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ABSTRACT
Globally, the pace of urbanisation is increasing with 68 % of the world’s population projected to be urban by 2050.  The quality of life for and engagement of these urban citizens is coming to the fore as a key issue for urban planners and decision makers as they pursue place-based initiatives to optimise city performance and sustainability credentials. Decision makers tackling multiple urban discourses such as the Smart City and Natural (or green or biophilic) Cities, which now heavily influence research policy and practice agendas, find themselves addressing tricky inter-disciplinary problems. Traditional sectoral silo approaches often hinder integration, reduce the quality of the natural environment and so often fail to deliver the multiple benefits expected by communities. Drawing on a desk based systematic review of the evidence base and a workshop involving key city stakeholders, we consider how digital conservation might contribute to new integrated approaches that consider people and nature together to contribute to the wider need to deliver public services in more innovative ways within cities that are both smart and natural.  We suggest that added value is identified through the combination of new technologies and this potential new governance framework, to evidence and deliver the benefits of nature for urban citizens. This builds in citizen engagement for enhancing the natural environment by embedding and exploiting the potential of digital solutions. We comment on the strengths and weaknesses of how this new conceptual approach can improve integration of service delivery, whether it can also help overcome some of the problems and risks associated with digital conservation and if, by encouraging innovation through participatory governance, also help to inform the design a more inclusive smarter and natural city.
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1. INTRODUCTION
 The growing importance of urban areas is a global phenomenon. Urban planners and governments are grappling with the challenges of increased urbanisation where, by 2050, 68 % of the world’s population is projected to be urban (United Nations, 2018) alongside global trends in degradation to biodiversity (IPBES, 2018). These urban planning challenges, each competing for resourcing, include demands of public health, water, housing, economic growth, green infrastructure, biodiversity and climate change. Within conventional urban planning practice these are often addressed within separate sectoral “silos” leading to policy misalignment and consequent inefficiency or even disintegration (Scott et al, 2013).

The aim of this paper is to consider how digital technologies and conservation might contribute to new integrated approaches that consider people and nature together to contribute to the wider need to deliver public services in new, more innovative ways within cities that are both smart and natural. We draw upon the findings of the Urban Living Birmingham Project (ULB) that identified a new conceptual hybrid space between the urban futures discourses of Smart and Natural cities and relate this to a review of the literature on ‘digital conservation’. The framework provided by both of these approaches is assessed for their potential for guiding the use of digital technologies to delivering better outcomes for people and how the risks and problems associated with the application of new technologies can be addressed. 

2. SMART OR NATURAL CITIES?
One of these major silos is represented by the Smart city paradigm which has fuelled a rich contemporary research and policy agenda focussed on data-led solutions to urbanisation challenges (Vitanen & Kingston, 2014; Buck & While, 2017). The common factor in defining the Smart city concept, developed over the past decade, is that it is underpinned by the extensive application of information and communications technology (Carter, 2017; Stimmel, 2015). 
Marsal-Llacuna et al (2015) argue that the development of the Smart cities initiative has grown from a concern with measuring environmentally friendly and liveable cities by promoting the use of technology and ecosystem services, to foster renewable energy resources and build low-carbon eco-cities, pursuing inclusive and balanced growth (see also de Jong et al., 2015). A number of definitional groupings can be unearthed (Centre for Cities, 2014); including those that are data-driven (Falconer & Mitchell, 2012), to citizen-focused approaches and those which are define by approaches to governance (NESTA, 2015) toward a more efficient city.  The ‘Smart city’ can therefore be positioned as a distinct category of urban modernization ambitions and initiatives, albeit with concerns about whether this type of smart growth can adequately cater for social equity and environmental progress (De Jong et al, 2015).  

In parallel with this technological driver, there has also been a separate futures discourse associated with the rise of the Natural city (sometimes called ‘Biophilic city’) and the benefits of nature for people (Newman, 2013; Reeve at al, 2015; Beatley, 2016). This discourse advocates the closer and multi-sensory connection between people and the city’s natural assets or natural capital to benefit for health and well-being and economic advantage.
Set within a wider placemaking context we can identify and assess the role of ‘natural capital’ and its delivery through  managed blue and green infrastructure (GI), resulting in  multiple benefits for environmental protection; land value, quality of life, public health, hazard mitigation and regulatory compliance (Foster et al, 2011). Each provide societal benefits from greening grey (traditional) urban infrastructure and could assign economic values to the use of GI which, for example, attenuated flood risk or reduced risks to health through urban cooling. Similarly, Sadler et al. (2018) argue that natural capital helps ‘unlock the other four capitals: financial, human, social and manufactured’. This focus places people at the centre of delivery and the health and well-being benefits accruing from GI are seen as particularly important.  At a global level, Aronson et al., (2017) have recognised the importance that cities can potentially play in the conservation of global biodiversity; enhancing the quality of cities for ‘people and nature’ together will therefore be important.

