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A B S T R A C T   

More than half of the human population lives in cities and therefore predominantly experience nature in urban 
greenspace, an important contributor to wellbeing. As the world faces a pandemic which threatens the physical 
and mental health of billions of people, it is crucial to understand that all have the possibility to access nature 
exposure to alleviate some of these challenges. Here, for the first time, we integrate data from Facebook, Twitter, 
and Google Search users to show that people looked for greenspace during COVID-19 mobility restrictions but 
may not have always managed to reach it. We used a longitudinal approach, replicated in three European cities, 
to assess whether people spent more time in locations with more greenspace, and whether this change in urban 
density remained for the whole pandemic, pre-vaccine, period. We coupled this human density study with a 
longitudinal study of web search patterns for Parks and online discussion about urban greenspace. People 
searched for Parks near them more during the pandemic, particularly when they were allowed to visit them. They 
discussed in positive terms greenspace particularly more at the start of the pandemic. People spent more time in 
areas with greenspace when they could and that depended on the level of multiple deprivation of their neigh-
bourhood. Importantly, while people sought greenspace throughout the first 20 months of the pandemic, this 
preference intensified through the waves of lockdown. Living in an affluent area conferred a greenspace 
advantage in London and Paris but we find that in Berlin greenspace in more deprived neighbourhoods were used 
more. Overall, urban greenspace occupied a greater place in people’s lives during the pandemic. Whether people 
could realise greenspace access depended on the deprivation level of the neighbourhood. Public greenspace 
access should be integrated in national indices of deprivation given its importance for wellbeing.   

1. Introduction 

Over the past decade the link between access to some vegetated 
space or waterbodies in the urban landscape (greenspace) and both 
physical and mental health has become apparent (Fuller et al., 2007; 
Gianfredi et al., 2021; O’Connor et al., 2021; Putra et al., 2021; Two-
hig-Bennett and Jones, 2018; Wheeler et al., 2015; Zhang et al., 2020). 
Studies have been able to disentangle greenspace exposure from phys-
ical activity confounding effects to show that exposure to features of 
wild and urban nature-rich spaces has an effect on physical, mental and 
social health (Birch et al., 2020; Bratman et al., 2019, 2015; Cohen-Cline 
et al., 2015; Hartig et al., 2014; Putra et al., 2021; Richardson et al., 
2013; Zhang et al., 2018). These features include both habitats and 
species (Fuller et al., 2007; Hedblom et al., 2017; Hoyle et al., 2019; 
Luck et al., 2011) which coproduce these benefits with a wide range of 
human activities from sports to simple contemplation (Raymond et al., 
2018). There are however inequalities in greenspace access and 

greenspace quality associated with deprivation (Mitchell and Popham, 
2008; Nesbitt et al., 2019) and urban plan features (Song et al., 2021) of 
neighbourhoods. Also, people can only access greenspace when they 
have free time coinciding with when the space is freely and safely 
accessible (Burnett et al., 2021; Shan, 2020; Shoari et al., 2021). 

More than half the human population now lives in cities (Lederbogen 
et al., 2011) and therefore has regular access to nature and its cultural 
ecosystem services (Hirons et al., 2016) only in these anthropogenic 
landscapes (Birch et al., 2020; Luck et al., 2011; Mancini et al., 2019). It 
is therefore crucial to understand how people use greenspace to maxi-
mise the equitable provision of the health benefits it confers. Indeed, this 
is a key 2030 target for the United Nations Global Goal (SDG) 11. While 
we can estimate in many cities where greenspace is, we generally lack an 
understanding of its accessibility and access (Song et al., 2021). 

Survey-based studies have shown that people have tended to seek 
greenspace more during the mobility restrictions associated with the 
first wave of the SARS-CoV-2 pandemic (COVID-19) in several countries 
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(Day, 2020; Lu et al., 2021; Venter et al., 2021, 2020; Zhu and Xu, 
2021). Greenspace use during the pandemic conferred wellbeing ad-
vantages (Larson et al., 2022). However, there were inequalities in the 
ability to realise this increased interest in greenspace, and some people 
spent less time in greenspace despite understanding its health impor-
tance (Burnett et al., 2021). 

