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Abstract  25 

Background. Building on evidence that natural environments (e.g. parks, woodlands, 26 

beaches) are key locations for physical activity, we estimated the total annual amount of 27 

adult recreational physical activity in England’s natural environments, and assessed 28 

implications for population health.  29 

Methods. A cross-sectional analysis of six waves (2009/10-2014/5) of the nationally 30 

representative, Monitor of Engagement with the Natural Environment survey (n = 280,790). 31 

The survey uses a weekly quota sample, and population weights, to estimate nature visit 32 

frequency across England, and provides details on a single, randomly selected visit (n = 33 

112,422), including: a) Environment type; b) Activity; and c) Duration.  34 

Results. Approximately 8.23 million (95% CIs: 7.93, 8.54) adults (19.5% of the population) 35 

made at least one ‘active visit’ (i.e. ≥30 minutes, ≥3 METs) to natural environments in the 36 

previous week, resulting in 1.23 billion (1.14, 1.32) ‘active visits’ annually. An estimated 3.20 37 

million (3.05, 3.35) of these also reported meeting recommended physical activity guidelines 38 

(i.e. ≥5 x 30 minutes a week) fully, or in part, through such visits. Active visits by this group 39 

were associated with an estimated 109,164 (101,736, 116,592) Quality Adjusted Life Years 40 

(QALYs) annually. Assuming the social value of a QALY to be £20,000, the annual value of 41 

these visits was approximately £2.18 billion (£2.03, £2.33). Results for walking were 42 

replicated using WHO’s Health Economic Assessment Tool. 43 

Conclusions. Our findings demonstrate that nNatural environments provide the context for 44 

a large proportion of England’s recreational physical activity and highlight the need to protect 45 

and manage such environments for health purposes.  46 

 47 

Keywords: Physical activity; Natural Environments; Quality Adjusted Life Years; England.  48 
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Introduction  51 

Regular physical activity is associated with a decreased risk of obesity, coronary heart 52 

disease, diabetes, some cancers, mental ill health, and, ultimately, mortality.[1-2] 53 

Nevertheless, in England only 34% of adults report meeting the minimum recommended 54 

weekly levels of activity (i.e. 5 x 30 minutes),[3], and inactivity is estimated to cost the 55 

healthcare system more than £1 billion annually.[4] Consequently, there is great interest in 56 

understanding the barriers to, and enablers of, physical activity, including the role of 57 

environmental factors.[5-7] Although explicitly linked to health promotion for hundreds of 58 

years,[8], the potential of ‘natural environments,’ such as parks, woodlands and beaches, to 59 

support and encourage regular outdoor physical activity has only relatively recently been 60 

investigated systematically.[9] Crucially, natural environments offer opportunities for informal 61 

or incidental physical activity among those who, for lack of time, money or confidence, are 62 

reluctant to participate in organised sports or gym-related activities.[10-11] 63 

 64 

To date, however, most studies have examined the relationship between a person’s self-65 

reported physical activity level in general and their proximity to natural environments in 66 

general without exploring how much activity occurs in outdoor natural settings.[9] Although 67 

several studies have monitored physical activity in adults and children using accelerometers 68 

and GPS trackers, these studies tend to involve few individuals making it hard to generalise 69 

to an entire population.[12-13]  We know of no previous attempt to estimate either the total 70 

amount of physical activity that takes place in England’s an entire country’s varied natural 71 

environments (although for Scotland see[14]), or the potential benefits to population health of 72 

such activities. The aim of the current research was to address these gaps. 73 

 74 

Specifically, we estimated annual adult levels of physical activity occurring in natural 75 

environments across England, using data from the Monitor of Engagement with the Natural 76 

Environment (MENE) Survey.[1514] The MENE is a nationally representative survey 77 
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investigating visits to natural environments for recreational purposes, and survey weights 78 

allow population estimates of visit type and frequency. As physical activity needs to be both 79 

regular and sustained to benefit health,[1615], our assessment of the health implications of 80 

nature visits focused on those individuals who met recommended physical activity guidelines 81 

either fully, or partly, in natural environments. The potential health effects associated with 82 

this cumulative level of activity were considered in terms of Quality Adjusted Life Years 83 

