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ABSTRACT 

 
Background: The phenomenon of climate change has been declared by international 

organizations as one of the greatest health challenges of the century. This study aimed to assess 

the vulnerability of occupational risk factors of workers to climate change and predict the values 

of the relevant indicators in the future. 

Materials and Methods: This study was conducted in 2021 in Khorasan razavi province. 

Occupational health indicators affected by climate change were extracted from a literature review. 

Then, information on available occupational and climatic indicators were collected and significant 

relationships between occupational health indicators and climate parameters were determined 

through stepwise regression modeling in SPSS software (P-value<0.05). Equations were 

formulated and occupational indicators were predicted based on optimistic (SSP1-2.6), moderate 

(SSP3-7.0), and pessimistic (SSP5-8.5) scenarios for the period 2021-2100. 

Results: The results showed that occupational risk factors significantly affected by climate change 

in this province include heat and radiation. Wind speed and relative humidity as climate parameters 

had the greatest impact on the studied indicators. The predicted future average values indicated 

that the percentages of workers exposed to heat stress and radiation to increase by 2.6 and 2.9 

times, respectively.  

Conclusion: The effects of climate change have been confirmed in Khorasan razavi province of 

Iran and based on predictions in this study, these harmful effects will increase in work 

environments in the future, which could ultimately result in occupational accidents and work –

related diseases. Therefore, it is recommended policymakers to determine and implement climate 

change mitigation and adaptation strategies to reduce the vulnerability of the workers in Iran. 

Keywords: Climate change, Workers, Occupational health, Heat stress, Ultraviolet, Dust 
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Introduction 

The global climate change has been stated as one of the fundamental threats to human health and 

has been referred to as the greatest challenge of the century by the World Health Organization 

(WHO) and the Intergovernmental Panel on Climate Change (IPCC) (1, 2). The climate change 

has led to an increasing environmental crises and related health hazards in affected communities 

(3). One of the challenging issues related to climate change in the world is examining the 

relationship between climate change and health. Previous studies have confirmed the increasing 

role of climate change in the prevalence of diseases that affected from climate change such as 

water-food borne diseases, Arthropod-Borne Diseases, occupational diseases (4, 6-7). There has 

been significant scientific evidences and planning regarding the relationship between public health 

and climate change, but there is limited studies about the effects of climate change on workers (8, 

9). Additionally, some studies have predicted that in the most regions of Iran, the average 

temperature will increase by 4.5 degrees Celsius by the year 2100 (7, 10-11). Iran’s geographical 

location and topographic features have exposed the country to climate change and related harmful 

consequences. The severity impacts of climate changes is greater in eastern and central provinces 

of Iran, such as Isfahan, Semnan, Khorasan razavi, Southern Khorasan, and the population is 

severely affected by the adverse health effects of climate change (11). 

Workers are often among the first groups to be exposed to the effects of climate change for longer 

periods and with greater intensity compared to the general population (12). An important challenge 

in this regard is related to explaining how climatic events affect safety and health of workers, and 

preventive programs for mitigation, response, and adaptation to climate change (13). Outdoor 

workers such as agricultural, construction workers, emergency first responders including 

firefighters, police, pre-hospital personnel, public transportation and service workers are 

particularly affected from harmful impacts of climate change (14, 15). Indoor workers can also be 

vulnerable to the consequences of climate change such as increased temperature or air pollution. 

For instance, statistics from the U.S. Occupational Safety and Health Administration (OSHA) state 

that agricultural workers are particularly vulnerable to heat-related conditions, with the mortality 

and injuries rate 19.5 times higher compared to workers who are employed by other sectors and 

this trend continues to increase among agricultural workers between 2030-2100 (16). For worker 

populations such as migrant or day laborers, there are other economic and social limitations or lack 

of proper housing that can increase the vulnerability of these groups to climate change (17). 
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Currently, five categories of recognized climate change hazards including heat waves and 

increased temperature, air pollution, Ultraviolet (UV) radiation, weather-related disasters, and 

vector-borne diseases can affect work environments (8, 18). Moreover, the burden of related 

climate change diseases in workers from low and middle-income countries is greater due to 

frequent exposure to extreme weather events and high temperatures, especially since these 

countries have fewer available resources for mitigation and adaptation to climate change (19). In 

addition to implement mitigation and adaptation strategies at workplaces, it is also necessary to 

ensure from the preparedness and emergency response of health system to climate change (1, 13). 

