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library (mvtnorm)

library(scatterplot3d)

library(mnormt)

library(sn)

library(stats4)

library(numDeriv)

library(pspline)

library(copula)

library(miscTools)

library(maxLik)

HAEHBH BB HAH B HAHBHHEHBHHEHAH RS HAHBHHEHBH B HAH RS R HBH RS H AR RS RS

M=function(x.samp,vl,v2,v,rho){

R=matrix(c(1,rho,rho,1),2)

Qv



z=matrix(0,n,d)

W=matrix(0,n,d)

Q=numeric(n)

z[,1]1=qt (pt (x.samp[,1] ,df=v1) ,df=v)
z[,2]1=qt (pt (x.samp[,2] ,df=v2) ,df=v)

for (i in 1:n){
QLil=(Qog(1+(t(z[i,])%*%solve (R) %*xhz[i,1)/v))
for (j in 1:d){

Wli,jl=log(1+((z[i,j]1)"2)/v)

}
b=1ist(Q,W)
return(b)
}
HERSHHAFHERHHAFHBRHHBFHBHAHBFHRAAHBRHHAFH B HHAFH B AR AR H R RIS
f=function(V,x.samp){
vi=abs(V[1])
v2=abs (V[2])
v=abs (V[3])
rho=abs (V[4])
d=2
R=matrix(c(1,rho,rho,1),2)
gl=nx*log(gamma ((v+d)/2))+n*(d-1)*log(gamma(v/2))

-n*d*log(gamma ((v+1)/2))-(n/2)*1log(det (R))
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g2=-((v+d)/2)*sum(M(x.samp,v1,v2,v,rho) [[1]])

+((v+1)/2) *sum(apply (M(x.samp,v1,v2,v,rho) [[2]],2,sum))
g3=+(n*log(gamma ((v1+1)/2))-(n/2)*log(v1i*pi)

-n¥log(gamma (v1/2))-((v1+1) /2)*sum(log (1+(((x.samp[,1])"2)/v1))))
g4=+(n*log(gamma ((v2+1)/2))-(n/2)*1log(v2*pi)

-n*log(gamma (v2/2))-((v2+1) /2) *sum(log (1+(((x.samp[,2])72)/v2))))
gg=gl+g2+g3+gh

gg

3

ISR R
## n is the sample size

## k is the number of iterations

Result=function(n,k){
m=matrix(0,k,4)
ma=numeric (k)
for (i in 1:k){
x.sampl <- rmvdc(mvdc(tCopula(rho,df=v),
c("t", "t"),list(list(df=v1), list(df = v2))),n)
v<-c(v1l,v2,v,rho)
f(v,x.sampl)
mm<-maxLik(f,start=c(vl,v2,v,rho),x.samp=x.sampl,method="BFGS")

ma [i] =mm$maximum
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m[i,]=t(abs(coef(mm)))

}
meann=apply(m,2,mean)
s=(m-matrix(meann,k,4,byrow=TRUE)) "2
sd=(apply(s,2,sum))/k
re=list(meann,sd,ma)
return(re)
}
HHAHHHHHHRHFHHH R H RS RHHHH R H R R
results=Result(n,k)
meann=t (as.matrix(results[[1]]))
colnames (meann)=c("v1i","v2","v", "rho")
meann
sd=t (as.matrix(results[[2]]))
results[[3]]
mean (results[[3]])
colnames(sd)=c("v1i",6 "v2","v","rho")

sd

o eibadiz d sz 5 a5 8 (oleitin )3 oS Lo 355 slaS
doz & Jate » o
library (mnormt)

library(sn)

library(MASS)

