Probabilistic prediction of a next large earthquake
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Abstract
Seismologists try to predict how likely it is that an earthquake will occur, with a specified time, place, and magnitude. Earthquake prediction also includes calculating how a strong ground motion will affect a certain area if an earthquake does occur. Estimation of the probability of a large earthquake occurring in the time interval is a difficult problem in the conventional method of earthquake prediction, it is given some distribution of observed interval times between large earthquakes. In this paper it is estimated the interval time for the next large earthquake, assuming the conditional probability of an earthquake occurrence as a maximum, which can or cannot occur in the next 30, 50, 80, 100 and 200 years since the occurrence of the last large earthquake. The probability distribution of earthquake model and the method of predicting the annual probability are applied by using historical data on large earthquakes in Yangon and its surrounding areas, and the probability of the future earthquake in the region is suggested.
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1. Introduction
Myanmar is part of a long active tectonic belt extending from Himalayas to the Sunda Trench (Vigny et al, 2003; Myanmar Earthquake Committee, 2005). Historically, Myanmar has experienced many earthquakes (Maung Thein, 1994). The probabilistic prediction of the next large earthquake in Myanmar might be significant. Such a prediction must rely on the observations of phenomena which are related to large earthquakes. Prediction is usually probabilistic in nature to allow for observed differences in individual repeated times and uncertainties in the parameters used in the calculations.
Earthquake prediction is inherently statistical (Lindh, 2003). Although some people continue to think of earthquake prediction as the specification of the time, place and magnitude of a future earthquake; it has been clear for at least two decades that this is an unrealistic and unreasonable definition. Earthquake prediction is customarily classified into long-term, intermediate-term and short-term (Snieder et al, 1997; Committee on the Science of Earthquakes, 2003; and Sykes et al, 1999). Long-term earthquake prediction is to predict the possible shocks occurring in a special region for the period of several years to over ten years in the future (Su Youjing, 2004). The reality is that earthquake prediction starts from long-term forecasts of place and magnitude, with very approximate time constrains, and progresses, at least in principle, to a gradual narrowing of the time window as data and understanding permit. Thus, knowledge of present tectonic setting, historical records, and geological records are studied to determine locations and recurrence intervals of earthquakes (Nelson, 2004). A method of long-term prediction, which has been studied extensively in connection with earthquakes, is the use of probability distributions of recurrence times on individual faults or fault segments (Ferraes, 2002).

Two kinds of time-dependent models have been proposed: time-predictable and slip-predictable (Ferraes, 2002). In a time-predictable pattern the time between events is proportional to the magnitude of the preceding event, and therefore the date but not the magnitude of the next event can be predicted (Zoller et al, 2007). In a slip-predictable model the time between events is proportional to the magnitude of the following event, and the magnitude of the next event can be predicted, but the date cannot be predicted.      In this model, the probability of earthquake occurrence during a period of interest, which is referred to as conditional probability, is related to the elapsed time since the last major event and the average recurrence interval between major earthquakes. In time-interval based prediction, it is given some kind of assumed distribution of interval times and knowing the elapsed time since the last large event.

2. Probability Distribution of Earthquake Models
The probability distribution curves have three different models; characteristic earthquake model, time-predictable model and random model (Martel, 2002). The probability of events depends on the probability density distribution that is sampled and the sampling method.
In fact, we can not tell exactly when an earthquake happens, because we do not have a theoretical model that successfully describes earthquake recurrence, so we adopt probability distributions based on the earthquake history which for most faults is short (only a few recurrences) and complicated. As a result, various distributions grossly consistent with the limited history are used and can produce quite different estimates.

Time-predictable model states that an earthquake occurs when the fault recovers the stress relieved in the most recent earthquake (Murray et al, 2002). Unlike time-independent models (for example, Poisson probability), the time-predictable model is therefore often preferred when adequate data are available, and it is incorporated in hazard predictions for many earthquake-prone regions. Time-predictable model is dividing the slip in the most recent earthquake by the fault slip rate in approximating the expected time to the next earthquake and only can predict the time of the next earthquake, not the magnitude of the next earthquake.
Gaussian distribution approach can be used with any assumed probability density function. The simplest is to assume that earthquake recurrence follows the familiar Gaussian or normal (bell curve) distribution
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This distribution is often described by using the normalized variable 
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 that describes how far it is from its mean in terms of the standard deviation.

3. Conditional Probability
The purpose of this section is to provide a brief synopsis of conditional probability of event occurrence, P(∆t|t), and to discuss some applications of conditional probability. The equations of conditional probability are applied to predict the occurrence of the next large earthquake in Yangon and its surroundings.

Given an interval of t years since the occurrence of the previous event, the probability of failure can be determined before time t + ∆t.

