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ABSTRACT 

To reduce human casualties after a major earthquake, it is vital to ensure that traffic flows on main roads. Local 

governments in Japan promote seismic reinforcement of roadside buildings; however, this project is not going as 

well as planned, and there is a demand for appropriate information on its effects. Here, we propose a method for 

identifying roadside areas with vulnerable accessibility to disaster bases after a major earthquake. First, we define 

two accessibility indices: the link isolation (LI) ratio and the network isolation (NI) ratio. Then, by using a 

simulation model, we evaluate the accessibility of disaster-base hospitals that use emergency transportation 

highways in the Tokyo Metropolitan Area. The LI ratio tends to be low in areas with sparse road networks, and 

some hospitals show a dangerously high NI ratio. In secondary medical areas with such hospitals, it will be 

necessary to consider measures to improve accessibility. 
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INTRODUCTION 

Background 

In recent years Japan has experienced many natural disasters. Moreover, it is predicted that there is a 70% 

probability that Tokyo will experience a direct strike by an earthquake with a magnitude of 7.0 or more (hereafter 

called a major earthquake) within the next 30 years (Headquarters for Earthquake Research Promotion, 2020), so 

it is likely that large-scale disasters will continue to occur. A major earthquake inevitably leads to such problems 

as road blockages, building collapses, and liquefactions. For example, in the Great Hanshin-Awaji Earthquake of 

1995, collapsed buildings blocked major roads, hampering emergency activities such as firefighting and the 

provision of relief supplies. This led to a series of secondary disasters, such as fire spreads. It is therefore an urgent 

issue for local government agencies to ensure that emergency services can continue to function in the event of a 

major earthquake. To maintain traffic flow on main roads in the event of a disaster, local authorities in Japan have 

designated certain main routes as emergency-transportation routes, and have promoted seismic reinforcement of 

roadside buildings along these roads. For example, the Tokyo Metropolitan Government (TMG) has set a goal of 

improving the seismic resistance of buildings along specific emergency transportation routes from a level of 

86.3% at June 2020 (TMG, 2020a) to 100% by the fiscal year 2026 (TMG, 2016; TMG, 2011a; TMG, 2018a). 

However, due to the cost burden of seismic retrofitting of buildings and a lack of clarity regarding its effectiveness, 

some building owners have failed to appreciate the necessity of this action. As a result, the project is not going as 

well as planned, and it is important to provide appropriate information regarding its effectiveness and the financial 

assistance. 

A few studies have attempted to provide the information necessary to support public policy making. Osaragi 

(2020) studied the accessibility provided by emergency transportation routes and the effects of seismic retrofitting 

of roadside buildings in Tokyo at the regional level. He conducted a quantitative study on the promotion of seismic 

retrofitting of specific roadside buildings, and demonstrated the usefulness of accessibility-based discussions. 

However, a detailed analysis of local features, such as the nature of the road network and the spatial distribution 

of vulnerable roadside buildings, is necessary for more-concrete discussions on disaster mitigation. 
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Worldwide, many studies have been conducted on the assessment of accessibility by road networks with link 

failures, especially in the field of civil engineering (Iida, 1999; Taylor et al., 2006): Pokharel and Ieda (2012) 

provide a comprehensive literature overview of this topic. Furthermore, several previous studies discuss 

accessibility from a more-focused viewpoint, for example, at the level of the road link. Most studies have focused 

on the ability of emergency vehicles to move between specific origin−destination (OD) pairs, and have evaluated 

accessibility from the perspective of reachability and travel inefficiency. Seto et al. (2011) and Harada et al. (2014) 

proposed an accessibility evaluation index that can evaluate the reachability between OD pairs and the robustness 

of travel routes. Specifically, they evaluated accessibility by considering nonoverlapping paths based on N-edge-

connected networks (Grötschel, 1995) in which an OD pair connects more robustly when a greater number of 

nonoverlapping paths is available. However, this method is not yet capable of identifying roadside areas with 

vulnerable accessibility that might be unreachable or might require significant detours between specific OD pairs. 

