CEE6110 Probabilistic and Statistical Methods in Engineering

Homework 9.  Multiple Regression
Due Dec 1, 2006
Objective.  Gain experience in the use of multiple regression to quantify the relationship between variables
Readings:

Kottegoda and Rosso 6.1-6.2.  
Helsel and Hirsch chapters 9 and 11.
Matlab Statistics Toolbox Users Guide, chapter 6 on "Linear Models".

http://www.mathworks.com/access/helpdesk/help/pdf_doc/stats/stats.pdf  

Specifically:  http://www.mathworks.com/access/helpdesk/help/toolbox/stats/f15360dfi7.html 
· Multiple linear regression (pages 6.2-6.8) http://www.mathworks.com/access/helpdesk/help/toolbox/stats/bqttd7o-1.html
· Stepwise regression (pages 6.17-6.21) http://www.mathworks.com/access/helpdesk/help/toolbox/stats/bqttd86-1.html 

Matlab functions

Matlab functions that may be useful in doing this assignment: regress, regstats, stepwise
Assignment

1. Weber Streamflow.  The file gsldata.xls contains hydrologic data from the Great Salt Lake Basin, including the Bear, Weber and Jordan rivers.  You are to develop a regression relationship to predict streamflow in the Weber River considering precipitation and temperature over the Weber basin as potential predictors.  The data you should use is in the following columns:

D.  Annual precipitation over the Weber River basin (meters)
H.  Annual Weber river flow from the Plain City gage (m3).  The basin area contributing to this gage is 5390 km2.  This should be used to standardize the flow to a per unit area basis.

R.  Annual average temperature (oC) over the Weber River basin.
a) Estimate the parameters of a linear model that uses both precipitation and temperature as explanatory variables.  Report the R2 of the regression and 95% confidence intervals associated with each parameter.

b) Use stepwise regression to determine the significance of each explanatory variable and eliminate any variable that does not have a significant effect on the model.  Report the equation, mean square error of residuals, and R2 associated with your linear model based on only significant parameters.  Report 95% confidence intervals associated with each parameter in the regression equation.  Assess the adequacy of the regression model through appropriate tests on the residuals.  Present results from the tests you performed. 

c) Determine Cook's distance and the leverage associated with each data point.  Depict your results graphically and comment on whether any data points are outliers of concern because they exert undue influence on the result.
2. Great Salt Lake Volume change prediction.  The file gsldata.xls also contains volume and area data for the Great Salt Lake.  You are to develop a regression relationship to predict the annual change in lake volume as a function of explanatory variables in the following spreadsheet columns:

· B:  Precipitation on the lake.
· P:  Air temperature over the lake

· G:  Streamflow from the Bear River.  (Basin area 18205 km2)
· H:  Streamflow from the Weber River  (Basin area 5390 km2)
· I:  Streamflow from the Jordan River  (Basin area 8904 km2)
· L:  Lake area.
· M:  Average lake volume.

· 1/V.  Inverse of average lake volume from column M.  This is included as a surrogate for salinity which according to a simple model could be estimated as (Load/Volume) with the assumption that the amount of salt in the lake (Load) is constant.

The response variable should be change in lake volume which should be calculated as the end of year volume (column K) minus beginning of year volume (column J).  Note that Temperature, Lake Area, Lake Volume and its inverse are included because they are believed to relate to the evaporation from the lake.  The columns on evaporation are not included because these were calculated based on the change in volume, precipitation and streamflow, so are not valid independent predictors of the change in lake volume.  
a) Use stepwise regression and other techniques as appropriate to identify and select the explanatory variables that are significant in predicting lake volume change.  Report the equation, mean square error of residuals, and R2 associated with your linear model.  

b) Report confidence intervals associated with each parameter in the regression equation.  Assess the adequacy of the regression model through appropriate tests on the residuals.  Present results from the tests you performed. 
c) Write a discussion where you interpret the results both from a physical and statistical perspective.  In this discussion keep in mind the conceptual model (below) for impacts of Great Salt Lake Basin processes on the Great Salt Lake volume.  Indicate, for the physical effects anticipated in the conceptual model, whether they are strongly supported by the statistical analysis, weakly indicated in the statistical analysis or not statistically significant.  Note that in this analysis we are only analyzing the variables highlighted in yellow so you do not need to comment on the others.  
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Figure 1: Conceptual model of GSL dynamics
3. The spreadsheet watershed.xls contains watershed attribute and streamflow data for various USGS Hydroclimatic Data Network (HCDN) watersheds in Western US.  HCDN watersheds are selected because of their long records and limited flow alteration.  This data is from a larger study being conducted over the Western U.S.   The objective of the study is to be able to predict streamflow from watershed attributes.  The USGS under the Streamstats and National Flood Frequency programs has divided the entire Unites States into different regions that are considered hydrologically homogeneous (Figure 2).  The USGS has developed regression models for these regions taken separately to predict streamflow variables (for example, mean annual flow, bankfull flow etc).  One of the questions we will explore in this exercise is, do we need regionalization to develop predicative models of streamflow variables? 

[image: image2]
Figure 2: USGS Water Resources Regions.

Figure 3 below shows the location of the HCDN watersheds in five regions in the western UD (Region 10, 14, 16, 17 and 18).  In this exercise, we will develop a multiple regression model for the annual mean flow (QMEAN in the data file) for each of the region and for the entire Western US.  The model for each region will be called a regionalized model and the one that is developed for the whole of Western US will be called the global model.  
Data

The data file watershed.xls has seven sheets, one for each of the five regions, a sheet called "Global model" has all the data together and a sheet called "Definition" that gives the definitions of the variables involved.  

Explanatory Variables
Columns D to AK in the spreadsheet have the watershed attributes that are being considered as explanatory variables.  For the definition and units of the attributes see the spreadsheet "Definition" in watersheds.xls.
In addition to these explanatory variables the Relief is defined as the range of elevation in a watershed.  Relief is calculated as R=Zmax-Zmin.  Relief ratio expresses relief in a relative sense by dividing by a length scale.  Here 
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 is a convenient length scale, so the relief ratio is defined as R'=R/
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.  Include relief and relief ratio in the set of explanatory variables that you consider.
Response Variables

Columns AL to AP give some of the streamflow measures assembled that there is interest in predicting.  For this exercise we will only use QMEAN in column AM of these spreadsheets.  I have assigned a model to each of you as follows:
	Susannah Erwin
	Region 10

	Ibrahim Mohammed
	Region 14

	Robert Heinse
	Region 16

	Vinod Mahat
	Region 17

	Hiruy Abdu
	Region 18

	Songyat Kitthamkesorn
	Global model


Task
You are to develop a regression relationship to predict the streamflow response variable QMEAN for the region assigned to you as a function of a subset of the explanatory variables.  Use stepwise regression and other techniques as appropriate to select the explanatory variables that are significant for predicting your response variable.  Use transformations if necessary to account for non-normality.  Report the equation, mean square error of residuals, and R2 associated with your model.  Assess the adequacy of the regression model through appropriate tests on the residuals.  Present results from the tests you performed.  

Collaborate with other students in the class to answer the following questions:

1) What watershed attributes are picked by the stepwise regression model in each of the region? Comment on the differences/similarities of the attributes among the models.
2) Based on the mean square error of residuals, and R2 for each region and for the global model comment on how effective each model is in terms of predicting QMEAN.

3) Discuss the advantages and disadvantages of a regional or global model for the prediction of QMEAN.  
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Figure 3.  HCDN Watersheds in the Western US.
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