#l nstal | i ng packages

i nstall.packages("morm")
nst al | . packages(" pcaPP")
nstal | . packages("rgl")
nstal | . packages(" QRM')
nst al | . packages(" VGAM')
nst al | . packages(" copul a")
nst al | . packages("f Copul ae")
requi re(mornt)

requi re(pcaPP)
require(rgl)

require(" QRM")
require("VGAM')
require("copul a")
require("f Copul ae")
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#Functi ons
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#H#H#### Col or pal ette functions Functi ons #####H#H#HHHH
###D spl ayi ng the Rai nbow col our palette for n colours (ranks)

#Code is adapted fromhttp://stat.ethz.ch/R manual / R-
devel /i brary/ grDevi ces/ htm /pal ettes. htn

deno. pal <- function(n, border = if (n<32) "light gray" else
NA1
mai n = paste("Rai nbow palette"))

{

rank <- 1:n; j <- n; d <- j/6; dy <- 2*d

pl ot (rank, rank+d, type="n", yaxt="n", ylab="", nain=mmin)

rect(rank-.5, dy, rank+.4, j,

col = rai nbow(n), border = border)

text(2*j, j +dy/ 4, rainbow(n))

}

#HH##H#E Copul a functi ons #####HHAHH#HH
###Enpi ri cal copul a function
###Uses Equation reference (2.2)

#Produces a length(vl)-vector 'ans' s.t.
ans[i]=C n(vl[i],v2[i]) with ul and u2 being the inputted
dat a.
#vl and v2 can be vectors or nunbers, but have to be the sane
| ength
enpCopul a<-function(vl, v2,ul,u2,n) {
#Stops process if vl and v2 are different lengths or if
n! =l engt h(ul)! =l engt h(u2)
if(length(vl)!=length(v2)|n!=length(ul)|n!=length(u2)) {
stop("length(vl)!=length(v2) or n!=length(ul) or n!
=l engt h(u2)")

#Creat es ans vector



ans<-nuneric(length(vl))
#Appl i es Equation reference (2.10) to each entry in
(vl,v2) with ul and u2 being the iid sanple of U
for(i in 1l:length(vl)) {
ans[i]<-
(1/ n)*sumas. nuneric(ul<=vl[i])*as. numeric(u2<=v2[i]))

#Ret urns ans vector
return(ans)}

#Produces a length(vl)xlength(v2) matrix ans s.t.
ans[i,j]=C.n(vl[i],v2[j]) with ul and u2 being the inputted
vari abl es.
enpCopul aSur <-function(vl, v2,ul,u2,n) {
#Stops process if n!=length(ul)!=length(u2)
if(n!'=length(ul)|n!'=length(u2)) {
stop("n=Il engt h(ul) =l engt h(u2) does not hol d")

#Creates ans matrix

ans<-matri x(0, | ength(vl),length(v2))

#Appl i es Equation reference (2.10) to each entry in vl Xx
v2 with ul and u2 being the iid sanple of U

for(i in 1:length(vl)) {

for(j in 1l:length(v2)) {
ans[i,j]<-

(1/ n)*sumas. nuneric(ul<=vl[i])*as. numeric(u2<=v2[j]))

#Ret urns ans vector
return(ans)}

###Gaussi an copul a function

#Produces a length(vl)-vector 'ans' s.t.
ans[i]=C{Ga}_R(v1[i],v2[i]) where R _12=sin(pi*tau/2)
#vl and v2 can be vectors or nunbers, but have to be the sane
| ength
gauCopul a<-function(vl,v2,tau) {

#Stops process if vl and v2 are different |engths

if(length(vl)!=length(v2)) {

stop("length of vl and v2 differ")

#Cal cul ates R 12 and nanes it Rl12
R12<-si n(pi *tau/ 2)
#Checks to see if R 12!=1, stops process if not true
i f(R12==1) {
stop("Not valid Gaussian copula as R 12=1")

#Cal culates R matrix and nanes it covnmat

covmat<-matri x(c(1, R12, R12, 1), 2)

#Creates ans vector

ans<-nuneric(length(vl))

#Appl i es equation fromDefinition reference (2.3.1) with
u=vi[i], v=v2[i] and R=covmat

for(i in 1:length(vl)) {

ans[i]<-

pmor m(c(gnorm(vi[i]),gnorm(v2[i])), nean=rep(0, 2), var cov=covna
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t)

#Ret urns ans vector
return(ans)

}

#Produces a length(vl)xlength(v2) matrix ans s.t.
ans[i,j]=C{ G} _R(v1i[i],v2[j]) where R 12=sin(pi*taul/?2)
gauCopul aSur <-function(vl, v2,tau) {

#Cal cul ates R 12 and nanmes it Rl12

R12<-si n(pi *tau/ 2)

#Checks to see if R 12!1=1, stops process if not true

i f(R12==1) {

stop("Not valid Gaussian copula as R 12=1")

#Cal cul ates R matrix and nanes it covmat

covmat<-matri x(c(1, R12, R12, 1), 2)

#Creates ans matrix

ans<-matri x(0, | ength(vl),length(v2))

#Appl i es Equation fromDefinition reference (2.3.1) with
u=vl[i], v=v2[j] and R=covnat

for(i in 1l:length(vl)) {

for(j in 1:length(v2)) {
ans[i,j]<-

pmor m(c(gnorm(vi[i]),gnorm(v2[j])), nean=rep(0, 2), var cov=covna

t)
}

#Returns ans matri x
return(ans)

