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Abstract 

As many governments and companies invested in the open spaces which called as outdoor that may benefit 
economical, climate is one of the important factors that have been considered when developing in any city consider 
as arid environment. Therefore, as many outdoors jobs in industrial sectors, the importance of study the ergonomics 
in the aide environment outdoor has been increased .The focused  side  of  this  research  is  to  show  some studies 
and analysis’s the relation between the arid environment in outdoor and the human behaviors and their performance. 
The observations from the selected studies proved that performance of the worker decreased with as there is increased 
in the temperature in the arid environments. 
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Introduction: 
Climate changing is a varying in the temperature range within the globe especially in the arid environments. UN 
Environment Programmed 1997 (cited under Defining  Arid  Areas)  defines  in  its common scheme that, “arid” is 
part of dry lands. Moreover, arid environments are classified by an overall moisture deficit, often expressed as annual 
precipitation  being less,  often  significantly  less, than potential  evapotranspiration  as  mentioned  in [1]. In 
addition, 50% of the lands in the world are describing as arid environments. Consequently, this level of change in 
the climate has impacts in the survival for human, plants and animals life. Many jobs, functions and activities are 
done outdoor by humans in those areas so it is very important to consider the range of environmental conditions in 
ergonomics evaluation. Therefore, studying the relationships between arid environments conditions and human 
performance who are working in these environments  will  continue  to  increase  in importance as climatic changes 
occur within these natural environments. In 20th century, many studies of  arid  environments  stimulated after  the 
realization of the importance of the ergonomics and the importance for the population herbivore in those  kinds  of 
environments. This paper focuses on human performance in the arid environments, but with relevant to on ergonomic 
issues of human environment interactions. This paper is literature review that studies the effects in the performance 
of the workers that considering many aspects. For example, the task type, working hours, sex and culture. Mainly the 
results show that the arid environments  have  very  critical  effects  on  the human behaviors and performance. 
These results have important implications for having clear idea in how human productivity may benefit from 
performance of the average comfort environment climate and the uncomfortable environment, especially in arid 
environments. 

Literature Review 
In general, Health and Safety Executive‘s (HSE) objective is to protect worker from dangerous, risk, injuries and 
or death in work places. In addition, it has many recommendation for been work in hot areas. It believes working 
in the outdoor arid environments can cause harmful impacts. Those impacts cannot just control using 
engineering’s tools. Consequently, it introduce some recommendations and administrative to be used effectively 
in the work place. First recommendation, is   to   administer   distribute   and   reschedule   the outdoor work in 
cooler times like early morning. Secondly, to  provide  frequent  breaks  within  the work time and also to provide 
shading areas in the work places. Third, inform the workers to remove the personal productive equipment (PPE) 
in the rest time to reduce the heat loss. In addition, to provide free access to cold water for every worker any time 
to not suffering from dehydration. Finally, to educate the workers to ask for support and help whenever they feel 
any symptoms or heat stress. [8] Similarly, Figure (1) by NIOSH (2013 p. 48) shows clearly the relation between 
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performance and the instruction of working in the arid environments which are similar to the HSE instructions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Performance versus Applied (HSE) instructions 
 
Those recommendations are also used by Oman in industrial sector. The government at begging of the summer  
spread  those  instructions.  From  my opinion, that Omani citizens have high education about those information. In 
addition, there is a right for every worker to report illegal on those lows to the ministry of manpower [7]. Terms 
of productive with high performance defines as  “Productivity   is  explained  as  a  ratio  of  a measure of output 
to a measure of certain or all of the  inputs  used  to  produce  this  output  (Grimes, 2007).”[3] on the other hand , 
there are other factor that affect workers performance with  temperature. For example, air speed, humidity and 
ability of the worker to exchange heat with the environment [2]. Moreover, Table (1) describes the effects at different 
levels of heat in the workers body: 
 

Table 1: Level of the Risk and its Associated Health Affects 
 

Warm, within 
comfort zone 

• Increased peripheral blood flow, 
widened blood vessels 
• Skin temperature rises 
• Drop in muscle tension 

 
 
 

Moderate heat, 
just slightly 

beyond 
comfort zone 

• Sweating 
• Loss of fluids and salt 
• Tiredness 
• Increased hostility 
• Decreased performance and 
alertness 
• Increased risk for mistakes and 
errors 
• Increased risk for accidents 

