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A B S T R A C T   

The COVID-19 pandemic has produced alterations in the behaviour and psychological health of people, who have 
had to learn living under uncertain circumstances escaping their control. This situation has been aggravated in 
those countries applying strict home confinement rules to try bending their epidemic curve. This is the case of 
Spain, where the stringent lockdown period was extended over three months. This study aimed at proving a 
research hypothesis whereby living close to Green Infrastructure (GI) during the confinement period was 
beneficial for mental health. To this end, La Palma (Canary Islands) and Zaragoza (Peninsular Spain) were taken 
as case studies, since both locations distributed a questionnaire to address citizenry’s self-reported mental health 
under strict lockdown conditions. A spatial statistical analysis of the responses collected by these questionnaires 
revealed that variables such as stress, anger, medication use, alcohol consumption or visits to the doctor 
significantly decreased if citizens were close to GI, whereas people having very high expectations of enjoying the 
city after the confinement were positively correlated to proximity of green areas. Although these outcomes are 
limited by the inferential capacity of correlation analysis, they point out to a sense of relief derived from having 
visual contact with vegetated landscapes and feeling stimulated about using them for recreation, aesthetical or 
sporting purposes. The joint consideration of these psychological gains with the social and environmental 
benefits provided by GI emphasizes the importance of approaching urban regeneration through the design and 
implementation of interconnected green spaces.   

1. Introduction 

The hectic lifestyle common in many cities across the globe, espe-
cially in a context of increasing urban sprawl, has boosted the study of 
the social and emotional benefits provided by Green Infrastructure (GI) 
throughout this century (Arnberger and Eder, 2015; Reyes-Riveros et al., 
2021). The concept of GI is usually referred to different land covers, 
including open areas of vegetation (parks, sport facilities), gardens, 
forests, crop zones or pastures (Rusche et al., 2019). The interest in 
exploring this role of GI has been exacerbated by the Coronavirus 
SaRS-CoV-2 (COVID-19) pandemic, whose impacts have caused serious 
alterations in the mental health and morale of many citizens, especially 
during the 2020 lockdowns (Cheung and Ip, 2020). 

Despite their epidemiological effectiveness to attenuate past and 
present waves, lockdowns have resulted in isolation, stress, depression 
or anxiety (Salari et al., 2020). Unlike physical needs, which can be 

satisfied outside green areas (Erdönmez and Atmiş, 2021), the relevance 
of GI in terms of mental health has been emphasized in recent studies 
such as Dushkova et al. (2021), where the limited access of people to 
green spaces produced by lockdowns was found to have negative psy-
chological effects. This is aligned with the conclusions drawn by Venter 
et al. (2020) and Geng et al. (2021), who highlighted a significant in-
crease in the recreational use of green areas under flexible confinement 
conditions. These findings were further ratified by da Schio et al. (2021), 
who argued that the value attributed to GI has increased during the 
pandemic. 

Although the benefits entailed by GI are diluted under stringent 
lockdown circumstances due to accessibility restrictions, there is still 
room to carry out indoor activities aimed at engaging the senses through 
contact with nature. In this vein, a recent study by Theodorou et al. 
(2021) proved that gardening activities were associated with lower 
psychopathological distress during the lockdowns. Still, 
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Berdejo-Espinola et al. (2021) suggested that people with access to a 
backyard were more likely to increase their use of green spaces during 
the COVID-19 pandemic restrictions. Therefore, although gardening can 
help citizens build a sense of connectedness with GI, backyards would 
not be enough to replace the time spent in green spaces during stringent 
lockdowns. 

Despite these findings, people living in homes without outdoor 
spaces can be particularly vulnerable, especially if they lack access to 
public green spaces within a 5-minute walk (Hubbard et al., 2021), 
because being close and/or having visibility of these spaces may reduce 
psychological distresses (Nutsford et al., 2016; Spano et al., 2021). 
Under this premise, Larcher et al. (2021) prepared an online question-
naire to capture people’s perceptions on close green urban areas in Italy 
during the COVID-19 pandemic. Their results indicated that most re-
spondents had recurrent or pressing need for GI, as well as an increased 
interest in visiting these areas as the first place to go at the end of the 
lockdown. 

Italian cities were also used as case studies in a survey designed by 
Ugolini et al. (2021) to assess GI usage during the COVID-19 lockdown. 
The authors found a feeling of deprivation in those respondents without 
access to green areas, a fact that was exacerbated by aspects such as 
distance to GI or the lack of green views from their windows. A similar 
approach was taken by Pouso et al. (2020), who distributed an online 
questionnaire to analyse the association between lockdown conditions 
and contact with blue-green areas. The responses suggested that having 
access to private gardens and views of natural spaces was related to 
fewer symptoms of depression and anxiety. The results achieved by Soga 
et al. (2021) in Japan were also on the same page, highlighting the 
relationship between green window views and increased self-esteem, 
life satisfaction and subjective happiness, as well as with decreased 
depression, anxiety and loneliness. 

These studies provide evidence of the interest in studying the effect 
of connectedness with GI on mental health-related variables under 
stringent lockdowns. However, they are based on questionnaires whose 
scope is specifically oriented to address the impact of GI on the psy-
chological condition of the addressees. In consequence, the responses 
collected might be induced to some extent by the orientation of the 
surveys (Choi and Pak, 2005), whose design can be biased towards 
demonstrating the benefits of being in contact with green spaces. 

