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Aim: This study examines the use of the medical risk/resource ratio (RRR) and need for medical resources (NMR) as new indicators
of the imbalance in medical demand and supply in disasters. These indicators are used to quantify the medical demand–supply imbal-
ance per disaster base hospital, examine the demand–supply imbalance in the region, and verify the need for medical support.

Methods: We calculated the RRR of each disaster base hospital by dividing the revised estimate of the number of patients with the
number of empty beds. We calculated the required number of hospital beds as the NMR to restore the RRR of each disaster base hos-
pital to two. The RRR and NMR were combined, and prioritization for medical support was classified into three levels.

Results: The median RRR was 23 (range, 1–101), and the median NMR was 943 (range, 0–2,124). Fifteen hospitals had a medical sup-
port priority of 1, five hospitals had a priority of 2, and 13 hospitals had a priority of 3.

Conclusion: The medical demand–supply imbalance and amount of medical support needed can be quantified using RRR and NMR,
which allows examination of the priority level for medical support.
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INTRODUCTION

FOLLOWING THE HANSHIN Awaji Earthquake in
1995, significant improvements have been made in the

disaster medical care system in Japan. Disaster base hospi-
tals are medical institutions that provide emergency medical
care in the immediate aftermath of a disaster and are an
important part of this system.1 In addition, the predicted
damage from earthquakes expected after the 2011 Great East
Japan Earthquake has also been examined.2

Although the damage prediction for each region has
received attention, few studies have explored the medical
care burden at each disaster base hospital. Furthermore, the
level of imbalance that could arise with respect to the medi-
cal care burden at a given hospital and the medical support
capacity of each of these hospitals are unclear.

In this study, in addition to the medical risk/resource ratio
(RRR),3 the need for medical resources (NMR) was newly
devised as an indicator to express a medical demand–supply
imbalance. We quantified this imbalance for each disaster
base hospital to classify prioritization for medical support.

METHODS

Disaster prediction data

WE USED DATA from the Kanagawa Prefecture
Earthquake Anticipated Damage Survey Report,
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released by the Kanagawa Prefecture Earthquake Anticipated
Damage Study Committee in March 2015, as the base data.2

In this study, the target of investigation was the imminent
danger of the occurrence of an “earthquake with an epicen-
ter directly below the southern downtown area” with a 70%
probability of occurrence in the next 30 years and for which
a strengthening of countermeasures has been prescribed by
law. The damage was predicted on the premise of an occur-
rence of an earthquake at 6:00 PM on a winter weekday. We
predicted that there could be 2,990 deaths, 2,810 severe
injuries, 24,680 moderate injuries, and 35,250 light injuries
across the entire Kanagawa Prefecture. We also calculated
the number of persons estimated to be injured for each
municipality and ward in Kanagawa Prefecture. The defini-
tion of each level of severity is shown in Table 1.2

Calculation of disaster-induced demand and
supply for medical care (medical risk)

We considered the estimated number of patients and the
number of people in need of care as the demand for disaster
medical care. We calculated the number of people in need of
care by taking the size of the population aged under 6 years,
number of those aged 75 years or older, number of pregnant
woman, total number of persons needing care, number of
tourists, number of people with physical disabilities, and
number of mentally impaired persons and by plugging this
into the following formula:

Number of Persons in Need of Care
¼ aþ bþ cþ d þ eþ f þ g� h;

where a = size of the population aged under 6 years;
b = number of people aged 75 years or older; c = number
of pregnant women: annual number of births � 12 9 10;
d = number of people certified as having physical disabili-
ties; e = number of people understood to have mental dis-
abilities; f = number of people in need of care: the number
of those aged between 65 and 75 years 9 0.169;
g = tourists: total number of tourists per year � 365;
h = those with multiple overlapping disabilities: number of
persons certified as having physical disabilities 9 0.09.

Next, we divided the number of people in need of care by
the population in each administrative division and calculated
the percentage of those needing care.

Percentage of people needing careð%Þ
¼ 100� number of people needing care

population

� �
:

We assumed that those needing care have 1.5 times the
normal medical care demand and calculated the revised esti-
mate of persons injured as follows:

Revised estimate of persons injured

¼ number of persons injured� ð100�
percentage of those needing careÞ=100
þ number of injured persons�
percentage of those needing care=100� 1:5:

The above formula for number of persons injured was
substituted with the total number of persons injured, number
of those with non-serious diseases, number of those with
serious diseases for each administrative division, and revised
estimate of the total number of persons injured.

