Winter, 2008




Lab 5 - Modeling Earthquake Magnitudes

Due Monday, Feb. 18 
Your lab report will consist of answering the following questions. Your Minitab output should be incorporated into the body of the report.  You are encouraged to work with one other person on this lab and turn in one jointly written report.
Scenario: Let X represent the magnitude of an earthquake and suppose we want to estimate the probability of an earthquake registers 3.0 or higher.   Predict the behavior of this data.
Open the worksheet earthquake.mtw from statweb.calpoly.edu/bchance/stat321W08/data/ 
which contains earthquake magnitudes for all 614 quakes with magnitudes greater than 1 in the U.S. between March 25 and April 1, 2004.

(a) Produce a histogram of these magnitudes (Graph > Histogram) and produce descriptive statistics (Stat > Basic Statistics > Display Descriptive Statistics).  Summarize the behavior of this distribution.

(b) Use the let command to tally the number of observations above 3: 


MTB> let c2 = (c1>=3)



MTB> tally c2
Include this output and report the proportion of these magnitudes that were at least 3.0.

We can model these magnitudes as a continuous random variable (the set of possible outcomes is an entire interval of numbers).  The key with continuous RVs, is that probabilities will be represented by areas under a curve.  In this lab, your goal is to examine several common continuous probability distribution functions (pdf) to see which do a reasonable job of predicting the behavior of these data.  Let’s start with the simplest but least flexible!
Uniform Distribution (p. 133)


Properties: Flat density, probability of an interval is proportional to its length.  
Used to model when observation is equally likely to fall in any small subinterval.

Domain: A 
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Calculate probabilities using Minitab or:

f(x) = 1/(B-A)
A<x<B; 0 otherwise

Parameters: A, B


F(x) = (x-A)/(B-A)
E(X)=(A+B)/2

V(X) = (B-A)2/12

(c) Suppose we thought the earthquake magnitudes followed a uniform distribution with parameters A=1 and B=5. Choose Graph > Probability Distribution Plot > View Probability, OK, and select Uniform distribution from the pull-down menu. Specify 1 as the lower endpoint and 5 as the upper endpoint. Then press the Shaded Area tab and indicate an X value of 3 and the Right Tail to calculate P(Y > 3).  Include this graph in your report and comment on how the probability from this model compares to the proportion found in (b). 

(d) Based on the behavior of the uniform probability density function, do you think it is a reasonable model for the earthquake magnitudes?  Explain briefly.
	Normal Distribution (Sec. 4.3) Mound-shaped, symmetric distributions. The pdf for the normal model with parameters  and  is
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, -(  < x < (.  Note that this distribution is unimodal and symmetric about its mean  You can show that the inflection points of the normal curve correspond to x = + and x = -Notation


We actually can’t integrate this function so we will rely on Minitab and tables to determine the probabilities of interest.

(e) Right click on the histogram from (a) and select Add > Distribution Fit.  Keep the distribution selected as Normal and press OK.  This will overlay the “best fitting” normal distribution on your histogram and report estimated values for the mean and standard deviation of this normal distribution (we will see later how to find these estimated values).  Include this graph in your report.  Do you think the normal distribution is a good model for these magnitudes (does the pattern of the histogram match the blue curve)?  Explain. 

(f) Let’s suppose we tried to model these data with a Normal(=1.956, =.649) distribution. Use Minitab to calculate the probability of an earthquake magnitude of at least 3 using Graph > Probability Distribution Plot > View Probability. Specify Normal and enter the mean and standard deviation values. Click Shaded Area to make sure it is still defined by X > 3.  Click OK.
Include this output showing the resulting estimate for P(X>3).  Does this appear to be a reasonable approximation to the 8% of earthquakes observed in the sample data?