}
###G@unbel copul a function

#Produces a length(vl)-vector 'ans' s.t.
ans[i]=CM@unt _theta(vl[i],v2[i]) where theta=(1l-tau)”(-1)
#vl and v2 can be vectors or nunbers, but have to be the sane
| ength
gunmCopul a<-function(vl,v2,tau) {

#Stops process if vl and v2 are different |engths

if(length(vl)!=length(v2)) {

stop("length of vl and v2 differ")

#Cal cul ates theta
t heta<-1/(1-tau)
#Checks to see if Inf>theta>=1, stops process if not true
i f(theta<l|theta==Inf) {
stop("Not valid GQunbel copula as theta<l or
t heta==Inf")

#Creates ans vector
ans<-nuneric(length(vl))
#Appl i es Equation reference (2.7) with u=vi[i], v=v2[i]
and theta
for(i in 1:1ength(vl))
ans[i]<-exp(-((-log(vl[i]))"theta+(-
log(v2[i]))~theta)”(1/theta))



}

#Ret urns ans vector
return(ans)

}

#Produces a length(vl) x length(v2) matrix 'ans' s.t.
ans[i,j]=CMG@unt}_theta(vi[i],v2[]j]) where theta=(1l-tau)”-1
gumCopul aSur <-function(vl, v2,tau) {
#Cal cul ates theta
t heta<-1/(1-tau)
#Checks to see if Inf>theta>=1, stops process if not
i f(theta<l|theta==Inf) {
stop("Not valid Gunbel copula as theta<l or
t het a==I n")
}
#Creates ans matrix
ans<-matri x(0, |l ength(vl),length(v2))
#Appl i es equation (2.20) with u=vi[i], v=v2[j] and theta
for(i in 1:length(vl)) {
for(j in 1:1ength(v2))
ans[i,j]<-exp(-((-log(vl[i]))"theta+(-
log(v2[j]))~theta)(1/theta))
}

#Returns ans matri x
return(ans)

}

###C ayt on copul a function
#Hit#

#Produces a length(vl)-vector 'ans' s.t.
ans[i]=C*cla}_theta(vl[i],v2[i]) where theta =2*tau/ (1-tau)
#vl and v2 can be vectors or nunbers, but have to be the sane
| ength
cl aCopul a<-function(vl,v2,tau) {

#Stops process if vl and v2 are different |engths

if(length(vl)!=length(v2)) {

stop("length of vl and v2 differ")

#Cal cul ates theta
t het a<-2*tau/ (1-tau)
#Checks to see if Inf>theta>0, stops process if not true
i f(theta<=0|theta==Inf) {
stop("Not valid clayton copula as theta<l or
t heta==Inf or theta==0")
}
#Creat es ans vector
ans<-nuneric(length(vl))
#Appl i es Equation reference -- with u=vl[i], v=v2[i] and
t het a
for(i in 1l:length(vl)) {
ansl=max(vl[i]"(-theta)+v2[i]"(-theta)-1, 0)
ans[i] <-ansl”(-1/theta)

#Ret urns ans vector
return(ans)



}

#Produces a length(vl) x length(v2) matrix 'ans' s.t.
ans[i,j]=C*cla} theta(vi[i],v2[j]) where theta =2*tau/ (1l-tau)

cl aCopul aSur <-function(vl, v2,tau) {
#Cal cul ates theta
t het a<-2*tau/ (1-tau)
#Checks to see if Inf>theta>0, stops process if not true
i f(theta<=0|theta==Inf) {
stop("Not valid clayton copula as theta==Inf or
t het a<=0")
}
#Creates ans matrix
ans<-matrix(0, |l ength(vl),length(v2))
#Applies equation -- with u=vi[i], v=v2[j] and theta
for(i in 1:length(vl)) {
for(j in 1:1ength(v2))
ansl=max(vl[i]"(-theta)+v2[j]"(-theta)-1, 0)
ans[i,j]<-ansl”(-1/theta)

#Returns ans matri x
return(ans)

###Two- conponent copul a function
###Uses Equation in Remark 3.3

#Produces an | ength(vl)-vector 'ans' s.t.
ans[i]=C"{Tc} (al phal, al pha2) (vi[i],v2[i])
#al phal and al pha2 have to be positive, otherwi se gamma cdf is
not valid
#vl and v2 can be vectors or nunbers, but have to be the sane
| ength
t cCopul a<-function(vl, v2, al phal, al pha2) {
#Stops process if length(vl)!=length(v2) or if al phal<=0
or al pha2<=0
i f(al phal<=0 | al pha2<=0) {
stop("al phal and al pha2 are not positive")}
if(length(vl)!=length(v2)) {
stop("length of vl and v2 differ")

#Creates ans vector
ans<-nuneric(length(vl))
#Appl i es Equation in Theoremreference 3.2.1 with u_1
=vli[i], u_ 2=v2[i]
for(i in 1:length(vl)) {
if(vl[i]==0 && v2[i]<1){

ans[i]=0

telse if(vl[i]<l && v2[i]==0) {
ans[i]=0

telse if(v2[i]==1){
ans[i]=vl[i]

telse if(vl[i]==1){
ans[i]=v2[i]