Identifying the vulnerability of climate change hazards on workers' populations and implementing 

strategic measures to mitigate and adapt to climate change is inevitable for Iran and other countries. 

Regarding that the central and eastern provinces are more sensitive to climate change and a large 

portion of the working population in Khorasan razavi province is engaged in agricultural and 

mining activities, such as saffron cultivation, sand and gravel, and iron ore surface mines. 

Therefore, a significant number of workers in this province are accounted as outdoor workers that 

increases workers' exposure with occupational hazards related to climate change and making them 

more vulnerable to climate change. The aim of this study is assessing and predicting workers’ 

vulnerability to climate change in Khorasan razavi province. 

 

Material and Methods 

This cross-sectional study was conducted in Khorasan razavi province, 2021. This study was 

designed in three phases including systematic review, descriptive analysis, modeling and 

prediction.  

 

Phase 1- systematic review 

We conducted a systematic review to identify which and how occupational health indicators affect 

from climate change in this phase of study. Our research question focused on the occupational 

indicators that have been affected by climate change. We searched international electronic 

databases, including PubMed, Web of Science, and Scopus for international English articles, SID 

and Mgiran for Persian articles. Furthermore, the authors reviewed available electronic resources 

such as books, the website of universities, and documents from international organizations. The 
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search strategy was used using Medical Subject Headings (MeSH)): (“Climate change”) AND 

(indicator* OR component* OR Hazard*) AND (Health OR “Occupational health”) AND 

(worker* OR personnel OR employee* OR occupant*). The applied search strategy was the same 

for all databases. The obtained full-text articles were studied to extract the occupational health 

hazards or indicators that were affected from climate change at workplaces (Fig. 1). Furthermore, 

the climatic parameters were recognized in this study. 

 

Phase 2- Descriptive analysis 

The data of occupational health indicators and climatic parameters were collected from 

Environmental and Occupational Health Center (EOHC) of Ministry of Health (MOH) and Iran 

Meteorological Organization (IMO), respectively. The data of EOHC were collected from 2005-

2019 and data from IMO were available in recent 30 years. Subsequently, the time trend graphs of 

retrospective analysis of occupational health and climate parameters were created by Excel 

software.  

 

Phase 3- Modeling and climate projection  

For climate projection, 5 models of GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2-HR, MRI-

ESM2 -0, and UKESM1-0-LL from the Coupled Model Inter comparison Project Phase 6 (CMIP6) 

were used. The applied climatic variables for projection were minimum air temperature, maximum 

air temperature, average air temperature, precipitation, relative humidity, and wind speed. 

Furthermore, significant relationships between occupational health indicators and climate 

parameters were identified by implementing regression tests in this phase. The variables that 

showed significant relationships, were applied through stepwise regression modeling using SPSS, 

version 22. Subsequently, the obtained equations from stepwise regression modeling were 

formulated using Excel software version 2019. Finally, occupational health indicators were 

predicted based on optimistic (SSP1-2.6), moderate (SSP3-7.0), and pessimistic (SSP5-8.5) 

scenarios for the period 2021-2100, and the most vulnerable cities to climate change was identified 

in Khorasan razavi province. 

