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INTRODUCTION
Whenever a disaster occurs, rescue work should be 
performed as quickly as possible in order to effec-
tively save human life. Many factors, such as heavy 
rainfall, especially at night, aftershocks, confused 
information, obstructed roads into isolated areas, 
and the presence of debris, may hinder rescue 
efforts.
Despite the wide range of possible situations, the 
effectiveness of rescue work can be expressed as a 
rescue-death toll curve with time after the occur-
rence of a disaster. The comparison of different 
curves can shed light on the characteristics of 
natural disasters. While comprehensive statistics 
concerning natural disasters are maintained by 
such organizations as the UN Office of Disaster Risk 
Reduction and Taiwan Disaster Prevention Society, 
very little research has focused on death tolls with 
the passage of time.
This study is to evaluate the effectiveness of rescue 
work in difficult situation using indicators based on 
the ideal that rescue work should be carried out 
within three days.
The effectiveness of rescue work can be estimated 
using such indicators, and this study applies the 
indicators to recent natural disasters in Yunnan, 
China; Pune, India; Hiroshima and Mt. Ontake in 
Japan; Eastern Japan, and Nepal. As a result of 
these cases, we recommend that disaster response 
can be divided into three stages, where the first 
stage is characterized by panicky chaos, the second 
stage is characterized by rescue operations, and the 
third stage is characterized by lingering difficulties.

DISCUSSION OF INDICATORS
The result of rescue work can be expressed as death 
toll curves. In the six cases discussed above, the 
rescue-death toll curves show three stages reflected 
in the slope of the curve.
The first stage, which begins immediately after the 
event, is characterized by a state of chaos and 

confused information. Prompt rescue work involv-
ing survivors in relatively accessible locations 
begins during this stage, which does not last long. 
During the second stage, machinery is used to 
rescue persons trapped by debris. Unfortunately, it 
often takes rescue teams and heavy equipment 
much time to arrive in remote areas. The effective-
ness of rescue work during this stage also typically 
depends on the capabilities of government and 
society. In the third stage, persons buried in deeper 
debris or located in poorly accessible locations are 
rescued, but effectiveness is low. Nevertheless, 
rescue work may continue for a long time using 
search apparatus. It is often difficult to decide when 
rescue work can be called off, and there may be 
missing persons whose deaths cannot be confirmed 
remaining after the end of rescue work.
A standard basis is necessary to gauge the effective-
ness of rescue work in various disasters. To provide 
such a basis, we relied on the standard assumption 
that effective rescue work should be performed 
within 72 hours (three days) after a disaster. A line 
can then be calculated as line B, and various rescue 
curves are shown in Fig. 1.
The ideal rescue curve A is has a distance of  
1.5 days between the longitudinal axis and line B, 
while most of rescue curve C is behind line B. A 
rescue level of 50% and the corresponding time of 
1.5 days can thus provide a standard basis for the 
evaluation of rescue work. As shown in Fig. 1, the 
difference between A and B at a rescue rate of 50% 
indicates the available time ta ahead of the stand-
ard time. The difference between B and C indicates 
the lag time tb after the standard time. Further-
more, the rescue rates at 1.5 and 3 days are indi-
cated as R3 and R1.5. Because the indicators  
ta, tb and P3 depend on communication systems, 
search systems, access roads, machinery operation, 
teamwork, and the magnitude of disaster, their 
values can be used to evaluate the effectiveness of 
rescue work.
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The results for the six disasters are listed in Table 1, 
where the values of the various indicators are 
estimated by interpolation from the trend in each 
figure. The values for the Tohoku Earthquake show 
quite low effectiveness, which is attributable to the 
difficulties caused by the large scale of the tsunami. 
At Hiroshima, while initial response was fast, the 
rescue rate remained at 53% after three days, 
which was chiefly due to temporary work stop-
pages to avoid secondary disasters caused by 
episodes of heavy rainfall.

CONCLUSIONS
Death toll curves derived from information from 
news reports display three stages. The first stage is 
characterized by a state of chaos and confused 
information in the wake of a sudden disaster. The 
second stage is characterized by active rescue 
activity, and rescue efforts become more difficult 
during the third stage. Based on the criterion that 
rescue activities should be essentially completed 
within three days, the effectiveness of rescue efforts 
can be evaluated in terms of rescue level at 1.5 days 
and three days on death toll curve. These are 
connected with the time needed to attain 50% 

level of rescue. Low indicator values suggest a need 
for effective communication systems, good access 
roads, and use of heavy equipment and helicopters 
to complete rapid rescue.

Figure 1. Rescue rate with time

Table 1. Spare or lag time, attainment rate and missing rate
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