} el sef

f<-function(x) {
pgamma(x/ ((1-

vi[i])~(-1/al phal)-1), shape=al phal, scal e=1) *pgamma(x/ ((1-
v2[i])"(-1/al pha2)-1), shape=al pha2, scal e=1) *exp( - x)

ans[i]<-vi[i]+v2[i]-1+integrate(f,| ower=
0, upper =I nf) $val ue
}

#Ret urns ans vector

return(ans)

}

#Produces a length(vl) x length(v2) matrix 'ans' s.t.
ans[i,j]=C{Tc} (al phal, al pha2) (vi[i],Vv2[j])

#al phal and al pha2 have to be positive,

not valid

t cCopul aSur <-function(vl, v2, al phal, al pha2) ({
#St ops process if al phal<=0 or al pha2<=0
i f(al phal<=0 | al pha2<=0) {

st op("

'al phal and al pha2 are not positive")

#Creates ans matrix

ans<-matrix(0, |l ength(vl),length(v2))

#Appl i es Equation in Theoremreference 3.2.1 with u_1
=vli[i], u_2=v2[i]

for(i in 1:
for(j

vi[i
v2[j

[R——

I ength(vl)) {

in 1:1length(v2)) {

if(vi[i]==0 && v2[j]<1){
ans[i,j]=0

telse if(vl[i]<1l && v2[j]==0) {
ans[i,j]=0

telse if(v2[j]==D){
ans[i,j]=vl[i]

telse if(vli[i]==1){
ans[i,j]=v2[]]

} el s¢ef
f<-function(x) {

pgama(x/ ((1-

ans[i,j]<-vi[i]l+v2[j]-1

+i ntegrate(f, | ower=0, upper=I nf) $val ue

}

#Ret urns an
return(ans)

}

S matrix

ot herwi se ganma cdf is

)~(-1/al phal)-1), shape=al phal, scal e=1) * pganma( x/ ( ( 1-
)~(-1/al pha2)-1), shape=al pha2, scal e=1) *exp( - x)
}

#H#H#H#E Approxi mation function for Two-component copul a Upper
tai | dependence #####HAHAHHHH

#As there is no explicit formfor Lanbda U for the Two-

component Copul a,

this function estimted by Z(u,u)/u,
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the limt)
#Thi s function evaluates Lanbda_U(t) fo a particular value t
(t is not a vector).
| anbdaTcZ<-function(t, al phal, al pha2) {
#Check t is not a vector, if not stop process
if(length(t)!=1) {
stop("t has a length greater than 1")

#l ntegrand of Z
functionl <- function(x) {
ans<-
pgama(x/ ((t)”(-1/al phal)-1), shape=al phal, scal e=
1) *pganma(x/ ((t)~(-1/al pha2)-1), shape=al pha2, scal e=1) *exp(-x)
return(ans)}
#lntegral of Z intergrand
intfunct<-integrate(functionl, | ower=0, upper=Inf)$val ue
| anbdaTcZAns<-intfunct/t
return(l anbdaTcZAns) }

#Eval uat es | anbdaTcz(t) (Z(t,t)/t) for nultiple values (t can
be a vector)
| anbdaTcZVect or <-function(t, al phal, al pha2) {
ans<-nureric(l engt h=l ength(t))
for(i in 1l:length(t)){
ans[i] <-lanbdaTcZ(t[i], al phal, al pha2)

ret urn(ans)

#HAH#H#E Two- conponent copul a anal ysi s Functi ons ######HAHAH#H

### z: The doubl e derivative of the nonotone decreasing
transformati on of the Two-conponent copula - Survival copul a
derivative

#Usi ng Equation reference (3.5)
DecTwoConpz<-functi on(u, v, al phal, al pha2) {
ans<- (u™(-(1/al phal+l)))*(v~(-(1/al pha2+
1)))*((un(-1/al phal)-1)~al pha2)*((v~(-1/al pha2)-1)~al phal)
ans<-ans/ ((al phal+al pha2+1) *bet a( al phal+l, al pha2+
D*((unr(-1/al phal))*(v~(-1/al pha2))-1)~(al phal+al pha2+1))
return(ans)

## z: Surface function (Equation reference 3. 3)
#Produces a length(vl) x length(v2) matrix 'ans' s.t.
ans[i,j]=DecTwoConmpz(vi[i],v2[j], al phal, al pha2)
DecTwoConpzSur <-function(vl, v2, al phal, al pha2) {

#Creates ans matrix

ans<-matrix(0, |l ength(vl),length(v2))

for(i in 1l:length(vl)) {

for(j in 1:length(v2)) {
ans[i,j]<-

DecTwoConpz(vl[i],v2[j], al phal, al pha2)
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}

#Returns ans matri x
return(ans)

## c: The doubl e derivative of the Two-conponent copul a (uses
Remark 3.3 - derivating survival copul a)
TwoConpc<-function(u, v, al phal, al pha2) {

ans<- DecTwoConpz( 1- u, 1-v, al phal, al pha2)

return(ans)

## c: Surface function (uses Remark 3.3 - derivating surviva
copul a)
#Produces a length(vl) x length(v2) matrix 'ans' s.t.
ans[i,j]=DecTwoCompz(1l-vi[i], 1-v2[j], al phal, al pha2)
TwoConpcSur <-function(vl, v2, al phal, al pha2) {

#Creates ans matrix

ans<-matri x(0, |l ength(vl),length(v2))

for(i in 1:length(vl)) {

for(j in 1l:length(v2)) {
ans[i,j]<-TwoCompc(vl[i],v2[j], al phal, al pha2)