Several studies have proposed methods for identifying roadside areas where accessibility is potentially 

compromised in the event of a major earthquake (Osawa et al., 2017; Harada et al., 2013; Toma-Danila, 2018; 

Caiado, 2012). Osawa et al. (2017) evaluated mobility between key sites during a major earthquake by considering 

building collapses, bridge damage, and slope and cut-soil failures resulting from property collapses. Specifically, 

by using simulations that describe the movements of emergency vehicles, they calculated the probability of each 

road becoming impassable. This method is superior in identifying roadside areas with potentially vulnerable 

accessibility, but the evaluation is limited to road links involved in movements between important sites. Also, due 

to a lack of detailed information on building attributes, building collapses and road blockages were not estimated 

with sufficient precision. Harada et al. (2013) developed a method for identifying roads used for the movement 

of emergency vehicles between important sites. They calculated the reliability of roads for each 1 km grid cell 

and extracted roadside areas with vulnerable accessibility over a wide area. However, to reduce the computational 

burden, their study was based on simple assumptions, and it did not calculate the reliability of interconnections 

rigorously. In other words, this method is unsuitable for accessibility evaluation under complex conditions such 

as disaster activities at multiple sites. 

Research Objective 

Here, we propose a method for identifying roadside areas that might cause problems of accessibility to disaster 

bases in the event of a major earthquake. This method can also evaluate accessibility at regional or facility levels. 

Furthermore, it can provide information on which roads or buildings should be prioritized for promotion of seismic 

retrofitting. A vulnerable roadside area is defined as an area where accessibility of a destination is likely to be 

impaired by a major earthquake. First, we proposed two novel accessibility indices, focusing on roads isolated 

from the road network. These accessibility indices are defined from the viewpoint of the reachability of a 

destination. Next, we constructed an emergency-activity simulation model that describes the movements of 

emergency vehicles in the event of road blockages. Finally, we performed a simulation over the Tokyo 

Metropolitan Area, and we evaluate the accessibility of disaster-base hospitals to emergency vehicles. 

When a major earthquake strikes, various types of structural damage can occur, including collapses of buildings 

and piers, liquefactions, cracks in roads, and collapses of utility poles. Traffic congestion also becomes an 

important issue. Here, to produce a more explicit and more straightforward assessment, we will consider only 

road blockages that are caused by collapses of buildings along roads. 

DEFINITIONS OF ACCESSIBILITY INDICES 

We propose two indices to evaluate the accessibility of destinations: the link isolation ratio and the network 

isolation ratio. Conventional accessibility indices are often designed to evaluate mobility between OD pairs and 

they provide only limited information in the form of summary values, such as the average arrival possibility and 

travel time. Consequently, spatial information is lost, and it is difficult to identify which road blockage causes a 

particular reduction in accessibility (Figure 1(a)). In this study, we confirm the connectivity to an origin from all 

road links, which are defined as sections between nearest pairs of intersections, and we identify road links that are 

isolated from the road network (Figure 1(b)). By calculating accessibility indices for each road link, so as not to 

lose spatial information, we can identify roadside areas where traffic function is likely to be obstructed on a 

microscale, i.e., that of buildings and road-link units. 
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Figure 1. Accessibility of a Destination in the Event of Road Blockages 

Link Isolation Ratio 

The link isolation (LI) ratio is an index for evaluating the accessibility of destinations of road links. By using this 

index, it is possible to identify roadside areas where the traffic function is likely to be obstructed. The LI ratio is 

the proportion of times that a destination d will become unreachable from a road link j in a set of K simulation 

trials (Eq. 1). 

𝐿𝐼(𝑗, 𝑑) = 1 −
∑ 𝛿(𝑘, 𝑗, 𝑑)𝑘∈𝐾

𝐾
(1), 

where (k, j, d) is the arrival status, which has a value of 1 when emergency vehicles can access destination d 

from road link j at the kth trial, and 0 when it cannot do so.  

