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eir Importance

Urban Infrastructures:

* Essential systems and services necessary for the efficient functioning of a city.

* Includes transportation networks, energy, water and sewage systems, communications,
and digital infrastructures.

Importance of Urban Infrastructures:

* Facilitating Daily Life

* Enhancing Quality of Life

e Supporting Local and National Economies c

* Resilience Against Crises
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Importance of Urban Road Networks:

e Connectivity and Mobility

e Economic Vitality

* Emergency Response and Safety

e Urban Planning and Developrp_ent

 Quality of Life oo
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&Q ban Road Networks

Characteristics of Critical Locations:

e High Connectivity

e Traffic Volume

* Accessibility

* Emergency Response

Why Identification is Important:

* Resilience Planning

* Efficient Resource Allocation

* Disaster and Crisis Management
e Urban Development
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1.

ical Urban Road Network Locations

Graph Theory-Based Methods:

Use structural metrics like node degree, clustering coefficient, and centrality measures.
Provide a clear understanding of network topology and connectivity.

Labor-intensive and computationally demanding, especially for large, dynamic
networks.

Link Elimination Analysis:

Examine the impact of removing specific network links on overall performance.
Highlights the importance of individual links in maintaining network integrity.
Time-consuming and requires frequent updates with changing traffic patterns.

Data-Driven Methods:

Utilize large databases to analysis traffic flow and congestion impacts.
Leverage real-time data for accurate and dynamic modeling.

Require extensive datasets and continuous updates, challenging for resource-
constrained environments.



Critical Urban Road Network Locations

Traditional Approaches:

4. Kernel Density Estimation (KDE):

* Uses spatial point pattern analysis to identify critical locations.

Combines structural characteristics with traffic flow data, providing nuanced insights.

Ordinary KDE may lack alignment with the actual road network, relying on Euclidean
distance.

Kernel Density Estimation (KDE) Steps:

 Sample Points Selection
* Estimation Points Selection Legend
* Bandwidth Selection Banelty
* Kernel Function

Kermel




Density Estimation: Bridging the Gap

* Network Distance Calculations
* Incorporation of Network Characteristics

e Effective Critical Location Identification

S: accident point

R: search window width

(a) Planar kernel density (b) Network kernel density
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This study's methodology comprises several discrete steps:

1. Construction of the Road Network Graph

e Graph Theory Principles:
The network is represented with road segments as edges and
intersections as nodes.

 » Node (intersection)

Selection: T .26 . 4 § —Link (main road)
s A, —Link (other road)

Samples are obtained from the graph's nodes, focusing on
intersections with high public transportation volume.

* Purpose:
to

estimate the probability density function.




This study's methodology comprises several discrete steps:

2. Definition of Lixels and Network Construction

 Segment-Based Graph:
Road segments between intersections form a segment-based
graph.

Each linear lixel unit is a segment divided further, serving as a
basic unit in the network.

* Estimation Points:
Central points of each lixel act as estimation points, where the
probability density function is calculated.




This study's methodology comprises several discrete steps:

3. Network Kernel Density Estimation (Net-KDE)

* Density Calculation:
The spatial density assigned to each estimation point is influenced by nearby sample points on the network.

Identify critical locations of the urban transport network
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ollection

Study Area

* Location: , the capital city of Iran.

* Challenges:

o Natural disasters like earthquakes and floods.
o) Overcrowded transit system complicating crisis management.

Data Collection

* Sources of Data:

o Tehran Municipality's

datasets

‘|2 Tehran City :
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Sampling Process and Selection of Estimation Points

e Strategic Selection:
o Samples and estimation points chosen to represent Tehran's urban transport system.

o Intersections prioritized based on characteristics like four-way connections and high-traffic-
volume.

* Focused Representation:
o High-traffic intersections chosen to capture important nodes in the urban transport system.

o Insights into public transportation operations and urban mobility obtained from this strategic
selection.
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Critical Locations - Methodology

* Objective:

o Evaluate the Net-KDE method’s effectiveness with various sampling strategies and bandwidth
selections.

e Scenarios:

o Three scenarios developed to assess effectiveness:
o Fixed bandwidth with random sampling.
o Fixed bandwidth with strategic sampling.
o Adaptive bandwidth with strategic sampling.

12



* Approach:
o Net-KDE with 5000 randomly selected sample points.

o Fixed bandwidth determined at 1.3 km.

