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3.1 Introduction
Human-environment transactions take different shapes, resulting in various outcomes. Given the human species’ ability to survive, these transactions have largely positive outcomes. However, successful adaptation to environmental challenges and demands do not happen without costs. Suboptimal environmental conditions pose demands that may exceed individual capabilities. Such an imbalance between environmental demands and human response capabilities is referred to as stress (McGrath, 1970; Evans & Cohen, 2004). Stress has well-established links with ill health that occur via alteration of the immune system (Sagerstrom & Miller, 2004), increased cardiovascular responses (Chida & Hamer, 2008) and alterations of inflammatory responses (Miller, Cohen, & Ritchey, 2002). Stress has also been consistently linked with psychological problems, like deteriorated mental health (Hammen, 2005). Nonetheless, not every stressor is created equal, nor are the effects of every stressor harmful to both physical and psychological well-being. 
Environmental stressors (e.g. noise, crowding, pollution) can be acute (e.g. pollution levels when stuck in a tunnel) or chronic (e.g. living nearby a trafficked highway). Chronic environmental stressors are more consequential for humans. For instance, a reliable link has been established between chronic stressors and impaired immunological responses, whilst acute stressors appear to have few consequences (Sagerstrom & Miller, 2004). Environmental stressors are often chronic because individuals have limited possibility to escape or extinguish them. As an illustration, citizens living nearby an airport may not afford the option of moving away. In this chapter we first provide a brief summary of general stress models, followed by a discussion of empirical evidence on the effects of a selection of five environmental stressors. 
3.2 Conceptualisations of Stress
Stress research owes much to the early works of Cannon (1932) and Selye (1956). Cannon studied animal and human reactions to dangerous situations. He noted that animals and humans displayed adaptive ‘fight-or-flight’ responses when they were confronted with emergency situations. He also showed that these fight-or-flight responses involve the activation of the Sympathetic-Adrenal Medullary (SAM) system. In case of emergencies, this physiological system regulates adrenaline release, prompting rapid increases in blood pressure, blood coagulation, heart rate, sugar levels in the blood, decreasing the pace of digestion and privileging allocation of energetic resources to the muscles. Importantly, once the emergency has passed, the system turns back to baseline levels, a process which Cannon dubbed homeostasis. Whereas Cannon was concerned with the response to acute threat, Selye was more interested in the adaptation of the body to chronic challenges. Selye proposed a three-stage pattern of response to stress which he called the General Adaptation Syndrome (GAS). The GAS goes through three phases: an alarm stage analogous to Cannon’s fight-or-flight response, a resistance stage in which the body tries to cope with or adapt to the new demands and an exhaustion stage during which bodily resources become depleted and system damage may occur. 
Psychological models of stress have developed independently of biological models and have focused on the influence of psychological factors on stress responses. By far the best known of these models is the transactional model developed by Lazarus and colleagues (Lazarus, 1966; Lazarus & Folkman, 1987). According to this model stress is the product of the interaction between a person and the environment. Stress does not arise only from the occurrence of an event, people’s cognitive appraisal of the event plus the coping strategies they use to deal with the event also influence stress levels.
More recently, allostatic load theory (McEwen, 1998) has proposed a dynamic view of stress as the continuous effort of the body to achieve allostasis or stability through change. According to this theory there is not one ideal state of bodily functioning. Every time a person is confronted with a stressor, physiological stress systems are activated in order to find a new equilibrium that allows the individual to function in the changed situation. This process of allostasis has important benefits for the individual but is not without costs. Prolonged exposure to stressful conditions that require adjustments of base-line functioning may lead to cumulative wear-and-tear on the body. In general, the dominant conceptual framework in stress research has shifted from stability (homeostasis) to adaptive change (allostasis; Ganzel, Morris, & Wethington, 2010).
3.3 Effects of Environmental Stress 
Humans face a large array of environmental stressors in their daily life, especially if they live in large cities. In this section we review five of the most common and widely studied environmental stressors: noise, crowding, poor housing quality, poor neighbourhood quality and traffic congestion.