(QALYs),[1716] and a monetary estimate of the social value of these QALYs was 84 

estimatedmade.[1817] Finally, a robustness check of this estimate (focusing on the activity 85 

of walking) was conducted using the World Health Organisation’s, Health Economic 86 

Assessment Tool (HEAT).  87 

 88 

Methods 89 

Study design and sample 90 

Data were from Waves 1-6 (years 2009/10-2014/5) of the MENE survey. The MENE is a 91 

repeat cross-sectional survey of over 40,000 adults annually (total n = 280,790). It is 92 

commissioned by Natural England and is part of a face-to-face nationally representative 93 

omnibus survey conducted across the country and throughout the year to, reduceing 94 

geographical and seasonal biases. Data are collected via in-home interviews using 95 

Computer Assisted Personal Interviewing (CAPI).[1514] Respondents are informed that they 96 

are going to be asked about occasions in the last week when they spent leisure time ‘out of 97 

doors’, defined as, “open spaces in and around towns and cities, including parks, canals and 98 

nature areas; the coast and beaches; and the countryside including farmland, woodland, hills 99 

and rivers. This could be anything from a few minutes to all day. It may include time spent 100 

close to your home or workplace, further afield or while on holiday in England. However, this 101 

does not include routine shopping trips or time spent in your own garden” (p.35).[1514] 102 

Approximately 40% of respondents report at least one visit in the last week. General 103 

information is collected about all visits, and detailed data are collected for a single visit (n = 104 

112,422), randomly selected (via CAPI) from those taken in the last week.  105 
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 106 

Based on participant demographic profiles and frequency of visits, Natural England 107 

developed two weighting variables relevant here: a) ‘weekweight’, and b) ‘weekVweight’.  108 

The use of these weights was necessary to make extrapolations from the current sample of 109 

individuals and visits, to the entire adult population, per year. Details of the derivation and 110 

testing of these weights are provided elsewhere,.[Appendix A1 and ref 1918] Current 111 

analyses estimating population totals and demographic sub-groups making active visits to 112 

natural environments in the last week were weighted using ‘weekweight’. Analysis of the 113 

total annual number of visits, as well as activities undertaken and environment types visited, 114 

used the ‘weekVweight’. Our institutional ethics board did not require a formal ethics 115 

application for Ethical approval was not required for the current analysis of this secondary, 116 

data analysis of anonymised data.  117 

 118 

Data and Variables 119 

The main visit variables of interest were: a) visit duration; b) the main activity; and c) the type 120 

of environment visited. For estimating health related implications, we were also interested in 121 

regularity of: a) nature visits; and b) physical activity in general.  122 

 123 

Visit duration was estimated by asking, “How long did this visit last altogether –that is from 124 

the time you left to when you returned?”. Estimates for time spent in the natural environment 125 

were derived after subtracting estimated travel time; the latter based on: a) distance 126 

travelled; and b) mode of transport (see Appendix A-12, and ref [2019]). To avoid suggesting 127 

over precise duration estimates, duration was dichotomised as being either <30 or ≥30 128 

minutes, a meaningful threshold in terms of meeting recommended physical activity 129 

guidelines.  130 

 131 

Although respondents could select multiple activities from a list of 19, our main analyses only 132 

included visits involving a single activity as it was impossible to estimate duration for each 133 
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activity on multi-activity visits. Based on the Compendium of Physical Activities,[2221], 134 

Metabolic Equivalence of Task, or MET, rates for each MENE activity have been developed 135 

(Appendix A-23).[2019] One MET is equivalent to a standard resting metabolic rate of 3.5 136 

millilitres of oxygen consumption per kg of body weight, per minute engaged in an activity. 137 

METs are thus a ratio of the metabolic rate associated with an activity compared to this 138 

resting rate. Our main analyses focused on those activities categorised as either ‘moderate’ 139 

(i.e. 3-5.9 METs) or ‘vigorous’ (i.e. ≥ 6 METs), i.e. those most linked to health.[2221]  140 

 141 

Regarding location, respondents could select from one or more categories: ‘a park in a town 142 

or city’ (town park), ‘a children’s playground’ (play area), ‘a playing field or other recreation 143 

area’ (play area), ‘another open space in a town or city’ (open space), ‘an allotment or 144 

community garden (allotment)’, ‘a country park’ (country park), a ‘woodland or forest’ 145 