In addition, previous investigations rely on the perceptions of the 
respondents about their relationship to GI; however, there is a lack of 
works accounting for the quantitative closeness to these areas and its 
effect on mental health. Considering all the existing different forms of 
GI, several studies have pointed out to the uneven spatial distribution of 
green spaces across urban dwellers (Levinger et al., 2021; Uchiyama and 
Kohsaka, 2020). 

As a response to both issues, the overarching aim of this research was 
to demonstrate the positive effect of closeness to GI on mental health 
during stringent lockdown conditions. This was carried out by evalu-
ating generic questionnaires aimed at collecting responses concerning 
the psychological and behavioural status of citizens. The processing of 
such responses was undertaken through a methodology to compute 
closeness to GI with the support of Geographic Information Systems 
(GIS) and statistical packages. The proposed approach was tested using 
the case studies La Palma and Zaragoza as representatives of the Spanish 
strict lockdown period. This geographic coverage resulted in a second-
ary objective consisting of shedding light on the interactions between 
the COVID-19 pandemic and GI under different social, cultural and 
economic contexts, in order to prove the validity of the methodology to 
be used elsewhere. 

2. Methodology 

A methodology to model the relationship between self-reported 
mental health-related variables under stringent lockdown circum-
stances and closeness to GI was conceived as depicted in Fig. 1. Because 

of its openness in terms of software and data requirements, the proposed 
approach can be easily replicated elsewhere as long as a survey aimed at 
accounting for the psychological condition of citizens during a strict 
confinement is available. Otherwise, information about land cover types 
and administrative boundaries can be obtained at a global scale via 
open-source initiatives such as Copernicus (2021) and OpenStreetMap 
(2021). 

2.1. Case studies 

A secondary objective of this research was to get insight into how the 
COVID-19 pandemic has affected societies living in different territories. 
In this line, to quantify the potential links between mental health and 
proximity to GI under home confinement conditions, two Spanish case 
studies were evaluated, as illustrated in Fig. 2: the island of La Palma, in 
the Autonomous Community of the Canary Islands, and the city of 
Zaragoza, in the Autonomous Community of Aragon. 

Both places have different geographical specifics, socio-spatial dy-
namics and economic and population characteristics, thus presenting a 
high degree of complementarity for their comparative study. In both 
cases, massive surveys focused on addressing the self-reported mental 
and behavioural condition of the citizens were carried out during the 
period of maximum restriction of the COVID-19 pandemic. These sur-
veys aimed at accounting for the psychological impacts caused by the 
strict confinement on the population. The selection of these two case 
studies was due to data availability, since they were the only Spanish 
regions disaggregating the results from self-reported mental health 
questionnaires according to the location of the respondents. 

Regarding the inputs required for the analysis, Table 1 summarises 
the main datasets used to analyse each case study, arranged according to 
three domains: territory, mental health and GI. La Palma is an island of 
708 km2 with a population of 84,800 inhabitants in 2020, whereas 
Zaragoza is one of the largest cities in Peninsular Spain, with 974 km2 of 
extension and more than 670,000 inhabitants (Instituto Nacional de 
Estadística, 2021). La Palma, considered an overseas territory of the 
European Union, is part of the Archipelago of the Canary Islands (Fig. 2). 
Due to its isolation in comparison with other regions, more than 35 % of 
the surface can be declared as GI (protected natural spaces in the form of 
parks, reserves, natural monuments, protected landscapes or sites of 
scientific interest). This amounts to 25,000 ha, which means a ratio of 
0.299 ha of GI per inhabitant. 

Fig. 1. Flowchart to model the association of self-reported mental health 
during the COVID-19 lockdown with closeness to Green Infrastructure (GI). 

D. Jato-Espino et al.                                                                                                                                                                                                                            



Urban Forestry & Urban Greening 68 (2022) 127457

3

The conditions of Zaragoza are significantly different, since it is the 
fifth most populous city in Spain. Its geographical and connectivity 
characteristics makes it one of the most relevant urban nuclei in the 
Iberian Peninsula (Fig. 2). The surface covered by GI across the city 
amounts to approximately 26,900 ha, which are distributed throughout 
an interconnected network of urban and rural spaces with natural, 
agricultural or landscaped vegetation. Amongst them, there are wetland 
areas and river courses, mountains, forest stands and green areas within 
the city. As a result, Zaragoza presents a ratio of 0.040 ha per inhabitant. 
Therefore, the territorial characteristics of both case studies notably 
differ from each other, which emphasizes their suitability for repre-
sentativeness purposes. 

As for the mental health domain, in the case of La Palma, data was 
available at a public website providing official information on the 
COVID-19 situation in the island (Cabildo La Palma, 2021). The psy-
chological and behavioural situation of the citizens were assessed from 
the responses collected through a self-reported questionnaire designed 
by Oliver et al. (2020). The aim of the island council with this survey was 
to get insight into the reality of the citizenship during the confinement 
period, in order to improve decision-making and contribute to palliating 
the effects of the pandemic more efficiently. 