Network Isolation Ratio 

The LI ratio is an index for evaluating accessibility by each road link and it does not provide an understanding of 

accessibility over an entire region. By using the network isolation (NI) ratio, we can evaluate the accessibility of 

a destination at a regional level. The NI ratio is the ratio of the total length of road links from which an emergency 

vehicle cannot reach destination d to the length of the entire road network (Eq. 2). 

 𝑁𝐼(𝑑) =
∑ (∑ 𝑙(𝑘, 𝑗, 𝑑)𝑗∈𝑅𝐴

∑ 𝐿(𝑗)𝑗∈𝑅𝐴
⁄ )𝑘∈𝐾

𝐾
(2), 

where K is the number of simulation trials, RA is the set of road links in region A, l(k, j, d) is the length of road 

link j from which destination d cannot be reached at the kth trial (Figure 2), and L(j) is the total length of road link 

j. Moreover, the arrival status for each road link can be classified into the following three patterns.

Case 1: Road link j is entirely blocked. l(k, j, d) = L(j) 

Case 2: Road link j is partially blocked. 0 < l(k, j, d) < L(j) 

Case 3: Road link j is not blocked.  l(k, j, d) = 0 

Figure 2.  Calculation Example of Unreachable Distance of Each Road Link 
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Because the LI ratio is an index based only on the number of times that emergency vehicles cannot reach their 

destinations, we do not distinguish cases 2 and 3 when calculating the LI ratio of each road link. On the other 

hand, the NI ratio is an index based on the lengths of roads where emergency vehicles cannot reach their 

destinations; in this case, therefore, we must distinguish between cases 2 and 3 and precisely calculate the length 

of each road link where an emergency vehicle cannot reach its destination. 

OVERVIEW OF THE EMERGENCY ACTIVITY SIMULATION MODEL 

To evaluate the accessibility indices, it is necessary to estimate the movements of emergency vehicles after 

a major earthquake. Figure 3 provides an overview of the simulation model that we used. This consists of the 

following two sub-models: (I) a road-blockage model and (II) an emergency-vehicle-movement model. We 

improved the model proposed by Kishimoto and Osaragi (2019) by reducing the computational load of the 

emergency-vehicle-movement model.  

Figure 3. Overview of the Simulation Model 

Road Blockage Model 

First, we estimated road blockages based on building collapses, to consider their effect on emergency activities. 

Several researchers have proposed models for estimating building collapse (e.g., Miyakoshi et al., 1997; Hayashi 

et al., 2000). Taking into account attribute information from the available geographic information system (GIS) 

data, we used the building-collapse probability model proposed by Murao and Yamazaki (2000). The probability 

of building collapse PR(i) is estimated from the value of the peak ground velocity (PGV), the structural material 

(wood, reinforced concrete, or steel), and the construction year (Eq. 3). Many studies have used the PGV to 

estimate building collapse because it shows a stronger correlation with building collapse than does spectral 

acceleration or peak ground acceleration. We next determined whether a building, collapses or not, by comparing 

the probability of building collapse PR(i) with a generated uniform random number. 

𝑃𝑅(𝑖) = Φ[(𝑙𝑛(𝑃𝐺𝑉(𝑖)) − 𝜆) 𝜁⁄ ] (3),

where Φ is a cumulative distribution function, and λ and ζ are the average and standard deviation of ln[PGV(i)], 
respectively, which vary according to the structural material and the year of construction of building i. We applied 

the damage rank R defined on the basis of a survey conducted by Kobe City (Murao and Yamazaki, 1999), and 

we set the values of the regression coefficients, λ and ξ, according to those provided by the TMG (2018b) (Figure 

4, Table 1).  
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Figure 4. Collapse probability of wooden buildings for the case of destroyed dwellings 

Table 1. Parameters for the Building-Collapse Probability Estimation Formula for the Case of Destroyed Dwellingsa 