The conditional probability P(t < T ≤ t + ∆t | T > t), which is the probability that an earthquake occurs during the next ∆t interval, is
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In terms of the probability density of T, say f, we have
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and
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Substituting equations (3) and (4) in equation (2), one gets
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Equation (5) provides a reasonable approach for estimating seismic hazard on a fault or fault-segment and makes the assumption that the underlying probability distribution of earthquake recurrence time intervals normal (Ferraes, 2002).
4. Prediction of the annual probability of a large earthquake

There are total 22 large earthquakes from 527 AD to 1930 AD happened in and around the Yangon City of Myanmar (Myanmar Earthquake Committee, 2005). The data set includes 527, 615, 652, 736, 813, 875, 986, 1059, 1161, 1269, 1286, 1348, 1396, 1457, 1464, 1570, 1644, 1757, 1768, 1912, 1917 and 1930. 
Based on the time between the oldest event listed above and the 1930 event, the average (mean) recurrence interval for large earthquakes can be calculated as follows;

Mean Recurrence Interval = (1930-527) years/ 21 number of recurrence interval    (6)

                                              = 67 years.

The earthquakes are not occurring at a perfectly regular pace. The recurrence times between each successive pair of earthquakes are; 88, 37, 84, 77, 62, 111, 73, 102, 108, 17, 62, 48, 61, 7, 106, 74, 113, 11, 144, 5, 13.

When we calculate the standard deviation of the 21 recurrence intervals associated with the 22 earthquakes, the following equation is used
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where 
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 is the standard deviation, Ri is the recurrence time between a given pair of events, R* is the mean recurrence interval, and n is the number of recurrence intervals. Thus, the standard deviation  
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 is 40 years.

Assuming target year is 2020, how many years have elapsed since the last large earthquake in Myanmar;
         2020-1930 = 90 years                                                        (8)
The mean recurrence interval of the years;

               90-67 = 23 years                                                          (9)

The mean recurrence interval of the standard deviations;

          23 years/ 40 years = 0.58 standard deviations                   (10)

We will now suppose the distribution of recurrence intervals is normally distributed about the mean recurrence interval. On the supplied paper, plot the equation
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where f(t) is normal distribution, t is time, t* is the mean, and 
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is the standard deviation. Plot this for 0 ≤ t ≤ 250 years.

Suppose the year is 2020 – 23 years (0.58 standard deviations) of the mean recurrence interval. In 30 years we would be 7 years (or 7/40 = 0.18 standard deviations) past the mean recurrence interval. The area under the probability density curve from the mean to 0.58 standard deviations shy of the mean is 0.219. The area under the probability density curve from the mean to 0.18 standard deviations past the mean is 0.0714. The area under the probability density curve from 0.58 standard deviations of the mean to ∞ is 0.5 + 0.219. So:
P = (0.219 + 0.0714) / (0.5 + 0.219) = 40 %                               (12)
Now suppose I consider the earthquakes to be distributed randomly (i.e. they are characterized by a Poisson distribution). Then the probability of an earthquake occurring does not depend on how much time has elapsed since the last earthquake. The probability of “x” number of earthquakes occurring in a given interval of time t is given by:
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where “v” is the average rate of occurrence. So if the average recurrence interval is 67 years, the probability of getting 1 event in 67 years is:
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The probability of getting one event in 30 years is:
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                                      = 29 %
Thus the probability of getting no event in 30 years is:


[image: image16.wmf](1)1(1)

No

pp

=-

                                                                         (16)

                              = 71 %

where “
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p

” is the probability of getting no event.

Similarly, the probability of getting one event and no event in 50 years, 80 years, 100 years and 200 years in table-1.
Finally, we have found the probability of getting one event and no event for next 30 years, 50 years, 80 years, 100 years and 200 years as shown by figures 3 and 4. 

5. Conclusion
I have determined a time interval for the occurrence of the next large earthquake in Yangon City and its surroundings, using the conditional probability of earthquake occurrence and the annual probability method based on the historical earthquake data.  First, the probability predictions are provided for next 30 years by using the prediction of the annual probability method, and then the predictions for next 50 years, 80 years, 100 years and 200 years. The prediction of the annual probability of “the big one” method tells the occurrence of the probability of the next large earthquake in 30 years, 50 years, 80 years, 100 years and 200 years in Yangon and its surrounding areas. In this paper, the time predictable pattern is used and consequently the time of event occurrence is estimated.
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Captions for Figures and Tables
Figure 1. Gaussian or normal (bell curve) distribution
Figure 2. Probability of an Earthquake

Figure 3. Probability of getting one event
Figure 4. Probability of getting no event

Table 1. The probability of getting event
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Figure 1. Gaussian or normal (bell curve) distribution
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Figure 2. Probability of an Earthquake
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Figure 3. Probability of getting one event
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Figure 4. Probability of getting no event

Table 1. The probability of getting event
	No
	Years
	Probability of getting one event
	Probability of getting no event

	1
	50
	35%
	65%

	2
	80
	36%
	64%

	3
	100
	34%
	66%

	4
	200
	15%
	85%
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