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VIABILITY OF CONVERTING THE GREEN SPACES OF 48 HOSPITAL CAMPUSES
IN PORTUGAL INTO THERAPEUTIC GARDENS BASED ON THEIR USABILITY,
TREE COVER AND PROXIMITY

BRUNO FILIPE GONCALVES MARTINS?!
FREDERICO MEIRELES RODRIGUES!2

ABSTRACT - Therapeutic Gardens are green spaces focused on improving mental and physical healing, as well
as provide wellbeing. Thus, these green spaces can constitute an important extension of the hospital space,
complementing or even adding new functions to healthcare institutions. This article aims to contribute to the
assessment of the conversion of current green spaces and permeable areas in 48 portuguese public hospital campuses
into TG through the evaluation of 1) the current usability of green spaces, in order to assess whether the existing green
spaces have structures, furniture, etc. that allow their use or whether it is necessary to construct them; 2) the existing
tree cover in green spaces, as it is structural, allows to have a mature garden more quickly and provide more ecosystem
services and 3) the proximity to hospital buildings with the aim of evaluating part of the direct access required by the
TG. We conclude on the lack of usable green spaces and tree cover in most hospital campuses, which would imply a
greater effort to reconvert these spaces. However, the existing green spaces and tree cover are located close to the
hospital buildings, which also makes the conversion possible. We also noticed a lack of specifications for the
construction of TG, mainly for specialized hospitals such as those for children and older adults, and also for evaluating
green spaces quality in hospitals.
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RESUMO - VIABILIDADE DE CONVERSAO DOS ESPACOS VERDES DE 48 CAMPUS HOSPITALARES EM
PORTUGAL EM JARDINS TERAPEUTICOS, BASEADO NA SUA USABILIDADE, COBERTURA ARBOREA E PROXIMIDADE.
Os Jardins Terapéuticos sdo espacos verdes focados na cura mental e fisica, proporcionando ainda bem-estar. Estes
espacos verdes podem constituir uma importante extensdo do espago hospitalar, complementando-o, ou até
acrescentando-lhes novas funcionalidades. O presente artigo pretende contribuir para avaliar a possibilidade de
converter espacos verdes e areas permeaveis em 48 campus hospitalares publicos portugueses em Jardins Terapéuticos
através da 1) usabilidade atual dos espacos verdes, de forma a avaliar se os espacos verdes existentes possuem
estruturas, mobilidrio, etc., que permitam a sua utilizagdo; 2) existéncia de cobertura arbdrea nos espagos verdes, uma
vez que esta é estrutural e permite obter um jardim adulto com maior celeridade e 3) proximidade a edificios
hospitalares, uma vez que os acessos diretos se tratam de um requisito dos Jardins Terapéuticos. Conclui-se haver falta
de espacos verdes que permitam a utilizagdo direta por parte dos pacientes e falta de cobertura arbérea na maioria dos
campus hospitalares, o que implicard um maior esfor¢o na sua eventual reconversao. Por outro lado, os espagos verdes
e a cobertura arbérea existentes localizam-se préximos dos edificios hospitalares, o que é favoravel. E ainda notéria a
falta de especificagdes para a construcdo de Jardins Terapéuticos, principalmente para hospitais especializados para
criangas ou idosos e para a avaliacdo da qualidade dos espacos verdes dos campus hospitalares.

Palavras-chave: Infraestrutura verde; espaco verde hospitalar; jardins terapéuticos; bem-estar; cura.

RESUMEN - VIABILIDAD DE CONVERTIR LOS ESPACIOS VERDES DE 48 CAMPUS HOSPITALARIOS EN
PORTUGAL EN JARDINES TERAPEUTICOS EN FUNCION DE SU USABILIDAD, COBERTURA ARBOREA Y PROXIMIDAD.
Los Jardines Terapéuticos son espacios verdes enfocados a mejorar la cura mental y fisica y proporcionar bienestar.
Estos pueden constituir una extensiéon importante del espacio hospitalario, complementando o incluso afiadiendo
nuevas funciones a estas instituciones. Este articulo pretende contribuir a la evaluacién de la conversion de los espacios
verdes y dreas permeables en 48 campus hospitalarios publicos portugueses en Jardines Terapéuticos, a través de la
evaluacion de 1) la usabilidad actual de los espacios verdes, con el fin de evaluar si los espacios verdes existentes tienen
estructuras, mobiliario, etc, que permitan su uso; 2) la cobertura arbdrea existente en los espacios verdes, al ser
estructural, permite tener un jardin maduro mas rapidamente, y 3) la proximidad a los edificios del hospital con el
objetivo de evaluar parte del acceso directo requerido por los Jardines Terapéuticos. Se concluye haber falta de espacios
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verdes utilizables y cobertura arbdrea en la mayoria de los campus hospitalarios, lo que implicaria un mayor esfuerzo
para reconvertir estos espacios. Sin embargo, los espacios verdes y la cobertura arbérea existentes se encuentran cerca
de los edificios del hospital, lo cual es positivo. También observamos una falta de especificaciones para la construccién
de Jardines Terapéuticos, principalmente para hospitales especializados como los de nifios y ancianos, y también para
evaluar la calidad de los espacios verdes en los hospitales.

Palavras clave: Infraestructura verde; espacio verde hospitalario; jardines terapéuticos; bienestar; curacion.

