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Context and objectives

The outsourcing of logistics activities has driven the emergence of a metropolitan logistics real estate market. Mostly, urban land and floor space scarcity and economies of scale have relocated logistics facilities towards less dense and more peripheral areas of cities [START_REF] Cidell | Concentration and decentralization: The new geography of freight distribution in US metropolitan areas[END_REF][START_REF] Dablanc | Logistics sprawl[END_REF][START_REF] Dablanc | Introduction to special section on logistics sprawl[END_REF][START_REF] Dablanc | The impacts of logistics sprawl: How does the location of parcel transport terminals affect the energy efficiency of goods' movements in Paris and what can we do about it?[END_REF][START_REF] Heitz | Logistics sprawl in monocentric and polycentric metropolitan areas: The cases of Paris, France, and the Randstad, the Netherlands[END_REF][START_REF] Sakai | Location factors for logistics facilities: Location choice modeling considering activity categories[END_REF]. This process, known as 'logistics sprawl,' has compromised urban sustainability, livability, and economic growth [START_REF] Dablanc | Logistics sprawl[END_REF][START_REF] Dablanc | Introduction to special section on logistics sprawl[END_REF][START_REF] Dablanc | The impacts of logistics sprawl: How does the location of parcel transport terminals affect the energy efficiency of goods' movements in Paris and what can we do about it?[END_REF][START_REF] Heitz | Logistics sprawl in monocentric and polycentric metropolitan areas: The cases of Paris, France, and the Randstad, the Netherlands[END_REF]. Many case studies of logistics sprawl (LS) and warehouses' locations in large urban areas have emerged in the past ten years. Investigations concerning urban form and function coordination, urban logistics, and real estate strategy have interested public and private actors.

The Logistics City Chair is focused on two scientific themes: (i) urban logistics real estate; and (ii) trends and new practices in consumption, production, and distribution impacting urban logistics and logistics real estate. This study is part of the first theme and included in the Chair's objective: "Logistics sprawl and urban logistics: analysis of territorial dynamics linked to the evolution of the location of logistics activities, at the 'macro' level" ("Logistics City Chair : Research," 2021).

Through this research, as a contribution to topic 1.1 of the Logistics City Chair, we intended to explore two of theme 1.1 hypotheses linking urban characteristics to the spatial structure of warehouses:

i.

The location of warehouses is closely related to the land/rent values of logistics facilities.

ii. Logistics sprawl is higher in cities with a high differential between land/rent values in city centers and peripheral areas.

In other words, we increment the meta-analysis performed before by the Chair's team [START_REF] Dablanc | Chaire Logistics City[END_REF] to compare the spatial patterns of warehouses and respective rent prices practiced by real estate agents in different cities around the world concerning the urban structure.

This can also help understand the relationship between the evolution in the number and location of logistics facilities over time and the differential warehouse prices in activity hubs and peripheral activity zones.

To develop this research, we have considered the previous data collection performed by the Logistics City Chair concerning the metropolitan areas where logistics sprawl was investigated by research teams and published in scientific journals. In this previous dataset (Dablanc and Palacios-Argüello, 2020), there was information regarding Centrographic logistics sprawl measures, timeframe and sources of the data collection, the population in the timeframes, metropolitan administrative information, information on the spatial structure of the metropolitan areas, its importance as a gateway in a regional scale, and aggregated information on logistics facilities rent prices. The meta-analysis [START_REF] Dablanc | Chaire Logistics City[END_REF] considered 74 case studies (metropolitan regions that have been studied in the literature regarding warehouses' location).

Additional data were collected to understand the relationships among logistics real estate rent prices and logistics facilities' spatial structure. We have managed to gather real estate data (rent prices) for 62 metropolitan areas worldwide. We could not consider all metropolitan areas for some of the analyses since some information was missing or there were no public rent prices or addresses for logistics facilities on real estate websites. This limitation is presented throughout this report whenever it occurs. Individual scripts were developed for data collection in real estate websites to scrape the warehouse information out of the Html file and assemble one dataset for each metropolitan area. For more than one metropolitan area, different websites were explored and, if considered for the data collection, are presented in this report. different metropolitan areas. Despite the differences in data quality within regions of the world, the potential of OSM data to explore the concentration of urban activity is significant. The potential and quality analysis of the contributed street networks, Points of Interest, and the land use data reveal the vast potential of OSM data for various applications [START_REF] Bakillah | Fine-resolution population mapping using OpenStreetMap points-of-interest[END_REF][START_REF] Jokar Arsanjani | Quality Assessment of the Contributed Land Use Information from OpenStreetMap Versus Authoritative Datasets[END_REF][START_REF] Klinkhardt | Using OpenStreetMap as a Data Source for Attractiveness in Travel Demand Models[END_REF][START_REF] Mobasheri | Are Crowdsourced Datasets Suitable for Specialized Routing Services? Case Study of OpenStreetMap for Routing of People with Limited Mobility[END_REF]OpenStreetMap contributors, 2020;[START_REF] Zhang | Using OpenStreetMap point-of-interest data to model urban change-A feasibility study[END_REF].

Most of the nonspatial data of logistics facilities had been organized by the Logistics City Chair in previous work (Chair Logistics City, 2019;Dablanc and Palacios-Argüello, 2020;Palacios-Argüello and Dablanc, 2020). Additionally, data concerning rent prices of warehouses with locational information for the metropolitan areas have been collected from secondary sources directly or scraping reports and websites in this work.

