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Abstract

This study evaluates the effectiveness of different farm-level adaptation measures aimed at mitigating
the adverse impacts of heat waves on labour productivity. Despite the increasing frequency of heat
waves, existing literature on occupational heat stress primarily relies on modelled estimates. To
address this gap, exploratory interviews and structured questionnaires were employed to identify key
challenges posed by heat waves, as well as the perceived benefits and limitations of different
adaptation strategies. Data were collected from nine farms located in Emilia-Romagna (Northeast
Italy), all of which were characterized by a long-term commitment to improving working conditions.
The Analytic Hierarchy Process was used to evaluate the perceived effectiveness of adaptation
measures according to three criteria: acceptability, flexibility, and timeliness. Findings indicate that,

in the absence of adaptation strategies, productivity losses may reach up to 30%. Among the measures
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assessed, shifting work hours was identified as the most effective strategy. The study underscores the
need for structured thermal risk assessment protocols and provides recommendations to inform

sustainable and worker-centered adaptation policies in the agricultural sector.
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1. INTRODUCTION

Worldwide, climate change scenarios point to an intensification of extreme heat events across all
regions with growing implications for outdoor workers (IPCC AR6 WGI, 2021). According to the
World Meteorological Organisation (WMO), a heat wave is defined as a period of at least six
consecutive days during which the maximum daily temperature exceeds the 90th percentile based on
the climatological reference period (1981-2010 or if available 1991-2020). Studies, such as de Sario
et al. (2023), have shown that heat waves have significant economic impacts on society, including
increasing healthcare costs (Martinez-Solanas et al., 2018), and costs for the social security system,
that must compensate workers for heat-related injuries (Ma et al., 2019). In addition to these social
costs, several studies have reported economic costs linked to a reduced worker productivity resulting
from high temperature exposure in working environments (Morabito et al., 2021; Kjellstrom et al.,
2009). In sectors such as agriculture, where most activities, are carried out outdoors, heat waves
significantly increase the risk of work-related injuries and work productivity reductions (Di Blasi et

al., 2023).

Thus, in recent years, the necessity to introduce acceptable preventive measures able to reduce the
risk of outdoor work-related injuries and excessive heat exposure has become pressing. For instance,

in recent years, countries such as Italy have introduced regional regulations to improve the working



conditions during heat waves. Specifically, these regulations limit the working time between 12:30
p.m. and 4:00 p.m. for specific sectors such as agricultural and construction during the summer
months and in case of heat waves. In 2021, these measures were implemented in three southern Italian
regions (Puglia, Calabria and Basilicata). In 2024, similar regulations were adopted by 15 of the 21

Italian regions.

Economic effects linked to heat waves can be classified as direct and indirect impacts. Workers’
productivity loss (PL) involves a direct output loss for farms. This can entail relevant indirect effects
because of the interdependencies along the value chain, and at a macroeconomic level on household
consumption, national output, etc. (Zhao et al., 2021). These aspects related to climate changes are
often neglected, but the magnitude of their potential impact on workers’ health and productivity
underlines the need for case studies providing information on PL in different contexts and activities,
and for different economic sectors (Kjellstrom et al., 2009). Indeed, current knowledge is scarce about
the economy-wide effects of heat waves on the productivity of diversified economic sectors that range
from outdoor to indoor activities and feature a heterogeneous structure and production orientation,

such as agriculture (Day et al., 2019).

One approach to quantifying heat-related productivity loss is the use of the Wet Bulb Globe
Temperature (WBGT) index and ISO 7243 standards. Kjellstrom et al. (2018) developed risk
functions based on these metrics to estimate reductions in work capacity under different levels of heat
stress. These functions assume that workers self-regulate their workload to avoid severe health
consequences, such as heat stroke. Accordingly, these models can estimate productivity loss (PL) as

a function of heat exposure and work intensity.