This initiative was promoted through social media, receiving a great 
acceptance that crystallised in the participation of 5,939 citizens from 
2020-04-21 to 2020-05-05. The survey started by asking for some basic 
data such as consent for participation, municipality of residence and 
postal code, age range, sex and household situation. The information 
collected in this section enabled the spatial aggregation of La Palma’s 
data according to its 14 municipalities. 

In addition to addressing other factors like economy, labour mobility 
or digital divide, the questionnaire included a section focused on the 
self-reported health of the participants. The mental health variables 
considered were increase in stress, sadness, loneliness and anxiety, as 
well as behavioural changes possibly related to emotional problems such 
as increase in alcohol consumption, food intake, use of technologies, 
domestic violence, medication use and visits to the doctor. Participants 

had to state whether they had perceived an increase in any of the var-
iables addressed by responding to questions such as “Have you noticed a 
significant increase in stress?”. To this end, they could choose among 
two options: 0 and 1. Zero meant that the participant did not notice any 
increase in respect of the abovementioned variables, and vice versa for 
1. 

An English translation of the aspect of the initial and health sections 
of the questionnaire, as well as the responses collected through its dis-
tribution can be consulted in Appendix A. Apart from the information 
obtained through the questionnaire, the data corresponding to closeness 
to GI was extracted from the most recent version of the Corine Land 
Cover (CLC) map (European Union, Copernicus Land Monitoring Ser-
vice, 2021a) by considering a series of land cover classes related to GI. 

Instead, the data used for Zaragoza was obtained from the Geoportal 
of Zaragoza (IDEZAr) (Ayuntamiento de Zaragoza, 2021), which also 
developed a questionnaire on the life conditions, perceptions and 
self-reported emotional status of the citizens during the COVID-19 
confinement. This questionnaire, which was developed from 
2020-03-15 to 2020-06-21, was prepared by the city council of Zaragoza 
to collect the vision of its citizens regarding the effect of the confinement 
measures on their daily lives by gaining knowledge about their 
emotional situation, state of health, needs and expectations. The 
collection of this information was aimed at facilitating decision-making 
and contribute effectively to alleviating the effects of the COVID-19 
crisis. 

The questionnaire was addressed to people over 16 years residing in 
Zaragoza. The respondents had to choose among multiple options to 
express their personal perceptions according to a Likert scale. For 
instance, these options were very low, low, medium, high and very high 
for the question “Rate your expectations of enjoying the city after the 
lockdown”. The scale was the same for level of anger, whereas mood was 
valued using the following options: very bad, bad, fair, good or very 
good. The responses collected were summarised as the number of people 
per neighbourhood who chose each option. 

Closeness to GI was directly provided as binary measures indicating 

Fig. 2. Situation map of the case studies: La Palma and Zaragoza.  

D. Jato-Espino et al.                                                                                                                                                                                                                            



Urban Forestry & Urban Greening 68 (2022) 127457

4

either the presence or absence of green areas 150, 300 and 500 m away 
from the residential blocks located within each neighbourhood. An 
English translated version of these data, as well as the synthetised re-
sponses of the citizens to the survey are provided in Appendix B. The 
methods used to couple GI-related distances with the self-reported 
psychological and behavioural inputs collected is detailed below. 

2.2. Spatial analysis 

The proposed methodology started with the spatial processing of the 
data summarised in Table 1. Fig. 3 depicts the spatial tasks carried out in 
the format of the Model Designer available at the 3.16 version of QGIS 
(QGIS Development Team, 2021). This scheme represents a generic 
scenario fitting the specifics of La Palma, where the only input required 
is a questionnaire designed to address self-reported mental 
health-related variables, including a disaggregation per administrative 
division. Hence, some of the steps represented in Fig. 3 can be omitted if 
data repositories provide any of the intermediate outputs straightfor-
wardly, as in the case of Zaragoza (Table 1). 

The first step consisted of creating buffer areas around those land 
cover types identified as GI. Based on the proposal made by Rusche et al. 
(2019) and the breakdown defined in the CLC project, the consideration 
of GI included the following classes: artificial, non-agricultural vege-
tated areas (1.4), arable land (2.1), permanent crops (2.2), pastures 
(2.3), heterogeneous agricultural areas (2.4), forest (3.1) and shrub 
and/or herbaceous vegetation associations (3.2). The CLC was used as a 

baseline due to its availability at a European scale; however, other al-
ternatives such as the Urban Atlas (European Union, Copernicus Land 
Monitoring Service, 2021b) have an almost direct correspondence with 
the classification of the CLC. These buffer areas were set at 150, 300 and 
500 m, in order to replicate the conditions of the data provided by the 
city council of Zaragoza. 

Then, the buffer areas associated with GI were intersected with a new 
selection corresponding to the CLC class that accounts for urban fabric 
occupied by dwellings and buildings (1.1). Although this class is not an 
exact indicator of population density, it is the only category in the CLC 
that includes items such as residential buildings, permanent residential 
built-up areas, residential suburbs or areas of multi-flat or multi-storey 
houses. Therefore, its combination with the GI-related classes was 
deemed appropriate to determine people’s closeness to green spaces by 
calculating the ratio of intersected area to the whole area covered by 
each municipality in La Palma. 