Thus, we have consolidated and organized urban spatial information on all 74 metropolitan regions considered in theme 1.1 of Logistics City Chair previous works. Two metropolitan scales (therefore, two data sets) were considered for three metropolitan areas: Paris, Toronto, and Gothenburg; for the logistics real estate data collection, we have considered only the legal metropolitan area. Hence, we searched for real estate websites for each metropolitan area out of the 71 selected in the literature. For all the metropolitan areas, different real estate websites were explored. Some of the websites did provide prices for very few warehouse prices, and all the available information was collected. For Gothenburg, for instance, the websites did not provide information on the prices on the pages but only through consultation. The same happened for Colombian metropolitan areas.

We could not find available warehouse price information for Tokyo and Chinese metropolitan areas.

These case studies will be explored in a subsequent study, increasing the number of European and non-European cities in the dataset.

Besides the unavailability of data sources for warehouse real estate information for eight metropolitan areas, another limitation was the spatial resolution of logistics real estate information for warehouses in the European metropolitan areas of Berlin, Brussels, and Bordeaux. For these cities, the collected data on warehouse rent prices was not enough for spatial differentiation. We have explored different resolutions (hexagons of different sizes) to represent this information.

However, since no spatial differentiation was possible for logistics real estate rent prices, we could not consider Berlin, Brussels, and Bordeaux for the differential analysis. Also, we did not consider Singapore, Montreal, Calgary, Halifax, Winnipeg, Zuid Holland, Flevoland, Noord Holland, and Utrecht due to incomplete data. Therefore, a dataset of complete data was consolidated for 53 metropolitan regions in the comparative methodological step. The dataset was composed of the information previously collected through the meta-analysis and the variables (i) warehouse rent price, (ii) location, and (iii) size, gathered through consultation on the sources presented in Table 1. from OpenStreetMap (OpenStreetMap contributors, 2020) to classify the spatial patterns of warehouse location, rent prices, and urban structure. This disaggregation and standardization of spatial units allow the comparison among metropolitan areas. Therefore, we have assembled all the data into a grid of hexagon cells with a short diagonal of five kilometers. Section road lengths were aggregated in each cell, and the number of points of interest was computed for these spatial units without classifying the activities.

A standard hexagon size was considered to compare metropolitan areas and eliminate the need to transform variables into area-related (density) ones. The ability to communicate and analyze the phenomena is stronger if the attributes are not calculated considering the area of the spatial units (such as density measures), especially in comparative studies.

Spatial characterization of urban activity and warehouse attributes in each metropolitan area

This methodological step aims at organizing derivate indicators to categorize city centers ("urban activity hubs") and peripheral areas ("peripheral activity zones") and warehouse location and respective rent prices. Therefore, we characterize the urban spatial structure and warehouses available for rental at the time of data collection.

The administrative information for the delimitation of the metropolitan regions was consulted in the documentation made available by the responsible institutions for providing statistical and geographic information in each country/region.

For United States metropolitan areas, we have considered the Core Based Statistical Area category Metropolitan Statistical Area (MSA), which comprises "the central county or counties containing the core, plus adjacent outlying counties having a high degree of social and economic integration with the central county or counties as measured through commuting" (Federal Register, 2010).

We have considered the census subdivision for Canadian metropolitan areas, namely "census metropolitan area -CMA", as the delimitation of these regions (Statistics Canada, 2020). These units concern areas with at least 100,000 inhabitants and 50% of these in the core municipality. For Brazilian metropolitan areas, the delimitation provided by the agencies responsible for the metropolitan regions was consulted and adopted (Agência de desenvolvimento da Região Metropolitana de Belo Horizonte, 2020; Governo do Estado de São Paulo, 2020). Finally, we have considered the Nomenclature of territorial units for European regions for statistics from Eurostat -NUTS 2016 (European Commision, 2020).

Spatial characterization of city areas and urban activities

For this characterization to allow the subsequent comparison between metropolitan regions, it was necessary to standardize the spatial units and the information. Therefore, the chosen scale of analysis and spatial units (cells in grids) for this study were hexagons with a dimension of 5 kilometers in the minor diagonal [START_REF] Ben-Joseph | Hexagonal planning in theory and practice[END_REF][START_REF] Birch | Rectangular and hexagonal grids used for observation, experiment and simulation in ecology[END_REF][START_REF] Crown | Standard 7 -Geometry and Spatial Sense[END_REF][START_REF] Ganis | Planning Urban Places, Planning Urban Places[END_REF][START_REF] Whitehand | Fractal Cities: A Geometry of Form and Function[END_REF]. The urban variables transformed into cells were the number of points of interest (POI) and the sum of road extensions. The points of interest were not stratified according to activities' categories since the objective of collecting this information and the location of the road infrastructure was to identify the centralities of each metropolitan region.

Centralities are areas with higher intensity of activities and connectivity in relation to the spatial distribution of these facilities [START_REF] Sarkar | Measuring polycentricity via network flows, spatial interaction and percolation[END_REF].

The territory of each metropolitan region, divided into hexagonal bins, was overlaid with the spatial structure of POIs and highways. For each cell, the length of highways [START_REF] Quinn | Road density as a proxy for population density in regional-scale risk modeling[END_REF] and the number of POI contained in that unit were then calculated to consolidate the spatial differentiation among metropolitan areas. We do not use population density in the method for two reasons: (i) population information is aggregated in zones. These zones are usually more extensive than the hexagons. We would have a different aggregation level of this information for each metropolitan area, leading to difficulties in comparing metros; (ii) the other issue is that we would have to work with density variables and not absolute concentration. With homogeneous zoning, we could be more straightforward with the variables considered.