(woods), ‘farmland’ (farmland), ‘a river lake or canal’ (waterway), ‘a mountain, hill or 146 

moorland’ (uplands), ‘ a village’, ‘a path, cycleway or bridleway’ (path), ‘open space in the 147 

countryside’ (open country), ‘a beach’ (beach), ‘other coastline’ (coast); and d) ‘Other’. 148 

Instances where multiple environments were mentioned were classified as ‘Mixed’ (Appendix 149 

A-34). 150 

 151 

The following socio-demographic factors were considered in terms of who constituted ‘active 152 

visitors’: gender, age, socioeconomic status (Social Grades AB (Highest), C1, C2 and DE 153 

(Lowest); Appendix A-45), urbanity of residence (Appendix A6), region of residence (9 154 

Government Office Regions), and dog ownership.  155 

 156 

Frequency of nature visits was measured by the item: ‘Thinking about the last 12 months, 157 

how often, on average, have you spent your leisure time out of doors, away from your 158 

home?.’ Response options ranged from ‘More than once per day’ to ‘Never’. ‘Regular 159 

visitors’ were defined as those who made an active visit to nature “'weekly’” or ‘“at least once 160 

a month’”.[2120] As the chosen visit was randomly selected from all visits in the last week, 161 
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we assumed it was representative in terms of duration and METs.  162 

 163 

Frequency of recreational and active travel-related physical activity was measured using the 164 

item: ‘In the past week, on how many days have you done a total of 30 minutes or more of 165 

physical activity, which was enough to raise your breathing rate? This may include sport, 166 

exercise, and brisk walking or cycling for recreation or to get to and from places, but should 167 

not include housework or physical activity that may be part of your job’. For current 168 

purposes, respondents were dichotomised as either ‘sufficiently active individuals’ (i.e. ≥5 169 

days) or ‘insufficiently active individuals’ (i.e. <5 days). Although health gains may still be 170 

made with less than 5 x 30 minutes a week,[2423], we adopted the more conservative 171 

threshold. 172 

 173 

Estimating potential health gains  174 

Building on an estimation of the benefits to health associated with a scheme to promote 175 

walking in natural environments,[2524], the current study estimated the potential value to 176 

health associated with a wider range of physical activities undertaken during recreational 177 

visits to natural environments across England, and using a much larger and more 178 

representative sample, using Quality Adjusted Life Years (QALYs). QALYs are a metric used 179 

to compare the health benefits associated with different health-related interventions, where 180 

one QALY is equivalent to one year lived in full health. In the current analysis, we used 181 

QALY estimates derived by Beale, et al.[1716,2120] which aimed to estimate the potential 182 

health benefits of “environmental interventions to promote physical activity” (2120, p.26). 183 

Based on analysis of Health Survey for England data, Beale et al.[2120] estimated that 30 184 

minutes a week of moderate-intense physical activity, if undertaken 52 weeks a year, would 185 

be associated with 0.010677 QALYs per individual, per year. Beale et al.[2120] also 186 

assumed that the relationship between physical activity and QALYs is both cumulative and 187 

linear (e.g. 2 x 30 minutes x 52 weeks = 0.021354 QALY, Appendix A-57). 188 

 189 
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A potential advantage of estimating QALYs is that the QALY is a generic health related 190 

quality of life measure which can be used to compare health gains across a range of 191 

interventions. The QALY is also used to evaluate the relative cost effectiveness of 192 

interventions by the National Institute for Health and Care Excellence (NICE). At the time of 193 

writing, the implicit social value of a QALY in England, based on the NICE cost-effectiveness 194 

threshold, was £20,000. Specifically, NICE states that: “generally we consider that 195 

interventions costing the NHS less than £20,000 per QALY gained are cost-196 

effective”,[1817] , implying that enhancing health by a single QALY is saving up to £20,000 197 

in health care costs (for further discussion of the NICE threshold see[2625-2726]). Of note, 198 

the earlier Natural England study used the higher QALY value of £30,000 to estimate a 199 

monetary value of the health gains from the Walking to Health Initiative.[2524] 200 

 201 

To test the robustness of our monetary estimates of potential health gains using QALYs, we 202 

conducted a similar analysis using WHO’s HEAT tool (http://www.heatwalkingcycling.org/). 203 

