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Table 1 Number of injured and killed in urban and rural traffic environments, Sweden 2003 (SCB & 
SIKA 2004) 
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“…, the safety of a road is measured by the frequency and severity of crashes expected to 
occur on it.” 
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Table 2 The Haddon matrix, Haddon (1980) 
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Figure 1 Risk of traffic conflict (risk indicator) versus bicycle flow (Ekman 1996) 
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Figure 2 Stopping distance in relation to speed, calculated with deceleration=0.8g and reaction time=1 s 
(Carlsson 2004) 
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Figure 3 The risk of a road user being killed depending on speeds in various collision types (SveKom 1998) 
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Figure 4 The relation between changes in number of injured and changes in mean speed (Nilsson 2004) 
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Figure 6 TARVA, organisational diagram for the modelling procedure (Peltola 2000) 



� � �

� �$�

"� "� " . � 
 � � � � � � 	! � �� � � � �� 	� � � � �
	� � � 	� � � � � �� � 	� � 
� � � � 	

6��� �
 ���� .�,���� 
 �0 �� ��& �
' ��� ) ��� 4 �
/ 
 
' / � ��/ ��
 ��� -��,
� ��,� 0 ��& ��� ) ��.� �
 �� .�,���� 4 
�
 �
�� � 
,�' �� 
 
����*���� / ���.�������1 ������
.������) ��
 �� ' & .1 ����) ��� � 
,�' ��+�
' � �
 ��"4 �,
�
 �.�,����
�
 
�� 
�� � ����,� N6,I & ���,� ' & .1 ��� �) � �� � 
,�' ��85� 	
 �� 1 ���' � 
' / � 4 �
/ 
 ��� 1 ��4 ��' � �1 ���0 �,� �' ,�
-��,
� ��,� ' & .1 ��� �) � �� � 
,�' ��� ����,����.
' �,� 1 *� �
 �� L & ��
�*� �) � �
 �� ���
.����� �) � �
 �� ���-�� �
0 ��
' & .1 ����) ��� � 
,�' ��5�

!' � �
 �� "4 �,
�
 �.�,���� �
 �� 4 �
/ 
 ��� ����,����.
' �,� 1 *� �
 �� ' & .1 ��� �) � -��,
� ��,� �� � 
,�' ��5�	
 ��
���/ ����
 ��' & .1 ����) �-��,
� ��,��� � 
,�' ��+��
 ������' / ����
 ��4 �
/ 
 ��) ����� � 
,�' ��
 
����*�4 
���1 �5�	
 
��

��1 ���,��' ��
 �����& .-�
�' ��
 ����
 ��.������ � 
,�' ����
 ��������7-�� ��,+��
 ��.�������1 ����
 ���� � 
,�' ��

 
����*�4 
���1 �5���A / 0 ��2 �������1 ��

6�W ��X �6�� ��Y �E��W �6�!���6�� ���4 
 ����

E��X ��5� W 6�� ��� ���Y �5� W 6�� ���

�6�W �X 6,I & ���,� ' & .1 ��� �) � �� � 
,�' ��+� 6�� �X =��,
� ��,� ' & .1 ��� �) � �� � 
,�' ��+� 6�!�X � 1 ���0 �,�
' & .1 ����) ��� � 
,�' ������A / 0 ��2 �������1 ��

!' ��
 �� � �����) ��
 ��;
' ' 
�
 ��' ,� � �' 
�
 �.�,�����
 �� / ��,' �����) � ) 
�� ) ����
 ��.�,������������� & ��,����
� ��� & �����4 �
/ 
 ���) ���
 �4 ����� �.1 
' ���1 ���0 �,��' ,�-��,
� ��,�' & .1 ����) ��� � 
,�' ��5�

"� "� 0 1 � � � 
� � � 	� � � � 	
� � 2
 � � �� 
	

	
 ��.�,��������,
0 
,�,�
' �����-������.�,���� ) ����& ����& ����& ����& �������) ) 
� ��' 0 
��' .�' ����' ,� ) ��� & �1 �' �& �1 �' �& �1 �' �& �1 �' � ���) ) 
� �
�' 0 
��' .�' ��5�D& �����' 0 
��' .�' �������.�����) ��' � ����� � �.-�
� ���,� 4 
 �' � 
�� � �' � ��' �� ' & .1 ����) �

' ������ �
�' ��-��� 2 .+� ' & .1 ����) � 0 & �' ���1 ������,� & ������' ,� ���,��
,�����& � �& ��+������ � ����,����,�
�
,��) �
� �
�' ��%J ' / +��������' �R�=��/ & ' �,
��OO �5�	
 ��.�,����,��� �
1 �,�
 ��������.�
' �*��
 ����) ���
& �1 �' ������5�!' ��
 ��� �����) ��
 ��� �' 
�
 ��' ,�"4 �,
�
 �.�,�����
 ��.�,����) ���& �1 �' ������������
' / ��,�
�& ���' ,�,��� �
1 �,+�4 
 
����
 ��;
' ' 
�
 �.�,���
��.�
' �*�� �' � ��' �,�4 
�
 ��& ��������������/ ��
 ���1 & ��
��
��
��� ,��� �
1 �,� 
 ���� ��� 
�� 
 ��� �� ,
) ) ���' �� ) �� & �� �
 �' � �
 �� ��
 ��� �4 �� �' ,� �
 & �� �,,�� �� 0 ��& �� ��� �
 ��
,��� �
-�
�' 5�

��1 �' � .�,���� ���� ) & ��
 ��� ,
0 
,�,� 
' ��� .�,���� ) ��� 
' ������ �
�' �
' ������ �
�' �
' ������ �
�' �
' ������ �
�' �� ���-�� �
0 ��*� �
' 2 ��
' 2 ��
' 2 ��
' 2 �5� ���/ ��

' ������ �
�' �� ����.�,����,� ��-������*� �' ,� ,
) ) ���' ��.�,���� ���� �) ��' � & ��,� ) ��� ,
) ) ���' �� �*-��� �) �

' ������ �
�' ��1 �� �& ����) ��
 ��,
) ) ���' ���� � 
,�' ��������,�-�' ,�' ���' ��*-���) �
' ������ �
�' +�������#���.+�
�
/ ' ��
��,+� ' �' ��
/ ' ��
��,� ��� 5�3
' ��� 
' ������ �
�' �� ���� ' ��.���*� 
' � �& ,�,� 
' � �
 ��.�,���� ) ��� �
 ��
�������� ��� 
�� 4 �& �,� 1 �� ���� .& � 
 � 4 ��2 � ��� .�2 �� ��-������ � ��� & ���
�' �� ) ��� ��� 
 � �.���� �7
�5� 	
 ��
,
��
' � �
�' � 1 ��4 ��' ���.
' ����' ,���.�I ���
' ������ �
�' � 0 ��
��� 1 ��4 ��' � � �& ' ��
����' ,�
��,�-�' ,�' ��
�' ��
 ���
Q ���) ��
 ����� �' ,��*�) ��4 �
' ����
 ��
' ������ �
�' 5�!' ��
 ��"4 �,
�
 �.�,������.�I ���
' ������ �
�' �

��,�) 
' �,�����' �
' ������ �
�' � 4 
�
 ������ �' ,��*�) ��4 ����/ ����
 �' ������6� 	��6' ' & ��� � �
�*�	��) ) 
� ��
4 
 
���
' ��
 ��� �' 
�
 �.�,�����
 ��1 ��,���
' ��
��,��4 ' ����� ��6� 	5�

!' ������ �
�' �� ���+� ��� .�' �
�' �,+� ) & ��
 ��� ,
0 
,�,� 
' ��� �
 ����� �' ,� ) �& ����.� 
' ������ �
�' �� �' ,�
,�-�' ,�' ���' ��*-���) ����) ) 
� �� �' ������*-�5�"�-������.�,����������.��
.���& ��,�,�-�' ,
' / ��' ��*-���*-���*-���*-��
�) � ���,� & �����) � ���,� & �����) � ���,� & �����) � ���,� & ����� �' ,� �0 �' � �*-���) � �� � 
,�' ��*-���) � �� � 
,�' ��*-���) � �� � 
,�' ��*-���) � �� � 
,�' �� �& � 
 � ��� �
' / ��+� ������' ,� ��� �& �' 
' / � �� � 
,�' ��� �E& �.����
�OO +���I ,
��2 �������������5�

�

�



� � �

� �:�

�
Figure 7 Example of division into sub-models for safety effect models 
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Figure 8  Speed distribution with 90% confidence intervals, sample size=30 vehicles, Link: U8 
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Figure 9 Speed distribution with 90% confidence intervals, sample size=50 vehicles, Link: U8 
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Figure 10 Speed distribution with 90% confidence intervals, sample size=100 vehicles, Link: U8 
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Figure 11 Pedestrian movement interlaced with car traffic, Norrköping Link N68 
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Figure 12 Variation of bicycle flows during the day, main streets in Malmö, divided into Industrial streets 
and General (all others), floating average over five fifteen minute intervals 
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Figure 13 Separated bicycle facility crosses intersecting minor street (left and right) 
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Figure 14 Biker on street categorised as inappropriate for 
biking����
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Table 4 Example of model description 

Model: Bicycle, no preset 
Deviance df Perc.exp. 