* Objective:
o Capture local density variations while avoiding overfitting.
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* Approach:

o Net-KDE with 1,411 strategically selected sample points.
o Fixed bandwidth determined at 2.9 km.

* Objective:
o Focus on specific areas of interest within the urban transport network.

The Sceond Scenario) |
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Approach:
o Net-KDE with strategically selected sample points.

Objective:

o Adaptive bandwidth determined, ranging from 0.81 km to 3.6 km.

o Dynamically adjust to spatial characteristics of sample points for nuanced density estimation.
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Performance Evaluation: Control Maps

* Thematic maps of Tehran used as , including:
Urban centers

Dense population blocks

Mixed-use areas

Grade separations

O O O O

Serve as controls for determining critical locations identified by various scenarios.
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Spatial Similarity Evaluation:

Higher values indicate spatial clustering, lower values indicate
dispersion.
Determines distance between each point and its

nearest neighbor.

Observed Mean Distance

ANN Ratio= -
Expected Mean Distance

* Purpose:
o Assess similarity between scenarios and control maps by examining spatial distribution.

17



Spatial Similarity Evaluation:

Table 1. The difference between the Ripley's K-Function and ANN indicators for each control map and scenario map

Urban Centers Mixed Zones Dens Population

Grade Separations Blocks
K-Function ANN : K-Function
Scenariol 2.018 2.1503 3.2302 ).2373 1.5298

Scenario2

Scenario3

18



Spatial Similarity Evaluation:

*Scenariol -Scenario2 -Scenario3 *Scenariol -Scenario2 -Scenario3
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Figure 9. Average distance (Kilometers) of the control points (a) Urban Centers, (b) Mixed zones, (c) Grade separations, (d)
Dens population blocks from the K nearest critical locations
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* Practical Applications:

o Enhanced Crisis Management
o Urban Development
o Traffic Management

* Future Directions:

Temporal Analysis
Additional Parameters
More Data Sources
Optimization Techniques

OO O O O

20



Abramson, . S. (1982). "On bandwidth variation in kernel estimates-a square root law." The annals of Statistics: 1217-1223.

Alkhadour, W., J. Zragou, A. Al-Helali and S. Al-Ghananeem (2021). "Traffic Accidents Detection using Geographic Information Systems (GIS)." Traffic 12(4).
Angel, S., P. Lamson-Hall and Z. G. Blanco (2021). "Anatomy of density: measurable factors that constitute urban density." Buildings and Cities 2(1).
Baddeley, A., G. Nair, S. Rakshit, G. McSwiggan and T. M. Davies (2021). "Analysing point patterns on networks—A review." Spatial Statistics 42: 100435.
Chacdn, J. E. and T. Duong (2018). Multivariate kernel smoothing and its applications, CRC Press.

Chainey, S., L. Tompson and S. Uhlig (2008). "The utility of hotspot mapping for predicting spatial patterns of crime." Security journal 21: 4-28.

Chen, B. Y., W. H. Lam, A. Sumalee, Q. Li and Z.-C. Li (2012). "Vulnerability analysis for large-scale and congested road networks with demand uncertainty." Transportation Research Part A: Policy and Practice 46(3): 501
-516.

Cheng, J., L. Bertolini, F. le Clercq and L. Kapoen (2013). "Understanding urban networks: Comparing a node-, a density-and an accessibility-based view." Cities 31: 165-176.

Cheng, Z.,, Z. Zu and J. Lu (2018). "Traffic crash evolution characteristic analysis and spatiotemporal hotspot identification of urban road intersections." Sustainability 11(1): 160.
Claramunt, C. (2005). A spatial form of diversity. Spatial Information Theory: International Conference, COSIT 2005, Ellicottville, NY, USA, September 14-18, 2005. Proceedings 7, Springer.

Claramunt, C. (2012). Towards a spatio-temporal form of entropy. Advances in Conceptual Modeling: ER 2012 Workshops CMS, ECDM-NoCoDA, MoDIC, MORE-BI, RIGiM, SeCoGIS, WISM, Florence, Italy, October 15-18, 2
012. Proceedings 31, Springer.

