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Mathematical Planning of Regional Countermeasures
against Earthquake Disasters: Part 1. Formulation and
a Simple Model Study for Emergency Responses

Yutaka OHTA* and Keishi SHIONO**

Abstract

By applying a mathematical method of linear programming, we formulated a procedure
for enhancing the effectiveness of the emergency response taken by a local government at
city level. We laid the planning criteria on the optimum allocation of available resources,
both human and material, into the multiple objectives of disaster management, including
conservation of lives, properties, and living of affected inhabitants. To replace this multi-
objective optimization problem into single-objective one, which is far convenient in practi-
cal solution, we introduced a set of weighting coefficients that allows the significance and
priority of response objectives and activities. We carried out a case study for a hypothetical
disaster situation to demonstrate the performance of the planning procedure. We, referring
the results of the case study, suggested that the procedure is also applicable to the evalua-
tion of regional preparedness in terms of the availability of response resources.
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Fig. 1. A simple model for the emergency response taken by a local government in
an immediate phase of an earthquake disaster for the protection of in-

habitants.
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Fig. 2. Damage versus seismic intensity. Number of cases requiring assistance was
enumerated for an urban area carrying a population of one million.
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Fig. 3. Response attainment versus seismic intensity. Attainment was evaluated by
the rate of cases being managed among those requiring assistance. Available
resources were assigned at 7,500 personnel and 1,000 motor vehicles. (a)
Activity-by-activity evaluation of attainment. (b) Comprehensive evaluation
of response attainment and the sufficiency of response resources.
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Fig. 4. Response attainment versus seismic intensity. Available human resources
were assigned at 7,500 people consisting of 5,000 general personnel and 2,500
professional firefighters; Available material resources at 1,000 motor vehicles
consisting of 750 for general purpose and 250 fire trucks. (a) Activity-by-
activity evaluation of attainment. (b) Comprehensive evaluation of response
attainment and the sufficiency of response resources.
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