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Clustering

Step 1

The program reads data from a text file, which contains data from the Berkeley database. The file contains about 17000 occurrences of earthquakes in the Bay Area from 1910 to the present day.
Step 2

The program clusters the data according to their geographical region, longitude and latitude. The basic idea behind this is that earthquakes from a specific area will be in the same cluster since they have similar behavior. We used a modified version of Kruskal’s algorithm to find the minimal spanning tree with many different optimization techniques. With 17000, it would be 17000² edges, but since i->j has the same distance as j->i, we can decrease the number of edges by a factor of two. In the example below 1,2, and 3 are different clusters, represented by different colors. Cluster 1 can never be in the same cluster as Cluster 3, so we limited the distance between the edges so only vertices close to each other have edges between them.
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This clustering algorithm produces very many different clusters, many of them are small because of the distribution of the data, but we have a few big and concentrated clusters that show where frequent earthquakes occur.

Step 3

The second cluster algorithm, clusters the data according to when they occurred. We used earthquakes starting from 1970 since the earthquakes before that were recorded very poorly due to the inadequate equipment, they tend to have the same magnitudes, for example earthquakes of magnitude 3.0, 3.1, 3.25 were all rounded to 3.0.

You can see that the data have many spikes, and each spike has a different color, while the same spike has the same color from bottom to top. This clustering combined with the geographical clustering enables us to draw very powerful conclusions. We now know whether a single occurrence of an earthquake happened in the same area and time as a different one. This dual cluster can detect a big earthquake and analyze what happened before, such as many small earthquakes, no earthquakes at all (the silence before the storm), or earthquakes getting progressively worse.
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Step 4

The final clustering clusters the data based on magnitude, it works to just “cluster” it based on range, for example earthquakes with magnitude 3.0-3.5 is one “cluster” but it’s makes the assumption that the data is uniform. Our cluster algorithm is more generic and puts the data into clusters based on closeness and earthquakes that have very similar magnitudes are grouped together. This lets us find patterns among the earthquakes that has similar magnitudes and of course it can be combined with the two other clusters to find patterns.
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Decision Trees
The Prim's algorithm is applied to find the minimum spanning tree of longitude and latitude.  This finds the geographic clusters where the earthquakes happen.  Visual data of these clusters and where the earthquake occur fits within our common sense that earthquake tends to happen at fault lines.  Some geographic regions that have more earthquakes than others because they happen to locate around a fault line.  Prim's algorithm manage to find around 800 clusters.  However, most of these clusters are meaningless because they represents single isolated earthquakes in a region for the whole span of time from 1910 to present.  Therefore, sensible pruning allow us to just see the top few clusters where earthquakes happen the most.

Also, in order to take the magnitude attribute of the earthquake, we need to classify it into three separate categories: low magnitude, medium magnitude, and high magnitude.  Low magnitude represent seismic numbers from 3.0 to 4.5; medium magnitude represent the range from 4.5 to 6.0; high magnitude represent 6.0 and above.

We identify each earthquake by two significant attributes: their geographic cluster and the magnitude.  We can visualize this by plotting all the earthquakes in a longitude and latitude map.  From this we can visualize the earthquakes clearly and see what cluster they belong to.  We draw two separate figures to separate the low magnitude, medium magnitude, and high magnitude earthquakes.  These drawings are figures 1 and 2.  We did not draw the high magnitude earthquakes because we realized that there are very few data points to find a meaningful conclusion.
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The colored dots in the graph represents the earthquakes that are in the top density clusters.  The clusters are clearly indicated with the circle and a number beside it.  The top density cluster is the circle with the number one beside it.  There are many clusters in this plot, however, we are only interested in the high density clusters.  For low magnitude earthquakes, high density clusters are defined to be a cluster where 20 or more earthquakes have occurred.  For medium magnitude earthquakes, high density clusters are defined to be a cluster where 18 or more earthquakes have occurred.  All other clusters are considered low density ones.  From these data, we have basically generated one more useful attribute: density of the cluster.  We have two separate density numbers: low magnitude density and medium magnitude density.  And the classification of the density are low density and high density.