Once the different degrees of proximity to GI were computed as new 
fields, they were joined with the disaggregated results of the question-
naire in psychological and behavioural terms. Fig. 4 exemplifies this 
process using a buffer area of 300 m and increase in stress as a mental 
health-related variable. 

In the case of Zaragoza, the intersection step was replaced by 
counting the number of sites within each neighbourhood that were 150, 
300 or 500 m away from GI. Since each of these spots included a binary 
codification to indicate whether they had access to GI (0) or not (1), next 
was aggregating the resulting values per neighbourhood. Finally, the 
ratio of population being close to GI was determined through the divi-
sion of the sum of spots having access to GI by the total count of sites 
included within each neighbourhood. Fig. 4 refers these tasks to the 
graphical representation prepared for the generic case of La Palma, 
using level of anger as psychological indicator. The outputs produced in 
both cases were ready to be examined through a statistical analysis in 
the next step of the methodology. 

2.3. Statistical analysis 

The statistical analysis was carried out using R 4.1.0 (R Core Team, 
2020) through the following packages: foreign (R Core Team et al., 
2020), Hmisc (Harrell and Dupont, Charles, 2021), ggplot2 (Wickham 
et al., 2021, p. 2), extrafont (Chang, 2014), fabricatr (Blair et al., 2021) 

Table 1 
Datasets used for characterising the case studies under analysis.  

Domain Data La Palma Zaragoza 

Territory 

Administrative 
division 

14 municipalities 34 neighbourhoods 

GI per capita (ha 
per inhabitant) 0.299 0.040 

Area (km2) 708 974 
Population 
(inhabitants) 

84,800 670,000 

Mental health 
questionnaire 

Participants 5,939 3,944 

Sex 62.62 % women; 
37.38 % men 

More than 53 % 
women 

Age range: 

12.05 % 21− 29 
yr.; 23.57 % 
30− 39 yr.; 32.19% 
40− 49 yr.; 23.08% 
50− 59 yr.; 7.65% 
60− 69 yr.; 1.46% 
70− 79 yr. 

More than 50 % 
16− 49 yr. 

People per 
household: 

7.98 % 1; 28.23 % 
2; 27.84 % 3; 25.79 
% 4; 10.16 % 5 

Most > 1; 20 % > 4 

Variables 

Increase in: alcohol 
consumption, 
stress, medication 
use, visits to the 
doctor, food 
intake, domestic 
violence, use of 
technologies, 
sadness, loneliness 
and anxiety 

Expectations of 
enjoying the city 
after the lockdown, 
level of anger, mood 

Measurement 
Binary (No: 0; Yes: 
1) 

Rating scales (Very 
low/Very bad; Low/ 
Bad; Medium/Fair; 
High/Good; Very 
high/Very good) 

Format .xlsx .shp 

Closeness to 
Green 
Infrastructure 
(GI) 

Measurement 
Corine Land Cover 
(2018) classes 
assimilable to GI 

Presence (1) or 
absence (0) of GI 
150, 300 and 500 m 
away within each 
neighbourhood 

Format .shp .json  

Fig. 3. Geoprocessing tasks for the modelling of self-reported mental health 
and Green Infrastructure (GI) variables. 
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and car (Fox et al., 2021). First was calculating the degree of association 
between GI and self-reported mental health-related variables through a 
correlation analysis. As a result of the spatial analysis, the variables to be 
modelled represented continuous data in the form of areas or ratios. As 
such, this first part of the analysis was undertaken with the support of 
the Pearson’s correlation coefficient (Schober and Schwarte, 2018). 

The existence or absence of correlation among variables was 
measured according to the p-value, which represents the probability of 
wrongly rejecting a null hypothesis (H0) when it is true (Nickerson, 
2000). To this end, the p-value was compared with a significance level 
(α) of 0.05 (Fisher, 1992). In this context, H0 concerned the lack of a 
statistically significant correlation between closeness to GI and mental 
health-related variables, and vice versa for the alternative hypothesis 
(H1). Consequently, H1 was accepted in those cases in which the p-value 
was below 0.05, indicating the presence of statistically significant 
relationships. 

To further confirm the trends detected through the correlation 
analysis, inferential statistics were applied to prove whether proximity 
to GI can produce statistically significant differences in the mental 
health and behavioural response of urban dwellers or not. Given the 
sample size of the datasets used, this step was only carried out for the 
case study of Zaragoza, where the GI-related variables were split into 
two groups according to their medians. These two groups accounted for 
neighbourhoods with low and high closeness to GI, respectively. The use 
of inferential statistics consisted of the application of different tests to 
compare both groups. The specific test to use depended on whether the 
datasets met the assumptions of normality and homoscedasticity. 

The former was checked using the Shapiro-Wilk test, which is 
particularly suitable for small sample sizes (Ghasemi and Zahediasl, 
2012). If the p-value was above the significance level, then the data 
followed a normal distribution and H0 could be accepted. Homosce-
dasticity was verified through the Levene’s test, which assesses the 
equality of variances for a variable split into two or more groups 
(Gastwirth et al., 2009). In case H0 was also met, the data could be 
assumed to be homoscedastic and, therefore, the Student’s t-test was 
applied (Gosset, 1908). A p-value below 0.05 was an indicative of the 
presence of statistically significant differences between mental 
health-related variables and proximity to GI. In contrast, if any of the 
two assumptions was violated, the Mann-Whitney-Wilcoxon test (Mann 
and Whitney, 1947) was computed to carry out pairwise comparisons 
among the variables under study. 