Individuals and firms can reduce the heat-stress implementing specific adaptation strategies able to
cope with heat conditions (Kjellstrom, Holmer, et al., 2009). A range of adaptation options are
available and these offer different solutions that can fit to different working conditions and contexts

cost-effectively. In general, behavioural adaptations such as the anticipation of working hours to avoid



heat peaks, and passive adaptation options such as frequent drink breaks, together with technical
equipment are indicated as valuable options for outdoor workers (Day et al., 2019). However, the
identification of the adaptation measures strictly depends on local contexts and the type of activities.
This warns against a generic identification of adaptation solutions and highlights a particular need for
heterogeneous economic sectors such as agriculture, for an evaluation carried out at the farm level

and able to consider the complexity of adaptation decision-making (Day et al., 2019).

The effectiveness of the available adaptation measures in reducing the impact of heat waves has a
specific relevance to evaluate their soundness as tools to be included in regulations targeting the
adaptation of working environments to climate risks. For instance, building on the work of Kjellstrom
et al. (2018), Morabito et al. (2021) applied different heat risk functions to estimate the effectiveness
of simple adaptation measures. In this study, WBGT and typical working hours data were combined
to compare PL and economic costs related to farming activities in an Italian region with and without
the adoption of adaptation measures. Using the modelled functions, Morabito and colleagues
estimated a significant effect of the adaptation measures, and thus highlighted a potential positive
impact for firms and workers engaged in intensive activities during heat waves, such as agricultural

workers.

While model-based approaches provide valuable insights, evaluating the perceived effectiveness of
adaptation measures and understanding workers’ and managers’ perceptions of climate risks are
equally important. Risk perception is a critical factor influencing adaptive behavior (Madhuri and
Sharma, 2020), and a range of psychological, economic, and contextual factors may shape the
willingness to adopt preventive strategies (D’ Alberto et al., 2024). Despite a robust body of literature
focused on modeled projections of productivity loss under heat stress (e.g., Orlov et al., 2019;
Kjellstrom et al., 2009; Morabito et al., 2021, empirical data on the perception of heat waves from
both the individuals directly affected and those responsible for managing and organizing outdoor

working activities during these events are currently limited.



Moreover, research on the operational feasibility and perceived efficacy of various adaptation
strategies is still limited. In particular, studies investigating the views of land managers on the
implementation and effectiveness of such measures are, to our knowledge, lacking. Yet,
understanding these perspectives is important, as land managers are ultimately responsible for
adopting and enforcing adaptation strategies at the farm level. The lack of empirical data on the
perceived utility and impact of adaptation measures impedes the development of evidence-based
policies that ensure worker safety and productivity during heat events. Without such insights, efforts
to identify and promote tailored, context-specific adaptation measures risk being ineffective or

unsustainable (Final Scientific Report of the WORKLIMATE Project, https://www.worklimate.it/).

This study aims to address this research gap by investigating how farm managers in Emilia-Romagna
perceive and evaluate various adaptation measures designed to mitigate the impacts of heat waves on
outdoor agricultural workers. The work contribution to the existing literature is twofold: (1) it
provides an in-depth analysis of the challenges posed by heat waves within a specific agricultural
context; and (2) it evaluates the perceived effectiveness of adaptation strategies based on empirical
data collected from nine farms in the region. Specifically, the research explores land managers’
assessments of the impacts of heat waves on different types of workers, their evaluation of the
advantages and disadvantages of various adaptation strategies, and their perceptions of these

strategies’ effectiveness in reducing productivity losses.

2. METHODOLOGY

2.1 Analytical approach

In this analysis, the analytic hierarchy process (AHP) method was employed (Saaty, 2013). AHP was
developed to support decision-making by structuring complex problem into hierarchical framework.
AHP organises decision problems into a hierarchy of factors that can be easily interpreted by an

expert, thereby facilitating complex judgments and enabling a structured evaluation of multiple