Noise

Noise is defined as unwanted sound and is typically characterised by intensity (e.g. decibel), frequency (e.g. pitch), periodicity (continuous or intermittent) and duration (acute or chronic). Sound is necessary but not sufficient to produce noise. The psychological component of sound (i.e. unwanted) and its physical components (i.e. intensity) play a central role in perceiving noise. Other important psychological characteristics of sound include its predictability and the degree of personal control over the source of the sound (Evans & Cohen, 1987). Intense, unpredictable and uncontrollable noise can create negative feelings such as irritation and annoyance (Klatte et al., 2016). Furthermore, the extent to which noise causes annoyance depends on health concerns and level of interference with important activities (e.g. sleeping children; Berglund, Lindvall, & Schewela, 2000).
Chronic noise produces physiological stress (Evans, 2001; , Van Kempen & Babisch, 2012 ). Studies have demonstrated a significant increase in blood pressure in adults (World Health Organization, 2011) and children (Van Kempen et al., 2010), an increase in prescriptions of cardiovascular medications as well as an increase in heart disease and stroke (Münzel et al., 2014). Children attending schools near an airport had higher noradrenaline and other stress hormones and higher resting blood pressure over time compared to children living in quiet areas (Evans, Bullinger, & Hygge, 1998). Additional evidence for physiological stress and noise comes from worksites. Persons working in noisier locations, particularly for many years, have higher blood pressure (Tomei et al., 2010). 
Chronic noise negatively impacts people also at a psychological and behavioural level. It affects performance (see Box 03.1) and it may alter the ability to allocate attention, interfering in the detection of infrequent signals (Evans & Hygge, 2007) and damaging memory (Van Kempen, et al., 2006).
Insert Box 03.1 
Effects of Noise on Reading Acquisition
Noise also affects motivation. Children in noisier classrooms have reported to have lesser achievement motivation (Gilavand & Jamshidnezhad, 2016). Individuals exposed to noise in a laboratory were less persistent on a motivational task performed after the noise was removed (Glass & Singer, 1972). Because these effects were observed after the stressor was removed, these motivational effects have been interpreted as an aftereffect caused by the load of working under noise. When individuals were actually able to control the noise, the aftereffects were mitigated. Exposure to other uncontrollable environmental stressors such as crowding and traffic congestion create similar motivational deficits (Evans & Stecker, 2004).

Crowding
Crowding is a psychological state that occurs when the need for space exceeds the available supply (Stokols, 1972). The same density level may be experienced as more or less crowded because of individual differences (e.g. culture, personality, gender, age) or situational factors (e.g. temporal duration, activity, private versus public space; Stokols, 1972). Because available space is reduced, crowding makes it difficult to regulate social interaction, limits behavioural options, and leads to invasions of personal space. 
Laboratory studies show that crowding elevates physiological stress: the longer people experience crowding, the greater the elevations (Evans, 2006). For example, crowding elevates skin conductance, blood pressure and stress hormones (Evans, 2001). Studies have also shown household crowding as a chronic source of stress (Riva et al., 2014). Living in a crowded home is also negatively associated with multiple aspects of child wellbeing, even after controlling for several dimensions of socioeconomic status. There is a significant harmful effect of household crowding on academic achievement, on external behaviour problems and physical health of children (Solari & Mare, 2012).

When people feel crowded they also experience psychological stress: they show negative affect, tension, anxiety and nonverbal signs of nervousness such as fidgeting or playing with objects repetitively (Evans & Cohen, 1987). Crowding is consistently associated with social withdrawal, a coping mechanism characterised by reduced eye contact, greater interpersonal distancing and more pronounced inhibition in initiating a conversation (Box 03.2; see also Chapter 10). Social withdrawal in turn may hamper such protective factors for mental health as development and maintenance of socially supportive relationships. Evidence on crowding, social withdrawal and social support emphasises an interesting characteristic of human reactions to suboptimal environmental conditions. Human beings are adaptable but they pay a price for these adaptations (McEwen, 2002). For instance, when they cope with crowding by withdrawal, they inadvertently damage social support, thus reducing resources to deal with other stressors which may eventually translate into increased risks for mental health (Evans & Cohen, 2004).
Insert Box 03.2 
Effects of Crowding on Social Withdrawal

Gender can moderate crowding stressor effects. In general, men show stronger physiological reactions to crowding than women, such as elevated blood pressure (Evans, Lepore, Shejwal, & Palzane, 1998). Also women living in crowded homes are more likely to be depressed, while men report higher levels of withdrawal, and some males respond with both aggression and withdrawal (Regoeczi, 2008). Hypothetically, gender differences in reactions to crowding could stem from men having larger personal space zones than women, or these differences could be due to men having less affiliative tendencies, and thus less tolerance for crowding, than women. 

