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Materials and Methods
Obtaining Data on Visit Rates
We interpreted nature-based recreation and tourism (after [1]) as visiting a relatively undisturbed natural area in order to enjoy, admire or study its fauna, flora or scenery, either exclusively or in conjunction with activities such as walking, canoeing or mountain-biking. We measured its extent by compiling counts of visits to terrestrial Protected Areas (PAs), drawn from the peer-reviewed and grey literature, online datasets and personal contacts (S1 Table). 

Such data are scattered and noisy. The methods they derive from vary widely and include dedicated studies, gate receipts, and automated trail and road counts [2, 3]. However most records we obtained were not accompanied by details of how they were collected and so we were unable to adjust for this variation in any systematic way, and instead chose to deal with the inherent noise by using all available data (with some important exceptions – see below). Where possible we scored each visitor-day (when a person spends at least a portion of a day at a site) as a visit (following [4, 5]), although in an unknown proportion of PAs longer and multiple-entry stays are counted as single visits. There may be some biases in visit data, with corruption, for example, probably leading to systematic under- (and in some cases over-) reporting of visits [6]. However we think it is unlikely such errors are in a consistent direction, overall or among regions.

To avoid being confounded by pervasive temporal trends in visitor numbers [7, 8] we restricted analyses to our best sampled decade, from 1998 to 2007. We excluded any PAs not included in the World Database on Protected Areas (WDPA) [9], as well as marine PAs (identified as such in the WDPA, or with >50% of their area falling in the sea) and those in Antarctica (as they host very different forms of recreation). Because PAs in IUCN Categories Ia and Ib are strictly protected and typically do not encourage visitors [10] we excluded Category I sites from our dataset. Where evident from their names we excluded largely cultural PAs (e.g. the USA’s National Historic Sites, National Memorials and National Battlefields).

Our resulting sample comprised 2663 records of annual visits to 556 PAs from 51 countries (S1 Table). The overall geographical spread of data was reasonable (Fig. 1), but noticeably patchy for island states, and across much of the Middle East and North Africa (a region where there is generally limited biodiversity information and marked under-investment in conservation [11, 12, 13]). Averaged across the years for which we had data, mean visit rates per PA varied enormously, from zero recorded visits to several PAs in Africa and remote parts of Chile, to three PAs (Golden Gate National Recreation Area, USA; and the UK’s Lake District and Peak District National Parks) with over 10 million visits/y.

Potential Predictors of Visit Rates
For each PA in our sample we derived five variables which we considered might plausibly predict variation in mean annual visit rates. All mapping work to extract these was performed in ArcGIS version 9.3.1 [14]. The locations of PAs were taken from the World Database on Protected Areas (WDPA) [9]. Many PAs are still presented as points in the WDPA so to obtain potential predictor variable values for each of these we created a circular polygon of the same area as the PA, centred on the point given.

Protected area size: we expected larger PAs to have higher visit rates. We extracted the area of each PA (in ha) from the WDPA [9].

Local population size: we expected PAs with more people living near them would experience higher visit rates [15, 16, 17]. We estimated the total number of people within 100km of each PA’s perimeter using the ‘Zonal Stats’ tool in ArcMap and the Gridded Population of the World [18]. Zones were defined as 100km buffers around WDPA shapefiles (or around our circular polygons, for PAs presented only as points).

Protected area remoteness: we expected visit rates to decrease with increasing remoteness of PAs [15-17, 19]. We took as our measure of remoteness the shortest time taken (in minutes) to travel to the nearest city with a population of >50,000 in 2000, using a global friction surface [20].

Natural attractiveness: we expected PAs with more attractive natural features to have higher visit rates [16, 19, 21, 22], though note that such associations are often quite weak [15]. To derive a simple measure of natural attractiveness which could be easily estimated for each PA, three experienced conservation scientists (AB, AM, and Neil Burgess) independently scored (on a 1–5 scale) the likely attractiveness for nature-focused visitors of each of up to 14 biomes in each of eight terrestrial realms [23]. This score was based on the mammals and birds that might plausibly be seen by a visitor. There was reasonable agreement across experts in these scores (Spearman rank correlations on scores for N=65 biome-realm combinations: rs=0.85, 0.62, 0.51; all P< 0.001). Each PA was then assigned the mean score for the biome-realm combination it occurred in (assessed by intersecting the WDPA, MHT and realm shapefiles). PAs which overlapped more than one biome received their mean score, but with +1 added to reflect the diversity of habitat types present. We explored more detailed approaches to quantifying the attractiveness of the natural features of PAs, such as the number of species or threatened species at a site, or the presence of particular charismatic species or geological features, but the limited availability of such data for individual PAs made this impossible for most of our PA sample.

National income: we expected PAs in richer countries to have higher visit rates [16]. As a measure of the size of the economy within which our sample PAs were located we took each country’s GDP for 2006, adjusted for Purchasing Power Parity and expressed in 2006 US$, from the Euromonitor website [24].

Other candidate predictor variables we initially considered (the quality of road infrastructure; distance from a major airport; the prevalence of malaria; and the incidence of armed conflict) co-varied with GDP or varied little within regions and so were dropped. Except for Category I PAs generally excluding visitors, IUCN categories are not closely linked to how far PAs are focused on tourism and so were considered unlikely to be informative. 