L INTRODUCTION
1. Therapeutic/healing gardens

Therapeutic Garden (TG) or Healing Garden are two terms found often in the literature to
describe one, or a combination of improvements to wellbeing (Marcus & Barnes, 1999). A TG consists
of a space intended to assist the mental and physical healing of patients in health units, and can be built
outdoors, or in sunrooms and atriums of hospitals, but can also be intended for the general population
and be built in public spaces, also having social benefits (Jiang, 2014; Pimentel, 2023). Given the
possibility of the term having different meanings between different cultures, Jiang (2014) studied the
use of the terms therapeutic landscape and healing garden in China and western countries, but
concluded that in both cultures mean the same.

The ancient history of TG is believed to date back to ancient Greece and Rome, however, it is
during the Middle Ages that more references appear (Marcus & Sachs, 2013). In fact, also in Europe,
the first TG appeared in the Middle Ages, when monasteries and hospitals cared for the ill, the infirm
and the insane and had an arcaded courtyard that residents could visit (Marcus & Barnes, 1999). In
the following centuries it is also possible to find references to this type of green spaces, until the vision
of nature as an intrinsic part of the healing process was lost during the twentieth century (Marcus &
Sachs, 2013). Nowadays, this issue is back on the agenda and the importance of green spaces for
healing purposes has been studied for different purposes, and in different areas.

Authors have been mentioning several benefits provided by green spaces, such as stimulating
positive emotions (Lee et al., 2019; Liu et al., 2021; Zhang et al., 2023), which may be more important
the more susceptible we are to negative emotions, for example when we are hospitalized. Even in a
severe event such as the COVID-19 pandemic, green spaces proved to be important in mitigating
stressful experiences (Kanelli et al., 2023). Thus, TG assist patients’ mental recovery and accelerate
holistic healing (Dushkova & Ignatieva, 2020; Hastuti & Lorica, 2020; Jiang, 2014; Uwajeh et al., 2019).

As the mental effect of TG is widely recognized, it has also been evaluated for various
psychological illnesses. These are the cases of Alzheimer's disease and dementia, in which patients can
benefit from physical, psychological, social and cognitive effects (Murroni et al., 2021; Uwajeh et al.,
2019) or patients with depression whose sleep quality has improved (Yeon et al, 2023). When patients
are in a TG, perception, memory, emotion, planning, language and social intelligence are stimulated by
encounters with plants and art (Yzoard et al,, 2017). In a green space, people also feel less emotional
distress and pain compared to those inside the hospital, and their quality of life improves (Hastuti &
Lorica, 2020; Sherman et al., 2005).

TG also benefits mothers by reducing stress and, furthermore, children born in a better hospital
environment will be more likely to be healthier and happier individuals (Browning & Lee, 2011). In
addition, they are not only effective for patients, but also provide benefits to patients' families and
employees (Bernez et al., 2018; Jiang et al., 2018; Pimentel, 2023; Reeve et al., 2017). For example,
Bernez et al. (2018) found that burnout is less present in nurses and caregivers who work in a space
with a garden.

However, to make the most of these benefits, there are some features to take into account
when designing a TG, so that the space is effectively therapeutic (Pimentel, 2023). Examples of these
include quietness, comfortability, to be visible and have a good soundscape quality, for example natural
sounds such as birds and water, as these sounds are significant for psychological stress relief (Guo et
al., 2022; Hastuti & Lorica, 2020). The selection of plants is also fundamental, as they must stimulate
the senses, creativity and memory, and must also be chosen according to the desired purpose and
placed in the direction of the desired effect, all factors necessary to achieve the success of the TG
(Arslan et al., 2018). Given the characteristics required for these spaces, aromatic plants are an option
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(Arslan et al., 2018). Also, high levels of green coverage (made up of 70% plant elements, in order to
guarantee the predominance of the green colour) and hierarchical landscape realms on a hospital
campus improve people-nature interactions, as well as it is also important to block noise pollution,
through increased vegetation density or otherwise, so that the garden can provide tranquillity (Alkaisi
et al, 2021). To achieve this, trees can be an essential element to introduce into TG (Defrance et al.,
2019; Karbalaei et al., 2015).

Accessibility, seating areas and strategic location of green spaces are also key features for TG
(Hastuti & Lorica, 2020; Jiang et al., 2018; Reeve et al,, 2017). In fact, although several hospitals have
green spaces just for viewing, that is, it is not possible to visit them, direct contact with nature
combined with socialization is beneficial for mental health (relieving stress and stress-related mental
disorders, anxiety and depression) (Chen et al, 2021; Song & Lin, 2022). Even a virtual visit has
positive outcomes for Alzheimer’s Disease and dementia patients (Uwajeh et al.,, 2019). Furthermore,
the possibility of using the space is also useful for carrying out therapeutic activities and, in turn,
stimulating the necessary social communication (Jiang, 2014). Sherman et al. (2005), in their study,
also found that the largest garden with the most direct access, was the most used.

TG must also be designed according to the intended users. For example, while in older adults
care centres the focus may be on reducing stress and promoting peace (Ilkhan et al., 2022), in
paediatric hospitals it is also important that there are spaces to play in the TG (Reeve et al., 2017).
Additionally, children interact with garden elements more than adults (Sherman et al., 2005) and the
quality of a garden design in a paediatric hospital can influence their physical activity (Pasha & Shepley,
2013).