We then have normalized the number of POI and the road extension in each hexagon and composed a relative indicator of urban activity intensity, namely Urban Activity Index (UAI), as a result of the sum of the normalized variables for each hexagon λ. For the normalization of the variables, we considered a min-max approach. We have then considered outliers (3.0 hinge) to differentiate the metropolitan spatial structure, considering each cell's UAI to categorize areas within the metropolitan regions (Table 2). Lower outliers and UAI lower than 95% of the overall information in each metropolitan area (percentile) were considered peripheral activity zones (PAZ). UAI values higher or equal to the top 5% (percentile) and upper outliers were considered activity hubs (AH). 

Spatial characterization of warehouse location and rent prices

The same rationale adopted for the urban structure characterization was performed for warehouse location and rent price. The variables were: address and the number of warehouses for rental in the sources considered for this work, the average warehouse price (US$/m 2 /year). The addresses for warehouses available for rent were geocoded and spatialized.

Rented warehouses may have a slightly different spatial structure in comparison to warehouses in general. For example, logistics facilities for rental are presumed to be newer, more modern, and more peripheral. This difference could not be verified for the data collected since disaggregated comprehensive data on all warehouses in each metropolitan area were not available. Due to the absence of comprehensive information on warehouse rent prices for different metropolitan areas and observing the limitations mentioned above, this study concerns the spatial structure of the warehouses available for rental as the spatial structure of logistics facilities in each metropolitan region.

Also, no information on the real estate websites could differentiate warehouses and business facilities (locaux d'activité). Therefore, we performed an outlier analysis and excluded values classified as outliers to avoid considering these last facilities into the dataset. All the outliers and extreme values were identified for the warehouse concentration in the hexagons and the average prices. We have considered that values above Q3 + (1.5 x IQR) or below Q1 -(1.5 x IQR) were outliers. Values above Q3 + (3 x IQR) or below Q1 -(3 x IQR) were considered as extreme points (or extreme outliers). We then categorized the hexagons with non-zero observations according to Table 3. In order to explore the hypotheses designed for this study, the average difference between warehouse rental prices in activity hubs and peripheral activity zones of the metropolitan areas was also calculated from the classification of the hexagonal bins, aiming at the comparability between the investigated areas. This indicator was entitled Differential Warehouse Rent Prices (DWP), and concerns a continuous variable calculated from the ratio between the average warehouse rent price in activity hubs (AH) and peripheral activity zones (PAZ) (hexagon bins)

(Equation 1).

𝐷𝑊𝑃 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑟𝑒𝑛𝑡 𝑝𝑟𝑖𝑐𝑒 𝐀𝐇 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑟𝑒𝑛𝑡 𝑝𝑟𝑖𝑐𝑒 𝐏𝐀𝐙

(1)

Due to the lack of information for different timeframes concerning the urban activity, warehouse availability, and real estate information, we must state that these variables are static in time and do not allow computation of a logistics sprawl measure.

Since the timeframes considered in previous logistics sprawl studies are different (Centrographic analysis of differentiation concerning warehouse location in metropolitan areas), the Yearly Logistics Sprawl (YLS) had been computed. The YLS was the difference between the more recent average distance to the barycenter (MDB) for logistics facilities and the previous measure (from the spatial structure of warehouses) divided by the period between these statistics (Equation 2).

𝑌𝐿𝑆 = 𝑀𝐷𝐵 𝐭𝟏 -𝑀𝐷𝐵 𝐭𝟎 𝑡𝑖𝑚𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡0 𝑎𝑛𝑑 𝑡1

(2)

The consolidation of the indicators presented before resulted in the composition of two datasets at different scales: (i) a dataset of hexagonal bins for each metropolitan region and (ii) a dataset of summary indicators for all metropolitan regions. The results of this exploratory spatial and nonspatial analysis of the consolidated data are presented in Table 4. The data collection, cleaning, and processing were performed in Free Open Source Software (FOSS): The R project 4.0.5 and GeoDa 1.14.0.

A graphical user interface (GUI) dashboard for visualizing the results for each metropolitan area was deployed to communicate the results of this work. The R language and the package Shiny were the primary tools to build the web-based dashboard. The link to access the dashboard is https://geodatascience.shinyapps.io/logistics_city_chair/.

Methodological note:

 This analysis, particularly the price differential for renting warehouses, is based on a sample of prices from specialized websites that are only relatively representative. We do not have a complete database that lists all real estate and land values for all warehouses in a given geographic area.

 This initial research will require further study, particularly by integrating more cases from Asian cities (in particular Japanese, Chinese and South Korean cities) and European cities, to obtain a more complete sample for international analysis. The sample used in this research is very unbalanced in terms of North American cases.

 The definition of metropolitan areas for mapping and data analysis (number of warehouses, prices) required delineation choices. These delimitations can, in some cases, modify the cartographic rendering and the final analysis, depending on the size of the metropolitan area for example.

Where peripheral warehouses are more expensive than warehouses located in the central or pericentral area. ( The price differential between centers and peripheries may appear counterintuitive in some cases (New Orleans, Portland). We assume that in these cases, the logistics infrastructure in the city center is ageing or obsolete and therefore less expensive. In contrast, in the peripheral areas, it is mostly newer warehouses that are more expensive. 2.3.2. Hypothesis 2: Logistics sprawl is higher in cities with a high differential of land/rental prices between urban and peripheral areas

In this step, we develop different analyses to understand the relationship between urban structure and warehouse location and rent prices and address the second hypothesis proposed for this research: logistics sprawl is higher in cities with a high differential between city centres (more exactly "activity hubs", as defined above) and peripheral activity zones land/rent values.

