2018; Sherman, 2018). The 

present study attempts to provide a quantitatively rigorous assessment of the policy’s 

efficacy by comparing changes in the provision of water to workers in California with 

comparable changes throughout the region. The use of individual-level data also allows me 

to reduce bias by holding constant worker and workplace characteristics discussed above, 

which are known to be associated with differential employer treatment. My difference-in-

differences (DiD) model also controls for time-invariant differences between regions and 

for changes common to all regions, allowing me to better assess the California regulations’ 

effect on the provision of water to workers, a critically important aspect of the state’s HRI 

prevention policy. 
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CONCEPTUAL FRAMEWORK 
 

Based on employer compliance rates and factors associated with the efficacy of 

occupational health and safety regulations discussed in the Literature Review, I hypothesize 

that California’s 2005 implementation of a heat-illness prevention rule has modestly 

increased the percentage of outdoor workers who are supplied with water by their 

employers. As previously noted, state agencies in California have claimed that the policy is 

responsible for reducing heat-related occupational fatalities among agricultural workers in 

the state (Chasarik & Fryer, 2011). One might expect that any decrease in fatalities is, at 

least in part, associated with an increased provision of water. Though the focus of this study 

is limited to adherence to the part of the regulation that requires the provision of water, it is 

possible that growers and contractors who make efforts to comply with this provision may 

also be more likely to comply with its other potentially life-saving standards. 6 Therefore, 

assessing whether the law has increased the provision of water may help to shed light on 

the treatment of agricultural workers, and to their risk of HRI, more broadly.  

 My model controls for important workplace characteristics, including whether the 

farm worker is employed by a contractor, what type of work he or she does, his or her pay 

structure, whether he or she is paid as part of a crew, and whether or not he or she lives in 

grower-owned housing. The model also controls for whether the farm worker is transient, 

foreign born, female, or indigenous. Other farm worker characteristics incorporated in the 

model include a measure of English proficiency, the worker’s assets, and whether or not 

they feel they would be able to find a non-farm job in the United States within a month. 

                                                
6 As highlighted by Brake and Bates (2003), access to water is a precondition for sufficient hydration on the 
job, though the presence of water by itself does not guarantee that it will be consumed by workers, for whom 
it may be inaccessible due to fear of lost wages, distance, or concerns about retribution for taking water or 
restroom breaks.  
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The potential links between those factors and the employer’s provision of water are 

illustrated in Figure 1 and described in the following paragraphs.  

 

 

Figure 1. Visual Model of Factors Potentially Affecting Employer Provision of Water 

 
 

Workplace characteristics  

Because of the higher liability for non-compliance that large growers face as 

compared to small labor contractors (Horton, 2016), I hypothesize that when workers are 

employed by the grower, they are more likely than those hired by contractors to benefit 

from their supervisors’ compliance with the law. Analysis of occupational safety data from 

firms of varying sizes also suggests that number of employees may also be positively 

correlated with occupational safety requirements (Seligman et al., 1988). In addition, 

studies suggest that piece-rate workers are both more concerned about and more likely to 
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suffer from HRI than farm workers who receive an hourly wage (Bethel & Harger, 2014; 

Horton, 2016; Moyce, 2016; Spector et al., 2014). Workers paid as part of a crew may also 

face increased social pressure to forego breaks (Horton, 2016; Moyce, 2016).  

Also, though it is not clear from the literature, one might expect that employers 

would be more likely to provide water to individuals who do physically demanding work in 

order to mitigate the farm worker’s heightened risk of HRI and therefore the employers’ 

liability. It is unclear whether grower-owned housing is more or less conducive, on average, 

to workers’ ability to recover overnight, though living in grower-owned housing may be 

associated with additional barriers to quitting and increased difficulty pursuing other work.  

 

Worker characteristics  

Immigration policy and workers’ immigration status shape employer and farm 

worker interactions and often directly contribute to worker treatment and to workers’ ability 

to respond to poor treatment (Horton, 2016; Jackson & Rosenberg, 2010; Riley et al., 

2012). Employers may treat workers differently based on assumptions about the likelihood 

that they will seek legal recourse, which the literature suggests contributes to the 

exploitation of undocumented workers (Horton, 2016; Jackson & Rosenberg, 2010; Riley, 

Delp, Cornelio, & Jacobs 2012). For these reasons, I hypothesize that agricultural workers 

who are authorized to work in the United States, who have strong social networks, financial 

stability, and who have high levels of English proficiency, are more likely to be provided 

water by their employers (Horton, 2016; Jackson & Rosenberg, 2010; Riley et al., 

2012). Financial desperation, which is associated with fewer assets and increased 

dependence on wages, may also serve to keep some workers from leaving jobs where they 

are treated poorly (Horton, 2016; Bethel & Harger, 2014).  
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Knowledge of working conditions, often correlated to social connectedness, along 

with legal status, may also offer certain types of workers greater opportunity to seek fair 

treatment and dignified working conditions. This could contribute to self-sorting on the part 

of employees who seek jobs where they will be treated better (Horton, 2016).  
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DATA AND METHODS 
 

To better understand the effect of California’s heat-illness prevention law among 

agricultural workers, my analysis uses data from the NAWS, which were gathered from 

interviews with field workers. These data, collected by the Department of Labor across 

continental United States using a stratified sampling method based on geography and size 

of the workforce, are divided into five multi-state geographic regions and California.7 

Multi-stage sampling allowed interviews to reflect seasonal fluctuations among farm 

workers (Employment and Training Administration, 2018) however some subsets of 

agricultural workers are not included in the survey (Arcury et al., 2015; Culp, Tonelli, 

Ramey, Donham, & Fuortes, 2011).8 Interviewers were bilingual and bicultural and 

conducted all interviews in person and in English or Spanish, as necessary, at the 

interviewee’s place of work or at another location convenient for the worker (Employment 

and Training Administration, n.d.).   

Using data on workers in California and the Southwest and Northwest regions (I 

refer to the combination of the latter two regions as “the West”) leading up to and following 

the implementation of California’s HRI prevention law, I estimate a DiD model. My DiD 

specification automatically controls for fixed differences between the conditions faced by 

                                                
7 The NAWS divides the continental United States into six regions. California, accounting for almost 35% of 
the interviews, is the only single state region. This study utilizes data from California as well as from the 
Northwest and Southwest regions that border it. The Northwest region (NW) includes Washington, Oregon, 
Idaho, Montana, Wyoming, Nevada, Utah, and Colorado. The Southwest (SW) region includes Arizona, New 
Mexico, Texas, and Oklahoma (Employment and Training Administration, 2018). Analyses that incorporate 
observations surveyed prior to 2009 include both of these regions, which are combined to form “the West” as 
a control. For analyses that use data collected after 2009 — when Washington state implemented its own HRI 
prevention law — only data collected from the SW is used as a control.  
 
8 Guest workers with H-2A visas are not included in the NAWS (Employment and Training Administration, 
n.d.; Kandel & Donato, 2009). While this may limit its representativeness for agricultural workers as a whole, 
research by Arcury et al. (2015) suggests that workers with H-2A visas experience much the same 
occupational risks as other agricultural workers. The NAWS also does not include interviews with workers on 
farms with fewer than eleven employees, which makes obtaining accurate estimates difficult (Culp et al., 
2011). 
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workers in California and the West and for changes over time that affect workers in both 

my treatment and control areas, such as broad economic conditions and modifications to 

federal immigration policy and its enforcement. The model also controls for the 

immigration status, gender, and English proficiency of individual workers. Employer 

dependent traits including, the type of work and payment structure, are also included. 

