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[bookmark: _Toc18010583]Abstract

In this article the spatial patterns of Airbnb listings and hotels in Amsterdam will be analysed. This is done in two ways: by assessing the difference in proximity near tourist hotspots between hotels and Airbnb listings, and by evaluating the difference in distribution of hotels and Airbnb listings over the neighbourhoods in Amsterdam. Geospatial data is used and Herfindahl-Hirschman indices are calculated to analyse spatial patterns and concentration. This thesis concludes that the difference in proximity near tourist spots does affect spatial patterns between Airbnb listings and hotels, whereas the distribution over neighbourhoods seems to hardly differ.
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1. [bookmark: _Toc18010584]Introduction
Traditionally, tourist accommodation has consisted of rooms available for rent from formal businesses (such as hostels and hotels). However, in the last decade Airbnb has changed this model by providing a platform where homeowners can put rooms of their own up for rent – enabling the first form of monetised peer-to-peer accommodation (Guttentag, 2015). This set-up proved successful, as the number of rooms listed has seen an incredible growth (from 8.000 to nearly 20.000 within the last four years) (Inside Airbnb, 2019). This business has not been unrewarding for Airbnb, which charges hosts and guests a small fee when booking. The latest estimations put Airbnb at a worth of 35 billion dollars (Schleifer, 2019).

With the increasing prevalence of Airbnb listings in popular tourist cities, issues have started to arise. Due to the its new-found nature, Airbnb had the opportunity to grow without being targeted by the same regulatory constraints hotels and bed and breakfasts are facing (Bivens, 2019). Most old regulatory laws are focused on protecting the powerless from the powerful, but are not well-equipped for handling horizontal relationships (Jefferson-Jones, 2015). Like most other manifestations of the sharing economy, Airbnb involves predominantly these horizontal relationships. An example of ill-fitted, outdated regulation are zoning laws. They limit the locations where new hotels can establish themselves. As short-stay visitors are presumed to have different needs than long-term inhabitants (and thus a demand for different accommodations), policy makers prefer to cluster away hotels from residential areas. However, these zoning laws do not apply to Airbnb listings, as the rooms listed are owned by the local residents themselves. This mixed usage makes it hard to target them using the same regulation for traditional hotels and hostels.

Amsterdam is also facing these same issues. For a lot of long-term inhabitants, the city already feels overrun by tourists. They are scared of Amsterdam losing its identity by accommodating too much to the tourists instead of its native residents (De Groot, 2015). Airbnb might not be the cause of the mass influx of tourists, but it is certainly recognised as intensifying the complaints residents are having. The municipality of Amsterdam has addressed these issues by limiting the zones where hotels and bed and breakfasts can locate themselves, by limiting the number of days residents can rent out their rooms and by increasing fines. Still, a lot of these measures can easily be circumvented by Airbnb listers (AT5, 2019). Tourist tax and fines are barely paid by Airbnb hosts in Amsterdam (Schimmelpenninck, 2018). 

[bookmark: _Hlk17240961]These issues have been brought up to Airbnb by multiple local representatives in multiple cities. Airbnb has an unusual approach to the tax issues especially in the United States, where they proactively contact local governments and tax agencies with a ‘tax agreement’. These agreements have been criticised as they “do not guarantee the proper collection of taxes due” and “profoundly undermine sound tax administration and the rule of law” (Bucks, 2017). Unlike the aforementioned cities in the United States, Amsterdam reached out to Airbnb on its own accord in 2017 as the first city to do so worldwide. An agreement was made in which Airbnb promised to take measures against rooms being rented out for more than the legal maximum. However, in the beginning of 2019 these agreements were not renewed after the municipality felt like Airbnb were not actively enforcing or taking any measures (Couzy, 2019).

In the case of Amsterdam, tourists are starting to become more than a nuisance for local residents. Airbnb provides a way for tourism to spread itself to (residential) areas which prior to Airbnb did not have experience with tourism to this extent. But do the spatial patterns of Airbnb listings really differ from those of the more traditional hotels? If so, this might explain part of the increased complaints from local residents about tourists. Also, comparing both spatial patterns to common tourist hotspots can illustrate any difference between them – are new Airbnb listings more likely to locate themselves outside of the already ‘explored’ tourist places, or are they even closer to them than regular hotels? This leads to the following research question:

How do the spatial patterns of Airbnb listings and hotels compare in Amsterdam, especially in relationship to tourist attractions? 

For the spatial patterns, the distribution of Airbnb listings and hotels over the neighbourhoods of Amsterdam is used. This is done for all Airbnb listings and hotels. In addition, it is observed whether a listing or hotel is in close proximity of a tourist attraction. For this, a list of the most tourist dense locations in Amsterdam based of Flickr photos is used (thirteen tourist attractions long) based on research from Van der Drift (2015).

In this article the spatial patterns of Airbnb listings is compared to those of hotels. It is likely that these will differ, due to the different natures of hotels and Airbnb listings. However, this article will first provide the case with a theoretical framework. Secondly, the data section will describe the data used and any modifications it has seen. Then, the methodology will be explained and justified. Following this will be the results of the research, concluded by the conclusion itself and any limitations to the research. 

2. [bookmark: _Toc18010585]Theoretical Framework

[bookmark: _Toc18010586]Airbnb
Overnight accommodation has typically consisted of formal businesses offering rooms, such as hotels. With Airbnb however, peer-to-peer accommodation has been popularised as another way of staying overnight. Be that as it may, peer-to-peer accommodation is not a new medium. In fact, offering rooms to tourists has happened for centuries (Kendall College, 2018). Even present-day bed and breakfasts are underpinned by this procedure of peers renting out to peers. Homeowners and bed and breakfast-type establishments have had the issue of creating awareness among their potential customers (Guttentag, 2015). Peer-to-peer accommodation naturally deals with smaller entities, making it harder to market the rooms. Bigger entities such as hotels have more room in the budget for overhead expenses such as marketing. Airbnb eliminated this problem for homeowners, by providing an online platform where demand and supply can meet. This resolved the issue of not being able to reach the target audience, as the potential renters are finding you by searching and filtering on Airbnb (Guttentag, 2015). 