We have performed a Pearson correlation analysis (coefficient and test) to understand the relationship between differential warehouse rent prices and yearly logistics sprawl. Different representations of the variables were also performed. The metropolitan areas were classified according to the sprawling phenomenon for logistics facilities and the differential warehouse prices.

In Figure 1, we present the methodological approach developed for this work synthetically. 

Results and discussion

This section presents the results and discussion concerning the methodological approach designed and described in chapter 2.

Data collection and treatment

The results of this methodological step are presented together with the following steps since, after collection and treatment, data were gathered into the proposed spatial units.

Spatial characterization of urban activity and warehouses attributes in each metropolitan region

The main results of this methodological step are the organization of data into standard spatial areal units for all metropolitan regions, the spatial characterization of the urban activity was determined through the urban activity index -UAI, calculated from the sum of the normalized number of Points of Interest and road network length within each hexagon of each metropolitan area. The disaggregated spatial characterization of warehouse location and rent prices was determined from the data collected, and, therefore, the generation of essential variables for answering the research questions proposed:

(i) urban classification (Activity Hubs, Peripheral Activity Zones), as presented in Table 2 for the Urban Activity Index (UAI);

(ii) warehouse location and rent prices classification according to Table 3; (iii) differential rent prices related to the categories through the UAI;

(iv) yearly logistics sprawl from a previous meta-analysis (Palacios-Argüello and Dablanc, 2020a).

Concerning the 53 metropolitan areas, 42,443 hexagon bins are considered the sample for analyzing the relationship between the location of warehouses and the rent values of logistics (first hypothesis). A header of this data (a sample to present the data structure) is presented in The dashboard available in https://geodatascience.shinyapps.io/logistics_city_chair/ contains the spatial representation of the above-stated variables. To illustrate the data on the hexagon level, we present the Paris region in Figure 2 The data previously organized by the Logistics City Chair is presented in Figure 4 represents the average warehouse rent prices classified according to the location within the metropolitan area -differential rent price for AH and PAZ.

In Figure 5, we represent the proportional warehouse differential (ratio between AH/PAZ) areas.

The areas with no significant differential were the ones with less than 10% of the proportional difference of warehouse rent prices between AH and PAZ. Therefore, metropolitan areas with a ratio of less than 0.9 were classified as having higher AH and significant differential. The ones with a ratio greater than 1.1 were classified as metropolitan areas with higher warehouse prices in PAZ. The remaining regions were classified as having no significant differential. Three groups of cities can be derived from this differential, presented in Table 7. For this analysis, we present the Chi-square test regarding the warehouse location (Urban Activity Index), warehouse concentration (number of warehouses), and average rent values for all hexagon bins, disregarding the metropolitan region to where they belong. This approach was designed to test hypothesis 1: Are warehouses' location and rent prices related to urban activity? For this analysis, we have considered only the hexagon bins with warehouses in them. Thus, 2,783 hexagon bins were taken into account (all complete cases). In Figures 8 to 10, we present the visual relations among variables, and the Chi-Square test is presented in Tables 9, 10, and 11. Considering all metropolitan areas (Figure 8), 33% of the warehouses are AH and 67% PAZ. From the 𝜒 we can reject the independence hypotheses and, therefore, assume that, in this case, that the concentration of warehouses depends on the urban activity index. Also, AH have a higher proportion of hexagons with a high number of warehouses than PAZ.

Figure 9 shows the relationship between average warehouse rent prices and the location within the city. Also, considering all metropolitan areas, the average warehouse prices decrease as we move closer to PAZ, and we can reject the hypothesis that these variables are independent. In other words, considering a significance level of 5%, the warehouse rent prices depend on location in the metropolitan areas.

Synthetically, considering all metropolitan areas investigated, it is possible to state that the rent prices of the warehouses depend on the spatial concentration of these logistics facilities. This interpretation is related to a possible effect of agglomeration economy or locational decisions performed for similar reasons. Therefore, this work's first hypothesis cannot be rejected from the tests performed considering the investigated metropolitan areas and methods.

3.3.2. Hypothesis 2: Logistics sprawl is higher in cities with a high differential between central and suburban land/rent values This section compares the urban attributes, logistics spatial structure, and real estate practices in metropolitan areas. For that, two variables were used: (i) differential warehouse prices (DWP) and (ii) yearly logistics sprawl. The first was the ratio between the average warehouse price in suburban areas and central areas. The second, the difference of average distance to the mean center between years in analysis divided by the number of years considered. Figure 11 shows the classification of metropolitan areas according to the differential price category (three groups) and the relationship between the YLS and the DWP. These areas are listed according to the classification in Table 12 (relating YLS and DWP categories).

There are four metropolitan areas with lower warehouse rent prices in urban activity areas -Detroit, New Orleans, San Antonio and Albany. These findings can be counter-intuitive for New

Orleans and Portland, for instance. One hypothesis is that the logistics facilities in activity hubs are ageing and obsolete and, therefore, present lower rent prices. On the other hand, warehouses located in peripheral activity zones have been more recently built or remodeled, and present higher rental prices. 

Final discussion

Highlights  We present a methodological approach to address the logistics real estate market concerning the spatial structure of warehouse location in worldwide metropolitan areas.

 Data is obtained from structured statistics datasets and warehouse real estate websites.

 We propose a typology of urban areas for determining the differential warehouse rent prices, namely Activity Hubs and Peripheral Activity Zones. This classification was based on an Urban Activity Index, also proposed in this work.