alternatives across different criteria. Originally developed by mathematician Thomas Saaty in the
1970s (Saaty, 1977), AHP is a widely used multi-criteria decision analysis (MCDA) technique. The
aim of the AHP is to break down a problem into smaller, more manageable components through
pairwise comparisons. At the core of AHP lies the pairwise comparison approach, which evaluate
decision elements in pairs, allowing for a more nuanced assessment of their relative importance. The
hierarchy itself takes the form of a tree structure with successive levels representing broader decision
criteria, specific sub-criteria, and eventually alternatives. These elements are compared pairwise at
each level of the hierarchy, from the lowest level (typically comprising the alternatives or specific
actions under evaluation) up to the highest-level criterion (Saaty, 1987). In this study, the objective
was to identify the most effective adaptation measures to mitigate the impacts of heat waves. The
AHP process involves assigning numerical values to each pairwise comparisons using a 1-to-9 scale,
where 1 indicates equal importance and or relevance of the two elements on the control element and
9 represents extreme importance of one element over another (Saaty, 2008) (Tab. 1). These
comparisons are recorded in pairwise comparison matrices that reflect the relationships between
criteria and adaptation measures. After completing the pairwise comparisons, the relative weights (or
priority) for each criterion are calculated using mathematical techniques, particularly the eigenvalue
methods. This priority is defined as a vector representing the influence (or weight) of each single
element within that level of the hierarchy (Duke & Aull-Hyde, 2002). The process entails calculating
the normalized values for each matrix to derive weights that reflect the relative importance of each
criterion, by means of the eigenvector method and a process of averaging over the normalised
columns of the matrix (Meade & Sarkis, 1999; Saaty, 2008). For further details on the calculation of
the priority by means of different matrix multiplication methods see in particular (Villanueva et al.,
2015). Subsequent consistency checks are then carried out to ensure the reliability of comparisons.
The Consistency Ratio (CR) is utilised to assess consistency, by comparing the consistency index of
the judgments to a random index. A CR value below 0.1 is generally considered acceptable, indicating

a reasonable level of consistency in the decisions made during pairwise comparisons. Finally, the



calculated weights are aggregated to determine the overall priorities of the adaptation measures (Liu

et al., 2025).

However, one of the main limitations of this methodology is that the quality of results heavily depends
on the expertise and understanding of the respondents. Biases may be introduced if participants are
not sufficiently knowledgeable about the subject matter (Villanueva et al., 2015). Furthermore, AHP
does not rely on assumptions regarding known probability distributions (Duke & Aull-Hyde, 2002).
As a result, the method is not statistical in nature and typically involves a relatively small number of
expert respondents, due to the in-depth knowledge required to complete the questionnaires accurately

(which often reduces the number of respondents).

Table 1- Saaty’s fundamental scale for pairwise comparison judgments.

Intensity of

Definition Explanation
importance
1 Equal importance Two activities contribute equally to the objective.
2 Weak or slight Experience and judgment slightly favor one activity over another.
3 Moderate importance Experience and judgment slightly favor one activity over another.
4 Moderate plus Experience and judgment strongly favor one activity over another.
5 Strong importance Experience and judgment strongly favor one activity over another.
6 Strong plus An activity is favored very strongly over another.
Very strong or
7 demonstrated An activity is favored very strongly over another.
importance
The evidence favoring one activity over another is of the highest
8 Very, very strong . .
possible order of affirmation.
. The evidence favoring one activity over another is of the highest
9 Extreme importance

possible order of affirmation.

Source: ( Saaty, 2013).

2.2 Identification of target participants

As illustrated in Figure 1, the survey was organized in three main phases. The first step involved

identifying the target group of participants.



For our study, the target participants were farm managers of large, well-structured farms with a
significant number of workers. Given the exploratory nature of the research, we considered
appropriate to begin by involving farm managers operating within the same geographical area (Emilia
Romagna). This choice allowed for greater homogeneity and consistency in the data collected,
thereby minimising the influence of contextual and structural difference across regiones. In light of
the limited number of studies investigating the impact of heatwaves on farm management and the
scarcity of empirical data on this issue, the survey specifically targeted farms with a demonstrated
commitment to workers’ welfare. Indeed, the selected farm managers had already been implementing
strategies and measures to mitigate the effects of heat waves on their employees over several years.
Such an analysis enabled an in-depth analysis of the current implementation status of various
adaptation measures. The first part of the survey focused on the Cooperative Agricole Braccianti
(CABs) in the province of Ravenna. Later, the survey was extended to include other large farms in

the region with the help of trade associations.