Though factors other than the passage of California’s HRI prevention law could explain 

differences in trends within California versus the West, the use of a DiD model allows me 

to come closer to estimating the regulation’s true causal effect than would a standard 

regression model. 

Because compliance with the law was initially very low, I preform the DiD analysis 

for multiple years since an increased awareness of the regulation and changes in 

enforcement suggest that the full effect of the law would not be able to be assessed 

immediately (Jackson & Rosenberg, 2010). The first estimator uses data on the provision of 

water in 2004, before the regulations went into effect, and uses 2006, the year after the 

regulations went into effect as a post year. Here, and in each subsequent model, I consider 

the workers in California to be the treatment group and workers in the SW and NW regions 

(i.e., the West) as the control group. To account for as much of the long-term effect of the 

regulations as possible without becoming too far removed from the passage of the law, 

subsequent models use data from 2007 through 2010. Workers in the NW region are not 

included in the control group for these analyses beginning in 2008 because Washington 

State passed a heat protection law similar to California’s that year, making emergency heat 

precautions that had been in place permanent (Jackson & Rosenberg, 2010; Washington 

State Legislature, 2018).9 Hence, and because publicly available data do not allow me to 

                                                
9 Washington State’s Department of Labor and Industries implemented an emergency heat rule in 2006 and 
2007. When businesses were contacted during the summer of 2007 to assess the costs of the rules (or costs 
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identify workers from Washington specifically, I am compelled to exclude observations 

from the NW region altogether when I estimate the policy’s longer-term effects. Using 

individual survey level data, I estimate the following model:  

𝐻2𝑂 = 	𝛽' +	𝛽)(𝐶𝐴-) +	𝛽/(𝑃𝑜𝑠𝑡-4) + 𝛽5(𝐶𝐴 ∗ 𝑃𝑜𝑠𝑡-4) + 𝛽7(𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑜𝑟-4)
+ 𝛽<(𝑊𝑜𝑟𝑘𝑇𝑦𝑝𝑒-4) + 𝛽C(𝑃𝑎𝑦𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒-4) + 𝛽F(𝑃𝑎𝑦𝐶𝑟𝑒𝑤-4)
+ 𝛽H(𝐺𝑟𝑜𝑤𝑒𝑟𝑂𝑤𝑛𝑒𝑑𝐻𝑜𝑢𝑠𝑖𝑛𝑔-4)
+ 𝛽M(𝐶𝑟𝑜𝑝𝑇𝑦𝑝𝑒) + 𝛽)'(𝑇𝑟𝑎𝑛𝑠𝑖𝑒𝑛𝑡𝑊𝑜𝑟𝑘𝑒𝑟-4) + 𝛽))(𝐼𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛-4)
+ 𝛽)/(𝐸𝑛𝑔𝑙𝑖𝑠ℎ𝑃𝑟𝑜𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦-4) + 𝛽)5(𝐼𝑛𝑑𝑖𝑔𝑒𝑛𝑜𝑢𝑠-4)
+ 𝛽)7(𝐴𝑠𝑠𝑒𝑡𝑠𝑂𝑤𝑛𝑒𝑑-4) + 𝛽)<(𝐹𝑒𝑚𝑎𝑙𝑒-4) + 𝛽)C(𝐽𝑜𝑏𝑃𝑟𝑜𝑠𝑝𝑒𝑐𝑡𝑠-4) +	𝑒-4 

 
Each of the variables included in the regression are described in greater detail in Table 1. 
 
 
Table 1. Variables, by Type, and Their Definitions 

Dependent Variable 
Employer Provision  
of Water 

A binary variable indicating whether the respondent indicated 
that their employer provides them with drinking water daily 

Key Independent Variables 
Post  A binary variable indicating whether or not California’s HRI 

prevention law had gone into effect 
CA A binary variable indicating whether or not the worker is 

working in California 
Controls 

Workplace Characteristics  
Employed by Contractor A binary variable indicating whether the respondent is 

employed by the grower (rather than by a contractor) 
Type of Work A set of binary variables indicating whether the respondent is 

engaged in fieldwork, nursery work, packing house work, or 
“other” work 

Pay Structure A set of binary variables that indicate whether the respondent 
reports being paid by the hour, by the piece, by some 
combination of an hourly wage and piece rate, or by a salary 

Paid by Crew A binary variable that indicates whether the respondent is paid 
as part of a crew (rather than as an individual) 

Grower-Owned Housing A binary variable that indicates whether the individual lives in 
grower-owned housing 

                                                
that they would have borne if they complied with the emergency rule), researchers found that many of those 
who responded “were actually not familiar with the emergency rules from 2006 or 2007 and also had not 
heard about the draft proposed permanent rule” (Washington State Department of Labor & Industries, 2008). 
It is important to note that Washington’s emergency rule, unlike California’s, only required the provision of 
water on days during which heat hazards were present. The NAWS question about the provision of waters 
specifically asks if water is provided every day. As a result, there is less concern that the policy change in 
Washington contaminates the NW as a control, though the implementation of Washington’s heat rule clearly 
compromises the quasi-experimental design to some degree.  
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Table 1 (cont.) 

Crop Type A set of binary variables that indicate what class of produce the 
respondent was working with at time of interview 

Worker Characteristics 
Transient Worker  A binary variable that indicates whether the worker follows the 

cropA 
Immigration Status  A set of binary variables that indicates whether the respondent 

is a citizen of the United States, has another form of work 
authorization (like a temporary visa), or is unauthorized 

English Proficiency A set of binary variables that indicates how the respondent 
reported their own assessment of her or his ability to speak 
English: not at all, a little, somewhat/well, or not answered. 

Indigenous  A binary variable that indicates whether or not the individual 
self-identifies as indigenousB 

Assets Owned by Farm 
Worker 

A variable that indicates the number of assets (land, a house, a 
mobile home, a car/truck, or a business) a farm worker owns or 
is in the process of buying in the United States 

Female A binary variable that indicates whether the respondent is 
female 

Job Prospects A binary variable that indicates whether the respondent is 
confident that they could find a non-farm job in the U.S. within 
a month 

 
A Migrant farm workers, whose jobs require them to spend the night away from their residence, make up much of 
the United States’ agricultural workforce (Culp & Umbarger, 2004). The NAWS differentiates between “shuttle 
migrants” who travel from their home base in the U.S. to a specific location within a 75-mile radius and migrants 
who “follow-the-crop,” traveling to more than one location to work as crops mature (Department of Labor, 2005). 
 
B According to the Department of Labor’s (2005) report on findings from the NAWS, workers interviewed may 
have under-reported being indigenous (Department of Labor, 2005). Some workers from Central and South 
America did not identify as indigenous but had limited Spanish proficiency and first learned to speak an 
indigenous language as a child (Department of Labor, 2005). 
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DESCRIPTIVE STATISTICS 
 

Table 2 provides an overview of characteristics of the 1,645 agricultural workers 

surveyed during 2004 in the three of the NAWS regions included in my analysis: the 

Southwest, the Northwest, and California.10 All estimates are weighted using the composite 

weights that accompany the NAWS data to adjust for sampling and post-sampling bias. 

