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comoments, and Many Distributions

Description

The Imomco package is a comparatively comprehensive implementation of L-moments in addi-
tion to probability-weighted moments, and parameter estimation for numerous familiar and not-
so-familiar distributions. L-moments and their cousins are based on certain linear combinations of
order statistic expectations. Being based on linear mathematics and thus especially robust compared
to conventional moments, they are particular suitable for analysis of rare events of non-Normal data.
L-moments are consistent and often have smaller sampling variances than maximum likelihood in
small to moderate sample sizes. L-moments are especially useful in the context of quantile func-
tions. The method of L-moments (1mr2par) is augmented here with access to the methods of
maximum likelihood (mle2par) and maximum product of spacings (mps2par) as alternatives for
parameter estimation bound into the distributions of the Imomco package.

About 370 user-level functions are implemented in Imomco that range from low-level utilities form-
ing an application programming interface (API) to high-level sophisticated data analysis and visu-
alization operators. The “See Also” section lists recommended function entry points for new users.
The nomenclature (d, p, r, g)-1lmomco is directly analogous to that for distributions built-in to R. To
conclude, the R packages Imom (Hosking), ImomRFA (Hosking), Lmoments (Karvanen) might
also be of great interest.

How does Imomco basically work? The design of Imomco is to fit distributions to the L-moments
of sample data. Distributions are specified by a type argument for very many functions. The
package stores both L-moments (see vec2lmom) and parameters (see vec2par) in simple R list
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structures—very elementary. The following code shows a comparison of parameter estimation for a
random sample (rlmomco) of a GEV distribution using L-moments (1moms coupled with 1mom2par
or simply lmr2par), maximum likelihood (MLE, mle2par), and maximum product of spacings
(MPS, mps2par). (A note of warning, the MLE and MPS algorithms might not converge with the
initial parameters—for purposes of “learning” about this package just rerun the code below again
for another random sample.)

parent.lmoments <- vec2lmom(c(3.08, 0.568, -0.163)); ty <- "gev"

Q <- rlmomco(63, lmom2par(parent.lmoments, type=ty)) # random sample

init <- lmoms(Q); init$ratios[3] <- @ # failure rates for mps and mle are
# substantially lowered if starting from the middle of the distribution's
# shape to form the initial parameters for init.para

Imr <- Imr2par(Q, type=ty) # method of L-moments

mle <- mle2par(Q, type=ty, init.lmr=init) # method of MLE

mps <- mps2par(Q, type=ty, init.lmr=init) # method of MPS

Imr1 <- lmr$para; mlel <- mle$para; mpsl <- mps$para

The 1mr1, mlel, and mps1 variables each contain distribution parameter estimates, but before they
are inspected, how about quick comparison to another R package (eva)?

Imr2 <- eva::gevrFit(Q, method="pwm")$par.ests # PWMs == L-moments

mle2 <- eva::gevrFit(Q, method="mle")$par.ests # method of MLE

mps2 <- eva::gevrFit(Q, method="mps")$par.ests # method of MPS

# Package eva uses a different sign convention on the GEV shape parameter
mle2[3] <- -mle2[3]; mps2[3] <- -mps2[3]; 1mr2[3] <- -1mr2[3];

Now let us inspect the contents of the six estimates of the three GEV parameters by three different

methods:
message("LMR(1momco): ", paste(round(lmri, digits=5), collapse=" "))
message("LMR(  eva): ", paste(round(lmr2, digits=5), collapse=" "))
message ("MLE(lmomco): ", paste(round(mlel, digits=5), collapse=" "))
message("MLE(  eva): ", paste(round(mle2, digits=5), collapse=" "))
message("MPS(1lmomco): ", paste(round(mps1, digits=5), collapse=" "))
message("MPS( eva): ", paste(round(mps2, digits=5), collapse=" "))

The results show compatible estimates between the two packages. Lastly, let us plot what these dis-
tributions look like using the Imomco functions: add. lmomco. axis, nonexceeds, pp, and qlmomco.

par(las=2, mgp=c(3, 0.5, 0)); FF <- nonexceeds(); qFF <- gnorm(FF)

PP <- pp(Q); gPP <- gnorm(PP); Q <- sort(Q)

plot( gFF, glmomco(FF, 1mr), xaxt="n", xlab="", tcl=0.5,
ylab="QUANTILE", type="1")

lines( gFF, glmomco(FF, mle), col="blue")

lines( gFF, glmomco(FF, mps), col="red" )

points(gPP, Q, lwd=0.6, cex=0.8, col=grey(0.3)); par(las=1)

add.lmomco.axis(las=2, tcl=0.5, side.type="NPP")

Author(s)

William Asquith <william.asquith@ttu.edu>
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. Imomcohash Storage of Lookup Tables for the Imomco Package

Description

This is a hidden data object contained in the R/sysdata.rda file of the Imomco package. The
system file 'inst/doc/SysDataBuilder.R' of the package is responsible for the construction of
these data.


https://doi.org/10.1016/j.csda.2006.07.016
https://www.amazon.com/dp/1463508417/
https://doi.org/10.1016/j.csda.2012.12.013
https://doi.org/10.1016/S0167-9473%2802%2900250-5
https://doi.org/10.1111/j.2517-6161.1990.tb01775.x
https://doi.org/10.1016/j.jspi.2006.10.010
https://www.amazon.com/dp/0521019400/
https://www.amazon.com/dp/0817683607/
https://doi.org/10.1016/j.jmva.2007.01.008
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Format

An R environment with entries:

AEPkh2ImrTable A data.frame of asymmetric exponential power (4-parameter) relations be-
tween its two shape parameters, numerical, and theoretical L-skew and L-kurtosis. (See also
paraep4)

EMU_Imompara_byeta A data.frame of pre-computed table of relations between the parame-
ters and L-moments of the Eta-Mu distribution. (See also 1momemu, paremu)

KMU_Imompara_bykappa A data.frame of pre-computed table of relations between the pa-
rameters and L-moments of the Kappa-Mu distribution. (See also lmomkmu, parkmu)

RiceTable A data.frame with coefficient of L-variation, signal to noise ratio, a parameter G, and
L-skew and L-kurtosis of the Rice distribution. This is useful for quick parameter estimation.
(See also 1Imomrice, parrice)

RiceTable.maxLCV Maximum coefficient of L-variation representable (or apparently so) within

R.
RiceTable.minLCV Minimum coefficient of L-variation representable (or apparently so) within
R.
add. lmomco.axis Add an lmomco Axis to a Plot
Description

This function provides special support for adding probability-like axes to an existing plot. The func-
tion supports a recurrence interval (RI) axis, normal probability axis (NPP), and standard normal
variate (SNV) axis. The function is built around the interface model that standard normal trans-
formation of the values for the respective axis controlled by this function are being plotted; this
means that gnorm() should be wrapped on the values of nonexceedance probability. This is an ease
oversight to make (see Examples section below and note use of gqnorm(pp)).

The function provides a convenient interface for labeling and titling two axes, so adjustments to
default margins might be desired. The pertinent control is achieved using the par () function, which
might be of the form par(mgp=c(3,0.5,0), mar=c(5,4,4,3)) say for plotting the Imomco axis
both on the left and right (see z. par2cdf for an example).

Usage

add.1lmomco.axis(side=1, twoside=FALSE, twoside.suppress.labels=FALSE,
side.type=c("NPP", "RI", "SNV"),
otherside. type=c(”"NA", "RI", "SNV", "NPP"),
alt.lab=NA, alt.other.lab=NA, npp.as.aep=FALSE,
case=c("upper"”, "lower"),
NPP.control=NULL, RI.control=NULL, SNV.control=NULL, ...)
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Arguments
side

twoside

add.Imomco.axis

The side of the plot (1=bottom, 2=left, 3=top, 4=right).

A logical triggering whether the tick marks are echoed on the opposite side. This
value is forced to FALSE if otherside. type is not "NA".

twoside.suppress.labels

side. type

A logical to turn off labeling on the opposite side. This is useful if only the ticks
(major and minor) are desired.

The axis type for the primary side.

otherside. type The optional axis type for the opposite side. The default is a literal not applica-

alt.lab

alt.other.lab

npp.as.aep

case
NPP.control
RI.control

SNV.control

Value

ble.

A short-cut to change the axis label without having to specify a x. control argu-
ment and its 1abel attribute. The label attribute of alt.lab is not NA is used in-
stead of the defaults. This argument overrides behavior of the otherside. type
labeling so use of alt.lab only makes sense if otherside. type is left as NA.

Similar to alt.lab but can house an alternative label (see Examples.