Next, we calculated the revised estimate of the number of
those patients at each disaster base hospital. Kanagawa Pre-
fecture has 33 disaster base hospitals. As not every adminis-
trative division had a disaster base hospital, we used the
following method to calculate the total number of people
requiring medical care. If an administrative division had only
one disaster base hospital, then that hospital would be in
charge of all the revised estimates of persons injured in that
division. If an administrative division had multiple disaster
base hospitals, then the revised estimate of the number of per-
sons injured in that administrative division divided equally
by the number of disaster base hospitals would be the number
of people for which each disaster base hospital would be
responsible. In an administrative division with no disaster
base hospital, the disaster base hospital in the adjacent admin-
istrative division would be responsible. In cases of multiple

Table 1. Definition of levels of criticality in the event of a

disaster

Category Definition

Critically

ill persons
• Patients whose life is threatened if

emergency treatment is not provided

or surgery is not done

• Requires treatment in an intensive

care unit

• Handled at disaster base hospitals

Persons with

moderately

serious injuries

• Hospital treatment is eventually

necessary but it is less urgent

compared to critically ill persons

(e.g. limb fractures)

• Handled at disaster base hospitals,

disaster co-operation hospitals, and

general hospitals

Persons with

light injuries
• Should be handled at temporary

first-aid stations, provided with

emergency relief treatment

(e.g. cuts and bruises)
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disaster base hospitals in the adjacent administrative division,
the number of disaster base hospitals was divided equally by
the revised estimate of persons injured to give the number of
persons each disaster base hospital would be in charge of.

Calculation of the capacity to supply disaster
medical care (medical resource)

The sum of the total number of hospital beds and the total
number of hospital beds for the critically ill were taken to
represent the capacity of each disaster base hospital to pro-
vide medical care. We assumed that the occupancy rate of
hospital beds immediately after the disaster was 85% and
that the number of empty hospital beds in each disaster base
hospital was 15% of the total number of hospital beds.

Calculation of the medical RRR

The RRR in each disaster base hospital was calculated as
follows:

RRR for total number of injured people

¼ revised estimate of total number of those injured

� the number of empty beds in the disaster base

hospital at the time of occurrence of a disaster:

RRRfor number of peoplewithmoderate injury

¼ revised estimateof total number of thosewith

moderateinjury�ðthenumber of emptybeds in the

disaster basehospital at the timeof occurrenceof

disaster number of emptyhospital bedsused for

thecritically illÞ:

RRR for number of critically ill people

¼ revised estimate of the number of critically ill persons

�number of empty beds for the critically ill

in the disaster base hospital at the time of occurrence

of the disaster:

Calculation of the amount of medical care
support required (NMR)

The number of hospital beds required to restore the RRR of
each disaster base hospital was defined as the NMR and was
calculated as follows:

NMR ¼ number of modified estimated total patients

� 2� the number of hospital beds empty

in the disaster base hospital at the time

of the occurrence of the disaster:

Furthermore, for the distribution of medical services in
the region, we calculated the proportion of the total NMR
for the entire region to the NMR of each disaster base hospi-
tal (NMR%).

We used the median value for the cut-offs for RRR and
NMR for the following reasons. Those values were relative
estimations in those areas, and absolute values would not
have a definite meaning. In addition, the distribution of the
values could not be expected with a normal distribution.
Thus, we used median instead of mean values.

RESULT

TABLE 2 presents the revised estimate of the number
of injured people that each disaster base hospital in

Kanagawa Prefecture would be in charge of (total number,
number of those with moderate injuries, and number of
those with serious injuries) as well as the total number of
empty hospital beds, number of hospital beds for the criti-
cally ill, and both the RRR and NMR calculated with these
as the basis. The revised estimate of the total number of
injured persons in the whole of Kanagawa Prefecture was
67,139. The total number of empty hospital beds in the 33
disaster base hospitals was 18,108. The number of empty
beds at the time of occurrence of a disaster was 2,725.
According to a disaster plan for Kanagawa Prefecture, local
areas are divided by using a medical administration area
called the secondary medical zone. Then, we add the RRR
and NMR for each secondary medical zone in Table 2. The
median RRR of the total number of injured persons was 23
(range, 1–101), and the median NMR was 943 (range, 0–
2,124). Only one disaster base hospital had an RRR of 1,
and 32 hospitals faced an imbalance in the disaster medical
care demand and supply in 32 hospitals. Figure 1 shows the
NMR% along with the location of the disaster base hospitals
on a map of Kanagawa Prefecture.

The disaster prediction of the region in the event of an
earthquake was revised to 943 beds at the time of the disas-
ter, which is the representative value of the capacity of sup-
plying medical care. Furthermore, the RRR and NMR were
considered to enable the quantification of the medical care
demand–supply imbalance and the amount of medical sup-
port required. In addition, combining the RRR and NMR, it
was possible to classify hospitals that require medical
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support, making it possible to examine prioritization for
medical support.

In the classification of prioritization for medical support,
disaster base hospitals with both RRR and NMR higher than
the median value were deemed as being priority 1, those
with either RRR or NMR higher than the median value as
priority 2, and those with either RRR or NMR lower than
the median value as priority 3. There were 15 hospitals with
priority 1, five with priority 2, and 13 with priority 3
(Fig. 1).

DISCUSSION

THIS STUDY REVEALED that the imbalance in medi-
cal care demand and supply at the time of a disaster can

be quantified based on RRR, and the need for medical sup-
port can be quantified through NMR. We also showed that it

is possible to classify hospitals that need medical support
based on a combination of RRR and NMR.