Airbnb has been founded in 2008 and was initially called ‘Airbed and breakfast’. The founders felt there was a lack of alternative accommodation during high-profile events in cities with a saturated hotel market (Tussyadiah, 2016). On a bigger scale the founding of Airbnb can be placed in a larger trend of new software platforms ‘acting as an intermediary between private buyers and private sellers, allowing them to share their existing resources’ (Allen, 2015). This is also referred to as the new ‘sharing economy’. However, others have found this term to be ‘vague’ and suspect it to be ‘part of a marketing strategy, and have dubbed Airbnb and other ‘sharing economy’ firms as IBSFs – ‘internet-based service firms’ (Bivens, 2019). These critics consider the sustainable and innovative imago to be a disguise for rich venture capitalists to skirt regulations.

The concept ‘sharing economy’ has been called vague, because of the different types of value networks that carry the moniker. To form a better understanding of the concept, these forms must be described. When it comes to value networks, four types can be identified (see Figure 1, adapted from (Kostakis & Bauwens, 2014)). These four types are defined as quadrants using two dimensions; the degree to which technological control is distributed or centralised and the degree to which profitability ultimately stands central in the decision-making. Distributed or centralised technological control refers to the way peer-to-peer infrastructures are designed. If control is distributed, then the infrastructure allows for autonomy of the participants. If control is centralised, participants are still able to through the platform but they have no control of the protocols and design of the network. In those cases the networks are proprietary.
Figure 1 | Four quadrant model on the different types of value networks
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This subsequently leads to the following four quadrants:

Q1. Not-for-profit systems with distributed control, for example Wikipedia. The co-created peer-to-peer value (the creation of an online encyclopaedia, the online preservation of knowledge) stands central, which serves to the benefit of the public.
Q2. For-profit systems with distributed control, for example 	Kickstarter. The peer-to-peer infrastructure encourages the participation and autonomy of a huge number of players. Kickstarter is a platform where people post initiatives hoping to attract enough pledgers, who will in turn receive part of the results of the project if it goes through. The value is realised through peer-to-peer funding. However, some argue that Kickstarter is merely a web-hosting provider charging fees up to ’60 times the actual cost’ (Bulajewsk, 2012). Due to the fact that ultimately surplus value is created through peer-to-peer financing, it is placed in Q2 as opposed to Q4.
Q3. Not-for-profit systems with centralised control, for example the Mondragón collective in the Basque Country. (Oskam & Boswijk, 2016). This is a cooperation and a federation of worker cooperatives. As a collective it is not seeking private profits, but is focused on supporting the local community. Non-profit networks like these are often localised, as political and social mobilisation becomes increasingly difficult at larger scales (Kostakis & Bauwens, 2014).
Q4. For-profit systems with centralised control, for example Facebook. The monetised value created by the peer-to-peer interactions does not stand central for the participants in the network, it is rather a by-product. In addition, the monetised value is not capitalised off by the participants, but by the owner of the proprietary network – Facebook.  The front-end is for the users, but the back-end is fully in hands of Facebook.

The case of Kickstarter shows it can be hard to assign a quadrant to a network, especially since it is in the interest of firms to harness a good public image. In case of these quadrants, appearing to have control more distributed can look create more goodwill. Lessig has compared code on the internet as having the equivalent role of law in the real world (2006). Where law ensures credibility of contracts and protects propriety rights, code does so online. In that sense it seems only natural that a distributed control is deemed favourable, as the opposite would be the online equivalent of a dictatorship.

When closely examined, Airbnb can be put into the fourth quadrant as a for-profit system with centralised control. In addition, it seems to inhibit these characteristics of a ‘code dictatorship’ as well. The platform is proprietary and the control is centralised in the hands of Airbnb itself. The value is not created by users in collaboration with other users, instead the new-found value comes from resources not earlier commodified (private, residential housing). It is true that Airbnb enables the ‘sharing’ of these resources, but they exploit it for their own good at the same time (Kostakis & Bauwens, 2014). 

[bookmark: _Hlk17189409][bookmark: _Hlk17938748]Still, initially Airbnb was positively received in cities, Amsterdam in particularly. This is exemplified by the agreement made in 2014 between Airbnb and the municipality, which stated that the municipality and Airbnb would only release positive statements about each other  (Van Weezel & Bouma, 2017). This is due to the potential benefits of an Airbnb presence in the city. One of the most important potential benefit is that property owners have more use for their property (Bivens, 2019). Renting out single rooms or whole apartments used to have a lot of transaction costs associated with it, ranging from advertisement costs to  setting up proper contracts. As already mentioned, the introduction of Airbnb has reduced these costs significantly with the platform they provide (Guttentag, 2015). The platform facilitates the matching of demand and supply. From a consumer point of view the risk of booking a below-standards room has decreased as well, as Airbnb will (help) compensate the costs. It is important to note that most properties are owned by only a small group of society. Low-income people might not be able to own a house and instead have to rent a place. This often comes with a rental agreement forbidding listing the place or a room on Airbnb. Residents in social housing in the Netherlands are also not allowed to rent out their place on Airbnb. This means that this benefit is only reaped by a smaller group of society, which were more wealthy to begin with. In addition it can be noted that for the not-so-wealthy property owner, their property is their main type of capital (CBS, 2019). This difference in property ownership is not overstated – the  top 20% hold 78.79% of the net property ownership value (see Table 1, Appendix 1). Net property value refers to the property value minus the mortgage. This value is negative for the lower property value groups, entailing that the mortgage debt is bigger than the property value. This displays the need for small property owners to utilise their property to the fullest (they have less leeway for error with so much riding). Monetising their property can be an important (supplemental) income stream. This argues that the platform Airbnb offers is of (relative) greater value to these small property owners, offsetting the huge bias to big property owners to a (minor) extent.

Another benefit is that with the introduction of Airbnb, the options for travellers looking for an overnight stay have increased. With this supply shock, prices have decreased in general. This is due to the fact that Airbnb rooms are already priced lower than regular hotel rooms. In addition, hotels have also started pricing lower due to the increased competition in overnight accommodation (Bivens, 2019). This competition is not just limiting itself to the price of a stay, but is also occurring when it comes to the overall experience of a stay. It might not be as luxurious, but Airbnb visitors also have other demands. Often-heard is the need for authenticity, for straying from the known path and experiencing more of the local life instead of the typical tourist places (Guttentag, 2015). Also often-commented is the convenient location of Airbnb listings. Whether this is in relationship to the more typical tourist places or the afore-mentioned less-travelled places, remains unclear.

