Example 2 
Objective

Estimating the Hurst coefficient
# Reading in the data

x=matrix(scan("boise.txt"),ncol=3,byrow=T)

# Assigning variables

yr=x[,1]

mo=x[,2]

flow=x[,3]

ym=yr+mo/12

plot(ym,flow,type="l",xlab="Year",ylab="cfs")

title("Boise River Streamflow")

#  formating the flows into a matrix

fmat=matrix(flow,ncol=12,byrow=T)

#  computing annual average flows 
Qt=rowSums(fmat)
plot(1:length(Qt),Qt,type="l")
N=length(Qt)

#  Computing range, rescaled range and Hurst exponent

# Intervals

i=0

nvals=c(5,10,20,30,50,80,91)  

for(n in nvals)  

{

ns=ceiling(N/n)  #  ns is the number of subsets of data for a duration n

for(ii in 1:ns){   #  ii is a counter of the subset intervals

  if(ii == 1){

  i=i+1    #  increment the index identifying subset

  istart=1   #   start of a subset interval

  iend=istart+n-1   # end of a subset interval

}else

{

i=i+1

iend=N-(ns-ii)*n

istart=iend-n+1

}

}

}

#  First pass through just counts number of sets

nset=i

#  Second pass through, recording the interval information

istart=rep(0,nset)

iend=rep(0,nset)

ni=rep(0,nset)

i=0

for(n in nvals)  

{

ns=ceiling(N/n) #  ns is the number of subsets of data for a duration n

for(ii in 1:ns){

  if(ii == 1){

  i=i+1  # i is an index identifying the set of data

  ni[i]=n  #  keep track of the length for each subset

  istart[i]=1   #   start of an interval

  iend[i]=istart[i]+n-1   # end of an interval 

}else

{

  i=i+1  # i is an index identifying the set of data

  ni[i]=n   #  keep track of the length for each subset

  iend[i]=N-(ns-ii)*n

  istart[i]=iend[i]-n+1

}

}

}

range.r=function(Q)

{

X=cumsum(Q-mean(Q))

R=max(X)-min(X)

R

}

# 3rd pass through computing range

rnge=rep(0,nset)

SS=rep(0,nset)

RoverS=rep(0,nset)

for(i in 1:nset){

Q=Qt[istart[i]:iend[i]]

rnge[i]=range.r(Q)

SS[i]=sd(Q)

RoverS[i]=rnge[i]/SS[i]

}

plot(ni,rnge,log="xy")

plot(ni,RoverS,log="xy")

logreg=lsfit(log(ni),log(RoverS))$coefficients

H=logreg[2]

lines(ni,exp(logreg[1])*ni^H)

plot(ni,SS,log="xy")

logreg=lsfit(log(ni),log(SS))$coefficients

H=logreg[2]

lines(ni,exp(logreg[1])*ni^H)

# Successive random additions
# Simulate a record with length 2^m

H=0.7

m=16

# first level

x=rep(0,3)

for(i in 1:3)x[i]=rnorm(1)

# subsequent levels

for(k in 2:m){

x2=rep(0,2^k+1)

# interpolate

for(i in 1:(length(x)-1)){

x2[2*i-1]=x[i]

x2[2*i]=(x[i]+x[i+1])/2

}

x2[2^k+1]=x[2^(k-1)+1]  #  last one

x=x2+rnorm(2^k+1)*0.5^(H*(k-1))  #  add random part and put back on x

}
# Difference the series - this is a step not clearly spelled out in Feder

xd=x[2:length(x)]-x[1:(length(x)-1)]

plot(1:length(xd),xd,type="l")
# function to evaluate H

hurst.r=function(Qt)

{

N=length(Qt)

#  Computing range, rescaled range and Hurst exponent

# Intervals

i=0

nvals=c(2^(3:trunc(log(N)/log(2))),N)

for(n in nvals)  