This approach estimates the number of lives saved through sufficient physical activity (via 204 

walking and cycling only), and makes monetary estimates using the ‘value of a statistical 205 

life’,’ which at the time of writing was £3,229,114, per person. As the HEAT tool only 206 

estimates the value of two activities, we selected the most frequent activity (i.e. walking) as 207 

the activity to compare across both valuation approaches. The HEAT analysis requires: a) 208 

the number of walkers, b) the average per capita amount of time spent walking, and c) the 209 

regularity of walking, and does not require that individuals meet the 5 x ≥ 30 minutes 210 

threshold. However, in order to keep the two estimates as comparable as possible we only 211 

included walkers who did report 5 x ≥ 30 minutes overall, even if not all of this was in natural 212 

environments (Appendix A-6).  213 

 214 

Results 215 

Pooling data across the six waves, and using annual population weights (Table 1), the 216 

estimated number of people who made ‘active visits’ (i.e. ≥ 30 minutes and ≥ 3METs) to 217 

http://www.heatwalkingcycling.org/
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natural environments in any given week was 8.23 million (95% CIs: 7.93, 8.54 million) 218 

individuals, or 19.5% of the adult population of England. The vast majority, 7.72 million (7.44, 219 

7.99), made visits associated with moderate levels of activity (3-6 METs). Only 0.52 million 220 

(0.47, 0.56) engaged in vigorous activities (≥6 METs). Across the year, the total number of 221 

visits was approximately 2.83 billion (2.66, 2.99), of which 51.5% (1.23 billion) were 222 

categorised as ‘active’.  223 

Table1: Weekly and annual visits to natural environments in England (annual averages, 224 

2009/10-2014/15) 225 

 Visits to nature last week  Visits to nature per year  

 N / % (Std Error)  N / % (Std Error) 

No Visits 24,520,834 (257,657)  - - 

   % 58.2 ( 0.6)  - - 

Selected visit      

< 30 Minutes      

   Low Intensity 108,000 (13,672)  12,679,333 (1,503,775) 

   % 0.3 (0.0)  0.5 (0.1) 

   Moderate intensity 3,958,833 (61,678)  978,235,167 (8,326,602) 

   % 9.4 (0.2)  40.1 (1.4) 

   Vigorous intensity 478,000 (22,661)  74,750,000 (4,115,821) 

   % 1.1 (0.5)  3.1 (0.1) 

≥ 30 Minutes      

   Low intensity 

936937,667

000 

(64,865687)  92,283,833 (8,326,602) 

   % 2.2 (0.1)  3.9 (0.3) 

   Moderate intensity 7,717,833 (140,247)  1,164,152,000 (40,479,926) 

   % 18.3 (0.3)  48.7 (0.5) 

   Vigorous intensity 516,667 (20,390)  65,191,667 (4,243,887) 
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   % 1.2 (0.1)  2.7 (0.1) 

 Indeterminate      

   Other activity 673,334 (41,913)  97,038,500 (7,916,617) 

   % 1.6 (0.1)  3.4 (0.3) 

   Multiple activities 

3,258,667 (149,743)  965345,90716

9,000500 

(1821,297500,

859627) 

   % 7.7 (0.3)  12.2 (0.5) 

Total 

42,167169,

004168 

(249,72467

3) 

 2,829,499500,

834000 

(85,770,489) 

Total “Active”  

8,233234,6

68500 

(157156,07

0781)  1,229,343,667 (43,978,103) 

visitors/visits          % 19.5 (0.30)  51.5 (0.56) 

* Bold/Italic = defined as ‘Active visits’ in the present analysis. 226 

 227 

Further details on the demographic profiles of all visitors to nature and the subset who 228 

engaged in active visits are presented in Supplementary Table A. Gender, age, urban-rural, 229 

and region profiles of active vs. non-active visitors were all relatively close to the overall 230 

population distribution. Reflecting potential income related inequalities in the use of natural 231 

environments, individuals in the highest socio-economic groups (24.4% of the population) 232 

accounted for 30.9% of all visits and 30.1% of active visits; while those in the lowest socio-233 

economic groups (26.2% of the population) accounted for 19.3% of all visits, and 19.9% of 234 

active visits. Thus although less likely to visit in general, individuals in the lowest socio-235 

economic groups were just as likely as those in the highest socio-economic groups to be 236 

active on any given visit.  237 

 238 

Table 2 presents a summary of activity type engaged in during a visit. The most frequent 239 

moderate intensity activity visits (3-6 METs) ≥30 minutes were walking, either with a dog, or 240 

without a dog. Running and road cycling were the most popular vigorous activities (≥ 241 
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6METs).Table 3 presents data on where the active visits took place, broken down into 242 

moderate and vigorous intensity. Nearly a quarter of visits associated with moderate 243 

activities, and an eighth of vigorous activities, took place in urban parks. Popular rural 244 

locations for moderate physical activity included: woodlands, open countryside, and country 245 

parks; and for vigorous physical activity included: open countryside, pathways, and farmland. 246 