Demésar, U., O. Spatenkovd and K. Virrantaus (2008). "Identifying critical locations in a spatial network with graph theory." Transactions in GIS 12(1): 61-82.
Ewing, R., G. Meakins, G. Bjarnson and H. Hilton (2011). "Transportation and land use." Making healthy places: Designing and building for health, well-being, and sustainability: 149-169.

Fulkerson, D. R. and G. C. Harding (1977). "Maximizing the minimum source-sink path subject to a budget constraint." Mathematical Programming 13(1): 116-118.

Gelb, J. and P. Apparicio (2024). "Temporal Network Kernel Density Estimation." Geographical Analysis 56(1): 62-78.

Getis, A. and J. K. Ord (1992). "The analysis of spatial association by use of distance statistics." Geographical analysis 24(3): 189-206.

Ghanbari, M., M. Karimi, C. Claramunt and C. Lagesse (2024). A Spatial Interaction Model for the Identification of Urban Functional Regions. International Symposium on Web and Wireless Geographical Information Sys
tems, Springer.

Han, J., M. Kamber and J. Pei (2001). "Data mining concepts and techniques, Morgan Kaufmann Publishers." San Francisco, CA: 335-391.

Hosseini, A. and M. S. Pishvaee (2021). "Extended computational formulations for tolerance-based sensitivity analysis of uncertain transportation networks." Expert Systems with Applications 183: 115252.

Hosseini, A. and M. S. Pishvaee (2022). "Capacity reliability under uncertainty in transportation networks: An optimization framework and stability assessment methodology." Fuzzy Optimization and Decision Making 21
(3): 479-512.

Jenelius, E. (2009). "Network structure and travel patterns: explaining the geographical disparities of road network vulnerability." Journal of Transport Geography 17(3): 234-244.

Jiang, B. and C. Claramunt (2004). "A structural approach to the model generalization of an urban street network." Geolnformatica 8: 157-171.

Kuo, P.-F., X. Zeng and D. Lord (2011). Guidelines for choosing hot-spot analysis tools based on data characteristics, network restrictions, and time distributions. Proceedings of the 91 Annual Meeting of the Transportati
on Research Board, Citeseer.

Le, K. G., P. Liu and L.-T. Lin (2022). "Traffic accident hotspot identification by integrating kernel density estimation and spatial autocorrelation analysis: a case study." International journal of crashworthiness 27(2): 543-
553.

Litman, T. and R. Steele (2017). Land use impacts on transport, Victoria Transport Policy Institute Canada.
Liu, W., X. Li, T. Liu and B. Liu (2019). "Approximating betweenness centrality to identify key nodes in a weighted urban complex transportation network." Journal of Advanced Transportation 2019.

Lépez, F. A., A. Pdez, J. A. Carrasco and N. A. Ruminot (2017). "Vulnerability of nodes under controlled network topology and flow autocorrelation conditions." Journal of Transport Geography 59: 77-87.

Lu, Y. and X. Chen (2007). "On the false alarm of planar K-function when analyzing urban crime distributed along streets." Social science research 36(2): 611-632.
Ma, Q., G. Huang and X. Tang (2021). "GIS-based analysis of spatial-temporal correlations of urban traffic accidents." European transport research review 13(1): 1-11.

N
N



https://doi.org/10.1214/aos/1176345986
https://doi.org/10.14569/ijacsa.2021.0120462
https://doi.org/10.5334/bc.91
https://doi.org/10.1016/j.spasta.2020.100435
https://doi.org/10.1201/9780429485572
https://doi.org/10.1057/palgrave.sj.8350066
https://doi.org/10.1016/j.tra.2011.11.018
https://doi.org/10.1016/j.cities.2012.04.005
https://doi.org/10.3390/su11010160
https://doi.org/10.1007/11556114_14
https://doi.org/10.1007/978-3-642-33999-8_28
https://doi.org/10.1111/j.1467-9671.2008.01086.x
https://doi.org/10.5822/978-1-61091-036-1_10
https://doi.org/10.1007/bf01584329
https://doi.org/10.1111/gean.12368
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x
https://doi.org/10.1007/978-3-031-60796-7_14
https://doi.org/10.1016/j.eswa.2021.115252
https://doi.org/10.1007/s10700-021-09374-9
https://doi.org/10.1016/j.jtrangeo.2008.06.002
https://doi.org/10.1023/b:gein.0000017746.44824.70
https://doi.org/10.1080/13588265.2020.1826800
https://doi.org/10.1108/13527619510101981
https://doi.org/10.1155/2019/9024745
https://doi.org/10.1016/j.jtrangeo.2017.02.002
https://doi.org/10.1016/j.ssresearch.2006.05.003
https://doi.org/10.1186/s12544-021-00509-y

Martinez-Pastor, B., M. Nogal, A. O’Connor and R. Teixeira (2022). "Identifying critical and vulnerable links: A new approach using the Fisher information matrix." International Journal of Critical Infrastructure Protection 39: 100570.