—1
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library(signal)
library (numDeriv)
HAEHBH R HAH B HAHBHHEHBHBEHAH RS HAHBHHEHAH B H AR RS R HBH RS HAH RS R
Wi #EE multivariate skew t-copula W
HERSHHAFHERHHAFHBHHHBFHBAHHBFHHAAHBRHHAFHRRH B AR R B R RS HRAHH IS
## redefine gst on "sn" ver.1.0-0
gst <- function (p, xi = 0, omega = 1, alpha = 0, nu=Inf,
tol = 1e-08, maxit = 30, ...)
{
if (length(alpha) > 1)
stop("'alpha' must be a single value")
if (length(nu) > 1)
stop("'nu' must be a single value")
if (nu <= 0)
stop("nu must be non-negative")
if (nu == Inf)
return(gsn(p, xi, omega, alpha))
if (nu == 1)
return(gsc(p, xi, omega, alpha))
if (alpha == Inf)
return(xi + omega * sqrt(qf(p, 1, nu)))
if (alpha == -Inf)
return(xi - omega * sqrt(qf(1 - p, 1, nu)))

na <- is.na(p) | (p <0) | (p > 1)



abs.alpha <- abs(alpha)
if (alpha < 0)
p<- 1 -p
zero <- (p == 0)
one <- (p == 1)
X <- xa <- xb <- xc <- fa <- fb <- fc <- rep(NA, length(p))
nc <- rep(TRUE, length(p))
nc[(na | zero | one)] <- FALSE
fcl!nc] <- 0
xa[nc] <- qt(plncl, nu)
xb[nc] <- sqrt(qf(plncl, 1, nu))
falnc] <- pst(xalnc], 0, 1, abs.alpha, nu, ...) - plncl
fb[nc] <- pst(xb[nc], 0, 1, abs.alpha, nu, ...) - plncl
regula.falsi <- FALSE
it <- 0
while ((sum(nc) > 0) && (it < maxit)) {
xc[nc] <- if (regula.falsi)
xb[nc] - fblnc] * (xb[nc] - xalnc])/(fblnc] - falnc])
else (xb[nc] + xalncl)/2
fc[nc] <- pst(xclnc], 0, 1, abs.alpha, nu, ...) - plncl
pos <- (fc[nc] > 0)
xa[nc] [!pos] <- xc[nc] [!pos]
falnc] ['pos] <- fclnc][!pos]

xb[nc] [pos] <- xcl[nc] [pos]
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fb[nc] [pos] <- fclnc] [pos]
x[nc] <- xclnc]

nc[(abs(fc) < tol)] <- FALSE
regula.falsi <- !regula.falsi

it <- it + 1

##  if (it > 200{ cat("it=",it); }
x <- replace(x, zero, -Inf)
x <- replace(x, one, Inf)

## q <- as.numeric(xi + omega * sign(alpha) * x)
Sign <- function(x) sign(x)+ as.numeric(x==0)
q <- as.numeric(xi + omega * Sign(alpha)* x)
names(q) <- names(p)

return(q)

#H########## random number generator of skew t-copula #########H#H#HEH
rstcop <- function(n,rho,delta,nu){

dim <- length(delta);

zeta <- delta/sqrt(1l-deltaxdelta);

Omega <- diag(1/2,dim);

Omega[lower.tri(Omega)] <- rho;

Omega <- Omega + t(Omega) ;

iOmega <- solve(Omega) ;

alpha <- iOmega %%}, delta /sqrt(1-(t(delta) %+’ iOmega %*’ delta) [1,1]);



x <- rmst(n=n,0Omega=0mega,alpha=alpha,nu=nu);
u <- matrix(0,nrow=n,ncol=dim) ;
for(j in 1:dim){ ul,j] <- pst(x[,j], alpha=zetalj], nu=nu); }
list (x=x,u=u);
}
##### transforming original parameters to internal parameters #####
stIntPara <- function(rho,delta,nu){

Omega <- diag(1/2,length(delta));

Omega[lower.tri(Omega)] <- rho;

Omega <- Omega + t(Omega);

ndim <- length(delta)+1;

R <- diag(ndim);

R[-1,1] <- R[1,-1] <- delta;

R[-1,-1] <- Omega;