This counterfactual show that realised greenspace use is complex and 
equitable access is likely affected by deprivation factors. COVID-19 
offered, unfortunately, a unique natural experiment to assess the inter-
est of people for greenspace and their ability to meet this need 
throughout the multiple waves of the pandemic. Here we used the 
unique Facebook Population data from the Data for Good programme 
(Maas et al., 2019) to assess whether people used greenspace more over 
the pandemic period depending on mobility restrictions (Fig. S1) in 
three European capital cities: London, Paris, and Berlin. Those cities 
were selected because both indices of multiple deprivation (IMDs) 
(Atkinson, 2003) and curated public greenspace data were openly 
available (see Methods) at a spatial resolution relevant to understand the 
socioecological context of human mobility (Alessandretti et al., 2020). 

For the first time, we assess how the distribution of people in relation 
to greenspace in cities changed over the whole span of the pre-vaccine 
COVID-19 pandemic period. Changes in human density where green-
space occur could emerge from multiple contributing factors. If people 
are to seek greenspace exposure, they will search for its availability first 
(Phillips et al., 2022). We therefore also assessed whether web searches 
for urban greenspace changed during this pandemic period. Finally, we 
assessed whether self-reporting of urban greenspace experiences on 
social media changed during the phases of the pandemic. We anticipate 
that topics discussed in relation to greenspace on Twitter would change 
to reflect how people seek to use it (Erskine et al., 2021; Plunz et al., 
2019). 

This integrative computational human ecology study aims to longi-
tudinally relate change in human density in urban greenspace to infer-
red motivation to use these spaces and realised experiences with the 
overall view to determine whether these experiences are equitably 
realised in neighbourhood of varying deprivation levels. By replicating 
these analyses in three cities we aimed to widen our inferential foun-
dation to determine whether the observed responses to the mobility 
restrictions associated with the pandemic responses were similar across 
socio-cultural diversity or indeed whether specificities emerged. 

2. Materials and methods 

2.1. Sampling the change in population density 

Facebook has more than 2 billion daily users and provides the 
broadest social media coverage of individuals across socioeconomic and 
demographic dimensions ensuring we can capture a more representative 
sample of people living in the sampled cities. Facebook population 
aggregated and georeferenced data was made available through an ac-
ademic license agreement with the Facebook Data for Good programme 
(Maas et al., 2019) (https://dataforgood.fb.com/tools/disease-prevent 
ion-maps/). This data is available upon request for research purposes 
through the same procedure from the programme. Data was available 
for Berlin (2 Apr, 2020 to 31 Aug 2021), Paris (26 Apr, 2020 to 31 Aug 
021) and London (4 Apr, 2020 to 31 Aug 2021). 

2.2. Observational units 

The Facebook population data aggregates the number of the app 
users that have their location history enabled to ‘tiles’. A ‘tile’ is a 
quadrat of specific size of which the resolution depends on population 
density to ensure user anonymity (Maas et al., 2019). In large cities this 
corresponds to quadrat with sides of about 300–500 m (depending on 
latitude), a relevant scale for human urban mobility (Alessandretti et al., 
2020). The Facebook population is sampled in three 8-h bins. Here we 

