Problem Set #2

Epistemic Uncertainty and Aleatory Variability

Source Characterization

1.  What is the difference between aleatory variability and epistemic uncertainty in seismic hazard analyses?

2. In the context of probabilistic seismic hazard analysis, classify the following as either aleatory variability or as epistemic uncertainty

	
	Aleatory Variability
	Epistemic Uncertainty

	1. Length of a fault
	
	

	2. Length of a rupture for a given earthquake magnitude
	
	

	3. Mmax in the truncated exponential pdf for magnitude
	
	

	4. Mean earthquake magnitude given the rupture area
	
	

	5. Earthquake magnitude given the rupture area
	
	

	6. Value of the standard deviation of log (Area) for a given magnitude
	
	

	7. Slope, c1, of the mag-area scaling:

M = c1 log(A) + c2
	
	

	8. b-value in the Y&C characteristic earthquake model for the mag pdf
	
	

	9. Location of the rupture on a fault, given an earthquake
	
	

	10. Long term slip-rate on a fault
	
	


3.  Assuming constant stress-drop, derive the scaling relation for average displacement on the rupture as a function of magnitude.  The value of the constant is not needed.

Sources for Problems 4-8:

The following three sources will be the basis for a hazard calculation in a later problem set.  Not all of source parameters listed below are required for this problem set, but they will be used in subsequent problem sets.

Fault 1:

Coordinates (km):  (-50,20), (50,20)

Fault Length = 100 km

Fault Width = 12 km

Dip = 90 degrees

Slip-rate = 10 mm/yr

Style-of-faulting: strike-slip

Magnitude pdf: Truncated normal (m=0.2, nsigmax=2)

Area(M) = 10(M-4) with A=0 (delta function for fA(m))

Width(M) = sqrt(Area) but with constraint that W< Fault Width



(delta function for fW(m))

Fault 2:

Coordinates (km):  (-0,5), (30,5)

Length = 30 km

Width = 12 km

Dip = 90 degrees

Slip-rate = 1.5 mm/yr

b-value = 0.9

Style-of-faulting: strike-slip

Magnitude pdf: Youngs & Coppersmith (1985) Characteristic

Area(M) = 10(M-4) with A=0 (delta function for fA(m))

Width(M) = sqrt(Area) but with constraint that W< Fault Width



(delta function for fW(m))

Background source:

Circle with 50 km radius centered on (0,0)

style-of-faulting: reverse

magnitude pdf: truncated exponential

maximum magnitude = 6.5

Width of seismogenic zone = 12 km

Observed seismicity listed in Table 1.

Table 1. Catalog of earthquakes in the background zone

	Mag Range
	
	

	M1
	M2
	Number of Earthquakes
	Number of Yrs

(catalog completeness)



	3.0
	3.1
	18
	100

	3.1
	3.2
	11
	100

	3.2
	3.3
	7
	100

	3.3
	3.4
	6
	100

	3.4
	3.5
	12
	100

	3.5
	3.6
	3
	100

	3.6
	3.7
	2
	100

	3.7
	3.8
	3
	100

	3.8
	3.9
	1
	100

	3.9
	4.0
	1
	100

	4.0
	4.1
	0
	150

	4.1
	4.2
	1
	150

	4.2
	4.3
	1
	150

	4.3
	4.4
	1
	150

	4.4
	4.5
	0
	150

	4.5
	4.6
	2
	150

	4.6
	4.7
	0
	150

	4.7
	4.8
	0
	150

	4.8
	4.9
	0
	150

	4.9
	5.0
	1
	150

	5.0
	5.1
	1
	250

	5.1
	5.2
	0
	250

	5.2
	5.3
	0
	250

	5.3
	5.4
	0
	250

	5.4
	5.5
	1
	250

	5.5
	5.6
	0
	250

	5.6
	5.7
	0
	250

	5.7
	5.8
	0
	250

	5.8
	5.9
	1
	250

	5.9
	6.0
	0
	250

	6.0
	6.1
	0
	400

	6.1
	6.2
	0
	400

	6.2
	6.3
	0
	400

	6.3
	6.4
	0
	400

	6.4
	6.5
	0
	400


4. Characteristic Magnitude

For faults 1 and 2, compute the mean characteristic magnitude for full rupture

5.  Activity Rates for faults

Using a minimum magnitude of 5.0 and the magnitude density functions listed for each source, compute the rate of magnitude 5.0 or greater earthquakes for each fault source source.

6.  Activity Rates for Areal Sources

Using the maximum likelihood method, compute the b-value and activity rate for the background source.

7.  Magnitude Recurrence Relations

For fault 1, compute the magnitude-recurrence relation (N(M)) for three alternative forms of the magnitude density function:


Truncated exponential (truncated at the mean characteristic earthquake)


Delta function (at the mean characteristic earthquake)


Youngs and Coppersmith composite model

Plot the three alternative magnitude recurrence relations (semi-log plot, all on the same plot).

Which model has the highest rate of m>5 earthquakes?  Which model has the highest rate of M>7 earthquakes.  Explain why.

8. Probabilities for Magnitude Ranges

For each source (fault 1, fault 2, background), compute the conditional probability for the following magnitude ranges given than an earthquake above M5.0 has occurred (e.g. P(5.0<M<5.2|eqk with M>5) )


5.0 - 5.2


5.2 - 5.4


5.4 - 5.6


5.6 - 5.8


5.8 - 6.0


6.0 - 6.2


6.2 - 6.4


6.4 - 6.6


6.6 - 6.8


6.8 - 7.0


7.0 - 7.2


7.2 - 7.4


7.4 - 7.6


7.6 - 7.8


7.8 - 8.0