Aquatic (or ‘blue space’) settings including inland waterways, beaches and coasts were also 247 

popular, accounting for 12.6% of moderate intensity visits, and 9.6% of vigorous intensity 248 

visits. Of those who made active visits, 96% visited ‘regularly’, so for simplicity, we assumed 249 

all active visitors could be classified as ‘regular’.  250 
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Table 2: What did people do on ‘active visits’ to natural environments in England (2009/10-2014/15)? 251 

  < 30 Mins  ≥ 30 Mins 

 MET Rate N / % (Std Error)  N / % (Std Error) 

Inactive/lLow intensity activities (< 3 METs)       

   Appreciate scenery from car 1.30 1,617,333 (232,470)  6,631,500 (708,871) 

  0.1 (0.0)  0.5 (0.1) 

   Eat or drinking out  1.75 5,873,667 (629,635)  57,294,167 (8, 827,069) 

  0.6 (0.1)  4.3 (0.5) 

   Picnicking 1.75 1,433,333 (380,262)  8,571,833 (624,199) 

  0.1 (0.0)  0.7 (0.0) 

   Beach, Sunbathing Or Paddling 1.90 1,791,834 (360,832)  11,715,000 (485,161) 

  0.2 (0.0)  0.9 (0.1) 

   Wildlife Watching  2.50 1,960,167 (312,877)  8,068,667 (728,681) 

  0.2 (0.0)  0.6 (0.1) 

Sub-total  12,679,333      (1,503,775)  92,283,833       (8,326,602) 

  1.1 (0.2)  7.0 (0.3) 
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Moderate intensity activities (3-5.99 METs)       

   Walking With a Dog 3.00 722,121,167 (16,100,161)  582,460,167 (20,496,807) 

  67.8 (0.7)  44.1 (0.5) 

   Walking Without a Dog 3.50 224,349,000 (7,089,819)  341,859,667 (14,518,012) 

  21.1 (0.6)  25.9 (0.2) 

   Visiting An Attraction  3.50 362,500 (124,813)  10,745,000 (552,215) 

  0.0 (0.0)  0.8 (0.0) 

   Fishing  3.50 2,962,000 (452,173)  34,408,833 (2,303,608) 

  0.3 (0.0)  2.6 (0.2) 

   Playing with Children  3.58 16,110,000 (864,752)  94,787,000 (6,026,950) 

  1.5 (0.1)  7.1 (0.3) 

   Allotment/gardening 4.00 538,833 (197,208)  2,028,000 (206,751) 

  0.1 (0.0)  0.2 (0.0) 

   Off Road Driving/Motorcycling  4.00 5,721,500 (901,735)  8,360,500 (1,112,174) 

  0.5 (0.1)  0.6 (0.1) 

   Informal Games and Sport (e.g. Frisbee/golf) 4.43 2,750,833 (520,927)  60,780,167 (2,739,892) 

  0.3 (0.0)  4.6 (0.3) 
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   Horse Riding  5.50 2,608,834 (634,641)  20,641,167 (1,306,467) 

  0.3 (0.1)  1.6 (0.1) 

   Watersports  5.78 705,500 (140,380)  8,076,167 (751,669) 

  0.1 (0.0)  0.6 (0.1) 

Sub-total  978,235,167 (8,326,602)  1,164,152,000 (40,479,926) 

  91.9 (1.4)  88.1 (0.3) 

Vigorous intensity activities (≥ 6 METs)       

   Swimming Outdoors  6.00 1,055,000 (267,882)  3,680,000 (453,558) 

  0.1 (0.0)  0.3 (0.0) 

   Fieldsports (i.e. hunting) 6.00 150,833 (77,969)  3,457,167 (319,643) 