3. Results 

This section presents the main results achieved through the appli-
cation of the methodology designed to analyse the spatial relationships 

between closeness to GI and different variables accounting for the self- 
reported mental health and behavioural condition of citizens during 
the COVID-19 stringent lockdown period. The analysis of the outputs 
obtained is split into two parts according to the case studies under 
consideration, thereby enabling the assessment of its effectiveness under 
different conditions in terms of territorial characteristics and data 
availability. 

3.1. Case study 1: La Palma 

Data availability in La Palma required the complete data processing 
described in Fig. 3. As indicated in Fig. 4, the proportion of population 
having access to GI in each municipality was determined by creating 
buffer areas 150, 300 and 500 m away from the urban fabric (class 1.1 in 
the CLC) in each municipality. Then, they were intersected with GI- 
related CLC classes to obtain the ratio of population having green 
spaces within the buffer areas. Fig. 5 shows the disaggregation of La 
Palma into municipalities and the different buffer areas used to explore 
the relationship between closeness to GI and mental health-related 
variables. 

The information taken from the questionnaire was processed to 
obtain the proportion of surveyed people in each municipality who 
experienced increases regarding the variables listed in Table 1 during 
the strict lockdown period. These variables, which concerned the mental 
and behavioural alterations caused by the confinement on the ad-
dressees, were modelled with respect to their closeness to GI using the 
Pearson’s correlation coefficient (r). The statistically significant corre-
lations found across the variables are shown in Fig. 6. 

These results revealed that increase in alcohol consumption was 
strongly and inversely correlated to closeness to GI. Considering the 
negative correlation coefficients obtained, lacking GI near one’s place of 
residence can be concluded to promote an increase in alcohol con-
sumption and, therefore, a deterioration of the emotional stability of 
citizens. The other statistically significant relationship concerns the 
negative association between increase in stress and the existence of 
nearby green spaces. In this case, the closer GI, the stronger this 
correlation. 

In the case of visits to the doctor, the greater the distance to GI, the 
stronger the correlation coefficient. On the contrary, being close to GI 
did not cause significant effects on food intake, domestic violence, use of 
technologies, sadness, loneliness and anxiety. Moreover, although 
proximity to GI may reduce stress and promote better lifestyle, these 
gains were found not be enough to counteract the remaining aspects that 
cause an anxiety episode. 

As a complement to the analysis summarised in Fig. 6, the relation-
ship between the Socio-Economic Status (SES) and the aforementioned 

Fig. 4. Scheme of the tasks required to couple closeness to Green Infrastructure (GI) with self-reported mental health variables.  
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variables was evaluated. This kind of associations have been frequently 
addressed in the literature. Ahnquist et al. (2012) showed that both 
economic hardships and social capital contribute to a range of different 
health outcomes. Another recent study (Wang and Geng, 2019) revealed 
that SES could affect people’s physical health, but not their psycholog-
ical condition. Hence, to prevent the inclusion of any bias in the out-
comes, the effect of SES on the variables directly affected by nearness to 
GI was also evaluated. 

SES was quantified using the value of tax return for each munici-
pality in 2018, which is the last year reported by the Spanish Tax Agency 
(Agencia Tributaria, 2021). The analysis demonstrated that the effect of 
SES was statistically significant for increase in medication use (r =
− 0.829; p-value = 0.025). Nevertheless, it was irrelevant for increase in 
alcohol consumption (p-value = 0.967), stress (p-value = 0.205) and 
visits to the doctor (p-value = 0.487). Therefore, unlike these variables, 
which were proved to be unrelated to socioeconomic considerations 
(p-values > 0.05), the effect of proximity to GI cannot be affirmed to be 
the determining cause of an increase in medication use. 

3.2. Case study 2: Zaragoza 

Zaragoza’s specifics enabled testing a case study where data had 
undergone some spatial pre-processing, as specified in Fig. 4. Fig. 7 
depicts the spatial arrangement of the neighbourhoods used to disag-
gregate the responses collected from the COVID-19 questionnaire, as 
well as a layer indicating the different spots where proximity to GI was 
measured. This layer was associated with an attribute table containing 
the location of these spots and the presence or absence of GI 150 / 300 / 
500 m away. For the sake of representativeness, Fig. 7 only depicts the 
situation for GI at 150 m distance. Hence, a value of 1 indicated that GI 

in the form of either urban parks, vegetated areas or natural areas is 150 
away from each point, and vice versa for 0. This information enabled 
omitting the processing of a land cover map to determine closeness from 
residential areas to green spaces (Fig. 2). 

The tasks preceding the statistical analysis were limited to the pro-
cessing of the GI-related layers with the support of zonal statistics. First 
was counting the points indicating closeness to GI per neighbourhood, as 
well as the sum of their associated values (1 s and 0 s). Then, the ratio of 
locations close to GI was computed by dividing the values of sum by 
those of count in each neighbourhood. This process yielded the per-
centage of dwellers having either urban parks, vegetated areas or nat-
ural areas less than 150, 300 or 500 m away. 

