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ABSTRACT

Introduction: Location-based augmented reality games send players to parks and public spaces, but open and comparable data on park
infrastructure in Latin America are scarce. This study described the change in park and fitness infrastructure mapped in OpenStreetMap
in Latin American capital cities and its distribution by income group. Methods: Ecological, repeated cross-sectional study of 20 capital
cities, each defined as a 10-km-radius disc. End-of-year snapshots from 2013 to 2025 were obtained from the ohsome API, and income
groups from the World Bank. City-level changes were tested with Wilcoxon signed-rank tests, bootstrap confidence intervals and Holm
adjustment, and income gradients with Kruskal-Wallis tests and Spearman correlations. Results: Mapped parks per 100 km2 rose from
a median of 31.7 to 135.6 (median change 99.6, 95% CI 77.7-226.6), and all 20 cities recorded an increase. Park area share, fitness stations,
playgrounds and pitches also increased. Building polygons grew faster than parks, so parks per 10,000 buildings fell. Park area share di-
ffered by income group (p = 0.014), whereas park density did not (p = 0.084). Conclusions: Mapped park infrastructure expanded in every
capital, but the expansion is inseparable from mapping effort and showed only a weak, imprecise association with income. Open map
history can monitor the setting for walking-based augmented reality play if it is validated against official inventories.

Keywords: urban parks; augmented reality; OpenStreetMap; Latin America; income.

RESUMEN

Introduccién: Los juegos de realidad aumentada basados en la ubicacion llevan a los jugadores a parques, pero los datos abiertos y
comparables sobre parques en América Latina son escasos. Este estudio describié el cambio de la infraestructura de parques y ejercicio
mapeada en OpenStreetMap en capitales latinoamericanas, segun el ingreso. Métodos: Estudio ecolégico de cortes transversales re-
petidos en 20 capitales, cada una definida como un disco de 10 km de radio. Las instantaneas de fin de afio de 2013 a 2025 provinieron
de la API ohsome y los grupos de ingreso del Banco Mundial. Los cambios se contrastaron con Wilcoxon, intervalos bootstrap y Holm,
y el ingreso con Kruskal-Wallis y Spearman. Resultados: Los parques mapeados por 100 km2 aumentaron de una mediana de 31,7 a
135,6 (cambio mediano 99,6, IC 95 % 77,7-226,6), y las 20 ciudades registraron un aumento. La superficie de parques, las estaciones de
ejercicio, los juegos infantiles y las canchas también aumentaron. Los edificios mapeados crecieron mas que los parques. La proporcion
de superficie de parques difirié segun el ingreso (p = 0,014), pero la densidad de parques no (p = 0,084). Conclusiones: La infraestructura
mapeada de parques se expandié en todas las capitales, pero esa expansion no puede separarse del esfuerzo de mapeo y mostré solo
una asociacion débil e imprecisa con el ingreso. El historial abierto de mapas puede vigilar el entorno del juego en realidad aumentada
basado en caminar si se valida con inventarios oficiales.

Palabras clave: parques urbanos; realidad aumentada; OpenStreetMap; América Latina; ingreso.
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INTRODUCTION

Location-based augmented reality games turn streets and parks into playing fields. Pokémon
GO, the best-known example, requires players to travel to different locations to capture virtual
characters.(1) As map data services improve, location-based games are expected to connect more
closely with elements of the physical world,(2) and Pokémon GO is credited with bringing augmen-
ted reality into mainstream location-based play.(3) Public parks are frequent settings for this play,
yet a study of three parks in Kuala Lumpur concluded that existing parks were not designed for it
and need spaces and facilities that suit players.(4) Whether such play increases walking remains
contested: one early cohort study found a gain of about one thousand daily steps that faded within
six weeks,(5) whereas a randomised comparison in college students found no step increase.(6)

The physical setting that supports walking-based play is rarely measured in Latin America.
Evidence on green space and health in the region comes mainly from Brazil, Mexico, Colombia
and Chile,(7)and reliable, comparable park data remain hard to obtain in Latin American cities.
(8)OpenStreetMap offers an open alternative, but its completeness is uneven across places and
over time,(9,10) and its edit history can be queried at scale through dedicated tools.(11)The history
is therefore both a record of infrastructure and a record of mapping effort, and the two must be
read together. Income is a natural axis of comparison, because reviews of cities in the Global South
report that people of higher socioeconomic status are usually advantaged in the quantity of green
space they can reach.(12)This study aimed to describe how park and fitness infrastructure mapped
in OpenStreetMap changed in Latin American capital cities between 2013 and 2025, to compare
that change with mapping intensity, and to describe its distribution by World Bank income group.

