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Abstract

Urbanization, resource exploitation, and lif'estyle changes have clirninished

possibilities for human contact with nanrre in urbanized societies. Concern

about the loss has helpecl motivate research on the health benefits of contact

with narurc. Reviewing thtt research hcfe, we focus otr nature as representecl

by aspects of the physical euviro¡ment relevânt to planning, design, ancl

policy measures thât serve broad segments of urbanized societies' We cliscuss

cliflìculties in defining "nature" and reasons for the cuirent expansion ofthe

researclì 6elcl, ancl we assess available reviews, We then consider research on

pârhw.¿ys between lrâture and health involving air quality, physical activity,

social cohesion, ancl stress reduction. Finally, we discuss methodological

issues an<l priorities for ftltnre reseafch. The extant reseârch cloes clescribe an

array of benelìm ofcontactwith nature, and evidence regardingsome benefìts

is strong; hr>wever, some findings indicate cautigu is needecl in applying

belief's about those benefits, ancl substantial gaps in larowledge fe¡1âin,
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INTRODUCTION
'Ihe ¡rublic health fielcl vicws thc nâilrâl environrnent with atnbivalcncc. Itrfecti<>us ilgents, ex-

trcmc wc¡thcl, and gcological evclrts rcÊplarly sicken, injure, ând kill people, oftcn eD Inasse. Yet,
people câlìnot remain healthy lvithoì¡t clean air, cleân water, fbocl, ancl other resources pl'ovidecl

as "ecosystern sel'vices." Enor¡nous arnounts of research infornr these contrasting perspectives,

desclibing how tl're nànrral er$zironrlle1rt harms hurnans, how health depencls on the naturâl envi-

rorrlucnt, and how huurnn inrpacts on thc nâturâl cnvirolxnent rebound on healdr.

A thenre that has become increasingly distinct over recent years concerns dre natural envirou-

lìrent, ol' "natLu'e," perceived, valuecl, ând engagecl with as srrch, particularly in urbanized societies.

This rese¿rch focuses primarilv on benefits c¡f cont¿rct with nature. I(e¡' sgg¡¡1*.,s of this literature

are young, llut central icleas, such as the link beh¡,een vegetàtion and air quality, have aucient
provenânce in the public health fielcl (B2). Intepentions prornpted by thosc ideas, such as urban

pirrks, have long remrined in place, presurnallly becâuse tJre public has enjoyed them and believetl

il their salutary value. -lhe recent tesearch tests such beliefs, and it encourâges Inore ntranced

theoretical and practical co¡rsideratir¡n of nanrrc-health relation"-.

In this rrrticle, we revicw ïyork done in rrccnt clecades to befter characterize the health benefits

of contact with nature. We do rlot cover this bocly of work comprehensively, but inste¿cl we focus

on niìture as r€pl'esented by aspects of the physical environ¡nent relevant to planning, desigl, and

policy rneasures that trrget br:oad segments oFurtran populations. We touch on clinically orientecl

wc¡rk on corìr¿ct with ¡t¡rnrrc in therapcutic contexts, but we cl<l not discuss bcnefits of companion

aninrals, which may be t¡kcn as rcprcserltations of naftrrc (42; howcvcr, sce ó). Although the corc

icleas we cliscuss have a dtrrable legacy in public health practice, the topic has not previously been

tlre fcrcus o[ an llnnunl Reaiezu of Pultlìt l-Ieø]th alticle (however', see 44, 80),

Beklw, wc exatninc the conce¡rt ofnanrrc, c<xrsirlcr reason.s for the current expatrsion of rcsearch,

ancl provicle a "rcview r>f rcviclvs." \Ãre then rcvicw research on pathways involving air quality,

physicnl activity, socirl cohesion, ¿ìnd stress recluction. Finally, we discuss rnethoclological issues

and priorities fbr futute reseirrch.

DEFINING T'NATI.IRE"

In an olljcctivc sensc, t'naturc" 
as usecl herc rcfers to pþical feattrrcs and proccsscs <lf nonhnman

origin that people orclinarily can pelceive, inclrrcling the "living ntrture" of florit nnd fatna, together
with still and running water, qualities of air and weather, and the lanclscapes that comprise these

and sl'row the influence of ge<llogical ¡rrocesses. As such, "nâturett overlaps substantially with

"nâtural envir<¡lutrent," ân eüvirollrnent with l.irtlc or no âppârctlt evjdencc of human presclìce or
intoryention, and the t\+'o ternls have been use d interchangeabll'.

In prnctice, however, uruch lesearch cloes not âccept exclusion of the artilìcial as ¿r basis for
rlefining nâture or ¡ratural e¡rvironment, The n¡rture of interest is often situated in built environ-

nlents, as with incloor plants and street trees. Similarly, all<ltment (or community) gardens and

urban parks comprise natural feâtures, âppeâr nâturâl, ancl providc opportrìrrities to engage with
and follow natural processes, brrt they are typically designed, constructed, regulated, ¿nd main-

tainecl. Research has also rrcknowleclged that a person nay experielìce naflrte ås such when viewing

natural elements or lanclscapcs frotu a lluilding or velìicle, in photographs and lihns, or in vittual
reality seftrps.

The term "rlrbiìn n¿ìtrlre" is instructive. It achnits dre presence of naftre even in those hutnan

environ¡nents thirt sonìe consider the antithesis of the natural. Yet, jrrst as it puts the urban ancl

tì?rtut'âl tr:gether, it alscl sets tlrem a¡tart. It exemplilìes lrow contacts witlr nanrie in an urbanizecl

¿08 l:lnti¡4 rt rl,



society occur w¡thin a fì.rrrne of reference slraped in lrr everyclay lifê orientecl in various ways to

dre society's urban circtu.tìstànceri.

Thc tciln "naturc expcrience" is used in sonc seÉFrtcnts of this research to cmphasizc thc

subjective perceptioll rrncl er,¿rluirtion of relev'¡nt envitoulnentnl features (ó7). It is, however, tlot

a purely lt-ràiv¡¿unt subjectivity, nor is it {ìxecl. An individutl's experience of nature occurs within

ar.rd carries lì:rt[er the lgng-runniug exchange between the society ancl its envirorrnreut (4[l).

In .çu¡r, altfioggh lr,¡rtul'e hrrs .¡ widc variety of objcctive refercnts, it is ll'sc¡ cxpcticnced sub-

jectively ancl is efbcdve ns iì social construction (for fiirther cliscussion, see 10ó). Accordingly,

r.eseflrclìers represerlt ltâture rvith cliverse physical and spatial variables, encotmterecl in cliverse

activity 
"onr"*,r. 

So¡ne also apply rneasurement, analysis, and design strategies to rap into the

subjective experience of tl're environute¡tt. Because oppor'runities f<rl c<¡ntact with uature, ways

of crrconnteriltg ntìEure, ancl cxperiences of nattrre vâry âcross sociocultural contcxts' rese¿r'chers

have examinecl vadation in outcornes not only amonÉl indivitluals within given populations, but

also acloss populations (108).

SOME RE,ASONS FORTHE CURRENT RESEARCH Ð(PAI\TSION

Growth i¡ this field of research is shown clerrrþ by the incre¿se in publicatious. For example, a

search in the W-eb of I(nowledge on just one term, "Eçreenspace and health," yielded 2 hits fbr

1990-1999,34 for 2000=2009, ancl 45 fronr 2010 toJune 2013.

Why is this expansion occurring? M<¡tives fo¡: involvernent in the ñeld vary' Some w<¡rk ref1ects

corlccrns that ur[anization, environmental degraclation, ancl lifestyle chauges îre quântit¿tively

rrncl qualitatively diminishing possibilities for htrman contàct with nnnrre' For ex*mple, dense

u¡bari settings, if poo.ly clesignecl (without accessible green sprrce), ttray recluce opporrunities for

stress-reducing nâfure contact as well ¿s increase exposure to enf ironlnent'Àl stressors (51). Other

work cr¡nsiclers nâturc as just r>De â.spect of the physical envir<¡urncnt thât is potentially belrefici¿rl

for hetrlth. For example, epidemic obesity in some counffies hns tbcusecl âttention ou seclentary

lifèstyles ancl envil.onruent¿rl supports f'or: physical activity, including but not lirnitecl to nearby

pa.t s 1Z+¡. In generrrl, the reserrrch ains to in[orm pr'âctical ttleasures that clirectly or irrdirectly

i¡v<¡lve acce$rì to nature, including ¡rrovisi<lns f<lr housitrg, tlansportatiou, and recreation.

Cha¡¡çc iu thinhing about health has also cnabled cxpansion <¡f the research ficlcl. With thc

epi4emiologic rrànsitiolt ro chronic, lifbstyle-related cliseases as the mâjor câuses of mortality,

bìopry"horãcial explanarion (3 3) ca¡ne to coilìpete rvith the bionreclical rnoclel, and constl'ucts such

as ';psy"hol,:gical stress" rncl "social support" came into wiclespreacl use' 'I'his clevelo¡lment has

suitec{-a fielcl pop¡latecl mainly by peoplc tr¿rinccl irr disciplines (c.g., human gcogrlphy, envirolr-

mcntal psychology, social cpidcmiology) ancl Jlrofessions (e.gì., outdool: rccreatiou lnilnagenlent'

lanclscape architectrrre, urb¡tn tbrestry) thrt take interest i-n how people perceive, itrterpret, evalu-

ate, nn{ act on the envirrur¡nent. The conception <lf health as "a state of complete physical, tnental

a¡cl social well-being an<Ì not merely the irt¡sence of disease <tl'iufirurity" (138, p. 100) has also

been influential f'or its hcu¡istic vnluc lncl as r basis for rtction. By rclcrowledging the positive,

nulcidi¡le¡sional char¿cter and subjective aspects of health, this concept suppol'ts the involvement

of a rvicle variety of actor.s iu efforts to ulrderstand ancl support health, including but rrot liurited

ro rhose rrainecl ro trear sylnprorns ofill-health (132). Ilesearch in the fielcl accordingly represents

hcalth i¡ rnanyways, nor rxrly with regard to forms of morbidity (8ó), causcs of mortality (94), and

lolgeviry (t l9) but also with regarcl ro self'-r'eported health (26) and diverse intermediâte outcomes

;nuãtuin!'differrnt pirthrvirys, such as benefici¿rl change in ernotionir] anrl physiological rnarkers of

stress nleasurecl rluling visits to llatural. âre.1s (3, +9)'

Nature experiencel
the suhjective
cx¡rcricncc of narurc ts
such
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Methoclological ancl corìceptuiìl advances are also feecling the expansion of the field; olcl and

new top¡c.s are being studiecl with â range of new tools. tr'or exâtrrple, beliefs at¡out strcss-reducing

cffccts of park visits arc widesprcacl ancl long-standing (I0l), trut cxperimental testinpç of sr¡ch

effects is a relatively recÊrlt âctivity (52, I25), These smâll-scåle experimental clenronstrations
of pathway plausibility infor¡ned the first large-scale epidemiologic stuclies to assess associations

between cc¡ntact with narure antl health (26,87 ,93). "l'hose studies usecl resources and techniques

that only recently becanre ¿vailable, For example, they u.sed larrd-use datir extracted fro¡n sâtellitê

images with digitnl technologies to describe the spatial extent of diffèrent kinds of nature accessible

to the given inclividuals ancl groups in their resiclential contexts,
Having cc¡nsiderecl so¡ne of the clevelopments in societies, sciences, ancl professions thâ.t have

llìotivate(l and enabled dre lccent expansion of tl'ri.,; fielcl, we turn no1'r¡ to exarnine the research in
more cletail, starting lvith previous eflorts to revieu' the lirerature.

REVIEW OF RE\rIEWS

Many revielr article.s on rìanrre and hurnan health have been published in receut years. Assessing

thern is orle rneans of suurrn¡rizing the state of the fielcl in terms of wh¿rt is known ancl the qullity
of the research. In April 2013, we undertook a systematic search for reviews, We used Medline and

all Web of l{nowledge clat¿rbirses to identi[z peer-reviewecl papers, sought noninclexecl, non-peer-
revicrvccl (grny) litelature, and r:¡rline tevicws vi¿r hrtenret searches, and exatnirred citati<¡n lists of
alre tdy iclentificd revicws. Wc inclucled revicw ¿rrticles or rcports rclevant to relationships betwecn

rllìture anrl human health and well-being. Inevitably, because the topic boundaries of nature âncl

health are Íuzzy, relevance wâs solnetirnes rliffìcult to establish. For example, reviews on environ-
me¡rtal c<¡rrelates of pþsical activiry often include access to urbalì parks or trails fl¡nong rnany other
cnvir<.¡nlleutal chalactcristics, but they may not focus on natural environrnents. We iclcntificd 59

relev'¡nt reviews ât the time of the seatch (see Supplemental Material, Follow the Supplemental
Material link tïom the Annual Reviews horne page at http://www.annualreviews.org), Of the
peer-Levieu.ed articles, nìost appearecl in joulnals concerned with public heoltlr or elìvirorÌrnental
plurning.