An inspection of the results of the questionnaire revealed that the 
number of responses collected was too low in some neighbourhoods. To 
deal with these cases, the sum of responses per level in the five-point 
scales was calculated to obtain the total number of participants per 
neighbourhood. The resulting values suggested that 8 was a minimum 
threshold to achieve representative results in statistical terms. In 
consequence, those neighbourhoods where the number of responses 
gathered was below 8 were discarded from next steps. 

Once all the datasets were prepared, they were further processed 
using R, which enabled looping throughout all the potential combina-
tions of distance to GI and self-reported mental health or behavioural 
variables. The results of applying the Pearson’s correlation coefficient 
revealed that the expectations of enjoying the city after the lockdown, 
level of anger and mood of the respondents were correlated to 9, 9 and 1 
combinations of distance and type of GI. If the response to the survey 
was declared constant (e.g., very high expectations of enjoyment), the 
strength and direction of its relationships to different distances of the 
same type of GI (e.g., vegetated areas 150 / 300 / 500 m away) were 

Fig. 5. Spatial breakdown of La Palma into municipalities and buffer areas indicating closeness to Green Infrastructure (GI).  
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alike in many cases. For this reason, Fig. 8 only shows those correlations 
achieving the highest significant coefficient for every type of GI. 

The strongest correlation found corresponded to people having very 
high expectations of enjoyment and vegetated areas 300 m away. 
Although its strength decreased slightly, this relationship was also sig-
nificant for the combinations of vegetated areas at 150 m and 500 m, as 
well as for urban parks at 150 m and 300 m. In contrast, the other sig-
nificant output reached for this variable implied a negative correlation 
between high expectations of enjoyment and closeness to GI. The aspect 
of these plots indicated that most of the respondents choosing this option 
lived close to GI, which in turn favoured having unbalanced distribu-
tions of responses with high and concentrated rates of dispersion. 

Regarding level of anger, the highest correlation coefficient obtained 
corresponded to the positive relationship between low level of anger and 
the existence of urban parks 150 m away. This contrasted with the 
correlation between very high level of anger and closeness to natural 

areas, as well as with medium level of anger and proximity to vegetated 
areas. The responses referred to the mood of Zaragoza’s citizens only 
yielded one statistically significant correlation. Although its strength 
was limited, it pointed out to a negative relationship between bad mood 
and closeness to GI. 

Given the conflicts detected in the directions of some of the corre-
lations depicted in Fig. 8, tests with two independent samples were 
conducted to determine if high and low ratios of proximity to GI had a 
significant impact on the variables plotted in Fig. 8. To this end, first was 
splitting the values of closeness to GI into two parts according to their 
median, in order to allocate each neighbourhood to a degree of prox-
imity to GI: low or high. Then, the Shapiro-Wilk and Levene’s tests were 
applied to check if these datasets fitted a normal distribution and were 
homoscedastic. Depending on the results obtained, the Student’s t-test 
(t) or Mann-Whitney-Wilcoxon test (W) were used to verify the existence 
or absence of significant differences. 

Fig. 6. Statistically significant correlations between self-reported mental health variables and closeness to Green Infrastructure (GI) in La Palma.  
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Fig. 7. Distribution of Zaragoza’s neighbourhoods and location of the sites where proximity to Green Infrastructure (GI) at 150 m was measured.  

Fig. 8. Statistically significant correlations between mental health variables and closeness to Green Infrastructure (GI) in Zaragoza.  
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The outputs of this process indicated that only two of the mental 
health options available in the questionnaire yielded statistically sig-
nificant differences: very high expectations of enjoyment and low level 
of anger. The former yielded significant results when analysed according 
to low and high closeness to vegetated areas (150, 300 and 500 m) and 
urban parks (150 and 300 m), whilst the forms of GI were reduced to 
urban parks (150, 300 and 500 m) in the case of the latter. 

In accordance with Figs. 8 and 9 shows the boxplots corresponding to 
the highest correlation coefficients in each case. The results of this step 
were in line with the arguments posed in the correlation analysis, 
whereby the fact of being close to GI was positively related to the ratio of 
people per neighbourhood having very high expectations of enjoying the 
city after the lockdown and exhibiting low levels of anger. 

To ensure these results were not affected by other demographic pa-
rameters, the correlations of expectations of enjoyment and level of 
anger (Fig. 9) with the economic status of the citizens were also deter-
mined. In particular, the demographic indicators used were the average 
annual net income per person and household in each neighbourhood. 
The p-values associated with the correlation coefficients between these 
two indicators and the number of people showing very high expectations 
of enjoyment were 0.283 and 0.096, respectively, whereas these figures 
increased up to 0.823 and 0.893 when explored in relation to those 
citizens exhibiting a low level of anger. In other words, none of them was 
statistically significant, which ensured the standalone validity of the 
results achieved in what concerns closeness to GI. 