Capital cities of 20 Latin American countries formed the sample, and end-of-year snapshots
of open map history supplied the data. Mapped features were the object of measurement, not
built or maintained infrastructure, and the use of augmented reality games was not measured.
Park density and park area share were the principal outcomes, and fitness stations, playgrounds
and pitches were secondary outcomes.

METHODS
Statistical analysis

The unit of analysis was the capital city. For each indicator, the change between 2013 and
2025 was calculated within each city and summarised as a median with a 95% confidence interval
from 10,000 bootstrap resamples(seed 2025). Paired changes were tested with the Wilcoxon sig-
ned-rank test, and the five p values were adjusted with the Holm procedure. Differences among
income groups were tested with the Kruskal-Wallis test, and the association with the natural lo-
garithm of GNI per capita was estimated with Spearman rank correlation and a bootstrap 95%
confidence interval. Ratios of 2025 to 2013 counts were computed only to describe relative gain,
because several 2013 counts were small. Because the number of cities was small, effect sizes and
intervals were prioritised over significance thresholds, and the significance level was set at 0.05
for two-sided tests. Counts and densities were not modelled with parametric methods, because
distributions were right-skewed and several indicators contained zeros.

Two sensitivity analyses were specified in the protocol before the results were inspected. The
first repeated the main analysis with a 5-km radius. The second expressed park counts per 10,000
building polygons, which adjusts for overall mapping intensity, and correlated the change in park
density with the change in building density. The protocol, the analysis script and the extracted
series were stored so that every figure in this report could be regenerated, and two consecutive
runs produced identical outputs. Analyses used Python with NumPy, SciPy, pandas and Matplotlib.

Design and data sources

This was an ecological, repeated cross-sectional study of the capital cities of Argentina, Bolivia,
Brazil, Chile, Colombia, Costa Rica, Cuba, the Dominican Republic, Ecuador, El Salvador, Guatemala,
Haiti, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela. La Paz was
used for Bolivia because it is the seat of government and the capital recorded by the World Bank.
Each city was defined as a disc with a 10-km radius (314.2 km?2) centred on the coordinates returned
by the OpenStreetMap Nominatim geocoder for the capital name and country. The radius was
fixed in the protocol, and a 5-km disc was reserved for sensitivity analysis. A fixed radius was chosen
because administrative boundaries in OpenStreetMap differ widely in extent and administrative
level among these cities, which would make densities incomparable.
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Historical data came from the ohsome API, which gives programmatic access to the OpenS-
treetMap History Database.(11)For each year from 2013 to 2025, the state of the map at the end of
that year was queried, producing 13 snapshots per city. Income group and GNI per capita (Atlas
method) came from the World Bank Open Data API.(13)Both services are open, and both were
gueried programmatically without a login. The OpenStreetMap data are published under the Open
Database Licence by the OpenStreetMap contributors.

Variables

Parks were features tagged leisure=park of any geometry type, counted per 100 km?2. Park area
share was the area of park polygons, clipped to the disc, as a percentage of the disc area. Fitness
stations, playgrounds and pitches were features tagged leisure=fitness_station, leisure=playground
and leisure=pitch, expressed per 100 km2. Building density was the number of building polygons
per km2 and served as a proxy for overall mapping intensity. Pedestrian path length was listed as
a secondary outcome in the protocol but was not extracted, because the corresponding queries
exceeded practical time limits of the public API, and this amendment was recorded. Walking-re-
lated annotations in OpenStreetMap have also been reported to be inconsistent across cities.(14)

Income group was the World Bank classification returned by the APl and was applied to all
years, so it describes the country as classified for the most recent data and not at each earlier date.
GNI per capita was the 2025 value, which was unavailable for Cuba.