Thc reviews variecl considerably in methodology and guiding nirns. We observcd three broacl

search-nncl-synthesis apploaches: (ø) narrative reviews, not clearly bâsecl on â systeln¿ìtic literature
searclr (n : 24); (å) nirrrative reviews l¡ased on a systernatic literature search or comprehensive

case identiÊcadon (z : 13); an<l (c) lirll systenratic reviews based on an exhaustive literanrre
sc¿rrch þt : 22). Thc reviews tenclecl tr¡ have one of fbur gcrrcral aims. First, systemâtic revicws

souglrt to coll¿te rnd synthesize all evidence f'or the cffects of specified collt¿cts with nâture on

specilìed m¿tkers of health (e.g'.,2, 123). Seconcl, srrnìnlâryreviews often airned to introclrrce the
lìeld, explain its concel:ts ancl the ¡nechanisms by which natural envi¡<¡nmcnts might aflèct hcalth,
¿ncl then .set oùt sornc evidencc for effects (e.g., .54, 89). Some wcrc published as gray litera-
ture ancl had been cornmissioned by govemmental or nonÉlovernrnentd rrgencies, A third group
included what ruig'ht be l¿lreled "flag-wirving" reviews (e,g,,42,95). These were aimed at intro-
ducing the topic to a new audience ând w€re ofien relatively brief. Fourth, and fewer in nurltrer,
were conceptual revieu',s, rnethodological revieu's, or tlosc pro¡losing new theoredcal ¡rerslrectives
(c.g., B, 79).

Reviews also variecl by the environments ancl/or pathrvays to health discussecl. Physical âctivity
had the ¡nost cledicated coverage as the focus of 18 reviews (e.g., 65, 90). Mitigation of ¡roor
air quality/ruban heat ¡l'oblerns and physiologically/psychologicrrlly restor'¿'rtive effects also hacl

clcclicared rcviews (c.g., 12, 15, 19), 'Iwcnty-.six of the reviews adrlre.çsed multiple mechanisurs,

The reviews covetecl a rvide range of natural featrlres ancl environmental catepçories, incluclin¡ç

2t(i I'lnrti¡¡ tt il
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inclc¡o¡ ptarrts (l ó), urban parks (90), ancl forests (22), but coveråge \¡/as uneven' Urban ¡latks rvere

the r¡r<¡st cornrnonly consiclere<l .setting. 'IVo c2rtsgoriss of envirotr¡nents üfere cotrs¡ricuously

n¡clcr.rcpr-escntetl or abscnt; lrrrzrl areas hacl just onc rcvicw ('iI), ancl therc were no revicu'articlcs

ûbout gârdens or tllotments or colnmunity galtlens other than those usecl fbr therapeuric prrrposes'

Also, very f'ew revierys focusetl on population subgroups, Chilclren were the most commonly

cc¡nsiclere<l subgroup (e.g., 91,9ó). We found no reviews dedicated to differences in relationships

betwcen n¿tture lnd he¿rlth by gender, ethnicity, oI socioeconomic positiotr.

Given this variety in rnethocl, aims, and focus, we find it inter-esting that there wâs strong

àgr.eemenr about the methoclological state of the art. Reviews commonly concludecl that the fielcl

.*,,,"ins do¡ninatecl bv obseryational stucly clesigns. Reviews agreecl that too few primary studies

have llee¡ carried out in a cqnsistent and ligorous rvay to estalllish the causality ofrelaticlnships

between contact with nittruc anc{ health, They rrgre ed, too, tlìât few primary snrdies have explored

how efl'ccts may vâr'y by population subgroup, Ity typ. of natur¿l environment, or by type of

colìtÍtct with natul.e. Mnny reviews cornurenterl that consisteut ancl objective nreasurenlent of

lxrth cxposure to natnre ancl health-related outco¡nes re¡nai¡rs elusive.

We i{entificcl three weaknesscs in the rcvicws with specific relevauce to this field' First, search

strategies dicl not llways adt{ress the variety of enviromnents or settings th¿rt count as "nâturtl." It
is necessary to enter ilìultiple terrns into the literature search to avoicl rnissing important work. For

exaruple, urban ¡ratks may be desctibe<l by one or trlore of park, gree¡ì space' greenspace' green

âre¿rs, open spâce, recreÍrrional spncc, natural rìpåce, nâilrâl envirorrtnent) etc. Builcling a review

of r-elcyant litcran¡rc on a search for "grecn spâcc" or "paLk" alone, for examplc, is inadcquatc'

Seconcl, r'eviews fi.orr incliviclrral-basecl clisciplines such as psychology tended to ignore evidence

horn ¡ro¡rulation-bnsed disciplines such as epíderniology, and vice versa. A great strength of this

fielcl is th¿tt evidence exisrs to describe betrefits of coutact with nature at tnultiple levels, from

laboratory experiments tracking inclivicluals' physi<llogical t'eactions co viewing nâfltrâl scelles

thro¡gh to studies of clifl'erences in populrrtion mortaliry rates becween more and less green cities.

Each level and scale of strrdy provi<les irnportant cornponents in unclerstancling what contact with

nâture can and cannot do for human he¡rlth.
'I-[ird, the vlricty of hcalth olrtcotrÌes u.sed in primtry studies was not well addresscd. When

rcviews tlT to syllthcsize results fi'olll olltcoDÌc nlcirsures that are sensitive to contact with nahrre in

clífferent ways, ancl fbr clift'erent clurirtions, lììessâges becone clouclecl, The pooling of resttlts frotn

heterogeneous outcorÌle measures mny be rnotivâted by a lack of ntultiple studies using consistent

lneâsures antl snrdy <lesigns. HoweveL, frrilure to iìppreciâte <]ifferences 4111o1ìg outcollìe llleaslrres

leads to mischaractcriz¿rtion of thc cvidcncc b¿rse. I-Ictcrogerreity in outcome lneilsurcs used in

prinar-y stuclies perhaps explains the lelatively small number of reviews that irttetlpted a pooled

arralysis. 
-l'he 

body of leviews corìsequelltly tells us little about effect size.

Overall, the revielvs generally agleed th¿rt bcneficial cflècts fro¡n contâct lvilh nature do occur

anfl that these effccts lre plausibly connectetl tc¡ the tnechiruisms prtlp<lsed in gnriding thcory.

However, rnosr of the eviclence covercd by the reviews relatecl to intennecliate health-related

o¡tcomes such as ¿ìrnount of physical activity, arnoullt of sociirl contacts' changes in physiological

activity (e.g., cardiovascular, nenroenclocrine, and rnusculoskeletal changes characteristic of stress

re¿ucii<ln), c[a¡ge"^ in emc¡rir¡rral statcs (e.g,, increa.sed hztppine.ss, decreased anger), and changes

in cognitive capability (c.g., perforrnance on stan<lardized tcsts of exectttive attention) rather than

to disease stâtes or lneàsures ofmortality. The reviews found less evidence that traced full pathways

liom contact with nature, to rneasures reflecting the operation of the given rnechanisrn(s), ancl

o¡ to lo¡ger-teml oltcornes. l'hus, it is uustrlprising that the reviews generally suggest tlrat the

eviclence is noryet goocl cnoupçh ro .say when, wherc, ancl for whom given cffccts will occur or how

largc or longlasting they will be'

ntutlrauìazotorg ' N¿ttnz nntl Ilulth 2t I



PM: palticulate
rìrâtter

VOC: vol'¿tilc organic
cornponnd

PATHWAYS THROUGH WHICH CONTACT WITH NATURE
REI-ATES TO HEALTH
Contâct with nâture may affcct hcalth via multiple path.wâys. PadrÃ/ays th¿t havc received relativeþ
large amounts of research âttention involve air quâlity, physical âctivity, social cohesion, Íìnd stress

reduction. We describe each of these pathways and indicate some of the cornplexities involved in
clrawing conclusions ¿rbout its role, including variation in association across people, activities, ând

chârâcteristics of the nâftire uncler scucly. The pathways ernphasize dift'erent âspects of nature, as

physical environment, iìs settirlg for (individual and social) behavior, ¿rnd as experience. Contact
with nature involves rrll these âspects, so rnultiple p?ìthìryâys are likely to be engaged síurultaneonsly

and affèct one another, a point to which we rerutn at the e¡rd of this sectio¡r. The different pathways

and possibilities for effect moclification by indiviclual ol c'orltextuÍrl variables ¿re illustrated in
Figure l.

Air Quality
Trees, shrrrl:s, and otlÌer vegetàtion may affect ambient air quality ,rnd, thxrugh it, hntnan health
anc{ r.r,ell-being. There are both positive ancl negative impacts. Trees and other vegetâtion may

reduce levels of some pollutants, inclucling gases ancl particulate rnatter (PM), but they rnay also

contribute to aìr pollution by releasing hydrocarbons. Soure trees and ¡rlants release pollen, aggr?ì-

vrting nllergies. Finally, trees iruprove air quality indirectly whcn they c<¡ol url:an envir<¡nments

and reducc building encrg'y clemancl.

Trees ancl other vegetation can recluce levels of gâseous air pollutants [e.g,, ozone, oxicles

of nitrogen (NOx), oxides of sulfurJ and PM (37). F'or gâses, the printarymechanisrns of action
ar:e uptake by leaf stornata, ab.sorption, and adsorption to plant strrlaces. PM re¡n<lval <¡ccttrs

through cleposition t¡n lcavc"- and other plant surfaces (7). I-Iowever, most PM is resuspended

to the ¿ìtnosphere, wâshed ofi by rrrin, or clropped to the ground (100). Empitical studies (e,9.,

34, I 13) and ¡nodeling strrclies (e.g,, 103, 120) suggest that urban hee canopy generally reduces

air ¡rr:llution levels b1' rìo r.r'role thur a Êew ¡rercentage points, and often fal less, although sorne

results suggest mr¡rc cflicient rcrnÒvrrl of PM (59, 6l) ancl certrin v<:lntilc clrganic compounds
gOCÐ (70). Because trees may rech:ce air movement, especirrlly in restricted spilces suclr as

ulbân "cirnyons," they uray irnpecle the localized cl.ispersion of pollutants. Local factors such as

the clensit¡., s¡recies cornposition, and age of the tree canop/r the conce¡rtration of airpollutants,
and tl're length clf thc in-leaf seàsorì inlluence tlle extent of pollutant lemoval.

Plmts rnayalso ¿rl1ì:ccindoor air qurrlity-arrimportrrntobscrvation because people it devclopecl

nations may spencl as nuch as90n/¡ of theil time incloors. VOCs such as benzene and f'ormaldehyde

rnay derive fronl ftlrniture, calpets, cleaning ag€nts, paint, and otlìer soutces. Ilrdoor plants,

especially such species a.s .L,nglish ivy and s¡rider plernt, have beerr shc¡wn to reduc,e levels of many

VOCs (81, 140). Bacrerizr in the soil nriry âccount for s<lme VOC scavenging attributed t<l the plants

(r02).
In conhast to pollrrtant rernoval, trees cân also be a soulce of hydrocarbons, iuclrrding iso-

prene ancl terpenes, with consiclerable variation by species (9). 
-I'hese 

biogenic hydrocarbons ntay

ftinction âs precurs()rs of r¡zr¡¡re and secondirry orgánic aerosr¡ls (20,74). Modeling snrdies have

asscssed the relativc contribution of biogenic ernissions to pollurion levels (e.g., I l2). Restrlts vary

depending on the species of trees in a canopy, local atmospheric chemistry (especially levels of
othel'pfecursors, such as NOx), local weather, and other factors,

Trees, glasses, and other plants release pollens, which can aggravate allergies ¿ÌDd rìsthnìà ir
strr'ceptible people (IB, 27),'Ihe culprits vary with gcogrrrphl' but inclucle ragweecl, g'râsses (e,9.,

Timotþ, Bermuclir, bluegrass), and trees such ¿s catalpa ancl walmrt. In cities that have fhvolccl
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HeClth andwelt-belng
Examples:
. Performance (e.g., academic,

occupátional)
. Subjective well-being (e.9.,

happiness)
. Persistent physiological changes

(e.9., h¡gh cort¡sol levels)
. Morbidity (e,9,, CHD, depression)
. Mortality (e.9., CVD, all cause)
. Longevity

Airquality
Examples:
. Reduction of paniculate matter
. lncrease in ozone
. lncrease in aeroallergens

Physkal actiyfty
Examples:
. lncreased walking for recreation
- lncreased outdoor play

Social contacts
Examples:
. lncreased interaction with

neighbors
. lncreased sense of community

Stress

Examples:
. Reduction of stressor exposures
. Acquislt¡on ofcoping resources
. Affective. cognitive, physiological

reStoration

Contact with nature as such
Examples:
. Frequency of contact
. Duratíon of contact
. Activity affordance (e.9., for
viewîng, for walking)

Natural environment
Examples:

' Type (e.9., urban park)

' Quality (e.9., species diversity)
. Amount (e.g.,tree canopy near

home)

\
¡-s

;!
hq

z
d\

\È

* Effectmodifiers'l
Examples: Distance, other
accessibi lity factors,
weather, perceived safety.
societal/cu ltu ral context

Ð Effectmod¡fiers2
Examples: Gender, age,
socioeconomic status,
occupat¡on, societal/
cultural context

Figure I

individual or grouP consciously engaging u,'ith nanrre âs such. .Associations betr¡'een vzriables at the diferent sreps in a giræn pathwa.v are subjlct to modifcation by
characteristics of the people or the contert. The t'r¡'o-headed arrow beween the natu¡a-l environment and contact ç'ith natu¡e acknowledges tllat these are joined in a

reciprocal relateclness; hon'ever, each mav be related with all the others ancl not onl,v with the one adjacent Abbreviations: CHD, coronary heart disease; C!¡D,
cardiovascular disease.
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trees tlìât äte heavy pollen proclucers, che health impact nuy be especially significaur (19). A study
of African Aruerican md Dorninican children irr New York Ciry found a small llut significanr
âs.sociatiorì bctw'een tree cânopy extent and âsthma and allergic sensitiz¿tion (83). I-Ience, in some
citcurnstânces, the allelgenic lole of trees may eclipse their ability ro improve he¿lth by reclucing
air contaminants.

