Biophilia: Nature-based solutions for sustainable cities
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Introduction

More than half the world's population now live in cities. After decades of massive urban migration
and unplanned susfainable urban development, cities are facing unprecedented environmental, health and
social problems. According to the World Health Organization, urban air pollution is associated with the
death of around 1.2 million people globally every year, mainly due to cardiovascular and respiratory dis-
eases (WHO 2010). In combination, the availability of unhealthy food choices and several urban factors
(e.g. overcrowding, high-volume fraffic, heavy use of motorised transportation, poor air quality and lack of
safe public spaces and recreation and sports facilities|have discouraged physical activity and promoted
unhealthy food consumption, directly affecting lifestyle, health and life expectancy(WHO 2010). Further-
more, unnatural urban seftings may increase vulnerability o maladaptive neurobiological functions and
associated emergence of psychiafric illness (e.g. depression) (Lambert et al. 2015).In response to climate
change, a rapidly growing global population and associated environmental, health and social problems,
we need to find innovative approaches (e.g. Biophilia, Ecopolis, EcoCity, Nature-Based Solutions (NBS))
to design more liveable, healthy, sustainable and resilient cities.

The idea for biophilic cities is inspired by Wilson's(1986)concept of ‘biophilia’(i.e. the human need to
have connections with nature) and provides a theorefical basis with potential to explain and enhance health
and wellbeing. Such benefits within the urban nature paradigm have the potential to substantially improve the
liveability of dense and polluted urban areas(Russo & Cirella 2017; Reeve et al. 2015; Kellert 2016; Beatley
& Newman 2013]. In our opinion, biophilia is an extension of a cleaner urbanisation strategy and promotes
future-based ideas in which sound human-nature living conditions are encouraged. More recently, the
analogous concept of NBS has emerged as a way to operationalise an ecosystem services approach within
spatial planning policies and practices. Whenapplied at the urban scale, NBS emphasises multi-functionality
in terms of services and functions, including drainage management, habitat provision, ecological connectivity,
health and wellbeing, recreational space, energy reduction and, in particular, climate change, mitigation and
adaptation(Scott et al. 2016; Cohen-Shacham et al. 2016).



Biophilic cities and NBS can thus deliver considerable health benefits af individual and family level. For
example, the sight of natural elements such as urban forests or individual frees within a city can deliver important
positive impacts on mood, reduction of fatigue and enhanced individual resilience and hedlth (Beatley &
Newman 2013).In particular, NBS measures such as green walls, roof gardens, sireet frees and vegetated
drainage basins have the potential to contribute to reducing pollutant concentrations in cities(Cohen-Shacham et
al. 2016; Janhall 2015; Escobedo et al. 2011). These novel ideas reflect augmented forms of NBS implementa-
fion in ferms of living and research capacity. Research shows that living in areas with walkable green spaces can
e.g. positively influence the longevity of utban senior citizens (Takano ef al. 2002). A study by Shanahan et dl.
(2016) in Australia showed that people who made long visits to green spaces had lower rates of depression and
lower blood pressure and frequently had greater social cohesion within the community. Green spaces and NBS
in urban areas, through the provision of carbon sforage and sequestration, carbon offsetting, cooler microclimates
and reduced surfoce water runoff, can help adapt cities for climate change (Gill et al. 2007; Russo et al.
2015) However, NBS, biophilic cities and urban green infrasfructure have been studied in only a few Russian
cities (Nilsson et al. 2007: Dushkova et al. 2016;Kazakova and Beloshenkova, 2015: Kerimova, 2015;
Ignatieva et al, 2009). Interestingly, the pioneering inferdisciplinary concept of Ecopolis was developed be-
tween 1980-2000 by Moscow State University, with the goal of designing a new type of human setlement that
safeguarded development between the biosphere and processes of urbanisation (Agavelov et al, 1985; Ignati-
eva, 2000). This paper presents cutiing-edge, exploratory NBS, biophilic and urban green infrastructure research
within the scope of a Russian metropolitan area. It expands upon a conceptual framework for NBS indicators
and a biophilic planning approach, with a description of the methodology and related-coupled approaches.

Methods

The study area is the city of Vladivostok, which is largely an industrial city located in Far Eastern Rus-
sia, with a population of 633,414 inhabitants, covering an area of 331.16 km” (Fig. 1).The air pollution from
industrial enferprises and intensive mefropolitan fraffic has been identified as the cause of asthma morbidity in
the resident population(Veremchuk et al. 2016).The aim of the present study was to characterise the city by
quantifying and mapping ifs 'biophilic indicators (i.e. percentage of the population with access to a green
space or park within a few hundred metres; percentage of urban land orea covered by vegetation of differ-
ent fypes; number of alternative ecologically driven design features (e.g. green rooftops, green walls and rain
gardens); useof inspiration from nature (e.g. forms, colours and textures) in architecture and landscape de-

sign; and extent of flora and fauna (e.g. species) found within the city. Our vision of ‘biophilic indicators ‘was
adapted from Beatley (201 1) and Beatley and Newman (2013)(Table 1).

