Regularities in the development of aftershock zones, example of the 2004 Banda Aceh earthquake
Background

Figure 1. Number of earthquakes per year for a region framing the Banda Aceh earthquake

Figure 2. Same data as first diagram above but on a log scale. 
Note the general increase in seismicity (earthquake activity) from 1975 (about 50 EQs/yr) to 2004 (about 150 EQs/yr). In either figure, note the huge increase in earthquake numbers after the mainshock, which was on December 26, 2004. Most of the aftershocks occurred in 2005, but even in 2010, earthquake activity is about twice what it was before the earthquake, so a broad period of aftershocks is continuing.


Figure 3.  Correlation between the Log10Number of earthquakes per year and the Maximum magnitude recorded the same year.  

This suggests that aftershocks follow large earthquakes and boost up the numbers for a year with a large earthquake. However, the positive correlation is almost entirely caused by the years since the Main shock (2004-2009). All the years up until then define a bulls-eye with no hint of a linear relationship.  The ability of a small number of outliers to create linear regression that appears statistically significant is one of the well known pitfalls in regression analysis, something to look for, recognize and discount.
Earthquake aftershock sequences approximately satisfy three empirical relations:
1. Gutenberg-Richter frequency-magnitude scaling
2. Båth's law for the difference in the magnitude of a mainshock and its largest aftershock
3. Omori's law for the temporal decay of aftershock rates.

The next two pages give the Wikipedia version of these laws (accurately as far as I can tell)

Aftershock size and frequency with time
Aftershocks tend to obey a number of empirical (observed, not derived from first principles) laws concerning magnitude and frequency.

Omori's Law
Aftershocks occur in a pattern that follows Omori's law or, more correctly, the modified Omori's law for the temporal decay of aftershock rates. In 1894, Omori published his work on the aftershocks of earthquakes, in which he stated that aftershock frequency decreases by roughly the reciprocal of time after the main shock.


where:

· n(t) is the rate of earthquakes measured in a certain time t after the main shock, t is usually measured in days
· K is the amplitude, and

· c is the "time offset" parameter.

The modified Omori's law, now commonly used, was proposed by Utsu in 1961.
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where

· p modifies the decay rate and typically falls in the range 0.7–1.5.

According to these equations, the rate of aftershocks decreases quickly with time. The rate of aftershocks is proportional to the inverse of time since the mainshock. Thus whatever the odds of an aftershock are on the first day, the second day will have 1/2 the odds of the first day and the tenth day will have approximately 1/10th the odds of the first day (when p is equal to 1). These patterns describe only the mass behavior of aftershocks; the actual times, numbers and locations of the aftershocks are 'random', while tending to follow these patterns. Because this is an empirical law, the values of the parameters are obtained by fitting a curve to the data and have no explicit physical basis/meaning.

Bath's Law
The other main law describing aftershocks is known as Bath's Law, which states that the difference in magnitude between a main shock and its largest aftershock is approximately constant, independent of the main shock magnitude, typically 1.1-1.2. Thus the largest aftershock of a Magnitude 9 should be a magnitude 7.8 or 7.9.
Gutenberg-Richter law
Aftershock sequences also typically follow the Gutenberg-Richter law of scaling, which refers to the relationship between the magnitude and total number of earthquakes in a region in a given time period.
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 are constants
In summary, there are more small aftershocks and fewer large aftershocks.

ASSIGNMENT
Another facet of aftershocks was described by S. Fedotov in 1963 and K. Mogi in 1969. Aftershocks define block-like areas that define the fault surface that slipped during the earthquake. Usually the first month of aftershocks is sufficient to define the aftershock zone, also known as the focal area or rupture zone. Aftershocks in later periods may bleed over into areas that are outside the actual focal area.
Questions to be answered are in bold.
Purpose: Learn about the development of aftershock zones using real data

Use GeoMapApp to plot the first month of aftershocks from the Banda Aceh earthquake, using the file provided. For the map, the latitude range should be from about 84 East on the left to 106 East on the right. The bottom latitude should be about 4 South and the top latitude should be about 12 North.

Set GeoMapApp to roughly this area and import the xls file, EQs_OneMonth_Sumatra.

Click Color by value and set to Magnitude

Click Scale by value and also set to Magnitude.

Rescale the map to make sure the aftershock zone is fully displayed.

SAVE THIS MAP
The first EQ on the list (now at the bottom of GeoMapApp) is the Mainshock which occurred at 00:58:53.45 GMT (about an hour after midnight in London but about 7 AM local time. The next earthquake on the list is about 18 minutes later. This long time gap may just be the length of the noise from the huge earthquake.

Put your mouse on the clist and click on the mainshock. The location of the mainshock on the map should now be highlighted. 

a. Where is the Mainshock relative to the whole aftershock zone?
Now click on the next EQ after the mainshock and then the next and so on up until the 6th EQ in the list (it has a latitude of 8.83). Do this sequence 2 or 3 times.

b. In what direction does the sequence go? (e.g. North, Northwest etc)
c. About what percentage of the aftershock zone LENGTH is covered by this initial sequence of 5 aftershocks?  Make an estimate of the length of the aftershock zone in km. Do the same for the length spanned by the first 5 aftershocks. If you need a scale, remember that one degree of Latitude is about 110 Km.
Now add to the map the file: EQs_2_3Months_Sumatra.xls. Import as before.

d. Having added two more months of aftershocks, does the aftershock region expand? and if so, by how much?  (you can ignore a few outliers)
Make and then submit via Sakai a Word file that has your map of aftershocks and a short list of answers to a through d. Working is a group is encouraged, just make sure to list all group members at the top and put them in alphabetical order.
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Slope=  1.273E00  Int=  3.834E00   n=35  t=5.8  F=33.6  r=.71  r'=.48








PAGE  
2

