Linear Regression Example

This document is a matlab notebook, so if you open it with a computer that has matlab you should see a 'notebook' menu above that lets you execute the matlab commands in this notebook.  See the matlab help on notebook to learn how to do this.
Read GSL annual data and organize for regression
gsl=xlsread('gsldata.xls');

yr=gsl(:,1);

pbear=gsl(:,3);

qbear=gsl(:,7);

barea=19262000000;   %  Bear basin area in square meters

qbear=qbear/barea;

ind=isfinite(qbear.*pbear);

Y=qbear(ind);
x=pbear(ind);
plot(x,Y,'.')  
Regression using matrix algebra
n=length(Y);
X=[ones(n,1),x];

beta=inv(X'*X)*X'*Y  
line(0:0.1:1,beta(1)+beta(2).*(0:0.1:1))  
\ Backslash or matrix left division. If A is a square matrix, A\B is roughly the same as inv(A)*B, except it is computed in a different way. If A is an n-by-n matrix and B is a column vector with n components, or a matrix with several such columns, then X = A\B is the solution to the equation AX = B computed by Gaussian elimination 

beta=(X'*X)\X'*Y  
b=regress(Y,X)  
resids=Y-beta(1)-beta(2)*x;

eta=Y-X*b;

sig=sum(resids.^2)/(n-2)
sig2=eta'*eta/(n-2)  
Examination of residuals
plot(resids,'.')  
vs Antecedent residual
plot(resids(1:(n-1)),resids(2:n),'.')  
Test for normality
probplot(resids)  
vs explanatory variable

plot(x,resids,'.')  
vs predicted response variable 

yhat=beta(1)+beta(2)*x;

plot(yhat,resids,'.')  
Matlab Regression Diagnostics

[b,bint,r,rint,stats]=regress(Y,X);

bint

stats  
Stats reports R2, F, P, 
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Understanding and verifying these

R2=1-sum(resids.^2)/sum((Y-mean(Y)).^2)  
SSr=yhat'*yhat-n*mean(Y)^2
b'*X'*Y-n*mean(Y)^2  
SSy=Y'*Y-n*mean(Y)^2

R2=SSr/SSy  
SSe=resids'*resids
1-SSe/SSy  
p=2

F=(SSr/(p-1))/(SSe/(n-p))  
P = 1-fcdf(F,p-1,n-p)  
Confidence limits on coefficients (KR eqn 6.1.15)

a=0.05

tt=tinv(1-a/2,n-2)

sxx=sum((x-mean(x)).^2)

beta1lcl=beta(2)-tt*sqrt(sig)/sqrt(sxx)

beta1ucl=beta(2)+tt*sqrt(sig)/sqrt(sxx)  
Confidence limits on predictors E(Y)=
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xp=0:0.1:1

xbar=mean(x)

dev=tt*sqrt(sig*(1/n+((xp-xbar).^2)./sxx))

yhat=beta(1)+xp*beta(2)

plot(xp,yhat)

line(xp,yhat-dev)

line(xp,yhat+dev)  
line(x,Y,'linestyle','none','marker','.')  
Confidence limits on future Y prediction 

dev=tt*sqrt(sig*(1+1/n+((xp-xbar).^2)./sxx))

line(xp,yhat-dev,'color','red')

line(xp,yhat+dev,'color','red')  
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