Data quality control

Each city-indicator series (nine indicator types in 20 cities, counting the 5-km series) was
checked for completeness before analysis. All 180 series contained 13 annual values, and O values
were missing. The geocoder returned an administrative boundary for some cities and a place node
for others, so the centre is the point returned by the geocoder and may not coincide with the main
square. Features tagged as parks were counted whatever their geometry, whereas area was com-
puted for polygons only. Counts were not de-duplicated across overlapping park polygons, which
can inflate density where a large park is mapped as several adjoining polygons.

Ethical aspects

The study analysed aggregated, openly available geographic data and involved no human
participants and no personal data.

RESULTS

Mapped parks per 100 km2 rose from a median of 31.7 in 2013 to 135.6 in 2025 across the 20
capitals (median change 99.6, 95% Cl 77.7-226.6, Holm-adjusted p <0.001; Table 1). Every city recor-
ded an increase, so 20 of 20 cities moved in the same direction. The median city held 4.9 times its
2013 park count at the end of 2025. Park area share increased from 0.70% to 1.59%, a gain of 0.64
percentage points (95% CI 0.28-1.06, Holm-adjusted p <0.001). One city lost park area over the pe-
riod. The relative gain varied widely: parks at least doubled in 16 cities, increased fivefold in 10 and
tenfold in 3, and the ratio ranged from 1.7 to 14.7. Cities with higher park density in 2013 gained more
(Spearman rho = 0.63, p = 0.003), so the gap widened. The 2013 and 2025 densities were strongly
correlated (rho = 0.79, p <0.001). In 2025, park density ranged from 19.1 in Port-au-Prince to 1,021 in
Lima, and park area share from 0.15% in Tegucigalpa to 532% in Santiago.

Table 1. Change in mapped infrastructure density between 2013 and 2025 across 20 capital cities.

Indicator 2013[,Ig1§]dian ZOZEi,Ién‘%dian Char(\gse%rgle)dian Cities wit: increase, Holm p
Mapped parks per 100 km2 31.7 [11.3-79.3] 135.6 [85.5-341.1] 996 (77.7 to 226.6) 20/20 <0.001
Park area share, % 0.70 [0.31-2.87] 1.59 [1.00-3.56] 0.64 (0.28 to 1.06) 19/20 <0.001
Fitness stations per 100 km2 0.0 [0.0-0.0] 7.6 [1.8-19.2] 7.6 (25t013.8) 18/20 <0.001
Playgrounds per 100 km2 3.7 1.0-81] 26.6 [9.4-59.9] 23.6 (10.3 to 47.4) 20/20 <0.001
Pitches per 100 km2 43.8 [13.3-59.4] 202422%]6'7' 150.9 (107.9 to 343.1) 20/20 <0.001

Note: Densities refer to a 10-km-radius disc (314.2 km?2). IQR = interquartile range; Cl = bootstrap confidence interval of the median city-
level change; Holm p = Wilcoxon signed-rank p value adjusted across five indicators.
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The trajectory was steep before 2019 and flat afterwards (Figure 1). By 2019 the all-city median
reached 129.6 parks per 100 km2, which was 94% of the total gain. The largest single-year rise in
the median occurred in 2019, at 39.0 parks per 100 km?2. The high-income group ended at 322.6
parks per 100 km?2, the upper-middle group at 175.1 and the lower-middle group at 75.1. In 2013 the
medians had been 31.0, 65.3 and 12.4, so the high-income group started below the upper-middle
group and overtook it. Median gains were 273.0,105.7 and 53.8 parks per 100 km2, respectively.

Figure 1. Median number of mapped parks per 100 km2 in 20 Latin American capital cities by World
Bank income group, 2013 to 2025.
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Fitness stations were almost absent in 2013, and 19 of 20 cities had none. The 20 cities toge-
ther held 3 stations then and 874 in 2025. The median density reached 7.6 stations per 100 km?2
(median change 7.6, 95% Cl 2.5-13.8, Holm-adjusted p <0.001). In 2025, 2 cities still recorded no sta-
tion. Playground density rose from 3.7 to 26.6 per 100 km2 (median change 23.6, 95% CIl 10.3-47.4).
Pitch density increased from 43.8 to 202.8 per 100 km2 (median change 150.9, 95% Cl 107.9-343.1).
Both increases were present in all 20 cities. The cities together held 16,086 parks covering 141 km2
in 2025, which gives a mean of 0.9 ha of mapped park polygon per mapped park.