used the Facebook Z-score value to estimate how different from ‘normal 
conditions’, that is pre-pandemic times, the population density was on a 
particular day and for a particular time bin (Maas et al., 2019) (Fig. 1). 
This gave us a direct measure of whether a tile was used more than 
“normal” during the pandemic. The Z-score value is literally the Z-score 
for the observed Facebook population density of a tile given the 
observed densities at the same time period and on the same days in the 
control period (Maas et al., 2019); it gives an idea of how many standard 
deviation away from ‘normal’ a tile density value is, with a positive 
value representing an increase in density and a negative value a decrease 
in density. There could be an association between the Z-score and the 
proportion of greenspace in a tile simply due to people being restricted 
to their homes and residential areas potentially having more greenspace. 
We therefore run two sets of models, one looking at the variation in the 
Z-score of tile for the daytime period 08:00–16:00 (Z08) and one con-
trasting this Z-score to the Z score for the night-time period 00:00–08:00 
(Z08-00), time at which we are sure that most people were most likely to 
be at home. If the greenspace effect was only caused by the increased 
propensity of staying at home during lockdowns, then we should not see 
a greenspace effect on this latter measure. 

2.3. Public data covariates 

We used the Oxford COVID-19 Government Response Tracker (Hale 
et al., 2021) to determine for each city and on each day whether people 
were free to move (no public health interventions), were recommended 
to not leave their home, or were required to not leave their home (also 
called lockdowns) (Fig. S1). 

We could determine the proportion of greenspace and the median 
index of multiple deprivation for each tile. Indices of multiple depriva-
tion (IMDs) had different definition in each city, but these differences 
captured the variability in the national macro socioeconomic notions of 
deprivation. All indices considered dimensions of access, demography 
and income but with measures deemed relevant to each country. 
Importantly, none considered greenspace access. We therefore carried 
out analyses on each city separately, but with a comprehension that 
changes in IMD could be relatively interpreted in a similar manner in 
each city (a deprived area in Paris may look different from a deprived 
area in London, but both can be considered disadvantaged). In all three 
cities, a tile’s proportion of greenspace and IMD did not co-vary (cor-
relation, ρ: London: 0.08, Paris: 0.18, Berlin: 0.09). Greenspace data was 
available from open public data (“Espaces verts et assimilés - data.gouv. 
fr,” n.d.; “OS Open Greenspace | Greenspaces in urban and rural areas | 
Vector Map Data | Free Download,” n.d.; “Urban Green Space,” 2021) 
when those were included, we removed cemeteries from the greenspace 
spatial data. For indices of multiple deprivation we used IMD at the 
LSOA level for London (“Indices of Deprivation - London Datastore,” n. 
d.), FDep for Paris at the IRIS level (“Indice de défavorisation sociale 
(FDep) par IRIS,” n.d.) as the first eigenvector of a weighted principal 
component analysis of the data available in following standard pro-
cedure (Pornet et al., 2012), and the Status index component of MSS 
(PLR level) for Berlin (“Status-Index, 2019 - [WMS] | Offene Daten 
Berlin,” n.d.). The latter is a 4-level categorical variable, while the two 
former ones are continuous. 

2.4. Facebook population density model 

We developed general linear mixed effects models accounting for the 
repeated daily sampling of tiles as crossed random effects of tiles and 
date and assuming a Gaussian error structure for the response variables 
Z08 and Z08-00. To ask questions about changes in daytime density (Z08) 
and changes on contrast between daytime and nighttime (Z08-00), the 
same sets of explanatory variables equations where fitted in model with 
Z08 and Z08-00 as response variables respectively (Tables S3–S5). Those 
models assessed whether the variance in the Z scores, given the model 
structure described above, was associated with the greenspace cover of 
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tiles and whether this association depended on the multiple deprivation 
level of the tile. Models were then further developed to assess whether 
those associations depended on the mobility restrictions in place (3 
levels, Fig. S1), the wave of restrictions during the pandemic (two or 
three waves depending on the city), and whether the day was a weekend 
day. The more complex model including a 5-way interaction between 
those terms (Tables S3–S5). Those were fitted using lme4 (Bates et al., 
2015) in R. We then engaged in model selection (using AICc) where we 
challenged alternative hypotheses that lockdown effects depend on the 
other factors with data. After model selection and validation, effects 
were interpreted from tables of contrasts and visualisation of model 
predictions. 