Given all the particularities required for a green space to be “therapeutic”, its certification could
be important, in order to guarantee its effectiveness and prevent some green spaces from being falsely
designated as “therapeutic”, which has been proposed (Marcus, 2016; Pimentel, 2023).

2. Trees and health

Trees are structural in green spaces due to their size and are responsible for providing shade
where users can rest, allowing them to remain in the garden on hotter days. Deciduous trees create a
visual dynamic by changing the colour of their leaves, providing shade during the summer, and letting
in some sun in the winter when it is most needed, whilst evergreen trees create a constant barrier that
can act visually or acoustically and provide year-round shade if required. Notwithstanding, Relf (2005)
found that when trees were in leaf, they could provide more positive effects. The combination of
deciduous and evergreen trees brings the opportunity to design the space to perform at its best. Trees
have also a great impact on human vision, for example, they are used by Landscape Architects to create
visual lines and guide vision. In addition to the scenic functions, it has also been found that seasonal
changes in colour also create positive and intense emotions in patients and so, for example, the
introduction of deciduous trees is advisable in healing gardens for patients with psychotic disorders
(Paraskevopoulou et al., 2018). Apart from its seasonality, just the fact that a tree is in your line of sight
can be beneficial. For example, Pearson et al. (2023) found that exposure in the classroom, especially
to trees, could benefit children's mental health and therefore advise introducing trees in places that
can be seen from classrooms.

In fact, trees are also important for mental health. Alvarado et al. (2023), in a study on street
trees, found that they can reduce damage, provide mental restoration and even develop mental
capabilities. More tree canopy is associated with less psychological distress for residents (Feng et al.,
2022). Even during maintenance work, contact with green can trigger positive emotions and provide
a better quality of life, while negative emotions decrease considerably (Joung et al., 2022). Actually, in
addition to the maintenance work provides a positive mental effect (Joung et al., 2022), maintenance
is also crucial to ensure its efficiency, since the health of street trees and the availability of adequate
resources for their maintenance influence the beneficial effects that trees can supply (Alvarado et al.,
2023). Furthermore, it has been suggested that the positive mental effect provided by tree canopy
cover can be, in fact, powerful, as it may even prevent suicide attempts (Lee et al., 2023).

The presence of trees in the urban space is beneficial and several of their advantages are widely
recognized. For example, trees improve air quality by removing air pollutants such as particulate
matter (Gaglio et al., 2022; Rodriguez-Santamaria et al., 2022; Zhang et al., 2020), mitigate the urban
heat by providing a cooling effect (Sharmin et al., 2023; Winbourne et al., 2020; Yan et al., 2023) and
promote health and wellbeing (Astell-Burt et al., 2023; Marselle et al., 2020; O’Brien et al., 2019).
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So urban residents can take advantage from these benefits, proximity to trees is important,

especially for individuals on deprived and vulnerable groups (Baré et al., 2019; Bernatzky, 1977;
Marselle et al., 2020). However, studies have revealed disparities in tree cover in cities, which
negatively affect the potential benefits, creating environmental injustice (Endreny et al., 2020; Kolosna
& Spurlock, 2019; McDonald et al, 2021). This environmental injustice mainly affects poor
neighbourhoods and is not limited to the smaller presence of trees in these places, but also to their
lower quality, which, in turn, as earlier mentioned, affects the beneficial mental effect that they can
provide (Alvarado et al., 2023; Anderson et al, 2023; Fang et al., 2023).
Street trees also perform other essential functions for human life. For example, Zhu et al. (2022) found
that trees should have a positive outcome on pedestrian safety despite, ironically, in the past, they have
been removed as they were considered dangerous on the road. Notwithstanding, the presence of street
trees in cities is not only favourable for humans, as they also augment species richness (Anderson et
al, 2023).

3. Aims

This article aims to contribute to evaluating the viability of converting the current green spaces
and permeable areas of 48 public hospital campuses into TG. There were assessed 1) the current
usability, that is, whether the current gardens have structures that allow their use, such as paths or
whether these structures need to be constructed; 2) the tree cover and its location (in green spaces or
in impermeable areas), as it is structural and performs crucial functions; 3) the proximity of green
space/permeable area and tree cover to hospital buildings, in order to assess whether they are at a
distance from which possible future TG can be accessed easily.

4. Case study

In this article we have studied 48 public hospitals (hospitals in close collaboration with the
National Health Service were also included). The studied hospitals are distributed across 22 cities in
Portugal, these being the mostimportant in each region (fig. 1). Normally, each city has a single hospital
campus, but there are cities, for example the most important cities in the country (Lisbon and Porto),
which have more than one hospital campus (appendix I). This is also the case of Coimbra, a city
historically linked to university medical education, and Faro, in the south of the country, where the
psychiatric hospital has its own campus.

In addition to hospitals on the mainland, this study also includes those located in the
archipelagos of Madeira (three islands and two islets, but mainly known for the islands of Madeira and
Porto Santo) and Azores (nine islands). Notwithstanding, one public hospital was studied in Madeira,
located in the city of Funchal, and three in the Azores, located in Horta, Angra do Heroismo and Ponta
Delgada.