}

#Returns ans matri x
return(ans)

HHHHHHHH B HEHHH B RS B R R R R R R R R R R R
HitHH

#Model Construction
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#Constructi ng Two- conponent nodel using nmethod in chapter 3.1
Xi <-runif (2, mn=0, max=1) #CGenerate random xi value for X 1 and
X 2

al phal<-1/xi[1]

al pha2<- 1/ xi [ 2]

sigmal<-1

si gna2<-0.9

n<-1000 #Nunmber of iid observations

w<-rexp(n,rate=1) #n iid observations of W
yl<-rgamma(n, al phal, rate=1) #n iid observations of (Y_1)"(-1)
y2<-rganma(n, al pha2, rate=1) #n iid observations of (Y_2)~(-1)
yl<-1/yl1l #n iid observations of Y_1

y2<-1/y2 #n iid observations of Y 2

x1l<-sigmal*w*yl #n iid observations of X 1 using Equation
reference (3.1)

x2<-sigma2*wry2 #n iid observations of X 2 using Equation
reference (3.2)
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#Correl ati on neasures

HHHBHHBHH B HH B HH B H B H B H B PR R R R H R R
AHH#H

#Fi nding correl ation coefficients

rho<-cor(x1, x2, method="pearson")
rhos<-cor (x1, x2, met hod="spear man")

tau<-cor. fk(x1, x2)

rho #Pearson's correl ation

rhos #Spearman's rho

tau #Kendall's tau

HHHBHH B HH B HH B HH B H B H B H B H R R R R H R R H
AHH#H

#Goodness of Fit tests

AEHARHARH AR AR AR RS H R R AR R AR AR AR R R AR R i i
#HitH#

#Create transformed sanpl e using Equation reference (2.3)

Fnl<- ecdf (x1)

Fn2<- ecdf (x2)

ul<-(n/(n+l))*Fnl(x1)

u2<-(n/ (n+l1))*Fn2(x2)

#tau2<-cor.fk(ul, u2) #Do not need to cal culate tau again as
Kendal | 's tau is invariant under strictly increasing
transformati ons, so cor.fk(ul, u2)=cor.fk(x1, x2)

###Goodness of fit test for the Gaussian Copul a
#Get 'time' to check the processing time of the test at the
end.
time<-proc.tinme()
R<-sin(pi *tau/2) #Get R_12 value and nanme it R
#Check if R 12 is valid for a Gaussian copula, continue with
test only if it is. If it is not valid end test and print
reason
if(R=1) {

#Estimate test statistic using Equation reference (2.4)

r hoHat Gau<- sunm( (enpCopul a(ul, u2, ul, u2, n) -
gauCopul a(ul, u2, tau))"2)

k=1000 #Nunber of iterations in Step 5 of the bootstrap
nmet hod

covmat<-matrix(c(1l, R R 1),2) #Make R matrix and nane it
covmat

rhoGau<- nuneri c(k) #A vector to contain the test
statistics fromStep 5 of the bootstrap nethod

#Step 5 in bootstrap nmethod (parametric bootstrap)

for(i in 1:k) {

real <-rcopul a. gauss(n, Si gma=covrmat) #Get n iid

sanples fromthe best fitting Gaussian copul a

#Cal cul ate the associate transfornmed sanpl e of
"real’

FnOl<-ecdf (real [, 1])

Fn02<-ecdf (real [, 2])

u0l<-(n/(n+l))*Fn0l(real [, 1])

u02<-(n/ (n+1))*FnO2(real [, 2])
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#Estimate Kendall's tau for the transformed sanple
of 'real"’

tauO<-cor. fk(u01, ud2)

#Check to see if tau0 will estimate a valid Gaussi an
distribution. If tauO is valid estimate the test statistic of
this iteration and store it in ith position of rhoGau, if it
is not valid store "NA" in the ith position of rhoGau.

i f(1>tau0) {

rhoGauli] <-sum (enpCopul a(u01, u02, udl, ud2, n) -
gauCopul a(u01, ud2, tau0))”2)

}el se{

rhoGau[i] <-NA
}

}

val <-l engt h(whi ch(!is.na(rhoGau))) #Nunmber of valid
iterations

#Estimate the pvalue of the test using Step 6 of the
Boot strap mnet hod

pval ueGau<- ( 1/ (val +1)) *sun(as. nuneri c(r hoGau[ whi ch(
i s.na(rhoGau))] >=r hoHat Gau))

pval ueGau
} else {

paste("R_12 estimate does not produce a valid Gaussian
di stribution")
}
#Di spl ay processing time of Gaussian CGoF test
proc.time()-tine

###CGoodness of fit test for the Gunmbel Copul a
time<-proc.tinme()

theta<-1/(1-tau) #Estimate theta value of best fitting Gunbe
copul a

#Check if theta is valid for a Gunbel copula, continue with
test only if it is. If it is not valid end test and print
reason.
i f(theta>=1&&t heta<Inf) {

#Estimate test statistic using Equation reference (2.4)

r hoHat Gunx- sun( (enpCopul a(ul, u2, ul, u2, n) -
gumCopul a(ul, u2, tau))"2)

k=1000

rhoGunx- nuneri c(k) #A vector to contain the test
statistics fromStep 5 of the bootstrap method