Vegetation, es¡recially trees, tnay also indirectþ benefit air quality. During wamr weather, trees
reduce sutntner air conditioning dcrnand by shacling arrd hence cooling builclings ancl through the
cooling effects of evapotrauspiration. This effect, in turn, reduces energy demand, which, in areas
served by coal-firecl power plants, reduces air pollution clerivecl frorn coal combustion, though not
necessarily at the same location (1). During cold weather, the reverse can happen. In a si¡nulation
study in Sact'ittuento, trees reducecl the need for cooling energy in sulnmer al:out three tirnes rn<¡re
than they increa.sed the neec{ fol warnring energy in r.r'inter (t 14). The rnonetary benefirs of energy
savings lelated to rrees may exceed those of the polluttnr removal (13).

The overall impact of vegetation on air quality is therefore a lunction of several processes,
<lperating in op¡rosing directions: hydrocarbon emissions, pollen production, pollutant u¡rrake,
and effects cln ener'6'y delnand. Calcñrl selection of s¡recies, design of planting configrrations with
regarcl to wincl, slucle, and otlìer impâcts, ancl maincenance of utbân vegetâtion cân optimize the
benefìcial effecrs on air quality (30, 100),

Physical Activity
Physical activity prolìrotes physical an,cl nental health across the life span (10, ó1). Recent eviclence
suggests thnt the healrh benelìts of increased physical activiry are largest .Àmong rhose wh<¡ were
initially doing thc lcast (104). 1'he outdo<¡r envirorrmenr rnay influence how pþically active an
inclividu¿l is b1' <¡ffc¡¡tt suitable spaces for certain trrpes of activities. ft may also anract pcople
outcloors because of the experiences it oft'ers. Such outings ordinarily entail some form of physical
activity, usually walking.

Áur in'rportant ¡rreconclition for the use of natural environments for physical activity is individ-
uils' (perceivcd) saf'cty (62). Aldrough thcrc are possiblc negarivc effccrs âssociÈrecl with pþical
activity (e.g., sports injuries) as well ¿s with being in â nanrrfll euyironmenr (e.g., Lyr-ne discase
frorn tick bites), most of these eftbcts are not specific to physical activity in a natural envirorunent.

Green space is only one part or aspect of the physical environmenr relevarrt for physical acrivity.'Which etwilotrtneutal ch¿rracteristics promote ol hamper physical activiqF may depend srrongly
on the type of acrivity rt harrcl (5). Three lxoacl activity clomains rnay lre identifìed: work (including
study), activc fi ¿ìnsport (walking, cycling), ancl leisure (recre irrion, sporc). Within tl're work clorrain,
the greetrness of the setting is thought to be of little irnportance lbl the anlount of physical activity.
'f hc sl¡ne is not true for active transport, Natural featurcs rnay ls¡¿ ¡reo¡rle t<¡ favor wallcing <lr
cycliug <lvcr other transport mocles bl. nraking routes tr¡ destin¡rti<¡ns rlore âth,tctive; however,
clistlnce to destinrtion, trvailability of suitable infrastruchrre (e.g,, siclevvalks, bicycle paths), ancl
safety are more importtrntfactors (5.1). The evidence for association benveen green spâce and active
trânsport (walking and/or cycling) is rnixed, and this heterogeneiry has been rvell sum¡nârizecl by
recent sy"ite¡nåtic reviews (40, 78). Reasons f<rt (noncausal) negadve associaric¡ns rnay be thnt large
anonnts <lf grcen sp'¿ce tend to go togethe¡:with (a) greater clistances to destinations, (l') higher
levels of cal ownership, and (c) better avail¿bility ancl lowel cost of car parking spaces rlear one's
horne (28, 55),

'Ilhe im¡rortance of uatural environlnents for fostering physical âctiviry may vrrry by populaticln
sul:group. Chilclren rre pcrhaps thc most cornnonly stuclied subpçroup in this colrrext, but âgain
lesnlts are mixed. In one r:eview (29), *49y" of the scuclies in which envir-onmental characteristics

2,4 l-Intig tt ul,



ò¡)

o
øt
È
C)'5
o
hEx
Ëõ
Qo
zs
t(Ë
E9
È&
'r, FOO
'o Þ.õ9+
É<:tS
o r.l
Arì
6¿
ô,¡ X

IE
59
^rÐ
h.=
.1 #+çd
5FNh
€¡
sø
iEg
OC

Êr-o
;oú
j
Éfi

were objectively rneasru'ecl showed pâl'k Íìccess or vegetation to be positively ¿ìssociared with
childre¡r's physical ¡ctiviry levels; in the other l¡0% of ùe studies, no associati(xì was ob$en'ed. A

furthcr systcrnatic rcvieu'(3-5) concluclet{ that for (young) children the safety of the erwiromnent

às perceived by their prìrents wâs ân importnnt noderâting factor, Results h'om studies of older

people are âlso rnixed; two recent systematic reviews arrived at cliffbrent conclusions. One (128)

reviewecl studies on the ¡lhysical envitonrnent irr general and concluded that there was uo clear

rclationship bctweerr green spâce (arrd most other physical environtnental chalacteristics) and

pþsical rcriviry of olrler people. The odrer specifìcally f'ocusecl on green space, however, attd it
observed that seven out of eight stuclies showed a positive lelationship betq.een the greenness of
the living environment and physical activity levels of older people (17). It also concluded that the

perceptiolì of safety is aD irnportant moderating factor.

Rclatively littlc ntre¡rtion l.las been paid to thc relevancc of specific ettvitonrnetttal charactcris-

tics, such âs the type of greenery or the quality of the open space. Results are ag-ain mixed. One

stucly (46) concluded tlrat very good access to large, very attractive public open space was associated

widr higher lcvels of walking. A,nother (56) by ce¡rtrast obsetwed n<¡ relati<¡¡rshi¡r between access

to large, high-qualityurban grcen sp¿rccs ancl recreâti(ural physical âctivity. A third snrdy (25)

observecl a relationship of qualig' (but not qtrantity) of streetscape greenery with "gteen" activity,

though not with total physical activity. Finally, ïecent results suggest that community garclening

is associated with a lou,er bocly rrrass inclex (141).

Given tlut ph¡sical activicy is assu¡ned to bc rn irnportant pathway joining nâture with health,

we fintl it surprising that fbw studies havc frlrrnnlly investigatccl the cxtent to u.hich any association

between niìture ancl health mig'ht be rnecliatecl by physical âctivity levels. Of fbur studies done

(25, 88, 109, 118), only one (118) concluclecl th¿rt physical activity (rnore specifically recreational

walking) u.as indecd au important rnediâtor.

Finally, wc llorc rhat nxlst of the smtlies rcfcu:ed to in this overview have becn ct'oss-sectionnl

in natrre. Heirce, the clirection of obserr.ecl relationships temains open to ¿tlteLuative explanaciotts'

For exarnple, sorne people rnay choose a highly car-dependent (arrd presurnably mote green) living

erwiron¡nent becarrse they rrre not inclinecl to be pþically accive an¡vay (32).

Social Cohesion

Much as for phrvsisnl activity, al:undant research has clocu¡nentecl posirive associations between

social relationships ancl health and well-lleing (57, 97). Such salutary associiìti<lns bave nl.so been

otrservccl fbr positive lchtionships specificrrlly within dre neighborhood (1I0). A variery of terms

h¿ve been introducecl to reflect the potential value of social relationships in this context, inclucling

social ca¡rital, social suppott, social cohesiorr, ancl sense of colrtrnunity. Although these tet'tns are

often used intercha¡rse¿rhly (4, 110), we draly a distinction here between social capital and social

cohesion. Social capital comprises primrrrily those res<¡utces av¡il¿ble to au individual tl-rrough his

or her social connections, which may be acciv¿tecl in tit¡res of neecl. In contråst, social cohcsion

refèrs to shared nonns ancl values, the existence of positive arrd friendly relatiotrships, and feelings

of being accepted arrd belonging (cf: 3 6). We prefer to use the tenn social cohesion here because it
is ¡nore a characteristic of neighborhor¡ds thrrn of irrclividuals (4) and so morc likcly t<¡ be influenced

byphysical characteristics of the ncighborhood, such as thc availabiliq' and quality of green spacc

and natural elements.

Unlike physical activity, the envirorrmental correlates of social cohesion have received little
resealclr âttentiolì tlrus far. Generally, the Few snrdies available suggest a positive relationship

bctwcen social cohesion and nanrral cnvirontncnts (2-5, 38, 85, 118). Sugiyanra et al. (118), ftrr

exan-rple, f'ound perceived soci¿l coherence ancJ loc¿l social intetaction to be associatecl wich the

707t)zt),(tnúuilh'¿Ðicztts,ùr l{ . Nltturc nnl I'lutltb 7r I
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perceived greenness of the neighborhood. De Vries et al. (25) found an àssociarion between
streetscâpe Sreenery and perceived.soci¿l cohesi<¡n at the neighborhclocl scale, both for the quandty
and, cven tuole stt-ongl¡ fol the quâlicy of greenery.

Soci¿l cohesion within a neig'hborhoocl cloes not lencl itself to experimentâl rese¿rrch, which
makes it difficult to determine whether relations with environÌìlental features are causal. A few
srudies have, however, tàken advantage of circurnstarìces tlìatlikened a nâhrral experirnent. Re-
seilrchers in Chicago (77) took advantage of quasi-randorn âssig:nrncnt of public housing residerr.ts
to dwelling units in alchitecturally similar hig'h-rise buildings with varying ilnounrs of vegetation
outsicle. They tbund a positive association between the presence of trees ancl grass on the use of
co¡ììrnon sPaces ancl i¡rforrnal social contact rvith neighbors. Moreover, the relationship between
greellery aud stlcial coltt¡ìcts appeared t<l be mecliated by the use of the corrtrnon spàces.

The research in Chicago (77) ¿lso showed that social conrâct was posirively relâred to one's
sense of s¿t'et)" Subsequent stuclies showerl th¿t residents with more trees and grass arouncl their
builclings clisplayecl Iess aggressive belravior, and their buildings wele associatecl with fewer crirnes
(7 5, 7 6)' More recent research slrggests situilar positive effects of greening vacÀnt lcrts, especially
¿r rech¡ction in gun assaults and disorclerly coucluct (t4).

Other ¿rtttibutes of the erwironment may moclerate ârry nssoci¿rtion between naturirl features
ancl soci¿rl cohesion. Arguably, local parks rnust be well maintainecl und provide attractive recre-
atic¡nal facilities to realize their l-lllpot€rìti¿l in cleveloping socialties (71). Although green space
gcucrally is positively a.ssoci¿rted with feelirrg.s of safety, in densc url¡¿n ¿rreas enclosed green spaces
tuay rcduce such feclings (B't). Sirnilarly, trecs in the public reah¡ have becn associ¿tccl with re-
ducecl crinte t.ates, br¡t snull trees on private lots have been ¿ssociated u,ith increasecl crime r.ares,
presumably because these trees rnake it ¡nore difficult to observe crirninal activity (3 1). Sorne natu-
rirl settings, suc'h as cornmunity gardens, itìcorporiìte.social tie"^ almr¡st lly delinition. In orre srucly,
olclel allotmeut gartleuers repoltccl having more contacts u,ith frieuds and felt less lonely than cli<l

nongarclening neig'hbors in rhe some age category (l3l).
The question remains whether social cohesion, sense of safery, aggrrssive behavior, and crime

l'ates Irrediate ån evetìtual relationship betweeu contact rvitlr nature ancl health. Results frorn a

f'ew cro.ss-secti<lnal stuclies bc¿rr <¡n this poirrt. C)nc frrund thât social cohesio¡r partially medi¿rtecl
the rclationship benveen perceived neighborhootl grrcenness and menral health (1tB). A¡'rothe¡
concluclecl that feelings ofloneliness ancl perceived shortage ofsocial support partially rnediatecl
the relationship between tlre :rnrclunt of green space within c¡ne kik¡rneter and overall health
(tl5). A third founcl th¿t social cohesion rnecliated relationsl'rips berween quàntiry ancl quality of
strcctscâpc grcenery ntrcl both over¿ll health anc[ nrent¿rl hcalth (25). In contrâst, Francis er tl.
(39) found neither sense of cornmunity nor social support to be an important mediator of the
relationship between the qualiryo{ public operì spâce ârìcl rnental health. No strrdies r¡.ere iclentilied
<ln medi¿rtion lly a¡¡eressivc behavior, ferr of cri¡ne, and/or crime rates.