LTR <- t(chol(R));

theta <- acos(LTR[2:ndim,1]);

cumsin <- sin(theta) [-1];

for(j in 2:(ndim-1)){

thj <- acos(LTR[(j+1) :ndim, j]/cumsin);
theta <- c(theta,thj);

cumsin <- (cumsin*sin(thj))[-1];

c(theta,log(nu-2.0));
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##### transforming internal parameters to original parameters #####
stOrgPara <- function(para){
ntheta <- length(para)-1;
theta <- paral[l:nthetal;
ndim <- (1+sqrt(1+8*ntheta))/2;
LTR <- diag(ndim);
LTR[-1,1] <- cos(thetal[l:(ndim-1)]);
cumsin <- sin(thetal[l:(ndim-1)]);
for(j in 2:(ndim-1)){
LTR[j,j] <- cumsin[1];
k <= (j-1)*(ndim-j/2)+1;
thj <- thetalk: (k+ndim-j-1)];
cumsin <- cumsin[-1];
LTRL((j+1) :ndim),j] <- cumsin*cos(thj);
cumsin <- cumsin*sin(thj);
}
LTR[ndim,ndim] <- cumsin[1];
R <= LTR %*% t(LTR);
Omega <- R[-1,-1];
delta <- R[1,-1];
nu <- exp(para[ntheta+1])+2.0;

list(rho = Omega[lower.tri(Omega)], delta = delta, nu = nu);

HH#HHHH AR HH#E interpolating quantiles #####H##HHHHHBHHHIHHERSH



ipgst <- function(udat,zeta,nu,mpoints=150,rel.tol=1e-6){
dim <- ncol(udat);
ix <- matrix(0,nrow=nrow(udat) ,ncol=dim);
for(j in 1:dim){
minx <- gst(min(udat[,j]), alpha=zetalj], nu=nu, rel.tol=rel.tol);
maxx <- gst(max(udatl[,j]), alpha=zetalj], nu=nu, rel.tol=rel.tol);
xx <- seq(minx,maxx,length.out=mpoints);
px <- sort(pst(xx, alpha=zetalj], nu=nu, rel.tol=rel.tol));
# cat("j=",j," zetaj=",zetaljl," nu=",nu,"\n");

ix[,j] <- pchip(px, xx, udat[,jl);

ix

HERSHHAHHBRHHAFHBRHHAFHBHHHAFHBAA BB R HRAAH AR HRAFH B R A H RS
## negative log-likelihood for multivariate skew t-copula
HESHHAFHBFHHAFHBHHHAFH B HHAFH B AR FH RS RS H AR AR
stcopnll <- function(para, udat=NULL, rel.tol=le-6, mpoints=150){

dim <- ncol(udat);

dp <- stOrgPara(para);

delta <- dp$delta;

zeta <- delta/sqrt(1-delta*delta);

Omega <- diag(1/2,dim);

Omega[lower.tri(Omega)] <- dp$rho;

Omega <- Omega + t(Omega) ;
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iOmega <- solve(Omega);

alpha <- iOmega %*% delta /sqrt(l-as.numeric(t(delta)

%*% iOmega %*J, delta));

nu <- dp$nu;

ix <- ipgst(udat,zeta,nu,mpoints=mpoints,rel.tol=rel.tol);

## Activate the following line instead of monotone
interpolating quantile

## function ipgst() to use accurate quantile function agst()

## ix <- agst(udat,zeta,nu,rel.tol=rel.tol);

1m <- matrix(0,nrow=nrow(udat) ,ncol=dim);

for(j in 1:dim){ Im[,j] <- dst(ix[,j], alpha=zeta[j], nu=nu,
1og=TRUE) ; }

lc <- dmst(ix,0Omega=0Omega,alpha=alpha,nu=nu,log=TRUE) ;

-sum(1lc)+sum(1lm)

#H########### MLE for skew t-copula using optim ###########H#HEHSHHHEH
stcop.mle <- function (udat = NULL, start = NULL, method = "Nelder-Mead",

rel.tol=1e-6, mpoints=150, ...)

iniPar <- stIntPara(start$rho,start$delta,start$nu);

fit <- optim(iniPar, stcopnll, method=method, hessian=FALSE, udat=udat,
rel.tol=rel.tol, mpoints=mpoints, ...);

list(call = match.call(), dp = stOrgPara(fit$par), logL = -fit$value,

details=fit, nobs = nrow(udat), method = method);



b
it #### show estimated parameters and the log-likelihood #i##i##i#t#
showResult <- function(fit){

dp <- fit$dp;

list (rho=dp$rho,delta=dp$delta,nu=dp$nu,logl=fit$logl);