  0.0 (0.0)  0.3 (0.0) 

   Running  7.00 44,801,000 (2,869,166)  24,259,166 (1,888,832) 

  4.2 (0.2)  1.8 (0.1) 

   Road Cycling  7.50 23,968,833 (1,515,022)  21,227,334 (1,427,428) 

  2.3 (0.1)  1.6 (0.1) 

   Off Road Cycling/Mountain Biking  8.50 4,771,834 (419,123)  12,565,667 (857,293) 

  0.5 (0.0)  1.0 (0.0) 



 

15 
 

Sub-total  74,750,000 (4,115,821)  65,191,667 (4,243,887) 

  7.0 (0.1)  5.0 (0.1) 

252 
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Table 3: In which type of natural environments did ‘active visits’ in England take place 253 

(2009/10-2014/15)?  254 

 Moderate intensity visits 3-

5.99 METs (Annual M) 

 Vigorous intensity visits ≥6 

METs (Annual M) 

 N / % (Std Error)  N / % (Std Error) 

   Town parks 272,409,5007 (12,2970,703)  13,644,500 (1,333,222) 

 23.4 (0.4)  20.7 (0.9) 

   Play areas 88,372,167 (2,181,257)  2,550,833 (277,520) 

 3.7 (0.1)  3.9 (0.2) 

   Open space towns 59,812,833 (3,707,415)  3,257,000 (558,036) 

 5.1 (0.1)  5.1 (0.8) 

   Allotments 4,600,333 (349,158)  0 (0) 

 0.4 (0.0)  0 (0) 

   Country parks 75,291,500 (3,745,706)  4,355,000 (366,573) 

 6.5 (0.2)  6.7 (0.3) 

   Woodlands 102,087,833 (3,369,598)  4,626,500 (463,317) 

 8.8 (0.2)  7.0 (0.4) 

   Inland waters 66,643,333 (3,369,597)  3,540,167 (325,030) 

 5.7 (0.1)  5.5 (0.5) 

   Open countryside 83,000,333 (4,477,708)  3,715,000 (170,544) 

 7.2 (0.6)  5.8 (0.3) 

   Farmland 46,245,000 (1,585,392)  1,794,833 (205,460) 

 4.0 (0.1)  2.9 (0.4) 

   Uplands 17,043,667 (1,566,540)  1,715,333 (360,272) 

 1.5 (0.1)  2.6 (0.5) 

   Pathways 52,354,333 (2,053,455)  9,583,833 (504,654) 

 4.5 (0.1)  14.9 (0.7) 
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   Beaches 51,364,167 (2,495,8343)  1,681,833 (259,204) 

 4.4 (0.2)  2.5 (0.3) 

   Other coast  27,983,167 (1,174,162)  1,057,333 (208,246) 

 2.4 (0.1)  1.6 (0.2) 

   Other 28,309,333 (2,137,877)  2,553,167 (363,243) 

 2.5 (0.2)  4.0 (0.5) 

    Multi-environment 188,627,167 (15,037,827)  11,109,333 (971,702) 

 16.1 (0.8)  17.1 (1.1) 

Total 1,164,152,000 (40,479,926)  65,191,667 (4,243,887) 

 100*   100*  

*Columns totals may not sum to 100% due to rounding. 255 

 256 

In order to explore the potential health implications from active visits to nature we identified 257 

those individuals who met physical activity guidelines fully, or in part, via nature visits. This 258 

group (Table 4) consisted of individuals who said they met guidelines and made from 1 (n = 259 

939,833) through to ≥ 5 (n = 1,007,333) active visits last week; alongside those who said 260 

they did not meet guidelines but nonetheless made ≥ 5 active visits in the last week (n = 261 

376,833). In total this added up to approximately 3.20 million (3.05, 3.35) individuals, or 262 

approximately 7.6% of the population. Of note, we also identified 4.32 million (4.24, 4.39) 263 

individuals (10.2%) who also met guidelines but reported no visits to nature in the last week.  264 

