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Abstract 


In the last two decades, new working spaces (NWS), such as co-working spaces, libraries and cafeterias have been increasingly used as temporary or permanent locations for work. Studies on their proliferation, types, and location factors are rapidly appearing from multiple perspectives. However, several European cities still lack a clear overview of this phenomenon. In this context, a systematic spatial analysis of NWS within the urban structure should be carried out, considering the characteristics of the urban form, degree of accessibility and travel mode opportunities, as well as multi-functionality of the urban districts and location of jobs. Thus, the paper first presents a review of the current studies on location factors of NWS and then develops additional planning arguments on the multi-functionality, urban form. Next, the phenomenon is empirically analysed in Helsinki Metropolitan Area. The results show that the NWS are predominantly located in the most compact and/or multi-functional districts and pedestrian zones. Unlike in many other European cities, there are both free and paid NWS. This new knowledge is not yet embedded in the planning agendas, but it can support future strategies and practices for a more sustainable urban development including the location of workplaces.
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Introduction

In the last decades, a variety of new working spaces (NWS) and new working practices have rapidly surfaced. The growing flexibility in work arrangements, particularly in the knowledge industries, and increasing use of information and communication technology have contributed to an extended concept of workplace. Different spatial settings have been used for working purposes, such as private homes, offices, cafeterias, public libraries, co-working spaces, hotel lobbies, restaurants and other public spaces (Merkel, 2019). 

 “Co-working-spaces provide individual or institutional users a flexible and highly autonomous use of both office and social space that eases the direct personal interaction among the co-working users for social, learning, cultural and business-related interests”(Bouncken and Reuschl, 2018, p. 322). In previous studies, significant emphasis has been laid on the degree of productivity and creativity in co-working spaces, social and professional interactions that might occur amongst users (Brown et al., 2017; Moriset, 2014), as well as the flexibility of these spaces and the freedom to choose them (Kojo and Nenonen, 2014). 

In this context, several, European cities still lack a clear overview of the proliferation of NWS such as coworking spaces and public libraries that people might choose for working purposes, before and during the COVID-19 pandemic. Data on the location and attributes of NWS have not been gathered comprehensively. The understanding of the location factors of NWS can be further supported by analysing the characteristics of the urban form of the city, the degree of accessibility, and multi-functionality of the urban districts in which NWS are located. Indeed, the implications of this phenomenon for urban and regional planning are still unexplored. For example, the development of NWS has not yet been considered in mainstream planning (such as master plans and zoning). The concept of workplace itself is fast evolving, and the traditional commuting (from home to the office) can be extended to a wider network of urban spaces in metropolitan areas (Di Marino and Lapintie, 2017).

Moreover, several studies have analysed the location factors of these NWS bearing in mind the density of business activities, proximity to university and amenities, and good accessibility to public transport (Mariotti et al., 2017). However, in addition to this, a more systematic knowledge of the urban form of the city, travel modes and related urban fabrics can contribute to the understanding of location factors of NWS. This new knowledge can support a more sustainable urban development of our metropolitan areas that should consider the development of both traditional workplaces and NWS. 

During the COVID-19 virus pandemic, the concept of workplace has become even more topical considering the sanitary restrictions and required social distancing in the work environment. 
The number of remote workers has risen considerably under the conditions of COVID-19 due to new requirements and lockdowns around the world (Berg et al. 2020). For several groups of people, such as experts, researchers, artists and other highly specialized workers, home has become the only place to work. In various countries, traditional offices are still not available for several reasons (e.g. lack of private rooms, lack of social distancing in the open spaces, unsafe air ventilation, as well as small and narrow meeting rooms). In addition to this, there are difficulties in reaching the offices due to long commuting distances by public transport and crowded conditions within public transport vehicles when travelling during the peak hours. If we need to live with social distancing, in both the short and long-term future, this will impact the shape of our cities, as well as the ways of moving around, using urban spaces and arranging activities (Batty, 2021).

Within the uncertainties due to the pandemic, however, it is necessary first to analyse the proliferation of NWS and implications for planning prior to the pandemic. This will provide a basis for future research on NWS. 

Thus, the aim of the paper is to elaborate on the current knowledge of NWS in terms of location factors and implications for planning. The Helsinki Metropolitan Area (HMA) is taken as case study considering a growing trend of working outside the office, which was more evident compared to other European cities prior to the COVID-19 pandemic (Eurofund, 2020); changes in working spaces locations; and good availability of monitoring data.  By conducting the case study of the HMA, the paper provides a systematic analysis of NWS and traditional knowledge intensive workplaces in multifunctional centres, which are defined on the basis of the density of people and jobs and diversity of services. By examining the locations of NWS in travel-related zones, the study also contributes to extend the analysis of location factors to different travel mode opportunities, in addition to public transport. 

Hence, the study addresses the following research questions: RQ1) What is the current understanding of the location factors of NWS and traditional knowledge intensive workplaces? RQ2) How are NWS spatially connected to multi-functional centre areas? RQ3) How is the accessibility by different modes of transport related to the location of NWS?