Convert nonexceedance probability to exceedance probability, which is a que for
alt.other.lab and nonexceedance probabilities are changed by 1 — F', but the
real coordinates for plotting remain in the nonexceedance probability context.

The will switch between all upper case or mixed case for the default labels.
An optional R 1ist used to influence the NPP axis.

An optional R 1ist used to influence the RI axis.

An optional R 1ist used to influence the SNV axis.

Additional arguments that are passed to the R function Axis.

No value is returned. This function is used for its side effects.

Note

The NPP.control, RI.control, and SNV.control are R list structures that can be populated
(and perhaps someday extended) to feed various settings into the respective axis types. In brief:

The NPP. control provides

label
probs

The title for the NPP axis—be careful with value of as.exceed.
A vector of nonexceedance probabilities F'.

probs.lab A vector of nonexceedance probabilities F' to label.

digits
line

The digits for the R function format to enhance appearance.
The line for the R function mtext to place label.

as.exceed A logical triggering S =1 — F.

The RI.control provides

label  The title for the RI axis.
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Tyear A vector of T-year recurrence intervals.
line  The line for the R function mtext to place label.

The SNV. control provides

label  The title for the SNV axis.

begin The beginning “number of standard deviations”.
end The ending “number of standard deviations”.

by The step between begin and end.

line  The line for the R function mtext to place label.

The user is responsible for appropriate construction of the control lists. Very little error trapping
is made to keep the code base tight. The defaults when the function definition are likely good for
many types of applications. Lastly, the manipulation of the mgp parameter in the example is to show
how to handle the offset between the numbers and the ticks when the ticks are moved to pointing
inward, which is opposite of the default in R.

Author(s)

W.H. Asquith

See Also

prob2T, T2prob, add. log.axis

Examples

par(mgp=c(3,0.5,0)) # going to tick to the inside, change some parameters
X <= sort(rnorm(65)); pp <- pp(X) # generate synthetic data
plot(gnorm(pp), X, xaxt="n", xlab="", ylab="QUANTILE", xlim=c(-2,3))
add.1lmomco.axis(las=2, tcl=0.5, side.type="RI", otherside.type="NPP")
par(mgp=c(3,1,0)) # restore defaults

## Not run:

opts <- options(scipen=6); par(mgp=c(3,0.5,0))

X <- sort(rexp(65, rate=.0001))*100; pp <- pp(X) # generate synthetic data
plot(gnorm(pp), X, yaxt="n", xaxt="n", xlab="", ylab="", log="y")
add.log.axis(side=2, tcl=+0.8*abs(par()$tcl), two.sided=TRUE)
add. log.axis(logs=c(1), tcl=-0.5*abs(par()$tcl), side=2, two.sided=TRUE)
add. log.axis(logs=c(1), tcl=+1.3*abs(par()$tcl), side=2, two.sided=TRUE)
add.log.axis(logs=1:8, side=2, make.labs=TRUE, las=1, label="QUANTILE")
add. lmomco.axis(las=2, tcl=0.5, side.type="NPP", npp.as.aep=TRUE, case="lower")
options(opts)

par(mgp=c(3,1,0)) # restore defaults

## End(Not run)
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add.log.axis

add.log.axis

Add a Polished Logarthimic Axis to a Plot

Description

This function provides special support for adding superior looking base-10 logarithmic axes relative
to R’s defaults, which are an embarassment. The Examples section shows an overly elaborate
version made by repeated calls to this function with a drawback that each call redraws the line of the
axis so deletion in editing software might be required. This function is indexed under the “Imomco
functions” because of its relation to add.1lmomco.axis and is not named add.lmomcolog.axis
because such a name is too cumbersome.

Usage

add.log.axis(make.labs=FALSE, logs=c(2, 3, 4, 5, 6, 7, 8, 9), side=1,

Arguments

make. labs

logs

side

two.sided
label

col.ticks

Value

two.sided=FALSE, label=NULL, x=NULL, col.ticks=1, ...)

A logical controlling whether the axis is labled according to the values in logs.

A numeric vector of log-cycles for which ticking and (or) labeling is made.
These are normalized to the first log-cycle, so a value of 3 would spawn values
such as ---,0.03,0.3, 3, 30, - - - through a range exceeding the axis limits. The
default anticipates that a second call to the function will be used to make longer
ticks at the even log-cycles; hence, the value 1 is not in the default vector. The
Examples section provides a thorough demonstration.

An integer specifying which side of the plot the axis is to be drawn on, and
argument corresponds the axis side argument of the axis function. The axis is
placed as follows: 1=below, 2=left, 3=above, and 4=right.

A logical controlling whether the side oppose of side also is to be drawn.

The label (title) of the axis, which is placed by a call to function mtext, and thus

nn

either the x1ab or ylab arguments for plot should be set to the empty string "".

This is an optional data vector (untransformed!), which will compute nice axis
limits and return them. These limits will align with (snap to) the integers within
aloglO-cycle.

This is the same argument as the axis function.

Additional arguments to pass to axis.

No value is returned, except if argument x is given, for which nice axis limits are returned. By
overall design, this function is used for its side effects.

Author(s)

W.H. Asquith
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See Also

add. lmomco.axis

Examples

## Not run:

par(mgp=c(3,0.5,0)) # going to tick to the inside, change some parameters

X <= 10%*sort(rnorm(65)); pp <- pp(X) # generate synthetic data

ylim <- add.log.axis(x=X) # snap to some nice integers within the cycle

plot(gnorm(pp), X, xaxt="n", yaxt="n", xlab="", ylab="", log="y",
xlim=c(-2,3), ylim=ylim, pch=6, yaxs="i", col=4)

add. lmomco.axis(las=2, tcl=0.5, side.type="RI", otherside.type="NPP")

# Logarithmic axis: the base ticks to show logarithms

add. log.axis(side=2, tcl=0.8*abs(par()$tcl), two.sided=TRUE)

# the long even-cycle tick, set to inside and outside

add. log.axis(logs=c(1), tcl=-0.5%abs(par()$tcl), side=2, two.sided=TRUE)

add. log.axis(logs=c(1), tcl=+1.3%abs(par()$tcl), side=2, two.sided=TRUE)

# now a micro tick at the 1.5 logs but only on the right

add.log.axis(logs=c(1.5), tcl=+0.5%abs(par()$tcl), side=4)

# and only label the micro tick at 1.5 on the right

add. log.axis(logs=c(1.5), side=4, make.labs=TRUE, las=3) # but weird rotate

# add the bulk tick labeling and axis label.

add.log.axis(logs=c(1, 2, 3, 4, 6), side=2, make.labs=TRUE, las=1, label="QUANTILE")

par(mgp=c(3,1,0)) # restore defaults

## End(Not run)

amarilloprecip Annual Maximum Precipitation Data for Amarillo, Texas

Description

Annual maximum precipitation data for Amarillo, Texas

Usage

data(amarilloprecip)

Format

An R data. frame with

YEAR The calendar year of the annual maxima.

DEPTH The depth of 7-day annual maxima rainfall in inches.

References

Asquith, W.H., 1998, Depth-duration frequency of precipitation for Texas: U.S. Geological Survey
Water-Resources Investigations Report 98-4044, 107 p.
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Examples

data(amarilloprecip)
summary (amarilloprecip)

Apwm2BpwmRC Conversion between A- and B-Type Probability-Weighted Moments for
Right-Tail Censoring of an Appropriate Distribution

Description

This function converts “A”-type probability-weighted moments (PWMs, 32) to the “B”-type BZ.
The 3 are the ordinary PWM s for the m left noncensored or observed values. The 32 are more
complex and use the m observed values and the m — n right-tailed censored values for which the
censoring threshold is known. The “A”- and “B”-type PWMs are described in the documentation
for pwmRC.

