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whereu ,(x,v) and ¢q, ,(x, y) are respectively the total travel cost
(in HKD) and demand (in veh/hr/km?) of class m users traveling to
CBD d from location. Base on this definition, the most vulnerable
location, which has the largest increase in total travel cost, is the
location with minimum accessibility index as it degrades.

 Vulnerability analysis, which aims at identifying the weak spots
In the transport network and the corresponding impacts upon
failure, is vital in strategic planning to identify the critical
areas/roads for network improvements.

« The traditional vulnerability analysis in network-modeling

based framework faced the following three critical issues: REGIONAL VULNERABILITY ANALYSIS

(1) Minor roads may not be included in the network coding. Impact of demand distribution (Test 2)
The omission of minor roads may lead to an overestimation of Regional vulnerability analysis is formulated as a bi-level model.

the importance of some major links due to the lack of Vulnerability analysis model
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classes of users, who are continuously distributed over the
region, will travel from their demand location to the CBDs along
the least costly route within the two-dimensional space. Due to the
differences of traveling environment in the surface road and

expressway system, the expressways will be separately definedin NUMERICAL EXAMPLES
the study region (Figure 1).

e Upper level model converge
In 5 steps and takes 10.5 hr

e Most vulnerable location is
next to CBD 1 (location 6)
despite the higher demand at
CBD 2. "."500m radius

application of FEM and is solved by convex combination method.
Decent direction of the above model is evaluated based on the
results from the sensitivity analysis of the lower level model.

Characteristics of continuum vulnerability analysis

Transportation cost function: (a) scenario 1 O (b) ey b degradation could not cause
Brpressyey 2 03044 00064 O 5 10 is 20 = substantial detour to the
bm (‘x? y) 3 0.8044 0.0064 (km)
Cm(xay) — am(xay)_l_ ZZ fij(x9 y)‘ ‘51 8352;5595 888;3 Figure 6 Search for the most Surface road near CBD 2
o(x, Y)K(x,y) T 5 Area | Link 1 6 0.6684 0.0053

vulnerable location
where a,(x,y)and b, (x,y) are respectively the free-flow and

congestion-related parameter of class m users; K(x, y) is the road
density (in km/km?) of the non-degraded system; o(x, y) is the
percentage of road density remains after network degradation(s); O,

Scenario 4

CONCLUSIONS

e Discrete modeling framework have problems of alternative route
availability, demand definition and degradation

Scenario 2

f . (x,y)is the flow vector of class m users heading to CBD d. Scenario 3 ! representation in vulnerability analysis
0 : 10 15 20 2 e Continuum model, which could address these problems, could
. - (km)

Zercezta::_ge of road density remains under network Figure 3 (a) The continuum network; (b) The discrete network lead to a different conclusion in vulnerability analysis.

egradation . . . .
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This base case is tried to mimic the discrete network and is
used as a base for the comparisons in the 3 tests.
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