Collectively, these cooperatives manage approximately 11,500 hectares of utilised agricultural area
(UAA). Their production is primarily oriented towards fruit trees, vegetables and cereal crops,
although some also operate in the livestock and nursery sectors. These cooperatives were of particular
interest due to their organisational structure: workers are also cooperative members and are involved
in the decision-making process. Being directly exposed to the working conditions, the worker-
members have developed a deeper awareness of the impacts of heat waves, including suggestions and

proposals to more effective prevention and protection measures.
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Figure 1-A flow diagram of the research process.

2.3 Identification of adaptation measures and data collection

We conducted a literature review to identify the adaptation measures able to reduce the impacts of
heat waves on agricultural workers. Four adaptation measures were identified through a literature
review (Day et al., 2019; Habibi et al., 2023; Kjellstrom, et al., 2009; Marinaccio et al., 2022;

Morabito et al., 2021; Spector et al., 2019; Zhao et al., 2021):
e shifting/anticipating work hours;
e setting up shaded areas;
e increasing the frequency of work breaks with facilitation of the availability of water;

e special equipment (ventilated jackets, clothing in technical, breathable fabric).



These measures represent different management options for the organisation of outdoor labour that
can improve workers' resilience to heat stress and aim to maintain a safe work environment.
Therefore, the adoption of the measures also allows to enhance significantly worker performance,

productivity, and company profits (Habibi et al., 2023).

The second phase involved the data collection (Figure 1). We started with exploratory interviews with
the CAB farm managers, aimed at collecting preliminary information on the phenomenon of heat
waves and identifying pros and cons related to the potential implementation of adaptation measures
at farm level and productivity-related issues or operational problems observed during the last heat
wave events. Five exploratory interviews were conducted of the seven CAB’s in the province of
Ravenna. Each interview lasted on average 40 minutes and was conducted either online or in person.
The interview was divided into two main sections: The first section focused on framing the problem
and identifying the work problems already encountered during the last heatwaves (summer 2022-
2023). The second section assessed the advantages and disadvantages and the respondents'
perceptions of the four selected adaptation measures. Then, based on the information gathered in the
exploratory interviews, a questionnaire was designed to collect quantitative data on the adaptation

measures and assess their effectiveness in reducing the impact of heatwaves on agricultural workers.

The questionnaire included 34 questions, and it was implemented on the Qualtrics*™ (2024) (Provo,

Utah, USA, URL https://www.qualtrics.com) platform.

The questionnaire was structured in three main sections: the first section was about general
information about the respondents and the farms, such as their role, main crops, farm size, the main
symptoms observed in workers during the heat waves of the summers of 2022-2023, the activities

most affected by the heat waves, and the adaptation measures adopted in these circumstances.

The second part of the questionnaire dealt with the assessment of the effectiveness of adaptation
measures according to the AHP (Saaty, 1987). In order to assess the effectiveness of the identified

heat wave protection measures, we included four questions to collect data using the AHP method
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(Fig. 2). Three of these questions focused on specific criteria for assessing the effectiveness of each

adaptation measure, namely:

1. Worker acceptability, i.e. the expected willingness of outdoor agricultural workers to adopt the

measurcs.

2. Timeliness of implementation, i.e. the time needed to implement the measure after a heat wave

forecast.

3. Flexibility of application, i.e. the possibility to adopt the measure in different types of farms.

In addition, a further question concerned the comparison between the selected criteria. These criteria
were derived from those identified by Day et al. (2019) and subsequently adapted based on the

information gathered during the exploratory interviews.

This set of questions included four matrices comparing adaptation measures according to each of the

criteria listed above, with each pair of principals rated using the AHP 1-9 scale.