Within the literature there is concern that Smart city initiatives must move away from generating huge amounts of city-level data for its own sake to develop an improved understanding of cities as transboundary, multisectoral, multiscalar, social-ecological-infrastructural systems (Ramaswami et al, 2016). It is here that improved urban diagnostics and natural or biophilic-style ideas that embrace digital conservation can help filter the data needed to address particular challenges.
3. DIGITAL CONSERVATION AND ITS SCOPE

The application of digital technology in nature conservation is changing nature conservation in increasingly profound ways (Arts et al, 2015) and now spans a wide range of areas, including novel monitoring tools, digital public engagement, citizen science, crowd sourcing, e-learning, e-gaming, data connectivity, and decision-making support systems (Van der Wal & Arts, 2015). These developments at the interface of digital technology and nature conservation have been described as ‘technoecology’ by Allan et al (2018), involving transformative technological advances for studying species and environments e.g. bio-batteries, low-power and long-range telemetry, the Internet of things, swarm theory, 3D printing, mapping molecular movement, and low-power computers.

Arts et al (2015) suggest that this can be captured by the umbrella term ‘digital conservation’ comprising ﬁve dimensions: data on nature, data on people, data integration and analysis, communication and experience and participatory governance. These dimensions capture a range of possibilities especially in the provision of more automated, better and cheaper capture of data and monitoring of nature. The increased ﬂows of data and information on people through the mining of social networks will provide greater insights into environmental perceptions whilst embedded sensors and Internet of Things may help our understanding of use of the environment and resources. For both nature and people, the rise of ‘big data’ will increase the scope and reach of analysis for management purposes. Arts et al (2015) especially see significant scope in social media and IT improving communications and participatory governance, leading to behaviour change. This will range from learning opportunities, changing organisation-to-citizen relationships, enabling people and experts to self-organise and exchange ideas, with digital support systems and e-governance leading to the potential for democratisation and social empowerment in natural resource decision-making.

The most important trends and opportunities for nature conservation are progress in technologies that are appropriate to the often remote and low technology environments as this is the place in which frontline conservation actions unfold and the inclusion of previously unused communities who might contribute essential data (Pimm et al, 2015).  

Whilst the technical difficulties of remote sensing in heterogeneous urban landscapes have been noted, others have applied digital techniques to more dynamic urban areas; creating a ‘green index’ connecting buildings with their surroundings (Blaschke et al, 2011), combining public perceptions of landscape with new data handling capabilities (Serensinhe et al, 2017); remote sensing for green infrastructure (Hill, 2016); coupling remote sensing imagery with human sensing data (Blaschke et al, 2011; Wei Tu et al, 2018) and through ‘Twitter’ members of the public monitored and experienced otherwise inaccessible nature in remote woodlands (Saito et al, 2015).

At a city systems level, making ‘technoecology’ relevant to an increasingly urbanised population living in cities that aspire to be smart is obviously crucial but urban policy makers seem to be falling short. Echoing the siloed approaches identified in the literature, Sagl et al. (2015)make the stark conclusion that it seems doubtful that any improvement in quality of life can be demonstrated to have resulted (to date) from most of the developments related to the establishment of smart cities. 

Sagl et al. (2015) additionally suggest that the public administration and private business involved in smart city development will require expanded urban remote sensing applications and context-aware approaches in order to deliver better quality of life. Arts et al (2015) propose that a key motivation should be to achieve democratisation through using the force of IT, integrating ill-represented groups and for this a framework for good practice is required. 

We can also observe a significant shift in funding toward developing a ‘digital environment’. The Natural Environment Research Council (NERC, 2018) has ambitions for creating an integrated network of sensors (in situ and remote sensing based), methodologies and tools for assessing, analysing, monitoring and forecasting the state of the natural environment. This would support responses to acute events but also inform an understanding of long-term environmental change.  

These ambitions go well beyond the usual description of ‘Green IT’ (information technology) and ‘IS’ (information systems) as having a focus on energy and carbon savings, either through more efficient use or the use of IT applications such as traffic monitoring systems or building management (Campbell et al, 2013). Indeed, part of the barrier to adopting ‘Green IT’ is rooted in the culture and behaviours of organisations (Campbell, 2017).