 265 

Using Beale et al.’s[2120] calculations, we assigned a QALY value to each individual 266 

commensurate with their respective level of activity in nature (i.e. 0.010677 per weekly visit), 267 

allowing us to isolate the contribution to health from activity in nature alone. Multiplying the 268 

number of individuals who made 1-5 visits by the relevant QALY values, and summing the 269 

results, provided an overall population estimate of 109,164 (101,736, 116,592) QALYs per 270 

year. Assuming the social value of a QALY to be £20,000, the estimated welfare gain was in 271 

the order of £2.18 billion (£2.03, 2.33) per year.  272 
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Table 4: Implications for health and welfare from ‘active visits’ to natural environments by ‘active individuals’ in England (2009/10-2014/15).   273 

 Number of individuals  QALY 

Value 

 QALYs (per year)  Annual welfare gain in £s  

(1 QALY = £20,000) 

Self-

reported 

exercise a 

week 

Active 

visits 

last 

week 

N (Std 

Error) 

 Per 

person 

 N* (Std 

Error) 

 N* (Std Error) 

≥5 x 30 

mins  

1 939,833 (11,490)  0.010677  10,034 (123)  200,617,033 (2,431,401) 

2 450,500 (18,019)  0.021354  9,619 (385)  192,399,540 (7,695,937) 

3 251,000 (9,288)  0.032303  8,108 (300)  162,161,060 (6,000,595) 

4 175,833 (8,308)  0.042707  7,509 (355)  150,186,283 (7,096,447) 

5 1,007,333 (44,625)  0.053384  53,775 (2,382)  1,075,509,653 (47,645,863) 

            

<5 x 30 

mins  

5 376,833 (25,424)  0.053384  
20,116 (1,357) 

 

402,337,413 (27,145,704) 

            

TOTAL  3,201,322332 (75,762)    109,164 (3,790)  2,183,282210,201983 (75,818788,859102) 

*Column totals are slightly different from the sum of the individual rows due to rounding. 274 
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To explore the robustness of this estimate, we estimated the number of ‘active individuals’ 275 

whose ‘active visits’ to nature consisted of walking using both the QALY and HEAT tool 276 

approach. Using the QALY approach, ‘walkers’ accounted for an estimated 79,673 QALYs 277 

annually and a potential health gain worth £1.59 billion (Supplementary Table B). Using the 278 

HEAT approach, walkers constituted, on average, 2.12 million individuals annually, the 279 

average number of walking visits (≥30 minutes) was 3.7 per person, and 93% said they 280 

walked in nature at least weekly. To simplify the estimate, we made the conservative 281 

assumption that all walkers made just 3 x 30 minute visits. Based on this approach, the tool 282 

estimated that this amount of walking in natural environments was “likely to lead to a 283 

reduction in the risk of mortality of 6%” and that “the number of deaths per year prevented by 284 

this level of walking is: 542,” The tool concluded that the “annual benefit of this level of 285 

walking, per year, is: £1,750,922,000”. 286 

 287 

Discussion 288 

The present study is, we believe, the first to estimate the total annual amount of physical 289 

activity associated with recreational visits to natural environments by adults for an entire 290 

country. Using population-weighted survey data from 6 consecutive years, our findings 291 

suggest that over 8 million adults in England regularly undertake meaningful physical activity 292 

(i.e. ≥3 METs and ≥30 minutes) in natural environments each week, and that for over 3 293 

million of these individuals, this activity contributes to them achieving recommended 294 

guidelines for weekly physical activity. The implications for health among this subset, in 295 

terms of QALYs, was considerable (>100,000 QALYs per year), and potential financial 296 

implications, even from just walking, the most frequent activity, were large and consistent 297 

across both the QALY and HEAT tool approach (~£1.5 to £1.7 billion per year). Given that 298 

regular walking both reduces the risk of various health conditions,[2827], and is feasible for 299 

many individuals,[2928], further promotion of, and support for, walking in nature could be an 300 

important public health intervention.[2524]  301 

 302 
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Although natural environments were used for recreational physical activity by all sectors of 303 

society and across all regions, a socio-economic gradient was observed, which may 304 

exacerbate existing health inequalities. Nonetheless, the data also highlight that once in 305 

nature, individuals from all socioeconomic groups are equally likely to engage in physical 306 

activity which suggests that if they can be encouraged to visit more often or that access to 307 

local natural environments can be improved, all sectors of society could benefit.[3029]. 308 