Another potential benefit is that with the previous mentioned price decrease, more tourists might opt to visit the city. In turn, this could lead to huge economic growth due to additional expenditure these new tourists bring. This is claimed by Airbnb and others - NERA Economic Consulting found Airbnb supporting 730,000 jobs and $61 billion dollars worldwide (2017). However, this seems unlikely to be the case (Bivens, 2019). These claims are often based upon the assumption that tourists staying in Airbnb listings would not have stayed in the city otherwise. As asserted earlier, Airbnb is competing with hotels for overnight accommodation. This is indicated by the already mentioned price competition, leading to lower hotel room prices. This competition shows that Airbnb and hotels are (close) substitutes, and thus it is unlikely that tourists would not stay in the same city if not for the Airbnb presence. What could be the case is that Airbnb travellers are spending their money in a different way than normal hotel-goers. However, with one of the key features of Airbnb rooms being a lower price, this does not seem to speak in favour for increased expenditure from Airbnb travellers (Guttentag, 2015). In addition, hotels are more likely to spend money on services like in-house cleaning. Airbnb hosts tend to pick up part of the labour themselves or tend to outsource these jobs to third-parties. Either way, when using an Airbnb part of the contribution to the local economy is lost or job quality is degraded.

There are also costs associated with the introduction of Airbnb in a city. One of the most important is the effect Airbnb has on the long term housing market. With Airbnb significantly lowering the transaction costs of renting out a property to short-stay visitors, short term rental becomes a lot more interesting for property owners. However, this means that property now designated or used as long term rental will be put up on the short term rental market instead. This causes the long term rental supply to shrink, which in turn raises the rent of a house for long term stay. The raised prices do not matter for tourists, as they are not participating in this market. After all, they are only staying here for a small period of time and are not permanently establishing themselves in the city. Local inhabitants might not immediately feel these consequences, as they are not in direct need for another place to stay (they have their own property to live in). However, when house owners (or their children) do want to move within the neighbourhood, they start to face these higher prices. Especially considering the already increasing housing prices (both renting and buying) due to the already saturated housing market (Nijskens & Lohuis, 2019), local residents now are at risk of being priced out of their own neighbourhood. Also, as mentioned earlier, the top 20% hold 78.79% of the net property ownership value. This means that the profit of rising housing prices only goes to a small group of people, again increasing the inequality in The Netherlands. It is for these reasons that municipalities such as Amsterdam are limiting the number of days a property can be rented out for to tourists. This addresses property owners that basically run a full-time hotel from their property. Such owners often have multiple properties listed as well – a practice not allowed by Airbnb.

Another cost is that enforcing tax collections on Airbnb listings is a lot harder for a municipality than collecting from hotels. Unlike hotels, Airbnb listings are not always registered with the municipality. This is due to the fact that Airbnb listings all are originally designated for residential usage, where hotels must be registered as being hotels. As formal businesses, hotels have to conform to more regulation than an Airbnb listing. This is slowly starting to change in Amsterdam with the new legislature put in place, making renting out a room or property for more than 30 days illegal. This is tracked using data manually entered by the listing owners on the website of the municipality. These measures are not abuse-proof and are still easily circumvented (AT5, 2019). In addition, the owners who do get caught are rarely paying the fines (without real repercussions) (Schimmelpenninck, 2018).

Zoning laws prevent commercial usage such as hotels in certain residential to avoid issues with tourists and local residents. However, posting an Airbnb listing cannot be forbidden using out-dated zoning laws as the houses are primarily used by local residents. This highlights the failure of current regulation to adapt to the changing environment. Old, ill-fitted laws specifically have a hard time with the change in power structure. Airbnb listings are characterised by horizontal relationships, unlike the more vertical relationship between customer and hotels. The latter case is accurately handled in current law, with provisions to protect the powerless (customers) from the powerful (hotels) (Jefferson-Jones, 2015).

Airbnb is saying it is doing its best to mitigate these costs, but revealed behaviour is telling. However, Airbnb tends to be passive in enforcing proper tax recollections, an attitude which is highlighted by its own tax approach. They proactively propose ‘tax agreements’ to local governments. Even though they pose as ‘tax agreements’, they have been criticised as they “do not guarantee the proper collection of taxes due” and “profoundly undermine sound tax administration and the rule of law” (Bucks, 2017). Also, Airbnb is unwilling to share how many hosts (property owners with listings on Airbnb) are actually paying the mandatory taxes on short-term rental. This information is known by Airbnb, but it does not want to share it with the municipality unless all competitors do so (Piersma, 2018).

[bookmark: _Toc18010587]Hotels
Hotels are the traditional mode for overnight accommodation. They wildly vary in ownership form (chain versus standalone) and compete amongst others in price, service quality, location, business facilities and rooms (Choi & Choi, 2000). Pricing being one of the most important factors in choosing between hotels (Hung, Shang, & Wang, 2010). Nonetheless, an appropriate location is preeminent, as relocation costs are extremely high for hotels. A good location is also valued by both business tourists and leisure tourists (Yang, Wong, & Wang, 2012). In comparison to Airbnb listings, the hotel industry is more regulated by government bodies. A more formalised business might be an adverse selling point to potential Airbnb travellers, as they are inclined to have an experience more ‘local’ and less of the beaten path. However, business travellers might prefer the extra security and accountability a more formalised business offers.

So where do hotels locate themselves? Research suggest that different types of hotels show different type of spatial patterns. Among others, Yang, Wong and Wang (2012) have found that hotel characteristics like ownership type, star rating and the age of the business are important spatial determinants. Another major spatial determinant is the accessibility of the hotel, by car (road accessibility) and public transport. Also, the accessibility to tourist sites is deemed of great importance. A good hotel location incorporates all of the above. However, it must be noted that hotels cannot locate themselves everywhere, as zoning laws do push hotels away from residential areas (as was stated earlier).
	
Hotel locations are not randomly distributed, instead they are clustered. Clustering often results in agglomeration effects, which are benefits gained from clustering. One of these benefits is the efficiency gains realised due to spillover effects (Urtason & Gutiérrez, 2017). Hotels have specific needs catered to by business to business companies. These downstream companies are able to offer cheaper pricing to clustered hotels due to the increased sales volume (relatively decreasing overhead costs). Clustered hotels are thus benefiting from increased efficiency resulting from spillover effects. The demand side also benefits from clustering as searching costs decrease. This is true for hotels as they sell products or service which are consumed at location. For a tourist or traveller looking to stay somewhere, having multiple options near each other makes the process of comparing and choosing more convenient. As said earlier hotels try to differentiate on multiple facets, and finding the right choice for a customer can be tricky without having to take different locations into consideration. Even with the introduction of internet decreasing search costs, potential customers are more likely to take clustered hotels into consideration than more isolated hotels (Urtason & Gutiérrez, 2017). Locating near competitors can turn out costly if hotels are not differentiated enough. Another research by Urtason and Gutiérrez (2006) found that hotels with similar characteristics did not seem to benefit from any (positive) agglomeration effects.