501 381 60%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 2.16E-04   -5.93 0.000 
NCXP   0.35 5.50 0.000 
Flow   0.76 4.93 0.000 
Landuse_ABC 1    
Landuse_IX 0.60   -2.54 0.011 
Func_GIF 1    
Func_T 1.36   1.86 0.064 
Func_C 1.94   2.27 0.024 
Vis_Good 0.71   -2.03 0.043 
Vis_Medium 1    
Vis_Poor 1.62   0.96 0.335 
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Table 5 Variables in database 
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Table 6 Municipalities where measuring have been carried out and the extent of the main street network 
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Figure 19 Illustration of parking along the street: a) No parking, b) Parking in slots beside the street, c) 
Parking in the street reducing the lane width 
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Figure 21 Frequency of links for Link Environment (LEnv) 
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Figure 23 Frequency of links with different number of exits per km 
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Figure 24 Distribution of Vehicle flows among the links 
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Figure 25 Distribution of Average speeds among the links 
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Figure 26 Distribution of Standard deviation of speeds among the links  
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Figure 27 Distribution of average speeds on links for different speed limits 
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Distribution - Number of pedestrians along the 
street per day (NPP)
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Distribution - Number of crossing pedestrians per 
day and km (NPXKm)
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Distribution - Number of crossing pedestrians and 
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Distribution - Number of crossing bicyclists per 
day (NCX)
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Distribution - Number of bicyclists along the street 
per day (NCP)
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Distribution - Number of crossing bicyclists per 
day and km (NCXKm)
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Distribution - Number of crossing bicyclists and 
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Figure 28 a-h Distribution of variables describing VRU exposure 
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Figure 29 Frequency of crossing strategies 
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Table 8 Number of accidents per accident type and municipality, five years of accident data 
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Table 9 Number of injured road users per accident type and municipality, five years of injury data 
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Figure 31 Number of accidents per link - bicyclist accidents 
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Figure 32 Number of accidents per link - pedestrian accidents 
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Figure 33 Number of accidents per link - vehicle-vehicle accidents 
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Figure 34 Number of accidents per link - vehicle-single accidents 
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Table 10 Correlation matrix for covariates used in the modelling, bold figures indicate very strong correlations (>±0.5) and grey figures indicate weak 
correlations (<±0.1) 

  Correlation Matrix 
  Flow NPX NPXKm NPP NPXP NCX NCXKm NCP NCXP Speed DSpeed X3Km X4Km X34Km DX 
Flow 1                             
NPX 0.11 1                           
NPXKm 0.07 0.95 1                         
NPP 0.16 0.71 0.69 1                       
NPXP 0.14 0.95 0.91 0.89 1                     
NCX 0.10 0.49 0.39 0.42 0.50 1                   
NCXKm 0.07 0.47 0.48 0.41 0.48 0.88 1                 
NCP 0.17 0.23 0.18 0.46 0.35 0.40 0.32 1               
NCXP 0.16 0.40 0.32 0.53 0.49 0.76 0.65 0.89 1             
Speed 0.08 -0.41 -0.45 -0.47 -0.47 -0.32 -0.39 -0.16 -0.27 1           
DSpeed -0.02 -0.07 -0.07 -0.07 -0.07 -0.02 0.02 -0.09 -0.07 -0.01 1         
X3Km -0.20 -0.06 -0.05 -0.02 -0.05 -0.11 -0.11 -0.02 -0.07 -0.11 0.01 1       
X4Km -0.01 0.22 0.23 0.21 0.23 0.25 0.28 0.03 0.14 -0.34 -0.05 -0.21 1     
X34Km -0.20 0.07 0.09 0.10 0.09 0.04 0.06 0.00 0.02 -0.31 -0.02 0.82 0.39 1   
DX 0.21 -0.13 -0.15 -0.17 -0.16 -0.13 -0.17 -0.08 -0.12 0.50 0.02 -0.49 -0.30 -0.64 1 
                
Flow Vehicle flow (AADT)    NCXP Number of bicyclists crossing and parallell    
NPX Number of pedestrians crossing   Speed Average vehicle speed      
NPXKm Number of pedestrians crossing per km  DSpeed Standard deviation of speeds     
NPP Number of pedestrians walking parallell with the street X3Km Number of three arm intersections per km    
NPXP Number of pedestrians crossing and parallell  X4Km Number of four arm intersections per km    
NCX Number of bicyclists crossing   X34Km Number of intersections per km     
NCXKm Number of bicyclists crossing per km  DX Average distance between intersections    
NCP Number of bicyclists walking parallell with the street          
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Table 11 Scale factors to compensate for over dispersion 
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Figure 35 a-c European Highway E4 in outer part of Uppsala coming from Rural area (upper left, U14), 
shifting slightly to a more urban form with signalised intersections (upper right, U17) and being 
transformed to an urban four lane street (lower left, U23) 
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Table 12 Stepwise addition of variables, Model: Bicycle, no preset parameters 

Model: Bicycle, no preset       
Var. added 0 1 2 3 4 5 
Variable Null model NCXP Flow Landuse Func Vis 
Dev 745 585 556 526 510 501 
df 388 387 386 385 383 381 
dDev   160.0 28.6 30.4 15.9 9.6 
ddf   1 1 1 2 2 
QP Scale   1.814 1.814 1.814 1.814 1.814 
Scaled dDev   88.2 15.8 16.8 8.8 5.3 
Chi2-prob.   0.000 0.000 0.000 0.013 0.072 
�

Table 13 Model for bicycle accidents, no preset parameters 

Model: Bicycle, no preset 
Deviance df Perc.exp. 

501 381 60%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 2.16E-04   -5.93 0.000 
NCXP   0.35 5.50 0.000 
Flow   0.76 4.93 0.000 
Landuse_ABC 1    
Landuse_IX 0.60   -2.54 0.011 
Func_GIF 1    
Func_T 1.36   1.86 0.064 
Func_C 1.94   2.27 0.024 
Vis_Good 0.71   -2.03 0.043 
Vis_Medium 1    
Vis_Poor 1.62   0.96 0.335 
�
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Table 14 Stepwise addition of variables, Model: Bicycle, exposure preset to Flow0.5*NCXP0.5 

Model: Bicycle, exposure preset 
Var. added 0 1 2 3 4 
Variable Null model Vis Landuse SepC SL 
Dev 616 588 576 563 553 
df 388 386 383 381 378 
dDev   28.0 12.1 13.1 10.0 
ddf   2 3 2 3 
QP Scale   1.814 1.814 1.814 1.814 
adj. dDev   15.5 6.6 7.2 5.5 
Chi2-prob.   0.000 0.084 0.027 0.137 
�

Table 15 Model for bicycle accidents, exposure preset to Flow0.5*NCXP0.5 

Model: Bicycle, exposure preset 
Deviance df Perc.exp. 

563 382 42%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value 

t-
prob. 