 We observed that the average rent prices are statistically dependent on the location of warehouses regarding the observed metropolitan areas  Considering all the investigated metropolitan regions, we identify that the relationship between the differential warehouse prices and the yearly logistics sprawl is not statistically significant and demands further investigation due to local differences.

In this work, we present a disaggregated methodological approach to explore the hypothesis: (i) the location of warehouses is closely related to the land/rent values of logistics facilities, and (ii) logistics sprawl is higher in cities with a high differential between central and suburban land/rent values.

Regarding the first hypothesis, which aimed at investigating whether warehouse rent prices were higher in more central places within the metropolitan areas, we can state that there is statistically significant evidence that the location of warehouses and the average rent prices are not independent.

For the second hypothesis, we explore the correlation between differential rent values and yearly logistics sprawl. Considering all metropolitan regions, we identify that the null hypothesis (the relationship between the differential warehouse prices and the yearly logistics sprawl is not significant) cannot be rejected. Nevertheless, since the metropolitan areas are significantly different in many dimensions, this statement cannot be generalized when we gather them into more similar groups.

The typology adopted to classify metropolitan areas is to further investigate by the correlation and dependency results where: (i) areas with higher warehouse rent prices in Activity Hubs; (ii) area with lower rent prices in Activity Hubs; and (iii) areas with no significant warehouse rent differential prices.

Finally, we conclude that: (i) it is essential to classify metropolitan areas into a typology in order to perform comparative studies; (ii) warehouse location and prices are related to the urban activity; (iii) logistics sprawl is not significantly related to differential warehouse rental prices, but there are differences among metropolitan categories.

This work brings a methodological contribution since we present an innovative framework for comparing metropolitan regions considering the spatial pattern of logistics facilities and urban characteristics regarding disaggregated open data. This method is reproducible for other approaches and other city scales. It can subsidize local and regional public authorities in decisionmaking oriented to developing more effective public policy addressing logistics land use and transportation planning. Coordinating these dimensions is essential to support urban logistics stakeholders' needs, cities' livability, and the real estate market.

Some limitations of this work concern:

 The real estate data was collected considering only the available warehouses for rental, not consolidating a comprehensive dataset;

 We used only a limited number of commercial real estate websites to identify warehouse rental prices. These websites may not be representative enough of the actual market of warehouses. There is a need for further investigation.

 The real estate prices for logistics facilities were collected for one static timeframe, which compromises the analysis of the dynamic relationship between warehouse structure and rent prices. We recommend a periodic collection of this information to consolidate a dataset that can reflect this dynamic phenomenon;

 The typology might change if we include other metropolitan areas and cities and if we include or exclude variables. There is a need for further investigation to improve the classification of these urban areas;

 Economies of agglomeration concerning infrastructure and economies of scale can be essential for locational decisions and should be further investigated.

 The number of warehouses for each metropolitan area is significantly different. This issue can result in bias while analyzing the areas in comparative ways, but we managed to address these issues through homogeneous disaggregated spatial units and normalization of variables.

 Cities in Asia are missing from the analysis (due to difficulties in collecting rental prices).

Similarly, there are not enough European cities in the dataset. There is a need for further investigation.

1.

  Context and objectives ................................................................................................................. 6 2. Research approach ....................................................................................................................... 9 2.1. Data collection and treatment .............................................................................................. 9 2.2. Spatial characterisation of urban activity and warehouse attributes in each metropolitan area 12 2.2.1. Spatial characterisation of city areas and urban activities .......................................... 12 2.2.2. Spatial characterisation of warehouse location and rent prices ................................. 14 2.3. Exploring the hypotheses .................................................................................................... 17 2.3.1. Hypothesis 1: The location of warehouses is closely related to the rent values of logistics facilities ......................................................................................................................... 17 2.3.2. Hypothesis 2: Logistics sprawl is higher in cities with a high differential of land/rental prices between urban and peripheral areas ............................................................................. 18 3. Results and discussion ................................................................................................................ 20 3.1. Data collection and treatment ............................................................................................ 20 3.2. Spatial characterisation of urban activity and warehouses attributes in each metropolitan region 20 3.3. Exploring the hypotheses .................................................................................................... 32 3.3.1. Hypothesis 1: The location of warehouses is closely related to the rent values of logistics facilities ......................................................................................................................... 32 3.3.2. Hypothesis 2: Logistics sprawl is higher in cities with a high differential between central and suburban land/rent values .................................................................................................. 36 4. Final discussion ........................................................................................................................... 43 5. References .................................................................................................................................. 46 APPENDIX A ........................................................................................................................................ 48

  Data sources for warehouse location, size, and rent prices ................................................ Table 2: Classification criteria for activity hubs and peripheral activity zones hexagon bins in each metropolitan region ........................................................................................................................... Table 3: Relative classification criteria for warehouse location and rent prices in each metropolitan region..................................................................................................................................................Table 4: Results and analytical elements for the exploratory spatial and nonspatial analysis ......... Table 5: Sample of discrete data on each hexagon (example) .......................................................... Table 6: Data on each metropolitan area .......................................................................................... Table 7: Classification of cities regarding the differential rent prices and location of warehouses.. Table 8: Classification of cities regarding the logistics sprawl per year ............................................. Table 9:Number of hexagons classified by the concentration of warehouses and urban classification ............................................................................................................................................................ Table 10: Number of hexagons classified by average prices of warehouses and urban classification ............................................................................................................................................................ Table 11: Number of hexagons classified by the number of warehouses and warehouse average prices .................................................................................................................................................. Table 12: Classification of metropolitan areas ...................................................................................