 

Ethical consideration 

This study was approved by the ethical and research committee of Semnan University of Medical 

Sciences (IR.SEMUMS.REC.1400.157).  
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Results 

Phase 1- A total of 32 records including studies and other sources (reports and documents) was 

included in the study and analyzed. The records covered various occupational hazards and 

indicators that were affected from climate change.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig1. Flow diagram of screening process for review according to PRISMA Checklist 

 

 

Twenty-two occupational health and occupational diseases indicators related to climate change, 

were extracted from the systematic review. These indicators were number of occupational death, 

accidents and injuries, the percentage of workers exposed to heat stress, harmful Ultra Violet (UV) 

radiation and dust,  percentage of enterprises without appropriate ventilation and Health, Safety 

and Environment (HSE) office, Percentage of workers without access to appropriate rest space, 

ventilation, safe drinking water, percent usage of Personal Protective Equipment (PPE) and 

Records identified from: 
Databases (n =324) 
Other sources (n =35) 

 

Records removed before 
screening: 

Duplicate records removed  
(n =41) 

Records screened 
(n =318) 

Records excluded by title and 
abstract review 

(n =159) 

 

Full texts included in review 
(n =26) 

Other sources included in review 
(n =6) 

 
 

Records assessed for eligibility 
(n =159) 

Records excluded: 
Not state indicators in details 

(n =72) 
Lack of access to full texts    

(n =55) 
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working clothes, number of loss days because of occupational disease, number of occupational 

skin cancer, occupational heat-related, respiratory, cardio vascular and chronic diseases, 

percentage of illiterate, smoking workers, percentage of workers who take medicine and 

percentage of workers with inappropriate Body Mass Index (BMI). The collected data were limited 

to three indicators due to the lack of data in this study. The available data were related to percentage 

of workers exposed to harmful heat stress, UV radiation and dust at workplaces. Further, the 

climatic parameters under study were seven factors, including minimum, mean and maximum 

temperature, relative humidity, precipitation, wind speed, and freezing days.  

 

Phase 2- The information on three occupational health indicators and climatic parameters was 

available over the past 15 years (2005-2019) and 30 years (1989-2019), respectively. The 

descriptive analysis of occupational health indicators in Khorasan razavi have been demonstrated 

in Fig. 2.   

 

Fig. 2- Time trend of percent of workers exposed to harmful heat stress, UV radiation, and dust in Khorasan razavi 

(2005-2019) 

 

Despite the increasing trend of temperature and the decreasing trend in precipitation over the past 

30 years, retrospective data analysis of occupational health indicators showed that the percentage 

of workers exposed to heat stress, harmful UV radiation, and dust in workplaces have been 

decreased over the past 15 years.  
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Table 1 shows the descriptive analysis of climatic parameters in Khorasan razavi province over a 

30-year period. 

 

Table 1. Descriptive trend changes of climatic parameters understudy in Khorasan razavi province (1989-2019) 

Climatic Parameter Trend 

Minimum temperature Significant increasing in spring, summer, autumn and winter seasons 

Mean temperature Significant increasing in summer, autumn and winter seasons 

Maximum temperature Significant increasing in spring and winter seasons 

Relative humidity Significant decreasing in spring, summer and winter seasons 

Precipitation 

The average precipitation over 30 years in the province has been 209.5 

millimeters, which is less than the average precipitation in Iran (232.4 

millimeters) and is considered one of the low precipitation areas in the 

world. The distribution of rainfall across the province is also not uniform, 

and generally, the amount decreases from the north to the south of the 

province. 

Wind speed Significant decreasing in summer, autumn and winter seasons 

 

Phase 3- Then, the significant relationships between climatic parameters and occupational health 

indicators were obtained by regression test. The significant level was considered as 0.05 (Table 2). 

Table 2. Results of correlation test between health indicators and climatic parameters in Khorasan-e razavi Province 

     Climatic Parameter 

 

Health Indicator                 
minT1 

meanT2 maxT3 
Relative 

Humidity 
Precipitation 

Wind 

Speed 

Freezing 

Days 

Occupational death 
0.041* 

 
0.101 0.963 0.197 0.433 

0.026* 

 
0.286 

Occupational accidents 0.554 
0.045* 

 

0.043* 

 
0.207 0.931 

0.001** 

 
0.387 

Occupational injuries 0.799 0.304 0.194 0.074 0.660 0.546 0.537 

Percent of workers which 

exposed to heat stress 

0.035* 

 
0.785 0.237 

0.015* 

 
0.637 

0.01* 

 
0.163 

Percent of workers which 

exposed to dust 

0.002** 

 

0.005** 

 

0.018* 

 

0.001** 

 