Stress Reduction

lly helping people urai¡rtain adaptive lesources needed to rneet the demancls of life, nature can
reduce risk ofillnesses involving chronic stress, rìs \4/ell âs protnote 2l rzrlrge ofintermediate outcornes
such as iucrcase<l .subjcctivc well-being. It can clo so in two general ways. Firct, natural areas irnd
featules can reduce exposure to challengin¡¡' envilonmental conditions by increasing distance to
stressors and/or clecreasing their perceptual salience, For exarnple, green spaces between residences
aud heartily tlafficked roads cau reduce occupålìt noise annoyance (99), vegetatiorì can conceal
cli.spleasing structures (l l5), and landscapirrg around housing can he\r rcsirlents mâirìrâin privacy
aud avoicl feelings of crowcling (23).

z¡6 Hnfiig ttt tl.



Second, nature cau help people l'estore their aclaptive resoul'ces. Fìscape froln physical ancl

s.cial stressçr-s has long lteen described as an irnportant lnotil,e for recreatio¡r iu natural areir's

(58,72). Narr¡rc's lcsturative cluality d<les not, however, depcnd only on an abscnce of sficssors;

its restorntive quality is also clelìnecl in positive terms. Another persistent tnotive fbl orrtdoor

recreation has been appreciation of nature-f'or beautiful sc€fl€r/r syrnbolic qualities, and other

valued attributes (72)-Þush ancl pull nìotives also wolk in tanclem in contexts other than outdoor

recreâdon, notably thc resiclenti¿rl contcxt, For example, residcntinl location decisions cr:mmonly

reflect effotts to both minimize stressful exposures aud enhauce access to restorative atnenities,

inclucling green (or blue, i.e., water) areas (51)'

This ¡¡rotive combination appears in rwo theories about how nature can Promote more rapicl

ancl coDr¡tlete re.storatiolt than other envir'<¡nruents can. 'I-hey offer coDtrasting views ou how

rcstorttion ctn procccd once ¿t persorì has gaine<I psychological dist¿rnce fi'om threats lnd odlcr

cle¡nancls. Psychoevolution.,rry theory holds that, fbr a persou experiencing ¿cute stress' nature

contact can very rapiclly evoke positive a{l-ect, which in turn blocks negàtive thoughts arrd feelings

a¡rcl fr¡ster.s reductir¡n of physiologicdl activation (L2(t,127). Evolution purPortedly c<userved this

functit¡¡al aesthetic response because rnore rapid t'ecovely frotn acute stless would have helped

proto-humans better pfepàre f'or the next sulvivâl task, In contfâst, âttention restor¿rtion theory

holcls that effortless ¿trention engaged by intrinsically interesting aspects ofnature enables rest for

a fntiguecl neurocognitive inhibitory mechanisnr engagecl when willfully directing rttention (67,

68). Pegple must inhibit trsk-irrelcv.¡nt stimuli as they clirect their tttcrìtion ât r¡'ork and irr many

othct circurnstânccs. Fatiguc of tliis directed âttention capability occlrrs commouly, undcunincs

effective action, and can increase susceptibility to stress (ó8)'

Inforrne{ þy one or both of these theories, true ¿rncl quasi-experinlents done in laboratory

an¿ fielcl setti¡gs have assessecl <liverse ¿rffecdve, cognitive, and physiological effects of Inore lnd

less naflrr.al cornparison conditions, realized over varying but generally brief timc spans nfter

.t nârurâlisric ol experimentnl induction of a need fbr restorâtion. Publishecl studies generally

report sorne restorirtive aclvantage of nacrrre, and by 2004, reviewers hacf judged the evidence

frx restorative effects of lìature to be strong (54). More recently, ulethoclological heterogeneity

lecl othcr revicwers (11) ro inclu<le only 3-6 studies itr quantitative syrrtheses tbr ctch of scveral

ourcomcs. T[ey concluclccl, nonetheless, that the avail¿blc studies provided reliable evidence of

recl¡ctio¡s in selt-r'eported ànger, fatigue, anxiety, urd saclness ancl anincrease in feelings of energy.

They also foun{ tentative eviclence of enhanced attention, Conclusions regarcling physiological

effects were limited Ìry a lack of .snrclies that had the clesired design features. Snrdies doue since

that 2010 revierv have further exp,.rnclecl rhc body of experimentll u'iclence in sever¿rl direcdons:

aclclitional co¡'rparison conclitions [e.g., mor:c or ]ess open ve€çetâtiou (4.1); etlcounterecl in different

ways, e.g,, ruork site cleskrop relaxation packages (60)], alone or itt cotttpany (ó4), and in adclitional

,ulipopol"tions Ie,g., chilciren rvith atte¡rtio¡r cleficit disorder (ADD) (121), u'ith effects registerecl

using aclditit¡nal tncasurerneut tec'hniques (e. g., coltisol; 1 29)].

Other research ¿ssumes cumul¿cive health eftècts of more effecrive restorâtion on ll1âny

occasions over time. Th¿t work is bolstere<l by stuclies that situate repeatecl contact with n¿ture

i¡to an ongoing process of self-regulation. Such snrdies recogtrize that soure people learn that

¡anrral settirrgs äre l¡ore likcly than other settitrgs to be restorative , C)ver titnc, they apply thi.s

knowleclge to better nìânage aclaptive rtsourccs such ¿s actentional capacity (69,73, I 16). When

ancl how that lealring begins remain unclerscuclied, but chilclhood experience âppeîrs influential

fbr environrlental attitucles ¡neasured in lirter lifè (133, 136). Sorne research does suggest that

restorative childhoocl colìtâct u,ith natule can c'tunttlatlvely ¡lrovide benefits with far-reaching

clevelop¡rental sigrúficance, Contact with naturc may fot example improvc ârtentionâl function

in chilclren with ADD (121) anrl enh¿nce sclf-cliscipline in chilch'en without a cliagnosis (122).

AflD: ¿ìttention
tlefìcit t{isor<ler
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Obsen'ational snrclies comrnonly cite nature's cumulâtive stress-reducing ot restoràtive effects

âri one plausible ¡rnthway by which residentirl green space ruight affect perceivecl health (26,87),
diverse fo-,-ms of molbidicy (8ó), ancl death from circulatory clisease ând otïcr causes (94). To
clnte, however, nlost stuclies with inclivicltnl dât¿ì have not clirectly addressecl â stress-reduction
pathwa¡z owirrg to ¿ lack of ¡neasures suitable for assessing mediation. One early quasi-experirnent
did however ¡rssess mediation with reference to àttention restoration (76), and sonìe recent surveys

lrave begtn to rclclress this issue with self-report lneâù^Lrrcs (25 ,lI7). Another study has considercd
variation in the level of cortisol as ¿ l¡iomarker of chronic stress in nlembers of a cornmunity sarnple

living in lnot:e or less green circumstânces (114); such a measure could serve tests of medi¡¡rion of
the effect ofnature <¡n stress-related illnesses.

Sorne snrdies have fi'arned nature äs a stress lluffer, which has entailed esdrnating the intelactive
cffect of stressful clenands ancl nccess tô nåtulc on sorne he¿rlth outcôme. Several srudies focusecl

on n¿rture in the residential context are illusuative. hr a study done in rural New Yolk state,

corrllicts at school experiencecl cluring the preceding three nlorìths were less strongly associated

with psychological distres,s in children who had trìore natarre in and around the houre (135). In
a Dutch snr<Jy, the relationships betwcen srressftil life cvents in the ¡rrevi<)rìs three months and

both health complrrints ancl perceivec{ general health were weâker âmong those with more BTeen
sprrce within 3 km of the home (130). In an ecological study covering the population of England,
high irrconre deprivation had a weaker association with all-cause and circulatory disease urortality
alnong people livirrg in arcas with relatively large atnounts of green space (94).

In sutn, substantial evidcnce speaks to thc potential bencfits of contact with nanrre for avoiding
health problems tmceable to chronic stless ând attentional fatigue; horvever, the greàter part of
this evidence concerns tlre short-tenn restorative benefits ofsingle encounters with or experiences

in n¿ìture.

The Pathways Internvine
f)iscrrssions of air quality, physicnl nctivity, social cohesion, and stress-r'ecluction pathways enì-
phasize different âspects of Lratule: as ¡rhysiç¿l environrnent, as setting for (indiviclual or social)
behzrvior, and'JS experience, Cc¡ntact with nature involves all thcse aspects, so multiple pathways

arc likcly to be cngagecl .simultaneousl¡r, as illustrated in Figure 1.

Most inclividuel studies have tbcused on orÌe pàlticrlàr'pâthwây h'orn natule to health, but
sonre reseal-ch has acldressed cornbinations involving two or ilìore of thern. Much of this work
has recognized links bet\Ã'een pþsical âctivity and stress reduction. Peo¡lle commonly engage

in physical âctivity nÒt olÌly or cven prirnarily bec¿rnse it will scrve their health irr the long mrr,
but also because it helps them to feel good in the shot Lun, sometimes by reclucing tension and

stress. Conversely, people who l,v¡rnt to enter a nattrral environment 1-or lestolation ordinarilyrnust
engage in sor:re forrn of physical activit). to do so. Accordingly, exPerimeurs have found "green
exeLcise" rnore psychologically beneficial than the sarne exercise in .settings with relatively linle
nânrrc (92, 105). Thus, being acrive in nahrral settings rnay yielcl health benefits over and rbove
the benefits of physical activity in other environrnents (for a nreta-analysis, see 123). Conversely,

ä persorì walking or' running along ciry streets may have to enclnre aversive conclitious that recluce

the lenefits of the activity imelf (49).

Multiplc pathways may be purposefully combined in culttual prâctices that regprlarly bring
people in contact with nrrtule. For example, conlrnrurity gârdening nìây proilìote social contîcts
durirrg rnoclelate physical activity that also supports restoration frorn stress associatecl with work or
otlìer demarìcls. 'I'heJa¡ranese pl'actice of Shinrin-yoku, or forest-bathing, invoh'es beliefs about the

¿ ¡ 8 Hntig tt il,
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sàlut¿ìryvàlues of cel.t.qin substances in the air, ancl it etrtails behnviot's that ordinarily prorrrote stress

reducrio¡r (e.g., clistancing oneself fr<xn everyday demancls, adopting a rneclitative stance) (124).

St¡l¡c culhrral pr-acticcs thât cngaÉic rnultiple pathways rnay howevcr not be salutary for all

populatiol subgroups. For example, in sorne countries, many hor.rseholds rnaintain â simple, in-

à*p"nriu" leisure houre in the counrr¡,sitle, to which family ¡nernbers orclinarily travel together

clur.ing v¿rcatiou periocls; however, a.s â doluestic setting, the leisrrle hotne tnay also irupose rur-

\4,ant;¡ clemands ancl on .sotne lìouscholcl rnetnbers lnore th'¡¡r others. Swedish research found

that, after several years ot'follow-up, employecl men who owned a leisure home had lower odds

of retiring ear.ly for health reasotls (50); however, tl-ris prospective associttion dicl not hokl for

\vornen. Incleecl, among highly educated and highly paid wornen, the likelihood of early retire-

ltlent for health r"oro* was g¡rerter if they also owred a leisure hotne. Other snrdies have also

inclic.¿tccl n potential gender difference in thc nanrreìealth relationship (e.g', 107)'

METHODOLOGICAL CHALLENGES

In ¿rcl<lirio¡r to tlìe usu¿l rnethoclological concerns itr experimental ancl cpidemiologic research, we

rntrst tackle a litany of spccific urcthoclological challenges if we arc to tlevelop our understancling

of the clegree to which, horv, ancl uncler which circumst¿ìnces contâct with nature aftècts hurnan

health ancl well-being,

Measuring Exposure to Nature

Cont¿rct rvith nr¡tgre challenges definition ¡rnd conuol in fielcl ancl l'.tboratory experiments, and

it is even r¡ore {i{lìcult ro assess in free-living populations. Studies at population level typically

âssess exposure in one of- three \Mays: ûssessments ol exPosul'e by how tnuch uaEure there is in,

or close to, th. prìtticip¿rrrts' ât'e¿ì of rcsiclcncc; survcy quesrions rbout how rnuch time, âncl/or

how ofte¡, p"opi" visit naur¿l environments; ancl obiective nreasnles of contact vi¿ GPS (global

positioning systeurs) technology. Each nrethocl has problems; thàt people live near natural spâces'

.epo.t rrisiiing thern, or position thernselves spatially u'ithin them does not mean that i¡rdividuals

acnrally have ha<l contact with t-tature in a way thtt affects their health. None of- these llleâsltres

incl¡cles vistral contact rvith nâture fronr, for exarnple, windows ât home or in the workplace, rvhich

rnay also have beneficial eft'ects (6ó). Fultherrnore, these measures typically miss fine details of

.*por,r,,. th.àt Dìay lre iruportrrnt, such as the tirning of exposure (e.g., for rnany envil'ontnental

"*ir,rr.rr"*, 
.specifìc winclows of vulnerability cxisr actoss the life span), the seasonality of expclsure

(c.¡ç., thc role of tlccidrlous rl-ees bcing in leaf), the qualiqr of the uanrl:e (e.g., area in nlfltufe üees

ve,rsss irn¡ratrrre n'ees versus shrubs versus lawn), and the cltuation of exposure,

Measuring Outcomes

Thc othcr cncl of thc cquation betryeen nâflirâl enviroltttteltt and health is the assessment of health

itself, Pl¡usible he¿fth irnprcts irre varied ancl rnultiple, positive ancl negative, psychological and

physiological, short ternr and/or lorrg telll. -I'lris plrrrality rì1eâns rnany different heàlth rìleasures

"rn 
be used, which, in turn, makes it dilficult t<l ¿rchievc a cohefent l:ocþ of research. 1'here i.s a

particular challeugc in bridging what u,e lc-row about effects of contâct witl'r nanrre fr'om small-

scale, shorter-ternì experimental stuclies ancl what we might expect to observe as ell'ects in the

real wor¡l at the ¡ropulation level. For example, it is cliffìcult to cletermine what the fall in blood

pressru'e o¡ viewing naturè, established in ex¡reliuret¡ral sntdies, rrriglrt Ilean fot rates of heart

¡ott¡zu'ttttttnilrattitTùs'u'll' ' Ntttm mtl Ílcnltb 2r9
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disease -1ûlong regrrlal visitors co rlational parks. 'Ibere is no sirnple solution to this challenge and

lìo orìe clearly superior .set r¡f instmrnerìts or measufements tlìat are suited to use in all settings

and studies.