Notably, 77% of those interviewed were paid by the hour and 84% were foreign born. Half 

reported working in the United States without legal authorization.11 Even before 

California’s policy was enacted, 97% of farm workers were provided water on the job. This 

suggests that efforts to increase the provision of water by employers would be limited in 

potential scope, a concern I address in the Discussion section of this paper.  

                                                
10 The NAWS set includes 1,659 total observations for the region of interest in 2004. There were some cases 
in which assumptions could be made about missing data, or variables could be recoded with a more specific 
meaning. For example, there were nine missing observations for the study’s question about housing. Because 
the options provided by the questionnaire were limited (and did not allow a respondent to report living out of 
their car or staying temporarily with friends or family), I set the control variable to equal one when farm 
workers answered that they live in grower-owned housing. The questionnaire also indicated that some 
questions were directed at a limited audience. For example, only farm workers who reported being paid a 
piece rate were asked whether they were paid as an individual or as a crew. For that reason, the recoded 
variable included all data originally coded as missing as an indicator that they were paid individually and not 
as a crew. 
 
In other cases, in which no adjustments could be made to address missing data for categorical variables, I 
dropped observations that were missing control data. These included single observations which were missing 
values for English proficiency and pay structure and four observations which were missing values for current 
immigration status. Nine values were also dropped because no response was provided to the question about 
whether respondents thought they could find a new job within a month. In total, 14 observations were dropped 
due to missing data, less than one percent of the 1,659 total observations from the West and California during 
the three years of interest.  
 
11 Fewer than 2% of workers interviewed between 1989 and 2004 declined to report their immigration status. 
Despite this low rate of non-response, one may still be concerned about selection bias, and about the 
possibility that individual workers misreport their immigration status for fear of jeopardizing their jobs or 
being deported. However, the extent of non-response and misreporting may have been alleviated by the fact 
that the survey was conducted by bilingual and bicultural interviewers who sought to ensure that workers 
understood that the survey was anonymous and that their answers would not be reported to any enforcement 
agency (Employment and Training Administration, n.d.). 
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Table 2. Descriptive Statistics for Dependent, Key Independent, and Control 
Variables in 2004 

Variable Mean  SD Min Max 
Provision of Water 0.97  0.25 0 1 
Controls      
Workplace Characteristics      
Employed by Contractor 0.20  0.65 0 1 
Type of Work 

- Fieldwork 
- Nursery Work 
- Packing House 
- Other 

 
0.80 
0.15 
0.04 
0.00 

  
0.84 
0.76 
0.45 
0.00 

 
0 
0 
0 
0 

 
1 
1 
1 
1 

Pay Structure 
- Hourly 
- Piece Rate 
- Combined Hourly/Piece 
- Salary 

 
0.77 
0.15 
0.04  
0.05 

  
0.71 
0.61 
0.24 
0.33 

 
0 
0 
0 
0 

 
1 
1 
1 
1 

Paid by Crew  0.12  0.58 0 1 
Grower-Owned Housing 0.07  0.44 0 1 
Farm worker (FW) Characteristics      
Transient Worker 0.04  0.33 0 1 
Immigration Status 

- Citizen 
- Other authorization 
- Unauthorized 

 
0.18 
0.31 
0.50 

  
0.86 
0.78 
0.92 

 
0 
0 
0 

 
1 
1 
1 

English Proficiency (Speaks English) 
- Not at all 
- A little 
- Somewhat / Well 

 
0.43 
0.39 
0.18 

  
0.91 
0.86 
0.86 

 
0 
0 
0 

 
1 
1 
1 

Indigenous 0.09  0.44 0 1 
Assets owned by Farm Worker 0.86  1.53 0 3 
Female 0.26  0.87 0 1 
Job Prospects 0.30  0.91 0 1 

 
Note: The total sample size is 1,645 with 1,072 observations from workers in California 
and 573 from the West. All statistics are weighted using weights which accompany the 
NAWS data.  
 
 

Table 3 provides information disaggregated by region, either California or “the 

West” (a combination of NAWS’s Northwest and Southwest regions) using weighted data 

from farm workers interviewed in 2004. Before California’s heat law went into effect, 97% 

of farm workers surveyed in the state reported being provided water on the job, compared 
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to 96% in the West. The difference, however, is not statistically significant. Notable 

differences between the groups include disparities in the characteristics of workers 

employed in California, where 97% report being foreign born, as compared to 61% in the 

West. Farm workers in California were 20 percentage points more likely to be employed by 

a farm labor contractor in California. Only 18% of California workers reported that they 

felt they would be able to find a new non-farm job in the U.S. within a month, compared to 

52% of workers from surrounding states, perhaps for reasons associated with limited 

English and immigration status.  

On average, farm workers in California reported having fewer assets than their peers 

in the West (an average of .68 major assets, compared to 1.19).12  Farm workers in 

California were also less likely to live in grower-owned housing, which may be related to 

their assessment of their ability to demand better treatment. Notably, lower levels of 

citizenship and English proficiency among workers in California suggests that they may be 

more disadvantaged than their peers in nearby sates and may therefore be less likely to 

report violations of their rights. 

 
 

  

                                                
12 Assets included in this composite number include indicator variables from questions about whether or not 
the individual had or was planning to buy a plot of land, a home, a mobile home, a vehicle, a business, or 
“other” asset. Only one interviewee in the region indicated that they owned or were in the process of buying 
an asset in the “other” category in 2004.   



 

   

 

24 

Table 3. Key Characteristics in 2004, Disaggregated by Region 

 
*** p<0.01, ** p<0.05, * p<0.1 
 
Note: The total sample size is 1,645 with 1,072 observations from workers in California 
and 573 from the West. All statistics are weighted using weights which accompany the 
NAWS data.  
 
 
 
  

Variable California West Difference SE 
Provision of Water 0.97 0.96 0.010 0.01 
Controls     
Employed by Contractor 0.27 0.07 0.205*** 0.03 
Worktype     

- Field Work 0.84 0.74 0.103** 0.05 
- Nursery Work 0.09 0.26 -0.168*** 0.05 
- Packing House 0.07 0.00 0.066*** 0.02 
- Other 0.00 0.00 0.00 0.00 

Pay Structure     
- Hourly 0.71 0.89 -0.182*** 0.03 
- Piece Rate 0.21 0.02 0.191*** 0.02 
- Combined Hourly/Piece  0.05 0.00 0.050*** 0.01 
- Salary 0.03 0.08 -0.059*** 0.02 

Paid by Crew 0.19 0.00 0.184*** 0.02 
Grower-Owned Housing 0.05 0.12 -0.073*** 0.03 
Transient Worker 0.04 0.04 0.004 0.02 
Foreign Born 0.97 0.61 0.355*** 0.05 
Immigration Status     

- Citizen 0.07 0.40 -0.333*** 0.05 
- Other authorization 0.34 0.26 0.078* 0.04 
- Unauthorized 0.59 0.34 0.255*** 0.05 