McSwiggan, G., A. Baddeley and G. Nair (2017). "Kernel density estimation on a linear network." Scandinavian Journal of Statistics 44(2): 324-345.

Moradi, M. M., O. Cronie, E. Rubak, R. Lachieze-Rey, J. Mateu and A. Baddeley (2019). "Resample-smoothing of Voronoi intensity estimators." Statistics and computing 29(5): 995-1010.

Mou, X., F. Cai, X. Zhang, J. Chen and R. Zhu (2019). Urban function identification based on POI and taxi trajectory data. Proceedings of the 3rd International Conference on Big Data Research.

Okabe, A., K. i. Okunuki and S. Shiode (2006). "SANET: a toolbox for spatial analysis on a network." Geographical analysis 38(1): 57-66.

Okabe, A., T. Satoh, T. Furuta, A. Suzuki and K. Okano (2008). "Generalized network Voronoi diagrams: Concepts, computational methods, and applications." International Journal of Geographical Information Science 22(9): 965-994.

Okabe, A., T. Satoh and K. Sugihara (2009). "A kernel density estimation method for networks, its computational method and a GIS-based tool." International Journal of Geographical Information Science 23(1): 7-32.

Psaltoglou, A. and E. Calle (2018). "Enhanced connectivity index—A new measure for identifying critical points in urban public transportation networks." International Journal of Critical Infrastructure Protection 21: 22-32.

Rahman, M. T., A. Jamal and H. M. Al-Ahmadi (2020). "Examining hotspots of traffic collisions and their spatial relationships with land use: A GIS-based geographically weighted regression approach for Dammam, Saudi Arabia." ISPRS International J
ournal of Geo-Information 9(9): 540.
Raman, R. and U. K. Roy (2019). "Taxonomy of urban mixed land use planning." Land Use Policy 88: 104102.

Sarlas, G., A. Pdez and K. W. Axhausen (2020). "Betweenness-accessibility: Estimating impacts of accessibility on networks." Journal of Transport Geography 84: 102680.
Scott, D. M., D. C. Novak, L. Aultman-Hall and F. Guo (2006). "Network robustness index: A new method for identifying critical links and evaluating the performance of transportation networks." Journal of Transport Geography 14(3): 215-227.

Scott, D. W. (2015). Multivariate density estimation: theory, practice, and visualization, John Wiley & Sons.

Soheily-Khah, S., A. Douzal-Chouakria and E. Gaussier (2016). "Generalized k-means-based clustering for temporal data under weighted and kernel time warp." Pattern Recognition Letters 75: 63-69.

Sohn, J. (2006). "Evaluating the significance of highway network links under the flood damage: An accessibility approach." Transportation research part A: policy and practice 40(6): 491-506.
Solé-Ribalta, A., S. Gémez and A. Arenas (2016). "A model to identify urban traffic congestion hotspots in complex networks." Royal Society open science 3(10): 160098.
Spooner, P. G., I. D. Lunt, A. Okabe and S. Shiode (2004). "Spatial analysis of roadside Acacia populations on a road network using the network K-function." Landscape ecology 19: 491-499.

Sullivan, J. L., D. C. Novak, L. Aultman-Hall and D. M. Scott (2010). "Identifying critical road segments and measuring system-wide robustness in transportation networks with isolating links: A link-based capacity-reduction approach." Transportation
Research Part A: Policy and Practice 44(5): 323-336.

Taylor, M. A. (2012). "Remoteness and accessibility in the vulnerability analysis of regional road networks." Transportation research part A: policy and practice 46(5): 761-771.

Tian, Y., X. Liu, Z. Li, S. Tang, C. Shang and L. Wei (2021). "Identification of critical links in urban road network considering cascading failures." Mathematical Problems in Engineering 2021: 1-11.
Umair, M., I. A. Rana and R. H. Lodhi (2022). "The impact of urban design and the built environment on road traffic crashes: A case study of Rawalpindi, Pakistan." Case studies on transport policy 10(1): 417-426.