Year of 
Construction 

≤1971 1972–1981 1982–1991 1992–2001 ≥2002 

λ ξ λ ξ λ ξ λ ξ λ ξ 
Wood 4.45 0.342 4.73 0.378 5.12 0.496 5.68 0.496 6.13 0.496 

Reinforced concrete 5.12 0.646 5.33 0.575 6.00 0.789 6.00 0.789 6.00 0.789 

Steel 4.64 0.619 4.97 0.490 5.64 0.731 5.64 0.731 5.64 0.731 

a A dwelling house that meets one of the following conditions (Murao and Yamazaki, 1999): the damaged floor 

area or spilled area of a dwelling house is about 70% or more of the total area; the damage to the dwelling house’s 

main structure reaches about 70% or more of the total floor area; or the damage to the main structure of the 

dwelling house is about 50% of its market value. 

To estimate the road blockages, we then applied the model proposed by the Ministry of Land, Infrastructure, and 

Transport (2003). The probability P(j) that a road link j is blocked was calculated as the probability that roadside 

buildings produce sufficient debris to block a street (Figure 5 and Eq. 5). We determined whether a road link, was 

blocked or not by comparing the value of P(j) with a generated uniform random number. We assumed that 

emergency vehicles cannot pass along a street when its passable width is less than 4.0 m.  

𝑓𝑖(𝑗) = 𝐷𝑐(𝑖)(1.1753 ∙ 𝑆𝑐(𝑖) − 0.0514) ∙ 𝑒𝑥𝑝 (
−𝑊𝑒(𝑗)

2.58𝐶𝑟(𝑖)0.379 + 0.210𝐹𝑙(𝑖)2.23 + 4.90𝑆𝑐(𝑖)12
) (4) 

𝑃(𝑗) = 1 − ∏ (1 − 𝑓𝑖(𝑊𝑒(𝑗)))
𝑖∈𝐺𝑗

(5),

where fi(j) is the probability that the debris of collapsed building i outflows onto the road j, We(j) is the effective 

width of road j, and Gj is the set of roadside buildings along road j that generate the debris. 

Figure 5. Estimation of road blockage 
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Emergency-Vehicle-Movement Model 

In the emergency-vehicle-movement model, we calculate the possibility of an emergency vehicle reaching a 

disaster base in the event of road blockages. To calculate the accessibility indices, we used only the reachability 

information. We therefore performed a breadth-first search (Moore, 1959) instead of using Dijkstra's algorithm 

(Dijkstra, 1959). Consequently, we significantly reduced the calculation load required to extract road links that 

can reach to each disaster base. We regarded a road link with no attainable route to a disaster base to be 

unreachable.  

STUDY AREA AND ASSUMPTIONS IN SIMULATION  

Study Area and GIS data 

Figure 6 and Figure 7 show an overview of the data on roadside buildings, emergency transportation routes, and 

disaster bases (disaster-base hospitals) to be analyzed. 

Building data for 102,087 buildings in total were taken from the TMG’s Land and Building Use Survey (TMG, 

2011b; TMG, 2012), which is part of the TMG’s urban planning GIS data (Figure 6(b)). These data include the 

location and the height of each building, but do not contain such details as the actual structure or construction 

year. We therefore estimated detailed attributes by cross-tabulation of the actual structure and the construction 

year. On the basis of the average depth of buildings in the dataset, we defined “roadside buildings” as those less 

than 4.0 m from the road boundary line (Figures 6(b) and 6(c)). 

To identify roadside areas with vulnerable accessibility, it is necessary to evaluate accessibility by using a set of 

road links with equivalent traffic functions. We performed our simulation of the emergency activity by using only 

those emergency transportation routes urgently required to ensure traffic function. GIS data on the emergency 

transportation roads, comprising 26,954 links and 26,158 nodes, were taken from data supplied by the Ministry 

of Land, Infrastructure, Transport and Tourism (2020). This dataset contains such information as the lengths and 

widths of roads (Figure 6(a)).  