4. INTEGRATING SMART, DIGITAL AND NATURAL CITY FUTURES - THE SMART-NATURAL HYBRID INTERFACE

The Urban Living Birmingham Project (ULB) was set up to investigate the critical need in Birmingham, UK, for innovation in developing integrated and city-wide solutions that cut across existing policy silos. This would transform the city by encouraging innovations through combining top-down urban governance with bottom-up lay and expert knowledge and so generate a step change the provision of hard pressed urban services. Birmingham identified four interlinked critical challenges – health & wellbeing, energy, connectivity and the economy – within an overarching governance challenge (ULB, 2018; Leach et al, 2018).
The ULB project identified separate key policy approaches that were underway across the city; its ambitions for delivering a natural or biophilic city (Biophilic Cities, 2018) and set out in its Green Living Spaces Plan (BCC, 2013) are alongside its progression as the UK’s 4th smartest city (Huawei, 2017) and its SMART City Roadmap (BCC, 2014).   Both the Roadmap and the Green Living Spaces Plan claim similar outcomes to improve quality of life and citizen outcomes, but, with some limited common referencing to carbon management, remain unconnected. This posed fundamental questions about how their convergence might produce additional benefits. 

 ULB identified this Smart-Natural interface as an opportunity space for improved city resilience.  Our research methodology centred on integrating knowledge flows and exchange across the two disparate urban discourses of Smart and Natural cities.  An innovation workshop was designed to explore these factors, drawing upon multiple disciplinary expertise from across the city and region. The twenty five experts came from across a wide spectrum of relevant fields (e.g. health, development and regeneration, green infrastructure, smart and wider city policy) and public, business and third sector organisations. The workshop was informed by a pre-circulated briefing document setting out four themes and introduced with several ‘vignettes’ describing current challenges and approaches. Facilitated discussions drew out actions supported by an overall narrative.  

Post-workshop, the intelligence and ideas gathered were then combined with the findings of the literature review and translated by the project team into a set of principles and characterisations. These emerging characterisations were subsequently tested in a follow up phone conference of the workshop participants and then validated through some 12 ‘deeper dives’ (a series of semi-structured interviews) involving workshop participants and a number of other academics and experts.  

Through this co-design process, this hybrid ground was characterised as a fertile innovative space that can help drive greater interdisciplinary thinking and, in turn, to encourage and facilitate people to think differently around managing the urban challenges they face. Six ‘innovation spaces’ have been identified and are described
 (see ULB, 2018) in Table 1 and in Fig. 1.
Table 1: The six innovation spaces of the Smart-Natural Interface

	A connectivity space where people, digital technology and nature connect across each other and places to improve performance ;the space between smart urban strategies and social-ecological systems thinking for the ‘whole-city’; where grey and green infrastructure evolves into ‘silver green’ to generate multiple benefits.  

	A visionary space where we move away from economic, social or environmental silos to city spaces, visualising data through interactive technology to engage people and communities in making choices and decisions for city. 

	A place-making space where we combine living, learning, working and recreating functions as part of integrated smarter natural solutions  to political and environmental challenges driven by the value of natural capital for people, business and the economy of the city. 

	A SMART data led space where citizens are given the necessary data to help them make decisions and influence change through interacting with data in real time. The city and its system of places would be designed and managed in improved and connected ways. 

	A participatory learning space where the flow of information is two-way; between people and city managers and planners in different, smarter and more accessible ways. Citizens can directly engage with service providers and suggest innovations, helping to integrate policy and delivery and potentially leading to service re-design. 

	A monitoring space where we can use ICT and smart applications to measure, track and monitor progress of our shared vision and our common purpose, establish baselines and identify the indicators for natural and human well-being and a healthy economy. These would help identify accountabilities for the delivery of more integrated and better services.
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Figure 1:  The characteristics (abridged) of the Smart-Natural interface: connectivity at the hub of a new framework for city governance

ULB identified a conceptual space which can help facilitate a move away from economic, social or environmental silos in which city planners and managers work. These characteristics and opportunity spaces provide a mechanism and framework for city governance and policy makers to work with their communities to co-design and co-manage a smarter and more natural city. The 6 characteristics are meant to be considered as a collective group so whilst the Smart Data-led characteristic encourages the potential to integrate enabling technology with people and their expectations of the quality of living green infrastructure, it is the Connectivity space which can help deliver this on a systemic basis and, spatially, considers the city as a whole. It integrates smart and natural solutions in order to respond to political challenges for living, learning, working and recreational activity. Using this framework to embed nature into citizen-centred smart city thinking it can especially ensure the proper exploitation of the opportunities of digital technologies.  