4. Discussion 

4.1. Case study 1: La Palma 

The first result in Fig. 6 involves reduced alcohol consumption near 
GI. This may relate to the capacity of green spaces for diverting attention 
from evasive behaviours like alcohol consumption, since they encourage 
motivation and self-control for activities such as running, walking, 
observing nature, relaxing, enjoying fresh air and social interactions 
(Misiune et al., 2021). The association between alcohol consumption 
and mental health has been documented extensively (Boden and Fer-
gusson, 2011; Boschloo et al., 2012; Hartka et al., 1991; Wang and 
Patten, 2001). In this sense, the existence of an inverse relationship 
between quality of life and alcohol consumption was reported by dos 
Santos et al. (2019). 

The inverse correlation found for increase in stress is aligned with the 
conclusions drawn from previous works (Kolokotsa et al., 2020; Mavoa 
et al., 2019; Poulain et al., 2020), which demonstrated that proximity to 
GI may reduce stress and improve people’s emotional status. Some in-
vestigations have associated this benefit with the thermal regulation 
capacity of GI, since high ambient temperature can boost negative 
emotions such as stress and anger (Huang et al., 2021). 

In general, the negative association between number of visits to the 
doctor and GI could be attributable to the existence of urbanized spaces 

in La Palma’s municipalities, since spatial accessibility to healthcare 
facilities has been found to be higher in developed areas (Song et al., 
2018; Wang et al., 2018). However, since the questionnaire measures an 
increase with respect to a basal scenario, this factor is not expected to be 
a covariable. Instead, this trend might suggest that the presence of green 
spaces close to urban residences can provide a better quality of life by 
promoting a healthier lifestyle (Douglas et al., 2017). 

Some of the variables addressed in the questionnaire such as food 
intake, domestic violence and use of technologies are not directly related 
to mental health but are rather behavioural situations that can be altered 
due to psychological distress (Clevers et al., 2019; Newman et al., 2020; 
Seidler et al., 2020). Therefore, the absence of significant relationships 
in these terms does not compromise the research hypothesis. Regarding 
loneliness and sadness, the causes explaining their lack of statistical 
significance may lie on the ambiguity and subjective interpretation of 
these two concepts (Bogaerts et al., 2006; Hua et al., 2019). This may 
also relate to mobility restrictions, since the attenuation of these feelings 
might require close contact with GI (Slater et al., 2020). 

Besides, their discrimination from the emotions derived from the 
lockdown situation could be complex, since there was a generalized 
feeling of sadness (Droit-Volet et al., 2020) that might hinder the 
isolation of the effect of being close to GI on the nuances of this factor. 
Similarly, unlinking a feeling of loneliness from the fact of living alone is 
not simple (Fingerman et al., 2021), because many people have gone 
through isolated situations during the pandemic. Therefore, the 
distinctive characteristics of the moment when the survey was con-
ducted may dilute the effect of GI and explain the lack of significance 
with respect to these variables. 

Finally, anxiety is a condition rather linked to a clinical diagnosis, 
resulting in a disorder that is the sum of many factors with great severity 
and complexity, where interpersonal considerations have a lot of weight 
(Anyan et al., 2020; Przeworski et al., 2011). Consequently, the lack of 
statistical significance for this variable can be understandable due to the 
number of implications associated with the concept of anxiety. 

Overall, the absence of significant results in some cases might also 
relate to the dual concept of coping. According to Lazarus and Folkman 
(Lazarus, 2000; Lazarus and Folkman, 1999), coping can be defined as 
constantly changing cognitive and behavioural efforts developed to 
handle demands that exceed people’s resources and endanger their 
well-being. A distinction can be made between two types of coping 
strategies: emotion-focused coping and problem-focused coping. 

The former involves regulating the emotional response to what is 
caused by the problem and minimizing psychological distress. It in-
cludes strategies such as avoidance, minimization, distancing or wishful 
thinking (Xin et al., 2021). Instead, problem-focused coping concerns 
the identification and cost-benefit assessment of alternatives to solve the 
problem through an action plan. It involves an analytical process 
focused on the environment that includes strategies related to the inte-
rior of the subject (Zaman and Ali, 2019). 

These types of strategies are most useful when the situation faced is 

Fig. 9. Boxplots associated with the mental health variables yielding statistically significant differences between low and high ratios of closeness to Green Infra-
structure (GI). 
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interpreted as modifiable. In the case of the COVID-19 pandemic, people 
had to adapt unexpectedly and quickly to a situation over which they 
had no sense of control, experiencing great uncertainty and alterations 
in almost all aspects of their life (Rolland, 2020). In view of the results 
depicted in Fig. 6, distance from GI was found to be statistically asso-
ciated with the use of strategies focused on the problem (visits to the 
doctor and medication use). On the contrary, strategies based on emo-
tions such as avoidance (food intake and use of technologies for leisure 
purposes), search for socio-emotional support (use of technologies for 
social purposes), confrontation (domestic violence), as well as emotional 
states such as loneliness, sadness and anxiety were not correlated to 
closeness to GI. 

4.2. Case study 2: Zaragoza 

The strongest correlation identified in Fig. 8 suggests an association 
of GI with willingness to enjoy the city once the lockdown period was 
over. This is consistent with the use and enjoyment of GI for a variety of 
purposes such as jogging, (dog) walking, biking, social relations or 
experiential and aesthetical recreation (Palliwoda et al., 2020). Activ-
ities like these were highlighted by the participants in recent surveys 
developed by Natural England and Scottish Natural Heritage, which 
revealed that 74 % and 70 % of the population in these countries visit 
green space at least once a month (Burnett et al., 2021). 