Figure 1 :

 1 Figure 1: Methodological approach ...................................................................................................

Figure 2 :

 2 Figure 2: Representation of the number of warehouses and the average rent price in each hexagon for Paris (region Ile-de-France) ..........................................................................................................

Figure 3 :

 3 Figure 3: Representation of warehouse average rent prices for each metropolitan area .................

Figure 4 :

 4 Figure 4: Representation of warehouse average rent prices for AH and PAZ for each metropolitan region ..................................................................................................................................................

Figure 5 :

 5 Figure 5: Representation of proportional rent prices differential for warehouses in each location for each metropolitan region ...................................................................................................................

Figure 6 :

 6 Figure 6: Representation of average distance to gravity center for t0 and t1, for each metropolitan region ..................................................................................................................................................

Figure 7 :

 7 Figure 7: Representation of yearly logistics sprawl ............................................................................

Figure 8 :

 8 Figure 8: Warehouse count x urban classification .............................................................................

Figure 9 :

 9 Figure 9: Warehouse average prices x urban classification ...............................................................

Figure 10 :

 10 Figure 10: Warehouse count and warehouse average prices ............................................................

Figure 11 :

 11 Figure 11: Differential classes and a scatterplot for DWP and YLS ....................................................

Figure 12 :

 12 Figure 12: Density plot for YLS for each differential price classification ............................................

Figure 13 :

 13 Figure 13: Density plot for DWP each differential price classification ...............................................

Figure 14 :

 14 Figure 14: Exploratory linear regression models for differential prices classes .................................

-

  Population (t0 and t1) (Dablanc and Palacios-Argüello, 2020) -Metropolitan territorial area Dablanc and Palacios-Argüello, 2020) -Number of municipalities (Palacios-Argüello and Dablanc, 2020b) -Number of warehouses (t0 and t1) (Palacios-Argüello and Dablanc, 2020b) -Average distance to barycenter (t0 and t1) (Dablanc and Palacios-Argüello, 2020) -Binary variable for logistics sprawl (Dablanc and Palacios-Argüello, 2020 -Yearly logistics sprawl (YLS) from centrographic measures (continuous variables from the previous meta-analysis) -Differential rent prices (DWP) (continuous variable calculated considering the category of activity hubs/peripheral activity zones and average rent prices) 2.3. Exploring the hypotheses 2.3.1. Hypothesis 1: The location of warehouses is closely related to the rent values of logistics facilities To explore this first hypothesis, we have related three categorical variables: the number of warehouses, the average rent values, and (iii) the urban activity index. All three variables were computed for the hexagon bins for all metropolitan areas. We then visualize the relationship and perform Chi-square tests to understand if these variables are dependent on each other. It is essential to highlight that 53 metropolitan areas were considered, and only complete data, where no missing values, were included in the analysis. The Pearson's Chi-squared test was done with simulated p-values (2000 replications) and a significance level of 5% to understand the dependence between the urban classification and warehouse location and rent prices.

Figure 1 :

 1 Figure 1: Methodological approach

Figure 2 :

 2 Figure 2: Representation of the number of warehouses and the average rent price in each hexagon for Paris (region Ile-de-France)
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 11 Figure 11: Differential classes and a scatterplot for DWP and YLS
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Table 1 :

 1 Data sources for warehouse location, size, and rent prices

	Metropolitan area location	Link
	USA	www.loopnet.com
	Canada	www.loopnet.com

Brazil www.zapimoveis.com.br Netherlands www.fundainbusiness.nl/en/ Singapore www.iproperty.com.sg/rent/warehouse/ France bureaux-commerces.seloger.com/ One of this work's contributions is the disaggregated spatial structure exploration from open data

Table 2 :

 2 Classification criteria for activity hubs and peripheral activity zones hexagon bins in each

	metropolitan region
	Classification (percentiles)	Category
	Lower outlier	Peripheral activity zones
	< 95%	Peripheral activity zones
	>= 5 %	Activity hubs

Table 3 :

 3 Relative classification criteria for warehouse location and rent prices in each metropolitan region

	Classification (quantiles)	Category
	< 25 %	Low
	25 % -50 %	Medium
	50 % -75%	Medium
	> 75 %	High

Table 4 :

 4 Results and analytical elements for the exploratory spatial and nonspatial analysis

	Item		Variables
	A dataset containing all hex bins for all the	-Urban activity index -Categorical variable to determine activity hubs and peripheral activity zones for each metropolitan area
	metropolitan	regions	-Number of warehouses in each hex bin
	investigated		-Average warehouse price in each hex bin
			-Classification and outlier's identification for warehouse count and rent
			prices (categorical variable)
	A dataset containing the	
	synthetic indicators for	
	each metropolitan region	

Table 5 .

 5 In this example, we present the Paris region composed of 629 hexagon bins. It has 167 hexagon bins with warehouses in the collected data.

Table 5 :

 5 Sample of discrete data on each hexagon (example)

	id	Metro	Number of warehouses *	Warehouse average rent price ($/sq m/y)	Urban activity index	Urban activity index class	Number of warehouses class	Warehouse rent prices class
	15	paris	5	112	0.23	PAZ	Medium	Medium
	19	paris	1	99	0.19	PAZ	Low	Medium
	29	paris	11	143	0.29	PAZ	Medium	High
	43	paris	11	95	0.49	PAZ	Medium	Medium
	*In the real-estate website used					

Table 6 ,

 6 and the logistics sprawl in each metropolitan area is represented in Figure3(Dablanc and Palacios-Arguello, 2020)). Additional variables resulting from the data collection performed in this study concern: the average rent price in AH, the average rent prices in PAZ, the price differential, and the sprawl per year. In Table6, we present the synthetic continuous data for the investigation of the hypotheses.