Llnderstanding Mechanisms

Undcr.standing how any reladonship berween nâtrrre and health happerrs can aid intervcnrions
that promote possible benefits. It is also vital for specifying who might benefit most and least hom
the relationship. The challenge is that, as we have notecl, the mechanisms by rvhich n¿ture might
affect health are rnultiple alrcl s¡,ne¡gistic. The¡r likely vary in signilìcance within a single contact
rvith nahrre, between corltâcts, âcross the life course, betq.een po¡rulation subgroups, betrveen

snvironrnent types ancl across cultures. Unclerstanclings of mcchanisms being developed in thc
relatively controlled conclitions of expeliments should eventually help epiderniologists to f'orm

better hypotheses about the variation in associations they coulcl expect at a population level.

Demonstrating Caus^liry ú a Population Level

Positive, short-tenn effects of contact with nature on affect, cog'nition, ancl physiology have been

reasonably well established in laborrrtory and field experiurents, However, cross-sectional desigrrs

still dorninate .snrdies of long-tertu herldr olrtcornes rneasured in populntio¡rs. 'fÏe vulnerability
of thesc clesigls to confounding ancl rcversc cirusirlity is a patictrlar problcm. Thc likclih<nd of
collt¿ìct with nature is strongly pattelned by socioeconomic, ethnic, ag'e, ancl cultural ch¿racter-

istics, rvhich ale, thernselves, linked to health. Richaldson et al. (108) provide a fine exarnple of
the pcltential fr¡r confourrcling Factor.s to obscure relari<lnshi¡rs bcnveetr Ereen spâce a¡rd health at

a populocion Ievcl.

Both experirnentll urcl longitudinrrl observational designs are potential routes to better evidence

for' ¿r cnusal relationship àmong lì-ee-living populations, For stuclies of nrtur-e and health, however,

both ty¡les ol'study im¡:ose s¡recific challeuges. .Experimental studies at a ¡ropulation level are

h¿rcl to perf<rnn. Muripulating envirorrrnents or people is difficult irnd expensivc, Scienti.sts often
must rely on public agencies or authodties to ftincl and cleliver envi¡onmental changes, such as

the cre¿tion of a new park or tr¿il. It can also be cliläcult to establish and tnailrtain control sites

or populations, ancl op¡;ortunities to randomize the receipt of environrnental interventions to
different c<lmmuniries âre râre. Useful results have emerged ti'om quasi-experimental and lleftrre-

aftcr stuclies that crpnrre sonre of rhe attributcs of true expcriments (l+,75). The tirnesc¿lc for
ell'ects is ¿lso often a consh'aint. Funcling to follow-up intcrvention studies is rarely longer than

3-5 years, lmt el1êcts nt rr population level (pelhaps even intergeneratiotìal effects) tnay take lortger
tr¡ est¿rblish.

Rcsearch orì natu.r-e ancl health has been unclertaken rÍichin clifferent scientific paladigms. Atti-
tudes toward the level of proof fbr an association, indeed ¿ttitucles to$'ârcl the very idea of "proof,"
vary between paracligrns ancl are contested within the¡n. Biomeclical research, for example, often
places great ernphasis orr lowp-value thresholds fol acceptance of arr association. É-rumkin (43)

recendy suggested, howcver, that the applicrtion of stringent p-value thtesholds needs crrreful

and crplicit reconsideratic¡n in stuclies of nahlrc ancl health. Moving from partial cvidencc to
eviclence-based recomrnendations regarc{ing rìâture contact is a thorny prnblern.

For their¡rart, existing panel or cohortstuclies that have goocl rneasures of health and well-being
rarely also carry cletailed informzrtion on contâct with naRrral environrnents because this topic is

rcl:rtively lrcw to public health nncl cpiclemiology. Morc()\¿cr, dâtâ sets thât can also câpture the

chirnge in ol clevelopment of naturrl environllents over time are rare.

22i) ITnti¡1 tt d.



òo
o
Ø
Èo'5
o
Hq>'
éÉco
Qo¡
>4
=-È3
É,8
-toqÊ!

õFoo
€l!
.q9t
F\t{-
o -a'lâà
æ-.{Xcl-r'c
5e
^ril

n#
+cl
O'
a'l ç

É¿'
s'E

f'r'1 0

.gË
-oP3X
Org
j
oú)
Ê
É

Effect Size

Evi¿ence sugÊfcsts rhât contâcr rvith narure h¿rs ¿r srnrll effcct <trr health and r+'ell$eing in conl-

pariso¡ t,,iÀ"t'¡rnl cl-raracter'ìscics such ¿s incomc, ernplolmeut' or eclucatiou, and behaviornl

char.rcteristics such as smoking. The signal-to-noise ratio iu population-level stuclies is otten small,

ancl these studies neecl to be rvell <lesigned and of sufficient power to identily any benefits. This

cloes ¡rgt ¡reflrì that such snrclies ale not wol'th doing, however; a small beneficial effect on a large

nuruber of people is a large conrriburion to populadon healdr (I I 1).

PRIORITIES FOR FT.IRTHER RESEARCH

Throqghotrt this revicw rvc have iclentified issues that wan'ant further reseârch, ancl in the plevious

section we have icÌentifiecl methotlological challenges that ¡nust be met. Here' we try to highlight

some speci{ìc priorities for the lield.

Ïirst, we *.*, ,r*",1 to scek, create, ancl t¿rke o¡rportunides f<lr ¡ropulation-lcvel ex¡rerimental

sruclics whe¡ they arise, within an unclelstancting of their limits. Doing so will assist in dernon-

s¡âti¡g the degree to which nature-health relations have me¿ning for population health. We

should also work to incorporate questions about contact with nature in ongoing lorrgitudinal

studies ancl eusure tlrat high-qrraliry <lata on change in tyPe, quality, ancl ¿vailability of nature are

¡rainmirrecl into the ft,noà and crc¿rted retros¡recdvely tbr the Pâst. These additions would permit

stu¿ics consistcnt with both cohort and lifc-course per.spectivcs on rclatit¡nships l¡etwecn nâttu'c

anc{ I'rer¡lch.

Second, research orr which types ofnature are relatively effectìve for ¡:articular outcotnes, and

which qualities of those rypes are highly relevant, may be more firritful when guided by theoretical

i¿eas abo¡t why a par-ticular type or qtrality <¡f that n¡pe is likely to contribute tt> a particular

pârhwày to health. Nat¡r¿| .lerilents tlìât âre elÏective in improving air quality ¿lre llot llecessarily

,h" ,nrn" as those þest suitecl to impror,ing soci¿l cohesion in a neig'hborhoocl or to prornoting

psycholo gi cir] restora ti on.
'I'[ircl, witfi specilìc regarcl to the stress prrthwrry, much rvork remains t<¡ be donc to rigorously

âsscss theoretical cl¡ims rcg¡'arcling the components of experience that sustain attention rcstorâtion

and sffess recovery. To what exteltt, t-or exarnple, are beneficial effects clepenclent on gaining

psychological clist¿nce frorn stressful demancls versus engaging with positive aspects of the nature

e¡counrered? 'Ihis work will be ai<ted by, among other things, further develoPment tlf tneasures c¡f

perceivecl restorâtive quality in envilonments, rnd experimentttion thnt morc dircctly tddresscs

th" irrt"rploy of sn ess ,:."ou".y, attention rtstorâtion, and other possible processes through which

rrcla¡rtive resources becoure t'enewecl (ct, 49)'

!'6¡rth, if wc acknowlc<lge the c<xn¡reting pliorities for funding and invest¡¡rcnt in health and

health câre, .soltrc r-esearch on narrrc ancl hc¡rlth might gain frotn a health ec<¡notnics perspective'

If conttct with nacure is cost-etr'ective âs ,¡ rneans to protect ancl improve population health,

it shogld 5e resourcecl and prioritizecl in preference to other approaches. Ar:guably, doing so

requires k¡owleclge not onþ aborrt the economic significarrce of the health berrefits gelreratecl,

6.,i also ¿rt:out the "closes" of nature ¡reedecl to generâtc th<lse benefits ât dle lr¡west pclssible cost'

Discussions of <iosc, howcvcr, can cntail a varictyof problcms, snch as trivialization of contactwith

nâtgre through neglect of long-term 
"onréqtr.u..s 

of particularly powerful forms of contâct (e.g''

life-changing: wilclerness experiences), The dose metaphor therefore ¡nust be handlecl with care

(l¡Z). As with 6ther health-r'elated issues, econouric aurrlyses urust extencl beyon<l health inrpacts

to årccotìlrt fc¡r other þencÊts, For instâncc, nn uLbân park may oft'er not orrly hellth bcnefits, but

also benefits such as stormwâter lrrallilgement ancl enhanced property values'

nntrrth'aztìmos ot'1| ' Nûurs xrul FIuhl) 22I
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F'inall¡ vâriery berween populât¡on subgroups in access to, use ol and responses to nature

Le¡n¿rins persistendy unclerexplorecl. Spatial, social, econ<xnic, racial, cultural, and demographic
diffelences in relatic¡nships between naturc ancl health scem highly probalrle. It rnay be that rela*

tionships betweennâftire ând health are implicateclin exacerbating orrnitigatinghealthinequalities
between subgroups, for exarnple. This potential should be thoroughly explored.

CONCLUDING COMMENTS

We have provided fbr a genelal public health auclience an ovelview of research on how conract with
¡r¿ìture relates to health in uthrnizecl societies. We have not coverecl this body of work coml:rehen-
sively, llut instead have focused on rìarure às represented by aspecß of the pþical environrnent
relevânt to planning, design, ancl policy rneâsures drat target broacl segments of urbân populå-
tions, such ¿s the availability of urban parks, the amount of green space in ancl near residential
nreas, and the pteservation oËpeli-urban narural àreâs. Given our: public healtl'r orientation, we
have fr¡cused o¡r the co¡rditir>ns of everyday life for the greatest part of the ¡ropulations of i¡rterest.
'We 

consequentll' h¿vs hardly touched on the extcnsivc literanrres on wilderness expeúencc (for
reviews, see 72,139) and contâct with nature in the tre¿flnent and mânâgement of clisability and

illnesses such as clepression (47) and bleast cancer (21; see 2 for a review).
Despite such significant ornissions, we trust readels will take away ân appreciation not only of

the diver.sity md conrplexity in forms of nature contÍrct and porentinl benefits thereof, bur ¿rlso

of the nanychallenges facccl in charactcrizingthose contacts and benefits. Taken togother, the

research reviewed rloes inclicate thât cort,¿ct with n¿ture can promote healdr. The eviclence for
sorne beneJits, such ¿s short-ter¡n restorative effects, is already quite strong. That said, nature

colìtact shoukl not be assu¡ued allvays and autonatically tcl be good for health; we have more to
learn about for whom, when, how, and in which contexts it offers benefits.

Àlluch ¿llso remâins to be clone to help those responsible f'or environmentd policy, design, and

management to rnake realistic assessments of what nature can and carlnot do in their clomain of
activity. Part oI this task involves explaining how health benefits rnight coincide (versus conflict
with) other benefits, such â"^ bertcr stormwåter rnanagcruerìt, species preservation, and cârbon
sequestration. If a palticula¡ form of nature contact shows small health benefits, interventions to
prorìrote it rury still justify public investrnent if the health betrefits combine with othel ber-refits.

In closing,werecognizethatmanypeoplespeakof hurnan-nâturerelations in ¡noral/ethical ancl

spilinral/religious terms u'ith a view tou.arcl preservâtiorì of the natural envilonrnent. lVe lespect

such views. Our observ¿tions here regarcling human health vrlucs should not be urìclerstood âs rhe

only or even the main bases for argunrents r-egarding protection ofhabitats, species, ancl ecosystem

integrity.