[bookmark: _Toc18010588]Tourism
While it might not be the biggest industry in the world as often proclaimed, it definitely is one of the biggest (Spinks & Kopf, 2018). For Amsterdam, the expenditure of tourists in 2016 amounted to 6.3 billion euros, resulting into an estimated added value of 2 to 2.7 billion euros (SEO Economisch Onderzoek, 2017). However, it is not the (large) size of the economic input that matters in this case, it is the manner in which this is created. More important is the big number of jobs supported by the tourism industry, which was a total of 61,000 jobs in Amsterdam in 2016 (SEO Economisch Onderzoek, 2017). Nonetheless, some argue that the huge number of jobs comes with the drawback of high opportunity costs, as tourism jobs are relatively less productive in terms of monetary output (Archer, Cooper, & Ruhanen, 2005).

As tourists come from other countries and other cultures, cultural differences ensue. Tourists might clothe differently and behave differently, causing mutual understanding to be replaced with antipathy (Archer, Cooper, & Ruhanen, 2005). This is salient, as the desire to experience different cultures is a big driver behind tourism. Especially Airbnb likes to advertise their rooms in residential areas as ‘authentic cultural experiences’ (Guttentag, 2015), which attracts this particular type of tourists. With Airbnb offering such rooms, it has become easier for travellers to avoid facilities and services aimed at tourists. Instead, they infiltrate more than ever into the daily lives of locals. Amenities and facilities targeted at locals, are now being used by tourists. Slowly these services start catering more to the new influx of outsiders, losing some value for locals in the process. At the heart of this development is the different needs and demands tourists have as opposed to local residents.

[bookmark: _Toc18010589]Hypothesis 1
As mentioned before, the importance of centrality, convenience and accessibility in a hotel’s location cannot be overstated. For Airbnb listings however, a good location seems to be defined by other parameters. More conventional tourist hotspots might not be valued as much, with Airbnb tourists wanting to have a more ‘local’ experience. This can indeed be experienced by renting a room from a local, which is what the platform of Airbnb enables residents to do. The difference in these spatial determinants, especially the importance of a hotel location central to points in interests of visitors, led to the following hypothesis:
The proximity to touristic hotspots is different for Airbnb listings compared to hotels in Amsterdam.
Proximity to touristic hotspots is chosen as a key differential in location determinants. It is hypothesised that for hotels, having a location near these tourist spots is more important – thus leading to a difference in proximity to touristic hotspots compared to Airbnb listings. 
[bookmark: _Toc18010590]Hypothesis 2
[bookmark: _GoBack]With residents putting their own rooms up for short-stay rent, new residential neighbourhoods enter the market. For hotels, centrality to all accommodations is important, but the Airbnb traveller values other concepts as well, like an ‘authentic’ experience. The latter seems to be in the extent of the notion that rather unexplored, residential neighbourhoods are put online on Airbnb. The following hypothesis hypothesises that hotels and Airbnb differently locate amongst the neighbourhoods of Amsterdam.
The distribution over neighbourhoods differs for Airbnb listings and hotels in Amsterdam.

3. [bookmark: _Toc18010591]Data

[bookmark: _Toc18010592]Data sources
The dataset used in this research has been compiled from multiple sources. First, geotagged data regarding Airbnb listings in Amsterdam has been retrieved from Airbnb Inside (Inside Airbnb, 2019). Secondly, data regarding all the hotels in Amsterdam in 2014 has been obtained as well. This was made accessible by the municipality of Amsterdam (Gemeente Amsterdam, 2015). Even though the data was geotagged using postal codes and addresses, it still needed additional geotagging in the form of adding coordinates (longitudes and latitudes). Thirdly, a dataset was created using the list Van der Drift (2015) compiled of the thirteen most densely tourist populated areas (hotspots) in Amsterdam. Van der Drift used geotagged photos uploaded to the cloud service Flickr to determine the list. The hotspots on the list were subsequently geotagged as well. These datasets were then all loaded into the geographic information system QGIS, which provided the means to spatially join attributes of one dataset to the other. This entails that provided both datasets are geotagged, information can be merged from one to another if they are within a definable geographic range. Then, using a Web Feature Service (WFS) found on the Dutch geoportal ‘Publieke Dienstverlening Op de Kaart’ (PDOK), the geospatial vector data regarding ‘wijken’ in The Netherlands was loaded into QGIS as well. A ‘wijk’ consists of multiple ‘buurten’, both of which translate to neighbourhoods. In this research a ‘wijk’ will now be referred to as a neighbourhood, and vice versa. The geospatial data was made available by the government institution Centraal Bureau voor Statistiek (CBS) (2018), which gathers and publishes statistics in and about the Netherlands. The Web Feature Service also the population statistics of the neighbourhoods. Finally, both the hotel dataset and the Airbnb dataset were merged into one. 

[bookmark: _Toc18010593]Specification of variables
The dataset comprises data regarding both Airbnb and hotels. For each data entry the accommodation type is indicated by a the dummy variable ‘type’. One unit of Airbnb stands for one listing, which can comprise anything from a multiple-bedroom apartment to a single bedroom. The variables ‘longitude’ and ‘latitude’ denote the geographical location, along with the categorical ‘neighbourhood’ specifying in which of the 98 neighbourhoods the accommodation is located. Amsterdam actually has 99 neighbourhoods, but IJburg-Oost was excluded. This is due to the neighbourhood still only being built, no people are living there yet. To simplify matters, when referred to the total number of neighbourhoods in Amsterdam, this number of 98 neighbourhoods is meant. In addition, the variable ‘population’ expresses the number of inhabitants of the respective neighbourhood the accommodation is located in. Each data point also has the variable ‘tourist hotspot’ and thirteen dummy variables, indicating each tourist hotspot. ‘Tourist hotspot’ indicates the number of tourist hotspots in close proximity to the accommodation. Close proximity is defined as being within 400 metres. This is a widely adopted standard for walkability in urban design, affecting policy decisions such as the location and number of bus stops (Morphocode, 2018). The dummy variables indicate which of the tourist hotspots the hotel or Airbnb is near to.