HAHBH B HAHBHHAHBH R HAHBHHAHBHHBHBH RS HAH RS HBHBEH RS HAH RS HAH R HEH
#HA##H##AH#HAH##S multivariate skew t-distribution #H##H##H#HHHHAHAHH
HAEHBH B HAHBHHAHBH BB HAHBHHAHBH R HBH RS HAH RS HBHBEH RS H AR RS HEHBH R HEH
#negative log-likelihood for multivariate skew t-distribution
(xi=0,omega=1)

HEFHHAHH AR HHAFHBRHHAFHBRHHAFHBRH B RS HBR AR AFH BB IR R R HBRHRAH RIS
stdistnll <- function(para, xdat=NULL){
dp <- stOrgPara(para);
delta <- dp$delta;
Omega <- diag(1/2,ncol(xdat));
Omega[lower.tri(Omega)] <- dp$rho;
Omega <- Omega + t(Omega);

iOmega <- solve(Omega);
alpha <- iOmega %*% delta /sqrt(1-(t(delta) %x%

iOmega %*% delta)[1,1]);

-sum(dmst (xdat ,Omega=0mega,alpha=alpha,nu=dp$nu,log=TRUE) ) ;
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### MLE for skew t-distribution with xi=0 and omega=1 using optim ####
stdist.mle <- function (xdat = NULL, start = NULL,

method = "Nelder-Mead", ...)

{

iniPar <- stIntPara(start$rho,start$delta,start$nu);

fit <- optim(iniPar, stdistnll, method=method, hessian=FALSE,
xdat=xdat, ...);

list(call = match.call(), dp = stOrgPara(fit$par), logL = -fit$value,
details=fit, nobs = nrow(xdat), method = method);

}

## setting ##

smN <- 2500;

smrho <- c(0.6) ;#could be a vector like c(0.46,0.39,0.55)

smdelta <- c(-0.39,-0.55);

smnu <- 3;

## simulation ##

#set.seed(1);

dat <- rstcop(smN,smrho,smdelta,smnu) ;

dim <- ncol(dat$u);

start <- list(rho=numeric(dim*(dim-1)/2),delta=numeric(dim) ,nu=6);

#HdHH A4 MLE for skew t-copula

## It would be better to add "trace=TRUE" option in control list
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#system.time(stcopmle<-stcop.mle(dat$u, start=start,
control=list(reltol=1e-4,trace=TRUE)))
stcopmle<-stcop.mle(dat$u, start=start,
control=list(reltol=1le-4,trace=TRUE))

showResult (stcopmle) ;

HE#HHAHH AR A HEAS MLE for skew t-distribution
#system.time(stdistmle<-stdist.mle(dat$x, start=start,
control=list(reltol=le-4)));
stdistmle<-stdist.mle(dat$x, start=start,
control=list(reltol=1e-4))

showResult (stdistmle);
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Aabstract

In many practical problems, a separate analysis of the factors could not indicate
the relevance and impact several factors in the phenomena of interest, it must
be joint distribution of measured. Since there are correlations between factors
of the phenomena and the assumption of independence are not significant, can
not easily obtain their Joint distribution with their marginal distributions. For
this purpose it is necessary the best copula families are selected through different
copula functions for drought modeling. It is often required in multivariate analysis
to construct a multivariate distribution from specified marginal distributions with
a given dependence structure. The meta-elliptically contoured distributions are
constructed this way that the meta t-distribution belongs to this class. The t
copula can be thought of as representing the dependence structure implicit in a
multivariate t distribution. the skewed t copula, which allow more heterogeneity
in the modelling of dependent observations. The skew t copula is representing the
dependence structure of multivariate skew t distribution.

keywords: multivariate distribution, elliptically contoured distribution, meta-
elliptically contoured distribution, meta-t distribution, t-copula, multivariate skew
t distribution, skew t-copula, dependence structure
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