Te study first presents a review of NWS, and secondly, current studies on location factors of NWS. Then the case of HMA and quantitative research methods (consisting of statistics and spatial analyses) are presented in the study. The empirical analysis focuses on NWS and traditional knowledge intensive workplaces in the urban structure. Furthermore, the paper discusses the contribution of the empirical findings to current planning and future strategies.


New Working Spaces

Since the 2000s, scholars have aimed to understand the reasons for the increase of NWS, such as co-working spaces, libraries, cafeterias, maker spaces and fablabs in our cities. The variety of definitions of these NWS has been analysed in several studies (Bouncken and Reuschl, 2018, Di Marino and Lapintie, 2018; Kojo and Nenonen, 2016). For example, a co-working space is defined as a shared space amongst workers (Lange 2011; Gandini, 2015). In this space, individuals and groups develop some shared sets of norms, rules, and behaviour which build a co-working space culture or co-working community (Ricarda and Reuschl, 2018). Co-working spaces are mostly considered as informal workspaces available to the self-employed, specifically freelance workers in the culture and creative industries. The socio-spatial and technological features of NWS as well as the the design of the space can support the co-production of knowledge, collaborative work, and mutual learning (Capdevila, 2015). 

Lately, scholars have claimed that NWS could potentially affect the traditional way of planning employment spaces and revitalize city centres (Brown et al., 2017; Babb et al., 2018). They have also questioned the location of workplaces that urban planners and policymakers have traditionally assigned through zoning (Babb et al., 2018). Recently, NWS have been found in existing business structures including art centres, coffee shops, and serviced offices (Fuzi, 2015; Di Marino and Lapintie, 2017).

Privately owned and managed NWS such as coworking spaces (fee-based business models) are largely discussed in the literature (Spinuzzi 2012). However, there are different business models of NWS (profit and non-profit) and level of user access (public, semi-public and private) that need further investigation (Kojo and Nenonen, 2016). More recently, there has been an increasing number of publicly owned NWS that are managed by universities, public libraries, and other public organizations. This phenomenon is increasingly occurring in Finland, Denmark, the Netherlands, Norway, Canada, UK and Australia (Wyatt et al., 2015). For instance, public libraries have been recently conceived as multifunctional hubs with both digital services and spaces for working purposes (Di Marino and Lapintie, 2015). In Finland, paid or limited access NWS are usually private, but some are owned by the public sector (such as research institutes and public administration) and accessible only to those employed in the social services and government (Di Marino et al., 2018). In fact, in the last few years, government employees have been progressively working outside the offices one or two days per week searching for more productivity and changes to work practices. Prior to the COVID-19, this phenomenon has been observed both in Finland and Australia (Houghton et al., 2018, Di Marino et al., 2018). In addition to paid (and limited access) NWS, this study analyses free NWS which are usually funded and provided by municipalities, universities, public libraries and other public institutions and open to all. 

Current studies on the location factors of NWS


The findings from a review of the current literature show that several studies have focused on analysing the location factors of NWS (Table 1).  Studies on location factors of NWS are developed according to the traditional location theory (Lloyd and Dicken, 1992; Hayter, 1997)that has mainly focused on the location choices of manufacturing firms, including location tendencies and decision processes (Louw et al., 2004). Recent theoretical and empirical studies stated that the same factors of the manufacturing industry may be relevant for the analyses of service firms in the creative sector (such as coworking spaces) (Mariotti et al., 2021). As Table 1 shows, agglomeration economies (localization and urbanization economies), accessibility to infrastructures, market size and potential, labour costs and skills, and transportation costs can be location determinants of coworking spaces (Mariotti et al., 2017).

By focusing on the city of Perth and Western Australia, Babb and his co-authors (2018) demonstrated that the location of several shared workspaces, such as co-working spaces, libraries and cafeterias, is based on the access to target markets and urban centres and the vitality of the surrounding area (Table 1, lf1). The findings also reveal that shared workspaces are associated with additional travel, both in trips taken and travel time, which conflict with policies on travel reduction to urban centres. Strategies and measures on NWS were absent or weakly defined in the planning and policy framework of the cases analysed by the authors. 


	Location factors (lf) mainly investigated in metropolitan areas 
	1. The high concentration of businesses activities and services characterizing certain urban districts (Mariotti et al., 2017; Babb, et al., 2018, Moriset, 2014)

	
	2. The proximity to universities and research centres with a high concentration of knowledge and skills) (Mariotti et al., 2017, Di Marino and Lapintie, 2017, 2018)

	
	3. Accessibility by public transport (Mariotti et al., 2017, Di Marino and Lapintie, 2017)

	
	4. Premise cost (e.g. land and rent affordability) (e.g. Mariotti et al, 2017; Avdikos and Merkel, 2019)

	Other location factors (lf) to further analyse 
	5. Availability of public and semi-public NWS (e.g., Bilandzic and Forth, 2013; Kojo and Nenonen, 2016), that can extend the analysis of the premises cost (see lf 4), and business model of NWS (profit and non-profit) 

	
	6. Size of NWS (Avdikos and Merkel, 2019)

	
	7. Other travel modes, such as walking and biking distances (Kojo, Nenonen, 2016; Stam and van de Vrande, 2017), and by car in the urban fabrics that can support the analysis of accessibility to public transport (see lf.3)