Constant 8.61E-04   -62.00 0.000 
NCXP  0.5   
Flow  0.5   
Vis_Good 0.66   -2.46 0.014 
Vis_Medium 1    
Vis_Poor 1.86   1.28 0.203 
Landuse_AB 1    
Landuse_IX 0.66   -2.13 0.034 
Landuse_C 1.36   1.58 0.115 
SepC_Mixed 0.75   -1.46 0.145 
SepC_Sep 1    
SepC_X 2.10   2.34 0.020 
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Table 16 Stepwise addition of variables, Model: Pedestrian, no preset parameters 

Model: Pedestrian, no preset 
Var. added 0 1 2 3 4 5 6 
Variable Null model NPXP Landuse Flow Func VRUX X34Km 
Dev 439 317 299 286 276 272 268 
df 388 387 385 384 382 381 380 
dDev   121.5 18.5 12.4 9.8 4.2 4.0 
ddf   1 2 1 2 1 1 
QP Scale   1.161 1.161 1.161 1.161 1.161 1.161 
adj. dDev   104.7 16.0 10.6 8.4 3.7 3.5 
Chi2-prob.   0.000 0.000 0.001 0.015 0.056 0.062 

Table 17 Model for pedestrian accidents, no preset parameters 

Model: Pedestrian, no preset 
Deviance df Perc.exp. 

268 380 93%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.60E-05   -5.50 0.000 
NPXP   0.38 4.16 0.000 
Landuse_ABX 1    
Landuse_C 1.28   1.02 0.310 
Landuse_I 0.28   -2.52 0.012 
Flow   0.83 3.84 0.000 
Func_GIF 1    
Func_T 1.19   0.73 0.466 
Func_C 2.47   2.85 0.005 
VRUX_No 1    
VRUX_Yes 1.54   1.99 0.047 
X34Km   0.23 1.80 0.072 
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Table 18 Stepwise addition of variables, Model: Pedestrian, exposure preset to Flow0.5*NPXP0.5 

Model: Pedestrian, exposure preset 
Var. added 0 1 2 3 4 
Variable Null model Landuse Func VRUX XForm 
Dev 321 298 290 286 281 
df 388 386 385 384 380 
dDev   23.0 8.0 4.0 5.3 
ddf   2 1 1 4 
QP Scale   1.161 1.161 1.161 1.161 
adj. dDev   19.8 6.9 3.5 4.6 
Chi2-prob.   0.000 0.009 0.062 0.332 
�

Table 19 Model for pedestrian accidents, exposure preset to Flow0.5*NPXP0.5 

Model: Pedestrian, exposure preset 
Deviance df Perc.exp. 

286 384 83%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value 

t-
prob. 

Constant 1.99E-04   -62.92 0.000 
NPXP  0.5   
Flow  0.5   
Landuse_ABX 1    
Landuse_C 1.22   0.91 0.361 
Landuse_I 0.27   -2.64 0.009 
Func_GIF_T 1    
Func_C 1.94   2.39 0.017 
VRUX_No 1    
VRUX_Yes 1.49   1.91 0.057 
�
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Table 20 Stepwise addition of variables, Model: Vehicle-Vehicle, no preset parameters 

Model: Vehicle-Vehicle, no preset 
Var. added 0 1 2 3 4 5 
Variable Null model Flow X34Km Func SL SepV 
Dev 930 718 672 652 628 621 
df 388 387 386 384 381 379 
dDev   212.5 45.6 20.5 23.7 7.2 
ddf   1 1 2 3 2 
QP Scale   1.161 1.161 1.161 1.161 1.161 
adj. dDev   183.1 39.3 17.6 20.4 6.2 
Chi2-prob.   0.000 0.000 0.000 0.000 0.046 

Table 21 Model for vehicle-vehicle accidents, no preset parameters 

Model: Vehicle-Vehicle, no preset 
Deviance df Perc.exp. 

628 381 61%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 4.00E-06   -9.11 0.000 
Flow   1.40 9.70 0.000 
X34Km   0.37 4.52 0.000 
Func_GIF 1    
Func_T 1.42   2.43 0.016 
Func_C 2.51   2.90 0.004 
SL_ 30 0.11   -1.52 0.129 
SL_Rek30 0.27   -1.81 0.072 
SL_50 1    
SL_ 70 1.21   1.08 0.282 
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Table 22 Stepwise addition of variables, Model: Vehicle-Vehicle, exposure preset to flow1 

Model: Vehicle-Vehicle, exposure preset 
Var. added 0 1 2 3 4 
Variable Null model X34Km SL Func SepV 
Dev 722 686 660 645 631 
df 388 387 384 382 380 
dDev   35.5 26.4 15.4 13.6 
ddf   1 3 2 2 
QP Scale   1.430 1.430 1.430 1.430 
adj. dDev   24.9 18.5 10.7 9.5 
Chi2-prob.   0.000 0.000 0.005 0.009 
�

Table 23 Model for vehicle-vehicle accidents, exposure preset to flow1 

Model: Vehicle-Vehicle, exposure preset 
Deviance df Perc.exp. 

631 380 60%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.46E-04   -58.00 0.000 
Flow  1   
X34Km   0.36 4.43 0.000 
SL_ 30 0.11   -1.51 0.132 
SL_Rek30 0.29   -1.70 0.091 
SL_50 1    
SL_ 70 1.43   2.07 0.039 
Func_GIF 1    
Func_T 1.35   2.13 0.034 
Func_C 2.45   2.82 0.005 
SepV_I 1    
SepV_B 1.72   2.17 0.031 
SepV_S 1.33   1.90 0.058 
�
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Table 24Stepwise addition of variables, Model: Vehicle-Single, no preset parameters 

Model: Vehicle-Single, no preset 
Var. added 0 1 2 
Variable Null model Flow Landuse 
Dev 302 269 242 
df 388 387 383 
dDev   32.2 26.9 
ddf   1 4 
QP Scale   1.120 1.120 
Scaled dDev   28.7 24.0 
Chi2-prob.   0.000 0.000 
�

Table 25 Model for vehicle-single accidents, no preset parameters 

Model: Vehicle-Single, no preset 
Deviance df Perc.exp. 

243 384 57%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value 

t-
prob. 

Constant 1.30E-07   -5.51 0.000 
Flow   1.67 5.37 0.000 
Landuse_BC 1    
Landuse_X 0.27   -3.36 0.001 
Landuse_I 0.20   -2.77 0.006 
Landuse_A 0.32   -1.68 0.093 
�
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Table 26 Model for bicycle accidents - no pre set effect of exposure – Speed limit as explaining variable 

Model: Bicyclist accidents, no preset, Speed limit 
Deviance df Perc.exp. 

545 383 48%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 6.56E-04   -5.75 0.000 
NCXP  0.39 6.29 0.000 
Flow  0.59 4.18 0.000 
SL_30 0.19  -1.24 0.215 
SL_Rek30 0.88  -0.30 0.767 
SL_50 1    
SL_70 0.58  -1.79 0.074 
�
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Table 27 Model for bicycle accidents - no pre set effect of exposure - Vehicle speeds as explaining variable 

Model: Bicyclist accidents, no preset, Speed 
Deviance df Perc.exp. 

531 385 53%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 2.00E-01   -0.86 0.390 
NCXP  0.35 5.67 0.000 
Flow  0.56 4.06 0.000 
Speed  -1.37 -3.88 0.000 
�
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Table 28 Degree of explanation for models with speed respectively speed limit, models with exponents for 
exposure decided by optimisation 

Speed Limit Speed
Deviance df Perc.Exp. Deviance df Perc.Exp.

Bicyclists 545 383 48% 531 385 53%
Pedestrians 305 383 71% 295 385 78%
Vehicle-Vehicle 704 384 50% 700 386 51%
Vehicle-Single 258 384 45% 268 386 39%

Exponents for exposure decided by optimisationAccident type

�



� � �

� $#�

Table 29 Degree of explanation for models with speed respectively speed limit, models with preset 
exponents for exposure 

Speed Limit Speed
Deviance df Perc.Exp. Deviance df Perc.Exp.

Bicyclists 607 385 30% 598 387 34%
Pedestrians 318 385 63% 309 387 71%
Vehicle-Vehicle 709 385 49% 707 387 50%
Vehicle-Single 261 385 43% 269 387 38%

Exponents for exposure presetAccident type
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Table 30 Degrees of explanation for basic models and models with exponent for speed preset to 2 
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Table 31 Model for bicyclist accidents, speed preset to Speed2 

Model: Bicyclist accidents, Speed preset 
Deviance df Perc.exp. 

