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Abstract

Environmental health research can be oriented across a continuum of effects ranging from adverse 

to cobenefits to salutogenic. We argue that the salutogenic end of the continuum is insufficiently 

represented in research and as a basis for environmental protection, even though there is 

growing evidence that the natural environment plays a critical role in blunting adverse effects 

and promoting human health and well-being. Thus, we advocate for advancing environmental 

health research through environmental epidemiology that more fully and directly accounts for the 

salutogenic effects of the natural environment on individual well-being by (1) defining “natural 

environments” broadly, from pristine natural areas to urban green infrastructure; (2) considering 

exposure comprehensively to encompass residential, occupational, and recreational settings, local 

and distant, day-to-day and occasional; (3) doing individual-level assessments that include both 

health and well-being outcomes and one’s experience of nature, including potential mediation by 

connectedness to nature and individual perceptions and preferences, as well as sociocultural and 

demographic effect modifiers; and (4) collecting longitudinal and nationally representative data.
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We can only be healthy if the environment in which we live is also healthy.

Jerald L. Schnoor, Environmental Science & 
Technology, July 13 2011

As recognized in the above quote, our health and the environment are intertwined. Still, this 

relationship is most often viewed from a perspective of the adverse health effects resulting 

from contaminants in the environment. Although we recognize “healthy” as more than the 

absence of disease, our understanding of the benefits of the natural environment to human 

health and well-being is not nearly as developed. However, this has begun to change. The 

natural environment as a “salutogenic context” is increasingly recognized as crucial to 

our physical and mental health and to our subjective well-being.1 Since 2010, ES&T has 

published several papers on the benefits of exposure to nearby natural environments and 

on “green exercise” (e.g., refs 2–7). There is a strong rationale for environmental health 

research to consider salutary factors associated with exposure to natural environments, as 

has been championed by H. Frumkin and others (e.g., refs 2 and 8–14).

In the late 20th century, A. Antonovsky introduced the salutogenic model to provide a 

theoretical foundation for health promotion as envisioned in the World Health Organization 

charter, which states that “Health is a state of optimal physical, mental and social well-

being, and not merely the absence of disease and infirmity.” Thus, instead of solely a 

“pathogenic orientation” (keeping risk factors for disease low), health promotion should 

have a “salutogenic orientation” (actively promote health by focusing on salutogenesis—the 

origins of health—and the enhancement of salutary or health-promoting factors).15 The 

natural environment is one of the external conditions (together with the built, sociocultural, 

and institutional environments) that influence individual well-being, along with personal 

attributes, such as genetics and personality traits, past experiences, education and skills, etc.

The influence of the environment on human health and well-being can be viewed over a 

continuum (Figure 1). On the adverse side of the continuum, the focus is on how physical, 

chemical, or biological contaminants are associated with, contribute to, or cause disease, 

morbidity, and mortality. On the salutogenic end of the continuum, environmental salutary 

influences are not only associated with the absence of disease but contribute to improved 
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health, happiness, vitality, sense of purpose, and satisfaction with life. In the context of 

mental health, Keys termed this continuum from languishing to flourishing.16 Although the 

tradition of environmental health sciences and current research is more heavily oriented 

toward harmful agents and adverse effects, there is growing interest in the salutogenic 

end of the continuum. These salutary influences range from mitigation of environmental 

contaminants (e.g., roadside vegetative barriers reducing traffic noise and airborne particles), 

which translates into health cobenefits, extending to providing beneficial experiences (e.g., 

increased physical activity and social contact) that lead to improved well-being. Our 

focus here relates to the latter, recognizing that in the environmental health literature, 

the salutogenic influence of the environment, beyond cobenefits, is relatively understudied 

with respect to disease prevention (e.g., enhanced cardiovascular and immune function) or 

improved well-being (e.g., happiness) (ref 12 and references therein).