The urban-environmental context of the hospitals studied also varies. It is possible to find
hospital campuses in consolidated urban areas, such as the public hospitals in Faro and Beja, as well
as several in the largest cities, Lisbon and Porto, with no or little chance of horizontal growth. However,
itis also possible to find situations, such as the Hospital Pediatrico de Coimbra and the public hospital
in Vila Real, which have peripheral locations and, therefore, greater chances of having horizontal
growth.

According to the Koppen-Geiger classification, Portugal mainland is characterized by having a
Csb climate (warm-summer Mediterranean climate), especially in the northern part of the country and
coastal areas, which gradually changes to Csa (hot-summer Mediterranean climate) as we move south
and inland (Agencia Estatal de Metereologia de Espafia [AEMET] & Instituto de Metereologia de
Portugal [IM], 2011). It is also important to mention that there is also a small region in the area of the
city of Beja, classified as BSk (cold semi-arid climate) (AEMET & IM, 2011).

In the Madeira archipelago, the island of Madeira is mostly classified as having a Csb climate,
while Porto Santo has a predominant BSh (hot semi-arid climate) climate (AEMET & IM, 2012). In turn,
the Azores archipelago presents a predominant Cfb climate (oceanic climate) in almost all of its islands,
with the exception of the islands of Santa Maria and Graciosa, which present a predominance of csb
and csa in most of their territory (AEMET & IM, 2012).



Martins, B. F. G, Rodrigues, F. M. Finisterra, LIX(127), 2024, e37027

PORTUGAL - MAINLAND L

o AZORES |

Q
Horta

‘2%\

Angra do Heroismo
"9

i fN~"Braganca
QPonta Delgada Viana do Castelo o gane

Vila Real
Braga

Porto

Q
0 100 200 km vt i
—— veiro Viseu
: ° Guarda
2 L ]
Coimbra
MADEIRA | ° é

Castelo Branco
L]

Leiria f
i

Portalegre

Santaré
A antarém
Lisboa

Funchal Setubal .é""'a

Beja
°

Faro

Background data: © EuroGeographics for the administrative boundaries; CAOP (Official Administrative Map of Portugal) 2021.
Fig. 1 - Studied cities. Colour figure available online.
Fig. 1 - Cidades estudadas. Figura a cores disponivel online.

In economic terms, data from 2019 indicated that the purchasing power per capita of the cities
studied varied between 90.70 (Horta) and 205.62 (Lisbon) (Statistics Portugal, 2020). Other cities with
low purchasing power per capita (<100) are Angra do Heroismo, Bragancga, Castelo Branco, Guarda,
Viana do Castelo, Vila Real and Viseu, while after Lisbon, the second city with the highest purchasing
power per capita is Porto (154.02) (Statistics Portugal, 2020).

IL. METHODOLOGY

This study aims to contribute to the assessment of the conversion of current green spaces and
permeable areas in 48 public hospital campuses into TG. For this, three factors were analysed.

Firstly, the current usability of green spaces on hospital campuses was verified, in order to
assess whether the existing green spaces have structures, furniture, etc. that allow their use or
whether it is necessary to construct them. This is a factor that may facilitate the conversion of current
green spaces into TG and reduce construction costs, thus encouraging decision makers to do so.

Secondly, we analysed the distance from hospital buildings to these green spaces, as direct
access is required by the TG. Therefore, even with the appropriate equipment and conditions, if a
green space is far from hospital buildings, it will not be suitable to be converted into TG.

Lastly, as trees are structural elements of a green space, we also examined the tree cover
present in these green spaces. This will allow us to understand whether we can have more mature
green spaces that can quickly meet the TG requirements, or whether immediate conversion is not
possible.

To proceed to these analyses, a common Geographic Information System (GIS) was set up and
used.

1. Data collection and vectorization
All green spaces inside the public hospital campuses were manually vectorized. Permeable (for

example bare soil) and impermeable areas (examples of which are pavements and areas occupied by
buildings) were also vectorized. The inventory was conducted using Google Satellite images©,
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accessed through QuickMapServices© for QGis©. Notwithstanding, the boundary of each campus was
identified on Google Maps© and manually corrected when necessary.

Subsequently, green spaces were classified into: usable and not usable. Usable green spaces are
those in which there are paths, seating areas, that is, which can be accessed and used directly. In turn,
not usable green spaces are those that perform ecological and visual functions but cannot be accessed
by people (except for maintenance purposes).

Tree cover was manually vectorized into a separate shapefile, and includes all trees within
hospital campuses, even isolated ones. Data quality (completeness and consistency) was ensured
through topological checks.

2. Calculus and analysis

All measurements were performed in the Geographic Information System. For percentage, the
area of the respective hospital campus was considered as the total area. To evaluate the distribution
of tree cover, the projected area of tree cover present in green spaces and other permeable areas, as
well as in impermeable areas were obtained through an intersection process.

To analyse the distance from buildings to green spaces/permeable areas and to tree cover, a
multiple ring buffer was created, taking as starting point the buildings polygons. Subsequently, it was
intersected with the respective shapefile to obtain the area present in each distance interval.

III. RESULTS
1. Usability of hospital green spaces

The percentage of usable green area on public hospital campuses, that is, whether a green
space can be accessed by patients, family members and employees, or not, is shown in figure 2.
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Background data: © EuroGeographics for the administrative boundaries; CAOP (Official Administrative Map of Portugal) 2021.
Fig. 2 - Usable green area (%) per public hospital campus. Colour figure available online.

