CEE6110 Probabilistic and Statistical Methods in Engineering

Homework 2.  Random Variables and Their Properties
Due Sept 18, 2006
Objective.  Gain experience working with probability distributions for the quantification of random phenomena. 
Readings:

Kottegoda and Rosso (KR) chapter 3.
Matlab Statistics Toolbox Users Guide, chapter 2 on "Probability distributions" (pages 2-1 to 2-99:  http://www.mathworks.com/access/helpdesk/help/pdf_doc/stats/stats.pdf  

Matlab functions

The following matlab functions may be useful in doing this assignment in addition to the functions listed with Homework 1.  Use the help to learn how to use them.

find, rand, gamma, meshgrid, contour, dfittool

Assignment

1. (Based on KR problem 3.1).  Sea Waves.  The pmf of the observed number of days per month of high-amplitude waves acting on a sea pier is given below.
	X=
	0
	1
	2
	3
	4
	5
	6
	≥7

	PX(x)
	0.28
	0.22
	0.18
	0.13
	0.09
	0.06
	0.03
	0.01


a) Determine the population values of expected value, standard deviation, variance and coefficient of skewness of X.  (Take the X≥7 category as X=7 for the purposes of these calculations)

b) Develop a matlab simulation function that can simulate the number of high wave days in each of a specified number of months (i.e. the random variable X).  Use this function to simulate sets of months comprising the following number of months:

5 months

10 months

20 months

50 months

100 months

500 months

For each set evaluate the sample mean and standard deviation of X.  Plot a graph of sample mean and sample standard deviation versus number of months.
c)  Share and discuss your results of (b) with those of other students in the class.  Obtain results from at least two other students and add their data to your plot of sample mean and sample standard deviation versus month.  Explain the results.

d)  Compute the sample skewness coefficient for your samples of size 50, 100 and 500  using equation 1.2.10.  Compare your results to the population value calculated in part (a).
2. The probability distribution of annual flow in a river is approximated as a triangular distribution given by the following figure.
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a) Estimate the parameter a, the probability density of the mode.

b) Estimate the mean annual flow, E[Q].

b) Estimate the median annual flow.

c) Estimate the standard deviation of the annual flow Q.

d) Evaluate and plot the cumulative distribution function of Q.

3. The file 'Bear_datasets_month.txt' (linked on the web site) contains precipitation, temperature and wind data over the Bear River Watershed extracted from the data compiled by Maurer, E. P., A. W. Wood, J. C. Adam, D. P. Lettenmaier and B. Nijssen, (2002), "A Long-Term Hydrologically Based Dataset of Land Surface Fluxes and States for the Conterminous United States," Journal of Climate, 15: 3237-3251. 
a)  Extract from this data precipitation for the month of January.  Plot a histogram of this data.

b)  Assume that a gamma distribution is appropriate for modeling this data.  Estimate the parameters of a gamma distribution using the method of moments.  Plot this distribution in comparison to the histogram
The gamma distribution is given by
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  for x ≥ 0

The parameters are related to the moments through
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c)  Develop a matlab function to evaluate the likelihood function for the gamma distribution given this data.  Evaluate the likelihood function for the method of moments parameters estimated in (b).

d)  Consider the method of moment parameters estimated in (b) as a point of reference (ro,(o) and evaluate the likelihood function for parameters from a grid of values around this reference point.
	
	0.8ro
	0.85ro
	0.9ro
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	ro
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Determine the maximum likelihood estimates of parameters as those that maximize the likelihood within the grid evaluated.

e)  Plot a graph comparing the histogram of the February precipitation with Method of Moments and Maximum likelihood gamma distributions fit to this data.

If you use the dffittool to evaluate likelihood give the likelihood formula being used and verify that this is correct.  
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