This function uses the defined relation between to two PWM types when the 6,,4 are known along
with the parameters (para) of a right-tail censored distribution inclusive of the censoring fraction
¢ = m/n. The value ( is the right-tail censor fraction or the probability Pr{} that x is less than the
quantile at ¢ nonexceedance probability (Pr{z < X ({)}). The relation is

By =r H AL + (1= ¢)X(O)}
where 1 < r < n and n is the number of moments, and X (¢) is the value of the quantile function at
nonexceedance probability (. Finally, the RC in the function name is to denote Right-tail Censoring.
Usage
Apwm2BpwmRC (Apwm, para)

Arguments
Apwm A vector of A-type PWMs: (.
para The parameters of the distribution from a function such as pargpaRC in which
the 34 are contained in a 1ist element titled betas and the right-tail censoring
fraction ( is contained in an element titled zeta.
Value

An R list is returned.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1995, The use of L-moments in the analysis of censored data, in Recent Advances
in Life-Testing and Reliability, edited by N. Balakrishnan, chapter 29, CRC Press, Boca Raton, Fla.,
pp- 546-560.
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See Also

Bpwm2ApwmRC, pwmRC

Examples

# Data listed in Hosking (1995, table 29.2, p. 551)
H <- c(3,4,5,6,6,7,8,8,9,9,9,10,10,11,11,11,13,13,13,13,13,
17,19,19,25,29,33,42,42,51.9999,52,52,52)

# 51.9999 was really 52, a real (noncensored) data point.
z <- pwmRC(H,52)
# The B-type PMWs are used for the parameter estimation of the
# Reverse Gumbel distribution. The parameter estimator requires
# conversion of the PWMs to L-moments by pwm2lmom().
para <- parrevgum(pwm2lmom(z$Bbetas),z$zeta) # parameter object
Bbetas <- Apwm2BpwmRC(z$Abetas,para)
Abetas <- Bpwm2ApwmRC(Bbetas$betas,para)
# Assertion that both of the vectors of B-type PWMs should be the same.
str(Abetas) # A-type PWMs of the distribution
str(z$Abetas) # A-type PWMs of the original data

are.lmom.valid Are the L-moments valid

Description

The L-moments have particular constraints on magnitudes and relation to each other. This function
evaluates and L-moment object whether the bounds for Ay > 0 (L-scale), |73| < 1 (L-skew), 74 < 1
(L-kurtosis), and |75| < 1 are satisfied. An optional check on 74 > (575 — 1)/4 is made. Also
for further protection, the finitenesses of the mean (A1) and A, are also checked. These checks
provide protection against say L-moments being computed on the logarithms of some data but the

data themselves have values less than or equal to zero.

The TL-moments as implemented by the TL functions (TLmoms) are not applicable to the boundaries
(well finiteness of course). The are.lmom.valid function should not be consulted on the TL-
moments.

Usage

are.lmom.valid(lmom, checkt3t4=TRUE)

Arguments
Imom An L-moment object created by 1moms, 1Imom. ub, pwm21mom; and
checkt3t4 A logical triggering the above test on L-skew to L-kurtosis. This bounds in very

small samples can be violated—usually the user will want this set and until (first
release in 2017, v2.2.6) this bounds check was standard in Imomco for over a
decade.
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Value

TRUE L-moments are valid.

FALSE L-moments are not valid.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M. and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

1Imom. ub, Imoms, pwm21lmom

Examples

Imr <- Imoms(rnorm(20))

if(are.lmom.valid(1mr)) print("They are.”)

## Not run:

X <- c(1.7106278, 1.7598761, 1.2111335, ©@.3447490, 1.8312889,
1.3938445, -0.5376054, -0.2341009, -0.4333601, -0.2545229)

are.lmom.valid(1moms (X))

are.lmom.valid(pwm2lmom(pwm.pp(X, a=0.5)))

# Prior to version 2.2.6, the next line could leak through as TRUE. This was a problem.
# Nonfiniteness of the mean or L-scale should have been checked; they are for v2.2.6+

are.lmom.valid(Imoms(logl@(c(1,23,235,652,0)), nmom=1)) # of other nmom

## End(Not run)

are.par.valid Are the Distribution Parameters Consistent with the Distribution

Description

This function is a dispatcher on top of the are.parCCC.valid functions, where CCC represents the
distribution type: aep4, cau, emu, exp, gam, gep, gev, glo, gno, gov, gpa, gum, kap, kmu, kur,
lap, 1n3, nor, pe3, ray, revgum, rice, sla, smd, st3, texp, tri, wak, or wei. For Imomco
functionality, are.par.valid is called only by vec2par in the process of converting a vector into
a proper distribution parameter object.
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Usage
are.par.valid(para, paracheck=TRUE, ...)
Arguments
para A distribution parameter object having at least attributes type and para.
paracheck A logical controlling whether the parameters are checked for validity and if
paracheck=TRUE then effectively this whole function becomes turned off.
Additional arguments for the are.parCCC.valid call that is made internally.
Value
TRUE If the parameters are consistent with the distribution specified by the type at-
tribute of the parameter object.
FALSE If the parameters are not consistent with the distribution specified by the type
attribute of the parameter object.
Author(s)
W.H. Asquith
References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

See Also

vec2par, dist.list

Examples
vec <- c(12, 120) # parameters of exponential distribution
para <- vec2par(vec, "exp"”) # build exponential distribution parameter

# object
# The following two conditionals are equivalent as are.parexp.valid()
# is called within are.par.valid().
if(  are.par.valid(para)) Q <- quaexp(@.5, para)
if(are.parexp.valid(para)) Q <- quaexp(@.5, para)
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are.paraep4.valid Are the Distribution Parameters Consistent with the 4-Parameter
Asymmetric Exponential Power Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfaep4, pdfaep4, quaaep4, and lmomaep4) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.paraep4.valid function.

Usage

are.paraep4.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by paraep4 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are aep4 consistent.
FALSE If the parameters are not aep4 consistent.
Note

This function calls is.aep4 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2014, Parameter estimation for the 4-parameter asymmetric exponential power dis-
tribution by the method of L-moments using R: Computational Statistics and Data Analysis, v. 71,
pp- 955-970.

Delicado, P., and Goria, M.N., 2008, A small sample comparison of maximum likelihood, mo-
ments and L-moments methods for the asymmetric exponential power distribution: Computational
Statistics and Data Analysis, v. 52, no. 3, pp. 1661-1673.
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See Also

is.aep4, paraep4

Examples

para <- vec2par(c(0,1, 0.5, 4), type="aep4")
if(are.paraep4.valid(para)) Q <- quaaep4(@.5,para)

are.parcau.valid Are the Distribution Parameters Consistent with the Cauchy Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfcau, pdfcau, quacau, and 1Imomcau) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parcau.valid function.

Usage

are.parcau.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parcau or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are cau consistent.
FALSE If the parameters are not cau consistent.
Note

This function calls is.cau to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith
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References

Elamir, E.A.H., and Seheult, A.H., 2003, Trimmed L-moments: Computational Statistics and Data
Analysis, v. 43, pp. 299-314.

Gilchrist, W.G., 2000, Statistical modeling with quantile functions: Chapman and Hall/CRC, Boca
Raton, FL.

See Also

is.cau, parcau

Examples

para <- vec2par(c(12,12),type='cau')
if(are.parcau.valid(para)) Q <- quacau(@.5,para)

are.paremu.valid Are the Distribution Parameters Consistent with the Eta-Mu Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfemu, pdfemu, quaemu, Imomemu), and Imomemu require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.paremu.valid function. The documentation
for pdfemu provides the conditions for valid parameters.

Usage

are.paremu.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by paremu or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are emu consistent.
FALSE If the parameters are not emu consistent.
Note

This function calls is.emu to verify consistency between the distribution parameter object and the
intent of the user.
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Author(s)
W.H. Asquith

See Also

is.emu, paremu

Examples

## Not run:

para <- vec2par(c(0.4, .04), type="emu")
if(are.paremu.valid(para)) Q <- quaemu(@.5,para) #
## End(Not run)

are.parexp.valid Are the Distribution Parameters Consistent with the Exponential Dis-
tribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfexp, pdfexp, quaexp, and lmomexp) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parexp.valid function.

Usage

are.parexp.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parexp.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are exp consistent.
FALSE If the parameters are not exp consistent.
Note

This function calls is.exp to verify consistency between the distribution parameter object and the
intent of the user.
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Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

is.exp, parexp

Examples

para <- parexp(lmoms(c(123,34,4,654,37,78)))
if(are.parexp.valid(para)) Q <- quaexp(@.5,para)

are.pargam.valid Are the Distribution Parameters Consistent with the Gamma Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgam, pdfgam, quagam, and 1momgam) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargam.valid function. The parameters are
restricted to the following conditions.

a>0and 5 > 0.

Alternatively, a three-parameter version is available following the parameterization of the General-
ized Gamma distribution used in the gamlss.dist package and and for Imomco is documented under
pdfgam. The parameters for this version are

puw>0; 0>0; —oo<v <00

for parameters number 1, 2, 3, respectively.