DISCLOSURE STATEMENT
H, Frumkin is a board rnenrber of the US Green Building Council an<l of the Chilch'en and Nature
Network. R. Mitchell supervises a doctoral student funcled by the UK F'orestry Comrr-rissior-r

ancl has received research ftinding frorn the !-orestry Cornr¡ission in the recent pâst, 'fhe other
authors arc not awarc of any affiliations, rnernberships, ftincling, or financial holdings that rnight
be perceivecl as affecting the objectivity of this review.

ACKNOWLEDGMENTS

R. Mitchell was firndecl rmdera EuropeanResearch Council Brant(BRC-2010-StG Grant263501)

ITnti¡¡ ct nl



bI)
o
øt
È{)

oh
E>.
Ëö
'{oâ35-
åÉ
É?,

-t q)qÞ.
dkoo
E fJ.
r$
O+

Eç-
o (-.¡
âri
6¿..¡ X

tÉ
5e
c.ì q¡J

nf;
ç.J
5F
c.l ç.o€x
d.É()Í

la1 0

O¡

þP

Or -o;0
Å

LITERATURE CITED

L A|<bari H, I(rrrn l)M, llretz Sl'., Hanlbrcl .l\,V. 1997. Peak power antl cooling ener'8y sùvings of shlcle

trcc.s. À't ¿tg)i ßuikl.25:13948
2. An'e,.sre¿iM, lVährborg P. 2011. Nenrre-assistetì therapy: systelnâtic revielv of controlled ¿nd obser-

vàtiofìâl studies. Sunl. ./. Pttltlil Hutlth 39:371-88

3. Brrrro¡J,Pr.r:tr1r1,2010,\4¡h¿tisthcbestcloscofnailreandgrccncxcrciscforinrprovingnrentâlhcàlth?
A multi-snrcly anâlysis' Env it'on' Sû, Techn ol, 44:3947 -5 5

4. Ilaum F!., Zicrsch AM, Zhrng Cì, Osbornc K. 2009. ì)o pcrceived neighbourhood cohesic¡n rnd sàfcty

conrribute to ncigl-rbourhood differences in henlth? Hcnlth Plncs 1-5:925-34

S. BarrnranAE,ReisRS,SallisJF,WellsJC,LoosRJ,ÌVlartinBIM.2012.Cot'relatesofphysicrrl nctivity:

wlry are some people physically ùcrive and otheN not? Lønrct380:258-71

ó. Beci< ÀM, Meyers NM. 199ó, Ilealth enh¡ncenrent ancl courpanion aniural ownet'ship. Anttn. Rn. Public

ÍIarlth 17247-57

7. Bcckctr KP, Ii'rccr-Srnith PH, Thylor G. 2000. 'lhc caprurc of ¡rarticulatc pollutiolr \ trces at Iìvc

corìtrastjrìg urban sites. Atùorh J' 24209-30
g. Be¿ir¡o-Ruug AL, Morven AJ, Cohen DA. 2005. The signilicance of patks to physical activity'and public

Ire¡lth: a couccptual tnodel. Ant' J. Pt'ea. NIed, 2 8: I 59-ó8

9. Benjauri¡ À{T, \Ärir:er Ä.À,L 1998, Dsrimating the ozone-f<¡nning potential of urban trees ancl shrul¡s,

lltn t o¡. l!;tta it'ott, 32 t 5 3 -68
10. Bize R, Joh¡so¡ JA, Plotnikoff RC. 2007. Physic.rl âctivity level and hcalth-related quality ol life in thc

gerreral a<ìtrlt populatiorl: â systernâtic review' h'n. Med' 45:401-15

I 1. llowler.DE, I3uyung-Ali LM, IcrightTM, Pullin AS. 2010. A.systernatic review of evide¡rce for the ¡rdded

boncfits to hcrrlth of cxposurc to rirnrral ctwirou¡ucnts , BMC htûlic Henhh 10;456

lZ. Bowler-DE,B¡yu¡g-AliI-,KnightlfM,PullinAS.2010.Ulbangreeningtocoolt<¡rvnsandcities:n
systefrìltic review <lfthe enrpiricll evirlencc. Ltndsc. Urltutt Plann.97l.147-55

ll. Br.¡ck CL,2002, Pollution miti¿¡ation..ìr)d cilrbor sequesû'ittiolì by an ulban forcst, Er¡ai'¡'on. Polhtt'

I 1 ó:S 19.5-2 00

14. IJr¿rnas CCì, Chcncy llA, Mncl)onaldJM, 'I'am V\4l.hckson'lD, 'I'cn Iilrrvc '['R' 201 t- A differc¡rcc-in-

<liffcrences anrlysis oF heahh, safery, urd greerring vtcant urb¡n spa'ce. Am- J. E1:iduniol' 171:1296-306

15. Br,¿trn¡n (ìN, HanriltonJP, Daily GC. 2012. The irnprcts of nèture experience on hulììân cognitive

function ând lìrelttiìl hc¿rlth. ltur. N-Y. Atntl. S¿1. 1249:l l8-36

l ó. Bringslimar-k T, Flartig T, Patil GG, 2 009. The psychological benefrts of indoor plants: a critical revierv

of the experinrental literatule-.l' tìnuiron. l\'ycltol. 29:422-33

17. BrocklruizenK,deVricsSI,PierikFI.I.20l3.Hanl.thyAgingina(jt'uettLìuingEnairotnnettt:ASlrtenntic
Rnìm oJ'the Litrnttut't:. TNO rep' R10154' Leiderr: TNO

lg. Ilroc¡ksGl), IlushIìK.200g.Allergensrndorher.f¿crorsiurporrantinatoPictlisease. IrtPønersort's.tlllffgit

l)isc¡scs,c¿. LCI Cìram¡ror., PA Greclt)clgcr, pp, 73-I01. Philadclphia: Lippincott, Willianrs & Wilkins'

7th ecl.

19. C.¡riñanos P, (ìasares-Porcel M. 2011. Urbrn green zones and relrtecl pr:llen allergy: ¿ review. So¡ne

guidelincs fbr tlcsig¡nlng splccs u,ith low 'rllergy itnpact. Lnndst Ut'ltsn Plnm- 10l;205-14

20. Chemei¿es WL, Li¡cls'ay RW, Richalclson J, I(iorrg' CS. 1989. The role of biogenic hyclrocarllons in

url.ran photocl1emicâl stnog-Arl¿nta as à cùse-stucly, sùcnu 241t1473-7 5

21, CirnprichB, lgg3.DcvclopmcntofaninteLveDtio[torestoreattentioni¡]c¿llìccrPâtients'Cancet'Ntn's'
1683-92

22. ColFcrCJP,Shcil I),Kishirvl.200ó. I,'orcstsnnl. ITntnntl'l¿thh:Asscssingthellaiilmcr.Ilogor, Indoncs.:

Cerlt. Int. For. Res. http://www.cifor.org/publications/pdf-files/OccPapers/OP-a5'pdf
23. D,.y LL.2000. Clroosing a house: the relationship benveetr dwelling Spe, perceptiort of plivacy atrcl

residerrtial satisfaction. J, Plnn lÌtl'tt t:, Rcs. L9 265 -7 5

24. cteVriesS,CIaße¡T,-Eigenheer'-I'IugS-M,KorpelaK,MaasJ,et'¡1,2011'C<¡ntributionsoflattrral
environments to physical activity. See Ret' 98, pp' 205113

25. dcVriesS,r,anDillenSME,CìroencrvegenPP,sprceulrenbcrgP.20l3.Streetscapcgreeneryarrdhealth:

srì:ess, sociâl cohesion anrì physical âctiviry as nrecliators. Sar. S¿i. X'íctl. <)4:26-33

zuzr'nit,tltttttttlh'cztìntì¡^'or'!4' Niltilrc ilnd Llutltlt 22t



bI)ko
cÅ

È
0)

o
hEx
tso\Yo
ç=
<ËàC

E9
,È B.
Eb
€JJ.<ú.
O+

È$
o e.{Arì
æÈ
ñl

tÉÞ-ö
EÞ
h,=

+d
ê,?
cl q-
)aÈx
=-Ëà;e
iE9
.9.c
3r
Þrjc

o
d,
.:
É
E

26. de Vries S, Verl'reij RA, Groeneu.egen PP, Spreeuwenlrerg P. 2003. Naturrl environments-healthy
cnvironrncnts? An explorltory analysis of thc rcl¡tionship bcnvcen grecnsp¿rcc and health. Enaitnn.

Pl¡nn. A 35tl717-31
27. DellaValle CT, Triche EW, Le¡tlerer BP, Bell ML. 2012. Dffects o[ arnbient pollen crrncentratiorìs on

freqrrencl' alxl severiw of ¿schnr¿ syrnptoms ârnong âsthlììâtic childten. Epitlctniolog 23:55-63
28. Den Heltop¡ F, Bronkhorst M, Moerman M, Van l,Vilgenburg R.2006. Dc Gezonde Wijk. Ecn onclerzoelt

ntar de rclntìc tussen Jyieke zuìjkkurmerhnt en lichnnr.elijke actiaiteit lTlte Hurlthy Dìrtict. A Stuþ on the

Rclotionship lJcttucsn Phltical Cham¿teristics oJ'n Dislr,ix nnd Physical Axiarryl. Amsterdun: .EMCìO lnst.
29. Ding D, SillisJl', KeruJ, Lee S, lì.osenberg I)E. 2011. Neighborlrçrod environtnent ¡rnd physical rctivity

amorg youth; a tevieu,, Ant. l. Prn. lvIed. 4l :442 -5 5

30, Domnr J, Drclv R, Grecne A, Riplcy E, Snrardon R, 1'ordes.illas J, 2008, Rccom¡nendcd url¡¿rn forest
urixtnles to optinrize selecte(l envirorrnental benefits. Etwit'oNew: Int, So¿ Enait'on, Bot, 14:7-10

31, Dorrovan GI.I, PrestemonJP, 2012, The effect of tlees on crime in Portlar:cl, Oregon. Enairon. Behav,

44:3-10
32. Eid J, Overnran HG, Pugl D, Turner MA. 2008. Fat city: tltrestioniug the rel¿tionship between urban

sprawl ancl obcsity../. Urbnn Emn.6l:385-404
3 3 . Engel GL. 1977 . 'l'he need for a new medical rrodel: a challenge for biornedicin e. Sdcnee 19(¡:129-36

34. Escobeclo FJ, Nowak D.J. 2009. Spntial heterogeneity ancl air pollution r-emoval by an urban forest.

Lmrl¡t. U'bnn Phntn. 90t102-10
35. Ferclinrnd AO, Sen IJ, lìahurk,¡r S, Englcr S, Mcn,.rcherni N. 2012. 1'he relationship betwccn built

enviro¡rnents ancl ¡rlrysicrl rctivily: a systemâtic revicn, Am.. J. fuúlit Hcnhh 102:e7-13

3ó, Forrest R, Kcarns A. 2001. Social cohesion, sociul capital and the ncigJhbourhood. Urban 9r.u.il.382125-
43

17. Fowler D. 2002. Pollutant cleposition rìncl uptâke by vegetation. ht Air Polhttion nntl Plant LiJ'e, etl. JNB
Bell, i\¡I Treshow, pp. 43-67. New York: Wiley. 2rrcl ed.

38. FrancisJ, Giles-Corti B, Wood L, I(nuimln M..2012. Creating sense of conmuniq¡r the lole of public

spacc../. Etn it'on. P.ytdt o l. 3 2 :401 -9
39. Francls.f , Woocl IJ, I(nuirnan M, Giles-Corti B. 2012. Quality or qu'¡ntity? Eìxploring the relrtionship

bctwecrr pulilic opcn s¡ncc attributes and mcntal hcalth in Perth, \ücstcrn Australia. Soc. Sd. luIed.

74:1570-77
,10, Flasel SDS, Loc'k I( 201l Cycling for transport ancl public health: a systernîtic review of the cffect of

the errvironnlent on c1,cli¡g. F;ur. ./. Public Hcnltb 2l:17843
41. Flost SS, Goirrs RT, Hurter RH, Hooker SP, Bryant 1,1,, et al. 2010. Effects of the built envir'<lnment

r:n physical àctivity of atlults living in rural settin¡¡s, Am. J. Henlth I'routot. 24:267-83

42. Frurnkin H.2001. Beyond toxicity: hurn¡rn health ând the nrìturâl envil'ollment. Aw. J. Pron, illed.

20:21Ç40

41. l'runrlcinH.20tl,-l'heevidenceofrìììtureanrltheuatureofevidence.Atn,J.Prn. lvfu:d.4*t196-97

44. (ìale¿S,VlahovD.?005.U1b'¡nlrerrlth:eviclence,challeng-es,and<1it'ections,Ánttn.Rcv.Pttlilicl-Ie¿lth

26;341-65

45. (ì¡tcrslcbcn ì3, A'ldrcws M, 2011, ffiren rvallcing ill orìturÈ is uot lcstolrrlil'c-dìc rolc of ¡rrospect and

refige. Henlth Plnce 20'91-ltJl
46. Gilcs-CortiB,Broon.rhallMlI, IhuiurauM,ColliusC,Dougl'asK,etal.2005,Incleasi-uglvalkiug:I-Iow

irnportont is distance to, attractiveness, an<l size of public open space? Ant J, Pt'ea, Med, 28:169-76

47, Gonzalez tMT, llaltig T, Patil GG, Martinsel E\Ã¡, Iürkevold M. 2010, Therapeutic h<¡rticulture in
clinical deplessionr a pros¡lective study of active cornponents. J. Ailo. Mal 66:2002-17

48, Hanig T. 1993. Nature experience in Í'ânslrcfional pers¡:ective. Llntkc. Ur]tmt Plttnn. 25:17-36

49. Hartig T, Evans GW, Jnmner LD, I)avis DS, Gär1ing T, 2003, Tr:acking lestoration in natural and

urlrrn {icld scttings..7. Dnlirun. I'.ryúol. 23tlÙ9-23

.50. Hartig'l', Fransson U. 2009. Leisure horne ownership, access to nrture, ancl hcalth: a longituclinal stucly

of urban rcsidcnts in Swcden. Etruiron. Plann.. A 4lß2-96
51. I-IartlgT',Johursson G, Kylin C. 2001. Rcsidcncc in the social ccology of strcss and rcstoration.J. Soc.