#Step 5 in bootstrap nethod (parametric bootstrap)

for(i in 1:k) {

real <-r Copul a(n, gunbel Copul a(theta, 2)) #Get n iid

sanples fromthe best fitting Gunbel copul a

#Cal cul ate the associate transformed sanpl e of
"real’

FnOl<-ecdf (real [, 1])

Fn02<-ecdf (real [, 2])

u0l<-(n/ (n+1))*FnOl(real [, 1])

u02<-(n/ (n+l))*Fn02(real [, 2])

#Estimate Kendall's tau for the transformed sanple
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of 'real’

t au0<-cor. fk(u01, ud2)

#Check to see if tau0O will estimate a valid Gunbe
distribution. If tauO is valid estinate the test statistic of
this iteration and store it in ith position of rhoGum if it
is not valid store "NA" in the ith position of rhoGum

i f(1>tau0&&t au0>=0) {

rhoGunii] <-sum (enpCopul a(u0l, u02, udl, ud2, n) -
gunmCopul a(u01, u02, t au0) ) *2)
}el se{
rhoGunii] <-NA
}

}

val <-l engt h(whi ch(!is.na(rhoGunj))) #Nunmber of valid
iterations

#Estimate the pvalue of the test using Step 6 of the
Boot strap net hod

pval ueGunx- (1/ (val +1) ) *sun{as. nuneri c(r hoGuni whi ch(!
i s.na(rhoGum )] >=rhoHat Gun))

pval ueGum
} else {

paste("theta estinate does not produce a valid Gunbe
di stribution")

#Di spl ay processing tine of Gunbel GoF test
proc.time()-tine

###CGoodness of fit test for the Cayton Copul a
time<-proc.tinme()

t heta<-2*tau/ (1l-tau) #Estimte theta value of best fitting
C ayton copul a

#Check if theta is valid for a Cayton copula, continue with
test only if it is. If it is not valid end test and print
reason.
i f(theta>08&8&t het a<lnf) {

#Estimate test statistic using Equation reference (2.4)

rhoHat d a<- sun( (enpCopul a(ul, u2, ul, u2, n) -
cl aCopul a(ul, u2, tau))"2)

k=1000

rhoC a<-nuneric(k) #A vector to contain the test
statistics fromStep 5 of the bootstrap nethod

#Step 5 in bootstrap nethod (parametric bootstrap)

for(i in 1:k) {

real <-r Copul a(n, cl aytonCopul a(theta, 2)) #Get niid

sanples fromthe best fitting Cayton copul a

#Cal cul ate the associate transfornmed sanpl e of
"real’

FnOl<-ecdf (real [, 1])

Fn02<-ecdf (real [, 2])

u0l<-(n/(n+l))*Fn0l(real [, 1])

u02<-(n/ (n+1))*FnO2(real [, 2])

#Estimate Kendall's tau for the transformed sanpl e
of 'real’
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tauO<-cor. fk(u01, ud2)

#Check to see if tau0 will estimate a valid clayton
distribution. If tau0 is valid estimate the test statistic of
this iteration and store it in ith position of rhoGum if it
is not valid store "NA" in the ith position of rhoGum

i f(1>tau0&&t au0>=0) {

rhod a[i] <-sum (enpCopul a(u01, u02, udl, ud2, n) -
cl aCopul a(u01, u02, tau0))”2)

}el se{

rhoC a[i]<-NA
}

}

val <-l engt h(whi ch(!is.na(rhoCla))) #Nunmber of valid
iterations

#Estimate the pvalue of the test using Step 6 of the
Boot strap mnet hod

pval ued a<- (1/ (val +1)) *sun(as. nuneri c(rhod a[ whi ch(
is.na(rhod a))]>=rhoHat C a))

pval ued a
} else {

paste("theta estimate does not produce a valid Cd ayton
di stribution")
}
#Di spl ay processing time of Cayton GoF test
proc.time()-tine

###CGoodness of fit test for the Two-conmponent copul a
time<-proc.tinme()

#CGet al pha paraneter estimates (only al pha is needed in
copul a)

threshold = 0

gdata = data.franme(y = x1)

fit =vglmy ~ 1, gpd(threshold = threshold), gdata, trace
TRUE) #Get the best fitting GPD of X1 from dataset x1

al phaEst 1<-1/ Coef (fit)[2] #Get ME of alpha_ 1

gdata = data.frane(y = x2)

fit =vglmy ~ 1, gpd(threshold = threshold), gdata, trace
TRUE) #Get the best fitting GPD of X1 from dataset x1

al phaEst 2<- 1/ Coef (fit)[2] #Get ME of al pha 2

#Check if al phal and al pha2 are valid for a Two-conponent
copula, continue with test only if they are. If they are not
valid end test and print reason
i f(al phaEst 1>0 && al phaEst 2>0) {
#Estimate test statistic using Equation reference (2.12)
r hoHat Tc<- sunm( (enpCopul a(ul, u2, ul, u2,n)-
t cCopul a(ul, u2, al phaEst 1, al phaEst 2) ) *2)

signaEst 1<-1 #Arbitrary signa_1 for paranetric bootstrap
data - arbitrary as Two-conponent copula is independent of
signa_1

si gmaEst 2<-1 #Arbituary sigma_2 for paranetric bootstrap
data - arbitrary as Two-conmponent copula is independent of
sigma_2

k=1000

rhoTc<-numeric(k) #A vector to contain the test
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statistics fromStep 5 of the bootstrap mnethod
al phaEst Gof 1<- nuneri c(k) #A vector to contain the al phal
values fromwhich iteration in Step 5 of the bootstrap nethod
al phaEst Gof 2<- nuneri c(k) #A vector to contain the al pha2
values fromwhich iteration in Step 5 of the bootstrap nethod
#Step 5 in bootstrap nmethod (paranmetric bootstrap)
for(i in 1:k) {