English Proficiency (Speaks English)     
- Not at all 0.53 0.23 0.301*** 0.04 
- A little  0.41 0.35 0.061 0.05 
- Somewhat / Well 0.05 0.41 -0.361*** 0.05 

Indigenous 0.14 0.02 0.120*** 0.02 
Assets owned by Farm Worker 0.68 1.19 -0.502*** 0.07 
Female 0.25 0.28 -0.027 0.05 
Job Prospects 0.18 0.52 -0.349*** 0.05 
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REGRESSION RESULTS 

To analyze the relationship between the implementation of California’s regulation 

and the provision of water to farm workers, I estimate a series of DiD models. My 

regression results for outdoor agricultural workers — a subset of surveyed farm workers 

that excludes packing house workers — are summarized in Tables 4 and 5. 13 Each table 

provides robust standard errors in parentheses under the coefficients. All regressions use 

survey-weighted data, and 2004 is the base year for all specifications. The regressions in 

Table 4 summarize the outcome of DiD models in which the binary dependent variable is 

the daily provision of both water and cups. In Table 5, the dependent variable is defined 

more loosely to reflect the provision of water, with or without cups. The first two 

regressions in both tables use 2006 as the post-regulation year. In model 1, the West is the 

comparison region. Model 2 uses the SW exclusively. I use the same models and both 

comparison regions for the years 2007 and 2008. For the post-regulation years 2009 and 

2010, there is only one model for each specification of the dependent variable. This is to 

avoid compromising the quasi-experimental design of my analysis by using survey data 

from the NW collected after Washington State adopted their final regulation. 

In both tables, the DiD estimator, “Post x CA,” reflects my estimate of the effect of 

California’s regulation on the provision of water. For both specifications of the dependent 

variable, there is a positive, substantial, and statistically significant relationship when I use 

2006 as the post-regulation year. When I use the West as my control for the same post-

regulation period, my model suggests that the policy is positively associated with a 13-

percentage-point higher provision of water and cups. The association is somewhat smaller, 

six-and-a-half percentage points, when the dependent variable includes the provision of 

                                                
13The models that included packing house workers closely mirror the results of the original table. See Tables 
A.1 and A.2 in the Appendix for regression results for the more expansive sample. 
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water without cups. When I use survey responses from 2007 through 2009 for my post-

regulation period, my estimates tend to be smaller in magnitude and are rarely statistically 

significant. When I use 2010 as my post-regulation year, however, I find these relationships 

to be even more substantial than when my post-regulation year is 2006. Model 8 in Table 4 

suggests that California’s regulation is correlated with an almost 29-percentage point higher 

provision of water and cups than in the SW. This model (like all of my models that use 

survey data from after 2008) is limited, however, in that only the SW region is used for 

comparison. 
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Table 4. Water and Cups Provided Daily to Outdoor Agricultural Workers, 2006 - 2010 

 “Post” period: 
2006 n 

“Post” period:  
2007 

“Post” period:  
2008 

“Post” period:  
2009 

“Post” period:  
2010 

 West SW West SW West SW SW SW 
         
 (1) (2) (3) (4) (5) (6) (7) (8) 

DiD & Interaction Terms         
Post x CA 0.132*** 0.185*** 0.028 -0.009 0.008 -0.033 0.038 0.288***  

(0.036) (0.053) (0.038) (0.037) (0.035) (0.025) (0.029) (0.063) 
CA 0.023 0.018 0.029 0.025 0.035 0.011 0.013 -0.033  

(0.022) (0.025) (0.022) (0.023) (0.022) (0.021) (0.022) (0.027) 
Post -0.105** -0.152** -0.031 0.023 0.001 0.052** -0.014 -0.295***  

(0.032) (0.051) (0.035) (0.033) (0.031) (0.019) (0.025) (0.059) 
Workplace Characteristics         

Employed by Contractor 0.029* 0.030** 0.050*** 0.042*** 0.038*** 0.033** 0.025* 0.024  
(0.011) (0.011) (0.012) (0.011) (0.011) (0.011) (0.011) (0.013) 

Nursery 0.057 0.022 -0.044 0.065* 0.002 -0.001 0.050* 0.114  
(0.037) (0.039) (0.052) (0.026) (0.020) (0.020) (0.021) (0.059) 

Other 0.211*** 0.203*** 0.000 0.000 0.000 0.000 0.028* 0.000  
(0.050) (0.050) (n/a) (n/a) (n/a) (n/a) (0.013) (n/a) 

Hourly 0.011 -0.023 0.041 0.013 0.008 0.001 -0.001 -0.042  
(0.054) (0.037) (0.046) (0.025) (0.046) (0.019) (0.020) (0.039) 

Piece Rate 0.009 -0.051 0.025 -0.064 0.033 0.030 0.017 -0.017  
(0.063) (0.045) (0.057) (0.043) (0.049) (0.022) (0.022) (0.039) 

Combined Hourly/Piece -0.015 0.002 0.046 -0.014 0.020 0.039 0.043 -0.002  
(0.074) (0.042) (0.058) (0.045) (0.053) (0.028) (0.028) (0.043) 

Paid by Crew 0.062* 0.048* 0.047 0.086** 0.023 0.004 0.013 -0.000  
(0.031) (0.020) (0.027) (0.032) (0.016) (0.012) (0.012) (0.018) 

Grower-Owned Housing -0.078* -0.090** 0.004 -0.069* 0.026 0.009 -0.051* -0.036  
(0.036) (0.035) (0.026) (0.030) (0.020) (0.015) (0.021) (0.032) 

Fruits & Nuts 0.057 -0.011 0.037 0.034 0.119** 0.041 0.004 0.123**  
(0.038) (0.033) (0.033) (0.024) (0.039) (0.027) (0.022) (0.039) 

Horticulture 0.050 0.036 0.088 0.027 0.124** 0.054 -0.001 0.113  
(0.046) (0.041) (0.049) (0.032) (0.041) (0.032) (0.027) (0.072) 

Vegetables 0.050 0.024 0.042 0.068** 0.107* 0.060* 0.037 0.143***  
(0.040) (0.029) (0.038) (0.022) (0.044) (0.025) (0.019) (0.040) 

Misc/Multiple -0.054 -0.096 0.056 0.010 0.113* 0.042 -0.017 -0.031  
(0.062) (0.056) (0.051) (0.045) (0.049) (0.036) (0.042) (0.074) 

Farm worker Characteristics 
Transient Worker -0.005 0.025 -0.075 -0.033 -0.055 0.008 0.012 0.035*  

(0.054) (0.023) (0.075) (0.071) (0.052) (0.018) (0.014) (0.015) 
Some Non-Citizen Authorization  0.012 -0.004 0.003 0.014 0.015 0.014 0.023 0.084**  

(0.029) (0.030) (0.029) (0.024) (0.022) (0.021) (0.018) (0.029) 
Unauthorized 0.024 -0.003 0.038 0.015 0.014 0.024 0.022 0.088**  

(0.030) (0.031) (0.032) (0.026) (0.026) (0.023) (0.018) (0.030) 
Speaks a Little English 0.022 0.006 -0.002 0.004 0.003 0.014 0.016 0.021  