Building polygons grew faster than parks. Their median density rose from 4.0 to 116.5 per kmz2,
and the total count increased from 53,643 to 1,205,211. Parks per 10,000 buildings fell from a median
of 1196 to 142 (median change -1,102, 95% CI -1,513 to -364). The ratio decreased in 19 of 20 cities.
The change in park density was not correlated with the change in building density (Spearman rho
=0.22,95% Cl -0.31to 0.71, p = 0.342). The 5-km radius gave the same direction: the median change
was 179.5 parks per 100 km?2 (95% Cl 124.8-283.3), and all 20 cities increased. The 2025 park densities
of the two radii were strongly correlated (rho = 0.93). Within 5 km, fitness station density rose by a
median of 9.5 per 100 km?2 (95% Cl 3.8-23.6), with an increase in 16 cities, and playground density
rose by 36.3 (95% CI 19.1-84.0). Both changes were larger than the corresponding 10-km changes.

Park area share differed among income groups in 2025 (Kruskal-Wallis H = 8.6, 2 degrees of
freedom, p = 0.014; Table 2). Its median was 3.3% in upper-middle income capitals, 1.8% in high-in-
come capitals and 0.5% in lower-middle income capitals. Park density did not differ significantly
(H=5.0, p = 0.084), and neither did its change (p = 0.171). The rank correlation of 2025 park density
with log GNI per capita was 0.47 (95% Cl -0.09 to 0.86, p = 0.044, n = 19). For park area share it
was 0.61 (95% Cl 0.08-0.87, p = 0.006). Playground density and pitch density were correlated more
weakly with income (rho = 0.43, p = 0.068, and rho = 0.23, p = 0.344). Fitness station density, which
peaked in Buenos Aires at 56.7 per 100 km?2, showed a weaker, non-significant correlation (rho =
0.43,95% CI -0.07 to 0.77, p = 0.069). The gradient in park area share was already present in 2013
(rho =0.53, p = 0.020).
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Table 2. Mapped infrastructure in 2025 by World Bank income group.

income grou | Gtesn | Parksper 100Kz, | Parkareashar o | Finesstaione per100 | Change nparsper 100
High 4 322.6 [24.2-499.7] 1.8 [11-53] 6.2 [19-33.4] 273.0 [13.4-4453]

Upper-middle 1 1751 [85.9-1020.8] 33[0.8-53] 10.5 [0.3-56.7] 105.7 [55.1-507.1]

Lower-middle 5 751 [19.1-335.5] 0.5[0.2-11] 7.0 [0.0-9.2] 53.8 [7.6-283.3]

Note: Medians with ranges across cities. Densities refer to a 10-km-radius disc. No low-income capital was included.

The sample comprised 20 capitals: 4 high-income, 11 upper-middle income and 5 lower-mi-
ddle income, and none low-income (Table 3). Park density change ranged from 7.6 per 100 km?2 in
Port-au-Prince to 507.1 in Lima. GNI per capita was available for 19 cities.

Table 3. Capital cities, World Bank income group and mapped park, fitness station and playground
counts within 10 km of the city centre, end of 2013 and end of 2025.

GNI per Fitness Fitness
City Country In:g:‘e capita, 2%31;'(?1 2|(=)a2r5ksn stations stations Pla%lg{:? unnds Pla%lgzrgu:ds
group us$ J J 2013, n 2025, n { J
. . Upper-
Buenos Aires Argentina : 14650 505 104 (0] 178 51 456
middle
La Paz Bolivia Lewer 4420 164 1054 o) 26 1 252
middle
Brasilia Brazil Slelpae 10550 53 299 o) 54 20 167
middle
Santiago Chile High 16960 289 1570 3 105 72 644
Bogota Colombia Ulgjoten= 7900 831 2302 o) 93 176 696
middle
San José Costa Rica High 17930 161 1560 (0] 10 27 79
La Habana Cuba Ulgipei- NA 294 550 o) 33 3 60
middle
Santo Dominican Upper-
Domingo Republic middle [Eeo 298 s7e © & 2 12
Quito Ecuador T 6890 105 675 0 16 22 2
middle
San Salvador | El Salvador Ulereei- 5410 28 360 o) 1 3 20
middle
Ciudadde | o . iomala Ulgipei= 6360 9] 385 0 5 13 54
Guatemala middle
Port-au-Prince Haiti Lower- 2010 36 60 0 0 4 6
middle
. Lower-
Tegucigalpa Honduras ————— 3270 18 264 (0] (0] 1 8
Mexico City Mexico Uperpai- 13730 236 1061 o) 173 30 346
middle
Managua Nicaragua Lowei- 2850 94 236 o) 29 25 96
middle
Panama City Panama High 19140 33 467 (] 6 2 79
R Upper-
Asuncion Paraguay il 6750 28 270 (0] 12 2 25
Lima Peru Ulgipei 8430 1614 3207 o) 79 12 163
middle
Montevideo Uruguay High 24020 34 76 (0] 29 9 88
Caracas Venezuela el 3860 39 208 0 22 7 3
middle