#CGenerate n idd sanples fromthe best fitting Two-
component copula. This is done by using the Two-conponent
nodel to produce data (x01,x02) that has the required Two-
component copul a.

wo<-rexp(n,rate=1)

y01<-rgamma(n, al phaEst 1, rate=1)

y02<-rgamma(n, al phaEst 2, rate=1)

y01<-1/y01

y02<-1/y02

x01<- si gmaEst 1*w0*y01

x02<- si gmaEst 2* wW0*y02

FnOl<-ecdf (x01)

Fn02<- ecdf (x02)

#Transform t he sanpl e usi ng Equati on reference

(2.11)

u0l<-(n/ (n+1))*Fn01(x01)

u02<-(n/ (n+1))*Fn02(x02)

#Estimate the al pha paraneters for this new dat aset

gdata = data.frane(y = x01)

fit =vglmy ~ 1, gpd(threshold = threshold), gdata,
trace = TRUE)

al phaEst 01<- 1/ Coef (fit)[ 2]

gdata = data.frane(y = x02)

fit =vglmy ~ 1, gpd(threshold = threshold), gdata,
trace = TRUE)

al phaEst 02<- 1/ Coef (fit)[ 2]
al phaEst Gof 1[ i ] <- al phaEst 01
al phaEst Gof 2[ i ] <- al phaEst 02

#Check to see if al pha paraneters will estimate a
valid Two conponent copula distribution. If they are valid
estimate the test statistic of this iteration and store it in
ith position of rhoTc, if they are not valid store '"NA" in the
ith position of rhoTc.

i f(al phaEst 01>0 && al phaEst 02>0) {

rhoTc[i] <-sun((enmpCopul a(u0l, ud2, udl1, uod2,n) -
t cCopul a(u01, u02, al phaEst 01, al phaEst 02) ) *2)
}el se{
rhoTcl[i] <-NA

}

val <-l engt h(whi ch(!is.na(rhoTc))) #Nunber of valid
iterations

#Estimate the pvalue of the test using Step 6 of the
Boot strap net hod

pval ueTc<- (1/ (val +1)) *sum(as. nureri c(rhoTc[ whi ch(!
i s.na(rhoTc))]>=rhoHat Tc))
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pval ueTc

} else {

paste("al pha estinmates are not positive - marginal
distributions are not Pareto Type |I")
}

#Di spl ay processing tine of Two-conponent copul a GoF test
proc.time()-tine

#Pval ues and Hi stograns of statistic distribution.
pval ueGau

pval ueGum

pval ued a

pval ueTc

#A pl ot containing 4 histograns. The histograns show t he
distribution of the test statistic under the null hypothesis
of each goodness of fit test respectively, and have the
observed test statistic fromthe dataset marked with a red
l'ine.

par (nfrow=c(4,1))

hi st (rhoGau, xI i mec((m n(rhoGau[ whi ch(!

i s.na(rhoGau))], rhoHat Gau)-0. 1), (max(rhoGau[ whi ch(!

i s.na(rhoGau))], rhoHat Gau) +0. 1) ), mai n="Hi st ogr am of Test
Statistics obtained in the Gaussi an Copul a GoF test",

xl ab="Test statistic val ue")

abl i ne(v=r hoHat Gau, col =2)

hi st (rhoGum xI i mec( (m n(rhoGunf whi ch(!

i s.na(rhoGum)], rhoHat Gum-0. 1), (max(rhoGuni whi ch(!

i s.na(rhoGm)], rhoHat Gum +0. 1) ), mai n="Hi st ogr am of Test
Statistics obtained in the Gunbel Copula GoF test", xl|ab="Test
statistic value")

abl i ne(v=r hoHat Gum col =2)

hi st (rhod a, xI i mec((m n(rhod a[ whi ch(!
is.na(rhoCa))],rhoHatd a)-0.1), (max(rhod a[ whi ch(!
is.na(rhod a))],rhoHatd a) +0. 1)), mai n="Hi st ogram of Test
Statistics obtained in the Cayton Copula GoF test",

xl ab="Test statistic val ue")

abl i ne(v=rhoHat d a, col =2)

hi st (rhoTc, xlimec((m n(rhoTc[ which(!

i s.na(rhoTc))], rhoHat Tc)-0. 1), (max(rhoTc[ whi ch(!

i s.na(rhoTc))], rhoHat Tc) +0. 1) ), mai n="Hi st ogr am of Test
Statistics obtained in the Two-conponent Copul a GoF test",
xl ab="Test statistic val ue")

abl i ne(v=rhoHat Tc, col =2)

BRI R R R R R R R R A R R R R R R R R R R e
HtHH

#3D surface plots of copula fits
HEHHHBHHHHBHHHBHHH AR H BB H AR H R H AR
wHH

#Set the view of the 3D plot we wish to observe (two
perspectives used in this study, uncomment the usernmatrix of

t he perspective we would Iike to use)