As an example, we report two of the submitted questions for the two assessment levels:

- (Q11) - With respect to the criterion acceptability by workers, which of the following pairs of
factors do you think is the preferred adaptation measure by workers? (Shifting of working
hours VS Setting up shaded areas; Shifting of working hours VS Increased frequency of
breaks... etc.) For each pair, express your preference on a scale of 1 to 9, where 1 indicates
that the measures are equally preferred and 9 indicates that one measure is extremely more

accepted than the other.

- (Q13) - Which criterion, among the following pairs of criteria, do you think is most important
for an effective reduction of workers' productivity loss? (Acceptability by the workers VS
Timeliness of implementation, Acceptability by the worker VS Flexibility of application...etc)

For each pair, express your preference on a scale of 1 to 9, where I indicates that the criteria



are of equal importance and 9 indicates that one criterion is extremely more important than

the other for reducing productivity loss.

Effectiveness of adaptation measures to reduce worker
productivity losses

Acceptability by Timeliness of Flexibility
workers implementation

Increasing the frequency
of work breaks with Special equipment
facilitation of the

availability of water

Shifting/anticipating

work hours Setting up shaded areas

Figure 2.Hierarchical decision-making structure for selecting the most effective heat wave adaptation measures.

The final part of the survey focused on estimating the productivity loss of agricultural workers. In the
land manager survey, respondents were asked to report any adaptation measures implemented to cope
with heat wave events. Respondents were then asked to estimate productivity loss in the following
ranges in the absence of adaptation measures: 0—10%, 10-20%, 20-30%, and more than 30%.
Specifically, the questionnaire asked respondents to provide an estimate of the percentage of daily
productivity loss estimated for general workers and specialised workers during heat waves and in the

absence of adaptation measures.

The questionnaire was distributed in June and July, and it was initially distributed to the CABs and
to the main regional farmers' associations, who then distributed it to the agricultural land managers
in Emilia-Romagna. The distribution of the questionnaires to Emilia-Romagna was motivated by the
need to obtain data that were as homogeneous as possible. This strategy helped to reduce the
variability linked to geographical and structural factors, ensuring greater consistency in the results

and facilitating comparisons between the different farm realities analysed.



2.4 Data processing and analysis

The survey collected a total of 15 responses from land managers in Emilia-Romagna. Only 9
questionnaires were completed in all parts and included in the analysis. For the AHP questions, we
normalised the comparison matrix data and determined the priorities for each level of the hierarchy.
Elaborations were performed with R 4.4.1 (2024) (RStudio: Integrated Development for R. RStudio,

PBC, Boston, MA URL http://www.rstudio.com/). The priority calculation was used to compare the

relative contribution of the elements at each level of the hierarchy with an element in the adjacent
higher level. We conducted a synthesis of the priorities to calculate a composite weight for each
alternative, based on the preferences guided by the comparison matrix. After calculating the
composite weight, the relative priority of each adaptation measure was obtained, and a final ranking
was developed to identify the best adaptation alternative through the calculation of the average of all

the overall priorities that were calculated for each questionnaire (Veisi et al., 2022).

Finally, the consistency ratio (CR) was calculated to verify the consistency of the judgments
expressed by the respondents. The CR is suggested as a valid indicator of the cognitive stress of
respondents, i.e. a high CR indicates a high complexity level of the questions and thus requires higher

efforts in the judgement process.

3. RESULTS

3.1 Results of the exploratory interviews

We conducted five interviews with CAB farm managers to get an initial overview of the impacts of

the heatwaves, the benefits and challenges of the adaptation measures selected.

It emerged that all farms observed issues related to heat waves during the summers of 2022-2023,

particularly in orchards during the harvesting of peaches and apricots: “The issue of heat waves is

primarily felt in the orchard”. One farm also encountered difficulties in nurseries and in organic
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fields: “Heat waves are also felt in open fields across the 1,200 hectares of organic farmland, which
requires frequent tilling to eliminate weeds . Additionally, all managers reported that in the orchards,
due to heat waves combined with high levels of humidity, the presence of nets and rows of trees
themselves limit air circulation, workers experience signs of fatigue, tiredness, and breathing
problems. The farm managers also stated that the productivity of workers decreased during heat
waves: “During the hottest hours, fewer kilograms are harvested and in general during heat waves,

yields decrease because workers are slower”, “From eleven o'clock onwards, employee performance

drops by about 30 per cent”.