This is the final table of attributes for each earthquake:

	attribute
	geographic cluster
	low magnitude


	medium magnitude

	values
	cluster number
	high density/ low density
	high density/

low density


Table 1.  Attributes of earthquakes

With the attributes of each tuple properly defined and preprocessed, we can now use the decision tree technique to determine the likelihood of earthquakes.  Given a geographic location, we try to determine which attribute of the location gives the highest information gain for determining likelihood of it having earthquakes.  After some computation, we realize that the most significant attribute is geographic cluster.  If a location belongs to a geographic cluster, then the probability of it having earthquake is high, otherwise, it is low.  Therefore, in the decision tree illustrated in Figure 3, the first branch asks for whether a location belong to a geographic cluster or not.

Next, to ask whether we want to determine the likely hood of having low or medium magnitude earthquakes, we have to separate the data into two parts.  Therefore, in the decision tree, we branch off to low magnitude and medium magnitude, depending on what answer you are seeking.

The 2nd attribute that matters is the low magnitude density or medium magnitude density, depending on where you branch off in the 2nd question.  If the value of the 2nd attribute is low density, then earthquake will not likely occur.  If the value is high density, then earthquake will likely occur.
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Association Rules
This is the 3rd approach we used to find the patterns of earthquakes.  We formed a hypothesis that there are some earthquakes occurs in the same region or geographic cluster at a fixed time interval.  This interval can be every 2 years, 3 years, 4 years, and so forth.  To confirm this hypothesis, we use Apriori algorithm to find such patterns.
To properly setup Apriori algorithm for finding frequent item sets, we have to have a set of tuples, each with a set of items.  For the tuples we have devised, there can be several kinds of items.  First, the item can be a cluster number.  In fact, all tuples must have least one item that is the cluster number.  This corresponds to the geographic cluster where the earthquake has happened.  The second type of items is multitude.  Each multitude contains a multitude number which determines its type.  A multitude item can be of type 2's multitude, 3's multitude, 4's multitude, 5's multitude, and all the way to 15's multitude.  Each multitude also contains a remainder value, which is obtained from the remainder of dividing the year when the earthquake happened by the multitude number.  Each tuple contains one multitude item for each multitude type from 2 to 15.  As a result, a tuple will have the following item sets:
	Cluster Number
	2's Multitude
	3's Multitude
	...........
	15's Multitude

	c
	M(2,n)
	M(3,n)
	
	M(15,n)


To generate the tuples, we have to convert every single earthquake from our dataset into a tuple.  This is done by taking the geographic clusters generated by the clustering algorithm we have designed, and put that cluster number as the first element of the tuple.  Then we divide the year of the earthquake by the multitude number for each type of multitude.  This will generate a list of multitude pairs.  For example, there is an earthquake that happened in 1963 that has been clustered into number 130.  The resulting tuple has the following items:

cluster130, M(2,1), M(3,1), M(4, 3), M(5, 3), .... , M(15, 13)

M(2,1) is a multitude with multitude number of 2 and remainder 1.  This is because 1963 divided by 2 will have a remainder of 1.  Since 1963 divided by 3 has a remainder of 3, hence M(3,1).

The first step of Apriori is to find the frequent item sets for L1.  We are going to use a modified version of this algorithm to suit our special circumstance.  We will only prune out cluster items and not multitude items.  Although a multitude may appear in only a few earthquakes, this may prove to be significant enough that we want to include it in our database.  Also, we have determined that a cluster number must appear at least 20 times in our tuples for it to be consider a frequent item set.  Basically, we are setting the support number for cluster number item to be 20.  In another word, we will ignore any clusters that have less than 20 earthquakes because that is just too small of a set to generate meaningful data.
We have to do another step to pre-process our data.  There are many earthquakes of the same cluster that happen on the same year.  This will throw off our calculations.  To prevent that from happening, we create a totally new set of tuples that is exactly the same as our previous set except for one thing: all tuples are unique and uniqueness is distinguished only by the cluster number and the year it occurred.  So if there are 5 earthquakes that happen at the same place and the same year, they are all combined into one tuple only.
Now it is time to consider the L2 combinations.  First we must realize that it is meaningless to consider any combinations between two multitude elements.  Any associations derived from such combination will not generate any useful knowledge.  Therefore, the only interesting combination is between a cluster number and a multitude element.
Now we form all possible combinations between all the L1 cluster numbers and the possible multitude items.  For each combination, our program calculates the number of appearance of in the tuple set.  Support and confidence are calculated.  We set a minimum support of 3 for each combination.  If a combination does not appear at least 3 times, it is not considered a frequent item pair.  Confidence is calculated for ClusterNumber -> Multitude, and Multitude -> ClusterNumber.  It turns out that the confidence level of Multitude -> ClusterNumber is very low because there are not a lot of varieties of multitude and each multitude value can appear in many tuples.  So that leaves the association ClusterNumber -> Multitude.  After putting a high enough threshold of confidence level, this is what the computer outputs:
	cluster number
	multitude
	number of earthquakes
	number of match
	confidence