Fig. 2 - Area verde usdvel (%) por campus dos hospitais piiblicos. Figura a cores disponivel online.
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Not usable green spaces, that is, hospital green spaces with only ecological and visual functions
that cannot be accessed are dominant in most hospitals. In total, only seven hospitals have more usable
than not usable green space. Four of them are located in Lisbon (Hospital de Santa Marta, Instituto de
Oftalmologia Dr. Gama Pinto, Hospital de D. Estefania and Hospital de Egas Moniz), two in Porto
(Hospital Geral de Santo Anténio and Hospital Conde de Ferreira) and one in Coimbra (Maternidade
Dr. Bissaya Barreto), being the Hospital de Egas Moniz and the Maternidade Dr. Bissaya Barreto where
the percentage of usable green spaces is higher.

In contrast, there are 15 hospital campuses where there are no usable green spaces, that is, in
these hospitals all green spaces can only be observed, but not visited. It should also be noted that
although not all campuses have usable green spaces, all without exception have green spaces just for
viewing.

Among the 33 hospital campuses that have usable green spaces, 21 are located in Lisbon, Porto
and Coimbra, remembering that Lisbon and Porto are the most important cities in Portugal and
consequently suffer from greater urban pressure.

1. Distance from hospital green spaces to hospital buildings

Figure 3 and 4 shows the area of green spaces according to the distance classes from hospital
buildings, up to a maximum distance of 200m.
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Background data: © EuroGeographics for the administrative boundaries; CAOP (Official Administrative Map of Portugal) 2021.

Fig. 3 - Area of green space (% and m?) according to the distance measured from the buildings per public hospital
campus. Colour figure available online.

Fig. 3 - Area de espaco verde (% e m?) de acordo com a distdncia medida a partir dos edificios por campus dos hospitais
publicos. Figura a cores disponivel online.
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Fig. 4 - Total area of green space (m?) according to the distance measured from the buildings. Colour figure available
online.

Fig. 4 - Area total de espaco verde (m?) de acordo com a distdncia medida a partir dos edificios. Figura a cores disponivel
online.

Most of the total area of green space available on the hospital campuses studied is located within
20m, followed by those located between 21-40m and those located between 41-60m. Even looking
individually at the hospital campuses, it is noted that most of them, in fact, have a large part of the area
of green spaces between 0-20m, with some exceptions in which the area of green spaces is more
distributed over different distances, such as the public hospital campuses of Viseu, Guarda, Ponta
Delgada and Angra do Heroismo.

Notwithstanding, it is also noted that in some hospitals, the area of green spaces between
21-40m is also significant, as well as, eventually, the area of green spaces between 41-60m. On the
contrary, hospital campuses that have green areas relatively far from the buildings are rare, for
example, only four hospital campuses have them more than 161m and only three have them more than
181m.

2. Tree cover on hospital campuses

Figure 5 shows the percentage of tree cover in all hospital campuses studied, represented by
size and colour.

The highest tree cover values found were recorded in Porto, namely at the Hospital Conde de
Ferreira (38.46%) and the Hospital de Magalhdes Lemos (36.42%). Notwithstanding, the other
hospital campuses in the city have low green coverage values, with the Hospital Central Especializado
de Criangas Maria Pia being one of those with the lowest tree coverage (0.83%) in the entire study,
only being surpassed by the IPO Coimbra (0.26%) which has the lowest tree cover found.

The low tree cover extends, in general, throughout the country, with island regions, the
archipelagos of Madeira and the Azores, standing out due to their low values. Compared to the rest of
the country, Lisbon has a concentration of slightly higher values, but still low values. There are only 4
hospital campuses with tree coverage between 31-40% and one of them is located in Vila Real (31%),
a city located in the centre north of the country, which draws attention precisely because of its
relatively high value when compared to the surrounding ones.

The percentage of trees that are located in green spaces and those that are located in
impermeable areas is shown in figure 6.

Tree cover, on most hospital campuses, is located in green spaces. However, there are also
hospitals where most of the tree cover is located on impermeable surfaces, such as the hospitals in
Settibal and Evora or the Hospital de Sdo José (Lisbon) and the Hospital Central Especializado de
Criangas Maria Pia (Porto). Furthermore, in all the hospitals studied without exception, it was found
that there is tree cover in green spaces and impermeable areas, with no total in just one of the
typologies. Tree cover within green spaces or permeable areas varies from the Centro Hospitalar do
Funchal (Madeira) (18.20%) to the Maternidade Dr. Bissaya Barreto (Coimbra) (96.48%).



Martins, B. F. G, Rodrigues, F. M. Finisterra, LIX(127), 2024, e37027

Azores F Porto F
o
[0} — AT
5 362 ..,'04/_‘ I
\ N 38.46
Q N 1063 .
%4 @ 378 '
NN % A '
0 1 2km ¢
.
16:19: ’451?4 Colmbra’\ :
2026 '
831 '
18!86 --
Q
0 100 200 km 16389 0 1 2km
—

L

Madeira P o Lisbon ’\

8.482%_91

£ "

\ 8636
\

0 20 40km 7 e T 0 1 2km

I 0-10% [0 11-20% [ 21-30% 31-40%
Background data: © EuroGeographics for the administrative boundaries; CAOP (Official Administrative Map of Portugal) 2021.

Fig. 5 - Tree cover (%) per public hospital campus. Colour figure available online.