	
	8. Multifunctionality of the urban districts (see mix-land use, varied provision of public and private services, and locations of jobs) (Di Marino et al., 2018) that extend studies on the high concentration of businesses (see lf 1)

	
	9. Reputation of the districts (Babb et al., 2018)

	
	10. Availability of multifunctional spaces and other services in the same buildings (training centre, health care, café) (Koio and Nenonen, 2016, 2017) that can extend studies on cost premises and related services (see lf 4)

	
	11. Proximity to other industries not only creative sectors (Di Marino et al., 2018; Houghton et al., 2018) when a large variety of remote workers use NWS

	
	12. Proximity to both public and private organisations when a large variety of remote workers use NWS, and there are more flexible contracts




Table 1. Location factors of NWS. Except for no. 4, 6, 9, 10, 12, all location factors are investigated in this study. Table re-adapted from Di Marino and Mariotti (2020)


Similarly, Mariotti and her co-authors (2017) analysed the location patterns of co-working spaces in the City of Milan.  The findings disclosed that co-working spaces are mainly located in the densest areas of business activities as well as in proximity to universities and research centres (lf1 and lf2). The co-working spaces are characterized by a high degree of accessibility, since they are close to the local and regional networks of public transport (lf3). This same study also revealed that larger co-working spaces are often in those areas in which the costs of premises are lower and there is a higher availability rate of office spaces (lf4). Despite the increasing bottom-up phenomenon, Mariotti and her co-authors, similarly to Babb and his co-authors, concluded that there is a need to increase public support and local management, which would in turn facilitate the development of local co-working spaces (lf5 and lf10). Similar analyses have been conducted in the UK and Germany (see Avdikos and Merkel, 2020), Finland (Kojo and Nenonen, 2016), and in the Netherlands (Stam and van de Vrande, 2017). 

Moreover, studies on knowledge-intensive industries have emphasised the significance of density and availability of human capital for innovative growth (Kiuru and Inkinen, 2017). Both specialization and diversification have significance for regional innovativeness (van der Panne & van Beers, 2006). Knowledge intensive jobs are concentrated both in centres and specialized areas (Inkinen & Kaakinen, 2016).  Specialization in creative industries and pleasant working environments attract new companies and workers to the area (Coll-Martinez & Arauzo-Carod 2017). A growing number of jobs in the knowledge sector will increase the demand for NWS particularly in city centre, but also in other more narrowly focused knowledge intensive clusters (lf2).
In addition, scholars have also focused on the size of co-working spaces and the real estate market in the cities (lf6 and lf4). By analysing the cases of London and Berlin, Avdikos and Merkel (2020) explained that large co-working companies (such as Regus and WeWork) locate their premises in inner city areas because workers seem to search for working spaces that are: i) centrally located; ii) surrounded by cultural and urban amenities, iii) accessible by good public transport and iv) close to a variety of businesses and the benefits from the function of localization economies (Avdikos and Merkel, 2020). On the other hand, smaller co-working spaces in Berlin and London still exist and continue to grow. However, they are increasingly pushed outside of inner-city areas towards peripheral neighbourhoods or in deprived inner-city areas characterized by lower and affordable rents (lf4). The peripheral area can provide marketable features, such as free parking, which was thought to attract suburban workers However, this model might require increased mobility of the workers both by public transport and private cars (when the peripheral areas are not very accessible) (Babb et al., 2018). Moreover, Ohnmacht et al. (2020) have compared urban and rural locations of co-working spaces and found out that co-working spaces have the potential to reduce car emission particularly in the cities, while in rural areas the commuting to co-working spaces is dominated by car travel. 


Other location factors for a more comprehensive analysis


The number of factors influencing the location of NWS might be larger than indicated in previous studies. The multifunctionality of urban districts (which consider the mixed land use around the NWS, variety of services, and job locations) (see Table 1, lf8), and travel modes opportunities (lf7) can help to further understand the current tendency (where NWS are mainly located and why). These location factors can also contribute to the understanding of ‘neighbourhood oriented’ (and pedestrian-scale) NWS from the perspective of users (Stam and van de Vrande, 2017). 

Referring to the multi-functionality of urban districts (lf 8), it is important to understand that the evolving concept of multifunctionality is widely discussed from the planning perspective (De Paris and Lopes, 2018; Louw and Bruisma, 2006). In the 1990s, in addition to the typical land uses (residential, office, retail, restaurants and entertainment), the components of mixed uses have embraced additional activities (live, work, play, learn) (Wardner, 2014), and only more recently NWS. Furthermore, the mixed-use concept has been extended to include the creation of compact city centres and walkable sub-centres (Foord, 2010). These centres also function as nodes in transport infrastructures and ICT-networks (Bertolini et al., 2016; Priemus and Hall, 2014). Mixed-use development can clearly contribute to the urban diversity, vitality, and attractiveness of urban areas. Indeed, the conceptual level of mixed-use can be applied to the different contexts of environment, society, design, and institutions. The mix of forms and tenures of housing can also affect the overall density of urban form, and commercial and office uses combined with residential functions and NWS. This can generate synergetic effects on the territory (Grant, 2002; Louw and Bruisma, 2006). The reputation of a district including elements, such as vitality and attractiveness of its urban areas, is an important element that managers consider when locating NWS (lf 9). However, when analysing the urban functions in our cities, there is no clear planning regulation which would distinguish NWS from traditional office use. 