The interviewed farm managers stated that, to avoid extreme heat during the central hours of the day,
they adjust the work schedule. In fact, field workers (who are mostly women) finish their workday
by noon and, depending on daylight, they start working about an hour earlier, around 5 a.m. The
shifting/anticipating of working hours was implemented by 5 out of 5 farms. For greater clarity, we
provide the interviewee's response as follows: “During the summer, it became necessary to start the
workday an hour to an hour and a half earlier (depending on daylight) or to leave an hour earlier
(by 12 p.m.)”. The anticipation of the working time also contributed to mitigate operational problems
related to harvesting and storing the product. Indeed, excessive heat also affects the quality of the
harvest, especially if it remains under the sun and is not delivered immediately to storage or

processing centres.

Regarding the adaptation measures already implemented by the interviewed farms, in addition to
adjusting work hours, five out of five farms also indicated the use of shaded areas represented by
break rooms, warehouses, or shelters near the orchards. Other shaded areas included seminatural
elements like hedges and groves established for instance with the support of agro-environmental
measures in the past. The interviewees reported that most employees rely on own water supply. In the
five farms however, the interviewees reported that supervisors are always supplied with drinking

water as well as with a first aid kit. The availability of water supplies at the farm centre was also



indicated by the five interviewed farm managers. Regarding the use of special equipment, the
purchase of technical clothing to promote better breathability was reported in one interview: “In the
summer of 2023, the farm purchased technical fabric shirts that allow workers to work more

comfortably. The request originated from the workers”.

3.2 Results of the questionnaires

The main characteristics of the sample are presented in Table 2. The results of the questionnaire
indicate that heat waves have a notable impact on farm workers' health. Respondents reported
significant physical symptoms among workers, including intense fatigue, excessive sweating, drops
in blood pressure, muscle cramps, and dehydration. These symptoms typically occur during labor-
intensive tasks such as fruit and vegetable harvesting, field operations, and manual activities like

weed removal.

To mitigate the effects of heat waves, most farms have already implemented various adaptation
measures. All respondents reported increasing the frequency of breaks and improving access to
drinking water. Additionally, more than half of the farms have either shifted the start time of work to
earlier hours, shortened the duration of work shifts, or established shaded rest areas near the fields.
Fewer than a quarter of respondents reported the use of specialized equipment during heat waves.
Among the additional adaptation measures mentioned, several farms have introduced portable

shading structures, such as umbrellas, to protect workers during fruit harvesting.



Table 2 - Characteristics of respondents.

Respondent type Frequency %
Entrepreneur 2 22,22%
Director/Manager 5 55,56%
Technician/Foreman 2 22,22%

Farming system Frequency* %
Cereal farming 7 77,78%
Horticultural 4 44,44%
Viticultural 5 55,56%
Fruit farming 4 44,44%
Zootechnical 3 33,33%
Other 2 22,22%

Symptoms observed during heat waves Frequency* %
Tiredness 9 100,00%
Pressure drops 1 11,11%
Muscle cramps 1 11,11%
Intense sweating 8 88,89%

Activities affected by heat waves Frequency* %
Fruit and vegetable harvesting 6 66,67%
Field operations 4 44,44%
Other (manual weeding) 3 33,33%

Measures against heat waves Frequency* %
Shifting/anticipating work hours 8 88,89%
Setting up shaded areas 6 66,67%
Increasing the frequency of work breaks with facilitation of the

9 100,00%
availability of water
Special equipment 2 22,22%
Other (e.g. umbrellas) 1 11,11%

* Each participant had the opportunity to select more than one answer, so the total number of answers may exceed the

number of participants.