#userMatri x<-matrix(c(0.6968547, 0.3058737, -0.6487178,

0, -0.7170246, 0.3178042, -0.6203839, 0, 0.01640616,

0. 89746410, O0.44078234, 0, 0, 0, 0, 1),4)
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userMatrix<-matrix(c(0.7143918, -0.2573741,

0. 6506941, 0, -0.6997451, -0.2639421, 0.6638458, O,

0. 000888928, -0.929565966, -0.368654341, 0, 0, 0, 0, 1),4)
vi ewdd(user Mat ri x=userMatri x) #Set the perspective

#Create 3d plot showing the enmpirical copula and the best
fitting Gaussian copula of our data set
x<-seq(0.001, 0. 999, by=0. 001) #x-axis val ues

y<-x #y-axis val ues

zenp<- enpCopul aSur (X, y, ul, u2, n) #Get the enpirical copula

val ues

zgau<- gauCopul aSur (x, y,tau) #Get the best fitting Gaussian
copul a val ues

pl ot 3d(x, Yy, X, type="n", x| abel ="x", yl abel ="y", zI ab="copul a",
mai n="Gaussi an Copula fit") #Create an enpty plot of the unit
cube with a suitable title and axis |abels
surface3d(x,y, zenp, col ="green") #Plot the enpirical copula
surface3d(x,y, zgau, col ="blue") #Plot the best fitting Gaussian
copul a

#Create 3d plot showing the enpirical copula and the best
fitting Gunmbel copula of our data set
#x<-seq(0. 001, 0. 999, by=0. 001)

#y<- X

#zenp<- enpCopul aSur (x, y, ul, u2, n)

zgunx- gunCopul aSur (X, y,tau) #Get the best fitting Gunbel
copul a val ues

pl ot 3d(x, Yy, X, type="n", x| abel ="x", yl abel ="y", zlI ab="copul a", mai n
="Q@unbel Copula fit") #Create an enpty plot of the unit cube
with a suitable title and axis |abels
surface3d(x,y, zenp, col ="green") #Plot the enpirical copula
surface3d(x,y, zgum col ="blue") #Plot the best fitting Gunbel
copul a

#Create 3d plot showing the enpirical copula and the best
fitting dayton copula of our data set
#x<-seq(0. 001, 0. 999, by=0. 001)

#y<- X

#zenp<- enpCopul aSur (x, y, ul, u2, n)

zcl a<-cl aCopul aSur (x, y,tau) #Get the best fitting O ayton
copul a val ues

pl ot 3d(x, Yy, X, type="n", x| abel ="x", yl abel ="y", zlI ab="copul a", mai n
="Clayton Copula fit") #Create an enpty plot of the unit cube
with a suitable title and axis |abels
surface3d(x,y, zenp, col ="green") #Plot the enpirical copula
surface3d(x,y, zcla,col ="blue") #Plot the best fitting C ayton
copul a

#Create 3d plot of the Two conponent nodel Copul a
#x<-seq(0. 001, 0. 999, by=0. 001)

#y<- X

#zenp<- enpCopul aSur (X, y, ul, u2, n)

#Get al pha paraneter estimates (only al pha is needed in
copula) - for an explanation of the code see Two- conponent GoF
t est

threshold = 0

gdata = data.frane(y = x1)
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fit =vglmy ~ 1, gpd(threshold
TRUE)

al phaEst 1<- 1/ Coef (fit)[ 2]

gdata = data.frane(y = x2)

fit =vglmy ~ 1, gpd(threshold
TRUE)

al phaEst 2<- 1/ Coef (fit)[ 2]

threshol d), gdata, trace

threshol d), gdata, trace

zt c<-tcCopul aSur (x, y, al phaEst 1, al phaEst 2) #Get the best
fitting Two-conponent copul a val ues

pl ot 3d(x,y, x, type="n", x|l abel ="x", yl abel ="y", z| ab="copul a", mai n
="Two- Conponent Mdel Copul a") #Create an enpty plot of the
unit cube with a suitable title and axis |abels
surface3d(x,y, zenp, col ="green") #Plot the enpirical copula
surface3d(x,y, ztc, col ="blue") #Plot the best fitting Gaussian
copul a

HHHHHIHH R R R R R R R R R R R R R R R R R R
Hi#

#Extrene Val ue test

HHHHHHH SRR HH T R R R R R R R R R
H#HH#

evTest K(matri x(c(x1, x2),n, 2), nethod="fsanpl e") #Apply the
extrene value test to the dataset

BRI R R R R R R R R A R R R R R R R R R R e
HtHH

#Upper Dependence Val ue

HEHHHAHHHHBHHH BB H AR HH R H AR H R H AR
wHH

#Qunbel Copul a

| anbdaGunx- 2- 22 (1-tau) #Estimated Lanbda U for Gunbel Copul a

| anbdaGum

#Two- conponent Copula - As we do not have an explicit formfor
Lanbda_U, we will plot the function Z(t,t)/t in a range close
to O

al phal anml<- al phal #Al phal val ue #1.320427

al phal ank<- al pha2 #Al pha2 val ue #5.478712

t axi s<-seq(0, 0. 01, by=0.00001)

| anbda_Uaxi s<-| anmbdaTcZVect or (t axi s, al phal an, al phal anR)

pl ot (taxi s, | anbda_Uaxi s, type="I1", mai n=paste("Plot to estimte
Lanbda_ U for the Two-conmponent copula with (al phal, al pha2)=(",
al phal anmt, ", ", al phal an2,")"), xl ab="t", yl ab="1 anbda_U(t)")