The most central areas are multifunctional (Rodenburg et al. 2011; Hamnett and Whitelegg, 2007), while suburban areas are still more mono-functional housing, office or other single-use districts. However, new suburban office spaces have emerged in various locations including multi-functional sub-centres, concentrations of business, retail and entertainment, as well as dispersed and still homogenous office districts (see the American cases analysed by Lang et al. 2009). 

The multi-functionality of urban form also relates to accessibility by different travel modes (lf7). According to Bertolini and le Clercq (2003), sustainable urban mobility patterns can be achieved if households and firms can link the same or a greater number as well as the diversity of places of activity by modes other than car, namely by walking or cycling, or by transit. In addition to travel modes, Newman and his co-authors. (2016) argue that the respective transport systems have created three comprehensive systems, or “fabrics” in cities: walking, transit, and automobile urban fabrics. The theory of urban fabrics has evolved from the need to view the structure of cities beyond the modernist way of thinking with separated city functions, in order to promote healthy urban planning and reduce cities’ automobile dependency (Kosonen, 2015; Newman et al., 2016). Areas of walking and transit urban fabrics are characterised by a dense urban form, more diverse services, and mixed land use (Newman et al. 2016), setting good preconditions for multi-functionality. In contrast, the areas of automobile urban fabric more often represent a mono-functional structure, such as low-density housing or large retail units best accessible by car. 

The location of jobs within the spatial urban structures is continuously developing because of changes in industries, market volumes, industrial clustering, transport connections, and land use planning. In this context, cities also present differences in the location patterns of jobs.  Söderström and his co-authors (2015) have compared the location of jobs in the Helsinki and Stockholm city regions, while Tiitu and her co-authors (2020) analysed Helsinki and Oslo city regions. According to their results that cover all industries, jobs in the Helsinki region are less concentrated in the urban core area than they are in Stockholm and Oslo. In the Helsinki city region, the principal proportional growth in 2000-2010 has unfolded in the peri-urban area. In the Stockholm city region, large job clusters are located in the city centre and its fringe zone as well as in sub-centres and clusters that are tied together by intensive rail-oriented connections, whereas in Helsinki, this type of development is still not visible. In contrast, several office buildings close to the city centre in the Helsinki city region have been transformed into housing.

The development of the knowledge intensive sector seems to differ from the overall development of jobs in the Helsinki city region. Inkinen and Kaakinen (2016) have focused on knowledge-intensive clusters of jobs in the Helsinki Metropolitan Area and found out that they are predominantly located close to road- and rail-structures and terminals, and clusters become smaller as their distance from the centre of Helsinki increases. 

The multifunctionality and accessibility of urban structures are also related to the polycentricity of urban form.  Polycentric development implies the emergence of new multi-functional sub-centres of business, retail and entertainment. Sub-centres are typically located around transport hubs, but the share of sustainable transport modes in sub-centres usually remains lower than in main city centre (Wolday and Næss, 2019). 
In this context, it is important to further develop the planning of workplaces by including the NWS and by further elaborating on the knowledge of location factors of NWS.


The Case study of the Metropolitan Area of Helsinki

The case study focuses on the HMA which consists of the capital city, Helsinki, and three adjoining municipalities, Espoo, Vantaa, and Kauniainen. The urban core area of the Helsinki region is located within these four cities. Together the municipalities have 1.17 million inhabitants (Official Statistics of Finland, 2019).  

The Helsinki city region (which is not an administrative entity) consists of 14 municipalities (including the HMA), whereas the Helsinki-Uusimaa Region (the regional authority) consists of 26 municipalities (including the HMA). The HMA is the most urbanized area in Finland with the highest concentration of jobs in the country (27% of all jobs), representing a large variety of industries. Most of the governmental workplaces, favourable for teleworking, are situated in the HMA.

During the past 30 years, the urban structure of the HMA has developed from being predominantly monocentric to becoming more polycentric with many multifunctional sub-centres within 20 kilometres from the city centre. Most of the sub-centres have a rail link to the centre, and also traverse rail connections are planned and under construction.  Mono-functional job agglomerations outside sub-centres have public transport services, but mobility patters are usually dominated by car.  In the outer city region, local centres rely on car and bus connections or are located around railway stations. There are multiple and contradictory interpretations of polycentricity in the Helsinki city region (Granqvist et al. 2019). The City of Helsinki has favoured the development of multi-functional rail-based centre areas within its borders, while other municipalities out of the HMA have supported more balanced development taking into account also other centres and bus-based regional transport.
 
In this study, the provision of different kinds of NWS (such as co-working spaces and libraries) is analysed both in relation to the multifunctional sub-centres and more mono-functional job agglomerations. Cafeterias are excluded in the examined working spaces, because there was insufficient data on working opportunities and facilities in them. 