The average of the assigned priorities allowed for the development of a ranking of the most effective
adaptation measures based on the selected criteria: worker acceptability, timeliness of
implementation, and flexibility of application. As shown in Fig. 3, the adaptation measure with the
highest ranking is the shifting or anticipation of working hours, with an average priority value of
0.5032. The second-highest ranked measure is increasing the frequency of work breaks and ensuring
access to potable water, with a value of 0.3261. Considerably lower priority values were assigned to
the creation of shaded areas (0.0974) and the use of special equipment (0.0660). The inconsistency
ratio for the group of respondents was 0.20. Although this value is above the commonly accepted
threshold of 0.1, it indicates that the evaluation process posed a considerable cognitive challenge for

respondents, likely due to the complexity of comparing multiple criteria and adaptation options.
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Figure 3-Priorities of adaptation measures as resulted in the AHP analysis.

The third part of the survey asked participants to provide an estimation of the average percentage of
daily productivity loss observed among both common and specialized workers in case of heat waves.
The results showed that the most relevant productivity losses occurred among common workers, with

reduction rates ranging from 20 % to 30% (Arithmetic Mean: 0.25; Interquartile Range (IQR): 0.06)



or more (44 % of respondents). As for specialized workers, such as tractor drivers, most respondents
(44%) reported productivity losses between 0% and 10% (Arithmetic Mean: 0.05; Interquartile Range

(IQR): 0.06).

4. DISCUSSION

The study, for the first time, explores the perception of land managers regarding heat wave adaptation

measures that farms could easily implement to reduce the impact on productivity losses.

Overall, we found that common workers, especially those involved in fruit harvesting, can have
productivity losses of over 30% in the absence of adaptation measures; this is confirmed by evidence
in the literature, where productivity losses of this magnitude are reported (Morabito et al., 2021).
Beside this and according to the perception of land managers, the most effective adaptation measure
to reduce productivity losses is shifting/anticipating working hours. This evidence is based on the
criteria of worker acceptability, timeliness of implementation, and flexibility, and it is also reported
in some of the regulations focusing the reduction of heat wave impacts on workers (Emilia-Romagna

region).

Common workers are the category that is most at risk during heat waves because of their exposure to
outdoor activities performed in periods that can be affected by heat waves such as fruit picking. Thus,
this worker category is exposed to heat and a higher risk of physical stress and reduced productivity.
Specialised workers, such as tractor drivers, work in more favourable conditions (e.g. air-conditioned

cabins) that helps to mitigate the negative effects of high temperatures and preserve work capacity.

In this context, a more specific focus on the potential heat-related threats that can affect tractor drivers
is necessary as the frequency of getting-on and -off tractors to e.g. operate changes/adjustments on

equipment could generate abrupt changes of temperature and impact the workers’ health.

We also found that the interviewed land managers believe that the shifting/anticipating of the working

hours is the most effective measure to reduce productivity losses, probably because it is easy to use



low cost and immediately implementable. The effectiveness of this measure is also supported by
Morabito et al., (2021), that showed how the adoption of such a measure reduces workers'
productivity losses by up to 33% and lowers the economic costs associated with such losses.
Moreover, earlier working hours would have positive effects on the quality of the harvest, as it would

not be exposed to the heat and delivered earlier to the harvest centres

Nonetheless, as also highlighted by Day et al. (2019), changing working hours could impact total
working hours, associated income and economic and social costs that should not be underestimated.
Indeed, anticipating the working schedule involves a range of benefits, but it is important to consider
that this change could cause disadvantages and reorganization of workers' routines, especially for
those who have long commutations to reach the working place. In addition, the measure would have
a significant impact on the various costs that the farm has to bear, including organisational,
operational and logistic costs. In fact, 25% of the respondents reported the need to add about one
extra working day per week, to compensate for the reduction in working hours. This also involves the
need of additional workers or of additional trips to storage points during the week. Another challenge
for the adoption of this measure is the limited availability of light in the early morning hours, which

is essential for fruit picking.

It is therefore essential to make workers aware of the importance of this measure and to ensure the
smooth running of activities. This is possible thanks to the presence of adequate infrastructure,
implemented by companies to enable optimal harvesting even in low light conditions. For example,
the installation of appropriate lighting systems can support early operations at dawn, ensuring

effective implementation of activities.