Ãr. 59:ó11-36

224 lJnrtì¡4 at tl.



bo
o
ø
È().F
okEx
éÉc:oQo
¿3t¿}E
Ég
.gE
€Foo€ l¡.
cú.9t
ãñâô

úaNX
IE

HÞ
üi.Hn€
+çÉ
5È
c'.1 ç.o€x
s'ø;89
.d'Ë
-oP
âi i)
j
oú
j
É
tr

52. Hartig T, Mang M, Evans GVV, I 991 . Restoratrve elïects of n¿tural environment exlìeriences. [lnttit'on.

Dchna.233-26
53. I-Iartig T, vi¡r cle¡ Berg Àlì, Ilagerhall CM, Tomalnkr\1[, Bauer N, et al, 2011. Fle¡lth bencfits of naEure

experience: psychological, sociâl and cultural Prrocesses, See Ref' 98,pp' 127-68

54. Healtlr Cr:unc. Neth. 2004, Nflflu.c md l:leal.th: The InJhrcnte of Nature on sotìnl, P:ycbologiml nnd Phls'

iml lVell-Ih.i2g, 'l'hc Haguc: Flc¿lth Counc, Ncth,, RMNO. htç://www.gezondheidsraad.nVsites/

deåult/tles/Nature-and-health.pdf
j.5. Heinen E, vrrn Wee B, Maat I{. 2010. Conrnrudrrg by bicycle: ân overview of the litereture' Trunsp- Rao'

J0:59-96
5ó. I:Iillsdon M, PantcrJ, Fosrer C, Joncs A. 2006, Thc relationshi¡r beft\'ecn access ¡nd quality o[urbau

Breen spâce rvirh population physical îcriviry. PublilHeahlt 120:1127-32

57. H'lt-I¡rnstacl J, Smith TB, LaytonJB. 2010. Social rel¿rtrolrships ancl mortality risk: a rneta-analytic

rcvicw. l'LoS NI¿t|.7:c10003 l6
58. I-Iomc R, I-Iulziker.ù1, Baucr N. 2012. Psychosocirrl olrtcotuLìs âs rnotivntiolls for visiting llcarby urbfln

Bleen spaces. Lei't' Sci. 14:3 50-65

59. isl¡nr MN, Rah¡ran I(-S, Bahy MNI, Habib MA, Ando K, Hrtttori N. 2012. Pollution attenuation by

r.oadside greenbelt in ¡lrd al'ound urban irt'e¿ls. [Jrþmt lîor. Utúnn Greut. ll460-64
ó0. Ja¡'ckc I1, I-Iygg" S, Ilalin N, GleenA.rM, DirubergK.20I1, Open-plrn office rroise: cognitive pcrfor-

, ürance ancl testoratjon. J. Eøh"otz. Prychol. 31373-82

61. Janssen I, LeBlanc AG. 2010. Systematic revielv of the he¿lth benefits of ¡lhysical lctivity anrl {ìtness in

sclrool-agcd chilclrcn and youth. htt. J. Behna. Nun: Phyl Act' 7 *O

ó2. Ja'sso¡ M, Fu6 I.I, Linágren T, Wiströrn 8,2013, Perceivetl Persollâl safety iu relatiou to urban

n,oocll¡nd vegetntion-a review, U'l¡utt For', Uñnn Green' l2tl27-33
(r3. Jiru Cy, C[en WY. 2008. Assessing the ecosystertr service of air pollutantrenrov¿l by urb'.rn trees in

(ìunngzl'rou (China). J. Ènt ¡ it'on, Nlnna g. 88 2 665 -7 6

ó4. Johansso¡M, I.Iartigî, Suars I-I. 201i. Psychological benefits of rvalkiug: moderation bycompauynnd

outdool enuronnren t. r4pp I' P.ry c h o l, H u lt h l4/e ll - ß e ing 3 :261-80

65- Kaczynski AT' Hen<lelsåit xe' 2007' Environtrlental correl¡tes r¡f phvsical activity: a review of evidettce

rrbout parks aucl rccrcation, l¿rs. Si'i. 29:ll-5-54

66. Kaplarr R. l9gl. The rnle of nnrure in the context of the workplace. Ltnd.çc. U'bun Phnn.26tI93-701

ó7. Knplan R, IGplan S, 1989. The hcperiøtce 0f Nailra: A Ps.ychologicat Pø'tpeaiue' Nerv York: Cambriclge

Univ. Pless

ó8. Ka¡rla¡ S. 1995.'l'he g:stor¡tivc benelits of uatlre: torvrrrd ¡rn intcgrative fralnclvork.J. Enttiron', Psycbol'

I 5:1 ó9-82

69. Kaplrrn S. 2001. Meditadon, resrorâriorl, ând the mrtnagemetrtof tnental fìrtigue. Ettttit'ort Bchtto.33:48Q'

50ó

70. Karl'I', I.Iarlcy P, E¡rmons L, Thornron B, Guenther { ct al. 2010. l'fücient rttnospheric cleansing of

oxidizecl olganic tr'¿ce gâses by vegetation. Socz¿c 330:81ó-19

71. I(al¡niercr.,âkA.Z0li.Thecontriburionoflocnl parkstoneighbourhoodsocialties- Løndsc'UrlxmPhnm'

109:3 l-44
72. Ilr<rpf RC, 1g87. I-Iur:ta¡ bchavior, cognirion, ¡ncl affect in the nrrnlrnl environnrcut, I:t Httndbook of

Ettviromnentd Ps¡'c¡o¡ufr,ecl' D Stc¡kols, I Alttnan, pp' 783-825' New York Wiley

73. Korpela K, Hrrrtig.T. ï996. R.r.ototive qurrlities of fì¡volite ¡rlaces../. Enuirott. Pryùol. 16:221-31

74. K.oil JH, Sci¡fclcì JFl. 2008. Chcrnistry of seconclary organic ¿rcrosol: forrnation and cvolution c¡f lorv-

volatiliry srganics in the ttrnospherc. Annl Enuit'o¡t' 12ß593-624

75. KuoFE,Suiliva¡WC.200l,Aggaessionancl violer-rceintheinnerciry: ellèctsoferwironnrentviamental

fatigue. fhnirort. ßehnu. 33 :5431 1

7ó. Kuá IìË, Sullivan WC, 2001. Erwiroumenr and crinre i¡r the inner city; Does vegetùtiolì rcduce clirne?

Ena irot¡. B e lt nø. J 3 :3 43 -67
77. I(ro FE, Sullivan WC, Coley RL, Bfunson L. 1998. Fertile grouütl tbt'contnlunity: inrrer-city neigh-

bollrnocl collllrìotì slnces. Atn. ./' Coutnunìry Pryùtrtl.26:823-51

7[i.LachowyczIÇJoncsA}.2011.(ìrccnspaceandobesity:âs)¡stcn]âticrcvier,yoftlreevidcnce.obw'Rtu.
12:e 183-89

¡uzow.ntntuh'uuìRÙr'or[1 ' Ntttw md Hcnhh 225



bo
o
U'
È
C)'=
o
h

Ex
éÊEOo9o
?Et-
>C€?c

E8
ÈR
EbEf&6

F\5 rí-
ô -c.lAù
æ-..¡ X

tc
5€
ç.r P
h.=

r+ ci
e'?
N(F.o
É¿"
ös;dg
.9 -F6J
Êr-o
;oú
,.,t

É

79. L,'achowycz I(,Jones AP. 2013, Torvards a better unclerstandin¿ç of the rel'.rtionship benveen gÌBensp'¿ce

tnd healtlr: devclopnrcnt of a theorctic¿rl frameu'ork, Lantlst. Ut'bnn Pla.nn.118:62-69
80, Lirrdheim R, Symc SL, 1983. Erwironnrents, people, and health. Anr¿u. Rca. Public Heøhh 4:335-59
8l . l,iu Y-J, Mu Y-J, Zhu Y-G, Ding H, Arerrs NC. 2007. Which omarnental pl'rnt species effectively tetlcrve

benzene {ì'onr indoor ¡ir? Anno¡. Enaíron.4lß50-54
82. Lloyd GEIì, ChadwickJ, Mann WN. 1978. Hip¡tou'atit IVrithtgs. f-Irrrnondsworth: Penguin
83 , Lov¿rsi GS, O'Neil-Dnnue J.P, Lu JW, Sheehan D, Perzauowski MS, et al. 201 I , Urban tree cånopy

and astimn, wheeze, rhinitis; and allergic sensitization to uee pollen in a New York City birth cohort.
Enu ùw. I:l uúth Penpm. 12 I :494-500, 00e 1-ó

84, MrrasJ, Spreeuwcnberg P, vau Winsunr-\Ä/csua M, Verhcij RA, dc Vries .S, Cìrocncwcgen PP. 2009, ls
green spflce in the Iiving environrnent rrssoci'¿ted with people's feelings of social safetyl Enaùon., Plnnn,

lI 4l:17 63-77
85. MnrsJ, van Dillen SM, Verheij RA, Groenewegen PP.2009,.Social contircts âs â possible ¡nechanisr¡r

belrincl the rel¡rtion bctwecn grecn spàcc and hetlth. Henlth Pløce l5:58ó-95
8ó. MaasJ, Verheij R.A, tle Vties S, Spreeuwenbelg P, Schellevis FG, Groenewegen PP. 2009. Morbidity is

related to â f¡'een living environnent..T. Epìtlentiol. Conntrutìty Healtb 63:967-73
fl7. Maas.J, \¡crhcij llA, (ìrocnelvegen PP, dc Vries S, S¡rrccuwcnbcrg P. 200ó. (ìrecn s¡race, urlrunity, and

healtlr: I{ow strong is the relation? J. Epitluniol. Contnurnity Heahh 60:587-92
88, MaasJ, Verheij R A., Spleeuwentrerg P, Gr<.renewegen PP. 2008. Physical acdvity as a possible nrechanisur

l¡ehincl the relationshi¡: l¡etween green sp¿ce and health: a multilevel ânalysis. BMC Ptúlic I'Iealth 8:206
89. Mallel C, 1'orvn.send M, St Leger L, Hendelson-Wilson C, Pryor A, et al. 2008. Ilcnlthy Pnrfu, l:Ienhhy

People: The Health Benetits of Contactzuitb Nønn'c iu. a Pnrk Conte*. Melbonrne, Á,ust,: Deakin lJniv.
90. lVlcCormack GR, Rock lVI, Toohey AM, Hipell D. 2010. Ch¿racteristics ofurban pârks àssociâtetl s'ith

lrark use anrl physiorl '¡ctivity: a leview of qualitative research. I-Ienlth Pløæ 16:712-26
91. McCurdy LE, Wintcrboftorn KE, Mchta SS, lìobcrts JR. 2010. Using naturc ¡urd ortdoor îctivity to

irnprove chilclren's health. Ct¡rr', Prol'\. Padigtr, Atlole*, Heøl.th Cm'e 10:102-17
92. Mitchell R. 2013. Is physicaì acdviry in nanu:rl environrnents better for nrent*l heclth tharr physical

. rìctivity in other envilonrlreutsì Sor. &i. ÌVI¿tl.9ltl30-34
93 . Mitchelì R, Popham Þ-. 2007. Cìreenspace, urbanity and hcalth: rclntionships in England. -/. Epidcnr.ioL

Cun.nnntit:y H cøhh 6l :681 -83
94. Mitchell R, Pophrnr F. 2008. Effect of exposule to nnnrral envir<¡nment on health inet¡ualities: an ob-

servntionill population sttdy. Lauut 37 2 :I (¡5 5-(t0
95, Mitrionc S. 2008. 'lhctapcutic rcsporìscs to narural environmcnts: usiug galclens to iruprove hcalth crrrc.

t[i¡n. ùIed.9l;31-14
96. Mañoz S-4. 2009. Chilth'cn ir¡ tbc Outtloot'¡: ¿t Litcrfiru'c Rauiew, Forres, Scotl.: Sustain. I)ev. Res. Cent.
97. Nieminen T', M¿rrtelin 'I, I(oskincn S, Aro H, Alanen E, Hyypp:i M1'. 2010. Social capitll as a deterrni-

t'r'¡rrt of self-ratecl health and psychological wcll-being. Int. J. Publil Hcahb 55:53142
98, NilssonK,San¿¡sterM,GallisC, IJaltigT,cleVriesS,etal.,eds.20ll,Forests,TreesøndHrrna¡tHenlth,

f)or<lrecht: Sprin ger'