[bookmark: _Hlk67906123]The proliferation of NWS is connected to an increase in teleworking. Prior to the COVID-19, the extent of ICT and internet connectivity, as well as the work culture and economic structure have influenced the increasing adoption of telework in the Nordic countries (Eurofound, 2020). According to a barometer published by the Ministry of Economic Affairs and Employment of Finland, teleworking increased steadily between 2012 and 2017. Altogether 20% of Finnish workers regularly worked remotely in 2017, at least on a monthly basis. In addition, almost half of the workers were allowed, at least to some extent, to decide when they do their work (Lyly-Yrjänäinen, 2018). In the HMA, the opportunities for teleworking are better than in Finland on average, because of the high share of government jobs and other knowledge intensive industries. 

According to pre-pandemic studies on Finnish teleworking, there were significant differences in teleworking between industries and socioeconomic groups. Among workers in different sectors in Finland, those in the government and private business sectors have been the most likely to telework, and municipality employees least likely. Among workers with a high socioeconomic status (senior officers), 29% worked remotely daily or weekly, and 68% at least occasionally. In contrast, only 8% of workers with a lower socioeconomic status teleworked. Results from an internet panel survey conducted by the telecommunications company DNA also implied that entrepreneurs and managers teleworked in more diverse places than other workers (Nepa, 2018). However, according to the same survey, the benefits of teleworking were similar irrespective of the socioeconomic status of the work.

The pandemic has forced a significant increase of remote work. According to a local panel survey, approximately half of Finnish employees worked remotely in April 2020 and were also willing to work remotely when possible, also after the pandemic (Taloustutkimus, 2020). Based on the Statistics Finland’s Labour Force Survey, the share of employees working from home had doubled in 2020 (Leskinen, 2020). 

The pandemic has had different impacts on the use of NWS. Tight restrictions have limited the number of NWS users, and most remote work has been carried out at home. On the other hand, closures of traditional workplaces have created increasing interest in NWS within the Finnish debate (see e.g. Torppa, 2020). Because of uncertainties during and post COVID-19, it is necessary to apply pre-pandemic data in the analysis to produce a basic understanding of the locations of NWS, which have never been investigated before. The use of NWS can be expected to increase after the pandemic, as the remote work practices have become more common.

In the Finnish context, several scholars have focused on NWS (Kojo and Nenonen, 2016; Di Marino and Lapintie, 2017), and related concepts such as multi-local working (working in multiple places such as coworking, coffee shops, public libraries and home) (Koroma et al., 2014, Di Marino and Lapintie, 2018). Nevertheless, NWS have been partially acknowledged in current planning strategies. Among the strategic visions, the City of Helsinki has recognised the advantages of providig an urban structure that enables space for new creative thinking and new technologies (City of Helsinki, 2013). However, the master plan of 2016 shows little evidence of measures that could support the vision mentioned. On the one hand, the mixed-use and diverse city centre is mentioned in several parts of the document, on the other hand, the plan predominantly deals with working and workplaces in a place-based, traditional manner (City of Helsinki, 2016). Within the regional planning strategies, there is awareness that the massive advancement in information technology is affecting the spatial distribution of knowledge workers. In this context, the start-up activities of the universities as well as other start-ups and entrepreneurs are seen as fundamental key actors in the future urban and economic growth (Helsinki Uusimaa Region, 2016. However, there are no explicit references to emerging NWS. 


Research methods and materials

The overall research design of the study is based on quantitative GIS-based analyses that aim to answer to the research questions. The examination is carried out as spatial overlay analysis of jobs, NWS, multifunctional centre areas and travel-related urban zones. Furthermore, concentrations of knowledge intensive jobs have been identified based on density and their dominant industries. The results of the GIS-based analyses are presented in tables. The spatial analyses aim to understand how NWS are spatially connected to the multifunctional areas and the possible different modes of transport to reach the NWS. These spatial analyses are supported by the graphics which show the number of NWS and traditional workplaces (and related percentage), as well as the location of traditional knowledge-intensive workplaces and NWS in the HMA. 

The analysis of urban form in this study is carried out using data from the Monitoring System of Spatial Structure and Urban Form (YKR, 2020) that is maintained by the Finnish Environment institute. YKR includes data on the built environment, housing, jobs, and commuting in a 250 m statistical grid covering the whole of Finland. Data on jobs is available for the period 1990–2016, and jobs are classified into 21 main groups on the basis of the Standard Industrial Classification (TOL, 2008). Six groups are defined here as knowledge-intensive: arts, entertainment and recreation; professional, scientific and technical activities; public administration; education; information and communication; and financial and insurance activities. These industries typically involve work that is possible to carry out in places outside the official workplace. The definition of knowledge-intensive industries is not clear, and other industries also include jobs that display a knowledge-intensive character.  

The YKR data has enabled the identification of different types of areas within spatial urban structures. Spatial divisions have included delineations of urban area, multifunctional centre areas, and travel-related urban zones. Multifunctional centre areas are defined for the city centre and subsidiary centres on the basis of the density of people and jobs, and diversity of services (Rehunen et al., 2014). Density criteria are based on the distribution of people and jobs in statistical cells and the identification of densest quantiles in the distribution. Diversity criteria require jobs from at least four different industries in a centre area cell.