Usage

are.pargam.valid(para, nowarn=FALSE)
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Arguments
para A distribution parameter list returned by pargam or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gam consistent.
FALSE If the parameters are not gam consistent.
Note

This function calls is.gam to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.gam, pargam

Examples

para <- pargam(lmoms(c(123,34,4,654,37,78)))
if(are.pargam.valid(para)) Q <- quagam(@.5,para)

are.pargep.valid Are the Distribution Parameters Consistent with the Generalized Ex-
ponential Poisson Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgep, pdfgep, quagep, and 1momgep) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargep.valid function. The parameters must
be 5 >0,k >0,and h > 0.
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Usage

are.pargep.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargep or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gep consistent.
FALSE If the parameters are not gep consistent.
Note

This function calls is.gep to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)

W.H. Asquith

References

Barreto-Souza, W., and Cribari-Neto, F., 2009, A generalization of the exponential-Poisson distri-
bution: Statistics and Probability, 79, pp. 2493-2500.
See Also

is.gep, pargep

Examples

#para <- pargep(lmoms(c(123,34,4,654,37,78)))
#if(are.pargep.valid(para)) Q <- quagep(0@.5,para)
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are.pargev.valid Are the Distribution Parameters Consistent with the Generalized Ex-
treme Value Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgev, pdfgev, quagev, and 1momgev) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargev.valid function.

Usage

are.pargev.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargev or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gev consistent.
FALSE If the parameters are not gev consistent.
Note

This function calls is.gev to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.gev, pargev
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Examples

para <- pargev(lmoms(c(123, 34, 4, 654, 37, 78)))
if(are.pargev.valid(para)) Q <- quagev(0.5, para)

are.pargld.valid Are the Distribution Parameters Consistent with the Generalized
Lambda Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgld, pdfgld, quagld, and 1momgld) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargld.valid function.

Usage
are.pargld.valid(para, verbose=FALSE, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargld or vec2par.
verbose A logical switch on additional output to the user—default is FALSE.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Details

Karian and Dudewicz (2000) outline valid parameter space of the Generalized Lambda distribution.
First, according to Theorem 1.3.3 the distribution is valid if and only if

a(kF* 1 4 h(1 - F)"1) > 0.

for all F € [0,1]. The are.pargld.valid function tests against this condition by incrementing
through [0,1] by dF = 0.0001. This is a brute force method of course. Further, Karian and
Dudewicz (2002) provide a diagrammatic representation of regions in x and h space for suitable «
in which the distribution is valid. The are.pargld. valid function subsequently checks against the
6 valid regions as a secondary check on Theorem 1.3.3. The regions of the distribution are defined
for suitably choosen a by

Region 1: Kk < —land h > 1,
Region2: k > land h < —1,
Region 3: Kk > 0and h > 0,
Region4: Kk < 0and h <0,
Region 5: h > (—1/k)and —1 >k <0, and
Region 6: h < (=1/k)and h > —1 and k > 1.
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Value
TRUE If the parameters are gld consistent.
FALSE If the parameters are not gld consistent.
Note

This function calls is.gld to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2007, L-moments and TL-moments of the generalized lambda distribution: Com-
putational Statistics and Data Analysis, v. 51, no. 9, pp. 4484-4496.

Karian, Z.A., and Dudewicz, E.J., 2000, Fitting statistical distributions—The generalized lambda
distribution and generalized bootstrap methods: CRC Press, Boca Raton, FL, 438 p.

See Also

is.gld, pargld

Examples

## Not run:
para <- vec2par(c(123,34,4,3),type="gld")
if(are.pargld.valid(para)) Q <- quagld(@.5,para)

# The following is an example of inconsistent L-moments for fitting but
# prior to lmomco version 2.1.2 and untrapped error was occurring.

Imr <- Imoms(c(33, 37, 41, 54, 78, 91, 100, 120, 124))

para <- pargld(lmr); are.pargld.valid(para)

## End(Not run)

are.parglo.valid Are the Distribution Parameters Consistent with the Generalized Lo-
gistic Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfglo, pdfglo, quaglo, and 1momglo) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parglo.valid function.
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Usage

are.parglo.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parglo or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are glo consistent.
FALSE If the parameters are not glo consistent.
Note

This function calls is.glo to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)

W.H. Asquith

References

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

is.glo, parglo

Examples

para <- parglo(lmoms(c(123,34,4,654,37,78)))
if(are.parglo.valid(para)) Q <- quaglo(@.5,para)
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are.pargno.valid Are the Distribution Parameters Consistent with the Generalized Nor-
mal Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgno, pdfgno, quagno, and 1momgno) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargno.valid function.

Usage

are.pargno.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargno or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gno consistent.
FALSE If the parameters are not gno consistent.
Note

This function calls is.gno to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.gno, pargno
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Examples

para <- pargno(lmoms(c(123,34,4,654,37,78)))
if(are.pargno.valid(para)) Q <- quagno(@.5,para)

are.pargov.valid Are the Distribution Parameters Consistent with the Govindarajulu
Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgov, pdfgov, quagov, and 1momgov) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargov.valid function.

Usage

are.pargov.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargov or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gov consistent.
FALSE If the parameters are not gov consistent.
Note

This function calls is. gov to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Gilchrist, W.G., 2000, Statistical modelling with quantile functions: Chapman and Hall/CRC, Boca
Raton.

Nair, N.U., Sankaran, P.G., and Balakrishnan, N., 2013, Quantile-based reliability analysis: Springer,
New York.
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See Also

is.gov, pargov

Examples

para <- pargov(lmoms(c(123,34,4,654,37,78)))
if (are.pargov.valid(para)) Q <- quagov(@.5,para)

are.pargpa.valid Are the Distribution Parameters Consistent with the Generalized
Pareto Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgpa, pdfgpa, quagpa, and 1momgpa) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargpa.valid function.

Usage

are.pargpa.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargpa or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gpa consistent.
FALSE If the parameters are not gpa consistent.
Note

This function calls is.gpa to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith
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References

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also
is.gpa, pargpa

Examples

para <- pargpa(lmoms(c(123,34,4,654,37,78)))
if(are.pargpa.valid(para)) Q <- quagpa(@.5,para)

are.pargum.valid Are the Distribution Parameters Consistent with the Gumbel Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfgum, pdfgum, quagum, and Imomgum) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.pargum.valid function.

Usage

are.pargum.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by pargum or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are gum consistent.
FALSE If the parameters are not gum consistent.
Note

This function calls is.gum to verify consistency between the distribution parameter object and the
intent of the user.
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Author(s)
W.H. Asquith

References

Hosking, J. R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

is.gum, pargum

Examples

para <- pargum(lmoms(c(123,34,4,654,37,78)))
if(are.pargum.valid(para)) Q <- quagum(@.5,para)

are.parkap.valid Are the Distribution Parameters Consistent with the Kappa Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfkap, pdfkap, quakap, and 1momkap) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parkap.valid function.

Usage

are.parkap.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parkap or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are kap consistent.

FALSE If the parameters are not kap consistent.
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Note
This function calls is.kap to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1994, The four-parameter kappa distribution: IBM Journal of Reserach and De-
velopment, v. 38, no. 3, pp. 251-258.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.kap, parkap

Examples

para <- parkap(lmoms(c(123,34,4,654,37,78)))
if(are.parkap.valid(para)) Q <- quakap(@.5,para)

are.parkmu.valid Are the Distribution Parameters Consistent with the Kappa-Mu Dis-
tribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (pdfkmu, cdfkmu, quakmu, and 1momkmu) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parkmu.valid function. The documentation for
pdfkmu provides the conditions for valid parameters.

Usage

are.parkmu.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parkmu or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is

made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
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Value
TRUE If the parameters are kmu consistent.
FALSE If the parameters are not kmu consistent.
Note

This function calls is.kmu to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

See Also

is.kmu, parkmu

Examples

para <- vec2par(c(0.5, 1.5), type="kmu")
if(are.parkmu.valid(para)) Q <- quakmu(@.5,para)

are.parkur.valid Are the Distribution Parameters Consistent with the Kumaraswamy
Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfkur, pdfkur, quakur, and 1Imomkur) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parkur.valid function.

Usage

are.parkur.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parkur or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is

made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
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Value
TRUE If the parameters are kur consistent.
FALSE If the parameters are not kur consistent.
Note

This function calls is.kur to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Jones, M.C., 2009, Kumaraswamy’s distribution—A beta-type distribution with some tractability
advantages: Statistical Methodology, v. 6, pp. 70-81.

See Also

is.kur, parkur

Examples

para <- parkur(lmoms(c(@.25, 0.4, 0.6, 0.65, 0.67, 0.9)))
if(are.parkur.valid(para)) Q <- quakur(@.5,para)

are.parlap.valid Are the Distribution Parameters Consistent with the Laplace Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdflap, pdflap, qualap, and Imomlap) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parlap.valid function.