545 380 47%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 6.27E-08   -10.94 0.000 
Speed  2   
NCXP  0.41 6.01 0.000 
Landuse_B 1    
Landuse_X 0.39  -3.27 0.001 
Landuse_C 1.67  2.45 0.015 
Landuse_I 0.44  -3.47 0.001 
Landuse_A 0.91  -0.35 0.727 
Flow  0.74 4.61 0.000 
Func_GIF 1    
Func_T 1.50  2.34 0.020 
Func_C 3.61  4.22 0.000 

Table 32  Model for pedestrian accidents, speed preset to Speed2 

Model: Pedestrian accidents, Speed preset 
Deviance df Perc.exp. 

290 380 79%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 5.72E-09   -9.17 0.000 
Speed  2   
NPXP  0.59 5.62 0.000 
Landuse_B 1    
Landuse_X 0.97  -0.09 0.932 
Landuse_C 1.67  1.92 0.056 
Landuse_I 0.20  -3.16 0.002 
Landuse_A 1.08  0.24 0.811 
Func_GIF 1    
Func_T 1.31  1.10 0.273 
Func_C 4.02  4.28 0.000 
Flow  0.73 3.30 0.001 
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Table 33 Model for vehicle-vehicle accidents, speed preset to Speed2 

Model: Veh.-Veh. accidents, Speed preset 
Deviance df Perc.exp. 

672 381 54%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 3.22E-10   -15.97 0.000 
Speed  2   
Flow  1.50 10.44 0.000 
DX  -0.72 -6.27 0.000 
Func_GIF 1    
Func_T 1.58  3.16 0.002 
Func_C 4.89  4.96 0.000 
SL_30 0.15  -1.34 0.182 
SL_Rek30 0.35  -1.46 0.146 
SL_50 1    
SL_70 0.88  -0.70 0.486 
�
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Table 34 Degree of explanation for bicyclist models with bicyclist exposure and/or vehicle flow 

 NCXP Flow NCXP+Flow 
Deviance 585 701 556 
df 387 387 386 
Dev/df 1.51 1.81 1.44 
Expl. 38% 3% 46% 
�

Table 35 Degree of explanation for pedestrian models with pedestrian exposure and/or vehicle flow 

 NPXP Flow NPXP+Flow 
Deviance 317 415 308 
df 387 387 386 
Dev/df 0.82 1.07 0.80 
Expl. 65% 4% 71% 
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Table 36 Degree of explanation for bicyclist models with bicyclist exposure and/or vehicle flow, null model 
with offset: link length 

 NCXP Flow NCXP+Flow 
Deviance 585 701 556 
df 387 387 386 
Dev/df 1.51 1.81 1.44 
Expl. 43% 12% 50% 
�

Table 37 Degree of explanation for pedestrian models with pedestrian exposure and/or vehicle flow, null 
model with offset: link length 

 NPXP Flow NPXP+Flow 
Deviance 317 415 308 
df 387 387 386 
Dev/df 0.82 1.07 0.80 
Expl. 68% 13% 73% 
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Table 38 Explained variance for bicyclist and pedestrian models with only one variable, null model with 
offset: link length 

 Bicycle models   Pedestrian models 

Variable 
Scaled 
Deviance 

Residual 
degrees 
of 
freedom 

Explained 
variance 

 

Variable 
Scaled 
Deviance 

Residual 
degrees 
of 
freedom 

Explained 
variance 

GrNCXP 569 386 47%  NPXP 317 387 68% 

NCXP 585 387 43%  NPXKm 322 387 66% 

NPXP 587 387 42%  NPX 326 387 63% 

GrNPXP 601 386 38%  GrNPXP 360 386 44% 

NCXKm 610 387 36%  Speed 361 387 43% 

NPXKm 610 387 36%  NPP 361 387 43% 

NPX 617 387 34%  Landuse 359 384 43% 

NCX 619 387 34%  NCXKm 369 387 39% 

NPP 620 387 33%  NCX 376 387 35% 

NCP 640 387 28%  GrNCXP 380 386 32% 

Landuse 647 384 25%  NCXP 389 387 27% 

Speed 670 387 20%  Func 391 386 26% 

City 679 383 15%  City 401 383 18% 

Vis 696 386 12%  XForm 402 384 18% 

X4Km 700 387 12%  VRUX 410 387 15% 

Flow 701 387 12%  LEnv 410 386 15% 

DX 704 387 11%  DX 412 387 14% 

XForm 703 384 9%  Flow 415 387 13% 

X34Km 720 387 6%  X4Km 417 387 12% 

Func 718 386 6%  X34Km 417 387 12% 

LEnv 719 386 6%  Park 419 387 10% 

SL 717 385 6%  NCP 420 387 10% 

SepC 723 386 5%  SL 421 385 8% 

Park 731 387 3%  SepC 428 386 5% 

Lanes 730 386 3%  ExitS 431 387 4% 

ExitL 733 387 3%  Lanes 431 386 3% 

SepV 734 386 2%  Vis 432 386 2% 

VRUX 736 387 2%  SepV 433 386 2% 

DSpeed 742 387 0%  DSpeed 434 387 2% 

ExitS 743 387 0%  ExitL 438 387 0% 

X3Km 745 387 -1%  X3Km 438 387 -1% 
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Table 39 Bicyclist accident models, stepwise addition of parameters, no VRU exposure variables 

Model: Bicyclist accidents, no bicyclist exposure  
Var. added 0 1 2 3 4 5 6 7 
Variable Null model Landuse Flow Func SL SepC Vis X4Km 
Dev 745 649 593 575 559 546 532 523 
df 388 385 384 382 379 378 376 375 
dDev   95.6 56.5 17.7 16.4 12.9 13.9 9.3 
ddf   3 1 2 3 1 2 1 
QP Scale   1.814 1.814 1.814 1.814 1.814 1.814 1.814 
Scaled dDev   52.7 31.1 9.8 9.1 7.1 7.6 5.1 
Chi2-prob.   0.000 0.000 0.008 0.028 0.008 0.022 0.024 

Table 40 Bicyclist accident model, no VRU exposure variable used, 4 explaining variables 

Model: Bicyclist acc., no exposure, 4 var.  
Deviance df Perc.exp. 

559 379 42%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 4.73E-04   -5.29 0.000 
Landuse_AB 1    
Landuse_X 0.29  -4.31 0.000 
Landuse_C 1.20  0.90 0.366 
Landuse_I 0.62  -2.04 0.042 
Flow  0.93 5.91 0.000 
Func_GIF 1    
Func_T 1.36  1.82 0.069 
Func_C 2.87  3.50 0.001 
SL_ 30 0.11  -1.62 0.105 
SL_Rek30 0.83  -0.43 0.670 
SL_ 50 1    
SL_ 70 0.59  -1.64 0.103 
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Table 41 Bicyclist accident model, no VRU exposure variable used, 7 explaining variables 

Model: Bicyclist acc., no exposure, 7 var.  
Deviance df Perc.exp. 

523 375 51%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 8.00E-04   -4.89 0.000 
Landuse_AB 1    
Landuse_X 0.36  -3.40 0.001 
Landuse_C 1.23  0.93 0.353 
Landuse_I 0.73  -1.27 0.205 
Flow  0.89 5.68 0.000 
Func_GIF 1    
Func_T 1.45  2.22 0.027 
Func_C 2.33  2.67 0.008 
SL_ 30 0.12  -1.57 0.117 
SL_Rek30 0.73  -0.71 0.481 
SL_ 50 1    
SL_ 70 0.58  -1.66 0.099 
SepC_CbX 1    
SepC_B 0.56  -2.96 0.003 
Vis_Good 0.67  -2.32 0.021 
Vis_Medium 1    
Vis_Poor 1.53  0.84 0.401 
X4Km  0.17 2.27 0.024 
�

Table 42 Pedestrian accident models, Stepwise addition of parameters, no VRU exposure variables 

Model: Pedestrian accidents, no pedestrian exposure 
Var. added 0 1 2 3 4 5 6 7 
Variable Null model Landuse Flow Func XForm VRUX DX Vis 
Dev 439 359 336 314 299 291 285 276 
df 388 384 383 381 377 376 375 373 
dDev   79.7 22.4 22.3 15.3 8.3 5.7 8.9 
ddf   4 1 2 4 1 1 2 
QP Scale   1.161 1.161 1.161 1.161 1.161 1.161 1.161 
Scaled dDev   68.6 19.3 19.2 13.2 7.1 4.9 7.7 
Chi2-prob.   0.000 0.000 0.000 0.010 0.008 0.026 0.021 
�



� � �

� :��

Table 43 Pedestrian accident model, no VRU exposure variable used, 4 explaining variables 

Model: Pedestrian acc., no exp., 4 var. 
Deviance df Perc.exp. 