Disaster-base hospitals are those hospitals that serve as bases for such medical-relief activities in times of disaster 

as accepting injured persons and dispatching medical-relief teams (Bureau of Social Welfare and Public Health, 

2020a). In general, emergency medical services are housed at secondary medical area units: these are regional 

units capable of providing medical care for hospitalization. Therefore, each disaster-base hospital performs 

medical-relief activities within its sphere. We prepared GIS data on a total of 80 disaster-base hospitals, based on 

a list published by the Bureau of Social Welfare and Public Health (2020b) (Figure 7). Moreover, we checked the 

connectivity of the hospitals to surrounding emergency transportation roads in detail.  
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Figure 6. Overview of building and road data 

Figure 7. Overview of disaster-base hospitals and secondary medical areas 
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Simulation Assumptions 

In general, we estimated property collapses by assuming a specific earthquake: a northern Tokyo Bay earthquake. 

In such a case, the estimation results depend heavily on the location of the epicenter. In other words, the 

distribution of property collapses becomes more severe in areas near the epicenter of the earthquake. However, 

this is not an appropriate assumption for assessing the accessibility of each disaster base relatively. It is possible 

to evaluate the accessibility while neglecting effects of the location of the epicenter by performing multiple 

simulations with a various epicenters. However, the computational load increases markedly as the assumed 

number of epicenters is increased. Tagashira and Osaragi (2020) demonstrated that if the analysis area is under a 

certain size, the accessibility estimated by assuming a uniform seismic intensity has an accuracy equal to that 

estimated by using a large number of different epicenters. We therefore chose a seismic intensity (the Japanese 

scale for measuring earthquakes) with a median value of 6 Upper (6.2) for all areas. With this size of earthquake, 

people cannot remain standing and heavy furniture might fall. We set this value based on estimates of damage 

from a northern Tokyo Bay earthquake and a south-central Tokyo earthquake with predicted seismic intensities 

of 6 Upper near their epicenters. The seismic intensity in the simulations was converted into a PGV of 66 cm/s, 

by using the method proposed by Tong and Yamazaki (1996). 

In this paper, we assumed that emergency vehicles move to disaster-base hospitals by using the emergency 

transportation routes. The accessibility indices were calculated on the assumption that disaster-base hospitals 

within the secondary medical area would be responsible for medical-relief activities during a disaster. 

With those preparations, we performed the emergency activity simulations K = 100 times, and we calculated the 

accessibility indices. Note that in the following analysis, each accessibility index was calculated and evaluated in 

the secondary medical area unit, not over the entire Tokyo metropolitan area. 

ASSESSMENT OF ACCESSIBILITY OF DISASTER-BASE HOSPITALS BY EMERGENCY TRANSPORTATION
ROADS IN THE TOKYO METROPOLITAN AREA 

Spatial Distribution of the Road-Blockage Ratio 

Figure 8 shows the spatial distribution of the road-blockage ratio for emergency transportation roads. The road 

blockage ratio tends to be low over the whole area, and only 5.9% of the road links have a value of more than 

10.0%. This is because, in most cases, emergency transportation roads are sufficiently wide for emergency 

vehicles to pass even in the presence of debris from collapsed buildings. However, road links with a high blockage 

risk are present in the western parts of 23 wards (Figure 8(b); Area I). In these areas, the road network is sparse 

and the number of roadside buildings between intersections tends to be large. There is therefore a higher 

probability that debris from collapsed building could flow onto and block road links in the event of a major 

earthquake.  

Spatial Distribution of the LI Ratio 

Figure 9 shows the spatial distribution of the LI ratio for each emergency transportation road. The scale interval 

of this figure is different from that in Figure 8 showing the road-blockage ratio. The LI ratio is the probability that 

an emergency vehicle will have no access to any disaster-base hospital within the secondary medical area. For 

example, an LI ratio shown in red indicates that there is an 80% or greater probability that an emergency vehicle 

cannot reach any hospital from the road link. Note that we took no account of the possibility of taking a detour by 

road links outside the Tokyo Metropolitan Area; consequently, the accessibility of disaster-base hospitals tends 

to be underestimated in border regions of the analyzed area. 