2.5. Population density in greenspace rich locations 

We also developed two ancillary model sets. The first one assessed 
whether greenspace-rich tiles (main urban parks and gardens) were 
more visited during the day (Z08) when people were required to stay at 
home. Greenspace-rich tiles were defined as tiles for which the pro-
portion of greenspace cover was greater than the 90% quantile of the 
distribution of this variable in each respective city (Fig. S2b). 

Berlin is in a special case where uninhabited forests are located close 
to the city and are not accounted as urban greenspace by the munici-
pality. The second set therefore assessed from where people visiting 
forests in the Berlin district came. To do so, we used the Facebook 
movement data (Galeazzi et al., 2021) which quantifies changes in 
movement between tiles compared to pre-pandemic movement rate 
(Z-score). We identified forested tiles in the Berlin district (“Verwal-
tungseinheiten der Berliner Forsten - [WFS] | Offene Daten Berlin,” n. 
d.), which do not qualify as urban public greenspace and are not cat-
egorised as such in the Berlin greenspace data, and determine the pro-
portion of tiles covered in forests. We then identified the MSS status of 
tiles from which people visiting forested tiles came. We finally assessed 
whether the movement Z08 depended on the MSS of the starting tile and 
the proportion of forest at the arriving tile. Berlin’s greenspace and 
forest data were accessed thanks to available tailored API code (Haus-
mann, 2021). 

2.6. Online search behaviour 

If a tile-level association between changes in population density and 
greenspace emerged from behavioural changes, we expected that people 
would express their motivation to seek greenspace in a manner associ-
ated with this enacted behaviour. We therefore sampled the greenspace 
discourse on social media. A first cue would be changes in search pat-
terns. We searched Google Trends (“Google Trends,” n.d.) for the period 
30 August 2018 to 30 August 2021 for the Topic “Park”. Trends Topics 
are an efficient shortcut to deploy a multilingual regular expression 
search for terms associated with a topic often searched. We limited those 
searches to the highest spatial resolution available for the three cities: 
England for London, Berlin region for Berlin, and region Île-de-France 
for Paris. For this timespan, the temporal resolution of relative search 
volume was a week. The values represented relative weekly search 
volume for the Park Topic, where the week with the largest volume was 
assigned by Google Trends a value of 100, and all others are scaled to be 
between zero (no weekly searches) and 100. Given this value is 
continuous and bounded, we divided the value by 100 and assumed 
beta-distributed residuals when modelling its variance. We then fitted 
generalized mixed effect models to this relative search prevalence 
assuming an autocorrelation structure in searches, with a lag of 1 week 
within cities using glmmTMB (Brooks et al., 2017). This autocorrelation 
structure provided valid residual distributions. We first assessed 
whether during the COVID-19 period (Mar 2020–Aug 2021) searches 
differed depending on the lockdown measures in the cities (using the 
Oxford COVID-19 GRT categorical variable). We then assessed whether 
search volume differed during the COVID-19 period outside of lockdown 
periods compared to the control period (Sept 2018–Mar 2020). 

2.7. Online discussion topics related to greenspace 

We searched archived tweets geo-located in the three cities using the 
academic track of the Twitter API for tweets mentioning Parks in the 
three relevant languages. This severely censored the number of tweets 
returned, as most users do not allow geolocation of their tweets, but it 
ensured that the sampled tweets originated from the cities. We then 
assessed whether the number of tweets posted depended on mobility 