299 377 72%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.77E-04   -3.86 0.000 
Landuse_B 1    
Landuse_X 0.66 -0.42 -1.22 0.222 
Landuse_C 2.19 0.79 3.11 0.002 
Landuse_I 0.25 -1.39 -2.71 0.007 
Landuse_A 1.39 0.33 1.02 0.307 
Flow 2.51 0.92 3.79 0.000 
Func_GIF 1    
Func_T 1.21 0.19 0.80 0.423 
Func_C 4.32 1.46 4.72 0.000 
XForm_Ö 1    
XForm_F 0.61 -0.50 -2.01 0.046 
XForm_X 0.15 -1.87 -2.32 0.021 
XForm_S 0.84 -0.17 -0.61 0.541 
XForm_P 0.34 -1.08 -1.63 0.103 
�

Table 44 Pedestrian accident model, no VRU exposure variable used, 7 explaining variables 

Model: Pedestrian acc., no exp., 7 var. 
Deviance df Perc.exp. 

276 373 85%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.64E-05   -4.72 0.000 
Landuse_B 1    
Landuse_X 0.81 -0.21 -0.56 0.577 
Landuse_C 2.03 0.71 2.87 0.004 
Landuse_I 0.27 -1.32 -2.52 0.012 
Landuse_A 1.16 0.15 0.44 0.663 
Flow 2.76 1.01 4.22 0.000 
Func_GIF 1    
Func_T 1.25 0.22 0.94 0.347 
Func_C 4.65 1.54 4.79 0.000 
XForm_Ö 1    
XForm_F 0.63 -0.46 -1.86 0.063 
XForm_X 0.20 -1.62 -1.98 0.048 
XForm_S 0.86 -0.15 -0.53 0.594 
XForm_P 0.45 -0.80 -1.20 0.231 
VRUX_Yes 1.87 0.63 2.88 0.004 
VRUX_No 1    
DX 0.54 -0.61 -2.76 0.006 
Vis_Good 1.75 0.56 2.46 0.014 
Vis_Medium 1    
Vis_Poor 0.32 -1.15 -1.04 0.301 
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Table 45 Model for bicyclist accidents, explaining variable: NCXP 

Model: NCXP 
Deviance df Perc.exp. 

585 387 38%  
Parameter Estimates 

Parameter Estimate Standard 
Error t value Scaled 

t-value 
Constant -2.57 0.34 -7.61 -5.65 
NCXP 0.47 0.05 10.12 7.52 
�

Table 46 Model for bicyclist accidents, explaining variables: NCX and NCP 

Model: NCX+NCP 
Deviance df Perc.exp. 

584 386 37%  
Parameter Estimates 

Parameter Estimate Standard 
Error t value Scaled 

t-value 
Constant -1.33 0.22 -6.13 -4.55 
NCX 0.18 0.03 6.88 5.11 
NCP 0.18 0.03 5.29 3.93 
�

Table 47 Model for pedestrian accidents, explaining variable: NPXP 

Model: NPXP 
Deviance df Perc.exp. 

317 387 65%  
Parameter Estimates  

Parameter Estimate Standard 
Error t value Scaled 

t-value 
Constant -5.09 0.57 -8.90 -8.26 
NPXP 0.66 0.07 9.12 8.47 
�
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Table 48 Model for pedestrian accidents, explaining variables: NPX and NPP 

Model: NPX+NPP 
Deviance df Perc.exp. 

323 386 61%  
Parameter Estimates  

Parameter Estimate Standard 
Error t value Scaled 

t-value 
Constant -3.63 0.43 -8.36 -7.76 
NPX 0.41 0.07 5.55 5.16 
NPP 0.12 0.07 1.81 1.68 
�
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Figure 36 Bicycle conflicts per bicyclist (Ekman 1996) 

	
 ���
�2 �-���1 
� *� �
���
��,�� ����
' / �����
 ��) ��4 �
' � �����+�1 & ���
 ��,�� �������
 �4 ����.����� �' �
' & �& ��
���' ,+� ' �����,
��
' � ��,��-5�;��� 0 ��*���4 � ��0 �����
 ����.
/ 
 �� 
 �4 �0 ��� 1 ����.& � 
 � 
 
/ 
 ����
�2 5�	
 
��
���& ��� 
�+� 
 �4 �0 ��+� ' ��� ������*� ���
�1 ��� ��� �
 �� .��
 �,� ) ��� .���& �
' / � ' & .1 ��� �) � �D��� �' �*�
-��,& � �����& / 
 ����
.������) ��
 �� ) ��4 ���) � 0 & �' ���1 ������,�& ����5�6�) �4 ��D���.������������-���
' / �
�
 ��& / 
 � �
 �� �' 0 
��' .�' �� ,& �
' / � �
 �� �
 ���� �
.�� �) � .���& �
' / � � �' � ���
�*� � 
 �' / �� 4 
 
� 
 � ����

' ���0 ����
 ���
' 2 � 4 
��� 1 ���' / ���5�6���
 ��
' ���0 ���
��
' � �����,+��
 ���
�2 � ) ���0 ��*���4 � 1 
� *� �
���) ��4 ��
��
.����
' �
 ��.�' *�4 
�
 ��
 ���0 ���������' ,��) ����4 �*�,�� ����
' / ��
�2 5�6�������& ����
 �������
�' �1 ��4 ��' �
1 
� *� �
��� ) ��4 � �' ,��� � 
,�' ��� 
�� ���
 ���.�,����,� 4 
�
 � �� � �' �
' & �& �� 0 ��
�1 ��� ) ��� ) ��4 +� �
 �' � 4 
�
 � ��
� ���/ ��
� ���0 ��
�1 ���,��� �
1 
' / ���0 ����) �1 
� *� ���) ��4 5�



� � �

� : �

SumAccC/SumNCXP

0

0,001

0,002

0,003

0,004

0,005

0,006

0 2000 4000 6000 8000 10000 12000 14000

NCXP

A
cc

C
/N

C
X

P

SumAccC/SumNCXP �
Figure 37 Accident rate plotted against bicyclist flow, links aggregated over intervals of 100 bicyclists/day 
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Figure 38 Accident rate plotted against bicyclist flow, links aggregated over intervals of 200 bicyclists/day 
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Figure 39 Accident rate plotted against bicyclist flow, links aggregated over intervals of 500 bicyclists/day 
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Table 49 Model for all vehicle accidents, stepwise addition of variables, no preset 

Model: All vehicle accidents, no preset     
Var. added 0 1 2 3 4 5 6 
Variable Null model Flow X34Km SL ExitL Func SepV 
Dev 965 721 663 644 632 618 610 
df 388 387 386 383 382 380 378 
dDev   244.5 57.9 18.7 12.4 13.6 7.8 
ddf   1 1 3 1 2 2 
QP Scale   1.814 1.814 1.814 1.814 1.814 1.814 
Scaled dDev   134.8 31.9 10.3 6.8 7.5 4.3 
Chi2-prob.   0.000 0.000 0.016 0.009 0.024 0.116 
�

Table 50 Model for all vehicle accidents, no preset 

Model: All vehicle accidents, no preset 
Deviance df Perc.exp. 

618 380 59%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 4.52E-06   -10.21 0.000 
Flow  1.38 10.85 0.000 
X34Km  0.41 5.55 0.000 
SL_ 30 0.09  -1.76 0.080 
SL_Rek30 0.46  -1.52 0.130 
SL_50 1    
SL_ 70 1.05  0.31 0.758 
ExitL_Yes 1    
ExitL_No 1.40  2.70 0.007 
Func_GIF 1    
Func_T 1.25  1.71 0.088 
Func_C 2.18  2.62 0.009 
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Table 51 Model for all vehicle accidents, stepwise addition of variables, exposure preset to flow1 

Model: All vehicle accidents, 
exposure preset 
Var. added 0 1 2 3 
Variable Null model X34Km SL ExitL 
Dev 726 681 658 644 
df 388 387 384 383 
dDev   45.1 22.6 14.1 
ddf   1 3 1 
QP Scale   2.004 2.004 2.004 
Scaled dDev   22.5 11.3 7.1 
Chi2-prob.   0.000 0.010 0.008 
�

Table 52 Model for all vehicle accidents, exposure preset to flow1 

Model: All vehicle accidents, exposure 
preset 
Deviance df Perc.exp. 