Usage

are.parlap.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parlap or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is

made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
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Value
TRUE If the parameters are lap consistent.
FALSE If the parameters are not lap consistent.
Note

This function calls is.lap to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Hosking, J.R.M., 1986, The theory of probability weighted moments: IBM Research Report RC12210,
T.J. Watson Research Center, Yorktown Heights, New York.

See Also

is.lap, parlap

Examples

para <- parlap(lmoms(c(123,34,4,654,37,78)))
if(are.parlap.valid(para)) Q <- qualap(@.5,para)

are.parlmrqg.valid Are the Distribution Parameters Consistent with the Linear Mean
Residual Quantile Function Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdflmrq, pdflmrg, qualmrqg, and 1lmomlmrq) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.parlmrq.valid function. The constraints on
the parameters are listed under qualmrqg. The documentation for qualmrq provides the conditions
for valid parameters.

Usage

are.parlmrqg.valid(para, nowarn=FALSE)
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Arguments
para A distribution parameter list returned by parlmrq or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are 1mrq consistent.
FALSE If the parameters are not 1mrq consistent.
Note

This function calls is. 1mrq to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Midhu, N.N., Sankaran, P.G., and Nair, N.U., 2013, A class of distributions with linear mean resid-
ual quantile function and it’s generalizations: Statistical Methodology, v. 15, pp. 1-24.

See Also

is.1lmrq, parlmrq

Examples

para <- parlmrq(lmoms(c(3, .05, 1.6, 1.37, 0.57, 0.36, 2.2)))
if(are.parlmrqg.valid(para)) Q <- qualmrq(@.5,para)

are.parln3.valid Are the Distribution Parameters Consistent with the 3-Parameter Log-
Normal Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdf1ln3, pdfln3, qualn3, and 1momln3) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parln3.valid function.
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Usage

are.parln3.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parln3 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are 1n3 consistent.
FALSE If the parameters are not 1n3 consistent.
Note

This function calls is.1n3 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)

W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978—-146350841-8.

See Also

is.1n3, parln3

Examples

para <- parln3(lmoms(c(123,34,4,654,37,78)))
if(are.parln3.valid(para)) Q <- qualn3(0.5,para)
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are.parnor.valid Are the Distribution Parameters Consistent with the Normal Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfnor, pdfnor, quanor, and 1momnor) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parnor.valid function.

Usage

are.parnor.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parnor or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are nor consistent.
FALSE If the parameters are not nor consistent.
Note

This function calls is.nor to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.nor, parnor
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Examples

para <- parnor(lmoms(c(123,34,4,654,37,78)))
if(are.parnor.valid(para)) Q <- quanor(@.5,para)

are.parpdg3.valid Are the Distribution Parameters Consistent with the Polynomial
Density-Quantile#

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfpdq3, pdfpdq3, quapdqg3, and 1mompdqg3) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.parpdg3.valid function.

Usage

are.parpdqg3.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parpdq3 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are pdg3 consistent.
FALSE If the parameters are not pdg3 consistent.
Note

This function calls is.pdqg3 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

See Also
is.pdqg3, parpdqg3

Examples

para <- parpdg3(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(are.parpdqg3.valid(para)) Q <- quapdg3(@.5, para)
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are.parpdg4.valid Are the Distribution Parameters Consistent with the Polynomial
Density-Quantile4

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfpdq4, pdfpdqg4, quapdg4, and lmompdg4) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.parpdg4.valid function.

Usage

are.parpdg4.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parpdg4 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are pdg4 consistent.
FALSE If the parameters are not pdq4 consistent.
Note

This function calls is.pdq4 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

See Also

is.pdq4, parpdg4

Examples

para <- parpdg4(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(are.parpdqg4.valid(para)) Q <- quapdg4(@.5, para)
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are.parpe3.valid Are the Distribution Parameters Consistent with the Pearson Type II1
Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfpe3, pdfpe3, quape3, and 1mompe3) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parpe3.valid function.

Usage

are.parpe3.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parpe3 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are pe3 consistent.
FALSE If the parameters are not pe3 consistent.
Note

This function calls is.pe3 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.pe3, parpe3
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Examples

para <- parpe3(lmoms(c(123,34,4,654,37,78)))
if(are.parpe3.valid(para)) Q <- quape3(@.5,para)

are.parray.valid Are the Distribution Parameters Consistent with the Rayleigh Distri-
bution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfray, pdfray, quaray, and lmomray) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parray.valid function.

Usage

are.parray.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parray or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are ray consistent.
FALSE If the parameters are not ray consistent.
Note

This function calls is. ray to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1986, The theory of probability weighted moments: Research Report RC12210,
IBM Research Division, Yorkton Heights, N.Y.
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See Also

is.ray, parray

Examples

49

para <- parray(lmoms(c(123,34,4,654,37,78)))
if(are.parray.valid(para)) Q <- quaray(@.5,para)

are.parrevgum.valid Are the Distribution Parameters Consistent with the Reverse Gumbel

Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfrevgum, pdfrevgum, quarevgum, and lmomrevgum) require consistent parameters to
return the cumulative probability (nonexceedance), density, quantile, and L-moments of the distri-
bution, respectively. These functions internally use the are.parrevgum.valid function.

Usage

are.parrevgum.valid(para, nowarn=FALSE)

Arguments

para

nowarn

Value

TRUE
FALSE

Note

A distribution parameter list returned by parrevgum or vec2par.

A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.

If the parameters are revgum consistent.

If the parameters are not revgum consistent.

This function calls is.revgum to verify consistency between the distribution parameter object and
the intent of the user.

Author(s)
W.H. Asquith
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References

Hosking, J.R.M., 1995, The use of L-moments in the analysis of censored data, in Recent Advances
in Life-Testing and Reliability, edited by N. Balakrishnan, chapter 29, CRC Press, Boca Raton, Fla.,
pp. 546-560.

See Also

is.revgum, parrevgum

Examples

para <- vec2par(c(.9252, .1636, .7),type='revgum')
if(are.parrevgum.valid(para)) Q <- quarevgum(@.5,para)

are.parrice.valid Are the Distribution Parameters Consistent with the Rice Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfrice, pdfrice, quarice, and lmomrice) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.parrice.valid function.

Usage

are.parrice.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parrice or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are rice consistent.
FALSE If the parameters are not rice consistent.
Note

This function calls is. rice to verify consistency between the distribution parameter object and the
intent of the user.
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Author(s)
W.H. Asquith

References
Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978—-146350841-8.
See Also

is.rice, parrice

Examples

#para <- parrice(lmoms(c(123,34,4,654,37,78)))
#if(are.parrice.valid(para)) Q <- quarice(@.5,para)

are.parsla.valid Are the Distribution Parameters Consistent with the Slash Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfsla, pdfsla, quasla, and 1momsla) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parsla.valid function.

Usage

are.parsla.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parsla or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are sla consistent.
FALSE If the parameters are not sla consistent.
Note

This function calls is. sla to verify consistency between the distribution parameter object and the
intent of the user.
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Author(s)
W.H. Asquith

References
Rogers, W.H., and Tukey, J.W., 1972, Understanding some long-tailed symmetrical distributions:
Statistica Neerlandica, v. 26, no. 3, pp. 211-226.

See Also

is.sla, parsla

Examples

para <- vec2par(c(12,1.2),type="'sla')
if(are.parsla.valid(para)) Q <- quasla(@.5,para)

are.parsmd.valid Are the Distribution Parameters Consistent with the Singh—Maddala
Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdfsmd, pdfsmd, quasmd, and 1momsmd) require consistent parameters to return the cu-
mulative probability (nonexceedance), density, quantile, and L-moments of the distribution, respec-
tively. These functions internally use the are.parsmd.valid function. The parameter constraints
are simple a > 0 (scale), b > 0 (shape), and ¢ > 0 (shape).

Usage

are.parsmd.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parsmd or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are smd consistent.

FALSE If the parameters are not smd consistent.
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Note

This function calls is.smd to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References

Shahzad, M.N., and Zahid, A., 2013, Parameter estimation of Singh Maddala distribution by mo-
ments: International Journal of Advanced Statistics and Probability, v. 1, no. 3, pp. 121-131,
doi:10.14419/ijasp.v1i3.1206.

See Also

is.smd, parsmd

Examples

#para <- parsmd(lmoms(c(123, 34, 4, 654, 37, 78)))
#if(are.parsmd.valid(para)) Q <- quasmd(@.5, para)

are.parst3.valid Are the Distribution Parameters Consistent with the 3-Parameter Stu-
dent t Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfst3, pdfst3, quast3, and lmomst3) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parst3.valid function.