Given that growing urbanisation places a premium on previously undeveloped green and 309 

blue spaces in and around urban centres, a greater appreciation of the health benefits that 310 

might be lost during further development, especially in areas of relative deprivation, may 311 

help planning authorities make more informed decisions.[3130]  312 

 313 

We recognise that our estimates were based on comparing current baseline levels of 314 

physical activity undertaken in natural environments with a counterfactual of no physical 315 

activity occurring in these environments. They are not estimates based on a change in 316 

physical activity levels as a result of an intervention, nor do they examine the substitutability 317 

of physical activity across natural and urban/indoor locations. We therefore remain cautious, 318 

seeing our approach more as a tool for promoting discussion of how the potential health and 319 

wellbeing benefits of natural environments could be estimated. For instance, this approach 320 

might help in estimating the effects on the nation’s health from large-scale environmental 321 

interventions that promote physical activity (e.g. the development of an English national 322 

coastal path, https://www.gov.uk/government/collections/england-coast-path-improving-323 

public-access-to-the-coast), or widespread restrictions on access to natural environments 324 

resulting from events such as the 2001 UK Foot and Mouth outbreak, which as well as 325 

affecting the mental health of those directly involved, significantly restricted access for 326 

millions of visitors.[3331]  327 

 328 

A number of further limitations need to be considered. The data were self-reported, and 329 

research using objective measures of the duration of physical activity in different natural 330 
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environments is needed. and we assumed that respondents were: a) accurately reporting 331 

the duration of self-reported activities; and b) engaging in the level of intensity associated 332 

with these activities, as set out by Ainsworth et al.,[21] for the entire duration. We recognise 333 

that if either or both of these assumptions weren’t met the current approach may result in an 334 

over-estimation of the benefits. In an attempt to mitigate these issues, however, all self-335 

reported visit duration was capped at just 30 minutes, despite many visits being significantly 336 

longer, and thus there is also an argument to suggest we may have under-estimated the 337 

benefits. Further research using more objective measures of naturalistic physical activity in 338 

different natural environments is needed to help assess the robustness of our assumptions.  339 

 340 

Further, the conversion from physical activity in nature to QALYs is based on Beale et 341 

al.,[2120] where there are number of uncertainties over how best to model the benefit of 342 

accrued exercise over time, or how to account for accidents and injuries, which would need 343 

to be explored in future work. Future research may also want to include physical activity 344 

undertaken in nature for occupational purposes (e.g. farming), by children, or in (private) 345 

gardens. Children were present on approximately 17% of all MENE visits by adults, and 346 

children make many visits without adult supervision.[3432] Although private gardens did not 347 

count as natural environments in the MENE survey, gardening is one of the most popular 348 

outdoor physical activities,[3533] is associated with moderate levels of activity intensity, and 349 

encourages contact with the natural world. Moreover, physical activity in nature may be even 350 

better for people than physical activity in general,[3634], and even inactive visits involving 351 

low levels of physical activity (e.g. picnics), may be associated with benefits to health via 352 

stress reduction,[3735], neither of which was investigated in the current work 353 

 354 

We also recognise that as little as 90 minutes of moderate-vigorous physical activity a week 355 

can be beneficial for health.[2423] Thus although we selected a relatively conservative 356 

approach to identifying those who qualified as ‘physically active’ in our sample, future work 357 

might consider a lower threshold resulting in more individuals being included in future 358 
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estimates. Future work, might also investigate the potential health benefits of particular types 359 

of natural environment or particular activities in natural settings at the population level.[3836-360 

3937] Finally, we were also unable to estimate the costs of managing environments and 361 

maintaining access or  the opportunity costs of alternative land use practices. Future work is 362 

needed to develop a full cost-benefit analysis that would also take these, and other, factors 363 

into account.[4038]  364 

 365 

Conclusions 366 

A considerable amount of moderate-vigorous intensity recreational physical activity, 367 

predominantly walking, takes place in natural environments in England. Such activity is 368 

undertaken by all sectors of the population and may be more appealing, and thus more 369 

sustainable, than other forms of physical activity (e.g. gyms), for many individuals. 370 

Healthcare practitioners could use this evidence to support patients, especially those 371 

reluctant to engage in formal exercise programmes, recognise that even regular walks in the 372 

park can have meaningful benefits for their health. By beginning to understand the value to 373 

health from various natural settings, we may also better justify efforts to protect these 374 

settings from development or disrepair, and thus continue to offer the public health benefits 375 

envisaged by Victorian era park designers.   376 
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