The dataset “travel-related urban zones” describes the travel mode opportunities for different areas and has its theoretical background in the conceptualization of urban fabrics by Newman et al. (2016). The pedestrian zones are based on the “multifunctional centres” dataset using certain buffer distances suitable for walking for their spatial extent: 2 km for the city centre, and 1 km for the sub-centre pedestrian zones from the central point of each zone. City centre fringe zone reaches 3 km from the outer edge of the city centre pedestrian zone. Public transport zones are classified as intensive or ordinary according to the availability of public transport during the rush hour (Finnish Environment Institute SYKE, 2020). The criteria for the intensive zone are a 10-minute headway for rail and 5-minute headway for bus transport, and a maximum walking distance of 250 m for bus stop or 700 m for a railway station. The ordinary public transport zones require a headway of 15 minutes with the same walking distances as the intensive zone. All the remaining areas of the localities not meeting the criteria for pedestrian or public transport zones are considered as car zones.

Data on NWS is collected from web pages with listings of co-working spaces and other facilities for meetings and flexible work (which are offered, for instance, by public libraries and universities). The collected data includes 86 NWS that typically provide a workstation and related facilities as well as separate meeting rooms. The number of workstations and simultaneous users in most NWS is typically in the size range of 20-50 people. The largest working spaces are able to accommodate more than 100 people, offering a variety of working and meeting rooms. Two thirds of NWS are co-working spaces which are based on paid membership or accessible only to personnel of a certain employer. Most of paid or limited access NWS are private, but some are owned by the public sector and accessible only for public sector employees. One third of NWS are free and open access to all users. These NWS are usually maintained by an educational establishment, library or other public body. Some of the listed libraries provide maker spaces, devices and other equipment free of charge, such as the Iso Omena Library in Espoo, and the Urban Workshop in the New Central Library Oodi, in Helsinki. 


Location of NWS in multifunctional centre-areas

The significance of knowledge-intensive jobs has grown in recent decades. In the HMA, the number and share of knowledge-intensive jobs has increased during 2007–2016, while the number of jobs in other industries has declined because of a long period of economic recession and slow growth. In 2016, 37% of workplaces in the HMA were found in industries classified here as knowledge-intensive, and their share has increased by a percentage point in a decade. 

Knowledge-intensive workplaces are located differently than those other industries. Of knowledge-intensive workplaces, 69% were located in multifunctional centre areas in 2016, compared to 48% of other workplaces were. NWS that emerged on a large scale only in the 2010s have similar location patterns as traditional knowledge-intensive workplaces; 74% of paid NWS and 79% of free NWS are located in multifunctional centre areas (Fig. 1, Table 2). 
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Fig. 1 Location of new working spaces in relation to multi-functional centre areas (left) and travel-related urban zones (right) in the HMA in 2019. 
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Table 2 Percentage of NWS and traditional workplaces in multifunctional centre areas of the HMA in 2019.

The main city centre has a dominant position in knowledge-intensive industries and particularly as a location for NWS. In the HMA, 49% of knowledge-intensive jobs and 57% of NWS were located in the multifunctional area of the city centre. Because the multifunctional area of the city centre extends continuously 4 km north from the centre point, the multifunctional centre area covers a considerable area, altogether 16 km2. Among knowledge-intensive industries in the HMA, financial activities and public administration are most highly concentrated in the main city centre area with more than two thirds of their workplaces in the main centre area. During the last two decades, the main centre area has become increasingly characterised by knowledge-intensive activities. 

In addition to the main city centre, there are 37 other separate multifunctional centre areas in the HMA, in either large subsidiary centres or smaller suburban sub-centres. Twenty-seven of these areas contain a cluster of knowledge-intensive jobs, but only 10 a NWS.  Free co-working spaces, such as libraries, are more typical in sub-centres than in the main city centre. In sub-centres, the number and share of knowledge-intensive workplaces has remained stable during the last ten years, which might explain the rather moderate availability of NWS.

Location of NWS in travel-related urban zones

In relation to travel-related urban zones, both traditional knowledge-intensive workplaces and NWS are much more commonly located in the pedestrian zones of the city centre and sub-centre (Table 3). NWS are very much concentrated in the core pedestrian zone very close to transport hubs, while traditional knowledge-intensive workplaces are often found in the city centre fringe zone, 1-3 km from the main transport hubs and characterised by the use of many different modes of transport. 
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[bookmark: _Hlk54967220]Table 3 Location of traditional knowledge-intensive workplaces and NWS in the HMA. Data on workplaces are from 2015 and NWS from 2019.

Accessibility to intensive public transport is crucial for NWS. Very few NWS are located in an area that does not provide intensive transit connections and none in the car-oriented zone (Fig.1). Of the traditional knowledge-intensive jobs, 8% are found in ordinary public transport zones (Table 3).

In addition to public transport, NWS are dependent on other services. Almost all paid NWS are located close to food, beverage, and accommodation services. Four out of five paid NWS are also located in the vicinity of a grocery shop. Traditional knowledge-intensive workplaces are located close to cafés, restaurants, and shops almost as often. However, less than half of the free NWS, typically in libraries or learning institutions, have cafés or shops in their immediate surroundings.    