	Brazilian cities (Belo Horizonte and São Paulo) have the lowest average warehouse rent prices,
	with 30.02 and 36.21 US$/m 2 /year, respectively. Paris (106.06 US$/m 2 /year) stands out, along
	with North American cities, which present the highest average value for this indicator.
	Metropolitan areas with the highest average warehouse rent prices are San Francisco, Los
	Angeles, San Diego, Miami, New York, Vancouver, Seattle, Austin, Washington, Boston, Denver,
	Toronto, Portland, Nashville. The average warehouse rent price in San Francisco is 178.49
	US$/m 2 /year.

Table 6 :

 6 Data on each metropolitan area

	Metropolitan area	Population 2000	Population 2015	Area (km 2 )	Year t0	Year t1	Time (years)	Num ber of WH t0	Average dist to gravity center t0 (km)	Numbe r of WH t1	Average dist to gravity center t1 (km)	Logistics Sprawl (km)	Numbe r of WH real estate	Average price in AH (US$/m 2 / year)	Average price PAZ (US$/m 2 /year)	Diff Price (AH/P AZ)	Sprawl per year (km)
	albany	825920	879085	7607	2003	2013	10	54	27.87	48	28.32	0.45		59.24	69.75	0.85	0.04
	atlanta	2621089	3603409	22890	1998	2008	10	132	28.65	401	32.99	4.34		83.75	77.43	1.08	0.43
	austin	1041753	1534758	11151	2003	2013	10	38	16.17	50	18.22	2.05		122.01	121.09	1.01	0.20
	belo horizonte	780000	5000000	9460	1995	2015	20	44	17.8	156	19	1.2		32.08	28.88	1.11	0.06
	birmingham	1051340	1144683	13913	2003	2013	10	47	20.6	51	24.54	3.94		66.65	68.97	0.97	0.39
	boston	2634378	2872310	11906	2003	2013	10	290	45.11	294	47.72	2.61		156.34	106.01	1.47	0.26
	buffalo	1170022	1133002	6263	2003	2013	10	57	16.29	57	16.29	0		63.62	60.13	1.06	0.00
	charlotte	2091897	2712974	13407	2003	2013	10	124	22.9	145	25.97	3.07		95.07	71.13	1.34	0.31
	chicago	2676215	3202509	25198	1998	2013	15	217	71	415	79.8	8.8		95.94	91.16	1.05	0.59
	cincinnati	642221	683709	11043	2003	2013	10	112	23.5	122	23.06	-0.44		61.86	61.25	1.01	-0.04
	cleveland	1978890	1898436	10458	2003	2013	10	148	37.5	150	37.55	0.05		56.03	60.27	0.93	0.00
	columbus	1625491	1785971	12667	2003	2013	10	208	21.92	195	22.4	0.48		63.09	51.18	1.23	0.05
	dallas	2846428	4321973	24982	2003	2013	10	338	30.8	402	29.98	-0.82		98.53	90.33	1.09	-0.08
	dayton	269526	271791	3368	2003	2013	10	54	21.58	49	28.71	7.13		50.47	51.24	0.98	0.71
	denver	2316068	2908463	21909	2003	2013	10	118	17.11	147	16.43	-0.68		113.61	111.48	1.02	-0.07
	detroit	2201458	2350511	11190	2003	2013	10	196	31.53	210	36.55	5.02		66.85	74.54	0.90	0.50
	grand rapids	250981	301251	10056	2003	2013	10	62	22.16	72	24.53	2.37		60.82	62.97	0.97	0.24
	greensboro	720580	842338	5235	2003	2013	10	88	31.58	88	27.91	-3.67		52.23	42.06	1.24	-0.37
	greenville	453531	566978	7220	2003	2013	10	101	32.03	97	28.82	-3.21		52.60	39.31	1.34	-0.32
	houston	1193312	1762483	24640	2003	2013	10	221	23.69	298	26.15	2.46		94.39	100.72	0.94	0.25
	indianapolis	824209	1033843	11328	2003	2013	10	121	28.9	171	28.9	0		68.65	72.39	0.95	0.00
	kansas city	729993	796646	19199	2003	2013	10	159	19.91	153	24.37	4.46		77.93	75.76	1.03	0.45
	las vegas	23541	22513	20889	2003	2013	10	51	10.73	80	20.54	9.81		96.65	78.79	1.23	0.98
	los angeles	12365597	13234696	14761	1998	2009	11	220	41.69	515	51.44	9.75		174.91	160.50	1.09	0.89
	louisville	1135588	1244745	9464	2003	2013	10	81	17.51	89	17.19	-0.32		65.10	55.13	1.18	-0.03
	miami	5007956	5969135	16245	2003	2013	10	193	40.64	235	46.54	5.9		144.86	143.01	1.01	0.59
	milwaukee	1401336	1459422	8798	2003	2013	10	101	23.74	98	30.98	7.24		52.60	56.04	0.94	0.72
	nashville	512532	559425	16526	2003	2013	10	116	28.29	121	30.37	2.08		126.87	90.74	1.40	0.21

Table 7 :