0.001** 

r = -0.408 
0.931 

0.015* 

 

Percent of workers which 

exposed to harmful 

radiation 

0.051 0.255 0.101 
0.005** 

 

0.027* 

r = -0.279 

0.045* 

 
0.173 

*Significant P-value at 0.05 level; **Significant P-value at 0.01 level                                                                                               
1Minimum temperature                                                                                                                                                  
2Mean temperature                             
3Maximum temperature 
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The results of modeling health indicators and climatic parameters in Khorasan razavi province 

showed that the occupational health indicators affected by climate change in this province are the 

percentage of workers exposed to harmful occupational factors including heat, dust, and radiation. 

Ultimately, the significant climatic parameters included in the model for the mentioned 

occupational health indicators were relative humidity for the percentage of workers exposed to 

harmful radiation and dust, and maximum temperature for the percentage of workers exposed to 

harmful heat (Table 3). 

Table 3. Stepwise linear regression for health indicators and climatic parameters in Khorasan razavi Province 

Modeling Equation 

Unstandardized 

Coefficients 

Climatic 

Parameter(s) 

(Independent 

variable) 

Health Indicator (Dependent variable) 
Std. 

Error 
B 

𝑦 = 0.235 +  3.38𝑋       
3.593 

1.141 

0.235 

3.38 

(Constant) 

Wind speed (𝑋) 

Percent of workers which are exposed to 

heat stress(𝑦) 

𝑦

= 91.983

+ (−1.541)𝑋 

11.571 

0.275 

91.983 

-1.541 

(Constant) 

Relative humidity 

(𝑋)  

Percent of workers which are exposed to 

dust (𝑦) 

𝑦

= 41.984

+ (−0.66)𝑋 

9.766 

0.228 

41.984 

-0.66 

(Constant) 

Relative humidity 

(𝑋) 

Percent of workers which are exposed to 

radiation (𝑦) 

Furthermore, the result of predicting climatic parameters in the next 8 decades based on optimistic 

(SSP1-2.6), moderate (SSP3-7.0), and pessimistic (SSP5-8.5) scenarios have been indicated in 

Table 4.   

Table 4. Predicted time trend of climatic parameters understudy in Khorasan razavi (2021-2100) 

Climatic parameter 

Trend changes 

(SSP1-2.6) (SSP3-7.0) (SSP5-8.5) 

Minimum temperature increasing increasing increasing 

Mean temperature increasing increasing increasing 

Maximum temperature increasing increasing increasing 

Relative humidity not significant not significant not significant 

Precipitation not significant not significant not significant 

Wind speed not significant not significant not significant 
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The predicted results for occupational health indicators across 8 time periods (2021-2100 AD) in 

Khorasan razavi province demonstrated that the percentage of workers exposed to harmful 

occupational heat and radiation will have a decreasing trend at the provincial level, while the 

percentage of workers exposed to dust will have an increasing trend. Comparing results the mean 

values of these occupational health indicators in the current and predicted situations showed that 

in the coming decades, the percentages of workers exposed to harmful occupational heat and 

radiation will increase by 2.6 and 2.9 times, respectively (Fig. 3).  

Fig. 3- Predicted Time trend of percent of workers exposed to harmful heat stress, UV radiation, and dust 

in Khorasan razavi (2021-2100) 

 

The predicted mean values for the mentioned health indicators during the 2021-2100 period among 

the cities of Khorasan razavi province showed that the most vulnerable cities affected from climate 

change are Torbatjam and Gonabad in the indicators of percentage of workers exposed to heat 

stress, harmful UV radiation and dust, respectively.   
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Discussion 

This study was conducted to determine the vulnerability of workers in the scope of occupational 

risk factors from climate change in Khorasan razavi province. Climate is the average weather 

condition of an area taken over a prolonged period of time. It is the statistics of climate parameters 

such as temperature, humidity, pressure, rainfall, sunshine intensity and other meteorological 

elemental measurements in a given area over a long period of time, usually 30years and above 

(20). The previous studies and changes in climatic parameters revealed that climate change has 

been occurred in Iran and unfortunately, this country can suffer severely from climate change in 

the next few years (7, 21-23).  