Usage

are.parst3.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parst3 or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is

made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
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Value
TRUE If the parameters are st3 consistent.
FALSE If the parameters are not st3 consistent.
Note

This function calls is.st3 to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

References
Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.
See Also

is.st3, parst3

Examples

para <- parst3(lmoms(c(90,134,100,114,177,378)))
if(are.parst3.valid(para)) Q <- quast3(0.5,para)

are.partexp.valid Are the Distribution Parameters Consistent with the Truncated Expo-
nential Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribution
functions (cdftexp, pdftexp, quatexp, and lmomtexp) require consistent parameters to return
the cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution,
respectively. These functions internally use the are.partexp.valid function.

Usage

are.partexp.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parexp or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is

made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
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Value
TRUE If the parameters are texp consistent.
FALSE If the parameters are not texp consistent.
Note

This function calls is. texp to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)

W.H. Asquith

References

Vogel, R.M., Hosking, J.R.M., Elphick, C.S., Roberts, D.L., and Reed, J.M., 2008, Goodness of fit
of probability distributions for sightings as species approach extinction: Bulletin of Mathematical
Biology, DOI 10.1007/s11538-008-9377-3, 19 p.

See Also

is.texp, partexp

Examples

para <- partexp(lmoms(c(90,134,100,114,177,378)))
if(are.partexp.valid(para)) Q <- quatexp(@.5,para)

are.partri.valid Are the Distribution Parameters Consistent with the Asymmetric Tri-
angular Distribution

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdftri, pdftri, quatri, and 1Imomtri) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.partri.valid function.

Usage

are.partri.valid(para, nowarn=FALSE)
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Arguments
para A distribution parameter list returned by partri or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are tri consistent.
FALSE If the parameters are not tri consistent.
Note

This function calls is. tri to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)
W.H. Asquith

See Also

is.tri, partri

Examples

para <- partri(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(are.partri.valid(para)) Q <- quatri(@.5,para)

are.parwak.valid Are the Distribution Parameters Consistent with the Wakeby Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfwak, pdfwak, quawak, and 1momwak) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parwak.valid function.

Usage

are.parwak.valid(para, nowarn=FALSE)
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Arguments

para

nowarn

Value

TRUE
FALSE

Note

57

A distribution parameter list returned by parwak or vec2par.

A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.

If the parameters are wak consistent.

If the parameters are not wak consistent.

This function calls is.wak to verify consistency between the distribution parameter object and the

intent of the user.

Author(s)

W.H. Asquith

References

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.wak, parwak

Examples

para <- parwak(lmoms(c(123,34,4,654,37,78)))
if(are.parwak.valid(para)) Q <- quawak(@.5,para)

are.parwei.valid

Are the Distribution Parameters Consistent with the Weibull Distribu-
tion

Description

Is the distribution parameter object consistent with the corresponding distribution? The distribu-
tion functions (cdfwei, pdfwei, quawei, and 1lmomwei) require consistent parameters to return the
cumulative probability (nonexceedance), density, quantile, and L-moments of the distribution, re-
spectively. These functions internally use the are.parwei.valid function.
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Usage

are.parwei.valid(para, nowarn=FALSE)

Arguments
para A distribution parameter list returned by parwei or vec2par.
nowarn A logical switch on warning suppression. If TRUE then options(warn=-1) is
made and restored on return. This switch is to permit calls in which warnings
are not desired as the user knows how to handle the returned value—say in an
optimization algorithm.
Value
TRUE If the parameters are wei consistent.
FALSE If the parameters are not wei consistent.
Note

This function calls is.wei to verify consistency between the distribution parameter object and the
intent of the user.

Author(s)

W.H. Asquith

References

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

is.wei, parwei

Examples

para <- parwei(lmoms(c(123,34,4,654,37,78)))
if(are.parwei.valid(para)) Q <- quawei(@.5,para)
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BEhypergeo Barnes Extended Hypergeometric Function

Description

This function computes the Barnes Extended Hypergeometric function, which in Imomco is useful
in applications involving expectations of order statistics for the Generalized Exponential Poisson
(GEP) distribution (see 1momgep). The function is

= N P T(n; + k)T ()
Fpqe(n,d; ) = = -
(0, d; A) kZ:O Tk + D) 17, T(d + BT (dy)’

where n = [nq,ng,...,n,] for p operands and d = [dy,ds, . .., d,| for g operands, and A > Ois a
parameter.

Usage
BEhypergeo(p,q, N,D, lambda, eps=1E-12, maxit=500)

Arguments
p An integer value.
q An integer value.
N A scalar or vector associated with the p summation (see Details).
D A scalar or vector associated with the ¢ summation (see Details).
lambda A real value A > 0.
eps The relative convergence error on which to break an infinite loop.
maxit The maximum number of interations before a mandatory break on the loop, and
a warning will be issued.
Details
For the GEP both n and d are vectors of the same value, suchasn = [1,...,1]andd = [2,...,2].

This implementation is built around this need by the GEP and if the length of either vector is not
equal to the operand then the first value of the vector is repeated the operand times. For example
forn,if n=1, then n=rep(n[1], length(p)) and so on for d. Given that n and d are vectorized
for the GEP, then a shorthand is used for the GEP mathematics shown herein:

FR(AG+1) = Fao((l,..., 1], (2, 2 h(j + 1)),

for the h parameter of the distribution.

Lastly, for Imomco and the GEP the arguments only involve p = ¢ =2and N =1, D = 2, so the
function is uniquely a function of the i parameter of the distribution:

H <- 10*seq(-10,10, by=0.01)
F22 <- sapply(1:length(H), function(i) BEhypergeo(2,2,1,1, H[il)$value
plot(logi@(H), loglo(F22), type="1")
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For this example, the solution increasingly wobbles towards large h, which is further explored by

plot(logl1@(HL1: (length(H)-1)1), diff(logl@(F22)), type="1", xlim=c(0,7))
plot(logl1@(H[H > 75 & H < 140]), c(NA,diff(logl@(F22[H > 75 & H < 1401))),
type="b"); lines(c(2.11,2.11), c(0,10))

It can be provisionally concluded that the solution to F2(-) begins to be suddenly questionable
because of numerical difficulties beyond log(h) = 2.11. Therefore, it is given that A < 128 might
be an operational numerical upper limit.

Value

An R list is returned.

value The value for the function.
its The number of iterations j.
error The error of convergence.
Author(s)
W.H. Asquith
References

Kus, C., 2007, A new lifetime distribution: Computational Statistics and Data Analysis, v. 51, pp.
4497-4509.

See Also

Imomgep

Examples

BEhypergeo(2,2,1,2,1.5)

bfrlmomco Bonferroni Curve of the Distributions

Description

This function computes the Bonferroni Curve for quantile function z:(F'") (par2qua, glmomco). The
function is defined by Nair et al. (2013, p. 179) as
1 u
B(u) = — dp,
(u) ), z(p) dp

where B(u) is Bonferroni curve for quantile function z:(F’) and p is the conditional mean for quan-
tile v = 0 (cmlmomco). The Bonferroni curve is related to the Lorenz curve (L(u), 1rzlmomco)
by
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Usage
bfrimomco(f, para)

Arguments
f Nonexceedance probability (0 < F' < 1).
para The parameters from 1mom2par or vec2par.
Value

Bonferroni curve value for F'.

Author(s)
W.H. Asquith

References

Nair, N.U., Sankaran, P.G., and Balakrishnan, N., 2013, Quantile-based reliability analysis: Springer,
New York.

See Also

glmomco, 1rzlmomco

Examples

# It is easiest to think about residual life as starting at the origin, units in days.
A <- vec2par(c(0.0, 2649, 2.11), type="gov") # so set lower bounds = 0.0

"afunc” <- function(u) { return(par2qua(u,A,paracheck=FALSE)) }
f <- 0.65 # Both computations report: 0.5517342

Bul <- 1/(cmlmomco(f=0,A)*f) * integrate(afunc, @, f)$value
Bu2 <- bfrlmomco(f, A)

Bpwm2ApwmRC Conversion between B- and A-Type Probability-Weighted Moments for
Right-Tail Censoring of an Appropriate Distribution

Description

This function converts “B”-type probability-weighted moments (PWMs, 32) to the “A’-type Bf.‘.
The 5 are the ordinary PWM s for the m left noncensored or observed values. The 37 are more
complex and use the m observed values and the m — n right-tailed censored values for which the
censoring threshold is known. The “A”- and “B”-type PWMs are described in the documentation
for pwmRC.