Fifty percent of the all road links showed a higher value for the LI ratio than for the road-blockage ratio (Figure 

10). This is because the isolation status of a given road link results from both its blockage status and surrounding 

situations. By using the spatial distribution of the LI ratio, we can identify roadside areas with vulnerable 

accessibility, which is difficult to understand from the spatial distribution of the road-blockage ratio alone. For 

example, in an area where the emergency transportation roads are properly maintained (Figure 9(b); Area II), LI 

ratios are not worse over a wide area because emergency vehicles can take detours when encountering road 

blockages. On the other hand, in an area with a sparse road network, fewer detour routes are available for 

emergency vehicles, and isolated links tend to occur over a wide area (Figure 9(b); Area III). 
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Figure 8. Spatial distributions of the road-blockage ratio 

Figure 9. Spatial distributions of the LI ratio 
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Figure 10. Differences Between the Road-Blockage Ratio and the LI Ratio 

NI Ratio of Disaster-Base Hospitals 

Figure 11 and Table 2 show the NI ratio for each disaster-base hospital. The NI ratio is the ratio of the total length 

of isolated links (lA) to the entire length of the road network (LA) within a secondary medical area A (lA/LA). Sixty-

nine disaster-base hospitals (86.3% of the total) have a low NI ratio of less than 20.0%, whereas seven disaster-

base hospitals (8.8% of the total) have an NI ratio of more than 50.0%. 

Disaster-base hospitals with a particularly high NI ratio tend to be distant from the nearest intersection of three or 

more road links. Therefore, when a road blockage occurs near the hospital, there is a low probability of alternative 

routes and of the emergency vehicle reaching the hospital (Figure 12). To improve the accessibility of those 

hospitals, it is important to improve the seismic performance of roadside buildings near those hospitals. 

Figure 11. The Spatial Distribution of the NI Ratios of Disaster-Base Hospitals 

Table 2. The Top Ten NI Ratios of Disaster-Base Hospitals 

No. Hospital name NI ratio 

1 Toho University Omori Medical Center 93.9% 

2 Ebara Hospital 78.7% 

3 Nihon University Itabashi Hospital 70.1% 

4 Minami Machida Hospital 61.9% 

5 Tokyo Women’s Medical University Medical Center East 58.7% 

6 Tokyo Metropolitan Komagome Hospital 57.6% 

7 Sassa General Hospital 54.1% 

8 Tokyo Metropolitan Matsuzawa Hospital 49.9% 

9 Toshima Hospital 46.5% 

10 Tobu Chiiki Hospital 44.7% 
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Figure 12. Road-blockage ratio and LI ratio of each road link around the Toho University Medical Center Omori 

Hospital 

NI ratios of Secondary Medical Areas 

We also evaluated the accessibility to disaster-base hospitals within each secondary medical area, considering the 

number of accessible disaster-base hospitals. When a major earthquake occurs, some hospitals might collapse or 

become inaccessible due blockages of surrounding roads. As a result, it becomes difficult for these hospitals to 

accept injured people, who will need to be transported to other hospitals within the secondary medical area. 

However, if the medical-relief function is overweighted toward some of the available hospitals, these might reach 

their capacity limits. It is therefore necessary to evaluate whether the medical-care functions within a secondary 

medical area are distributed evenly among the hospitals.  

For example, if we assume a situation where there are multiple road blockages on a road network with three 

disaster bases (Figure 13), an emergency vehicle cannot reach Base A from 60% of the total road links: the NI 

ratio of base A is therefore 60%. In the same way, we can calculate the NI ratios of bases B and C.  

Figure 13. Examples of a road network with blocked links and isolated links: (a) Example of road network with three 

disaster bases; (b) Bases A and C are reachable from 60% of roadside areas and unreachable from 40%. (c) Base B is 

reachable from 50% of roadside areas and unreachable from 50%. 

Figure 14 shows an example of the relationship between the number of reachable disaster bases and the NI ratio. 