 
Extreme heat, 

discomfort 

• Painful cramps 
• Impaired function of stomach and 
intestines 
• Heat regulation failure 

 
One of the main concerns about the ergonomics in the automotive industry is the environments factors which affects 
the performance of the workers. In general, there is a study [4] proved that the environments factors affect the 
productivity in the industrial work place. A study has been done in the Malaysia to study the relationship between 
three environments factors and the productive rate under auto control of the environment factors in the workplace.  
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Those  environments  factors  that consider it in this study are temperatures, humidity, illuminance  levels.  Moreover,  
6  adults’  persons from both genders were selected and involved in the  different subjects that affect human 
performance. Those subjects are age, height, weight and sex. However, all the selected people are volunteers and have 
been trained for the tasks in an automotive manufacture where the experiment has been done. In addition, Response 
Surface Method (RSM) has been used as a method in the analysis the results. This method is a combination of the 
statistical and mathematical methods as detailed in the reference paper. The setup of the experiment was planed. There 
are several equipment where used to measurers the three environmental factors as proposed in [4] every 10 mints. 
The experiment was done in indoor manufacture of about 17m2 with auto control of the environments factors to be 
similar as arid environment during the study. Moreover, the experiment was for 4 hours / day repeated for 45 days. 
The task was to complete the manufactured number of units. In addition, each unit takes 1.8 mints to be completed.  
This means that with each 10 mins the target completed units should be 18 units. Therefore, each 10 mints the 
experiments factors with number of the completed units will be recorded. Data analysis of this experiment was done 
using second order model. This is because they found, that this model gives accurate results for the production rate as 
any significant change in any of the environment factors. Formula 1, describes the relation between the productive 
and the environment factors. 

 

 
 

Figure 2: Level and Type of the Risk Accrued with Time as WBGT, Humidity and Illuminance Chang with Work 
Day 

 
 

y   =   1.962 + 0.0057X1 - 0.0203X2 -5.583e-4X3  - 2.6557e-4  + 7.4446e-5 + 1.511e-7    (1)      
                                      

where  y  is  the  productivity,  X1  is  WBGT  (°C),  X2  is  relative humidity (%) and X3 is lighting level (lux). 
 

After  that  software  MINITAB  has  been  use  to extract the best environments factors range that let productive 
rate as 100%, as 18 units per 10 minutes. The results show clearly that the productivity probability is 0% after 
analyzing that when WBGT 24.9°C, r e l a t i v e  h u m i d i t y   47%  and  illuminance 478.51 lux. From my point 
of view, those results are in   parallel   as   the   standers   comfort   stated.   In addition, it is clearly that the environment 
factors affect the humans performance and productive. It was clearly that the loss probability of the productivity was 
changing due to any minor change in the environment factors. 

 
Extreme heat, discomfort can cause painful cramps impaired function of stomach and intestines and great regulation 
failure. Moving on to the second  performance effects study [5] that made especially for the outdoor construction 
site in an arid environment which is Hong Kong. Hong Kong is considering as one of the arid areas in the world. 
The tasks that are involved in the construction sits outdoor are scaffolding tasks, steel bar fixing, structural steel 
erection, formwork and concrete pouring. Moreover, steel bar fixing was selected to be studied as the prototype trade 
in this study. The study  participants  are  fourteen  male  working  as steel   bar   fixers.   In   addition,   no   one   of   
the participants had had major health problems in the past (e.g., hypertension, diabetes, cardiovascular problem, or 
neurological disease) or symptoms of heat-related illness (e.g., confusion, drenching sweats, headache, fainting, 
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nausea, shortness of breath, or cramps). The equipment (QuesTemp 36, Quest Technologies, Onoconomac, WI, 
USA) was used to measure and monitor the WBGT. The mentioned study has developed a model to measure 
construction labor productivity (CLP) called CLP-heat stress model. The model method has been detailed in the 
[5]. In results, the study emphasis with data recorded that the level of the risk was increasing. Means that the 
productive rate is oppositely relate with temperature degrees. The author classifies the risk accrued during the study 
time on summer into three levels which are low risk, moderate risk and high risk. Moreover, after data analyzing, 
the study accounted the risk as thatabout 48.3%, 34.2%, and 17.5% for each type per  day  respectively.  The  
distribution  frequency of wet-bulb globe temperature (WBGT) values at different times was recorded. Figure (2), 
shows clearly that level or the highest loss of performance where  the  probability  of  risk  during  14:00-17:00 was  
increasing  with  decreasing  in  the  WBGT during work session. However, during the early morning the 
performance was high as low risk type was accrued. This study has approved the previous study  of  [4].  Both  of  
them  emphasis  that  the comfort temperature is less than 29C, as indicated accurately in the previous study the 
comfort temperature is between 24-25C.  Moreover, one of the interesting things that the ministry of manpower in 
Oman stat a low that to prevent any workers to be in the suits or any outdoor jobs in all the three months  of summer 
from  11:30  am  to 03:00 pm. This is due to the bad effects of suffering on the workers’ health which with time will 
increase the level of the work and consequently decrease their performance with time. 
 

