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1. Overall

This document describes effect of shortening delivery time especially in the case of earthquake early warning.
2. Proposal

Following modified text should be included into PWS TR.
=================== Description into PWS TR22.968 ===================
A.7.1.3
Effect of shortening delivery time
In this section, effect of shortening delivery time is described according to evaluation of one of past earthquakes. In the evaluation, delivery time of EEW message over PWS is compared with arrival time of S-wave and then it shows that how important shortening delivery time is for earthquake early warning.

· Evaluation data

A target of this evaluation is the 2004 Chuetsu earthquake because this earthquake is the most recent and great one in Japan and it is also one of inland earthquakes which are likely to cause greater damage than submarine earthquakes. Therefore, it is worse case and it is necessary to deliver PWS messages faster. 

Then, in order to estimate arrival time of S-wave, 61 earthquake sensors which measured quakes greater than or equal to “5 Lower” on the Japanese earthquake scale when the 2004 Chuetsu earthquake happened are picked out from a database of past earthquakes published by Japanese government. The reason is that damage would be greater in cases greater than or equal to “5 Lower”, so the EEW system issues EEW information. The number of sensors shows how wide affected areas are i.e. how many target users there are, because most sensors are deployed at each administrative district (e.g. city, town, and village) and like about 10km mesh (i.e. an average coverage area per sensor is about 100km2 ).

Note: The EEW system collects information measured by each sensor and makes a database of location (i.e. latitude and longitude) of sensor and earthquake scale. The database is published by Japanese government on its web site and quoted from the following: (http://www.seisvol.kishou.go.jp/eq/shindo_db/shindo_index.html)

Note: “5 Lower” shows degree of damage that walls fall and windowpanes break. The greater the scale is, the greater the damage would be.

· Procedure of evaluation

The following procedure describes how to evaluate effect of shortening delivery time by means of above mentioned data.

1. Calculate a propagation distance of S-wave between the epicentre and a sensor: D

D is equal to the square root of geographical distance between the epicentre and a sensor squared plus depth of epicentre squared. The depth of epicentre is equal to 13 [km] and given by the database.

2. Propagation speed of S-wave: V

V is equal to 3.5 [km/s] and given by the paper below.

3. Calculate arrival time of S-wave: T

  T is equal to D divided by V.

4. Draw a histogram, and then compare arrival time S-wave with delivery time of EEW message.

Note: Propagation speed of S-wave is quoted from the following paper: H. Yamanaka, et al., “Estimation of local site effects in the Ojiya city using aftershock records of the 2004 Chuetsu earthquake and micro tremors”, (http://www.eri.u-tokyo.ac.jp/hirata/chuetsu/kakenHoukoku/5.2yamanaka.doc)

· Evaluation: shortening delivery time

The following graph in Figure Y shows a histogram of arrival time of S-wave measured at each earthquake sensor in the 2004 Chuetsu earthquake. X-axis shows arrival time of S-wave of the earthquake, and Y-axis shows the number of sensors which measured the S-wave for the same 2.5 seconds of time interval. 

Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message over current CBS is about 8 seconds like the estimation in the section A.7.1.2, and it takes 5 seconds to take safety measures after receiving EEW message, this graph shows that current CBS can deliver the EEW message to only about 37% of disaster areas before S-wave arrives. Then, taking extra time for taking safety measures into account, current CBS can save the people in only 13% of disaster areas. 

At this moment, the only thing that 3GPP systems contribute to save more people is shortening delivery time because both estimation time of earthquake scale and extra time of safety measures are not variable by 3GPP systems. If the delivery time is shortened by 5 seconds, it can deliver the message to 74% of the disaster areas and save people in about 37% of disaster areas. 

Note: The statistics of past earthquakes says that it averagely took 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happened.
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Figure Y: Effect of shortening deliver time

· Conclusion of the evaluation

In the case of EEW, shortening delivery time by seconds as much as possible is quite effective to save more people in disaster areas.
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