Fig. 1. Changes in Facebook population density in Berlin, Paris and London during the day (average Z-score, Z08) compared to pre-pandemic levels during the first 
period when people were required not to leave home (March–May 2020 ‘lockdown’) and during subsequent lockdowns over the study period (post September 2020 
‘lockdowns’, see Fig. S1 for details). 
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restrictions and waves of restrictions for each city using a generalized 
linear model assuming a lag of 1 day autocorrelation structure and a 
negative binomial error distribution implemented in glmmTMB. The 
best model was selected using AIC. We then fitted structured topic 
models (stm) (Roberts et al., 2019) to the text of tweets in each cities, 
assessing whether topic prevalence depended on mobility restrictions 
levels (Fig. S1). Before stm model fitting to the data, the text was cleaned 
and stemmed and emoji and emoticons were translated to text following 

usual text preparation procedures (Roberts et al., 2019). This stm 
implementation use a latent Dirichlet allocation model to jointly esti-
mate topics of discussion from the set of tweets we retained (clustering 
tweets based on word prevalence) and how topic prevalence changes 
with, in our case, mobility restriction. Finally, we assessed whether 
public response to tweets varied with mobility restriction as well. We 
estimated whether the number of likes tweets received depended on the 
mobility restriction phase during which they were posted. We fitted 

Fig. 2. Predicted difference in Z-score (Z08-00) in London, Paris, and Berlin when people were required to stay home (with exceptions) in relation to greenspace 
coverage and the cities’ indices of multiple deprivation (red: deprived, blue: average, green: affluent) over waves of restrictions (panel 1, 2 and 3) depending on 
whether the day is a weekend or not. Error bands are 95% confidence intervals. See Tables S3–S5 for model selection. 
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generalized linear mixed effect models using glmmTMB assuming a 
negative binomial error structure and including a random effect of tweet 
topics (defined using the previous stms) to ensure that the effect of topic 
attractiveness was discounted. 

3. Results 

3.1. Urban mobility and greenspace 

Given the health benefits of greenspace exposure, we expected that 
the richer in greenspace a tile was, the more people sought it during all 
mobility restriction periods, but that this effect would depend on the 
time people had available for leisure (Alves et al., 2013). Hence, 
assuming people used greenspace in their neighbourhood (Alessandretti 
et al., 2020), we would expect increased use during weekends every-
where, and at all times in affluent areas. We first found that greenspace 
rich tiles, associated with the main parks and gardens in the cities, were 
similarly used more during the first lockdown than in subsequent ones 
except in Paris where parks and gardens were closed by decree during 
the first wave (Nikolli and Girault, 2021) (Fig. S2, Tables S1–S2). 

We found that for all three cities, variance in Z08 and Z08-00 could be 
best explained by the same model which considered the effect of lock-
down measures to depend on greenspace coverage, IMDs, and whether it 
occurred on a weekend (Figs. S3–S8). However, there was substantial 
variance in all three cities associated with lockdown waves (Fig. 2). The 
patterns observed during the first lockdown did not repeat in subsequent 
ones. Through time, tile density decreased in all cities. The pattern of 
lockdown waves differed between the cities. In London, the preference 
for greenspace in affluent areas observed in the first lockdown waned in 
subsequent waves while the preference observed in deprived areas in 
Berlin increased, particularly in weekends (Fig. 2). There was a tendency 
for preference for tiles depending on their greenspace coverage to in-
crease with tile affluence in Paris, but that effect was disparate between 
the COVID-19 waves. This difference further reinforces the observed 
associations being driven by greenspace access as Paris closed access to 
its greenspace during the first wave (Nikolli and Girault, 2021). 

Berlin has large forest parks in its district which are not curated as 
greenspace because they are managed by a federal agency. It may 
therefore be that individuals from affluent neighbourhoods used these 
forests more than greenspace in their neighbourhood. We found that 
forests were used significantly more than usual by people originating 

from deprived areas (Fig. S9), particularly over weekends. Forests were 
visited significantly less than usual by people from affluent areas during 
weekdays. Berlin has neighbourhood-embedded open access community 
gardens (Rosol, 2010). It may be that this unique feature helped explain 
the greater propensity for public access to greenspace in more deprived 
areas in this city during the lockdowns. 