Available evidence suggests that the positive influence of the natural environment on 

human well-being occurs through different pathways: environmental psychology, enhanced 

immune function, promotion of healthy behaviors, and improvement of environmental 

quality.12 Within the first pathway, environmental psychology, two main theories describe 

the restorative effects of exposure to natural environments (e.g., refs 17–19): stress 

reduction theory (SRT20), focused on improved emotional and physiological responses to 

life stressors, and attention restoration theory (ART21), centered on refocused attention 

and improved cognition resulting from contact with nature. A third theory (preferences for 

nature) leans on the biophilia hypothesis,22 which claims that all human beings experience 

a love for nature and feelings of awe and mystery in the presence of nature, and suggests 

that the benefits derived from exposure to natural environments and the effect of sense of 

belonging on subjective well-being (SWB) may be mediated by different degrees of “nature-

relatedness”23 or “connectedness to nature”,24 that is, “the extent to which an individual 

includes nature within his/her cognitive representation of self”.25 The second pathway, 

enhanced immune function, has been proposed to play a central role on the nature-health 

relationship, since it may underlie many beneficial effects on health and well-being that 

have been found.26 The third pathway involves the positive effects of natural environments 

on healthy behaviors—increases in both physical activity, including green exercise,4,27 

and social interaction (e.g., ref 28 and 29)—which are supported by existing research, 

although several factors, including urban sprawl, lifestyle, and perceived safety, influence 

those effects and results are mixed across studies.2,4,11,30–33 Finally, the presence of natural 

elements translates into benefits to environmental quality, which reflect positively on 

individual well-being (e.g., ref 12); notably, there are cobenefits associated with improved 

air quality, heat and humidity regulation, stormwater management, noise reduction, and 

biodiversity, although the role of the latter is not yet conclusive.34 Through these interactive 

pathways, exposure to natural environments can lead to enhanced individual well-being and 

increased social cohesion. There is evidence of benefits for physical health and physiological 

markers of mental health,19,33,35,36 psychological and social functioning,2,18,19,33,37 and 

SWB19,38,39 from everyday exposure to natural environments. Additionally, since Ulrich’s 

seminal work on the role of views of nature to help patient recovery,40 a number of studies 

have focused on providing natural environments in health care settings to improve health 

outcomes and reduce healthcare costs (e.g., refs 41 and 42). The evidence described above 
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predominantly comes from developed countries so relevance to populations in developing 

countries is unclear.13

Although in many ways this evidence is extensive and compelling, there are some important 

limitations. A few very recent review studies (e.g., refs 12–14) examine methodological 

issues and a broad range of outcomes, providing comprehensive summaries of the state 

of the science and critical research needs and priorities. Thus, we do not present a 

systematic review of the literature but rather a brief overview of the existing body of 

knowledge and research gaps, taking into account the above-mentioned broad scope reviews 

and additional focused reviews. Our goal is to provide context and suggest strategies for 

advancing environmental epidemiology research oriented toward the salutogenic influence 

of the natural environment on human well-being. Specifically, building on Frumkin 

and colleagues,12 we advocate for using multidimensional measurements in nationwide 

population surveys and longitudinal studies to capture both objective and subjective factors 

that may influence the benefits derived from exposure to natural environments, at the 

individual level. We recognize that there are established drivers of environmental health 

research including such considerations as funding sources, regulation, and established study 

sections. However, it is outside the scope of this paper to discuss the drivers of research 

focus along the continuum of environmental health research (Figure 1).

MEASURING EXPOSURE

Defining Natural Environments.

Clearly defining natural environments is critical to measuring exposure and well-being 

effects.11 A wide range of definitions have been reported and often “green space” (e.g., 

ref 33) and “blue space” (e.g., refs 43 and 44) are considered separately. We suggest the 

adoption of a broad definition of “natural environments” that encompasses one’s every 

day experience.4,18,45,46 This definition includes any outdoor spaces that retain noticeable 
elements of nature, ranging from pristine or seminatural areas to urban green or blue spaces, 
including green infrastructure. Thus, natural environments represent a spectrum of spaces: 

not only national/state parks, wildlife parks, forests and wetlands but also beaches and 

the coast, farmland, rangeland, reservoirs, ponds, rivers, lakes, and creeks, as well as golf 

courses, urban parks, community gardens, tree-lined streets, lawns and backyards, and roof 

gardens. The goal is to capture the full range of human exposure to outdoor nature both by 

using this broader definition and by accounting for individual differences in “experience of 

nature” and the subjective factors that determine them, as detailed next.

Characterizing Exposure to Natural Environments at the Individual Level.