Fig. 1.The study area of Vladivostok (Source: Google Maps).



Furthermore, using an interdisciplinary approach, we identified a range of tools for assessment of
ecosystem services and benefits provided by NBS in Vladivostok. In particular, we aim to measure,
model and quantify air pollution removal from green elements, carbon storage and CO,sequestration by
infegrating NBS into the Vladivostok context. We will also assess the social, psychological and wellbe-
ing benefits provided by a biophilic planning approach. In addition, using a ‘research by design
method’, we aim to develop several urban design scenarios for a concrete neighbourhood. The design
brief was to develop a systematic method for deciding how the actual urban ecosystem should be modi-
fied to enhance ecosystem services and psychological wellbeing. For example, we sought to identify
where rain gardens or green roofs should be located, and what species composition, design feature
and appropriate management practices could be suggested.

Results

From a literature review, we identified biophilic indicators (Table 1) and several NBS indicators,
methods and approaches to quantify urban ecosystem services (Table 2).The formatting and results from
Table 1 are indicative of biophilic city indicators and were compiled to best describe the initial step to
building an indicator-based dataset. In terms of framework development, Table 2 breaks NBS indicators
down info: categories, indicators, units, method and source.We related these indicators to a given spa-
fial scale to allow the conversion from absolute number to density (n/km?, n/capita) which would apply
both for green design features and for the building-integrated vegetation (with different cover fractions of
the building). For the building-integrated vegetation, we also considered the overall green surface cover
in terms of both the horizontal and vertical dimensions.

Table 1.Biophilic city indicators (adapted from Beatley 2011; Beatley & Newman 2013)

KEY PARAMETERS INDICATORS
Biophilic conditions and infra- Percentage of population living within a few hundred metres of a park or green
structure space

Percentage of city land area covered by frees or other vegetation

Number of green design features (e.g. green rooftops, green walls, rain gardens)
Percentage of building-integrated vegetation (BIV)

Extent of natural images, shapes, forms employed in architecture and seen in the city
Consistency of flora and fauna (e.g. species) found within the city

Biophilic behaviours, patterns, Average proportion of the day spent outside

practices and lifestyles Visit rates for city parks

Percentage of trips made on foot

Extent of membership and participation in local nature clubs and organisations

Biophilic attitudes and knowl- Percentage of residents expressing care and concern for nature

edge Percentage of residents who can identify common species of flora and fauna
Biophilic insfitutions and govern- | Priority given to nature conservation by local government; percentage of mu-
ance nicipal budget dedicated to biophilic programmes

Existence of design and planning regulations that promote biophilic conditions
(e.g. mandatory green rooftop requirement, bird-friendly building design
guidelines)

Presence and importance of insfitutions, from aquaria to natural history muse-
ums, that promote education and awareness of nature

Number/extent of educational programmes in local schools aimed at teach-
ing about nature

Number of nature organisations and clubs of various sorts in the city, from ad-
vocacy fo social groups




Table 2. A framework for measuringNature-Based Solution (NBS) indicatorsin Vladivostok, Russia