This function uses the defined relation between to two PWM types when the 37 are known along
with the parameters (para) of a right-tail censored distribution inclusive of the censoring fraction
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¢ = m/n. The value ( is the right-tail censor fraction or the probability Pr{} that « is less than the
quantile at ¢ nonexceedance probability (Pr{z < X ({)}). The relation is

A _ B - (1-¢)X(C)

r—1 — TCT ’

where 1 < r < n and n is the number of moments, and X (¢) is the value of the quantile function at
nonexceedance probability (. Finally, the RC in the function name is to denote Right-tail Censoring.

Usage

Bpwm2ApwmRC (Bpwm, para)

Arguments
Bpwm A vector of B-type PWMs: 5.
para The parameters of the distribution from a function such as pargpaRC in which
the 32 are contained in a 1ist element titled betas and the right-tail censoring
fraction ( is contained in an element titled zeta.
Value

An R list is returned.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1995, The use of L-moments in the analysis of censored data, in Recent Advances
in Life-Testing and Reliability, edited by N. Balakrishnan, chapter 29, CRC Press, Boca Raton, Fla.,
pp. 546-560.

See Also

Apwm2BpwmRC and pwmRC

Examples

# Data listed in Hosking (1995, table 29.2, p. 551)
H <- c(3,4,5,6,6,7,8,8,9,9,9,10,10,11,11,11,13,13,13,13,13,
17,19,19,25,29,33,42,42,51.9999,52,52,52)

# 51.9999 was really 52, a real (noncensored) data point.
z <- pwmRC(H,52)
# The B-type PMWs are used for the parameter estimation of the
# Reverse Gumbel distribution. The parameter estimator requires
# conversion of the PWMs to L-moments by pwm2lmom().
para <- parrevgum(pwm2lmom(z$Bbetas),z$zeta) # parameter object
Abetas <- Bpwm2ApwmRC(z$Bbetas, para)
Bbetas <- Apwm2BpwmRC(Abetas$betas,para)
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# Assertion that both of the vectors of B-type PWMs should be the same.
str(Bbetas) # B-type PWMs of the distribution
str(z$Bbetas) # B-type PWMs of the original data

canyonprecip Annual Maximum Precipitation Data for Canyon, Texas

Description

Annual maximum precipitation data for Canyon, Texas

Usage

data(canyonprecip)

Format
An R data. frame with

YEAR The calendar year of the annual maxima.

DEPTH The depth of 7-day annual maxima rainfall in inches.

References

Asquith, W.H., 1998, Depth-duration frequency of precipitation for Texas: U.S. Geological Survey
Water-Resources Investigations Report 98-4044, 107 p.

Examples

data(canyonprecip)
summary (canyonprecip)

cdf21lmom Compute an L-moment from Cumulative Distribution Function

Description

Compute a single L-moment from a cumulative distribution function. This function is sequentially
called by cdf21moms to mimic the output structure for multiple L-moments seen by other L-moment
computation functions in Imomco.

For r = 1, the quantile function is actually used for numerical integration to compute the mean.
The expression for the mean is

1
Al :/ z(F) dF,
0
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for quantile function z(F’) and nonexceedance probability F. For r > 2, the L-moments can be
computed from the cumulative distribution function F'(x) by

. (525 [ rerstcn - e as

§=0 —oo

This equation is described by Asquith (2011, eq. 6.8), Hosking (1996), and Jones (2004).

Usage
cdf2lmom(r, para, fdepth=0, silent=TRUE, ...)
Arguments
r The order of the L-moment.
para The parameters from 1lmom2par or similar.
fdepth The depth of the nonexceedance/exceedance probabilities to determine the lower
and upper integration limits for the integration involving F'(x) through a call to
the par2qua function. The default of O implies the quantile for F' = 0 and
quantile for F' = 1 as the respective lower and upper limits.
silent A logical to be passed into cdf21mom and then onto the try functions encom-
passing the integrate function calls.
Additional arguments to pass to par2qua and par2cdf.
Value

The value for the requested L-moment is returned (\,.).

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Hosking, J.JR.M., 1996, Some theoretical results concerning L-moments: Research Report RC14492,
IBM Research Division, T.J. Watson Research Center, Yorktown Heights, New York.

Jones, M.C., 2004, On some expressions for variance, covariance, skewness and L-moments: Jour-
nal of Statistical Planning and Inference, v. 126, pp. 97-106.

See Also
cdf21lmoms

Examples

para <- vec2par(c(.9,.4), type="nor")
cdf2lmom(4, para) # summarize the value
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cdf21lmoms Compute L-moments from Cumulative Distribution Function

Description

Compute the L-moments from a cumulative distribution function. For » > 1, the L-moments can
be computed by sequential calling of cdf21mom. Consult the documentation of that function for
mathematical definitions.

Usage
cdf2lmoms(para, nmom=6, fdepth=0, silent=TRUE, lambegr=1, ...)
Arguments
para The parameters from 1mom2par or similar.
nmom The number of moments to compute. Default is 6.
fdepth The depth of the nonexceedance/exceedance probabilities to determine the lower
and upper integration limits through a call to the par2qua function. The default
of 0 implies the quantile for F' = 0 and quantile for /' = 1 as the respective
lower and upper limits.
silent A logical to be passed into cdf21mom and then onto the try functions encom-
passing the integrate function calls.
lambegr The rth order to begin the sequence for L-moment computation. Can be used as
a means to bypass a mean computation if the user has an alternative method for
the mean or other central tendency characterization in which case lambegr = 2.
Additional arguments to pass to cdf21mom.
Value

An R list is returned.

lambdas Vector of the L-moments. First element is 5\50’0), second element is ;\éo,o)’ and
SO on.

ratios Vector of the L-moment ratios. Second element is %(0=0), third element is %éo,o)
and so on.

trim Level of symmetrical trimming used in the computation, which will equal NULL
is not support for trimming is provided by this function.

leftrim Level of left-tail trimming used in the computation, which will equal NULL is not
support for trimming is provided by this function.

rightrim Level of right-tail trimming used in the computation, which will equal NULL is

not support for trimming is provided by this function.

source An attribute identifying the computational source of the L-moments: “cdf2lmoms”.
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Author(s)
W.H. Asquith

See Also

cdf21mom, Imoms

Examples

cdf21lmoms(vec2par(c(10,40), type="ray"))

## Not run:

# relatively slow computation

vec2par(c(.9,.4), type="emu"); cdf2lmoms(para, nmom=4)
vec2par(c(.9,.4), type="emu"); cdf2lmoms(para, nmom=4, fdepth=0)
## End(Not run)

cdfaep4 Cumulative Distribution Function of the 4-Parameter Asymmetric Ex-
ponential Power Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the 4-parameter
Asymmetric Exponential Power distribution given parameters (£, «, , and h) computed by paraep4.
The cumulative distribution function is

2

F(x) = ) V(€ —x)/(ar)])", 1/h),
forz < & and )
F(z)=1- m v([s(z — f)/a]hv 1/h),

for x > &, where F'(x) is the nonexceedance probability for quantile z, £ is a location parameter, «
is a scale parameter, « is a shape parameter, h is another shape parameter, and v(Z, s) is the upper
tail of the incomplete gamma function for the two arguments. The upper tail of the incomplete
gamma function is pgamma(Z, shape, lower.tail=FALSE) in R and mathematically is

(Z,a) = /Z Ty exp(—y) dy / T(a).

Usage

cdfaep4(x, para, paracheck=TRUE)

Arguments
X A real value vector.
para The parameters from paraep4 or vec2par.

paracheck A logical controlling whether the parameters and checked for validity.
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Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Asquith, W.H., 2014, Parameter estimation for the 4-parameter asymmetric exponential power dis-
tribution by the method of L-moments using R: Computational Statistics and Data Analysis, v. 71,
pp. 955-970.

Delicado, P., and Goria, M.N., 2008, A small sample comparison of maximum likelihood, mo-
ments and L-moments methods for the asymmetric exponential power distribution: Computational
Statistics and Data Analysis, v. 52, no. 3, pp. 1661-1673.