Vandenbulcke-Plasschaert, G. (2011). Spatial analysis of bicycle use and accident risks for cyclists, Presses univ. de Louvain.

Wan, N., F. Zhan and Z. Cai (2011). "A spatially weighted degree model for network vulnerability analysis."” Geo-spatial Information Science 14(4): 274-281.

Wang, D. and T. Cheng (2001). "A spatio-temporal data model for activity-based transport demand modelling." International Journal of Geographical Information Science 15(6): 561-585.

Watts, D. J. and S. H. Strogatz (1998). "Collective dynamics of ‘small-world’networks." nature 393(6684): 440-442.

Xie, Z. and J. Yan (2008). "Kernel density estimation of traffic accidents in a network space." Computers, environment and urban systems 32(5): 396-406.

Xie, Z. and J. Yan (2013). "Detecting traffic accident clusters with network kernel density estimation and local spatial statistics: an integrated approach." Journal of transport geography 31: 64-71.

Yamada, I. and J.-C. Thill (2004). "Comparison of planar and network K-functions in traffic accident analysis." Journal of Transport Geography 12(2): 149-158.

Yu, H. and S.-L. Shaw (2011). "GIS designs for studying human activities in a space-time context." The SAGE Handbook of GIS and Society. London, Sage: 251-268.

Yu, Q., K. You and Y. Chu (2019). Hierarchical Division Method of Road Network for Critical Points Identification. IOP Conference Series: Earth and Environmental Science, IOP Publishing.

Zhang, Z. and K. Virrantaus (2010). Analysis of vulnerability of road networks on the basis of graph topology and related attribute information. Advances in Intelligent Decision Technologies: Proceedings of the Second KES International Symposium |
DT 2010, Springer.

Zhang, Z. and K. Virrantaus (2016). "Use of a Fuzzy Decision-making Approach in an Analysis of the Vulnerability of Street Networks for Disaster Management." Nordic Journal of Surveying and Real Estate Research 11(2): 7-19.

Zhao, L., S. Wang, J. Wei and R. Chen (2022). "Impacts of Land Use on Urban Road Network Vulnerability." Journal of Urban Planning and Development 148(3): 04022032.

Zhou, Y., Z. Fang, J.-C. Thill, Q. Li and Y. Li (2015). "Functionally critical locations in an urban transportation network: Identification and space—time analysis using taxi trajectories." Computers, environment and urban systems 52: 34-47.

Zhou, Y., J. B. Sheu and J. Wang (2017). "Robustness assessment of urban road network with consideration of multiple hazard events." Risk Analysis 37(8): 1477-1494.

23

Zougab, N., S. Adjabi and C. C. Kokonendji (2014). "Bayesian estimation of adaptive bandwidth matrices in multivariate kernel density estimation.” Computational Statistics & Data Analysis 75: 28-38.



https://doi.org/10.1016/j.ijcip.2022.100570
https://doi.org/10.1111/sjos.12255
https://doi.org/10.1007/s11222-018-09850-0
https://doi.org/10.1145/3372454.3372468
https://doi.org/10.1111/j.0016-7363.2005.00674.x
https://doi.org/10.1080/13658810701587891
https://doi.org/10.1080/13658810802475491
https://doi.org/10.1016/j.ijcip.2018.02.003
https://doi.org/10.3390/ijgi9090540
https://doi.org/10.1016/j.landusepol.2019.104102
https://doi.org/10.1016/j.jtrangeo.2020.102680
https://doi.org/10.1016/j.jtrangeo.2005.10.003
https://doi.org/10.1002/9781118575574
https://doi.org/10.1016/j.patrec.2016.03.007
https://doi.org/10.1016/j.tra.2005.08.006
https://doi.org/10.1098/rsos.160098
https://doi.org/10.1023/b:land.0000036114.32418.d4
https://doi.org/10.1016/j.tra.2010.02.003
https://doi.org/10.1016/j.tra.2012.02.008
https://doi.org/10.1155/2021/9994347
https://doi.org/10.1016/j.cstp.2022.01.002
https://doi.org/10.1007/s11806-011-0575-z
https://doi.org/10.1080/13658810110046934
https://doi.org/10.1038/30918
https://doi.org/10.1016/j.compenvurbsys.2008.05.001
https://doi.org/10.1016/j.jtrangeo.2013.05.009
https://doi.org/10.1016/j.jtrangeo.2003.10.006
https://doi.org/10.4135/9781446201046.n13
https://doi.org/10.1088/1755-1315/330/5/052005
https://doi.org/10.1007/978-3-642-14616-9_34
https://doi.org/10.1061/(asce)up.1943-5444.0000862
https://doi.org/10.1016/j.compenvurbsys.2015.03.001
https://doi.org/10.1111/risa.12802
https://doi.org/10.1016/j.csda.2014.02.002