Agriculture is the main stain of economy in the Khorasan razavi province. A large portion of the 

working population is engaged in agriculture specific Zaffran cultivation in this province (24). 

Additionally, a significant number of surface mines such as sand and gravel, iron, and etc. are 

scattered across the geographical areas under study and a large population of staff in services or 

pre-hospital sectors are employed in outdoor areas. This situation increases workers' exposure to 

occupational heat and radiation factors, making them more vulnerable to climate change in 

compare to staff who works in enclosed areas or industry section (25-26). Therefore, the trend of 

indicators changes was predicted in the next eight decades (2021–2100) in the province 

understudy. Due to climate change and findings, the predicted percentages of workers exposed to 

heat stress and harmful UV radiation will increase by 2.6 and 2.9 times, respectively. This result 

confirms with IPCC and WHO reports. The 6th assessment report of IPCC states that the global 

surface temperature will continue to increase until at least mid-century under all emissions 

scenarios considered. Depending on the scenario, the IPCC estimates that by 2100, global surface 

temperature is likely to be 1.0°C to 5.7°C higher compared to the 1850-1900 baseline (27). 

Furthermore, WHO reported that climate change-induced alterations in cloud cover, air pollution, 

and surface reflectivity may affect UV radiation levels, and suggests that by 2100, annual UV 

radiation doses could increase by 2-3% in tropical regions (28). 

Therefore, the importance of developing and implementing strategies to decrease the effects of 

harmful agents and adapt to climate change is inevitable, particularly concerning harmful 

occupational heat and radiation factors and the affected workers population in the province 

understudy. Moreover, adequate supervision and continuous occupational health inspections of 

outdoor occupations and workers under the coverage of each health centers should be carried out 



 

13 
 

by occupational health experts that are affiliated to MOH (29). This approach needs to implement 

the required changes in the existing inspection forms and collecting data about the vulnerability 

occupational indicators that affected from climate change. Depending on worker’s sensitivity, 

exposure and occupational health risk factors to climate change, the appropriate preventive 

strategies are considered by health officials in the vulnerable areas. The similar result of a study 

highlights on a comprehensive operational program to reduce the vulnerability of outdoor workers 

in Iran, where no national regulations exist to protect them from heat stress. This program includes 

six main components with 69 strategies, targeting the reduction of sensitivity and exposure levels, 

and increasing adaptation to heat stress at workplaces (1). Such these programs can ensure the 

implementation of engineering control measures, the use of appropriate PPE, and the establishment 

of HSE units in workplaces, that result to decrease the percentage of workers who exposed to 

occupational health risk factors in the retrospective analysis in this study. Furthermore, it is need 

to establish the mitigation and adaptation strategies of climate change at workplaces to decrease 

the working population's exposure to a significant level of health assurance.  

 

Limitation 

Unfortunately, due to the lack of information and the failure to collect the necessary indicators 

extracted from literature review at the national level, only three out of the 22 indicators could be 

examined in this study. Additionally, due to the unavailability of statistics on occupational diseases 

affected by climate change, such as heat-related diseases, cardiovascular diseases, skin cancers, 

etc., it was not possible to accurately and clearly estimate the average changes in related 

occupational diseases affected by heat and radiation in worker populations in this province over 

the next 80 years. Conducting this study could have provided valuable data for planning health 

and medical services and implementing strategies and programs to prevent and mitigate 

occupational diseases which were affected climate change by health officials and decision-makers 

at local, provincial and national levels. 

Conclusion 

The findings of this study indicated that the percent of workers in eastern regions of Iran will be 

more exposed to heat stress and UV radiation due to climate change at workplaces, and more 

workers may be involved in occupational accidents and related diseases. Therefore, developing 

and implementing strategies to mitigate and adapt to climate change in work environments is 
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essential and unavoidable in Iran. Furthermore, more strict occupational health regulations and 

supervision by health system can decrease the impacts of climate change at workplaces. 

Conducting periodic auditing and monitoring by occupational health inspectors would be helpful 

for achieving this goal.  
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