 
 

Figure 3: The productivity Loss Percentage According to the Sex Type and Different Outdoor Tasks 
 

Moving on, to anther search paper [6] that studied the loss of the performance in the arid environments considering 
the   type   of the  sex.   One of   the important inspects of studying the environment factors is to compare between 
the men and women loss of productively. Heat stress as one of the impotent factors that affects in India and chain 
workers. This study shows the effects of the heat stress in men and women as major problem that decrease the  
percentage  of  the  both  sex productivity. This study investigated the effects of the heat stress in agriculture, 
industrial and service workplaces. The reaches in this study have use a model to find the relation between the heat 
stress and the productivity considering the sex and other factors. Those are heat stress, workload estimations, and 
clothing testing, and qualitative information on health impacts, productivity loss, etc. the way that they collect 
those information are in details in the [6]. In addition, international stander of 7933:2004 (ISO) was used which has 
a model Predicted Heat Strain (PHS). Moreover, the author thought that in his study associated productivity losses 
depends on the thermo-physiological responses. The output of using PHS model indicates the productivity loss 
percentages. In addition, the asymptotes were used to calculate the productivity are the time to reach a core 
temperature of 38C and maximum water loss as feeling of dehydration. The dehydration reduce 2% of workers 
body mass which is   oppositely impact  the performance, orthostatic tolerance, and cognitive function. Moreover, 
this study uses the limit of dehydration as 3% of body mass for industrial sector workers. Those asymptotes data 
were collected during the work hours as having interviews with workers. The workers also mentioned other 
asymptotes that they feel. For example, they were feel most of the heat exposure, including thirst, heavy sweating, 
muscle cramps, tiredness/weakness, dizziness, and headaches, nausea/vomiting and fainting . Figure (3) , shows a 
chart  as  an  the  output  from  the  PHS  model, which measure the predicts the time to reach maximum water 
loss. The results shows, females were  found  to  be  more  risk  than  men.  This  is because of the many layers 
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pieces of their clothes like  traditional  clothing  in  Indian  which  called Saree. Those clothes provide more 
insulation at working time as they help men in the agriculture jobs. 

 
Limitations and Further Research 
The present study has limitations as with all the research fields. Effects of occupational health and safety on worker 
on the industrial sectors, job performance  were  investigated  through  some studies.  In  future,  the  study  should  
include  the effects of workers’ motivation, working time with breaks, and the older of the worker to cease 
employment may be involved in further studies as additional factors. Those factors can play roles in determine 
the durability of the workers under the arid environment. For example, adult people can durable  more  than  old  
people.  In  addition,  the effects of occupational health and safety on performance  and  production  can  also  be 
investigated on the bases of culture, education level and payment. Safety as a fundamental human right is a primary 
demand of the majority of governments and citizens. Furthermore, survival of the organizations in global climate 
changing such as high expected increase in the temperature in the future because of this change depends on the 
organizational  administration  and  coordination  to the plans of well trained workers and awareness of the 
employees. 

 
Conclusion 
Overall, the present litera t u r e  review investigates in the relationship between the arid environment factors and the 
performance of the workers in the outdoor. Many studies mentioned above shows that environment factors are 
physiological arousal that enhances human performance. The above research results support that occupational health 
and safety that has benefit effects on workers behavior and attitude in the workplace. While the organization concerns 
about the percentage of the profitability in work process made by the workers to the work, especially occupational 
health and safety practices which effects the workers attitude and behavior. As result this will effects the work 
satisfaction, organizational commitment, job performance. The results of the selected studies shows clearly the effects 
of the in the Occupational health and safety in arid environments, based on the tasks, working time, culture, and 
sex. As a result, further studies are required to investigate performance loss among heat-adapted workers. 
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