Note: GNI = gross national income, Atlas method, 2025; NA = not available in the World Bank API. Counts are features tagged leisure=park,
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DISCUSSION

The main implication is that the mapped physical setting for walking-based augmented rea-
lity play in Latin American capitals is much denser in 2025 than in 2013, although the data cannot
say how much of that density is new infrastructure and how much is new mapping. Designers who
place game content on open map data benefit directly from this growth, because location-based
games are expected to rely increasingly on map data services and on elements of the physical
world.(2)A park that exists in the map can host a point of interest, whereas a park that exists only on
the ground cannot. The increase in parks, playgrounds, pitches and fitness stations in all or nearly
all cities therefore describes a growing digital substrate for such games, and it is a more modest
statement than a claim about built infrastructure.

The comparison with building polygons explains why the second reading is the safer one.
Buildings were mapped far faster than parks, so parks per 10,000 buildings fell in almost every city.
This pattern matches what the history of OpenStreetMap predicts: contributions grow unevenly in
space and time, with abrupt rises caused by external data imports, mass contributions or collective
mapping events.(15) Work on Brazilian cities has likewise treated the temporal pattern of contri-
butions as heterogeneous within a city and sensitive to the size of the grid cell used to observe
it.(16) Early work showed how quickly volunteers can cover a territory, with about 29% of the area of
England captured in four years,(17) and a German study of building footprints found that the rate
of new input was already slowing in 2012.(18) The flattening of the all-city median after 2019 in our
data fits the second pattern, although we did not test it against a mechanism.

Four explanations for the rise in mapped parks deserve to be kept apart. Parks may have
been created, existing parks may have been drawn for the first time, tagging may have shifted
toward the leisure=park tag, and external imports or organised mapping events may have added
features in bulk. Only the first is a change in infrastructure. History-based tools were built to assess
the intrinsic quality of OpenStreetMap for a given region,(19)and an analysis that follows edits and
contributors could separate some of these explanations. Humanitarian mapping has altered the
completeness of urban building data in some regions,(9)so organised effort is a realistic candidate.
Our aggregate counts cannot discriminate among the four, which is why we describe the change
as one in mapped infrastructure.

Cities that started with more mapped parks gained more, and the gap between them wide-
ned. This divergence resembles the concentration of mapping capacity reported in early analyses
of contributor activity: only 38% of registered members had made at least one edit, and a small
share contributed productively.(20)The pattern is compatible with a cumulative process in which
active local communities map more of everything, parks included, but our design cannot separate
community size from real differences in park supply.

Mapping effort is also unequal across countries. A global assessment of urban building data
found that completeness exceeded 80% in only a minority of urban centres, that it remained below
20% in many more, and that inequalities have receded in part because of humanitarian mapping.
(9)In a developing-country capital, coverage of roads in OpenStreetMap degraded from the centre
towards rural areas, and in large informal settlements OpenStreetMap exceeded the authoritative
datasets.(21)Our 10-km discs mix centres and peripheries, so city-level densities average these gra-
dients. The strong agreement between the 5-km and 10-km densities suggests that the ranking of
cities was not an artefact of the radius, although it does not rule out an artefact of mapping effort.
For parks specifically, a study of Brazilian capitals found better agreement between official park
data and OpenStreetMap polygons than with Google Maps points combined with OpenStreet-
Map, although the volunteer data identified fewer parks than the official inventories.(8)That result
supports the use of OpenStreetMap for parks and also warns against reading counts as complete.