5. DISCUSSION - GETTING SMARTER AND GREENER WITH DIGITALCONSERVATION

Arts et al (2015) concluded that attention needs to be paid to who beneﬁts from digital conservation, and who does not; who is in control of information ﬂows and processes; and how democratisation may be promoted. ‘Green IT’ has to be seen as an important part of a wider socio-ecological systems approach to the application of technology.   This supports findings elsewhere in the literature that the social/community/human aspect of the smart city has not been sufficiently integrated in the smart city policies so underplaying the role of smart citizens (Capdevila & Zarlenga, 2015).
Ensuring the accessibility and relevance of the technologies and the data they generate to communities and other decision-makers is an issue echoed by Pimm et al. (2015).  However, this is not always a solution as rather than clarifying and resolving contentious issues, technological interventions can generate new baselines for knowledge contestation and amplify ongoing battles for credibility and authority in politically charged situations (Verma et al, 2017). The Smart-Natural framework can help develop a common vision and, through a participatory learning space, regulators, local authorities and communities can share the evidence and access to technology to help overcome issues of ownership and exclusion. 

The application of more interactive technology to allow citizens and experts access to and jointly visualise data may be addressed in the advent of new citizen engagement platforms for local governance. IT replacing the dependency on administrations as a vehicle for collective action may expand the viability of and capacity for citizen co-production in the public sector (see for example, WeGovNow, 2018). In so doing, we must recognize the risk of amplifying disadvantage and poverty through digital approaches (Hernandez & Roberts, 2018). Using the place making space can help ensure that the natural environment is seen as an integral part of local service delivery. Here the importance of developing models for integrating layers of city systems becomes important, especially if business processes are to be transformed and integrated (Javidroozi, 2015).
There are also difficulties in applying digital conservation to complex ecological systems and ecosystem services are notoriously difficult to measure (Lynch, 2016). The monitoring space where we can use ICT and smart applications to measure, track and monitor progress of our shared vision becomes crucial. Here we can use our common purpose and vision for a place to establish baselines and identify the indicators for natural and human well-being and a healthy economy. These would help identify accountabilities for the delivery of more integrated and better services and benefits for people. This also can encourage the application of innovative, locally controlled digital monitoring approaches such as drones, the feedback from which can inform new and better management practices (for example, see Baraniuk, 2018). 
6. CONCLUSIONS - OPPORTUNITIES FOR GREENER, SMARTER CITIES
The strategic ambitions and opportunities to combine the urban futures of Smart and Natural were originally considered in the context of the call for radical change in the way that Birmingham does its business and its wider governance framework. This was in order to address financial and governance challenges (Kerslake, 2014), challenges which will increasingly be applicable to many major urban areas globally (UN Habitat, 2014).

This has significant implications for improved service delivery of the future enlargement and management of a city’s natural assets and green spaces and the health and well-being for quality of life they generate. Digital and information technology clearly has a significant role to play in delivering these benefits. Provided it is applied in a deliberative way, digital technology can be the means that connects people and nature with places to improve performance for communities and – as a key element of smart urban strategies and systems thinking - for the ‘whole-city’.

Interactive technology, visualising data to engage people and communities can be used to help make choices and decisions and in supporting this visionary activity, help city governance move away from economic, social or environmental silos to city spaces. The use of the Internet of Things is not in itself the solution, its application and data need to be rooted in an agreement about purpose between IT providers, local government and communities. 
In particular, by taking the approach of developing a participatory learning space, it can help overcome the risks identified with the digital exclusion of people; so that the flow of information is two-way between people and city managers and planners in different, smarter and more accessible ways. Here citizens can directly engage with service providers and suggest innovations in, for example, green space management or building design, helping to integrate policy and delivery and potentially leading to service re-design. 

Smart city approaches stress the importance of monitoring and the use of real time data to manage transport, energy etc. but, as we have seen, often excludes the natural environment. The monitoring space becomes vital where we can use ICT and smart applications to measure, track and monitor progress of our shared vision and our common purpose, with baselines and indicators for natural and human well-being and a healthy economy. These would help identify accountabilities for the delivery of more integrated and better services. It will not be sufficient to consider IT solutions for cities simply in terms of energy or carbon saving nor in isolated silos that exclude both the natural environment and the people within local communities who are key to their future. Cities that are both really smart and natural have the potential to re-connect people with the benefits of nature for the long haul.
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