CEE6110 Probabilistic and Statistical Methods in Engineering

Homework 1.  Preliminary data analysis
Due Sept 11, 2006
Objective.  Gain experience in the analysis of data and the evaluation of statistical properties using MATLAB. 
Readings:

Kottegoda and Rosso (KR) chapter 1.
Helsel and Hirsch (HH), chapters 1 and 2.  (http://water.usgs.gov/pubs/twri/twri4a3/)

Learning MATLAB, chapters 3-5.  (http://www.mathworks.com/access/helpdesk/help/pdf_doc/matlab/learnmatlab.pdf)

Learning MATLAB

There is an overwhelming amount of material available in the MATLAB documentation and other websites to help you learn MATLAB.  I suggest that you do not try absorbing all this at once.  Rather try to learn MATLAB in the process of solving problems with frequent reference to the help files.  I suggest you first read the "Learning MATLAB" chapters above.  This is 114 pages, but can be read quickly because there are quite a lot of graphics and some superfluous detail that you can skim.  This should give you a sense of the interface, language and graphical capability.  Then, I suggest working through the following two online tutorials that provide a step by step exposure to the MATLAB language and functionality from a statistical perspective.  

http://halweb.uc3m.es/esp/Personal/personas/amalonso/esp/Matlab_Tutorial_PartI_2005.pdf 
http://halweb.uc3m.es/esp/Personal/personas/amalonso/esp/Matlab_Tutorial_PartII_2005.pdf 
There are many other sources of MATLAB learning material available online.  A Google search on MATLAB tutorial gives over 200,000 hits, some of which you may try – but I found the above to be focused and relevant for the material in this class..  
The following MATLAB functions may be useful to you in doing this assignment
Data input

xlsread – reads Excel spreadsheet

textread – reads text files

General plotting commands

plot, xlabel, ylabel, plottools

Statistical properties

mean – computes mean

std – computes standard deviation

median – evaluates the median of data

corrcoef – correlation coefficient

var – variance

cov – covariance

prctile – percentiles

Statistical graphics

hist, histc – plots histograms

boxplot – plots a box and whiskers plot.  Requires the Statistics toolbox.

Useful general purpose functions

sum – computes the sum of a vector

sqrt – computes the square root

sort – orders data

length – length of a vector

size – size of a matrix

You are permitted and encouraged to use MATLAB functions in solving this assignment, even when they directly provide the answer.  However you need to ensure that you understand what the function is doing.  To reinforce this, in this assignment where you present a MATLAB result you should give the formula that MATLAB has used.  Be careful of subtle details in these formula's (such as divide by n or n-1 in standard deviation definitions).   
Assignment

1. (Based on Helsel and Hirsch 1.1, 2.1 and Kottegoda and Rosso 1.2). Annual peak discharges for the Saddle River in New Jersey are given in Appendix C1 of Helsel and Hirsch (online at http://pubs.usgs.gov/twri/twri4a3/html/pdf_new.html, download either the Excel or Txt file of appendix C datasets.) Compute the following quantities:

a) Central tendency.  Compute the

i. Mean

ii. Trimmed mean (25% trimmed mean) (Helsel and Hirsch, p7).
iii. Geometric mean

iv. Median

Compare the estimates of location in i to iv.  Why do they differ?

b) Compute the following:

i. Standard deviation 
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ii. Interquartile range

iii. Mean absolute deviation
Discuss the differences between i through iii.
c) Compute the skew and quartile skew (Helsel and Hirsch, p10).

d) Sketch a histogram and the cumulative relative frequency diagram. 
e) Compute the quartiles and draw a box and whiskers plot. Comment on the distribution. Flood embankments along the banks of the river can withstand a flow of 3300 cfs. What is the probability that this will be exceeded during a 12-month period? 
f) Plot a time series of this data.  Calculate the mean prior to and post 1968.  Based on data post 1968 comment on whether your answer to (e) is a valid estimate of the probability that the flow will exceed the flood embankment capacity looking to the future.

2. KR problem 1.15. Water quality. Water quality measurements are taken daily on the River Ouse at Clapham, England. The concentrations of chlorides and phosphates in solution, given here in milligrams per liter, were determined over a 30-day period. 
Chloride: 64.0, 66.0, 64.0, 62.0, 65.0, 64.0, 64.0, 65.0, 65.0, 67.0, 67.0, 74.0, 69.0, 68.0, 68.0, 69.0, 63.0, 68.0, 66.0, 66.0, 65.0, 64.0, 63.0, 66.0, 55.0,69.0, 65.0, 61.0, 62.0, 62.0
Phosphate: 1.31,1.39,1.59,1.68,1.89,1.98,1.97,1.99,1.98, 2.15, 2.12, 1.90, 1.92, 2.00, 1.90, 1.74, 1.81, 1.86, 1.86, 1.65, 1.58, 1.74, 1.89, 1.94, 2.07, 1.58, 1.93, 1.72, 1.73,1.82 
Compare the coefficients of variation v. Draw a scatter diagram and compute the correlation coefficient r. Comment on the results. Do you see any role in this association for predictive purposes? 
3. KR problem 1.20. Storm rainfall. The analysis of storm data is essential for predicting flood hazards in urban areas. A data set of maximum rainfall depth for durations varying from 5 minutes to 3 hours is presented here for the years 1974-1987. 

	Maximum rainfall depth recorded at Genoa University, Italy (mm)

	
	Duration (min)

	Year
	5
	10
	20
	30
	40
	50
	60
	120
	180

	1974
	12.1
	19.5
	28.8
	30.5
	32.4
	35.5
	38.7
	48
	51.6

	1975
	10.1
	14.9
	26.7
	31.2
	34.7
	38.2
	40.2
	55
	56

	1976
	17.9
	20
	31.1
	37.2
	41.1
	51
	55.7
	67.1
	80.6

	1977
	20
	32.6
	52.6
	72.4
	90.1
	108.8
	118.9
	146.5
	157.3

	1978
	5.1
	13.6
	16
	21.3
	24.1
	24.6
	25
	40.7
	49.9

	1979
	20.5
	26.1
	36.3
	46.1
	49.3
	50.3
	55.6
	65.2
	90.1

	1980
	10
	15.7
	20.9
	25
	30.5
	38
	40.1
	58
	63.8

	1981
	12
	27.9
	47.9
	56
	70
	80
	89.4
	106.9
	114.2

	1982
	10
	14.4
	20
	23.3
	25.1
	26.4
	27.2
	34.3
	41.2

	1983
	10
	12.1
	17.3
	19.2
	22.1
	27.3
	32.7
	54.4
	66.5

	1984
	20.1
	32.8
	60
	65.7
	76.1
	92.8
	105.7
	122.3
	122.3

	1985
	7.6
	8.1
	13
	16.5
	21.6
	25.3
	25.3
	27
	32.3

	1986
	8.7
	11.7
	20
	22.9
	26.1
	26.3
	27.6
	41.1
	56.7

	1987
	24.6
	36.7
	56.7
	73.9
	93.9
	110.1
	128.5
	180.8
	188.7


Compute the mean 
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, median xm, standard deviation 
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 and coefficient of skewness g1 for each duration. Are there some regularities in the growth of these statistics with increasing duration? Comment on the results and the physical relevance to storm characteristics. 
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