BRI R R R R R R R A R R R R R R R R R R A
HtHH

#Lower Dependence Val ue

HEHHHBHHHHBHHH AR HH A H AR H AR H R H AR
wHH

#CO ayt on Copul a
| anbda_Ld a<-27(0.5*(1-tau)) #Estinmated Lanbda U for Gunbel
Copul a
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| anrbda LCl a

HHHHH BRI R T R R R
HittH

#Anal ysi s of the two-conmponent copul a

HEH R R R R R R R R
i

HEHHHBHHHHHHHHBHHH AR H B H AR

#H####  Check integration of z (Equation reference 3.3) and c
(doubl e deribative of two conmponent copula) over unit square
equals 1 - this is arequirement as z and ¢ are also the joint
density functions of two uniformrandom variables with copul a
Z and C respectively, evaulated on (0,1).

DenAl phal<-1 #Arbituary al phal val ue
DenAl pha2<-1 #Arbituary al pha2 val ue
#Create function to represent the joint density function (on
(0,1)) of two uniformrandomvariables with copula Z with
al phal=DenAl phal and al pha2=DenAl pha2 (uses Equation reference
3. 6)
func<-function(z) {
ans<- DecTwoConpz(z[ 1], z[ 2], DenAl phal, DenAl pha2)
return(ans)

#lntegrate density over the unit square
adapt (2,1 0=c(0,0), up=c(1,1), functn=func)

#Create function to represent the joint density function (on
(0,1)) of two uniformrandom variables with copula Cwth
al phal=DenAl phal and al pha2=DenAl pha2 (uses Equation reference
(3.6))
func<-function(z) {
ans<- TwoConpc(z[ 1], z[ 2], DenAl phal, DenAl pha2)
return(ans)}
#l ntegrate density over the unit square
adapt (2,1 0=c(0, 0), up=c(1, 1), functn=func)

HEHHHAHHHHBHHH AR HH B H AR
####Pl otting Density function

u<-seq(0. 001, 0. 999, by=0. 001) #u-axis val ues
v<-u #v-axis val ues

##Pl otting the colour palette of the colours used in colouring
t he graphs.

#ln this function n=nunber of points plotted in graph, so

n=I engt h(u) *1 engt h(v)

deno. pal (1 ength(u)*l engt h(v))

##Plotting c(u,v) with al phal =a and al pha2=b (Equati on
reference 3.6)
a=0.5
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b=0.7

cval ues<- TwoConpcSur (u, v, a, b)

col <-rai nbow( | engt h(cval ues))[rank(cval ues)]

pl ot 3d(u, v,

cval ues, type="n", xl abel ="u", yl abel ="v", zl ab="c(u, v) ", mai n=past
e("Plot of c(u,v) (alphal=",a,", alpha2=",b,")"))
surface3d(u, v, cval ues, col =col)

###Pl otting density c(u,v)<l with al phal =a and al pha2=b
(Equation reference 3.6)

cval ues2<-cval ues

cval ues2[ whi ch(cval ues2>1)] <- NA

col <-rai nbow( | engt h(cval ues2))[rank(cval ues2)]

#usermat ri x<- par 3d("userMatri x") ###Saves userMatrix for plot
that you have hand rotated into the right position

#Change perspective of plot

usermatri x<-matrix(c(0.7122523, 0.2930976, -0.6378013,

0, -0.7016941, 0.3205379, -0.6363025, 0, 0.01794076,
0.90074944, 0.43396875, 0,0,0,0,1),4)

vi ewdd(user Mat ri x=usermat ri x)

#Create enpty plot with suitable title and axis | abels

pl ot 3d(u, v, u, type="n", x| abel ="x", yl abel ="y", zI ab="copul a",
mai n=paste("Plot of the function c(u,v) contained in the unit
cube (al phal=",a,", alpha2=",b,")"), axes=FALSE)

axes3d(c(' x--","y--","z-+")) #Changes the position of the axis
| abel s to inprove the | ook of the plot

surface3d(u, v, cvalues2, col=col) #plots the graph

HEHHHBHHHHHHHHBHHH AR H B H AR
#H###Pl otting the contour plots of density function

u<-seq(0. 001, 0. 999, by=0. 001) #u-axis val ues
v<-u #v-axis val ues

##Plotting c(u,v) with al phal =a and al pha2=b (Equati on
reference 3.6)

a=1

b=35

cval ues<- TwoConpcSur (u, v, a, b) #Cal cul es c val ues (density
function)

zval ues<- DecTwoConpzSur (u, v, a, b) #Cal cul es z val ues (surviva
copul a function)

#cont | evel s=c(seq(0, 2, by=0. 2), 3, 4)

contl evel s=c(seq(0, 2, by=0. 2), seq(0, 6, by=1))

contour(u,v, cvalues, |evels=contlevels,
plot.title=title(nain=paste("Plot of c(u,v) (alphal=",a,",
al pha2=",b,")"), xl ab="u", yl ab="v"))

contour(u,v, zvalues, |evels=contlevels,
plot.title=title(min=paste("Plot of z(u,v) (alphal=",a,",
al pha2=",b,")"), xl ab="u", yl ab="v"))
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