	1232
	M3(1)
	6
	4
	66%

	1020
	M7(1)
	8
	4
	50%

	188
	M2(0)
	6
	5
	83%

	188
	M5(1)
	6
	3
	50%

	1678
	M5(0)
	6
	3
	50%


So what do these data mean?  Let's start by examining cluster number 188.  The table above says that there are only 6 earthquakes.  But are there only 6 earthquakes for that cluster?  6 earthquakes don't seem to fit the criteria of 20 earthquakes to be a frequent item set.  The reason why this is so is that this number reflect only the number of tuples after uniqueness is redefined in the pre-processing step.  Now what does the cluster 188 tell us?  It tells us that 5 earthquakes happened in this cluster region and the year it happened on is divisible by 2, as indicated by M2(0).  This data indicate that a lot of earthquake that happen in this region tends to be on even number of the year.  We don't think that it indicates that there is anything special about even numbers.  It only mean that this region tends to have earthquake a set interval: every two years.  And the same logic can be applied to other data in the table.
However, we can't confirm this information until we see the visualization.  So here is the visualization for cluster 188.
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Time Magnitude graph for cluster 188
The above graph illustrates the time when earthquakes happened for cluster region 188.  The blue vertical lines demarks the even number of years.  The red circles denotes the earthquakes and the height is the magnitude of the earthquake.  It seems from the way the red circle huddling the blue lines that earthquakes in this region tends to happen on even number of years.  
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Time Magnitude graph for cluster 188
Here is the same cluster except the blue demarcation line is drawn on interval of 5 years.  This has a lower confidence level (50%) since not as many red circles are close to the blue lines.  However, it still seems to illustrate a fixed regular interval in the earthquake's pattern.
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Time Magnitude Graph for Cluster 1232
This cluster shows 4 points that are divisible by 3.  There does seem to be a fixed interval for earthquake to happen every 3 years.  However, there seems to be a streak of red dots in the middle that do not follow this trend.  These earthquakes may be caused by other factors.
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Time Magnitude Graph for Cluster 1020

For cluster 1020, a lot of the earthquakes tends to occur on multiple of 7.  Although the visualization here shows a distinct preference for earthquake to happen every 7 years, there is a significant gap between 1960 to 1990.   This could be the result of many factors.  Such as earthquake during that time is too faint to detect.
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Time Magnitude Graph for Cluster 1678

This cluster shows a distinct pattern of earthquake appearing every 5 years.  Although there are still some earthquakes that do not fall on the blue line, but most other dots are pretty convincing.

Conclusion

Clustering by geographic region is relatively easy because we are using methods such as minimal spanning tree that have proven to work.  However, when it comes to finding a pattern to the earthquakes, we have tried at least 2 different approaches and came with mixed results.
Decision tree approach prove to be very effective at predicting which location will have the tendency to have earthquakes.  This is because earthquakes tends to occur near fault lines, and it makes common sense that earthquake tends to occur near the same location.  In the decision tree approach, we further classify the data according to the magnitude of the earthquake.  This allows us to use decision tree to further refine the prediction of earthquakes; meaning, we can know which geographic clusters tend to have large low magnitude earthquakes and which cluster will have more medium cluster earthquakes.  However, this approach do not tell us much about the high magnitude (> 6.0) earthquakes because the amount of data are just too sparse to make a sensible pattern.  Another major flaw to this approach is that the result says nothing about the timing of the earthquake.  This leads us to the association approach.
Using Apriori algorithm, we are able to find some sort of association between the geographic cluster of the earthquake and the timing of the earthquakes.  By adding multitude item sets into our tuples, we can use a modified Apriori algorithm to find clusters that tend to have fixed regular interval earthquakes.  The resulting data we found with high confidence level is little.  However, those little amount of clusters we found do show quite a bit of fixed regular interval pattern to it.  We think that this indicate that there are many mechanisms that determine the frequency of earthquakes, but a small set of those mechanisms exhibit fixed regular intervals.
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Fig 3.  Decision Tree





Fig 2. Medium Magnitude Earthquakes





Fig 1.  Low Magnitude Earthquakes
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