The rationale behind low level of anger and the existence of urban 
parks might lay on the sense of relief derived from having visual contact 
with vegetated landscapes (Hedblom et al., 2019; Velarde et al., 2007), 
which may lead to a reduction in feelings of annoyance (Ulrich, 1979). 
Instead, the positive relationship between very high level of anger and 
closeness to natural areas may respond to the progressive loss or 
degradation of non-artificial vegetated areas in developed cities over the 
years due to urbanization (Bengtsson et al., 2019; Nguyen et al., 2020). 
This could justify the accumulation of responses from people lacking 
access to grasslands, lawns or forests. 

The significant results associated with medium level of anger are not 
so conclusive as others because they correspond to the midpoint avail-
able in the survey, which might be the preferred choice in case of hes-
itation or unfamiliarity with the questions (Chyung et al., 2017). Still, 
the negative direction of this correlation might reflect the generalized 
sense of anger caused by the confinement period during the COVID-19 
pandemic (Brooks et al., 2020). 

The absence of a higher number of significant correlations involving 
mood may relate to the diffuse and global nature of the definition of this 
state (Morris and Reilly, 1987), which is less specific than the other 
variables addressed. In fact, anger might be considered a part of the 
mood, which is in line with the findings reported in previous literature in 
what concerns closeness to GI (Lin et al., 2019). Hence, similarly to the 
logic described for anger, greenness in proximity to people’s residence 
might reduce stress (Campagnaro et al., 2020) and result in a better 
emotional status (Van Aart et al., 2018). 

These findings are aligned with the results obtained for the case 
study of La Palma in that they both serve to demonstrate the benefits of 
GI across a series of variables related to the self-reported psychological 
and behavioural condition of citizens during lockdowns. This is also in 
line with the outcomes achieved in previous studies. For instance, Ber-
dejo-Espinola et al. (2021) found that GI at a walkable distance (300 m) 
may have contributed to delivering urban ecosystem services during the 
COVID-19 lockdowns. Similarly, Frühauf et al. (2020) emphasised that 
having green spaces nearby to carry out moderate physical activity can 
provide mental benefits under periods of restricted mobility. The sup-
porting health role of nature has also been highlighted by Robinson et al. 
(2021), who determined that a greater presence of green areas 250 m 
away from home is related to higher levels of mental wellbeing. 

5. Conclusions 

The results obtained throughout this study enabled proving the main 
hypothesis posed at the beginning of the investigation, which involved 
that closeness to Green Infrastructure (GI) helped alleviate mental 
health and behavioural problems during stringent lockdown conditions 
due to the COVID-19 pandemic. This relationship was demonstrated by 
addressing two separate case studies located in La Palma and Zaragoza 
(Spain). The approach used to model both regions was based on 
combining Geographic Information Systems (GIS), which served to 
process spatial data, and statistical analyses, whose application provided 
evidence of the significance of the correlation between a series of self- 
reported mental health-related variables and different forms of GI. 

These variables stemmed from generic questionnaires disaggregated 
per administrative division, either municipality or neighbourhood. They 
were launched from March to May 2020, coinciding with the strict 
confinement in Spain, and were not specifically targeted at addressing 
the perceptions of the respondents on GI, but rather sought to capture 
their psychological and behavioural response due to the epidemiological 
situation. Hence, closeness to GI was computed separately from open 
data repositories, considering three different thresholds: 150, 300 and 
500 m. This procedure prevented the incorporation of any bias into the 
study, since the responses collected from the questionnaire were not 
affected nor induced by its underlying purposes. 

The outputs of the statistical analyses pointed out to positive re-
lationships between closeness to GI and expectations of enjoying the city 
after the lockdown, which emphasizes the increasing use of green spaces 
as areas of recreation, sport and social interaction. The remaining sta-
tistically significant correlations were inversely proportional and con-
cerned level of anger and increase in alcohol consumption, medication 
use and stress. All these variables had negative implications for the 
addressees, thereby highlighting the sense of relief and consolation of 
having either visual contact or physical proximity to vegetated zones. 
These relationships were not influenced by socioeconomic consider-
ations, since the results of the questionnaires were statistically unrelated 
to the annual net income of the respondents. 

In summary, the findings of this study shed light on the benefits of GI 
in urban areas as drivers for motivation, behavioural stability and 
emotional wellbeing. Considering the environmental and social gains 
also provided by green areas, future urban plans should rely on the 
implementation of GI in cities for both regeneration and welfare pur-
poses, especially in a context of increasing mental pressure due to the 
information overload that govern modern societies. 

Still, more research should be carried out in this line to further 
confirm the trends observed in this work, since the potential of the re-
sults derived from correlation analyses is limited to only infer conclu-
sions. Additional case studies with larger sample sizes would be 
desirable to further corroborate the relationships between self-reported 
mental health and GI. The spatial relevance of the results obtained 
would also have improved if the questionnaire were identical in both 
case studies; however, finding unified or at least assimilable question-
naires is extremely difficult. Finally, although this investigation was 
deliberately narrowed to lockdowns, another path to explore in the 
future is the modelling of this correlation during de-escalation periods, 
in order to examine different behavioural constraints. 
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