Exposure to natural environments is often defined as the distance to the nearest green 

or blue space or as the density of greenness in the neighborhood.46 Given the influence 

that subjective factors may have on the benefits derived from “exposure to” natural 

environments, we argue that this should be framed as “experience of” natural environments 

or “experience of nature”, following the early work of Kaplan and Kaplan47 and subsequent 

research (e.g., ref 18). Although the natural environment has an objective impact on human 

beings related to the provision of life-supporting “essential ecosystem services (water, air, 
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food, and biodiversity)”,48 there are additional effects dependent on subjective factors, 

including individual behavior and social context.11,13,18 Thus, when measuring “exposure” 

there is a need to go beyond the presence of natural environments in the immediate 

surroundings (e.g., neighborhood greenness, distance to the nearest park or beach) or distant 

locations (e.g., wilderness areas, tropical forest, etc.). These measurements ignore one’s 

experience of nature and provide an incomplete assessment of exposure at the individual 

level (e.g., refs 11–13, 18, 28, 49, and 50). Additional natural and human factors determine 

“dose” of nature51 and may impact health and well-being outcomes differently (Figure 2).

As noted by Shanahan et al.51 and consistent with the National Research Council’s 

exposure science report,52 when estimating dose of nature, environmental intensity (or 

nature intensity) is considered by accounting for quantity (density of/distance to) and quality 
(landscape type, species richness, amenities, safety, etc.) of natural environments present 

in each individual’s life. In parallel, time-activity and behavior factors also determine dose 

of nature:12,13,49–51 (a) level of awareness of nature, which ranges from viewing natural 

environments through a window or media (e.g., book, video, etc.) or experiencing them 

through virtual reality, entering nature (e.g., walk in an urban park), or engaging with nature 

(e.g., observing wildlife, gardening, hiking in a nature trail, etc.); (b) modes of contact 
(visual, auditory, olfactory, tactile, etc.); (c) temporal attributes (frequency, duration); and (d) 

uses or types of activities conducted in natural environments, such as exercise, relaxation, 

recreation (e.g., fishing, hunting, wildlife viewing, social contact, etc.). Moreover, natural 
context (e.g., climate, seasonality, daylight) and human context (see Assessing the Influence 

of Individual-Level Factors on Well-Being section) may modify our experience of nature. 

Also, exposure metrics should be standardized to facilitate comparison of results across 

studies,32,53 although this presents a number of challenges, including specific focus of 

different disciplines.54 Finally, to fully characterize total exposure, not only residential 

metrics but also measurements of exposure in occupational (school, work) and recreational 

settings (local and distant) need to be considered,13 as well as exposure through the life 

course.54–57

Measuring Outcome: Individual Well-Being.

Individual well-being is defined to include physical health, psychological and social 

functioning, and SWB. By definition, SWB which “refers to how people experience 

and evaluate their lives and specific domains and activities in their lives”58 is the most 

elusive dimension of individual well-being. Several authors identify SWB as “happiness” 

and restrict it to its hedonic (emotional) aspects, that is, the presence of positive affect 

and absence of negative affect. Other authors use broader definitions that include not 

only happiness but also eudaimonic components related with meaningfulness, vitality, and 

growth, as well as satisfaction with life. It should be noted that SWB itself contributes to 

health and longevity and, at the societal level, the size of this contribution is considerable.59

Although some components of individual well-being can be assessed by objective measures 

(physical health, physiological markers of mental health, and psychological functioning), 

the subjective component requires the use of subjective measures.60 Self-reported health has 

been shown to have a strong association with objective measures of overall health,61 and 
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it is a “strong predictor of mortality”.62 In the context of the U.S. Department of Health 

and Human Services’ Healthy People 2020 initiative (https://www.healthypeople.gov/2020/

topics-objectives/topic/health-related-quality-of-life-well-being), health-related quality of 

life was included in the 2010 U.S. National Health Interview Survey and is planned to 

be measured every five years using the 10-item PROMIS Global Health Scale.63,64 Also, 

in spite of the inherent difficulty in quantifying subjective factors, there are a number of 

well-validated scales that focus on or include SWB, such as WHO-5 Well-being Index 

(65 and references therein), GHQ-12,66 and the 5-item Satisfaction with Life Scale.67,68 

Additionally, the Third European Quality of Life Survey included questions that directly 

assess all dimensions of SWB and were synthesized into three overall measures: WHO-5 

Mental Well-Being Index, Hedonic Well-being Index and Overall [Subjective] Well-being 

Index.69 Finally, the International Well-being Group developed the Personal Wellbeing 

Index (PWI), which measures satisfaction with life in eight domains.70

Notwithstanding the focus in this article on positive effects, we acknowledge that exposure 

to natural environments, particularly when we enter or engage with them, can lead to 

adverse effects on individual well-being because of perceived (biophobia) or real threats 

from different natural elements (e.g., wild animal attacks, mosquito and tick bites, plant 

allergens, etc.), as well as perceived or real lack of safety in some spaces (refs 18 and 48 

and references therein). There can also be a complicating interplay between the adverse 

and salutogenic effects. For example, the beneficial effects of physical activity enabled 

by natural environments can have adverse lung function effects if the environment is also 

polluted.71

Assessing the Influence of Individual-Level Factors on Well-Being.