Poor Housing Quality
A study among low- and middle-income school children in rural areas in the eastern United States showed that children living in poor housing conditions (i.e. substandard quality of the house, high density and noise in the house) displayed higher levels of stress hormones, independent of household socioeconomic status (SES), age or gender (Evans & Marcynyszyn, 2004). In this study, housing conditions were objectively assessed: housing quality was determined by trained raters who walked through the residence, noise was measured with a decibel meter and crowding as people per room. Similar effects of poor housing conditions on physiological indicators of stress have been found among adolescents (Evans et al., 1998) and adults (Schaeffer, Street, Singer, & Baum, 1988). Women residing in higher floors of multiunit housing suffer greater symptoms of subjective stress (Gillis, 1997). Other studies showed a correlation of poor housing quality with mental health problems such as symptoms of anxiety (Hiscock, Macintyr, Kearns, & Ellaway, 2003) and depression (Shenassa, Daskalakis, Liebhaber, Braubach, & Brown, 2007). A longitudinal study showed that poor housing quality was associated with children's and adolescents’ development, including worse emotional and behavioural functioning and lower cognitive skills (Coley, Leventhal, Lynch, & Kull, 2013). Improvements in housing conditions are also associated with increases in happiness and life satisfaction among residents who moved to better quality housing or had their housing renovated (for a review see Thomson, Thomas, Sellstrom, and Petticrew, 2013; see also Chapters 9 and 10). 


Poor Neighbourhood Quality
Among the potentially salient physical characteristics of neighbourhoods that produce chronic stress are: quality of municipal and retail services, recreational opportunities, street traffic, accessibility of transportation, poor maintenance or poor visual surveillance, residential instability (i.e. changes in the local population), the physical quality of educational and healthcare facilities noise, crowding and toxic exposure (see also Chapter 10). For example, children displayed greater psychological distress in poorer physical quality urban neighbourhoods (Gifford & Lacombe, 2006). Similar trends have been uncovered among adults in cross-sectional (Jones-Rounds, Evans, & Braubach, 2014) and longitudinal studies ( Jokela, 2015). Although we are unaware of any work on neighbourhood quality and physiological stress in adults or children, there is some indirect evidence documenting that neighbourhoods of lower SES have poorer physical conditions on a wide array of variables. A randomized housing mobility experiment found that moving from a high-poverty to lower-poverty neighbourhood leads to long-term improvements in adult physical and mental health and subjective well-being (Ludwig et al., 2012). . Since low SES neighbourhood residents typically contend with a large number of environmental stressors compared to persons living in more affluent neighbourhoods (Evans, 2004), it is reasonable to hypothesise that some of the observed elevated physiological stress in residents of poor neighbourhoods is likely due, at least in part, to greater environmental stressor exposure.

Traffic Congestion
High levels of traffic congestion may lead to elevated physiological stress and negative affect (e.g. Kozlowsky, Kluger, & Reich, 1995)
. A study showed workers who experience traffic congestion for more than three times a week report significantly higher levels of stress than those subject to infrequent congestion (Haider, Kerr, & Badami, 2013). A study among automobile commuters showed that levels of traffic congestion where linked to physiological stress, negative affect and impaired task motivation (Novaco, Kliewer, & Broquet, 1991). This study also found that after a more demanding commute, drivers had more negative social interactions with their family members at home. This is an example of a spillover effect, a type of cumulative fatigue produced by environmental stressors which occurs when conditions in one setting influence a person’s well-being in another setting (Evans & Cohen, 2004). Another example of spillover effect is workplace aggression and absenteeism as outcomes of high commuter stress (Hennessy, 2008). Research on traffic-related stress is becoming more relevant from both a psychological and a social standpoint because in most countries commuting times are increasing. In the US for example people spend on average almost fifty minutes a day commuting, and the fastest growing segment of commuting trips are those in excess of two hours, one way. Indeed, Americans on average now spend more annual time commuting than they do on holiday.
3.4 Summary 

Every day, people have to face a large number of environmental stressors. In this chapter we presented some evidence for the impact of noise, crowding, housing and neighbourhood quality, and traffic congestion on stress. Chronic exposure to these environmental stressors elevates physiological indicators of stress such as adrenaline, cortisol and blood pressure, as well as psychological indicators of stress such as negative affect and annoyance. People living or working under conditions of noise, crowding and traffic congestion also reveal deficits in motivation. The stressful impacts of suboptimal physical conditions on people are a joint consequence of physical parameters (e.g. sound intensity, density) plus psychological variables such as control over the environmental stressors. Moreover, stressors may have a series of negative aftereffects that persist even after the source of stress is removed. In order to better understand how chronic environmental stressors influence human health and well-being, physical characteristics of suboptimal settings need to be studied along with the socio-cultural context in which they are embedded and how individuals appraise those situations and cope with them.
Glossary

Aftereffect: The negative affect or motivational deficit, or fatigue that persists even when the environmental stressor is no longer present.
Annoyance: Negative feelings and irritability associated with environmental stressors such as noise, pollution and traffic congestion.