Understanding Variation in Visit Rates
To achieve approximate normality, prior to statistical analysis values for mean visit rate, PA size, local population size, remoteness and national income were all log10-transformed (after adding 1 to all values of mean visit rate, local population size and remoteness). Transformed visit rates were then regressed against transformed values of each potential predictor variable (S2 Table). Initial inspection of the data suggested substantial geographical variation in relationships so we performed these univariate regressions separately for five regions: Africa (N=94), Asia/Australasia (including Russia) (96), Europe (101), Latin America (including the Caribbean) (132) and North America (123); the Europe regressions excluded data for exceptionally highly-visited UK National Parks (10, including The Broads Authority) as these were evident outliers.

In order to better understand the independent associations between our visit rates and our potential predictor variables we next built a series of General Linear Models, one for each region. For Europe, we allowed the fitted coefficients for the UK National Parks to be different for this very unusual subset of PAs by adding the appropriate interaction terms. In order to maximise our explanatory and predictive power, all variables were kept the in the model – i.e. we performed no model simplification, as this might have led to a loss of information when trying to predict PA visits across the world. Because of the number of variables involved relative to our sample sizes, we did not explore interaction terms among predictors.


Estimating PA Visit Rates Worldwide
We applied our region-specific GLMs to the PAs listed in the WDPA [9], again excluding all marine, Antarctic and Category I sites. This is the only global catalogue of PAs, but is acknowledged to have many gaps [25] – listing, for example, more than 10,000 PAs for the UK but only 724 for the whole of China (cf 1865 National Parks summarised in [26]). Such errors of omission could not be addressed but mean that our aggregate estimates of visit rates are probably conservative.

For each remaining PA in the dataset we extracted values for each of our predictor variables (as above). Within each region the range of values across these PAs was well represented by the values of the sample PAs used to build the GLMs (S2 Fig.), with one exception. We had no visit rate data for sites <10 ha in size, even though 39,476 of the WDPA sites are smaller than this; with no empirical basis for estimating their visit rates, we dropped these extremely small sites (which together account for <0.01% of global PA extent [9]) from further analysis. As a further precaution to avoid assuming that fitted relationships with predictor variables held beyond the range covered by our sample sites, in applying our GLMs we constrained those PAs with higher (or lower) values for those variables to take the maximum (or minimum) values of the sample sites in their region.

We used our regional GLM results to predict annual visit rates for each of 94,238 PAs (6592 in Africa, 12,223 in Asia/Australasia, 55,448 in Europe, 3600 in Latin America and 16,375 in North America). We then estimated median and total visit rates across all PAs in each country, and summed the national totals to give estimated total visit rates for each region and for the world. To generate 95% confidence intervals (CIs) of our estimates, we bootstrapped our visit information for each continent 1000 times, re-fitted our GLMs to the bootstrapped datasets and then re-predicted visits for the whole WDPA, taking the 2.5% and 97.5% quantiles of the estimates as our CIs. Inspection of diagnostic plots revealed no points have leverage >1 in any model, so we considered bootstrapping to be more appropriate than jackknifing for exploring model uncertainty.

Estimating Numbers of Non-work Person-days
We estimated each country’s number of non-work person-days available for recreation in PAs as the sum of the number of days of paid annual leave (from [27]) and of weekend days (=104/y), multiplied by the country’s total population (in 2003, the mid-point of our analysis, from [28]).  We then summed these figures by region and compared them with estimates of region-wide PA visit rates to derive region-specific estimates of PA visit rates/100 non-work person-days. These estimates are only indicative: because of insufficient data we could not reallocate non-domestic visits to visitors’ country of origin; and the number of non-work days for those in paid employment will be an imperfect measure of average recreation opportunities in many developing countries, for children, and for those above working age.

Valuing Visits
We searched the peer-reviewed and grey literature and online databases for empirically-derived estimates of the economic values of visits to terrestrial protected areas or similar natural sites (S4 Table). We extracted two different sorts of measures – those of direct expenditure (as a measure of economic impact; N=50 estimates), and of consumer surplus (as a measure of economic value of the trip to the visitor; N=44 estimates). To be conservative, where possible, direct expenditure estimates were of spend within a country (so excluded international travel, for example), and excluded indirect expenditure (e.g. government and private sector investment) and induced expenditure (spending by those employed in the sector) [29]. Few studies reported net expenditure, so for consistency the figures here are all gross. Consumer surplus estimates were based on travel cost or contingent valuation (= willingness-to-pay) methods, or both. Estimates were expressed per visit-day wherever possible (to be conservative) and otherwise per visit. All values were converted to US$ at the time of the study [30], and then to 2014 US$ [31].

Available data on both direct expenditure and consumer surplus were too sparse and confounded by variation in methods to permit formal statistical analysis of variation in values and so instead we adopted a simpler approach, making use of all available information. We again looked at regional variation, and found for both measures that median reported values were lowest in Europe, more in Asia/Australasia and North America, higher in Latin America, and highest of all in Africa (see S4 Table for regional medians). This may be related to regional differences in sites (European PAs tend to more accessible and smaller than others, while Latin American and African PAs are typically bigger and more attractive – S2 Fig.) and in the origins of their visitors (when data are split, foreign visitors tend to have more valuable visits [S4 Table], and data collated in compiling S1 Table showed the % of PA visitors who were foreign was least in Asia/Australasia [13%, N = 82 records], higher in Latin America [20%, N = 92], and greatest in Africa [61%, N = 57]). However we lack sufficient information on visitor profiles from the valuation studies to test these ideas formally.

Given these apparent regional patterns we estimated global direct expenditure and consumer surplus associated with PA visits by multiplying observed median values per visit for each region by their estimated total visit rates, and then summing these totals across regions.
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