99. Nilsson ÀtlE, ISerglund 11, 2006. Sounclscrrpc t1uality in subLubùn green iìr'e¡ìs rurd city ¡rarks, Ana Anntim
Utitatl dctstica 92:903*l I

100. Nowak DJ, Crâne DE, StevensJC. 200ó. Air'pollution r'err.roval by urban trees ârtd shrlbs in the Ulrited
Stttes. U'ban For. Utúnn Greut., 4tll5-23

l0l. Olmsted F'L. 1970 (lfl70). Pultlic Pnrfu tni tht lùtlnrgcment of 'l'owns. New York: Arnr: (CamLrridgc,

MA: Riverside)

102, OlwellRL,WooclRA,BurchettMD,Tar.-auJ,TorpyF,2006.Thepottecl-plantrlicrocosmsubstantially
reduces indoor air VOC pollution: II, [,,¡bor:¡tory study. Wuter Ah" Soil Poll. 177:59-80

I0l, Paoletri Ë, l3ardelli 'l-, Giov¡nnini (ì, Pecchiolì L. 20I L Air quality irnpact of an urban park over tir¡re.

h'ocediø Enahw., Sri .l:10-ló
104. Porvell I(8, Paluch AE, Blrrir SN. 2011. Physical activity f'ol health: Wh¿¡t l(incl? How muclt? How

Intensel On Top of Whrtl Åmnt Rca. Pu.blit: Ilenlth 32349-65
l0-1. PrctryJ, PeacockJ, Sellcns M, (ìriflin À4.2005. Tlc rncntal rnd ph),sicrl hcaldr outcomes of grecn

exercise. Int. J. Enuùut. Henhh Rar. 1.5:319-37

¿26 Htntìg at tl.



òoko
ø
È
c,

ok
ET
ëõ\YO
?3
i4}E
docø
YOsÞr

E.Þ

9+
Èl+osl
ôîi
€¡.{=
c.¡ -té
5e
a.t g)

"'ì*SstÉ>ê'-
c.l ç

=ðs'E
:qg
<Jc

þ¿5>'
Ai -o

o
&
Å
a
å

10ó. ProctorJD. 1998. The social construction of nâture: rel'ùtivist'¿ccusâtìons, pl'agmatist ¿rnd critical re¿list

rcspoDscs. lrt n. Assoc. Aru. G tt o gt'. 88 : 3 5 2-71¡

107. lìich.¡rclson EA, Mitchell lì.2010. Genclcr dift-crences in relationships bctrvcen urb¿r¡ì green splce lìnd

hcaltlr in the Unitccl l(ngclorn. Sor' S¿r NIt:¿(.71:568-75

lgtl. Rich.rrdson l!4, Mitchcll R, I-Iartig "1, dc Vrics S, Astcll-Burt'f', F'rutnkilr Il. 2012. Green cities and

lrealth: a question oF scale? /. Epithntiol. Comutzr'ttity Heahb 662t60-65

109. Richrrclson EÀ, PearceJ, Mitcheìl R, I(ingh.rnr S. 2013. Role of physical âctivity in the relationship

lretneen urb:rn gleen spâce ând health. htblic Hetlth 127:318-24

110. Rios R, Aiken LS, Za¡tra 4J.2012. Neighborhood corìtexts nnd the nìediâting role of neig'hborhood

social cohesion on heàlth and psyclrolog'ical disrress âmong Hisp?¡nic and non-Hispanic resiclellts. AÌ|rt.

Ilchav. Med.43:50-ól
111. Iìose G, 2001. Sick individu¿ls urd sick populations, Int..l. D'¡itlmtiol' 30:427-12

ll2. S¿rrcletI(N,Couvi{utF,SeigneurC,Roust¡Ìr1 y.2012.Inrpactofbiogellicemissionsolìâil'qu,llityover

Euro¡re ¿rnd North Arncric:r, Atuns. Ihtoiron. 53zI3l4L
ll3. Setiilä H, Viippolu V, Iìrntrrhinerr AL, Perrnarnen A, Yli-Pelkonen V.2012. Does urbirtr vegetation

rlirigâte air polltrtion itì ¡ìortllcr.lt conditions? Enoit'0n., Polhn, l83zL04-12

I 14. Si¡rpsonJll, McPherson EG. 1998, ,simulation of trcc sh'¡de ìrnpacts on rcsidenti¿l cncrgy use for spacc

contlitiouiug in Sacraurento, Aûno* Enairon, 32Á9-74

115. Sur¡rrdon RC. 1988, Pcrception nnd ¿rcsthctics of thc urban envirournent: review of the rolc ofvegetntion,

Lmtlsc. Uñttut. Phtnn' 15:85-106

I ló; Staats II, Vrrn Ge¡uerden E, Ilartig T. 2010, Plcfelence fcx lest<¡rative sittrations: interactive cffects of

attention¿ìl stâte, írctivity-in-environnrent, ancl soci¿l context. /.cLr. .S'¿'l. 32401-17

ll7. StigsclotterUl!EkholmO,schippelijnJ,TottagelM,KamperiJørgensenF,RanclrupTB.20l0,Ifealth
proìr,oti.rg out(loor environmentsr âssociâtions lletu,eetr green spâccr ancl health, health-related quality

of lifc rncl strcss bâscd on ¿r D¿rnish nationnl rcprcscntâtivc survcy. Suuzd. J. Publh Heøhlt 38:41 l-17

ll8. Sugryarnn'I', Lcslie Ë, Cìilcs-Corti 13, Orven N,2008. Associntions oÊneighbourhood greenness rvith

phyri"al ancl rnental hcalth: Do walking, social coherence and local social interaction explain the relrr-

tionships? /. Epiiluniol, Cottutnnùt-y Henlth 62:e')

ll9. Tak¡¡o T, Nnknrnur.a I(, Watanrrbe M,2002. Urbrur resiclendal envirc¡nments íll1d senior citizens'

lon¡Jeyiry in rnegacity itre.¿s: rhe inrportnnce of w¿lkable Effeen spflces. J. ûpitlemiol' Ootnnnmity lletlth

5ó:913-18

120. 'I'altis M,'I'lylor C-ì, Sinnctt l), !'r:eer-Slnith P. 201l. Estirnnting the rcrnoval of iltrrìosplìcric Pârticulrte

pollntiorr by thc ur.ban trcc cînopy of London, uncler current nnd futurc cllvirontne¡rts. Landsa Uiltnn

Pl¡tnn. 103:129-38

121. Taylor.AF, Kuo FE. 2009. Childlen wich.¿ttcntion cleficits concèntr¡rte bemer after rvelk in the park.

./. tltten. Di¡onL 12:402-9

122. TaylotAF, I{¡6FE,SultivanWC.2002.ViewsoFn¿nrreân(lself-disciplirre:eviclencefrorninner'cicy
clril<{ren. J. finuh'on. Ptytltol. 2249-6)

123. Thor¡psonCoorr.l,Bodclyl(,SteinI(,lVherrrR,BattonJ,DepledgeÀ{H.201 1.|)oesparticiprrtingin

ph16¡.n1 âctivity il) otrrdoor rutur¿l etwilorune¡rts hirl'e i'Ì grclter effect on ¡rhysical llld urent¿rl rvellbeiltg

tlran pþical rrctivity iuclclors? A systematic rcview. En.ztit'o¡t, Sü' Teeh¡tol' 15 176L-72

124. 'I'su¡cts¡gu Y, Pnrk 13, Miyazaki Y, 2010. 
-licnds in resc¿trch rclatcd to "shinrin-yoku" (taking in thc

fbrest aûnosphere <¡r folest bathing) inJapan, Enaitw. Heølth Pt'e-¿cnt' Med' 1527-37

125. Ulrich RS. 1979. Visual landscapes and psychologicrrl well-bcing, Lnndsc. Re¡.4:17'23

126. Ulrich RS, 1981, Acsthetic and affectivc rcsporsc to Dantral c[virouDrent, I¡ Htntttttt Bel-tøaiou'nnd

En,airolt?nent: Ad,a¡ntces fu Tlteory tmd Resencþ. Vt¡lrrnre 6: ßehøaiotn' md tbe Nnttmil Etruironmertl:, ed. I
Altman,.fF Wohhvil[, pp. 85-125. New York: Plenum

127. UhichRS,SinronsRF,LositoBD,FiolitoE,MilesMA,ZelsorrM, lggl.stressrecoverydurìngexPosute

to n¡tural nnd r.u'ban cn\¡irontrìcnts../. Iùtah'on. Psythol. I l:201-30

128. VanCauwe¡[rer.gJ, I)ellourcleag<lhuij I, I)eMeesterF-,VnnDyckD,SalmonJ,etal'20ll.Relationship

l.¡crrvccn thc physical cnvironmcnt and pþsical îctivity in olrlcr adults: ut systematic rcvieu'' Henl¡h Pl¿ce

77:458-6()

7ut¡7!)'tlilnttill?'rùiru)l.ot'g' Nttttt'c tttul Ilmhb 227



bo
Ho
q;ì
.9
oH
E>,
ca
{o>Øa=a-
>É
É,3,
Ã&
BB
õÍ!ç:
: rrt

Ès
o -(\Aà

d=

"IËfiE
h.=

"1 ã+(d
5Þ
ô.ì (F.o€¡
8'ø
!Eg
.9Ê
5X
êi.o
toú
Å

{

I29, Van den Berg AE, Custers MHG. 2011. Gardening promotes neuroendocrine and affective restoration
fiom stress../. Henhh Prycbol. 1ó:l-l I

130, VandenBergr\E,Ma..rsJ,Velheij R.A'GroenewegenPP.20l0.Gleenspâceasabùfferbecn'eenscressñrl
life events ¡ntl bealth. S¿rc. Scr'. Med.70:1203-10

131. Van der: ì3erg AE, van Wrinsunr-Westra M, cle Vries S, van Dillen SME. 2010. Allotnrent gurdenitg
and hc¡lth; iì comparativc survey âruorÌg allotment garclcners and their ucighbors rvithout an alk¡trncnt.
Enuhttn, Heahb 9;74

132. Van Herzele A, Bell S, HartigT, Po<lestaMTC,vÃnZon R.2011. Health benefitsof nature experience:

thc challenge oflinking prrctice and rcserrch. See Ref.98, pp. ló9-82
l3-1. \,Vatd Thompson C, Aspinall P, Montalzino A. 2008. The chilclhood factor: adult visits to gçreen places

'¡nd the signifìcance of childhoocl expelience. En¡tiron. Behau.40:lll43
134. W¿rdThompsonC, l{oeJ,As¡linrrllP,MitchelllL,ClowA,MillerD,2012.Moregreenspaceislinked

to less stress in dcprivcrì communities: evidence fionr salivary c<¡rtisol patterxs, Løndsa Urbnn Phtntz,

105:221-29

I3.5. Wells NM, Evrrns GVV.200l. Nearby nâture-il buftbr of life stress ¿ìmong rural children.lltruiron.
lle hnu.35:3Il-30

lló. \\re[s NM, Lekies KS. 200ó. Narure and the life course: pâtlìwâys Êom childhood nacure experiences

to 'ùdult errvironnrentalistt-t. Chìld. You.th Enait'or¡. l6:l-24
137. \À4ritelawS.2012,Theernergenceof¿r'dose-res¡lonse'analogyinthehealthimplovemer:tdomainof

pnblic lrcalth: n critical review, Crh. Pnþlic Health 22;42740
li8. WHOflMorldl{ealthOlgan,), 1946.Preørnble t0tl)eCnilrtit:u.tionoJ'theþVorldHutlthOrgntiøutionæ

at{opted by the Intcrnational Health Conference, Nerv York,June l9-July 22, fg4(>; signed onJuly 22,

194ó, lry thc rcprcscntatives of 6l Stntqs (Oft-. Rcc. Worlcl I'Icalth Organ., no. 2, ¡r. 100). (ìc¡reva: WIIO
139. Wilson SJ, Lipsey ÀtM. 2000. Wilderness challenge proÊpâms For delinquent youth: â rneta-analysis ot-

outcotn e eval ur¡ti or.rs. Ii,a t l. Pt'o gr n rn P I m ¡¡. 23 zl -l 2

140. Yoo Mll, Ku,on YJ, Son KC, K^yr SJ. 200ó. El1ìcacy of indoor plants for thc rcrnoval of singlc and rnixcd

vcrlatile organic pollutants and physiological eflects oÉthe volatilcs ol the plrnts.J. Aut. Sot, Hott, Sei,

l.l 1:452-58

l4l, Zick CD, Srnith l(Iì, I(owaleski-Jones L, Uno C, Merrill B-f. 2013, Harvasting urol'e thrn vegetâbles:

tlrc potcntial r,r'cight control benclits of conununiqv gardcning, Am. J, Pultlic tlcaltlt L03rc1-6

zz| Iltntig ct nl.