Allostasis: The process of achieving system stability through physiological and/or behavioural change.
Allostatic load: Long-term physiological costs of the organism’s adaptations to repeated or chronic stressor exposure; an index of general wear and tear on the body.
Cognitive appraisal: Cognitive interpretation of a situation or of an event.

Coping: Pattern of thoughts and actions individuals use to deal with stress.

Crowding: The subjective evaluation that the number of people in the environment exceeds the preferred or desired level. It differs from density, namely the objective ratio between number of people and size of environments.
Cumulative fatigue: The build-up of fatigue from expenditure of energy to cope with an environmental stressor.
Environmental stressors: Physical characteristics of the environment that produce stress.

General Adaptation Syndrome (GAS): A syndrome of responses to stress triggered by hormonal mediators.
Homeostasis: The tendency of a system to maintain internal stability.
Noise: Unwanted sound, typically measured as sound intensity by decibels.

Personal space: The area surrounding each person, which when entered by strangers causes discomfort.
Social withdrawal: Removing oneself from opportunities to engage in social interactions.
Spillover effect: The negative affect, strained interpersonal relationships or fatigue, produced by exposure to an environmental stressor in one setting that carries over into another setting.

Stress: Human responses to an imbalance between environmental demands and response capabilities of the person; responses to this imbalance may include physiology, negative affect, observational signs of nervousness, complex task performance and motivation.

Sympathetic-Adrenal Medullary (SAM) system: The part of the sympathetic or involuntary nervous system that regulates the release of epinephrine and norepinephrine from the medullary cortex of the adrenal gland. The SAM system is best known for mediating the body's ‘fight or flight’ response to stress.
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Review Questions

1. List the common indicators of stress.

2. What is the adaptive function of stress responses? Relate your answer to short and long-term impacts of stressors.
3. Which factors can make sound turn into noise? Name a physiological and a psychological factor.
4. Name two mental health correlates associated with poor housing quality.
5. Describe an example of a spillover effect. How might this phenomenon relate to coping with stressors?
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Box 03.1 Effects of Noise on Reading Acquisition

The Munich longitudinal study analyzed aircraft noise effects on German children as the
 airport in Munich was relocated in 1992 (Hygge, Evans, & Bullinger,  2002). This study compared children between ages 8 to 12 on reading abilities. One group of children near the old airport, which was exposed to aircraft noise, was compared with a group of children from the same region but not exposed to noise. The group with noise exposure performed worse on the most difficult reading test items when compared with less exposed children in the same region. This difference between groups disappeared after closure of the old airport. At the site of new airport, after the airport opened there was a tendency for better performance in the children not exposed to noise in comparison to children exposed to noise. But this difference between groups did not exist before the new airport was opened. 
Box 03.2 Effects of Crowding on Social Withdrawal
In a series of studies, Baum and Valins (1977) examined students living in different types of dormitories. At one university, freshmen were randomly assigned by the housing office to one of two types of rooms: rooms located on both sides of long corridors with 36 students sharing a lounge and bathroom or suites where six students shared a lounge and bathroom. Despite the fact that both dormitories offered comparable floor area per person, over time students in the suites felt less crowded and got along better with people than students in the long corridors. They knew more dormitory residents, felt more strongly that they could regulate social interaction and experienced more social cohesion in their dormitories. This contrasted markedly with the experience of the students in the long-corridor dormitories. Furthermore, not only did the long-corridor residents evaluate the social climate more negatively, their behaviours changed accordingly. For example, when they were placed in an uncrowded waiting room in a laboratory, students from long corridors sat further away from another person in the room and were less likely to glance toward this person than students from the suites. Students living under crowded conditions had learned to cope by socially withdrawing. Such adaptations spilled over even to conditions that were not crowded. In general, these findings illustrate the importance of architecture and design to prevent crowding and negative effects of crowding (see also Chapter 9). 
�See box 1 updated file for changes


�Box 2 remains unchanged
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