[bookmark: _Toc18010594]Descriptive statistics
In Table 2 (see Appendix 1) the descriptive statistics of all the variables have been given. Below this, Table 3 gives the descriptive statistics as well for all variables except for the tourist hotspot dummy variables. Of the 19,909 observations, 19,490 are observations of Airbnb listings. The other 419 entries are hotels. As ‘type’ is a dummy variable, this proportion is shown in the mean. Table 4 and 5 (see Appendix 1) show the descriptive statistics split by accommodation type. Other interesting statistics are the minimum and maximum of ‘population’, respectively 195 and 28,825. This means that the neighbourhood with the highest population count has 28,825 residents living there, and that the lowest population count of a neighbourhood is 195. The large spread can be explained due to the different natures of the neighbourhoods. For example, in the neighbourhood with the lowest population (‘Westelijk Havengebied’) a port is situated with a lot of commercial port-related businesses. 

Table 3 | Descriptive statistics of all variables except for the tourist hotspot dummy variables
	Variable
	Observations
	Mean    
	Standard Deviation
	Minimum
	Maximum

	type
	19,909
	0.978954
	0.143541
	0
	1

	latitude
	19,909
	52.36535
	0.016043
	52.28927
	52.42471

	longitude
	19,909
	4.888968
	0.034917
	4.75943
	5.02769

	neighbourhood
	19,909
	30.72972
	22.17125
	1
	99

	population
	19,909
	10419.93
	4738.568
	195
	28825

	tourist hotspot
	19,909
	0.12532
	0.444551
	0
	5




4. [bookmark: _Toc18010595]Methodology

The analysis of the differences in spatial patterns of Airbnb listings and hotels in Amsterdam is split into the following two hypotheses.
1. The proximity to touristic hotspots is different for Airbnb listings compared to hotels in Amsterdam.
2. The distribution over neighbourhoods differs for Airbnb listings and hotels in Amsterdam.

[bookmark: _Toc18010596]Analysis with respect to the proximity of tourist hotspots (hypothesis 1)
[bookmark: _Hlk18007062]For the first part of the analysis, hotels and Airbnb listings will be compared based on their proximity to tourist hotspots. Sub-sets will be made based on whether they are within 400 metres of a hotspot. A visualisation of the spatial patterns will be made in the form of heatmaps, enabling a visual analysis. Furthermore, for each tourist hotspot a comparison will be made. This will be done using the number of Airbnb listings and hotels in near proximity, and the average number of hotels and Airbnb listings in near proximity. As hotels and Airbnb listings do not comprise of accommodation for the same number of people, a measure must be used to make the numbers per hotspot relative to the numbers per type as a whole. Using such a measure will enable us to infer meaningful statements on the difference in spatial patterns. This is why the average number of Airbnb listings and hotels in near proximity of a tourist hotspot is used. Using this average instead of a more basic measure as the proportion per hotspot, allows for a more intuitive interpretation of the numbers. This helps identifying whether the same tourist hotspots that attract hotels, also attract Airbnb (and vice versa). These methods will help answering the first hypothesis.

[bookmark: _Toc18010597]Analysis with respect to the neighbourhoods (hypothesis 2)
For the second part of the analysis, the distribution of Airbnb listings and hotels over the ninety-nine neighbourhoods in Amsterdam will be compared. This will be accomplished using multiple Herfindahl-Hirschman indices. This index is normally used to assess the market power concentration in an industry. In the spatial context, it is used as a measure of concentration and is helpful in comparing the spatial concentration of Airbnb and hotels. The formula to computing the Herfindahl-Hirschman index is the following:


 stands for the share of neighbourhood , with  being the total number of neighbourhoods in the Amsterdam. The shares are calculated by dividing the number of Airbnb listings in a neighbourhood by the total number of listings in Amsterdam. By squaring each neighbourhood’s share, a greater weight is given to a single neighbourhood with relatively a lot of Airbnb listings or hotels than firm than two neighbourhoods with a same combined total. A high Herfindahl-Hirschman index result is close to one and implies that the distribution over the neighbourhoods is highly unequal, with some neighbourhoods harbouring the majority of the listings and hotels. Conversely, a low index value implies that every firm has close to the same market power, leading to a high degree of that the neighbourhoods that have a higher hotel-presence than an average neighbourhood, are mostly located in the centre of Amsterdam competition.

This index is also computed for hotels, using the share a neighbourhood has of the total hotel market:



Another Herfindahl-Hirschman index for both Airbnb and hotels will also be computed, where shares will be controlled for the population of the neighbourhood. In the case of Airbnb listings, this will produce the following index formula:



Comparisons with respect to the neighbourhoods will also be made without usage of the Herfindahl-Hirschman index. The number of both Airbnb listings and hotels in each neighbourhood will be divided by the average number of both Airbnb listings and hotels in a neighbourhood. In the case of Airbnb in neighbourhood , this returns the following equation:


This measure indicates whether a neighbourhood is attracting Airbnb listings, and to which extent compared to an average neighbourhood. Comparing the results of this measure for both Airbnb listings and hotels gives a good idea of whether a neighbourhood is ‘Airbnb’ dominant or ‘hotel’ dominant. In addition, the distribution over the neighbourhoods will be visualised using this measure, enabling a visual analysis. Together, they will answer the second hypothesis.

5. [bookmark: _Toc18010598][bookmark: _Hlk17808296]Results

[bookmark: _Toc18010599]Analysis with respect to the proximity of tourist hotspots (hypothesis 1)
Out of all 19,909 accommodation places, nearly 9.24% is located near a tourist spot (see Table 6, Appendix 1). Airbnb has 1840 listings near a tourist spot, whereas hotels have 419. Interpreting this result might be hard, as these absolute numbers are representative of different units. One hotel can accommodate a lot more people than one Airbnb listing. To put the results into perspective, 40.81% of the hotels is located near a tourist spot as opposed to 8.56% for Airbnb. This percentage is more than four times bigger than that of Airbnb. It also does not mean that hotels are situated near relatively remote tourist spots (which might be more affordable or less in demand). This much becomes clear when comparing the percentage of hotels near multiple tourist spots to those of Airbnb – 15,27% versus 2.09%. 

