Bootstrap Examples
Mouse data
x=[94 197 16 38 99 141 23];

median(x)  
A bootstrap sample

n=length(x)

rind=ceil(rand(n,1)*n)

xbs=x(rind)
median(xbs)  
Repeat many times
B=20
n=length(x);

for ib=1:B;


rind=ceil(rand(n,1)*n);


xbs=x(rind);


bsstat(ib)=median(xbs);   % Here evaluate any statistic

end

bsstat

SEboot=std(bsstat)  
Bear River Basin Precipitation
tt=textread('Bear_datasets_month.txt','','headerlines',6);

p=tt(:,4);  %  monthly precip

for i=1:50

ap(i)=sum(p((i*12-2):(i*12+9)));
yr(i)=tt((i*12+9),1);
end
plot(yr,ap)
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Questions.

Has there been a change in annual precipitation pre and post 1980.  
x1=ap(1:30);  %  This is 1950-1979

x2=ap(31:37);  %  This is 1980 to 1986
mean(x1)

mean(x2)  
Confidence limits on mean.
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  (KR page 250)
xbar=mean(x1)

sdev=std(x1)

n=length(x1)

v=n-1  % Degrees of freedom

t1=tinv(0.025,v)

t2=tinv(0.975,v)  
Limits

xbar+t1*sdev/sqrt(n)

xbar+t2*sdev/sqrt(n)  
So 733 seems a bit unusual, but it is only based on 7 years of data.  
What is the range of uncertainty of the 733.

xbar=mean(x2)

sdev=std(x2)

n=length(x2)

v=n-1  % Degrees of freedom

t1=tinv(0.025,v)

t2=tinv(0.975,v)  

xbar+t1*sdev/sqrt(n)

xbar+t2*sdev/sqrt(n)  
How about testing the difference of the means
Ho:  (1=(2

Alternate (2>(1
Variances assumed to be different and estimated separately.  The test statistic is the T statistic given in equation 5.4.10 (simplified since under the null hypothesis (1=(2)
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with degrees of freedom given by 5.4.11
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x1bar=mean(x1)

x2bar=mean(x2)

s1=std(x1)

s2=std(x2)

n1=length(x1)

n2=length(x2)

s12n=s1^2/n1;

s22n=s2^2/n2;

t=(x1bar-x2bar)/sqrt(s12n+s22n)

v=(s12n+s22n)^2/(s12n^2/(n1-1)+s22n^2/(n2-1))

tcdf(t,v)  
So – what is the p value for the t-test of the hypothesis that (1=(2, with alternate (2>(1.  What if the alternate was (2((1
Do this using the Bootstrap.
Confidence limits on the mean.

B=1000;
n=length(x1);

for ib=1:B;

rind=ceil(rand(n,1)*n);

xbs=x1(rind);


bsmean(ib)=mean(xbs);

end
bsmean=sort(bsmean);

bsmean(25)

bsmean(975)
hist(bsmean)  
Significance of the difference

B=1000;

n1=length(x1);

n2=length(x2);

for ib=1:B;


rind1=ceil(rand(n1,1)*n1);

rind2=ceil(rand(n2,1)*n2);


xbs1=x1(rind1);


xbs2=x2(rind2);


bsdiff(ib)=mean(xbs2)-mean(xbs1);

end

bsdiff=sort(bsdiff);

bsdiff(25)

bsdiff(975)

hist(bsdiff)
find(bsdiff < 0) 
p=length(find(bsdiff < 0))/B 
Variance Confidence limits
The variance is (2 distributed.  Equation 5.3.14b gives the confidence limits on the variance.
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Note that Kottegoda and Rosso in chapter 5 use the notation that 
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 represent the variates that are exceeded with probability (/2, and 1-(/2 respectively.  Therefore when using the matlab chi2inv(a,v) function that works with cumulative rather than exceedence probabilities (/2=0.05/2, corresponds to a=1-(/2=0.975.

v=n1-1  % Degrees of freedom

sdev=std(x1)

ch1=chi2inv(0.975,v)

ch2=chi2inv(0.025,v)  

(n-1)*sdev^2/ch1

(n-1)*sdev^2/ch2  
By the Bootstrap

B=1000;

n=length(x1);

for ib=1:B;


rind=ceil(rand(n,1)*n);


xbs=x1(rind);


bsstat(ib)=std(xbs)^2;   %  Put here a formula for evaluating any statistic

end

bsstat=sort(bsstat);

bsstat(25)

bsstat(975)

hist(bsstat)  
Parametric Bootstrap
x1bar=mean(x1)

x2bar=mean(x2)

s1=std(x1)

s2=std(x2)

B=1000;

n=length(x1);

for ib=1:B;


xbs=normrnd(x1bar,s1,n,1);


bsstat(ib)=mean(xbs);  % std(xbs)^2;   %  Put here a formula for evaluating any statistic

end

bsstat=sort(bsstat);

bsstat(25)

bsstat(975)

hist(bsstat)  
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