3.2. Urban greenspace discourse 

People searched more for the Park topic during COVID-19 (outside of 
lockdowns) than they did in the same weeks over the 18 months before 
the pandemic started (Fig. 3a) and they searched significantly more for 
the ‘Park’ topic using the Google search engine outside of lockdowns 
during COVID-19 (mobility restriction levels 0 & 1: Fig. 3b). This effect 
was the same across all three cities (Tables S8–S9). People predomi-
nantly searched to find out whether parks were opened (top queries 
associated with the Topic in those periods). 

Qualitatively, people talked more about enjoying time in parks on 
Twitter during the lockdowns in all three cities (tweet topics in English, 
French, and German; Figs. S10–S12). However, the volume of discourse 
about parks on Twitter was complex. It depended on the mobility re-
striction waves in London while it was constant over the pandemic in 
Berlin and Paris (Fig. 4). There is no support for an effect of lockdown 
condition and lockdown wave in Paris and Berlin (best models is a 
constant average number of tweets, Table S10), conversely to London 
(restriction: χ2

2 = 60.2, p < 0.00001; wave: χ2
2 = 6.0, p = 0.05; restriction 

x wave: χ2
4 = 153.0, p < 0.00001). The conversation volume significantly 

decayed with waves in London and was lower during time of lockdowns 
(Fig. 4). Yet, tweets about parks during lockdowns received on average 
significantly more likes in all three cities (Fig. S13). As we focussed here 
on geolocated tweets, a small fraction of all tweets, and the proportion of 
the French and German population using Twitter is substantially smaller 
than the British Twitter population, inferences from the results for Berlin 
and Paris are much less certain. 

4. Discussion 

Not all greenspace was used in the same manner during the first 20 
months of the pandemic. People sought greenspace, searched online for 
access and commented positively on its use, particularly after lock-
downs. As we progressed through the three infection waves, and their 

Fig. 3. Predicted weekly Google Trends in the ‘Park’ Topic contrasting the (a) COVID-19 period (Mar 2020–Aug 2021) to the control period (Aug 2018–Mar 2020) 
(Table S8) and (b) the periods exposed to different mobility restriction measures (Table S9). Searches were significantly more common during COVID-19 and within 
COVID-19 when people were not confined to their homes. Predictions from generalized mixed effect model, assuming beta distributed errors and 1-lag autocor-
relation between weeks among cities. 
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associated mobility restrictions, people spent less time in the three cities 
overall, a general movement pattern detected in other studies (Galeazzi 
et al., 2021). Despite this decline in density, greenspace prevalence at a 
location explained why that location retained more people during the 
day. Those that stayed spent more time in locations that had more 
greenspace during the day (Z08-00). However, how they achieved that 
depended on the level of deprivation of the neighbourhood. In London, 
only affluent neighbourhoods saw an increase in use with greenspace, 
while it decreased in deprived neighbourhoods. The difference between 
neighbourhoods decreased during the weekend, yet overall affluent 
areas retained, at all times, a greenspace advantage. The greenspace 
advantage was also observed in Paris, however it disappeared during the 
weekend. This effect was reversed in Berlin where during the first two 
waves it appears that people density in affluent neighbourhoods did not 
change during the day compared to the nights; i.e., people stayed at 
home, but greenspace preference was observed in more deprived 
neighbourhoods. Indeed, larger forested parks in the district were also 
more visited by people from more deprived areas. 

As we contrast London, Paris, and Berlin it is worth stressing that 
measures deemed to capture multiple deprivation in Berlin do differ 
from the other two cities; with a stronger emphasis on who the in-
habitants are, particularly whether they are immigrants, rather than 
infrastructure availability. While immigration status may capture some 
measures of present socioeconomic status (SES), it masks the richness of 
SES experience of individuals prior to their arrival in Berlin which would 
be key in shaping greenspace use (Thompson et al., 2008). Indeed, the 
immigration status dimension of IMDs in Berlin played a role in indi-
vidual vulnerability to public health interventions and seem to have 
been a key contributor to greenspace use decisions (Collins et al., 2022). 