The effect of exposure to natural environments on human health and well-being 

may be influenced by personal and cultural factors. Specifically, the impact of the 

natural environment on SWB is affected by individual-level factors, both objective—

age and gender, socioeconomic status, race/ethnicity, and sociocultural characteristics—

and subjective. Subjective factors related to exposure to natural environments include 

connectedness to nature, personal preferences associated with personality traits, past 

experiences, and sociocultural context, which influence the motivation and barriers for 

exposure, as well as individual perception of access, features, and safety of natural 

environments.11–13,31,38,39,49,72–74 Both subjective and objective individual-level data 

will enable investigation of environmental justice considerations that are likely to be 

significant,73,75,76 as has been well established on the adverse end of the environmental 

health continuum. A survey instrument is an appropriate tool to acquire data on self-

reported health and SWB and on individual-level factors underlying human exposure to 

the environment.

A few large national surveys have evaluated subjective well-being, for example Gallup 

World Poll77 and the Third European Quality of Life Survey.69 However, these surveys 

lack information about one’s experience of nature. Conversely, large population surveys 

on experience of nature, like UK’s Monitoring Engagement with the Natural Environment 

(MENE),78 have only occasionally included questions on SWB.79 Accordingly, only very 
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limited analysis of individual level influence of exposure to natural environments has been 

possible at a large scale. Research that has been done at an individual level has been 

dominated by experimental and small observational studies.4 Several large observational 

studies have been conducted, particularly in the UK, northern Europe and Australia, but 

focused on single aspects of individual well-being (e.g., physical activity, stress, etc.). This 

is also the case for the US, where, to the best of our knowledge, except for ref 80 (focused 

on women aged 35–74, physical activity, and obesity), studies have not included nationwide 

representative samples or have been limited by spatial misalignment or aggregation of 

measures of the natural environment (e.g., sleep81), which may lead to ecological fallacy. 

Therefore, the magnitude of any positive effects, as well as the mediators and modifiers 

that influence the association between exposure to natural environments and individual 

well-being, need to be better characterized, measured, and analyzed (e.g., refs 2, 11–13, 19, 

31, 49, 56, and 82–84).

Collecting individual-level data on exposure to natural environments (time-activity and 

behavior component), outcome (individual well-being, including SWB), and factors that 

influence the relationship between exposure and outcome (including demographic and 

sociocultural factors, connectedness to nature, perceptions, and preferences) allows for 

exposure and outcome to be linked at the individual level in order to quantify directly 

any significant associations. Such topics (see Table 1) should be systematically included 

in representative nationwide population surveys. In the US, a number of ongoing surveys 

could provide a suitable platform for the proposed research (see next section, Table 2a). 

These surveys already capture outcome variables of interest, including self-reported health 

and/or subjective well-being. The incorporation of additional questions within these surveys 

would provide means for an assessment of how the natural environment is experienced at 

the individual level. Also, using such a questionnaire in ongoing nationwide health-related 

longitudinal studies (see next section, Table 2b) and new studies (that collect individual 

residential address and detailed health, occupational and lifestyle data) would make it 

possible to analyze life course effects and determine causal relationships between exposure 

and outcome, as well as evaluate the role of the natural environment on mental health and 

chronic disease later in life.7,13,55,56 Inclusion of this questionnaire in adequately sized 

experimental studies together with objective measures of environmental intensity, and of 

physical and mental health, would improve our understanding of (a) total positive effects on 

different components of individual well-being, (b) whether or not there is a threshold for the 

relationship between exposure to natural environments and effect on individual well-being, 

and (c) the temporal persistence of any salutogenic effects. Strengthening the evidence in 

these ways will further a salutogenic orientation to environmental protection, provide a more 

complete accounting of the cost to benefit ratio, and be more protective of public health.