(0.017) (0.015) (0.016) (0.015) (0.016) (0.013) (0.012) (0.015) 
Speaks English Well 0.033 0.072* -0.004 0.069* 0.043 0.072** 0.077** 0.088**  

(0.038) (0.034) (0.041) (0.030) (0.031) (0.026) (0.024) (0.031) 
Indigenous 0.031** 0.026** 0.015 0.029 0.033** 0.028** 0.033** 0.020  

(0.011) (0.009) (0.016) (0.015) (0.010) (0.009) (0.011) (0.016) 
Assets in the USA -0.006 0.005 0.013 0.020* 0.000 0.005 -0.007 0.005  

(0.014) (0.010) (0.013) (0.010) (0.010) (0.008) (0.008) (0.012) 
Female -0.006 0.029* 0.019 0.028* 0.019 0.028** 0.017 0.022  

(0.019) (0.012) (0.016) (0.012) (0.013) (0.010) (0.011) (0.017) 
Job Prospects 0.011 -0.023 0.027 -0.037 0.016 -0.028 -0.021 -0.034  

(0.027) (0.023) (0.029) (0.024) (0.024) (0.020) (0.019) (0.026) 
Constant 0.829*** 0.935*** 0.793*** 0.832*** 0.761*** 0.844*** 0.881*** 0.792***  

(0.081) (0.056) (0.068) (0.046) (0.074) (0.043) (0.037) (0.059) 
N 2447 1853 2444 1853 2817 2168 2143 1857 

R2 0.106 0.144 0.045 0.068 0.053 0.036 0.042 0.205 
Robust standard errors in parentheses 
* p<0.05        ** p<0.01        *** p<0.001o 
 

                                                
n For any given DiD specification, the year corresponding to the post-regulation period is denoted in the 
heading at the top of the relevant column. For example, in specification 1, the “Post x CA” interaction term 
(i.e. The DiD term) is an interaction between the California regional binary variable and a variable set equal 
to one for observations from the 2006 survey. Similarly, the third specification has an interaction term which 
incorporates “post,” a variable set equal to 1 when the survey was conducted in 2007. 
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Table 5. Water Provided Daily (with or without cups) to Outdoor Agricultural Workers, 
2006 – 2010 

 
“Post” period:  

2006 
“Post” period:  

2007 
“Post” period:  

2008 
“Post” period:  

2009 
“Post” period:  

2010 
 West SW West SW West SW SW SW 
         
 (1) (2) (3) (4) (5) (6) (7) (8) 

DiD & Interaction Terms  
Post x CA 0.065* 0.067* 0.067* -0.008 0.032 -0.007 0.049 0.214*** 

 (0.026) (0.033) (0.028) (0.028) (0.022) (0.022) (0.025) (0.052) 
CA -0.005 -0.000 -0.001 -0.005 0.001 -0.005 -0.003 -0.055* 

 (0.015) (0.021) (0.015) (0.018) (0.015) (0.018) (0.019) (0.024) 
Post -0.046* -0.048 -0.043 0.040 -0.020 0.022 -0.024 -0.212*** 

 (0.023) (0.031) (0.027) (0.023) (0.019) (0.017) (0.021) (0.049) 
Workplace Characteristics         

Employed by Contractor 0.024* 0.027** 0.025** 0.017* 0.030** 0.029** 0.025** 0.024** 
 (0.010) (0.010) (0.008) (0.007) (0.009) (0.010) (0.009) (0.009) 

Nursery -0.007 -0.012 -0.034 0.053* 0.004 0.014 0.032 0.115* 
 (0.026) (0.030) (0.037) (0.022) (0.015) (0.016) (0.018) (0.051) 

Other 0.112** 0.110** 0.000 0.000 0.000 0.000 0.020 0.000 
 (0.036) (0.039) (n/a) (n/a) (n/a) (n/a) (0.012) (n/a) 

Hourly -0.030 -0.030 0.022 0.011 -0.018 -0.006 0.001 -0.051 
 (0.020) (0.022) (0.020) (0.018) (0.017) (0.016) (0.017) (0.034) 

Piece Rate -0.049 -0.056 0.060** 0.029 0.011 0.024 0.009 -0.040 
 (0.032) (0.034) (0.021) (0.018) (0.019) (0.018) (0.019) (0.034) 

Combined Hourly/Piece -0.025 -0.017 0.074** 0.052* 0.003 0.034 0.025 -0.013 
 (0.028) (0.030) (0.026) (0.026) (0.024) (0.024) (0.025) (0.036) 

Paid by Crew 0.049* 0.036 -0.015 -0.002 0.007 -0.005 0.015 -0.005 
 (0.021) (0.019) (0.009) (0.006) (0.009) (0.009) (0.010) (0.015) 

Grower-Owned Housing -0.025 -0.024 0.007 -0.044 0.012 0.019 -0.034 0.006 
 (0.022) (0.023) (0.021) (0.023) (0.015) (0.013) (0.017) (0.027) 

Fruits & Nuts 0.036 0.035 -0.028 0.007 0.076** 0.031 -0.004 0.114*** 
 (0.022) (0.023) (0.020) (0.021) (0.027) (0.025) (0.017) (0.034) 

Horticulture 0.060 0.080* -0.001 -0.013 0.076* 0.036 -0.016 0.072 
 (0.032) (0.032) (0.034) (0.027) (0.032) (0.029) (0.021) (0.062) 

Vegetables 0.039 0.060** -0.021 0.027 0.073** 0.049* 0.013 0.138*** 
 (0.023) (0.020) (0.027) (0.016) (0.028) (0.023) (0.014) (0.033) 

Misc/Multiple -0.014 -0.006 -0.020 -0.036 0.058 0.030 -0.028 -0.050 
 (0.043) (0.044) (0.041) (0.039) (0.032) (0.032) (0.036) (0.075) 

Farm worker Characteristics         
Transient Worker 0.025 0.008 0.017 0.014 -0.004 0.007 0.008 0.026* 

 (0.016) (0.020) (0.011) (0.010) (0.021) (0.017) (0.013) (0.011) 
Some Non-Citizen Authorization  0.016 0.016 0.022 0.040 0.015 0.025 0.032 0.056* 

 (0.022) (0.024) (0.026) (0.022) (0.019) (0.020) (0.017) (0.024) 
Unauthorized 0.025 0.029 0.043 0.047* 0.017 0.030 0.029 0.042 

 (0.024) (0.025) (0.030) (0.023) (0.021) (0.022) (0.017) (0.024) 
Speaks a Little English 0.013 0.015 0.008 0.019 0.008 0.015 0.017 0.017 

 (0.013) (0.013) (0.011) (0.010) (0.013) (0.012) (0.010) (0.011) 
Speaks English Well 0.048* 0.080** 0.023 0.079** 0.071** 0.073** 0.076*** 0.052 

 (0.024) (0.028) (0.034) (0.025) (0.022) (0.024) (0.021) (0.027) 
Indigenous 0.024** 0.024** 0.009 0.019* 0.023** 0.020* 0.023* 0.026* 

 (0.009) (0.009) (0.010) (0.008) (0.009) (0.009) (0.010) (0.012) 
Assets in the USA -0.007 0.006 0.015 0.008 0.010 0.005 0.001 0.001 