As the number of disaster bases considered increases, the NI ratio increases. Ten percent of the road links are 

isolated and provide no access to any disaster base. When we calculate accessibility to at least one disaster activity 

base and 10% of roadside areas are considered as isolated, the NI ratio becomes 10% (Figure 14(a)). Similarly, 

60% of roadside areas provide access to base B only, and provide no access to bases A and C. Therefore, the NI 

ratio becomes 60% when we calculate accessibility to at least two bases (Figure 14(b)). No roadside areas provide 

access to all three disaster bases; that is, the NI ratio becomes 100%, when we calculate accessibility to at least 

three disaster-activity bases (Figure 14(c)).  
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Figure 14. Example Showing the Relationship Between the Number of Reachable Disaster Bases and the NI Ratio 

Figure 15 shows the relationship between NI ratio and the number of reachable disaster-base hospitals in each 

secondary medical area. Because the number of hospitals in each secondary medical area is different, we take the 

ratio of the reachable disaster bases m to all bases in the area M as α (= m/M) on the horizontal axis. 

Figure 15. Transitions of the NI ratio in secondary medical areas 1–12 

In Area 6 with four hospitals (Figure 15, green triangles), the NI ratio worsens as the number of accessible 

hospitals decreases. Areas 8 (Figure 15, red triangles) and 12 (red squares) show high NI ratios at the minimum 

value of α. In these areas, it is possible that emergency vehicles will not be able to reach an injured person after a 

disaster. Moreover, it is difficult to access some of hospitals when the secondary medical area has a hospital with 

a high NI ratio, such as Area 2 with Toho University Medical Center Omori Hospital (Figure 15, green circles). 

In other words, only a few hospitals can provide medical relief service in these secondary medical areas. It is 

important to consider measures to improve the NI ratio in these secondary medical areas, for example, by seismic 

retrofitting of buildings around disaster-base hospitals or by providing road links with a high LI ratio.  

SUMMARY AND CONCLUSION 

We have developed a method for identifying roadside areas in which accessibility to disaster bases is vulnerable 

to the effects of a major earthquake.  

First, we defined two accessibility indices focusing on road links isolated from the network due to road blockages 

after a major earthquake: the link isolation ratio and the network isolation ratio. We then refined the emergency-

activity-simulation model proposed by Kishimoto and Osaragi (2019). This simulation model consists of two sub-

models: a road-blockage model and an emergency-vehicle-movement model. We then performed a simulation in 

which we evaluated the accessibility of disaster-base hospitals from emergency-transportation roads in the Tokyo 

Metropolitan Area. 

The road-blockage ratio tends to be low. Only 5.9% of the emergency-transportation routes showed a road-

blockage ratio of more than 10.0% of the total. With the proposed accessibility indices, we identified roadside 

areas with low accessibility to disaster-base hospitals. Among our findings were the following. In areas with 

sparse road networks, road links are prone to becoming isolated from the network and show low LI ratios. 

Furthermore, seven disaster-base hospitals (8.8% of the total) had a markedly high NI ratio of over 50.0%. In a 

secondary medical area with such hospitals, the burden of medical care is likely to be concentrated in certain 

hospitals that have a high accessibility. Our results show that it is necessary to consider measures to improve 
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accessibility to disaster bases, for example by seismic retrofitting of nearby buildings or buildings along road links 

with high LI ratios.  

We have also shown that it is possible to verify the effectiveness of promoting seismic retrofitting of buildings by 

calculating accessibilities before and after such a project. We are also developing an application that disaster 

managers can use for quantitative evaluation of disaster-mitigation measures. 

This study evaluated the impact of road blockages caused by building collapses on the accessibility of disaster-

base hospitals in the event of a major earthquake. However, after a major earthquake, accessibility of medical-

relief activities depends significantly on the population distribution, the spatial distribution of injured people, and 

the number of beds in each disaster-base hospital. Further analysis taking these factors into consideration is 

required to achieve smooth medical-relief activities. 
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