When looking at the following heatmap (Figure 2), the extent of centralisation to which hotels have located themselves relatively from tourist spots becomes clear. The hotels are located in the very middle of all the tourist hotspots. The other heatmap (Figure 3) shows that Airbnb listings do not exhibit this pattern, as the listings have located themselves more around the hotspots rather than in the middle of.


Figure 2 | Hotel density and tourist hotspots
[image: ]Figure 3 | Airbnb listings density and tourist hotspots[image: ]
When comparing the actual number of hotels near each tourist spot with the average number of hotels per tourist spot, five out of thirteen spots stand positively out (see Table 7, Appendix). For Airbnb, six spots do better than the average performance for Airbnb. The Dam Square, Red Light District and Oude Kerk, and the Leidse Square overlap, meaning they attract both more hotels and more Airbnb than the average tourist spot. In addition the Flower Market, Central Station, Nieuwmarkt, Begijnhof, Rembrandt Square and Van Gogh Museum also overlapped, but in a negative way. They attracted less than the average tourist spot. The most remarkable statistic is the difference between the proportions of Airbnb and hotels near ‘The Heineken Experience’. The difference accounted for a value of 1.51, which is considerably higher than values of other tourist hotspots. This particular tourist attraction is located in the neighbourhood ‘Oude Pijp’. ‘Oude Pijp’ used to be and still is a place heavily used by locals. Amongst these residents were a lot of artists and lower class people, which formed together a unique, vibrant neighbourhood. With the repurposed usage of the old Heineken factory as a museum, the neighbourhood really established itself as a popular destination for tourists. The high number of Airbnb listings is not without reason, as ‘Oude Pijp’ exactly offers what so much Airbnb users look for – an ‘authentic cultural experience’. With the neighbourhood being outside of the city centre, it is less appealing for hotels. These two notions form the underlying basis for the big difference.

[bookmark: _Toc18010600]Analysis with respect to the neighbourhoods (hypothesis 2)
Using Herfindahl-Hirschman indices to measure concentrations of hotels and Airbnb’s has not returned any spectacular findings (see table 9 below). The index was used to evaluate the concentration of Airbnb, hotels and both. While the value for hotels was slightly higher than for Airbnb, the indices still returned a low value. This indicates an almost even distribution over the neighbourhoods. In addition, the Herfindahl-Hirschman index was also used to assess the concentration of Airbnb and hotels when adjusted for the population. This adjustment was done by controlling for the total population of Amsterdam. This resulted into a slightly lower value for Airbnb and a slightly higher value for hotels, both of which were of minimal magnitude.

Table 9 |  Herfindahl indices
	Measurement objective
	Herfindahl index

	The concentration of Airbnb in Amsterdam over the neighbourhoods
	0.018928

	The concentration of hotel in Amsterdam over the neighbourhoods
	0.07034

	The concentration of both Airbnb and hotels in Amsterdam over the neighbourhoods
	0.018893

	The concentration of Airbnb adjusted for population in Amsterdam over the neighbourhoods
	0.015961

	The concentration of hotels adjusted for population in Amsterdam over the neighbourhoods
	0.086097



Figure 4 is a heat map of tourist hotspots, overlaid on top of a map showing the different neighbourhoods of Amsterdam. In addition, for each neighbourhood it is indicated whether Airbnb is relatively performing better than hotels, which seems to be the case for most of the neighbourhoods. In 72 of the neighbourhoods Airbnb has gotten a bigger share than hotels have when adjusted for the average presence in a neighbourhood (see Table 10, Appendix 1). However, a look at the map shows that the neighbourhoods where hotels do have the higher presence adjusted for the average, are mostly located in the centre of Amsterdam. Alongside this, a lot of the tourist hotspots can be spotted in the centre on the map as well. Remarkably, the difference in neighbourhood performance drastically decreases when adjusted for the number of inhabitants per neighbourhood. This is to such an extent that in the majority (52) of the 98 neighbourhoods hotels now have gotten the bigger relative share. The presence of Airbnb listings is dependent on the number of residents, as they are ultimately the suppliers of accommodation. When adjusted for population, this results into much lower values than for hotels. Hotels, however, are not dependent on the number of people living in the neighbourhood, and thus do not experience such a big decrease.


Figure 4 | Heatmap on tourism in Amsterdam and map on relative neighbourhood dominance

[image: ]

6. [bookmark: _Toc18010601]Conclusion and discussion

[bookmark: _Toc18010602]Conclusion
This research paper attempted to answer the following research question:
How do the spatial patterns of Airbnb listings and hotels compare in Amsterdam, especially in relationship to tourist attractions?

1. The proximity to touristic hotspots is different for Airbnb listings compared to hotels in Amsterdam.

Firstly, the spatial patterns of Airbnb listings and hotels were analysed with regards to the proximity of tourist attractions. Comparing the proportions showed that hotels have located themselves near tourist hotspots at a rate of 40.81%. This rate is more than four times as high as the rate for Airbnb listings (9.24%). When changed to proximity to multiple hotels, this disparity grew even larger – up to more than seven times as big. This underlines the importance of centrality to hotels, a convenient location is key in attracting tourists.

An in-depth look to the presence for Airbnb and hotels near these tourist spots showed that hotels were especially not performing as well near the tourist attraction ‘The Heineken Experience.’ This tourist attraction is located in ‘Oude Pijp’, which is a residential area known for its unique and lively culture. For Airbnb users, such an ‘authentic cultural experience’ is exactly what they are looking for. In conjunction with a location off from the centre, this creates a huge difference in the supply of Airbnb listings and hotels.
These findings are aligned with the first hypothesis. The proximity to tourist attraction does differ for hotels and Airbnb listings. The first hypothesis can thus not be rejected. 

2. The distribution over neighbourhoods differs for Airbnb listings and hotels in Amsterdam.

Secondly, the spatial patterns of Airbnb listings and hotels were analysed with regards to the distribution over the neighbourhoods in Amsterdam. This distribution was evaluated using the Herfindahl-Hirschman index. The index values revealed that no neighbourhood particularly had an extremely high number of hotels and Airbnb listings, suggesting an equal distribution. Adjusting for population per neighbourhood did make the distribution less equal for hotels and more equal for Airbnb listings, but only to a minor extent.

When the differences in relative market share within neighbourhoods were compared, it became clear that Airbnb was doing better in 72 of the 99 neighbourhoods. This dominance completely changed when the results numbers were adjusted for the size of the neighbourhood population. Controlling for population led to an evaluation where the presence of hotels outperformed that of Airbnb in 52 of the 99 of the neighbourhoods. This result is due to the nature of the supply of Airbnb, which as a peer-to-peer network depends on residents to offer rooms. As hotels are not peer-to-peer entities, they are less affected when controlling for population.