Abramson, |. S. (1982). "On bandwidth variation in kernel estimates-a square root law." The annals of Statistics: 1217-1223.

Alkhadour, W., J. Zragou, A. Al-Helali and S. Al-Ghananeem (2021). "Traffic Accidents Detection using Geographic Information Systems (GIS)." Traffic 12(4).
Angel, S., P. Lamson-Hall and Z. G. Blanco (2021). "Anatomy of density: measurable factors that constitute urban density." Buildings and Cities 2(1).
Baddeley, A., G. Nair, S. Rakshit, G. McSwiggan and T. M. Davies (2021). "Analysing point patterns on networks—A review." Spatial Statistics 42: 100435.
Chacon, J. E. and T. Duong (2018). Multivariate kernel smoothing and its applications, CRC Press.

Chainey, S., L. Tompson and S. Uhlig (2008). "The utility of hotspot mapping for predicting spatial patterns of crime." Security journal 21: 4-28.
Chen, B. Y., W. H. Lam, A. Sumalee, Q. Li and Z.-C. Li (2012). "Vulnerability analysis for large-scale and congested road networks with demand uncertainty." Transportation Research Part A: Policy and Practice 46(3): 501-516.

Cheng, J., L. Bertolini, F. le Clercq and L. Kapoen (2013). "Understanding urban networks: Comparing a node-, a density-and an accessibility-based view." Cities 31: 165-176.

Cheng, Z., Z. Zu and J. Lu (2018). "Traffic crash evolution characteristic analysis and spatiotemporal hotspot identification of urban road intersections." Sustainability 11(1): 160.

Claramunt, C. (2005). A spatial form of diversity. Spatial Information Theory: International Conference, COSIT 2005, Ellicottville, NY, USA, September 14-18, 2005. Proceedings 7, Springer.

Claramunt, C. (2012). Towards a spatio-temporal form of entropy. Advances in Conceptual Modeling: ER 2012 Workshops CMS, ECDM-NoCoDA, MoDIC, MORE-BI, RIGiM, SeCoGIS, WISM, Florence, Italy, October 15-18, 2012. Proceedings 31, Springer.

Demsar, U., O. Spatenkovd and K. Virrantaus (2008). "Identifying critical locations in a spatial network with graph theory." Transactions in GIS 12(1): 61-82.

Ewing, R., G. Meakins, G. Bjarnson and H. Hilton (2011). "Transportation and land use." Making healthy places: Designing and building for health, well-being, and sustainability: 149-169.

Fulkerson, D. R. and G. C. Harding (1977). "Maximizing the minimum source-sink path subject to a budget constraint." Mathematical Programming 13(1): 116-118.

Gelb, J. and P. Apparicio (2024). "Temporal Network Kernel Density Estimation.” Geographical Analysis 56(1): 62-78.

Getis, A. and J. K. Ord (1992). "The analysis of spatial association by use of distance statistics." Geographical analysis 24(3): 189-206.

Ghanbari, M., M. Karimi, C. Claramunt and C. Lagesse (2024). A Spatial Interaction Model for the Identification of Urban Functional Regions. International Symposium on Web and Wireless Geographical Information Systems, Springer.

Han, J., M. Kamber and J. Pei (2001). "Data mining concepts and techniques, Morgan Kaufmann Publishers." San Francisco, CA: 335-391.

Hosseini, A. and M. S. Pishvaee (2021). "Extended computational formulations for tolerance-based sensitivity analysis of uncertain transportation networks." Expert Systems with Applications 183: 115252.