{

ns=ceiling(N/n)  #  ns is the number of subsets of data for a duration n

for(ii in 1:ns){   #  ii is a counter of the subset intervals

  if(ii == 1){

  i=i+1    #  increment the index identifying subset

  istart=1   #   start of a subset interval

  iend=istart+n-1   # end of a subset interval

}else

{

i=i+1

iend=N-(ns-ii)*n

istart=iend-n+1

}

}

}

#  First pass through just counts number of sets

nset=i

#  Second pass through, recording the interval information

istart=rep(0,nset)

iend=rep(0,nset)

ni=rep(0,nset)

i=0

for(n in nvals)  

{

ns=ceiling(N/n) #  ns is the number of subsets of data for a duration n

for(ii in 1:ns){

  if(ii == 1){

  i=i+1  # i is an index identifying the set of data

  ni[i]=n  #  keep track of the length for each subset

  istart[i]=1   #   start of an interval

  iend[i]=istart[i]+n-1   # end of an interval 

}else

{

  i=i+1  # i is an index identifying the set of data

  ni[i]=n   #  keep track of the length for each subset

  iend[i]=N-(ns-ii)*n

  istart[i]=iend[i]-n+1

}

}

}

# 3rd pass through computing range

rnge=rep(0,nset)

SS=rep(0,nset)

RoverS=rep(0,nset)

for(i in 1:nset){

Q=Qt[istart[i]:iend[i]]

rnge[i]=range.r(Q)

SS[i]=sd(Q)

RoverS[i]=rnge[i]/SS[i]

}

plot(ni,RoverS,log="xy")

logreg=lsfit(log(ni),log(RoverS))$coefficients

H=logreg[2]

lines(ni,exp(logreg[1])*ni^H)

title(paste("Exponent H=",round(H,3)))

H

}
# Successive random additions generation function
# 

sra.r=function(N,H=0.7)

{

m=ceiling(log(N+1)/log(2))  #  add 1 to make sure an extra value is available for differencing
# first level

x=rep(0,3)

for(i in 1:3)x[i]=rnorm(1)

# subsequent levels

for(k in 2:m){

x2=rep(0,2^k+1)

# interpolate

for(i in 1:(length(x)-1)){

x2[2*i-1]=x[i]

x2[2*i]=(x[i]+x[i+1])/2

}

x2[2^k+1]=x[2^(k-1)+1]  #  last one

x=x2+rnorm(2^k+1)*0.5^(H*(k-1))  #  add random part and put back on x

}

# difference the series (assuming at least 1 extra value)

# this step not explicitly spelled out in Feder

xd=x[2:length(x)]-x[1:(length(x)-1)]  

# re-center and scale

mm=mean(xd)

ss=sd(xd)

x=(xd-mm)/ss

# report N values

x[1:N]

}

x=sra.r(50000)

hurst.r(x)

# Hurst exponent by variance of block averaging

N=length(Qt)

ns=1:(trunc(N/5))  # the values for the lengths of blocks.  Assume that at least 5 blocks are needed to compute a variance

sds=rep(0,length(ns))

for(n in ns){  
nb=trunc(N/n)

xb=rep(0,nb)

for(i in 1:nb){

istart=(i-1)*n+1

iend=i*n

xb[i]=sum(Qt[istart:iend])

}

sds[n]=sd(xb)
}

plot(ns,sds,log="xy")

logreg=lsfit(log(ns),log(sds))$coefficients

H=logreg[2]

lines(ns,exp(logreg[1])*ns^H)

title(paste("Exponent H=",round(H,3)))

H

hba.r=function(Qt,minlength=5)

{

# function to compute Hurst exponent by block averaging

N=length(Qt)

ns=1:(trunc(N/minlength))  # the values for the lengths of blocks.  

sds=rep(0,length(ns))

for(n in ns){  
nb=trunc(N/n)

xb=rep(0,nb)

for(i in 1:nb){

istart=(i-1)*n+1

iend=i*n

xb[i]=sum(Qt[istart:iend])

}

sds[n]=sd(xb)

}

plot(ns,sds,log="xy")

logreg=lsfit(log(ns),log(sds))$coefficients

H=logreg[2]

lines(ns,exp(logreg[1])*ns^H)

title(paste("Exponent H=",round(H,3)))

H
}

x=sra.r(50000)

hba.r(x)

hba.r(x,minlength=20)

x=rnorm(50000)
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