 (0.012) (0.008) (0.009) (0.006) (0.008) (0.007) (0.007) (0.010) 
Female 0.010 0.028*** 0.014 0.016** 0.013 0.026** 0.015 0.021 

 (0.013) (0.008) (0.011) (0.006) (0.010) (0.008) (0.008) (0.013) 
Job Prospects 0.008 -0.017 0.007 -0.018 -0.023 -0.034 -0.024 -0.054* 

 (0.017) (0.021) (0.021) (0.019) (0.018) (0.020) (0.018) (0.025) 
Constant 0.924*** 0.902*** 0.903*** 0.876*** 0.867*** 0.883*** 0.912*** 0.889*** 

 (0.037) (0.043) (0.036) (0.036) (0.035) (0.038) (0.031) (0.051) 
N 2447 1853 2444 1853 2817 2168 2143 1857 

R2 0.042 0.061 0.032 0.048 0.037 0.037 0.036 0.173 
Robust standard errors in parentheses                                        
* p<0.05        ** p<0.01        *** p<0.001 
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Notable findings 

I expected to find a small positive correlation between the regulation and the 

provision of water that increased over time. My findings deviated from this expectation, 

however, as many of the models’ coefficients during the intermediate years were not at all 

statistically significant. All four models for 2006 were positive and significant. When I 

used the SW as a comparison region and used the provision of both water and cups as the 

dependent variable, I found that farm workers covered by the regulation were 18.5 

percentage-points more likely to be provided water on the job. Both models using 2010 as a 

post-regulation year showed similarly large and positive associations, however, only one 

specification from 2007 through 2009 resulted in a statically significant correlation. 

Surprisingly, I also find that being employed by a contractor is positively associated with 

the provision of water.  

 

Consistency in California 
 

To the extent that my results can be interpreted as causal, it is clear that the policy 

had the effect of maintaining the high level of water provision to farm workers in 

California. My DiD results are puzzling, however, in that they vary greatly based on which 

year is specified as the post-regulation year. As Figure 2 shows, the provision of water was 

consistently high in California between 2000 and 2014, though not in either of the 

comparison regions.  

This variation casts doubt on the efficacy of using the SW and the West as controls. 

The small variation in the provision of water in California before the implementation of the 

state’s HRI prevention law in 2005 is in sharp contrast to the volatile changes in the 

provision of water in surrounding regions. This appears to violate the foundational 
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assumption of DiD models that, absent treatment, the treatment and comparison groups 

would have had parallel trends. These differences, therefore, suggest that my results should 

be interpreted with skepticism. 

 

 

Figure 2. The Provision of Water to Outdoor Agricultural Workers  
by Region, 2000 - 2014 

Note: The shaded portion of the graph reflects years in which California’s HRI prevention 
regulation was in effect.  
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DISCUSSION 

 This study offers limited evidence of a positive relationship between California’s 

HRI prevention law and the provision of water to farm workers. Using a DiD model to 

account for all permanent regional differences and for changes over time common to both 

California and its comparison regions, I find that one year after the regulation went into 

effect, there was little change in the provision of water and cups to farm workers in 

California. Farm workers in the broader West comparison region, on the other hand, 

experienced a drop of about ten percentage-points; in addition, provision to workers in the 

SW dropped by about 15 percentage-points. While models using data from 2010 as the 

post-regulation year also support claims that the regulation kept the provision of water high 

in California, the intermediate years provide no evidence of such a relationship.  

 
Limitations  
 

HRI and heat-related fatalities, outcomes that the regulation was intended to 

prevent, would be the ideal metrics by which to measure its efficacy. However, because 

these data are only available publicly at the aggregate level, I focused instead on 

compliance, using individual-level survey data collected by NAWS on the provision of 

water to farm workers. Using survey data allowed me to control for farm worker traits at 

the individual level, which would not be feasible at the aggregate level. Because the 

regulation’s other mandates are not topics assessed by the NAWS, these data do not support 

a study of compliance with any of its other HRI prevention mandates. It is also worth 

noting that there is a limit to how effective the regulation could be at increasing the 

provision of water since, in California, water was already provided at a relatively high rate 

prior to the regulation.  
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Unfortunately, as illustrated in Regression Results, data from the comparison 

regions show significant variation prior to implementation of the regulation. This contrasts 

with the consistent provision of water to workers in California and suggests that it is 

unreasonable to assume that trends in the treatment and comparison regions would have 

been parallel, if not for the implementation of the regulation, which is the key identifying 

assumption for DiD analysis. 

Though not all identifying assumptions are met, I am likely able to more accurately 

assess the regulation’s true effect by utilizing a DiD model than with multiple regression 

alone. As previously noted, my model controls for time-invariant differences between 

regions and for changes common to all regions, in addition to including controls for worker 

and workplace characteristics. However, it is likely that omitted variable bias still prevents 

me from drawing any causal conclusions. The omission of any measure of changes unique 

to each region – for example, state-wide adoption of certain food safety protocols – could 

bias my results. Because food safety standards can be costly to implement (Hardesty & 

Kusunose, 2009) and because food safety inspections may occur frequently and impact the 

grower’s ability to market their crop, (Hardesty & Kusunose, 2009; Horton, 2016) growers 

may prioritize compliance with food safety standards over providing workers with water, 

downwardly biasing the coefficient. 16 When voluntary food safety standards, including 

some that are currently in place, restrict the type of beverages workers can bring into the 

field, growers may be more likely to provide water, upwardly biasing the coefficient. Since 

such protocols changed differentially for the treatment and control regions between the pre- 

                                                
16 Windapo’s (2013) research suggests that compliance with occupational safety regulations may be 
negatively correlated cost of compliance, suggesting that growers may be more likely to prioritize regulations 
for which the cost of non-compliance is high.  
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and post-regulation years, the DiD model does not account for their effects.17 In addition, 

my DiD model cannot control for the localized occurrence of abnormal weather, including 

severe heatwaves and cold spells, which could also lead to biased results. 

In addition, changes in the enforcement of immigration law may bias my estimates. 

During my study’s pre- and post-regulation timeframes, differential changes in state-level 

immigration-related policies and their enforcement occurred throughout the region, likely 

affecting the agricultural labor market.18 Since the publicly available version of the NAWS 

does not include state indicators, controlling for these changes to avoid biasing my 

estimates was not feasible.  

 
Need for future research  
 

Despite my study’s limitations, my findings that farm workers employed by 

contractors are more likely to be provided water merit further research. These findings are 

surprising in light of Horton’s (2016) work and suggest that further study is necessary to 

determine whether contracted work is, in fact, associated with a higher rate of compliance 

with other parts of the regulation. The less frequent provision of water to male farm 

workers and those who live in grower-owned housing also merits further research. 

                                                
17 California Leafy Green Handler Marketing Agreement (LGMA) was created in 2007 following an outbreak 
of foodborne illness (California LGMA, 2018). By 2011, the program’s food safety practices had already 
been revised seven times (California LGMA, 2018). The agreement has been used as a model by officials in 
other states including Florida and Arizona (Hardesty & Kusunose, 2009).  
 