Placing survey observations in context of both reported and verifiable landscape features 

(environmental intensity) will increase our understanding of individuals’ experience of 

nature. Thus, it is important to collect respondents’ location data at finer resolution than 

census region or even zip code or county, as most often done in existing nationwide surveys. 

Although requiring stricter data storage and management policies to ensure protection of 

participant privacy, collection of residential address, occupational, and recreational locations 

allows for individually reported survey responses to be linked with high resolution land 

Silva et al. Page 7

Environ Sci Technol. Author manuscript; available in PMC 2022 March 29.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



cover information. For example, the U.S. Environmental Protection Agency’s geospatial 

online tool, EnviroAtlas89 can serve as an objective measure of various facets of nature 

for evaluation against well-being outcomes. EnviroAtlas provides a wealth of geospatial 

environmental and socioeconomic data, including many quantitative indicators of the 

potential benefits humans derive from the natural environment for the nation (e.g., tree 

buffer near roadways, percentage of natural land cover, percentage of forest) and, at very 

fine resolution (1 m), for selected communities (e.g., access to parks and coastal areas, view 

of trees, view of water, green space per capita).

As has been noted by others (e.g., refs 12 and 54), research with an experience of nature 

perspective and consideration of the complex array of natural and human factors (e.g., see 

Figure 2) will require diverse capability and expertise. Specifically, meaningful research and 

discovery will require interdisciplinary teams represented by exposure science, landscape 

ecology, environmental psychology, epidemiology, public health, geography, landscape 

architecture, urban and regional planning, survey methodology, statistics, economics, etc.

Candidate Population Surveys and Long-Term Health Studies in the U.S.

As mentioned above, we advocate for a nationwide assessment of experience of nature 

and its influence on health and well-being outcomes with inclusion of both topics in 

representative nationwide population surveys and long-term health studies. In Table 2, we 

summarize ongoing surveys and studies in the U.S. that would be likely candidates for this 

purpose.

Part a of Table 2 includes publicly administered surveys that target civilian 

noninstitutionalized population and allow (restricted) access to individual-level data. In 

general, researchers are required to submit a proposal detailing intended use for the data 

and data management policies and procedures to ensure confidentiality of responses and 

participants’ privacy. Part b of Table 2 includes ongoing long-term nationwide health studies 

that could potentially incorporate experience of nature in their questionnaire sets.

We considered other publicly administered nationwide surveys, but they were not deemed 

feasible because of expected cost or lack of access to individual-level data.

i. The largest population survey in the U.S., the Decennial Census of Population 

and Housing (https://www.census.gov/programs-surveys/decennial-census.html), 

and its companion, the annual American Community Survey (ACS) (https://

www.census.gov/programs-surveys/acs/), administered and financed by the U.S. 

Census Bureau, do not release individual-level data; for ACS estimates are 

provided at state, county, place, and metro/micropolitan area with population 

20 000 or over. Additionally, given the cost associated with their deployment, 

these would not be feasible instruments to consider.

ii. The National Survey of Fishing, Hunting, & Wildlife-Associated Recreation 

(FHWAR), conducted by the U.S. Census Bureau every five years (2001, 

2006, 2011, 2016) and sponsored by the U.S. Fish and Wildlife Service 

(https://www.census.gov/programs-surveys/fhwar.html), provides information on 

individuals involved in fishing, hunting, and other wildlife-associated recreation 
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(observation, photography, feeding) in residential areas (within a one mile radius 

of home) and at least one mile from home. This survey targets participation 

and expenditures of persons 16 years of age and older and includes visits to 

public parks and publicly orprivately owned natural areas, expenses in books, 

equipment, etc., as well as land leasing and ownership. Although it would be 

a likely candidate for inclusion of self-reported health and well-being questions 

and a few additional questions on experience of nature (including connectedness 

to nature), this survey does not release individual-level data but only estimates 

for nine Census Divisions.

iii. The annual National Survey of Children’s Health (NSCH), conducted by the 

U.S. Census Bureau and sponsored and funded by the Maternal and Child Health 

Bureau of the Health Resources and Services Administration, targets the physical 

and emotional health of children ages 0–17 years of age (https://mchb.hrsa.gov/

data/national-surveys/data-user). Although this survey allows for inclusion of 

questions from other federal agencies (e.g., CDC and USDA), it only releases 

national and state-level estimates, so it would not be appropriate for the intended 

use.

iv. Several ongoing nationwide health surveys have specific scopes and are not 

likely candidates either (e.g., National Study on Drug Use and Health, National 

Survey on Family Growth, and Surveillance Epidemiology and End Results 

(SEER) on cancer incidence).

