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Abstract

The present study proposed a methodology to analyze the networking efficiency of arterial road networks. The
methodology was motivated to design three-dimensional networks and to analyze the networking ability
quantitatively, which is a novel approach compared to existing methods depending on the two-dimensional network
definition and the qualitative analysis for improving arterial road networks. The method considered the
interdependence between high-level freeways and low-level highways, the ITS-based information for traffic and
road conditions, and the physical networking. These three factors were quantified by a networking index (NI), and
the networking efficiency was measured by a networking rate (NR). The present study proved that the networking
efficiency (NR) was influenced by travel information sharing (i.e., ITS) and physical factors. This supports the fact
that the integrated improvements of physical and ITS factors are necessary for an arterial road. The proposed
method was applied for an actual arterial road network. It was found that the nation-wide NR was higher than
that for the metropolitan area, which might be due to the difficulty in switching between high- and low-level
networks and the lack of ITS functions in the metropolitan area.
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Table 1. Quantifying criteria of network index

Categories Indices Criteria

Hierarchy Expressway-Highway-
Crossing arterial road, etc.
Roads Capacity 4lane-4lane,
Spot Balanlcg 4lane-2lane, etc.
Connectivity | Fully, Partly, etc.
Link Type Loop, Direct, etc.
Merge/Diverge|Direct, Additional Lane,
Type etc.
Physical Alternative road No. of Section
Linkage Hierarchy of Expressway-Highway-
Section Alternative road arterial road, etc.
Capacity Balance of 4lane-4lane,
Alternative Road 4lane-2lane, etc.
Alternative Routes No. of Path

Expressway-Highway-
arterial road, etc.
4lane-4lane,
4lane-2lane, etc.
VDS installation

Hierarchy of
Path Alternative Routes
Capacity Balance of
Alternative Routes
Area of Data Collection
Infra Area of Information

VMS installation

Traffic Provision
linformation Spatial Extent of VMS information
. Contents . . .
Sharing Information Provision | expressed on section,
. Management Managing principal
Operation| . o
Organization Unifying

Difference in distance
Difference in Price
Difference in Time

Distance resistance
Price resistance
Time resistance

Driving conditions
improvement
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Table 2. Variable definition of network index

Division | Var, Explanation of Variables
Traffic Y11 Total Vehicle Mile
Information (by section, 15min intervals.)
x11 Crossing Road
x12 Hierarchy of Crossing Road
x13 Capacity Balance of Crossing Road
x14 Link Conectivity
x15 Ramp type I (3 or 4 branch)
x16 Ramp type 1T (loop or direct)
Networking x17 Merge / Diyerge Type
indices x21 . Alternative R9ad
x22 Hierarchy Alternative Road
x23 | Capacity Balance of Alternative Road
x24 Alternative Routes
x25 Hierarchy of Alternative Routes
x26 |Capacity Balance of Alternative Routes
x31 VDS installation
x32 VMS installation
x41 Difference in distance
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Figure 5. Modified structural equating model

Table 3. Goodness of fit index standard

Index Sensitive. to d'egre'e 'of Standard
sample size | simplicity

GF1 O X More than .90
NFI 0 X More than .90
RFI 0 X More than .90
IF1 0] X More than .90
NNFI(TLI) x o) More than .90
CFI X X More than .90
RMSEA X 0 Less than 0.05

Table 4. Goodness of fit index (Chi-square test)

Model NPAR[CMIN (x*)| DF | P [CMIN/DF
Default model| 33 189.498 | 45| O 4.211

Saturated
model s 0 0
Independence | 19 | 3736 153 | 66 | 0 | 56.608
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Table 5. Non-Standardized regression weights

Regression Weights(Groupnumber1-Defaultmodel)

T& Estimate S.E. CR.(t) P
NR « f1 0.846 0.363 2.328 0.02
NR « 2 1.206 0.401 3.006 0.003
NR <« X32 | 0.500 0.179 2.789 0.005
X16 <« f1 0.461 0.050 9.225 o
X13 « f1 0.852 0.079 10.759 e
X12 < f1 1 - -
X26 < f2 1.334 0.062 21.679 e
X25 < f2 1.041 0.046 22.631 e

X23 < f2 1.093 0.045 24.132 o
X22 < f2 1

X14 <11 0.327 0.037 8.921 o
X17 <11 0.390 0.053 7.418 o

Y11 < NR| 0.334 0.124 2.696 0.007
Y12 < NR 1 - - -
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Table 6. Standardized regression weights

Regression Weights(Groupnumberl-Defaultmodel)
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Table 8. NR of freeway connected network

& Estimate T8 Estimate
NR « f1 0.443 X25 « 2 0.894
NR « 2 0.710 X23 <« 2 0.697

NR < X32 0.547 X22 < 12 0.768
X16 < f1 0.450 x14 < f1 0.396
X13 « f1 0.640 X17 < f1 0.414
X12 « f1 0.733 Y11 < NR 0.233
X26 « 2 0.941 Y12 < NR -0.118

Table 7. Networking exponential weighting analysis

R Spot Func. SectionFunc. | Traffic Information
(f) (f2) Func. (f3)
1.0000 0.2606 0.4176 0.3218
(100%) (26.06%) (41.76%) (32.18%)
f1]0.2606 | X12|0.0999 | X22 |0.1216| X32 | 0.3218
21 0.4176 | X13] 0.0159 | X23|0.0552
3] 0.3218 | X14] 0.0270 | X25|0.1415
X16]0.0614 | X26 [0.0993
X171 0.0564
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NR Spot func. Section func. |Traffic Information:
1.0000 (f1=0.2600) | (f2=0.4176) | func.(f3=0.3218)
0.4800 0.1663 0.1383 0.1754

f1]0.1663 | X12| 0.0618 | X22 |0.0394| X32 | 0.1754
21 0.1383 | X13] 0.0123 | X23|0.0562
£3] 0.1754 | X14] 0.0216 | X25|0.0284
X16 ] 0.0453 | X26 [0.0256
X1710.0253
2) = ZIMZZ NR MY
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Table 9. NR of freeway connected network at netropolitan

Table 10. Case study of high NR

area NR Spot fune. | Section func. |Traffic Information|
NR Spot, func. | Section func. |Traffic Information 1.0000 (f1=0.2606) | (f2=0.4176) | func.(f3=0.3218)
1.0000 (f1=0.2600) | (f2=0.4176) | func.(f3=0.3218) 0.9309 0.2003 0.4088 0.3218
0.3878 0.1557 0.0910 0.1410 Avg[O.4800 0.1663 0.1383 0.1754
f1 10.1557]X121 0.0590 | X22 [0.0229| X32 | 0.1410
2 10.0910] X131 0.0122 | X23 0.0519
3 10.1410] X141 0.0175 | X250.0104
X16 | 0.0421 | X26 |0.0163
X1710.0249
Avg|0.4800] 0.1663 0.1383 0.1754
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Table 11. Case study of low NR
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Figure 8. Case study of low NR
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