644 383 55%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.71E-04   -57.49 0.000 
Flow  1   
X34Km  0.40 5.27 0.000 
SL_30 0.10  -1.61 0.109 
SL_Rek30 0.48  -1.37 0.172 
SL_50 1    
SL_70 1.17  0.96 0.339 
ExitL_Yes 1    
ExitL_No 1.41  2.62 0.009 
�
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Table 53 Degree of explanation for basic models and models with only EVA variables 
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Table 54 Model for vehicle-vehicle accidents, no preset parameters, only EVA variables 

Model: Vehicle-Vehicle, only EVA variables 
Deviance df Perc.exp. 

673 382 54%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 1.10E-05   -8.52 0.000 
Flow  1.33 9.35 0.000 
Func_GIF 1    
Func_T 1.54  2.97 0.003 
Func_C 2.92  3.39 0.001 
SL_30 0.13  -1.43 0.154 
SL_Rek30 0.33  -1.54 0.125 
SL_50 1    
SL_70 0.93  -0.44 0.663 
�
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Table 55 Model for bicyclist accidents, no preset parameters, only EVA variables 

Model: Bicyclist model, only EVA variables 
Deviance df Perc.exp. 

599 382 31%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 3.78E-04   -5.70 0.000 
Flow  0.94 6.34 0.000 
SL_ 30 0.13  -1.50 0.134 
SL_50Rek30 1    
SL_ 70 0.38  -3.08 0.002 
Func_GIF 1    
Func_T 1.44  2.22 0.027 
Func_C 3.50  4.42 0.000 
LEnv_CM 1    
LEnv_Y 0.66  -2.39 0.017 
�

Table 56 Model for pedestrian accidents, no preset parameters, only EVA variables 

Model: Pedestrian model, only EVA variables 
Deviance df Perc.exp. 

331 382 54%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 4.83E-05   -4.43 0.000 
Func_GIF_T 1    
Func_C 6.14 1.81 5.50 0.000 
Flow 2.91 1.07 4.38 0.000 
LEnv_CM 1    
LEnv_Y 0.50 -0.70 -2.21 0.028 
SL_ 30 0.51 -0.68 -0.70 0.485 
SL_Rek30 1.97 0.68 1.44 0.152 
SL_ 70 0.42 -0.88 -1.61 0.109 
�
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Table 57 Percentage of systematic variation explained, models without preset parameter values 

Models without preset 
 Bicyclist Pedestrian Vehicle-Vehicle Vehicle -All 
Null model 263 164 304 322 
Scaled deviance for 
estimated model 196 104 192 238 

Full model 168 83 158 183 
Percentage explained 
systematic variation 71% 74% 77% 60% 

Table 58 Percentage of systematic variation explained, models with preset parameter values for exposure 

Models with preset parameters for exposure 
 Bicyclist Pedestrian Vehicle-Vehicle Vehicle -All 
Null model 263 164 304 322 
Scaled deviance for 
estimated model 212 99 188 219 

Full model 168 83 158 183 
Percentage explained 
systematic variation 53% 81% 79% 75% 
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Table 59 Percentage of systematic variation explained, VRU accident models with only EVA variables 

VRU models with only EVA variables 
 Bicyclist Pedestrian 
Null model 263 164 
Estimated model 228 134 
Full model 168 83 
Percentage explained 
systematic variation 37% 37% 

��

Table 60 Percentage of systematic variation explained, VRU accident models without VRU exposure 

VRU models without VRU exposure 

 
Bicyclist 

4 variables 
Bicyclist 

7 variables 
Pedestrian 
4 variables 

Pedestrian 
7 variables 

Null model 263 263 164 164 
Estimated model 211 226 120 122 
Full model 168 168 83 83 
Percentage explained 
systematic variation 55% 39% 54% 52% 
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Table 61 Distribution of links by bicyclist separation in the different cities 

 Danderyd Katrineholm Linköping Norrköping Uppsala Västerås 
Mixed 37% 15% 9% 24% 45% 3% 
Separate 62% 82% 78% 63% 54% 69% 
No Biking 2% 3% 13% 13% 1% 28% 
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Table 62 Percentage of systematic variation explained, models with exponent for speed preset to 2 

Models with exponent for speed preset to 2 
 Bicyclist Pedestrian Vehicle-Vehicle 
Null model 263 164 304 
Estimated model 210 109 211 
Full model 168 83 158 
Percentage explained 
systematic variation 56% 68% 64% 
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Table 63 Model for bicycle accidents, no preset parameters 

Model: Bicycle, no preset 
Deviance df Perc.exp. 

501 381 60%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Mean 2.16E-04   -5.93 0.000 
NCXP   0.35 5.50 0.000 
Flow   0.76 4.93 0.000 
Landuse_ABC 1    
Landuse_IX 0.60   -2.54 0.011 
Func_GIF 1    
Func_T 1.36   1.86 0.064 
Func_C 1.94   2.27 0.024 
Vis_Good 0.71   -2.03 0.043 
Vis_Medium 1    
Vis_Poor 1.62   0.96 0.335 
�

Table 64 Model for pedestrian accidents, exposure preset to Flow0.5*NPXP0.5 

Model: Pedestrian, exposure preset 
Deviance df Perc.exp. 

286 384 83%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value 

t-
prob. 

Mean 1.99E-04   -62.92 0.000 
NPXP  0.5   
Flow  0.5   
Landuse_ABX 1    
Landuse_C 1.22   0.91 0.361 
Landuse_I 0.27   -2.64 0.009 
Func_GIF_T 1    
Func_C 1.94   2.39 0.017 
VRUX_No 1    
VRUX_Yes 1.49   1.91 0.057 
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Table 65 Model for all vehicle accidents, exposure preset to flow1 

Model: All vehicle accidents, exposure 
preset 
Deviance df Perc.exp. 

644 383 55%   

Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Mean 1.71E-04   -57.49 0.000 
Flow  1   
X34Km  0.40 5.27 0.000 
SL_30 0.10  -1.61 0.109 
SL_Rek30 0.48  -1.37 0.172 
SL_50 1    
SL_70 1.17  0.96 0.339 
ExitL_Yes 1    
ExitL_No 1.41  2.62 0.009 
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Table 66 Bicyclist model - Dummy values for categorical variables 
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Table 67 Pedestrian model - Dummy values for categorical variables 
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Table 68 Vehicle model - Dummy values for categorical variables 
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 � � � � � �� 	�
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 � � �� � � � �� � �� � � �� � � � 
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 � � � � � � � �	 � � � �� � 
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 � � 	 
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& � � �  � � � � � ��
 � � � � � �� 	�
Variable Description Categories 

City 
Dummy 

variable for 
the city 

Uppsala Katrineholm Danderyd Linköping Norrköping Västerås 

Landuse 
Landuse 
along the 

street 
Residential (B) Institutional 

(A) 

Central 
Business 

District (C) 
Industrial (I) No buildings 

(X)  

Vis Visibility Good Medium Poor    

Lanes Number of 
lanes 2 3* 4    

SL Speed limit 30 km/h Rec. 30 
km/h 50 km/h 70 km/h   

Park 
Parking 

along the 
street 

No parking 
(NP) 

Parking in 
the street, 
one side 
(PG1) 

Parking in the 
street, both 
sides (PG2) 

Parking 
slots, one 
side (PF1) 

Parking 
slots, both 
sides (PF2) 

 

LEnv Link 
environment Outer (Y) Middle (M) Inner (C)    

Func Street 
function 

Thouroughfare 
/entrance 

(GIF) 

Tangential 
(T) City (C)    

SepV Separation 
of vehicles None (I) Mixed (B) Separated (S)    

XForm 
Crossing 
form for 
VRUs 

Freely (F) 

Canalised to 
non- 

signalised 
crossings 

(Ö) 

Canalised to 
signalised 

crossings (S) 

Grade 
separated 

(P) 

No crossing 
(X)  

SepC Separation 
of bicyclists 

Separate 
bicycle path 

(Cb) 