Fig. 5 - Cobertura arbérea (%) por campus dos hospitais publicos. Figura a cores disponivel online.

0 100 200 km 0 1 2km

Madeiea | D Lisbon F

0 20 a0km P 0 1 2km i 0 1 2km

[ Tree cover within green spaces or permeable areas [ ] Tree cover within impermeable areas
Background data: © EuroGeographics for the administrative boundaries; CAOP (Official Administrative Map of Portugal) 2021.

Fig. 6 — Percentage of tree cover in green spaces/permeable areas and in impermeable areas. Colour figure available
online.

Fig. 6 - Percentagem de coberto arbéreo em espagos verdes/dreas permedveis e em dreas impermedveis. Figura a cores
disponivel online.
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In addition to the location in green spaces and impermeable surfaces, it was found that the tree
cover on the campuses of the public hospitals studied was at a maximum distance of 80-90m from the
hospital buildings (figures 7 and 8).
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Fig. 7 - Distance from buildings to tree cover (% and m?). Colour figure available online.

Fig. 7 - Distdncia dos edificios a cobertura arbérea (% e m?). Figura a cores disponivel online.
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Fig. 8 - Total distance from buildings to tree cover (m?). Colour figure available online.

Fig. 8 - Distdncia total dos edificios a cobertura arbérea (m?). Figura a cores disponivel online.

Most of the tree cover is close to the hospital buildings, gradually decreasing to a distance of
between 81-90m. In part, this was expected due to the size of hospital campuses, which tend to be
smaller. However, on some hospital campuses there is also only tree cover between 0-10 m or
practically that, not only because these hospital campuses are small, but because their campuses are
so occupied by buildings that there is almost no space left for green spaces and trees. These are the
cases of the Hospital Central Especializado de Criangas Maria Pia (Porto), the Maternidade Dr. Alfredo
da Costa (Lisbon), the Centro Hospitalar do Funchal (Madeira) and the Hospital de Santa Marta
(Lisbon). Conversely, there are hospital campuses where tree cover is more or less present in all
distance ranges, such as the Hospital de Santa Maria (Lisbon) and the Hospitais da Universidade de
Coimbra, where the size of the hospital campuses and the layout of buildings allow it.
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IV.  DISCUSSION

Most hospital campuses in Portugal lack usable green spaces. The same was also found by Jiang
et al. (2018) in their study, who relate that most gardens are used, principally, for viewing purposes.
However, green spaces located on hospital campuses have great potential and could contribute to
expanding/introducing certain functions and creating new capabilities through the use of hospital
outdoor spaces. Furthermore, this is also an opportunity to reconvert spaces that we observed to be
mostly disused and many practically abandoned. Thus, with the conversion of these spaces into TG,
the hospitals studied would improve patients' quality of life, benefit their families and healthcare
professionals and may also accelerate their healing process (Bernez et al., 2018; Hastuti & Lorica,
2020; Jiang et al., 2018; Pimentel, 2023; Reeve et al., 2017; Sherman et al., 2005).

TG in the studied hospitals can also be pleasant places where patients can receive visitors or
staff can take a break. However, this requires a major transformation of the 48 public hospital
campuses, as most are not even prepared to be used. For example, it is necessary to include resources
that allow adults to sit and socialize, elements that allow relaxation through listening to the sounds
coming from the movement of water, for example, have circuits that allow patients to walk through
the garden, elements or programs that allow children to be involved, since they prefer interactive
activities, ensure privacy through plant hedges or similar, as patients prefer (Sherman et al., 2005),
and have plants in which patients can feel texture, smell and that have other characteristics suitable
for TG.

It was found that most of the area of green spaces on the studied hospital campuses is close to
hospital buildings, which makes their conversion into TG viable, since a direct access and a strategic
location are imperative features for their success (Hastuti & Lorica, 2020; Jiang et al., 2018; Sherman
etal., 2005). For example, Sherman et al. (2005) found that the largest garden which at the same time
has more direct access was the most used. Thus, if converted into TG, most of the green spaces in the
hospital campuses studied could have the potential to attract more visitors and, consequently,
promote more direct contact with nature and greater socialization which, in turn, will benefit the
mental health of their users (Chen et al., 2021; Sherman et al., 2005; Song & Lin, 2022).

However, although proximity to TG is important, distant green spaces should not be neglected
as they are important for other functions (Bernatzky, 1977; Liu et al., 2023; Ogawa et al.,, 2023; Wang
et al., 2022) and for cities in which, in general, they are scarce and do not reach the recommended
values (Fuller & Gaston, 2009; Gémez et al., 2014; Martins & Pereira, 2018), thus can being mainly the
largest campuses hospitals, important green space preservation areas in cities. Therefore, not only the
green spaces and the permeable areas adjacent to hospital buildings should be subject to improvement
and preservation, but also the entire hospital campuses, so that they can perform their functions with
the best possible quality.

One of the reasons for the lack of usable green spaces or even TG on hospital campuses may
be the lack of knowledge about their advantages. In fact, decision-makers may have seen the
surroundings of hospital buildings only as places to frame and beautify the buildings, not realizing
their potential, and even though the no usable green spaces in the hospital campuses may also have
their advantages, a TG have many more (Bernez et al., 2018; Hastuti & Lorica, 2020; Jiang et al., 2018;
Pimentel, 2023; Reeve et al., 2017; Sherman et al., 2005).