A surge in capacity requirements occurs in a hospital’s
emergency department and intensive care unit when thou-
sands are injured in disasters that cover wide areas, such as
earthquakes. The effective use of medical care resources is
important to cater to the greatest number of affected people.4

Although several reports have been released on indicators
for assessing damage due to disasters, the majority of them
comprise the opinions of experts or are drawn from observa-
tional studies and retrospective studies. The nature of a dis-
aster makes it difficult to undertake quality research on
them.5 At present, there are no standard indicators to evalu-
ate the imbalance in medical care demand and supply in hos-
pitals based on disaster prediction. Hence, this study
suggests that RRR be considered as an indicator. This indi-
cator allows quantified predictions to be made concerning
the imbalance in medical support caused by the occurrence

Fig. 1. Distribution of need for medical resources (NMR%) in Kanagawa Prefecture, Japan, and classification of medical care support

in the event of a disaster. RRR, medical risk/resource ratio.
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of a disaster. From this, we found that the majority of the
disaster base hospitals in Kanagawa Prefecture are likely to
face an imbalance in medical care demand and supply. In
addition, a similar trend was also found with respect to mod-
erately and seriously injured persons. The RRR can be con-
sidered to be a new medical care demand–supply indicator
that can quantify the imbalance in medical care demand and
supply at disaster base hospitals, enabling a distribution
across the area to be visualized. This study uses the number
of empty beds at the time of a disaster as a measure of the
RRR. The reason for this is that the number of empty hospi-
tal beds reflects the medical resources, such as correspond-
ing staff and equipment at each hospital, and provides a
representative value of medical resources.

Furthermore, the calculation of NMR allows a quantifica-
tion of the extent of medical support per disaster base hospi-
tal, thus enabling a comparison across regions. To cope with
critically ill persons, the intensive care unit must be
expanded by two or three times its current size.6 Based on
this proposal, we defined the number of empty hospital beds
required to restore the RRR to 2 as the NMR. Even with the
same RRR value, the amount of medical care support
required could be different. For example, even if the same
RRR = 20, the situation would be different between 400/20
and 800/40. When calculating NMR, it becomes 180 at 400/
20 and it becomes 360 at 800/40. Thus, we believe that it is
important to calculate the NMR to clarify the difference in
the amount of medical care support required.

Combining NMR and RRR, we can arrive at the number
of hospitals required for providing adequate medical sup-
port. This study shows that hospitals with high RRR and
NMR also have a high medical care demand–supply imbal-
ance. This implies that the extent of medical support
required to rectify it is also high. To ensure that medical ser-
vices reach the majority of those injured, developing medi-
cal support as a top priority or as priority 1 is important.
Hospitals with low RRR and NMR had a lower imbalance
in medical care demand and supply. The extent of required
medical support was also lower, which enables a degree of
disaster response at one’s own facilities. This category was
defined as priority 3. For hospitals with either high RRR or
NMR, it was not clear whether the hospital with high RRR
(high medical support demand–supply imbalance) or the one
with high NMR (large need for medical support) should be
high in priority in terms of support provided. In this study,
both are considered to be priority 2. Based on this priority
classification and the NMR% of the region, it was possible
to consider an appropriate medical support distribution plan.

With regard to future research directions, it would be
worthwhile to further examine the imbalance in medical care

demand and supply and medical support in other regions
using methods similar to those used in this study. It is possi-
ble to develop a disaster plan for these other regions by taking
this quantitative evaluation as the base data. We believe that
this can be applied for establishing collaboration and trans-
portation bases outside the region for effective use of medical
resources. By calculating the RRR and NMR of all disaster
base hospitals in the area affected by one earthquake, it is pos-
sible to classify the imbalance in medical demand and supply
and the amount of support required for the entire afflicted
area. Based on that data, we will be able to consider disaster
response beyond the boundaries of administrative district. In
addition, for specific cases, such as pediatric care, burn
trauma, and external injury, we propose collaboration among
hospitals.6 Using the prediction of the number of injured for
these specific cases, the RRR and NMR can be calculated and
used as important data for plans and proposals.

This study includes the following limitations. First, the
number of injured persons per disaster base hospital has
been set without considering access to the hospital or hospi-
tals other than disaster base hospitals and was simply
assumed to be equal to the predicted number of injured per-
sons in the region. Second, the indicators of medical care
resources and number of empty beds have been calculated
by assuming the bed occupancy rate to be 85%. As the bed
occupancy rate for each disaster base hospital differs, exam-
ining data based more on reality (such as the yearly average
of the bed occupancy rate) is important. The third limitation
is the method used to calculate the revised estimate of the
number of those injured. Future research should focus on
aspects that should be part of the number of people in need
of care and on setting the level of medical care demand at
1.5 times. Fourth, the calculation of Disaster-Induced
Demand and Supply for Medical Care and the Capacity to
Supply Disaster Medical Care we used were based on the
concept of surge capacity5 and our previous findings.3 As
we devised them as new tools, we might need to further test
their validity and reliability in a future study. Finally, the
different cut-off values might affect our results. We used
medians for the cut-offs for RRR and NMR in order to cate-
gorize, and the medians would be adequate with this estima-
tion values and under expectedly a non-normal distribution.
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