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• Introduction. 

• Description of the available data. 

• Analytical framework. 

• Spatial data analysis. 

• Description of the modeling approach  

– Multidimensional crash risk exposure estimations 

– Alternative methods for risk clustering 

– Crowed-sourced data 

– Dynamic, stochastic and adaptive crash risk mapping 

• Computational results. 

• Conclusions  and outlook. 

 

OUTLINE             
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• The particularities emerging in the urban road systems, like 

recurrence and accident’s risk concentration, combined with spatial 

development and the correlations among alternative infrastructure 

features and users behavior, suggest the use of specialized 

multivariate models of spatial analysis.  

• Here, the Spatial Error Model-ESM is proposed as a suitable method 

for analyzing crash data and estimating accidents’ risk.  

INTRODUCTION 
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The research effort for a network-wide crash explainatory 
mechanism is based on data typically available (namely, 
time and location), enriched by crowed-sourced data 
(Openstreetmaps.org). 
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• The research effort for a network-wide crash 
concentration explanatory analysis is based on data 
typically available (time and location) for Riyadh, KSA. 

• Riyadh is the administrative and economic capital of the 
KSA, with a multi-national population of more than 7M 
people. 

 

AVAILABLE DATA (2/2) 
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• A clustering approach that may reveal accident 
concentrations can explore data. 

• Here a k-Means clustering is applied, that may handle 
multivariate and multidimensional datasets, but also can 
group spatially distributed data based on a metric of data 
‘distance’ (when only location is defined, the Euclidean 
distance) in a statistically sound way. 

CLUSTERING ACCIDENTS LOCATIONS -1 
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• Although clustering analysis can provide information on 
concentrations and probabilities of accidents occurrence, 
no explanatory information can be extracted or 
generalized.  
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• The particularities emerging in the urban road systems, 
like recurrence and accident’s risk concentration, 
combined with spatial development and the correlations 
among alternative infrastructure features and users 
behavior, can be analyzed in the framework of 
multivariate epidemiological spatial analysis. 

EPIDEMIOLOGICAL SPATIAL MODELS 



9  

TITLE OF THE SLIDE 

• Spatial econometric models are defined as the collection of 
techniques that deal with peculiarities caused by ‘space’, in the 
statistical analysis of regional science models. The location of 
the points determines the correlation and covariance of 
the variables.  

• These models are used to address the problem of spatial 
autocorrelation and heterogeneity.  

 

 

• The estimation of spatial econometric models is based on 
maximum likelihood or the general method of moments 
(GMM).  

Y = Xβ + λW u + ε 

SPATIAL ECONOMETRIC MODELS-1 
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• For taking into consideration of spatial correlation, a n×n 
matrix of the neighbor data points, based on distance, 
contiguity or nearest neighbors. Distance-based matrices are 
structured by data points located in a specific threshold of 
Euclidean distance around each observation, or located 
within the same polygons with the observation are used.  

• Here, a number of k-nearest (k=20) neighbor points/cells is 
used to structure the weight matrix. 

 

SPATIAL ECONOMETRIC MODELS-2 
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• A post-processing of accidents location is provided where 
the spatial distribution of the accidents is depicted and 
colored according to a magnitude-based clustering. 

 

APPLICATION OF SEM 
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• The contribution of this research is in identifying, 
collecting, processing and analyzing spatial road network 
and urban structure data. In this case, the 
openstreetmap.org repository was used imported into 
QGIS.  

• Additional information that was  
     available for the road elements  
     was exploited to infer the  
     classification of the streets  
     (e.g. distinguish motorways,  
     or residential streets).  

 

RESEARCH SETUP 
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• A 500x500px grid was created and various explanatory 
variables were created, including for each cell, the 
number of nodes/intersections, the length of the road 
network, and the number of POIs.  

 

 

 

• Information on the road network characteristics was also 
exploited to create combined variables, such as the ratio 
of motorways over the total network length within each 
grid cell, as well as the ratio between the residential 
streets over the total network length within each grid cell.  

VARIABLES’ ARRANGEMENT 
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• The dependent variable of the spatial error model (SEM) 
correspond to the log-number of accidents per grid cell.  

• The total number of observations was 27,060 (i.e. the 
number of cells, in which the study area was divided).  

• The explanatory variables are also entered into their 
model through their logarithm.  

 

MODEL’S ESTIMATION  



1

5  

TITLE OF THE SLIDE 

• All parameters are statistically significant different from 
zero for all commonly used confidence levels, and 
therefore the model can be considered sufficient.  

 Table 1: Spatial Error Model 
Estimation Variable name 

Estimate t-test 

Intercept 0.0598 7.98*** 
Number of points of interest 
(log) 

0.0367 6.32*** 

Number of intersections (log) 0.0363 14.52*** 
Length of motorways/total 
street network (log) 

1.214 26.09*** 

Length of residential 
streets/total street network 
(log) 

-0.0797 -5.48*** 

Lambda (λ) 0.788 105.64*** 
R square 0.38   
AIC 3408   
Moran’s I -0.022   

APPLICATION RESULTS-1 
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• The positive coefficient of the log of the number of points 
of interest suggests that in areas with more POIs the 
traffic accident propensity is increased. Considering that 
no traffic exposure data are available, this is a reasonable 
finding, and it can be hypothesized that this variable acts 
as a proxy to exposure.  

• The positive coefficient of the number of intersections is 
also reasonable, as it repeatedly reported that accidents 
tend to concentrate around intersections.  

 Number of points of interest 
(log) 

0.0367 6.32*** 

Number of intersections (log) 0.0363 14.52*** 

APPLICATION RESULTS-3 
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• Two explanatory variables quantify the mix of roads 
within each grid cell. The log of the length of motorways 
over the total street network in each cell has a positive 
coefficient, which possibly accounts for the higher speeds 
and higher exposure (traffic volume).  

• The log of the length of the residential streets over the 
total street network length in the cell has a negative 
coefficient, most likely linked with the lower speed and 
traffic volume associated with local, residential streets. 

APPLICATION RESULTS-3 

Length of motorways/total 
street network (log) 

1.214 26.09*** 

Length of residential 
streets/total street network 
(log) 

-0.0797 -5.48*** 
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• The λ (lambda) coefficient suggests that there is indeed 
strong spatial correlation across the cells, captured by the 
model error structure (                                ).  

 

APPLICATION RESULTS-2 

Y = Xβ + λW u + ε 

Lambda (λ) 0.788 105.64*** 
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• A Spatial Error Model-ESM is proposed here as a suitable 

methodological framework for exploratory and explanatory analysis of 

road accidents concentrations. 

• The application of the proposed method to a large-scale metropolitan 

area, exposed its potential in analyzing road accidents data 

 

OUTLOOK: 

• Alternative spatial models can be tested for improving accuracy like 

Spatial Error Models-SEM, Spatial Autoregressive Model-SAR, Spatial 

Durbin Model-SDM. 

COCLUSIONS AND OUTLOOK 
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