While our longitudinal associative study provides population-level 
insights, we were not able to follow individuals throughout the study 
period. At each sampled period in the Facebook data, a user will be 
assigned to one tile (in rare instance two) where they have spent the 
most time in that period. So we are not capturing transient behaviour in 
greenspace exposure. For example, individuals traveling from home to 
daytime destinations could choose paths that would provide them with 
greenspace exposure during their urban commute. We are not able to 
capture such behaviour. While we are able to relate greenspace access 
intentions (web searches) to realised greenspace access (change in 
population density) to some qualitative understanding of the motiva-
tions to visit greenspace (topics of online discussions), we are still 
limited to average tendencies. We therefore cannot demonstrate a causal 
relationship between search, greenspace occupancy and ecosystem 
services received and how this relationship changes depending on the 
socioeconomic status of individuals. 

Our longitudinal approach complements the insights generated by 
individual surveys to show that levels of deprivation is a key factor 
influencing how greenspace can be accessed when needed. While 
greenspace availability may be equitable across levels of deprivation by 
design, the ecosystem services those areas can provide can still be un-
equal (Chen et al., 2022). Affordance plays a key role in this. The same 
infrastructure may not be able to deliver the same health benefits 
because needs differ (Lennon et al., 2017; Roe et al., 2017) or because 
there is a mismatch between availability and demand (Zhang et al., 
2017). Greenspace access can decrease stress in deprived areas (Ward 
Thompson et al., 2012); a mediator for many of the non-communicable 
diseases that are more prevalent in these urban locations (Marmot and 
Bell, 2019). Yet, to date, there is no information available on how to best 
design greenspace depending on neighbourhood characteristics to 
maximise health benefits. As the pandemic continues, and as some 
countries implement greenspace exposure as health interventions 
(Antonelli et al., 2021; Drinkwater et al., 2019), we must pay more 
attention to the heterogeneity of urban greenspace use associated with 
deprivation. 

5. Conclusions 

This integrative computational human ecology study is in line with 
traditional survey studies, which had a more limited temporal and 
spatial scope: people sought greenspace more than usual during the 
pandemic. However, the intensive large-scale sampling on which this 
study could rely shows that the relationship to greenspace during the 
pandemic was complex. First, people adapted their greenspace experi-
ence to mobility restrictions and reported using more of their cultural 
ecosystem services during lockdowns when they were available. The 
association of the change in population density to greenspace cover 
increased through the waves of restrictions, but where we had more 
observations, the online discussions about their use decreased. At all 
times, a neighbourhood’s deprivation explained how people used 
greenspace in that neighbourhood and it seemed to be associated with 
an affordance issue. 

If we are to take seriously the wellbeing contributions of greenspace 
and follow the indications from this study that people generally sought 
urban greenspace more at a time of wellbeing deterioration, then we 
need to formally introduce it in our planning toolkit. Our results show 
that greenspace design must strive to increase affordance in deprived 
areas and greenspace access, a clear sought and crucial urban infra-
structure, must be reported as a dimension of deprivation to better plan 
for a sustainable urban life. This means including public greenspace 
access as a dimension of deprivation in national statistics like the indices 

Fig. 4. Predicted daily number of tweets about Parks in (a) London, (b) Paris, and (c) Berlin based on a generalized mixed effects model, for each city, assuming a 
negative binomial distribution of the tweet count residuals and a lag-1 autocorrelation structure between days. Mobility restriction: 0: “no measures”, 1: “recommend 
not leaving house”, 2: “require not leaving house with exceptions”. 
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of multiple deprivation we used here. This means using social media to 
understand how people aim to use specific greenspaces and design them 
to maximise their cultural ecosystem service provision, tuned to the 
neighbourhood’s needs. This also means increasing equitability in 
greenspace access, to ensure that people with deprivation-related con-
straints can still receive greenspace exposure (Marx and More, 2022; 
Wood et al., 2022). 
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