Ultimately, the two findings seem to be unable to reject the second hypothesis. The Herfindahl-Hirschman indices showed almost no differences in the distribution over neighbourhoods. It is telling however, that when controlling for population Airbnb loses its relative majorities in a lot of neighbourhoods. This seems to imply that there are differences in distribution over neighbourhoods. The indices however, remind that when put in a the larger context these differences seem to be minimal.

In the end, it can concluded that hotels are more likely to have located themselves in near proximity to a tourist attraction. Generally, no neighbourhood contains a disproportionate amount of accommodation, resulting in  an even distribution over the neighbourhoods. Moreover, controlling for population has a bigger effect on Airbnb due it being dependent on local residents for supply, as it is a peer-to-peer network.

[bookmark: _Toc18010603]Limitations
However, this conclusion and underlying research is not without its limitations. Firstly, due to a lack of available (and quantitative) data, the spatial patterns of local residents’ complaints were not assessed. Instead, only inferences could be made using the difference between the spatial patterns of hotels and Airbnb listings. Also, the data used to analyse these spatial patterns of hotels dates from 2014. This means Airbnb might be less accountable for differences in the spatial patterns than expected. A difference could potentially come from an exogenous change, like a neighbourhood that suddenly lost of a lot of its appeal in the meantime. However, it must be noted that data of hotels stays longer relevant than that of Airbnb, due the remarkably higher entry and exit costs of hotels. Also, this article compares the number of Airbnb listings to the number of hotels. Both represent different magnitudes, making direct comparisons harder and less accurate. This could be resolved by using different data including the number of beds in hotel rooms and Airbnb listings. In addition, the Flickr-sourced data on tourist hotspots is dated from 2015. The author of the data set, Van der Drift (2015), explains the methodology behind it. Due to technical limitations this data could not be updated, which further research could definitely do. Also, instead of just identifying hotspots from the Flickr data, one could use the underlying data to compare concentrations, which would make for more detailed analyses. The most important give-away from these limitations for further research is to update the data used and to include spatial data on the increasing number of complaints on tourists from local residents.
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[bookmark: _Toc18010605]Appendix 1 | Tables

Table 1 | Property ownership in the Netherlands (2017) in billion euros, source: (CBS, 2019)
	Capital group
	Property value
	Mortgage value
	Net property ownership
	Share net property ownership

	0-10%
	105.8
	-146.2
	-40.4
	-8.22%

	11-20%
	32.1
	-34.7
	-2.6
	-0.53%

	21-30%
	5.9
	-6.2
	-0.3
	-0.06%

	31-40%
	23.2
	-23.8
	-0.6
	-0.12%

	41-50%
	53.5
	-52.5
	1
	0.20%

	51-60%
	103
	-91.5
	11.5
	2.34%

	61-70%
	149.8
	-106.1
	43.7
	8.89%

	71-80%
	178.5
	-86.6
	91.9
	18.71%

	81-90%
	220.2
	-71.6
	148.6
	30.25%

	91-100%
	327.5
	-89
	238.5
	48.54%



Table 2 | Descriptive statistics of all variables
	Variable
	Observations
	Mean    
	Standard Deviation
	Minimum
	Maximum

	id
	19,909
	9955
	5747.378
	1
	19909

	type
	19,909
	0.978954
	0.143541
	0
	1

	latitude
	19,909
	52.36535
	0.016043
	52.28927
	52.42471

	longitude
	19,909
	4.888968
	0.034917
	4.75943
	5.02769

	neighbourhood
	19,909
	30.72942
	22.17034
	1
	98

	population
	19,909
	10419.93
	4738.568
	195
	28825

	tourist hotspot
	19,909
	0.12532
	0.444551
	0
	5

	
	
	
	
	
	

	Dam Square
	19,909
	0.014164
	0.118172
	0
	1

	Red Light District and Oude Kerk
	19,909
	0.013863
	0.116926
	0
	1

	Rijksmuseum & Museum Square
	19,909
	0.009443
	0.096718
	0
	1

	Westerkerk and Anne Frank House
	19,909
	0.012457
	0.110915
	0
	1

	Munt Tower and Flower Market
	19,909
	0.006731
	0.081766
	0
	1

	Flower Market
	19,909
	0.006731
	0.081766
	0
	1

	Central Station
	19,909
	0.001607
	0.04006
	0
	1

	Nieuwmarkt
	19,909
	0.012256
	0.110028
	0
	1

	Begijnhof
	19,909
	0.007735
	0.087611
	0
	1

	Leidse Square
	19,909
	0.013461
	0.115242
	0
	1

	Rembrandt Square
	19,909
	0.006831
	0.08237
	0
	1

	Van Gogh Museum
	19,909
	0.003265
	0.057047
	0
	1

	Heineken Experience
	19,909
	0.016776
	0.128436
	0
	1




Table 3 | Descriptive statistics of all variables except for the tourist hotspot dummy variables
	Variable
	Observations
	Mean    
	Standard Deviation
	Minimum
	Maximum

	type
	19,909
	0.978954
	0.143541
	0
	1

	latitude
	19,909
	52.36535
	0.016043
	52.28927
	52.42471

	longitude
	19,909
	4.888968
	0.034917
	4.75943
	5.02769

	neighbourhood
	19,909
	30.72972
	22.17125
	1
	99

	population
	19,909
	10419.93
	4738.568
	195
	28825

	tourist hotspot
	19,909
	0.12532
	0.444551
	0
	5




	Table 4 | Descriptive statistics of all variables for Airbnb Listings

	Variable
	Observations
	Mean    
	Standard Deviation
	Minimum
	Maximum

	id
	19,490
	9746.123
	5626.83
	1
	19491

	latitude
	19,490
	52.36534
	0.016098
	52.28927
	52.42471

	longitude
	19,490
	4.888963
	0.035148
	4.75943
	5.02769

	neighbourhood
	19,490
	30.9411
	22.17746
	1
	99

	population
	19,490
	10476.31
	4725.053
	195
	28825

	tourist hotspot
	19,490
	0.114366
	0.42099
	0
	5

	 
	
	 
	 
	 
	 