Mixed traffic 
(B) No biking (X)    

GrNPXP 
Group 

variable for 
NPXP 

Low Medium High    

GrNCXP 
Group 

variable for 
NCXP 

Low Medium High    

ExitL Existance of 
large exits Yes No     

ExitS Existance of 
small exits Yes No     

VRUX 

Existance of 
dedicated 

VRU 
crossing 

Yes No     

� �� � 
 � � � �� � � � �� �� � �� � � �� � � � 
 � ��
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Variable Description 

Flow Vehicle flow per day (AADT) 

NPX Number of pedestrians crossing the street per day 

NPXKm Number of pedestrians crossing the street per day and km 

NPP Number of pedestrians walking along the street per day 

NPXP Number of pedestrians crossing and walking along the street per day 

NCX Number of bicyclists crossing the street per day 

NCXKm Number of bicyclists crossing the street per day and km 

NCP Number of bicyclists walking along the street per day 

NCXP Number of bicyclists crossing and walking along the street per day 

Speed Average vehicle speeds (km/h) 

DSpeed Standard deviation of vehicle speeds (km/h) 

X3Km Number of three arm intersections per km 

X4Km Number of four arm intersections per km 

X34Km Number of intersections per km 

DX Average distance between intersections (km) 

�

�

�
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 �� �� � 	� � � � ��� �� � 	�� � � �� � � � � � � � �� � � � �	�
� � � �� � �� 	 � � � � 
 � �� � � � � 
 � �� � 
 �� 	 � � � � 
 � � 	 
 �� 	 
 � 	 � 
 � � �

 1 2 3 4 5 

Landuse A B C I X 

Func  GIF T C   

Vis G M P   

SepC Mix Sep X   

VRUX Yes No    

SL 30 Rek30 50 70  

SepV None Mix Sep   

�

� 	 
 � 	 � 
 � � �� � � � �� � �� � � �� � � � 
 � �

C Orig NCXP+Flow+Landuse+Func+Vis 

 Preset (NCXP+Flow+)Vis+Landuse+SepC 

P Orig NPXP+Landuse+Flow+Func+VRUX+X34Km 

 Preset (NPXP+Flow+)Landuse+Func+VRUX 

VV Orig Flow+X34Km+Func+SL 

 Preset (Flow+)X34Km+SL+Func+SepV 

�

�



Residuals - C-Orig

-3

-2

-1

0

1

2

3

4

5

6

0 1000 2000 3000 4000 5000 6000 7000 8000

NCXP

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - C-Orig

-3

-2

-1

0

1

2

3

4

5

6

0 5000 10000 15000 20000 25000 30000 35000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - C-Orig

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4 5 6

Landuse

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - C-Orig

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

Func

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - C-Orig

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

Vis

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - C-Preset

-3

-2

-1

0

1

2

3

4

5

6

0 1000 2000 3000 4000 5000 6000 7000 8000

NCXP

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - C-Preset

-3

-2

-1

0

1

2

3

4

5

6

0 5000 10000 15000 20000 25000 30000 35000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - C-Preset

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

Vis

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�



Residuals - C-Preset

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4 5 6

Landuse

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - C-Preset

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

SepC

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 2000 4000 6000 8000 10000 12000 14000 16000

NPXP

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 2000 4000 6000 8000 10000 12000 14000 16000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 1 2 3 4 5 6

Landuse

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 1 2 3 4

Func

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 1 2 3

VRUX

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Orig

-3

-2

-1

0

1

2

3

0 2 4 6 8 10 12 14 16 18 20

X34Km

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�



Residuals - P-Preset

-3

-2

-1

0

1

2

3

4

0 2000 4000 6000 8000 10000 12000 14000 16000

NPXP

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Preset

-3

-2

-1

0

1

2

3

4

0 5000 10000 15000 20000 25000 30000 35000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - P-Preset

-3

-2

-1

0

1

2

3

4

0 1 2 3 4 5 6

Landuse

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - P-Preset

-3

-2

-1

0

1

2

3

4

0 1 2 3 4

Func

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - P-Preset

-3

-2

-1

0

1

2

3

4

0 1 2 3

VRUX

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - VV-Orig

-4

-3

-2

-1

0

1

2

3

4

5

6

0 5000 10000 15000 20000 25000 30000 35000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - VV-Orig

-4

-3

-2

-1

0

1

2

3

4

5

6

0 2 4 6 8 10 12 14 16 18 20

X34Km

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - VV-Orig

-4

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

Func

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�



Residuals - VV-Orig

-4

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4 5

SL

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - VV-Preset

-4

-3

-2

-1

0

1

2

3

4

5

6

0 5000 10000 15000 20000 25000 30000 35000

Flow

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - VV-Preset

-4

-3

-2

-1

0

1

2

3

4

5

6

0 2 4 6 8 10 12 14 16 18 20

X34Km

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - VV-Preset

-4

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4 5

SL

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

Residuals - VV-Preset

-4

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

Func

S
ta

nd
ar

di
se

d 
re

si
du

al
s

Residuals - VV-Preset

-4

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4

SepV

S
ta

nd
ar

di
se

d 
re

si
du

al
s

�

�





� � � � � � � 
 �� �� � � � �	���� � � � � ��	� � � � 	�
 	� �� � � � � ��� � � � �

� � �� � � � �	�� � � �� � � � � � � �  �	� � � � �
 	� �	� � � � ��� � � � �'�� � � � � � � � ��� � � �� � � �
�� � ( 	�� � � �� � � � 
 � � ���� � � � �	�� � � # � � � �� � � 	� � �

Original models

Deviance df Perc. Exp. Deviance df Perc. Exp.
545 383 48% 531 385 53%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -7.33 0.95 -7.74 -5.75 Mean -1.61 1.39 -1.16 -0.86
NCXP 0.39 0.05 8.47 6.29 NCXP 0.35 0.05 7.63 5.67
Flow 0.59 0.11 5.63 4.18 Flow 0.56 0.10 5.47 4.06
SL_ 30 -1.67 1.00 -1.67 -1.24 Speed -1.37 0.26 -5.23 -3.88
SL_Rek30 -0.13 0.32 -0.40 -0.30
SL_ 70 -0.54 0.22 -2.41 -1.79

Deviance df Perc. Exp. Deviance df Perc. Exp.
305 383 71% 295 385 78%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -9.21 1.63 -5.66 -5.25 Mean -2.87 2.40 -1.20 -1.11
NPXP 0.59 0.08 7.52 6.98 NPXP 0.41 0.08 4.89 4.54
Flow 0.50 0.19 2.72 2.53 Flow 0.67 0.18 3.62 3.36
SL_ 30 -0.23 0.72 -0.32 -0.30 Speed -1.70 0.46 -3.66 -3.40
SL_Rek30 0.56 0.35 1.60 1.49
SL_ 70 0.15 0.40 0.37 0.35

Deviance df Perc. Exp. Deviance df Perc. Exp.
704 384 50% 700 386 51%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -9.90 0.86 -11.49 -8.04 Mean -6.79 1.09 -6.25 -4.37
Flow 1.19 0.09 12.78 8.94 Flow 1.24 0.09 13.67 9.56
SL_ 30 -1.86 1.00 -1.85 -1.30 Speed -0.94 0.21 -4.36 -3.05
SL_Rek30 -1.04 0.50 -2.06 -1.44
SL_ 70 -0.11 0.11 -0.96 -0.67

Deviance df Perc. Exp. Deviance df Perc. Exp.
258 384 45% 268 386 39%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -14.59 2.44 -5.97 -5.64 Mean -10.09 3.00 -3.36 -3.17
Flow 1.49 0.26 5.69 5.38 Flow 1.32 0.25 5.25 4.96
SL_ 30 -7.44 43.87 -0.17 -0.16 Speed -0.80 0.59 -1.35 -1.28
SL_Rek30 0.59 0.59 0.99 0.94
SL_ 70 -1.08 0.41 -2.63 -2.48

No preset / Speed limit No preset / Speed

No preset / Speed limit No preset / Speed

No preset / Speed limit No preset / Speed

No preset / Speed limit No preset / Speed

Bicyclists Bicyclists

Pedestrians Pedestrians

Vehicle-Vehicle Vehicle-Vehicle

Vehicle-Single Vehicle-Single
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Preset models