Hence, a publicity campaign about TG not only among decision makers but also among the
general public could be crucial to reversing this trend. On the one hand, studies on the benefits (or not)
of green spaces in Portuguese hospitals, such as those involving patient recovery rates and
consequently economic gains, could be important to present to decision makers, so there is a need for
the scientific community gets involved. On the other hand, it is also important to directly inform
patients, family members and healthcare professionals about the advantages of using a TG. It is equally
important to develop more studies and disseminate them to Landscape Architects and Urban Planners,
in order to clarify the specific needs of this type of green spaces, as a poor design can compromise their
effectiveness (Pimentel, 2023).

Of the seven maternity/paediatric hospitals studied, only four have usable green space and
among them, only two have more usable green space than not usable one (Hospital de D. Estefania and
Maternidade Dr. Bissaya Barreto). In addition to the need to increase usable green space on these
hospital campuses, there is also the need, in a future study, to assess whether or not the space is
suitable for children and to make, if necessary, the required adaptations. More than creating more

11



Martins, B. F. G, Rodrigues, F. M. Finisterra, LIX(127), 2024, e37027

usable green spaces, the creation of excellent quality TG, with areas to play, should also be considered
due to the benefits they provide to children (Pasha & Shepley, 2013; Reeve et al., 2017; Sherman et al.,
2005). Furthermore, as children are more vulnerable than adults, children's hospitals should be among
the first hospitals to receive intervention.

This study only analysed the usability of green spaces on public hospital campuses, without
analysing their quality. However, it does not matter to have usable green spaces if they do not have
enough quality to allow the adequate performance of their functions. For example, Pasha and Shepley
(2013) found that the quality of garden design in a paediatric hospital can influence children's physical
activity. The need for TG certification has also been mentioned precisely for this reason (Marcus, 2016;
Pimentel, 2023).

Therefore, in addition to the fact that in a future study it will be necessary to analyse the quality
of public hospital green spaces in Portugal in order to ascertain their situation and be able to make the
necessary corrections, there is also a need to create a document with specifications for TG in general,
but also for specialized hospitals such as hospitals for children and older adults, so that Landscape
Architects can develop these spaces properly.

Although there is tree cover on all hospital campuses studied, a low percentage was found in
most of them, with some even having almost no trees. These are the cases of the public hospital in
Horta, the Hospital Central Especializado de Crian¢as Maria Pia and the IPO Coimbra, where tree cover
less than 1%. Low tree cover can be detrimental to the good performance of TG, since trees are
important for therapeutic functions (Alvarado et al., 2023; Feng et al., 2022; Joung et al., 2022; Lee et
al.,, 2023; Paraskevopoulou et al., 2018; Pearson et al., 2023), to provide shade allowing patients,
families and healthcare professionals to remain in the garden on hotter days and to provide a visual
and sound barrier that can help users to abstract themselves from the city and give a feeling of greater
naturalness to the green space.

Therefore, so that public hospitals in Portugal can provide better wellbeing and health
conditions and, in addition, can perform therapeutic functions, provide better views for patients and
block annoying noise, it is important to increase their tree cover. This is even more crucial to do if we
really want to create TG that expand/complement the hospital functions.

In addition to the low tree cover found, part of it is not located in a green area. On the one hand,
this is positive, as trees are important for reducing surface temperatures, contributing to mitigating
the surface temperature and the urban heat island (Jung et al., 2021; Kaluarachichi et al., 2020; Yan et
al., 2023), which could have a positive effect on public hospital campuses. On the other hand, this also
means that the percentage of tree cover in green spaces is even lower and consequently the structure
of existing green spaces is less solid, which also means that extra effort will be needed if policy makers
decide to convert current green spaces into TG.

However, as earlier mentioned, trees on impervious surfaces are also important and should not
be neglected during interventions on hospital campuses. Furthermore, from the point of view of
mentally influencing patients, they could be equally important, as it was found that street trees, which
are in an analogous situation, also have a positive influence (Alvarado et al., 2023). Thus, both
situations should exist and complement each other.

Most of the tree cover on public hospital campuses in Portugal is close to the hospital buildings,
which is positive, as proximity to trees has been found to be beneficial especially for individuals on
deprived and vulnerable groups (Baré et al, 2019; Bernatzky, 1977; Marselle et al, 2020).
Furthermore, as TG must have direct access to patients (Hastuti & Lorica, 2020; Jiang et al., 2018;
Sherman et al.; 2005) and, among others, proximity is important for this direct access, it is possible to
create more consolidated TG in the proximity of hospital buildings in a shorter period of time, that is,
the gardens can have some mature trees and all the benefits they provide, without waiting several
years for them to be at a more advanced stage of development and therefore at full potential. Of course,
direct access implies not only proximity but also ease of access to the space, as even a nearby garden
can be difficult to access and use, which compromises its therapeutic functions (Chen et al.,, 2021; Song
& Lin, 2022). In this study we only focus on the first, but it is also important to study the ease of access
to future hospital green spaces during their design.