(g) Instead of only checking one interval to see if the model fits the data, we can use a probability plot (Section 4.6) to see how well the model and distribution agree over the entire domain of observed values.  We won’t go into the details of how these graphs are created, all you need to focus on is whether or not the resulting graph is linear (this is considered easier than seeing if the curve matches as well).  Choose Graph > Probability Plot and click OK.  Enter C1 into the Graph variables box and click OK.  By default, Minitab fits compares the data to a Normal model.  Would you consider this graph (the red dots) to be following a linear pattern?  If not, then this is evidence that the data do not follow a normal distribution.  Include this graph and your commentary in your report and keep this Minitab graph window (and the above histogram) open as you proceed in this lab.
Gamma Distribution (p. 160)

Properties: Wide variety of positively skewed shapes

Often useful to model lifetimes
Domain: x>0


Calculate probabilities using Minitab with parameters (shape) and  (scale), or standardizing (divide x by ) and using Table A.4 (p. 670).


E(X)=, V(X) = 2 

(h) Return to the histogram of earthquake magnitudes.  Double click on the blue distribution curve to open the Edit Distribution Fit window.  Click the Options tab.  From the Distribution pull-down menu, select Gamma and hit OK.  Include a copy of this graph in your report and comment on the behavior of the Gamma distribution.  Does this distribution appear to be a better model for the earthquake data than the others?  Explain briefly.

(i) What are the estimated parameter values (e.g., shape and scale here) reported by Minitab?  Use these values and the formula for E(X) for a Gamma distribution to calculate the expected value of an earthquake magnitude.  Is this value close to the observed sample mean magnitude of the values in C1 (
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 = 1.96)?

(j) Return to the probability plot window and double click on the blue lines to open an Edit Distribution Fit window.  Click Options and then use the pull-down distribution window to select Gamma.  Click OK.  Does the resulting graph (red dots) follow a linear pattern? (include graph)
(k) Calculate the probability that a Gamma(=9.921, =.1971) distribution exceeds by choosing Graph > Probability Distribution Plot > View Probability. Select Gamma, specify the shape parameter () and the scale parameter () (leave Threshold at 0.0) and continue to use 3 as the x value of interest and click OK. How does this predicted probability compare to the observed proportion?
Special Case: Exponential Distribution (p. 157)

A Gamma Distribution with =1 and =1/ 

Properties: Positively skewed, decreasing pdf

Often used to model interarrival times

Domain: x 
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 0
Calculate probabilities using Minitab (giving mean) or:

f(x) = e-x  x > 0; 0 otherwise.
Parameter: 

F(x) = 1-e-x x > 0;

E(X)=1/
V(X)=1/2
(l) Repeat (h)-(j) for the Exponential distribution.  AND In assessing whether the exponential distribution appears to be a good model, comment on a key difference between the behavior of an exponential random variable and a gamma random variable.
(m) Calculate the probability that an Exponential(=.511) distribution exceeds 3 using Minitab (Calc > Probability Distributions > Exponential, WARNING, note that Minitab “parameterizes” the Exponential slightly differently, what parameter value will you enter?) . How does this value compare?
Weibull Distribution (p. 164)

Properties: Very flexible

Often used to model lifelength, e.g., for mechanical devices and biological plants and animals.
Calculate probabilities using Minitab or:
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Parameters:  (shape),  (scale)
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 where ()=(-1)(-1), (
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(n)=(n-1)! when n is integer]
Special case: Exponential = Weibull(=1, =1/)

(n) Repeat (h) and (j) for the Weibull distribution (include graphs).  AND Set up but do not compute (i).
(o) Calculate the probability that a Weibull (=3.107, =2.183) distribution exceeds 3 using Minitab (Graph > Probability Distribution Plot, include graph in report).
Lognormal Distribution (p. 166)

Properties: ln(X) has a normal distribution with mean  and standard deviation , positive skew

Often used in the biological and physical sciences to model sizes, by volume or weight, of various quantities such as bacteria colonies and individual animals.

Domain: x>0

Calculate probabilities using ((ln(x)-)/) or Minitab
Parameters: (loc),  (scale) 

E(X) = 
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(p) Repeat (h)-(j) for the Lognormal distribution.
(q) Calculate the probability that a Lognormal (=.6196, =.3180) distribution exceeds using Minitab (Calc > Probability Distribution Plot > View Probability, Lognormal, include graph in report).
(r) Which distribution (uniform, normal, gamma, exponential, weibull, lognormal) do you think is the best model for our earthquake magnitudes? (Doesn’t have to be good, just best among these choices.) What are the bases for your decision?  What limitations might you tell someone about your model?
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