Counts and areas tell different stories, and the difference matters for how the maps would
be used. The total mapped park area divided by the number of mapped parks gave less than one
hectare per park, whereas the median official park in Brazilian capitals covered 0.07 km2, or 7 ha,
in a harmonised national dataset.(8)The OpenStreetMap tag therefore captures many small green
spaces that official inventories may not list, and park density is partly a measure of how finely con-
tributors subdivide and tag small public spaces. Park area share is the less sensitive indicator to
that practice, which may explain why it showed the clearer relation with income. Tagging practice
in OpenStreetMap is known to vary among contributors and cities,(22)and our design cannot se-
parate tagging style from supply.

The income gradient was weak and depended on the outcome. Park area share differed
among groups, but the order was not monotonic, because upper-middle income capitals had the
highest median and high-income capitals the second highest. Park density did not differ signifi-
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cantly, and its correlation with GNI per capita had a confidence interval that included zero. Reviews
of green space access in the Global South report that people of higher socioeconomic status are
advantaged in most cases for green space quantity,(12)and a global mapping of inequity studies
identifies large cities in low- and middle-income countries as particularly affected.(23)Our result is
compatible with those reviews in direction for park area share but not in strength for park density.
The high-income group started in 2013 below the upper-middle group and ended above it, so the
higher median density of the high-income group in 2025 came from faster growth and not from a
lasting head start. Three differences may explain the gap. Income was measured at country level,
whereas the reviews describe neighbourhood-level socioeconomic status. Our density is a count of
mapped objects, which is sensitive to how large parks are split into polygons. The sample had four,
eleven and five cities per group, which leaves little power. A Latin American analysis of 371 cities
found that education, street intersection density and population density were the most important
drivers of park availability, and that climate had the largest influence on green space quantity.(24)
That study suggests that city-level income should not be expected to explain park supply on its
own. At neighbourhood scale, a Colombian study found that higher socioeconomic level was asso-
ciated with accessibility and general park quality, and marginally with walking paths, whereas lower
socioeconomic level was associated with sports courts.(25)Our pitch density increased in every city,
which is consistent with a broad base of sports provision, but we could not stratify it within cities.

The near absence of fitness stations in 2013 needs a separate reading. It may reflect either a
lack of outdoor equipment or a limited use of the tag at that time, and the data cannot separate
the two. By 2025 the median city had 7.6 stations per 100 km2, and 2 cities still had none, so any
statement about outdoor exercise equipment as a driver of augmented reality play would rest on
very few mapped objects in many capitals.

Whether the infrastructure we mapped supports physical activity cannot be answered with
these data, and the available evidence is mixed. In a multicentre study in eight Latin American
countries, being within a 20-minute walk of sport facilities or children’s playgrounds was associated
with higher odds of moderate-to-high physical activity, while most respondents judged their nei-
ghbourhood design inadequate for walking or cycling.(26)In Tijuana, by contrast, the presence of
public spaces within 400 m was associated with higher odds of low physical activity among women,
and the authors suggested that other elements of the urban environment may matter more.(27)
Accessibility results in four Latin American cities were also uneven: access within 15 minutes was
good in three of the four cities, but longer for public spaces with vegetation.(28)

Infrastructure counts such as ours are therefore a necessary condition for use and not a su-
fficient one. Temporary arrangements are invisible in map history, even though recreational street
closures in Latin American cities have been shown to bring participants into neighbourhoods of
different socioeconomic status in Bogota and Cali.(29)The review by Rueda and colleagues, which
found 19 epidemiological studies on green space and health in the region, concentrated in four
countries,(7)also implies that most countries in our sample are absent from that evidence base, so
local epidemiological evidence to link to their mapped parks is largely lacking.

For augmented reality games the infrastructure question is specific. A field experiment with
a walking feature of Pokémon GO found that proximity to population concentrations and in-game
rewards drove the popularity of routes, and that urban routes were more popular than routes in
nature.(30)If that finding transfers to Latin American capitals, the dense urban park networks we
describe matter more than remote green areas. Evidence on the behavioural effect is mixed. A
difference-in-differences study estimated about 955 additional daily steps in the first week after
installation, and the increase faded by the sixth week.(5)

A meta-analysis pooled an increase of 1,446 steps per day, with substantial heterogeneity.(1)
A randomised study in college students found no increase,(6)and on a greenway, players walked
more slowly and spent less time in moderate-to-vigorous activity than non-players.(31)Among
Mexican users, self-reported walking time increased after starting to play.(32)

A systematic review in children and adolescents concluded that the effect on activity tended
to be positive but came from non-randomised designs with heterogeneous measures.(33)Safety is
a second design concern, because the game has been linked to distracted drivers and pedestrians.
(34)The parks in our maps are the places where such risks and benefits would play out, but we have
no evidence of game use in them.