18 Between 2005 and 2009, 34 U.S. states enacted immigration policies addressing employment including the 
2007 Legal Arizona Workers Act (LAWA), which is considered by some researchers to be the most 
comprehensive immigration law (Bohn, Lofstrom, & Raphael, 2014). Using a combination of matching and a 
synthetic control, Bohn et al. (2014) find that the LAWA, a strict employment-based immigration policy that 
went into effect at the beginning of 2008, may be associated with outmigration for non-citizen Latinos of 
prime working age. Ellis, Wright, Townley, and Copeland (2014) use DiD and fixed effects models to arrive 
at a similar conclusion. Their work also suggests that naturalized Latino immigrants may not move to avoid 
strict employment-based policies, despite potential family ties with undocumented individuals or concerns 
about anti-immigrant discrimination (Ellis et al., 2014). This may be reflective of enhanced job opportunities 
for those who are able to work legally (Ellis et al., 2014).  
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As the first state to regulate the treatment of climate-vulnerable outdoor workers, 

California has established a precedent that serves as a point of reference for other 

policymakers at the state and federal level. Thus far, the effects of the regulation on 

workers’ health have not been assessed in a quantitatively rigorous way. As state and 

federal occupational HRI prevention standards are considered, findings from states and 

municipalities that have attempted to remedy the situation should be studied carefully. 

These laboratories for policy experimentation could offer more valuable information if 

systematic data collection were to begin before policy changes are implemented. Future 

research could use restricted-access data from Metropolitan Statistical Areas or states that 

border California as more suitable comparison regions than are possible using the NAWS’s 

multi-state regions. Given the severe occupational hazards agricultural workers face, such 

research is of paramount importance.  

 

  



 

   

 

35 

APPENDIX 

Table A.1. Water and Cups Provided Daily to Agricultural Workers, 2006 – 2010 

 
“Post” Period:  

2006 
“Post” Period:  

2007 
“Post” Period:  

2008 
“Post” Period: 

2009 
“Post” Period: 

2010 
 West SW West SW West SW SW SW 

         
 (17) (18) (19) (20) (21) (22) (23) (24) 
DiD & Interaction Terms  

Post x CA 0.132*** 0.184*** 0.029 -0.01 0.005 -0.035 0.033 0.288*** 
 (0.036) (0.053) (0.038) (0.037) (0.034) (0.024) (0.028) (0.063) 

CA 0.021 0.015 0.029 0.025 0.034 0.013 0.014 -0.033 
 (0.022) (0.025) (0.022) (0.023) (0.022) (0.021) (0.021) (0.027) 

Post -0.103** -0.149** -0.031 0.022 0.003 0.052** -0.012 -0.295*** 
 (0.032) (0.050) (0.035) (0.033) (0.030) (0.019) (0.024) (0.059) 

Workplace Characteristics         
Employed by Contractor 0.030** 0.031** 0.050*** 0.042*** 0.038*** 0.032** 0.026* 0.024 

 (0.011) (0.011) (0.012) (0.011) (0.011) (0.011) (0.011) (0.013) 
Nursery 0.058 0.026 -0.044 0.066* 0.003 -0.001 0.049* 0.115 

 (0.037) (0.039) (0.051) (0.026) (0.020) (0.020) (0.020) (0.059) 
Packing House 0.081*** 0.044* 0.053** 0.011 0.057** 0.025 0.021 0.026 

 (0.022) (0.018) (0.019) (0.013) (0.021) (0.014) (0.013) (0.014) 
Other 0.207*** 0.195*** 0.000 0.000 0.000 0.000 0.030* 0.000 

 (0.049) (0.048) (n/a) (n/a) (n/a) (n/a) (0.012) (n/a) 
Hourly 0.013 -0.019 0.041 0.011 0.009 -0.002 -0.001 -0.042 

 (0.053) (0.036) (0.044) (0.024) (0.043) (0.018) (0.019) (0.038) 
Piece Rate 0.01 -0.046 0.024 -0.066 0.034 0.028 0.018 -0.017 

 (0.061) (0.043) (0.056) (0.042) (0.047) (0.020) (0.021) (0.037) 
Combined Hourly/Piece -0.015 0.003 0.045 -0.017 0.02 0.038 0.041 -0.001 

 (0.072) (0.040) (0.056) (0.044) (0.051) (0.027) (0.027) (0.042) 
Paid by Crew 0.064* 0.051** 0.047 0.086** 0.024 0.002 0.013 0.000 

 (0.031) (0.020) (0.027) (0.032) (0.016) (0.012) (0.012) (0.018) 
Grower-Owned Housing -0.075* -0.085* 0.004 -0.069* 0.026 0.009 -0.051* -0.036 

 (0.036) (0.034) (0.026) (0.029) (0.020) (0.015) (0.021) (0.032) 
Fruits & Nuts 0.054 -0.016 0.037 0.035 0.120** 0.041 0.007 0.123** 

 (0.038) (0.033) (0.033) (0.024) (0.039) (0.027) (0.022) (0.039) 
Horticulture 0.045 0.027 0.088 0.027 0.124** 0.055 0.001 0.113 

 (0.046) (0.041) (0.049) (0.032) (0.041) (0.032) (0.026) (0.072) 
Vegetables 0.046 0.016 0.042 0.068** 0.108* 0.061* 0.036 0.144*** 

 (0.040) (0.029) (0.038) (0.022) (0.044) (0.025) (0.019) (0.040) 
Misc/Multiple -0.059 -0.104 0.056 0.009 0.112* 0.043 -0.016 -0.031 

 (0.062) (0.056) (0.051) (0.045) (0.048) (0.035) (0.041) (0.074) 
Farm worker Characteristics      

Transient Worker -0.006 0.025 -0.075 -0.034 -0.055 0.007 0.012 0.035* 
 (0.054) (0.023) (0.075) (0.071) (0.052) (0.017) (0.013) (0.015) 

Some Non-Citizen Authorization 0.009 -0.008 0.002 0.014 0.009 0.014 0.022 0.083** 
 (0.029) (0.029) (0.027) (0.023) (0.019) (0.021) (0.017) (0.028) 

Unauthorized 0.021 -0.007 0.037 0.016 0.01 0.024 0.023 0.087** 
 (0.030) (0.031) (0.030) (0.025) (0.024) (0.023) (0.018) (0.030) 

Speaks a Little English 0.021 0.007 -0.001 0.004 0.003 0.015 0.015 0.02 
 (0.017) (0.015) (0.015) (0.015) (0.016) (0.012) (0.011) (0.014) 

Speaks English Well 0.028 0.064 -0.005 0.069* 0.038 0.071** 0.074** 0.087** 
 (0.038) (0.034) (0.041) (0.030) (0.029) (0.025) (0.023) (0.031) 

Indigenous 0.032** 0.026** 0.015 0.028 0.034** 0.027** 0.032** 0.02 
 (0.010) (0.009) (0.016) (0.015) (0.010) (0.009) (0.011) (0.015) 

Assets in the USA -0.006 0.004 0.012 0.018* 0.000 0.004 -0.005 0.005 
 (0.014) (0.010) (0.012) (0.009) (0.010) (0.007) (0.008) (0.011) 

Female -0.006 0.026* 0.018 0.025* 0.018 0.026** 0.016 0.021 
 (0.018) (0.011) (0.015) (0.011) (0.012) (0.010) (0.010) (0.016) 