Additionally, a few private institutions conduct nationwide surveys regularly (e.g., Gallup, 

Kaiser Permanente, Pew Research Center, etc.) that could be considered for inclusion of 

a module on experience of nature coupled with health and well-being questions. Besides 

cost and data ownership/release issues, an important aspect to consider would be accessing 

individual-level location data other than the usually collected zip code or county.

CONCLUSIONS

We suggest environmental health research should place greater emphasis on the salutogenic 

effects of the natural environment. First, these effects are not well accounted for. Wolf 

et al.,54 using a life course approach and accounting for potential cost savings, avoided 

health care costs and increased income, quantify the benefits from exposure to natural 

environments in urban areas to be between $2.7 and $6.8 billion annually focusing 

on six outcomes (birth weight, attention deficit hyperactivity disorder (ADHD), school 

performance, crime, cardiovascular disease, and Alzheimer’s disease). This is likely a 

considerable underestimate of total benefits for individual well-being and does not include 

any positive effects on SWB. As noted by Wolf and colleagues, additional research is needed 

in order to improve valuation of these benefits. One of the reasons that the salutogenic 

effects of the environment are not accounted for is the lack of methods of measurement 

as reflected in the adage “if it can’t be measured, it is as though it doesn’t exist.” In 

contrast, we have very sophisticated methods for measuring and therefore accounting for 

adverse effects of the environment on human health (e.g., chemical pollutants, noise, etc.). 

Several years after Barton and Petty2 and Thompson Coon and colleagues4 published their 
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reviews, there is still a need for a more comprehensive evaluation of the magnitude of the 

salutogenic effects of the natural environment, as well as the factors that influence those 

effects. As synthesized in refs 12 and 13, besides improving the metrics and measurements 

of objective exposure to natural environments, we need to measure how subjective factors 

affect our experience of nature and how exposure to natural environments impacts all aspects 

of individual well-being, including SWB. Here, we foster the use of a standard survey 

instrument to collect data on individuals’ experience of nature coupled with health and 

well-being outcomes, from nationally representative samples, to provide a more complete 

picture of the salutogenic effect of the natural environment on individual well-being in 

the US. Nonetheless, we acknowledge that different types of studies (e.g., ethnographic 

research, activity tracking using Global Positioning Systems (GPS) and accelerometers, 

experience sampling, social network analysis, etc.) will allow the collection of data at an 

individual level that may not be captured by more traditional instruments.

We suggest that a parallel track for environmental protection based on its salutogenic 

effects and individual well-being will significantly improve efforts to protect public health 

and the environment. Although the ecological public health paradigm has captured the 

importance of the natural environment for human health, this is not fully reflected in 

current environmental health science and practice.10 For example, although health impact 

assessments of community projects increasingly detail beneficial effects for health and well-

being related to the natural environment, these benefits are not usually quantified. Potential 

benefits from community projects aiming at increasing access to natural environments may 

not be realized due to subjective barriers (e.g., perception of limited benefits) or can be 

enhanced if subjective enablers are fostered (e.g., motivation for active living). There is a 

need for communities and public health practitioners to assess those barriers and enablers 

and to promote education or outreach programs to address them (e.g., refs 37 and 74). 

Also, evidence-based decision making would greatly benefit from the inclusion of these 

salutogenic effects in cumulative risk assessments. The development of methods to measure 

specific and individual-level salutogenic effects of the natural environment through the life 

course will provide a necessary initial and enabling step toward a full accounting of the 

importance of the environment for public health and well-being. Our suggested approach 

is aligned with several authors (e.g., refs 10, 12, and 54) who note that to maximize the 

salutogenic effects of the natural environment we need to address the existing research gaps 

and promote collaboration between environmental health scientists and professionals from 

many other disciplines.
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Figure 1. 
Continuum of environmental health research: from adverse to salutogenic. The green 

arrow depicts the influence of salutary factors that pull individual well-being toward the 

salutogenic outcomes, while the red arrow depicts the influence of environmental stressors 

that pull individual well-being toward adverse outcomes. Developed from refs 12 and 13.
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Figure 2. 
Experience of nature (e.g., refs 18 and 47) and individual well-being: Grounding the benefits 

of natural environments to individual wellbeing on exposure science52 and the concept of 

dose of nature.51
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