	Dam Square
	19,490
	0.012827
	0.112531
	0
	1

	Red Light District and Oude Kerk
	19,490
	0.011904
	0.108455
	0
	1

	Rijksmuseum & Museum Square
	19,490
	0.008466
	0.091622
	0
	1

	Westerkerk and Anne Frank House
	19,490
	0.012109
	0.109374
	0
	1

	Munt Tower and Flower Market
	19,490
	0.005541
	0.074235
	0
	1

	Flower Market
	19,490
	0.005952
	0.07692
	0
	1

	Central Station
	19,490
	0.001231
	0.035071
	0
	1

	Nieuwmarkt
	19,490
	0.011698
	0.107527
	0
	1

	Begijnhof
	19,490
	0.007183
	0.084451
	0
	1

	Leidse Square
	19,490
	0.012365
	0.110513
	0
	1

	Rembrandt Square
	19,490
	0.005644
	0.074916
	0
	1

	Van Gogh Museum
	19,490
	0.002719
	0.052078
	0
	1

	Heineken Experience
	19,490
	0.016727
	0.128248
	0
	1




Table 5 | Descriptive statistics of all variables for Hotels
		Variable
	Observations
	Mean    
	Standard Deviation
	Minimum
	Maximum

	id
	419
	19701
	121.0991
	19492
	19910

	latitude
	419
	52.36583
	0.013275
	52.29246
	52.41463

	longitude
	419
	4.889225
	0.021627
	4.792864
	4.997346

	neighbourhood
	419
	20.8926
	19.49802
	2
	97

	population
	419
	7797.005
	4628.892
	505
	28825

	tourist hotspot
	419
	0.634845
	0.939728
	0
	5

	 
	 
	 
	 
	 
	 

	Dam Square
	419
	0.105012
	0.306935
	0
	1

	Red Light District and Oude Kerk
	419
	0.054893
	0.228043
	0
	1

	Rijksmuseum & Museum Square
	419
	0.02864
	0.166991
	0
	1

	Westerkerk and Anne Frank House
	419
	0.062053
	0.241539
	0
	1

	Munt Tower and Flower Market
	419
	0.042959
	0.203008
	0
	1

	Flower Market
	419
	0.019093
	0.137016
	0
	1

	Central Station
	419
	0.038186
	0.191875
	0
	1

	Nieuwmarkt
	419
	0.033413
	0.179927
	0
	1

	Begijnhof
	419
	0.064439
	0.245827
	0
	1

	Leidse Square
	419
	0.062053
	0.241539
	0
	1

	Rembrandt Square
	419
	0.02864
	0.166991
	0
	1

	Van Gogh Museum
	419
	0.019093
	0.137016
	0
	1

	Heineken Experience
	419
	0.408115
	0.492072
	0
	1
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Table 6 | Accommodation near tourist spots 
	Type
	Total
	Near a tourist spot
	Percentage in near a tourist spot
	Average

	Total
	1840
	19910
	9.24%
	191.9230769

	Airbnb
	1669
	19491
	8.56%
	171.4615385

	Hotel
	171
	419
	40.81%
	20.46153846



Table 7 | Type of accommodation in near proximity of tourist hotspot
	
	Dam Square
	Red Light District and Oude Kerk
	Rijksmuseum & Museum Square
	Westerkerk and Anne Frank House
	Munt Tower and Flower Market
	Flower Market
	Central Station
	Nieuwmarkt
	Begijnhof
	Leidse Square
	Rembrandt Square
	Van Gogh Museum
	Heineken Experience

	Total
	282
	276
	188
	248
	134
	134
	32
	244
	154
	268
	136
	65
	334

	Airbnb
	250
	232
	165
	236
	108
	116
	24
	228
	140
	241
	110
	53
	326

	Hotel
	32
	44
	23
	12
	26
	18
	8
	16
	14
	27
	26
	12
	8



Table 8 | Proportion of the actual number of accommodation versus the average
	
	Dam Square
	Red Light District and Oude Kerk
	Rijksmuseum & Museum Square
	Westerkerk and Anne Frank House
	Munt Tower and Flower Market
	Flower Market
	Central Station
	Nieuw-markt
	Begijn-hof
	Leidse Square
	Rembrandt Square
	Van Gogh Museum
	Heineken Exp-erience

	Proportion: the actual number of accommodation versus average
	1.469339
	1.438076
	0.979559
	1.292184
	0.698196
	0.698196
	0.166733
	1.271343
	0.802405
	1.396393
	0.708617
	0.338677
	1.740281

	Proportion: the actual number of Airbnb versus average
	1.458053
	1.353073
	0.962315
	1.376402
	0.629879
	0.676537
	0.139973
	1.329744
	0.81651
	1.405563
	0.641543
	0.309107
	1.901301

	Proportion: the actual number of hotels versus average
	1.56391
	2.150376
	1.12406
	0.586466
	1.270677
	0.879699
	0.390977
	0.781955
	0.684211
	1.319549
	1.270677
	0.586466
	0.390977

	Difference between the proportions Airbnb and hotels
	-0.10586
	-0.7973
	-0.16175
	0.789936
	-0.6408
	-0.20316
	-0.251
	0.547789
	0.132299
	0.086014
	-0.62913
	-0.27736
	1.510324






Table 9 |  Herfindahl indices
	Measurement objective
	Herfindahl index

	The concentration of Airbnb in Amsterdam over the neighbourhoods
	0.018928

	The concentration of hotel in Amsterdam over the neighbourhoods
	0.07034

	The concentration of both Airbnb and hotels in Amsterdam over the neighbourhoods
	0.018893

	The concentration of both Airbnb and hotels adjusted for population in Amsterdam over the neighbourhoods
	0.015961

	The concentration of both Airbnb and hotels adjusted for population in Amsterdam over the neighbourhoods
	0.086097



Table 10 | Neighbourhood presence per type of accommodation
	
	Airbnb
	Hotel

	Higher than the average neighbourhood presence
	41
	16

	Lower than the average neighbourhood presence
	57
	82

	Relatively higher neighbourhood presence than the other type
	72
	26

	Relatively higher neighbourhood presence than the other type, adjusted for the population per neighbourhood
	43
	55




[bookmark: _Toc18010606]Appendix 2 | Figures
Figure 1 | Four quadrant model on the different types of value networks
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Figure 2 | Hotel density and tourist hotspots
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Figure 3 | Airbnb listings density and tourist hotspots
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Figure 4 | Heatmap on tourism in Amsterdam and map on relative neighbourhood dominance
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