Our results show that other simple adaptation measures such as increasing the frequency of breaks
and providing shaded areas are also effective in protecting workers from heat and reducing production
losses according to the land managers. Shade areas are understood to be groves and hedges or mobile

shade structures such as canopy shelters. Despite the benefits of these measures, they represent an



economic cost that could be significantly higher than the anticipation of the working time because
workers are paid even during breaks and because setting up shade zones requires some investments

for farms.

Lastly, the least effective measure for managers is special equipment (ventilated jackets and clothing
in technical, breathable fabric) because, beside its cost, it is expected to be hardly acceptable by
workers. Measures such as the use of special equipment may be rejected if they are considered
inconvenient or unnecessarily complex. For this reason, whatever the measure, it is essential to
involve workers in the decision-making process and to gather their feedback in order to identify the

most practical and valued solutions.

The limitations of this study lie in its focus on data from a limited geographic area within Italy.
Moreover, the selection of large farm cooperatives with strong attention towards working conditions
and safety allowed to collect the perception of adaptation measures and their effectiveness in farms
with relevant awareness of the problem. This sampling approach may have introduced a bias linked
to the farms’ greater capacity to implement adaptation strategies. Consequently, the findings reflect a
localized perspective that may not be representative of the views of entrepreneurs at the national level
or in other parts of the world. Significant differences could emerge if the research were conducted
nationwide or expanded to include a broader range of Italian regions and farm types. Additionally,
the CR of 0.2 points to some cognitive stress. This could be due to the small sample size or
respondents' lack of experience with such specific questions on heat waves and adaptation measures.
This might have caused difficulties in fully understanding and evaluating the question, affecting the

consistency of their responses.



5. CONCLUSIONS

This study presents an overview of how land managers perceive the impacts of heat waves on
agricultural workers and assesses the perceived effectiveness of various adaptation measures. The
research is based on empirical data collected from nine farms in Emilia-Romagna, each demonstrating
a long-standing commitment to improving working conditions and mitigating heat-related risks in

agricultural operations.

Although the sample size limits the statistical generalizability, our results offer valuable insights to
inform future policy interventions. One key recommendation emerging from the study is the potential
introduction of targeted incentives to support the adoption of adaptation practices that entail
additional costs for farms. Such incentives could be designed to provide economic support for more
resource-intensive but highly effective measures, such as installing shading infrastructure or

rescheduling work to nocturnal hours.

Another crucial aspect relates to institutional collaboration in developing early warning systems and
heat alert tools. These tools could serve both farms and regulatory bodies as a reliable reference for
determining the timing and geographic location for the applicability of mandatory or recommended

heat adaptation actions.

The findings confirm that heat waves have a significant impact on business operations and reduce
labor productivity, particularly in open-field tasks such as fruit harvesting. The selected adaptation
strategies, many of which are low-cost and easy to implement, provide effective ways to reduce
productivity losses and enhance worker protection. Among the most effective measures identified are
adjusting work schedules to earlier hours and increasing the frequency of breaks with access to
potable water. These actions were recognized as widely applicable, simple to implement, and well-

accepted by both managers and workers.



Beyond improving worker safety and reducing the risk of heat-related accidents, certain adaptation
measures can generate operational benefits. For instance, shifting working hours not only reduces
exposure to peak temperatures but may also improve the quality of harvest, particularly in sectors

such as fruit cultivation.

A crucial aspect is the ease of implementation and high acceptance of many adaptation strategies.
This enhances their feasibility and potential for widespread adoption. Because these measures
typically do not require complex organizational changes or significant financial resources, they

represent a practical starting point for improving heat adaptation of the agricultural sector.

In conclusion, the study underscores the dual benefits of adaptation strategies: they contribute both
to worker well-being and to the operational efficiency of farms. By reducing the incidence of heat-
related accidents and minimizing inefficiencies due to loss of labour productivity, targeted adaptation
measures can serve as a foundation for sustainable and inclusive agricultural policy under conditions

of increasing climate stress.
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