Hosseini, A. and M. S. Pishvaee (2022). "Capacity reliability under uncertainty in transportation networks: An optimization framework and stability assessment methodology." Fuzzy Optimization and Decision Making 21(3): 479-512.

Jenelius, E. (2009). "Network structure and travel patterns: explaining the geographical disparities of road network vulnerability." Journal of Transport Geography 17(3): 234-244.

Jiang, B. and C. Claramunt (2004). "A structural approach to the model generalization of an urban street network." Geolnformatica 8: 157-171.

Kuo, P.-F., X. Zeng and D. Lord (2011). Guidelines for choosing hot-spot analysis tools based on data characteristics, network restrictions, and time distributions. Proceedings of the 91 Annual Meeting of the Transportation Research Board, Citeseer.

Le, K. G., P. Liu and L.-T. Lin (2022). "Traffic accident hotspot identification by integrating kernel density estimation and spatial autocorrelation analysis: a case study." International journal of crashworthiness 27(2): 543-553.

Litman, T. and R. Steele (2017). Land use impacts on transport, Victoria Transport Policy Institute Canada.

Liu, W., X. Li, T. Liu and B. Liu (2019). "Approximating betweenness centrality to identify key nodes in a weighted urban complex transportation network." Journal of Advanced Transportation 2019.

Lopez, F. A., A. Pdez, J. A. Carrasco and N. A. Ruminot (2017). "Vulnerability of nodes under controlled network topology and flow autocorrelation conditions." Journal of Transport Geography 59: 77-87.

Lu, Y. and X. Chen (2007). "On the false alarm of planar K-function when analyzing urban crime distributed along streets." Social science research 36(2): 611-632.
Ma, Q., G. Huang and X. Tang (2021). "GIS-based analysis of spatial-temporal correlations of urban traffic accidents." European transport research review 13(1): 1-11.
Martinez-Pastor, B., M. Nogal, A. O’Connor and R. Teixeira (2022). "Identifying critical and vulnerable links: A new approach using the Fisher information matrix." International Journal of Critical Infrastructure Protection 39: 100570.

McSwiggan, G., A. Baddeley and G. Nair (2017). "Kernel density estimation on a linear network." Scandinavian Journal of Statistics 44(2): 324-345.
Moradi, M. M., O. Cronie, E. Rubak, R. Lachieze-Rey, J. Mateu and A. Baddeley (2019). "Resample-smoothing of Voronoi intensity estimators." Statistics and computing 29(5): 995-1010.
Mou, X., F. Cai, X. Zhang, J. Chen and R. Zhu (2019). Urban function identification based on POI and taxi trajectory data. Proceedings of the 3rd International Conference on Big Data Research.

24


https://doi.org/10.1214/aos/1176345986
https://doi.org/10.14569/ijacsa.2021.0120462
https://doi.org/10.5334/bc.91
https://doi.org/10.1016/j.spasta.2020.100435
https://doi.org/10.1201/9780429485572
https://doi.org/10.1057/palgrave.sj.8350066
https://doi.org/10.1016/j.tra.2011.11.018
https://doi.org/10.1016/j.cities.2012.04.005
https://doi.org/10.3390/su11010160
https://doi.org/10.1007/11556114_14
https://doi.org/10.1007/978-3-642-33999-8_28
https://doi.org/10.1111/j.1467-9671.2008.01086.x
https://doi.org/10.5822/978-1-61091-036-1_10
https://doi.org/10.1007/bf01584329
https://doi.org/10.1111/gean.12368
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x
https://doi.org/10.1007/978-3-031-60796-7_14
https://doi.org/10.1016/j.eswa.2021.115252
https://doi.org/10.1007/s10700-021-09374-9
https://doi.org/10.1016/j.jtrangeo.2008.06.002
https://doi.org/10.1023/b:gein.0000017746.44824.70
https://doi.org/10.1080/13588265.2020.1826800
https://doi.org/10.1108/13527619510101981
https://doi.org/10.1155/2019/9024745
https://doi.org/10.1016/j.jtrangeo.2017.02.002
https://doi.org/10.1016/j.ssresearch.2006.05.003
https://doi.org/10.1186/s12544-021-00509-y
https://doi.org/10.1016/j.ijcip.2022.100570
https://doi.org/10.1111/sjos.12255
https://doi.org/10.1007/s11222-018-09850-0
https://doi.org/10.1145/3372454.3372468