Although the proximity of trees is important, on hospital campuses large enough to support
several layers of trees, their distribution over various distances must be ensured. This is important to
reduce noise coming from the city, making the space more pleasant (Defrance et al., 2019; Karbalaei et
al., 2015; Martinez-Sala et al., 2006; Oliveira et al., 2022). Furthermore, to maximize noise reduction,
vegetation should be strategically selected, for example a combination of trees and shrubs and a mix
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of broad-leaved evergreens and conifers (Defrance et al.,, 2019; Karbalaei et al., 2015). Even on small
hospital campuses, the presence of some trees, even though they do not have the potential to reduce
the level of perceived physical noise, can influence psychological well-being (Nguyen & Morinaga,
2023). Notwithstanding, the hospital campuses which are mostly occupied by buildings must be
rethought, as they do not have space available for the construction of green spaces and cannot offer
these ecosystem services to patients (Hastuti & Lorica, 2020; Murroni et al.,2021; Sherman et al., 2005;
Uwajeh et al.,, 2019; Yeon et al.,, 2023; Yzoard et al., 2017).

V. CONCLUSIONS

This study analysed the usability of hospital green spaces, the distance from hospital green
spaces to hospital buildings and the tree cover on 48 public hospital campuses in Portugal, as a
contribution to the study of the viability of converting these spaces into TG.

It was found a lack of usable green spaces on public hospital campuses in Portugal, which
requires a greater effort to convert them into TG. However, the need to create these spaces could
simultaneously be an opportunity to provide the National Health Service with green spaces more
adapted to the hospital context and in accordance with the most recent scientific findings, for example
the creation of TG, which in addition to providing various functions like a common garden, they can
also be used for therapeutic purposes. We recommend that green spaces on hospital campuses
effectively complement hospitals functions or, at least, be adapted so that they can be used, and are
not just used as spaces to beautify their surroundings.

Most of the existing green area on the studied hospital campuses, as well as most of the existing
tree cover is close to buildings. This facilitates the conversion of these spaces into TG, since proximity,
one of the required direct access conditions (Jiang et al., 2018; Hastuti & Lorica, 2020; Sherman et al.;
2005), can be easily ensured, also providing a more mature garden with greater potential in the early
years, due to the existing adult trees.

Despite the proximity of tree cover to hospital buildings, it was found that several hospitals have
extremely low tree coverage. In fact, tree cover varies between 0.26% and 38.46%. Despite being
mostly located in green spaces or permeable areas, there is still a need to increase it. However, the lack
of studies on these issues does not allow us to have a point of comparison, nor to concretely assess the
situation on the hospital campuses studied.

In some hospital campuses, a large occupation by buildings that left little space for green areas
was observed. Considering the importance of green spaces, as well as the complement of hospital
functions they provide, we recommend rethinking these campuses.

We found a lack of information for Landscape Architects to design therapeutic gardens, as well
as specifications to assess the current state of gardens on hospital campuses. These specifications are
even scarcer for TG dedicated to children and older adults, as they present specific needs, which is why
we consider being urgent to produce more research on the subject. Subsequently, with that
information, it will be possible to conduct a more in-depth assessment of the hospitals specializing in
children covered in this study. In addition, due to the vulnerability of children, we suggest that these
hospital campuses have priority in interventions.

In general, the variables studied presented a positive scenario. However, there is a need to
complete the assessment of hospital campuses with other studies, for example with the quality of
current green spaces. We recommend the creation of guidelines that allow to evaluate the quality of
gardens on hospital campuses, that considers the specific case of specialized hospitals for children and
older adults and allow a comparison among different case studies.
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APPENDIX

Table Al - Hospitals in each study city.

Quadro Al - Hospitais de cada cidade de estudo.

City

Hospitals

Angra do Heroismo

Public General Hospital

Aveiro Public General Hospital
Beja Public General Hospital
Braga Public General Hospital
Braganca Public General Hospital

Castelo Branco

Coimbra

Evora

Faro

Funchal
Guarda
Horta

Leiria

Lisboa

Ponta Delgada
Portalegre

Porto

Santarém
Setubal

Viana do Castelo
Vila Real

Viseu

Public General Hospital

Hospital da Universidade

Hospital Pediatrico de Coimbra

IPO de Coimbra

Hospital Geral (Hospital dos Covdes)
Maternidade Dr. Daniel de Matos
Maternidade Bissaya Barreto

Public General Hospital

Public General Hospital
Departamento de Psiquiatria e Saide Mental do Hospital de Faro

Hospital Dr. Nélio Mendonga
Public General Hospital
Hospital da Horta

Public General Hospital

Hospital de Egas Moniz

Hospital Julio de Matos

Hospital Dona Estefania

Hospital Pulido Valente

Hospital Curry Cabral

Hospital de Sdo José

Instituto de Oftalmologia Dr. Gama Pinto
Instituto Portugués de Oncologia de Lisboa Francisco Gentil
Maternidade Dr. Alfredo da Costa
Hospital de Santa Maria

Hospital de Santa Marta

Hospital de Santo Anténio dos Capuchos
Hospital de Sdo Francisco Xavier
Hospital das For¢as Armadas

Hospital Miguel Bombarda

Public General Hospital

Public General Hospital

Hospital Conde de Ferreira

Centro Hospitalar Universitario de Santo Anténio
Hospital de Sdo Jodo

Maternidade de Julio Dinis

Hospital Central Especializado de Criangas Maria Pia
Hospital de Magalhdes de Lemos

IPO-Porto.

Public General Hospital
Public General Hospital
Public General Hospital
Public General Hospital
Public General Hospital
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