Several strengths follow from the design. All data were open and retrieved programmatically,
the history tools allow every number to be regenerated,(11)and history-based approaches are an
established way to assess the quality of OpenStreetMap data.(19)The sample covered 20 capitals,
including countries that are absent from most regional evidence, and the sensitivity analyses used
a second radius and an adjustment for mapping intensity. The protocol was written before the full
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set of series was analysed, and no indicator was dropped after its results were seen. With 20 cities,
however, the p values should be read as descriptive summaries and not as tests of a population
of capitals, because the cities are the whole set of capitals and not a random sample from a larger
universe.

Several limitations qualify the findings, and each suggests a next step. First, the principal
limitation is that mapped features reflect both real change and mapping effort; the building-ba-
sed adjustment is a crude proxy, and tagging practice for features varies among contributors.(22)
Studies should pair map history with official park inventories or satellite-derived green space, as
has been done for public green space in a European city,(10)and should report the share of mapped
features that can be matched to an official record.

Quality assessment methods for volunteered geographic information have been classified by
the type of data they address,(35)and benchmarking against national datasets has been proposed
for point features;(36)both would complement the history-based approach used here. Second, discs
of 10 km are not municipalities, so peripheral areas and neighbouring jurisdictions are included, and
the results are not statements about administrative units. Future work should repeat the analysis
with harmonised official boundaries and report densities per resident, which requires population
grids that we did not use.

Third, income was measured at country level with the most recent classification applied to
all years, and the 20 cities fall into three groups of four, eleven and five. Studies should extend the
design to the hundreds of Latin American cities beyond the capitals, whose built-environment
profiles are heterogeneous,(37)and should use neighbourhood-level socioeconomic indicators.
Fourth, the data describe presence and not quality, safety, lighting or accessibility, and they say
nothing about augmented reality game use. Studies should link the same majps with game activity
or step data and with field audits of park quality.

Fifth, year-end snapshots hide deletions, merges and corrections within a year, so a decrease
between snapshots may reflect cleaning and not loss; annual or quarterly series with edit counts
would allow these events to be identified. Sixth, capitals are not representative of other cities in their
countries, and mapping activity in secondary cities may follow a different course, so the findings
should not be extended to them without new data.

The unequal pattern also has an access dimension that we did not measure. A game that de-
pends on mapped places will offer fewer destinations in cities where fewer parks and playgrounds
are mapped, and our lower-middle income capitals had the lowest medians. We did not measure
smartphone ownership, connectivity or safety, which would also shape who can play, so the figures
describe the supply of mapped places and not the opportunity to play.

For municipal planners, who often lack a harmonised park inventory, the practical implica-
tion is that open map history can serve as a low-cost monitoring layer for parks and recreation
facilities, provided it is validated against official inventories and not used as a count of record. For
developers of location-based augmented reality games in Latin America, the maps show where
the setting is already documented and where it is not, and the lower-middle income capitals with
sparse mapped parks are the places where game design should not assume that map-based
content will be well supported.

A harmonised procedure to access, collect, verify and harmonise park data has been des-
cribed for Brazilian capitals, and it stresses that reliable park spatial data are needed both for health
research and for city officials.(8)Extending that procedure to the other capitals in this study, and
combining the resulting inventories with open map history, park audits and game usage data,
would turn this description of the setting into a test of whether infrastructure shapes play.

CONCLUSIONS

Mapped park density and park area share increased between 2013 and 2025 in nearly all of
the 20 Latin American capitals studied, and the increase in parks was present in every city. Fitness
stations, playgrounds and pitches also increased, with fitness stations rising from almost none.
Park area share differed among income groups without a monotonic order, park density did not
differ significantly, and the rank correlations with GNI per capita were imprecise. Building polygons
were mapped faster than parks, so the growth in mapped parks cannot be read as growth in built
infrastructure without validation against official inventories.
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