Deviance df Perc. Exp. Deviance df Perc. Exp.
607 385 30% 598 387 34%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -7.26 0.06 -127.23 -94.47 Mean -3.04 0.97 -3.15 -2.34
SL_ 30 -1.67 1.00 -1.67 -1.24 Speed -1.12 0.25 -4.40 -3.27
SL_Rek30 -0.17 0.32 -0.53 -0.39
SL_ 70 -0.38 0.21 -1.80 -1.34

Deviance df Perc. Exp. Deviance df Perc. Exp.
318 385 63% 309 387 71%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -8.43 0.10 -88.40 -82.06 Mean -3.23 1.38 -2.35 -2.18
SL_ 30 -0.21 0.71 -0.29 -0.27 Speed -1.38 0.37 -3.72 -3.46
SL_Rek30 0.62 0.35 1.80 1.67
SL_ 70 0.05 0.37 0.13 0.12

Deviance df Perc. Exp. Deviance df Perc. Exp.
709 385 49% 707 387 50%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -8.14 0.05 -157.83 -110.37 Mean -4.89 0.83 -5.92 -4.14
SL_ 30 -1.90 1.00 -1.89 -1.32 Speed -0.85 0.21 -3.95 -2.76
SL_Rek30 -1.03 0.50 -2.06 -1.44
SL_ 70 -0.03 0.11 -0.29 -0.20

Deviance df Perc. Exp. Deviance df Perc. Exp.
261 385 43% 269 387 38%

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -10.04 0.13 -75.16 -71.01 Mean -7.56 2.29 -3.30 -3.12
SL_ 30 -7.44 41.33 -0.18 -0.17 Speed -0.68 0.59 -1.14 -1.08
SL_Rek30 0.58 0.59 0.98 0.93
SL_ 70 -0.89 0.40 -2.22 -2.10

Preset / Speed limit Preset / Speed

Preset / Speed limit Preset / Speed

Preset / Speed limit Preset / Speed

Bicyclists Bicyclists
Preset / Speed limit Preset / Speed

Pedestrians Pedestrians

Vehicle-Vehicle Vehicle-Vehicle

Vehicle-Single Vehicle-Single

�



�

& � �� � � � �	�� � � �� � � � � � � �  �	� � � � �
 	� �	� � � � ��� � � � �'�� � � � � � � � ��� � � �� � � �
�� � ( 	�� � � � 
 � � ���� � � � �	�� � � # � � � �� � � 	� � �
Original models
Bicycle
No preset / Speed limit No preset / Speed

Deviance df Deviance df

536 379 544 381
Parameter Estimates Parameter Estimates

Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -6.23 0.94 -6.66 -4.95 Mean -3.10 1.51 -2.05 -1.52
NPXP 0.33 0.04 8.24 6.11 NPXP 0.27 0.04 6.66 4.94
Flow 0.52 0.11 4.83 3.59 Flow 0.55 0.10 5.28 3.92
SL_ 30 -9.38 45.34 -0.21 -0.15 Speed -0.81 0.31 -2.62 -1.94
SL_Rek30 -0.67 0.50 -1.32 -0.98
SL_ 70 -0.23 0.23 -1.00 -0.74

Pedestrian
No preset / Speed limit No preset / Speed

Deviance df Deviance df
294 379 288 381

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -8.77 1.66 -5.28 -4.90 Mean -3.74 2.52 -1.48 -1.38
NPXP 0.57 0.08 7.00 6.50 NPXP 0.41 0.09 4.77 4.43
Flow 0.47 0.19 2.49 2.31 Flow 0.63 0.19 3.35 3.11
SL_ 30 -0.19 0.72 -0.26 -0.24 Speed -1.38 0.50 -2.76 -2.56
SL_Rek30 0.39 0.42 0.92 0.85
SL_ 70 0.31 0.41 0.76 0.70

Vehicle-Vehicle
No preset / Speed limit No preset / Speed

Deviance df Deviance df
665 378 677 380

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -10.56 0.90 -11.78 -8.24 Mean -8.61 1.21 -7.11 -4.97
Flow 1.26 0.10 13.03 9.11 Flow 1.31 0.10 13.78 9.64
SL_ 30 -1.82 1.00 -1.82 -1.27 Speed -0.63 0.24 -2.66 -1.86
SL_Rek30 -2.26 1.00 -2.26 -1.58
SL_ 70 0.04 0.12 0.34 0.24

Vehicle-Single
No preset / Speed limit No preset / Speed

Deviance df Deviance df
243 381 252 383

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -14.27 2.50 -5.70 -5.38 Mean -12.30 3.17 -3.88 -3.66
Flow 1.46 0.27 5.40 5.10 Flow 1.23 0.26 4.79 4.53
SL_ 30 -7.44 43.94 -0.17 -0.16 Speed -0.02 0.66 -0.03 -0.03
SL_Rek30 -0.31 1.01 -0.30 -0.29
SL_ 70 -1.06 0.42 -2.55 -2.41 �
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Preset models
Bicycle
Preset / Speed limit Preset / Speed

Deviance df Deviance df

588 381 589 383
Parameter Estimates Parameter Estimates

Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -7.25 0.06 -126.07 -93.61 Mean -3.38 1.00 -3.38 -2.51
SL_ 30 -8.52 32.29 -0.26 -0.20 Speed -1.03 0.26 -3.92 -2.91
SL_Rek30 -0.72 0.50 -1.42 -1.06
SL_ 70 -0.39 0.21 -1.84 -1.36

Pedestrian
Preset / Speed limit Preset / Speed

Deviance df Deviance df
306 381 301 383

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -8.48 0.10 -86.02 -79.84 Mean -4.48 1.51 -2.96 -2.75
SL_ 30 -0.16 0.71 -0.23 -0.21 Speed -1.05 0.40 -2.61 -2.42
SL_Rek30 0.42 0.42 0.99 0.92
SL_ 70 0.23 0.37 0.62 0.57

Vehicle-Vehicle
Preset / Speed limit Preset / Speed

Deviance df Deviance df
673 379 689 381

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -8.16 0.05 -156.46 -109.41 Mean -6.03 0.92 -6.54 -4.57
SL_ 30 -1.88 1.00 -1.88 -1.31 Speed -0.55 0.24 -2.31 -1.62
SL_Rek30 -2.25 1.00 -2.25 -1.57
SL_ 70 0.12 0.11 1.10 0.77

Vehicle-Single
Preset / Speed limit Preset / Speed

Deviance df Deviance df
246 382 253 384

Parameter Estimates Parameter Estimates
Parameter Estimate Standard Error t value Scaled t-value Parameter Estimate Standard Error t value Scaled t-value
Mean -10.07 0.14 -73.28 -69.23 Mean -10.59 2.54 -4.16 -3.93
SL_ 30 -7.41 41.33 -0.18 -0.17 Speed 0.09 0.65 0.14 0.13
SL_Rek30 -0.33 1.01 -0.33 -0.31
SL_ 70 -0.87 0.40 -2.16 -2.04 �
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Model: Bicyclist accidents, Flow 
Deviance df Perc.exp. 

701 387 3%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 8,22E-03   -4,16 0,000 
Flow  0,59 4,72 0,000 

�

Model: Bicyclist accidents, NCXP 
Deviance df Perc.exp. 

585 387 38%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 7,65E-02   -5,65 0,000 
NCXP  0,47 7,52 0,000 

�

Model: Bicyclist accidents, NCXP & Flow 
Deviance df Perc.exp. 

556 386 46%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 9,61E-04   -5,56 0,000 
NCXP  0,42 6,95 0,000 
Flow  0,52 3,85 0,000 
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Model: Bicyclist accidents, Flow 
Deviance df Perc.exp. 

415 387 4%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 9,50E-04   -4,48 0,000 
Flow  0,72 4,29 0,000 

�

Model: Bicyclist accidents, NCXP 
Deviance df Perc.exp. 

317 387 65%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 6,14E-03   -8,26 0,000 
NPXP  0,66 8,47 0,000 

�

Model: Bicyclist accidents, NCXP & Flow 
Deviance df Perc.exp. 

308 386 71%   
Parameter Estimates 

Parameter Dummy Exponent Scaled 
t-value t-prob. 

Constant 8,18E-05   -5,45 0,000 
NPXP  0,60 7,50 0,000 
Flow  0,53 2,75 0,006 
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