The use of NWS can potentially decrease the length of home-to-work trips. Among those employees in knowledge-intensive industries with location data on home-to-work trips (92% of employees) and who both live and work in the urban core area of HMA, the average direct home-to-work distance according to the register data is approximately 7 km.    The average distance to the nearest NWS is nonetheless considerably shorter, only 1.5 km. As NWS are located very close to transport hubs, their accessibility in time is also much better than the accessibility of traditional workplaces.
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Fig. 2 Concentrations of knowledge-intensive jobs according to their job density (left) and predominant industry (right) as well as the locations of NWS in the HMA. Data on workplaces are from 2015 and NWS from 2019.           


Figure 2 shows the locations of NWS in relation to the main concentrations of knowledge-intensive jobs in HMA. Over 90% of NWS are located in the concentrations of knowledge-intensive jobs. Other locations of NWS include sizeable shopping centres, libraries, and education institutions which do not have a large number of knowledge-intensive jobs in their vicinity. 

However, many concentrations of knowledge-intensive jobs lack any kind of NWS or have only one co-working space available. In the fringe zone of the main city centre, there are job concentrations that include a high number of knowledge-intensive jobs but only a very limited capacity of NWS. A short distance outside the city centre fringe zone, several job concentrations include only traditional workplaces and no NWS. Jobs in these areas are typically in information and communication as well as in professional and technical services.  Almost all concentrations of knowledge-intensive jobs are located in or very close to multifunctional centre areas and offer potential for NWS as they can provide services for the users of NWS. 

Knowledge-intensive jobs and many NWS are typically located in office buildings. New office buildings that provide modern working environments are typically occupied by the knowledge-intensive sector, administrative services and other industries. However, only few NWS are located in new office buildings built since 2000. Because of the trend to intensify the use of office space, the construction of new office buildings has gradually slowed down after 2000. During 2010s, the yearly constructed new office floor space equals approximately 1% of the whole office building stock (YKR 2020). However, almost the same amount of existing office floor space is at the same time turned into housing and hotel accommodation (Kaleva et al. 2021).

[bookmark: _Hlk54204994]According to the monitoring data on urban form, only 52% of new office building floor space constructed since 2000 is located in multifunctional centre areas (YKR 2020). The rest is usually situated along main streets and public transport corridors. The reasons for locations being situated outside multifunctional centre areas might include the availability of suitable building lots, affordable land rents, and conventional location decisions emphasising accessibility by private car. Thus, new office development seems to clearly differ from the locational patterns of the knowledge-intensive sector and NWS. Therefore, current investments can lead to office spaces that will lose their attractiveness in the future if employees seek more central job locations. In this situation, NWS can draw increasing attention in the future and complement or even replace traditional offices in many companies.  


Discussion

The outcomes from the HMA contribute to a more comprehensive understanding of location factors of NWS (Table 1) Findings from this study can also contribute to elaborating new planning strategies for workplaces in the HMA and other metropolitan cities and urban regions displaying similar characteristics.

First, proximity factors discovered in previous research were also confirmed in this study, particularly concerning the close connection to knowledge-intensive jobs in business, research, information sector and public services (Babb et al., 2018; Mariotti et al. 2017; Moriset 2014). However, compared to traditional knowledge intensive workplaces NWS are more concentrated to best accessible locations in the pedestrian zones of the city centre and sub-centre. This could be explained by the fact that NWS attract users of different company backgrounds, commuting patterns, and working practices (see e.g. Ohnmacht et al. 2020). 

In addition to the development of neighbourhoods and impacts on the communities (Stam and van de Vrande 2017), the concentration of NWS in core pedestrian zones of centre areas has further implications for urban planning and land use (in terms of mixed use and multifunctional areas). In the new Helsinki city plan, the aim is to extend the mix-use patterns of central areas. If the target is also to increase the number of NWS in the fringe zone around the city centre, there is a need for mixed-use development, more services, and diverse industries in the fringe zone. In suburban areas, sub-centres have a very restricted selection of NWS. However, certain sub-centres are currently developing into denser and more multifunctional areas including the development of significant concentrations of knowledge-intensive jobs (Helminen et al. 2014; Söderström et al. 2014). If growing sub-centres provided multiple options for NWS, they might attract new companies and knowledge workers, thus increasing their liveability. 


Many concentrations of knowledge-intensive jobs are characterized by a certain industry or mix of industries. For example, university campuses may offer synergies between universities and companies, and good opportunities for start-ups to develop their business (Mariotti et al., 2017). NWS are closely entwined with the functioning transport system. Employees in knowledge-intensive industries might choose their working location from a variety of options. 

If NWS are available, employees can choose according to their mobility needs. The location of present NWS highlights the importance of intensive public transport connections. If sub-centres are to be developed, they need improved public transport connections not only to the city centre, but also between one another. In the light of recent changes in urban form, developing job concentrations in car-based locations appears not only to be outdated, but also evidence of poor investments.