Job Prospects 0.013 -0.021 0.026 -0.036 0.016 -0.026 -0.02 -0.034 
 (0.026) (0.023) (0.028) (0.023) (0.023) (0.020) (0.018) (0.025) 

Constant 0.833*** 0.942*** 0.795*** 0.834*** 0.764*** 
0.847**

* 0.881*** 0.792*** 
 (0.080) (0.056) (0.067) (0.045) (0.072) (0.042) (0.036) (0.058) 

N 2502 1902 2499 1903 2897 2230 2232 1905 
R2 0.106 0.142 0.048 0.07 0.055 0.036 0.041 0.207 

Robust standard errors in parentheses 
* p<0.05        ** p<0.01        *** p<0.001 
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Table A.2. Water and Cups Provided Daily (with or without cups) to Agricultural Workers, 
2006 – 2010 

 “Post” Period:  
2006 

“Post” Period:  
2007 

“Post” Period:  
2008 

“Post” Period: 
2009 

“Post” Period: 
2010 

 West SW West SW Wes SW SW SW 
         
 (25) (26) (27) (28) (29) (30) (31) (32) 

DiD & Interaction Terms 
Post x CA 0.065* 0.067* 0.066* -0.009 0.028 -0.009 0.045 0.213*** 

 (0.026) (0.032) (0.027) (0.028) (0.022) (0.022) (0.025) (0.052) 
CA -0.005 -0.002 -0.001 -0.006 -0.001 -0.004 -0.003 -0.055* 

 (0.015) (0.020) (0.014) (0.018) (0.015) (0.018) (0.018) (0.023) 
Post -0.046* -0.047 -0.044 0.039 -0.017 0.023 -0.023 -0.211*** 

 (0.023) (0.031) (0.027) (0.023) (0.018) (0.017) (0.021) (0.049) 
Workplace Characteristics 

Employed by Contractor 0.025* 0.028** 0.025** 0.017* 0.030*** 0.029*
* 

0.025** 0.024** 

 (0.010) (0.010) (0.008) (0.007) (0.009) (0.010) (0.009) (0.009) 
Nursery -0.007 -0.01 -0.034 0.053* 0.004 0.014 0.031 0.115* 

 (0.026) (0.030) (0.037) (0.022) (0.015) (0.016) (0.017) (0.051) 
Packing House 0.045** 0.025* 0.033* 0.017* 0.046*** 0.016 0.012 0.011 

 (0.014) (0.012) (0.016) (0.008) (0.014) (0.012) (0.012) (0.012) 
Other 0.110** 0.106** 0.000 0.000 0.000 0.000 0.022* 0.000 

 (0.036) (0.038) (n/a) (n/a) (n/a) (n/a) (0.011) (n/a) 
Hourly -0.028 -0.027 0.021 0.01 -0.018 -0.007 0.000 -0.05 

 (0.020) (0.021) (0.019) (0.017) (0.016) (0.015) (0.016) (0.033) 
Piece Rate -0.047 -0.053 0.059** 0.028 0.012 0.023 0.009 -0.039 

 (0.031) (0.033) (0.021) (0.018) (0.018) (0.017) (0.018) (0.033) 
Combined Hourly/Piece -0.024 -0.016 0.073** 0.050* 0.002 0.032 0.023 -0.012 

 (0.027) (0.028) (0.024) (0.024) (0.023) (0.023) (0.024) (0.035) 
Paid by Crew 0.051* 0.037* -0.015 -0.002 0.007 -0.006 0.015 -0.005 

 (0.021) (0.018) (0.009) (0.006) (0.009) (0.008) (0.009) (0.014) 
Grower-Owned Housing -0.024 -0.022 0.006 -0.044 0.012 0.019 -0.034 0.006 

 (0.022) (0.023) (0.021) (0.023) (0.015) (0.013) (0.017) (0.027) 
Fruits & Nuts 0.035 0.032 -0.028 0.008 0.077** 0.031 -0.002 0.114*** 

 (0.022) (0.023) (0.020) (0.021) (0.027) (0.025) (0.017) (0.034) 
Horticulture 0.058 0.075* -0.001 -0.013 0.076* 0.036 -0.015 0.073 

 (0.032) (0.032) (0.034) (0.027) (0.032) (0.029) (0.020) (0.062) 
Vegetables 0.036 0.055** -0.021 0.027 0.074** 0.050* 0.013 0.138*** 

 (0.023) (0.020) (0.027) (0.016) (0.027) (0.023) (0.014) (0.033) 
Misc/Multiple -0.016 -0.011 -0.019 -0.036 0.058 0.031 -0.028 -0.05 

 (0.042) (0.044) (0.041) (0.040) (0.031) (0.032) (0.035) (0.075) 
Farm worker Characteristics 

Transient Worker 0.025 0.007 0.016 0.014 -0.004 0.006 0.008 0.026* 
 (0.016) (0.020) (0.011) (0.010) (0.021) (0.017) (0.013) (0.011) 

Some Non-Citizen Authorization 0.014 0.014 0.022 0.039 0.009 0.025 0.03 0.055* 
 (0.021) (0.024) (0.024) (0.020) (0.016) (0.020) (0.016) (0.024) 

Unauthorized 0.023 0.027 0.043 0.047* 0.013 0.03 0.03 0.043 
 (0.023) (0.024) (0.028) (0.021) (0.019) (0.022) (0.016) (0.024) 

Speaks a Little English 0.013 0.015 0.009 0.019 0.008 0.016 0.016 0.016 
 (0.013) (0.013) (0.011) (0.010) (0.012) (0.011) (0.010) (0.011) 

Speaks English Well 0.045 0.075** 0.022 0.078** 0.065** 0.073*
* 

0.074*** 0.052 

 (0.024) (0.028) (0.034) (0.025) (0.020) (0.023) (0.021) (0.027) 
Indigenous 0.024** 0.024** 0.009 0.018* 0.024** 0.020* 0.022* 0.026* 

 (0.009) (0.008) (0.010) (0.008) (0.009) (0.008) (0.010) (0.012) 
Assets in the USA -0.007 0.005 0.014 0.007 0.009 0.004 0.002 0.001 

 (0.012) (0.008) (0.009) (0.006) (0.007) (0.006) (0.007) (0.010) 
Female 0.01 0.026** 0.013 0.014* 0.012 0.025*

* 
0.013 0.02 

 (0.012) (0.008) (0.010) (0.006) (0.009) (0.008) (0.007) (0.012) 
Job Prospects 0.008 -0.016 0.007 -0.017 -0.021 -0.033 -0.022 -0.053* 

 (0.017) (0.020) (0.020) (0.019) (0.016) (0.020) (0.018) (0.024) 
Constant 0.926**

* 
0.906*** 0.906*** 0.879**

* 
0.872*** 0.884*

** 
0.913*** 0.889*** 

 (0.036) (0.042) (0.035) (0.035) (0.033) (0.037) (0.031) (0.050) 
N 2502 1902 2499 1903 2897 2230 2232 1905 

R2 0.043 0.06 0.033 0.048 0.038 0.037 0.034 0.173 
Robust standard errors in parentheses 
* p<0.05        ** p<0.01        *** p<0.001 
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