CATEGORIES INDICATORS UNITS METHOD SOURCE
Regulating ser- | Air quality improvement 1) kg/year Field data and modellin Janhall
vices 1) Amount of pollutants 2) cm/s approach [e.q. EMEP 9 2015;
(NO,, Os, SO,, CO and wﬁ)gc W ‘j"| e Eeg | Guidolofii et
particulates) removed by \/O/U-FOénEomiale-l rEeIiMc_o al. 2016; Yli-
NBS - met V4 model) andre- Pelkonen et al.
2) Dry deposition rafe search by design 2017
method(e.g. different de-
sign scenarios with green
roofs vs conventional
roofs).
Measurements of air pol-
lutant levels using dry
deposition passive sam-
plers placed under tree
canopies.
Potential of NBS to mitigate | 1)kg CO, m?y" | Biomass esfimates byal- Russo et al.
urban CO, emissions (CO, | ' lometric equations and 2015,
storage and sequestration 2)ton C /ha growth rate predictions Weissert ef al.
by NBS) using free core analysis. 2014;
1) CO, sequestration Soil CO, effluxes directly | Livetal. 2012;
2)Carbon stocks in vegeta- measured with chamber Crawford &
fion and soil systems. Christen 2015
Eddy covariance tech-
nique.
Maintenance of a healthy | % ldentification of urban Dobbs ef al.
urban forest (Diversity Index| irees. 2014
Runoff mitigation 1) % sealed Maooi ban | A Xiao ef al.
1)Impervious and perme- surface relafive opplfng oroan |mperIV||- 2000
able surface fo permeable ous suriaces using aerid
2) Canopy interception surface (ha) |Tmoges: ol .
2)Interception ree raintall interception
P del.
% of precipita- | ™
tion
Siiii)orhng ser- | Habitat provision % Ratio of nafive frees ggﬁﬁs efal.
Provisioning Food production and me- 1)ha g . Haberman et
services dicinal plants 2)ton/ha Idde.grﬁcohon gffdﬁerent al. 2014:; Da
1)Total area of EGI 3) no. of ed! le greenin rESTFUC,TUFT Rocha et al.
2) Harvested crops species/ha typczlog|es (E'9'| otodmco 2015 Russo et
3) Medicinal plants 4)ton/ha gﬁr ens, ¢ C(;O 90(; e gl 2017
4]Potential food production cflofment gardens, domes-
fic garden)
Assessing crop yields using
CIS and field work.
Potential food production
using multiple land use
scenarios.
Identification of medicinal
plants
Cultural ser- Maintenance of natural % Identification of native spe- | Dobbs ef al.
vices heritage cies 2014
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Recreation 1% Dobbs et al.
1) Land suitable for outdoor | 2) m? per capita 2014; Da
recreation 3) number Rocha et al.
2) Open space per habitant | 4) m” 2015; La Rosa
3) Number of recreation 5) Soatial dota of etal. 2016;
sites ha/inhabitant pana f'OE]O oEen WHO, 2016
4)Playgrounds for children | 6)Inhabitants spaces, ieidwer
5)Area of park per within 1 km
inhabitant from a public
6]Access to public park
recreation sites
Biodiversity, 1)Shannon diversity index 1) Adimensional | Floristic and habitat sur- Carrus ef al.
health and hu- | (H) 2) Percentage veys. 2015; Fuller et
man wellbeing | 2)Presence/abundance of | cover Questionnaires to urban al. 2007;
selected species 3)Depression, green spaces users in dif- | Shanahan et
3)Psychological wellbeing | anxiety and ferent locations (e.g. with | al. 2016;
and perceived species rich- | sfress scale, high and low biodiversity | Annerstedt et
ness blood pressure | level; urban and peri- al. 2013
urban).
Physiological recovery in
different virtual environ-
ments (research by design
meﬂ’\od)

Discussion

We propose an interdisciplinary approach based on mixed quantitative and qualitative meth-

odology and tools to assess ecosystem services and human wellbeing by different NBS interventions in

Vladivostok. However, using multiple approaches and tools to assess multiple ecosystem services can

lead to different results. In order to allow comparisons across sampled cities, standardisation of the vari-

ous approaches and methodologies is needed. Our indicator ‘Percentage of population living within a

few hundred metres of a park or green space’ can be used to establish green space accessibility stan-

dards at national or city level. In other countries, e.g. the UK, city residents should have access to a natu-
ral green space of minimum 2 ha within a distance of 300 m from home, within a walking distance of no
more than 5 minutes, while the European Common Indicators suggest this distance to approximate a 15
minute walk (WHO, 2016).

The results of the biophilic indicators used in this study might be suitable for comparison with the
Global Biophilic Cities Network (see http:/ /biophiliccities.org/the-biophilic-cities-project /).

Our NBS indicators can be used to predict and simulate future situations and performances and
to develop city benchmarking, which consists of comparing NBS indicators within and across cities to
establish how well an area or city is performing vis-a-vis other locations (e.g. Russian cities) or against a
best practice benchmark (Kitchin et al. 2015).

Conclusions and Recommendations

The expected outcomes of this research will help city planners and community members of Viadi-
vostok, Russia, with possible extension to other towns or cities in Russia and the Asia-Pacific Region, to
better understand ecosystem services and the benefits associated with a NBS approach. It will extend

understanding of how an existing city can improve natural systems between buildings and on their roof-
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tops and may highlight the importance of restoring degraded urban ecosystems. Enhancing NBS in
Vladivostok through its new master plan can stimulate economic growth and improve the wellbeing and
the landscape aesthetic in urban areas. Furthermore, landscape architects and urban planners will am-
plify their knowledge base and view for a sustainable planning framework and design of future Russian
cities and beyond.
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