Secondly, results show that there is an evolution on the NWS (Kojo and Nenonen, 2016), in this sense, the study contributes to the limited studies on the comparison between free and paid or limited use NWS and related location factors. The study shows that, on one hand, paid NWS are mainly located in multi-functional centres and big sub centres, while free NWS are also located in suburban centres (Fig.1). The variety of services in the surroundings of paid NWS is higher than free NWS. In the multifunctional centre areas of the HMA, the diversity of services increases the opportunities to combine different activities. Cultural, leisure and fitness services as well as a variety of meeting spaces increase the attractiveness of the area as a working environment and as a creative milieu for companies, leading to agglomeration effects and attracting new services to the area (Coll-Martinez and Arauzo-Carod 2017). 

Free NWS, such as the new Helsinki Central Library Oodi (which offers a variety of NWS, e.g., co-working spaces and maker spaces), seem to be very popular among freelancers and students, indicating a growing demand for this kind of spaces. Free and paid NWS might have different types of users on the basis of their location and services provided. Thus, in addition to the reputation of the districts (Babb et al., 2018), this study suggests to further investigate the multitude of service categories that can change the characters of both central and peripheral districts. 

[bookmark: _Hlk66642520]Thirdly, NWS could potentially reduce car commuting to suburban knowledge industry workplaces, particularly in combination with road pricing and parking restrictions at these workplaces. According to the results, distance to the closest NWS is usually much less than average home-to-work trip. Presently, most of the suburban workplaces are easily accessible by car even when located in sub-centres meeting the criteria of intensive transit zone. If driving to such workplaces is rendered less attractive, working in a NWS in the residential neighbourhood some days of the week could become more popular. Providing NWS in a larger number of residential neighbourhoods (such as the suburban sub-centres that have a very restricted selection of NWS) could additionally contribute to reducing the number of car commuters and transport emissions reflecting the findings by Ohnmacht et al. (2020). However, the NWS users may pursue certain networks and working milieus that are not available in the closest facility. 


The proliferation of NWS is a new phenomenon and can be part of a sustainable urban development. The implications for the functioning of the whole urban system and its planning concerning accessibility in general and accessibility by public transport would need further investigation. This has not yet been included in the spatial agenda of several metropolitan areas.  In the future of the HMA and other urban regions with similar economic and workforce characteristics, work will be carried out in multiple places with NWS playing an increasing role in flexible work. This trend is supported by increasingly high usage of technology within working practices and flexible work contracts. In this context, a more efficient use of business premises, changing preferences for a working environment, and the development of the mixed-use concept can contribute to developing new sustainable ways in which job areas are planned in metropolitan areas 

The rapid growth of NWS has resulted in increased uncertainty in monitoring the locational changes of jobs, particularly in knowledge-intensive industries. The users of NWS come predominantly from knowledge-intensive industries. Some of the employees and entrepreneurs may be registered to the address of the NWS, but the majority might not. In the future envisioning and planning of urban form, there is a need to consider the relational aspects of changing working patterns and locations. More detailed data is required on the users of NWS and their mobility. The development of multifunctional centres and NWS changes people’s daily mobility as well as use of space and services. This is particularly important when solutions to current sustainability challenges are developed (see the spatial balance and sustainable transportation in the polycentric HMA). New working practices might help to promote sustainable mobility and cut emissions from building use and car transport.  


Conclusions

[bookmark: _Hlk66639290]The aim of the study was to contribute to the growing literature on NWS by providing a comprehensive review of the evolving concepts (in terms of access, use, and functions). In addition to paid NWS, which are mainly analysed in current literature, the study focuses on free NWS, such as public libraries, which provide coworking spaces. This study has also elaborated on the knowledge on NWS by analysing location factors previously noted within the scientific debate (e.g. accessibility, proximity to university) and by using additional location factors (e.g. travel modes opportunities and multi-functional centres). This approach provides a comprehensive understanding of the possible factors which influence the location of the NWS. The study shows that the preferred location factors of NWS in HMA are the accessibility by public transport, proximity to university campuses and concentration of knowledge-intensive jobs. Moreover, the NWS in the HMA are mainly located in the multifunctional centres (which are defined on the basis of the density of people and jobs, and diversity of services), in the core and sub-centre pedestrian zones. Further studies should combine additional quantitative and qualitative analyses (e.g., interviews and surveys) in order to integrate users’ and managers’ perspectives.  There are also limited statistical data on working opportunities and facilities in cafeterias. Despite the growing interest among academics on the phenomenon, and there is also a lack of suitable datasets and data on NWS in statistical databases, research publications and official reports of the HMA and the City of Helsinki. The way of analysing the NWS used in this study can be used in cities that present similar characteristics in terms of urban form and multifunctional districts, as well as provision of paid and free NWS. However, national policies, local economic factors and approaches to the NWS should also be evaluated for a more comprehensive analysis. All these themes should be relevant for policymakers and planners when discussing several aspects of urban mono-and polycentricity and urban sustainability, as well as the degree of multi-functionality of urban districts and the issue of commuting distances. The understanding of workplaces is dramatically evolving with the use of NWS potentially influencing the planning of workplaces and other urban functions in our cities. However, this study is limited to the understanding of the proliferation of NWS and the implications for planning prior to the COVID-19. Therefore, it is crucial to further study this increasing phenomenon and its distinct impacts on cities and urban regions within the context of the current pandemic as well as future waves of new viruses. 
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