 7 Classification of cities regarding the differential rent prices and location of warehouses

	Warehouse prices are higher in the Activity Hubs areas	Areas with no significant differential	Warehouse prices are significantly higher in the Peripheral Activity Zones areas
	Boston	Atlanta	Albany
	Charlotte	Austin	Detroit
	Columbus	Belo Horizonte	New Orleans
	Greensboro	Birmingham	San Antonio
	Greenville	Bufallo	
	Las vegas	Chicago	
	Louisville	Cincinnati	
	Nashville	Cleveland	
	New York	Dallas	
	Paris	Dayton	
	Raleigh	Denver	
	Rochester	Grand Rapids	
	Salt Lake City	Huston	
	San Francisco	Indianapolis	
	São Paulo	Kansas City	
	Seattle	Los Angeles	
	Toronto	Miami	
	Vancouver	Milwaukee	
	Washington	Orlando	
		Philadelphia	
		Phoenix	
		Pittsburg	
		Portland	
		Richmond	
		Saint Louis	
		San Diego	
		San Antonio	
		Tampa	
		Tucson	
		Tulsa	
		Virginia Beach	

Table 9 :

 9 Number of hexagons classified by the concentration of warehouses and urban

			classification		
		Extremely high	Very High	High	Medium	Low
	AH	29	13	386	476	3
	PAZ	13	5	453	1330	75

Table 10 :

 10 Number of hexagons classified by average prices of warehouses and urban classification

		High	Medium	Low
	AH	295	420	192
	PAZ	437	951	488

Table 11 :

 11 Number of hexagons classified by the number of warehouses and warehouse

		average prices	
	Warehouse	High	Medium	Low
	count			
	Extremely high	14	23	5
	Very high	7	7	4
	High	246	463	130
	Medium	445	862	499
	Low	20	16	42

Pearson's Chi-squared test with simulated p-value (based on 2000 replicates): 𝜒 = 168.30, p-value = 0.0004998

Pearson's Chi-squared test with simulated p-value (based on 2000 replicates): χ^2 = 28.07, p-value = 0.0004998

Pearson's Chi-squared test with simulated p-value (based on 2000 replicates): χ^2 = 92.6019, p-value = 0.0004997

Greenville Houston Indianapolis Nashville New Orleans Paris

This report is a part of the research initiatives performed by the Logistics City Chair. The Logistics City Chair

Research approach

The methodological steps of this are based on two primary analyses: (i) the analysis of the urban spatial structure in each metropolitan area and the relationship among urban variables, warehouse location, and real estate rent prices; and (ii) a comparative analysis among the metropolitan areas under investigation, considering a meta-analysis of logistics sprawl in published studies. It is essential to highlight the previous meta-analysis regarding the Chair Logistics City research agenda (Palacios-Argüello and Dablanc, 2020a).

Data collection and treatment

Spatialized information was necessary to perform the investigation of the hypotheses designed for this work. Therefore, locational data concerning the urban areas' spatial structure and geographic data, along with logistics real estate information, were collected as the first step of this methodological proposal.

Initially, data concerning geographic information, road infrastructure, and the location of points of interest were collected. The data sources were the Openstreetmap database (OpenStreetMap contributors, 2020) for points of interest, road networks, and local public data agencies for demographic and geographic information. Points of interest are sites that accommodate different urban activities, such as touristic points, archaeological sites, ATMs, banks, bakeries, bars, restaurants, grocery and other food retailers, beauty shops, book shops, general retailing, medical care centers, and other health care facilities, dentists, parks, fire stations, florists, urban build environments elements, like benches and fountains, graveyards, hotels, libraries, museums, theaters, playgrounds, post offices, schools, toilets, wastebaskets, and other urban facilities. We use points of interest as a proxy for urban density. There are no facilities that concern logistics activities within the POI dataset for the metropolitan areas. The municipality boundaries were obtained from official statistics and geography institutes of each country and region. Finally, Figure 6 presents the average distance to the gravity center (logistics sprawl measure) for the two timeframes considered in the studies for the metropolitan areas reviewed through the meta-analysis. Furthermore, Figure 7 presents the yearly logistics sprawl. In Table 8, the classification of metropolitan areas regarding the yearly sprawl is presented. The three categories are (i) areas with negative indicators; (ii) areas with no significant yearly sprawl ( -1 < YLS < 1), and; (iii) areas with positive YLS. When calculating the correlation coefficient, it is assumed that at least one of the variables is Normally distributed. For that, we have performed the Shapiro-Wilk normality test for DWP and YLS in each category of differential prices. The results are presented in Table 13. We could only reject the null hypothesis for DWP, at a significance level of 5% (p > 0.05), for the metropolitan areas classified as having no significant differential price and regarding the YLS. In other words, we can say that all metropolitan area variables considering the differential price classification are normally distributed besides the combination of no significant differential price and YLS.

Therefore, it is possible to assess the variable DWP and YLS relationship for the metropolitan area groups. The representation of these variables is in Figures 12 and13. For all the metropolitan areas, the Pearson coefficient was 0.484 (p-value < 2.2e-16). Since the p-value is lower than 0.05 (5% of significance level), the null hypothesis that the relationship between the average warehouse rent prices and the urban activity index is not significant can be rejected. Therefore, the greater the urban activity index, the higher the rent prices.

If we consider the dataset for each category, relationships are still significant but less intensive, and the correlation index was: In Figure 14, we present exploratory linear regression models for the categories of differential prices. Considering the values for the index r and the p-values, the null hypothesis that the relationship between the differential warehouse prices (DWP) and the yearly logistics sprawl (YLS) is not significant cannot be rejected for all the data combinations.

There is no evidence that differential warehouse rent prices are related to the yearly sprawl.

Therefore, the second hypothesis is rejected, considering the method to relate yearly logistics sprawl with differential warehouse rent prices.