See Also

pdfaep4, quaaep4, Imomaep4, paraep4

Examples

X <- -0.1

para <- vec2par(c(@, 100, 0.5, 4), type="aep4")

FF <- cdfaep4(-.1,para)

cat(c("F=",FF," and estx=",6quaaep4(FF, para),”\n"))

## Not run:

delx <- .1

x <- seq(-20,20, by=delx);

K<-1;

PAR <- list(para=c(0,1, K, 0.5), type="aep4");

plot(x,cdfaep4(x, PAR), type="n",ylim=c(@,1), xlim=range(x),
ylab="NONEXCEEDANCE PROBABILITY");

lines(x,cdfaep4(x,PAR), lwd=4);

lines(quaaep4(cdfaep4(x,PAR),PAR), cdfaep4(x,PAR), col=2)

PAR <- list(para=c(0,1, K, 1), type="aep4");

lines(x,cdfaep4(x, PAR), lty=2, lwd=4);

lines(quaaep4(cdfaep4(x,PAR),PAR), cdfaep4(x,PAR), col=2)

PAR <- list(para=c(0,1, K, 2), type="aep4");

lines(x,cdfaep4(x, PAR), lty=3, lwd=4);

lines(quaaep4(cdfaep4(x,PAR),PAR), cdfaep4(x,PAR), col=2)

PAR <- list(para=c(0,1, K, 4), type="aep4");

lines(x,cdfaep4(x, PAR), lty=4, lwd=4);

lines(quaaep4(cdfaep4(x,PAR),PAR), cdfaep4(x,PAR), col=2)

## End(Not run)
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cdfcau Cumulative Distribution Function of the Cauchy Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Cauchy
distribution given parameters (¢ and o) computed by parcau. The cumulative distribution function

is
arctan(Y")

™

r—¢
o

F(z) = +0.5,

where Y is
Y =

, and

where F(x) is the nonexceedance probability for quantile z, £ is a location parameter, and « is a
scale parameter.

Usage

cdfcau(x, para)

Arguments

X A real value vector.

para The parameters from parcau or vec2par.
Value

Nonexceedance probability (F') for .

Author(s)
W.H. Asquith

References

Elamir, E.A.H., and Seheult, A.H., 2003, Trimmed L-moments: Computational Statistics and Data
Analysis, v. 43, pp. 299-314.

Gilchrist, W.G., 2000, Statistical modeling with quantile functions: Chapman and Hall/CRC, Boca
Raton, FL.

See Also

pdfcau, quacau, lmomcau, parcau

Examples

para <- c(12,12)
cdfcau(50,vec2par(para,type='cau'))
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cdfemu Cumulative Distribution Function of the Eta-Mu Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Eta-Mu
(n : w) distribution given parameters (7 and p) computed by parkmu. The cumulative distribution
function is complex and numerical integration of the probability density function pdfemu is used or
the Yacoub (2007) Y, (a, b) integral. The cumulative distribution function in terms of this integral

is
Flz)=1-Y, (Iff, x\/2hu>,

where 32 ,
23/2=v /r(1 —a?)” [
aui;Z(F(V) ) /b z? exp(—x2) Iu—1/2 (CMZ) dz,

where I, (a) is the “vth-order modified Bessel function of the first kind.”

Y, (a,b) =

Usage

cdfemu(x, para, paracheck=TRUE, yacoubsintegral=TRUE)

Arguments
X A real value vector.
para The parameters from paremu or vec2par.
paracheck A logical controlling whether the parameters and checked for validity.
yacoubsintegral
A logical controlling whether the integral by Yacoub (2007) is used instead of
numerical integration of pdfemu.
Value

Nonexceedance probability (£) for x.

Author(s)
W.H. Asquith

References

Yacoub, M.D., 2007, The kappa-mu distribution and the eta-mu distribution: IEEE Antennas and
Propagation Magazine, v. 49, no. 1, pp. 68-81

See Also

pdfemu, quaemu, Imomemu, paremu
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Examples

para <- vec2par(c(0.5, 1.4), type="emu")
cdfemu(1.2, para, yacoubsintegral=TRUE)
cdfemu(1.2, para, yacoubsintegral=FALSE)
## Not run:
delx <- 0.01; x <- seq(@,3, by=delx)
nx <- 20*logl0(x)
plot(c(-30,10), 10*c(-3,0), log="y", xaxs="i", yaxs="i",
xlab="RHO", ylab="cdfemu(RHO)", type="n")
m<- 0.75
mus <- c(0.7425, 0.7125, 0.675, 0.6, 0.5, 0.45)
for(mu in mus) {
eta <- sqrt((m / (2*mu))*-1 - 1)
lines(nx, cdfemu(x, vec2par(c(eta, mu), type="emu")))
}
mtext("Yacoub (2007, figure 8)")

# Now add some last boundary lines

mu <- m; eta <- sqrt((m / (2*mu))*-1 - 1)

lines(nx, cdfemu(x, vec2par(c(eta, mu), type="emu")), col=8, lwd=4)

mu <- m/2; eta <- sqrt((m / (2*mu))*-1 - 1)

lines(nx, cdfemu(x, vec2par(c(eta, mu), type="emu")), col=4, lwd=2, 1lty=2)

delx <- 0.01; x <- seq(@,3, by=delx)

nx <- 20*logl@(x)

m<- 0.75; col <- 4; 1ty <- 2

plot(c(-30,10), 10*c(-3,0), log="y", xaxs="i", yaxs="i",

xlab="RH0", ylab="cdfemu(RHO)", type="n")

for(mu in c(m/2,seq(m/2+0.01,m,by=0.01), m-0.001, m)) {
if(mu > 0.67) { col <- 2; 1ty <- 1 }
eta <- sgrt((m / (2*mu))*-1 - 1)
lines(nx, cdfemu(x, vec2par(c(eta, mu), type="emu")),

col=col, lwd=.75, lty=lty)
3
## End(Not run)

cdfexp Cumulative Distribution Function of the Exponential Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Exponential
distribution given parameters (£ and « computed by parexp. The cumulative distribution function

is
F(z)=1—exp(Y),
where Y is
—(z—¢)

>
(0%
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where F'(x) is the nonexceedance probability for the quantile x, £ is a location parameter, and « is
a scale parameter.

Usage

cdfexp(x, para)

Arguments

X A real value vector.

para The parameters from parexp or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Hosking, J.JR.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, p. 105-124.

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfexp, quaexp, Imomexp, parexp

Examples

Imr <- 1moms(c(123,34,4,654,37,78))
cdfexp(50,parexp(lmr))
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cdfgam Cumulative Distribution Function of the Gamma Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Gamma
distribution given parameters (« and ) computed by pargam. The cumulative distribution function
has no explicit form but is expressed as an integral:

Fz) = ﬁ(_:) /0 " 10T exp(—t/8) dt,

where F'(z) is the nonexceedance probability for the quantile z, « is a shape parameter, and 3 is a
scale parameter.

Alternatively, a three-parameter version is available following the parameterization of the General-
ized Gamma distribution used in the gamlss.dist package and is

01y [T 50
F(z) = 0I‘(0)| /0 ?exp(—ze) dz,

where 2z = (z/p), 0 = 1/(0? |v|?) for z > 0, location parameter ; > 0, scale parameter o > 0,
and shape parameter —oo < v < oo. The three parameter version is automatically triggered if the
length of the para element is three and not two.

Usage

cdfgam(x, para)

Arguments

X A real value vector.

para The parameters from pargam or vec2par.
Value

Nonexceedance probability (/) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
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See Also

pdfgam, quagam, Imomgam, pargam

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfgam(50, pargam(1lmr))

# A manual demonstration of a gamma parent
G <- vec2par(c(0.6333,1.579),type="'gam') # the parent

F1 <- 0.25 # nonexceedance probability
X <- quagam(F1,G) # the lower quartile (F=0.25)
a <- 0.6333 # gamma parameter

b <-1.579 # gamma parameter

# compute the integral

xf <- function(t,A,B) { t*(A-1)*exp(-t/B) }
Q <- integrate(xf,0,x,A=a,B=b)

# finish the math

F2 <- Q$valxb”(-a)/gamma(a)

# check the result

if(abs(F1-F2) < 1e-8) print("yes")

## Not run:

# 3-p Generalized Gamma Distribution and gamlss.dist package parameterization
gg <- vec2par(c(7.4, 0.2, 14), type="gam"); X <- seq(0.04,9, by=.01)

GGa <- gamlss.dist::pGG(X, mu=7.4, sigma=0.2, nu=14)

GGb <- cdfgam(X, gg) # lets compare the two cumulative probabilities

plot( X, GGa, type="1", xlab="X", ylab="PROBABILITY", col=3, lwd=6)

lines(X, GGb, col=2, lwd=2) #

## End(Not run)

## Not run:

# 3-p Generalized Gamma Distribution and gamlss.dist package parameterization
gg <- vec2par(c(4, 1.5, -.6), type="gam"); X <- seq(@,1000, by=1)

GGa <- 1-gamlss.dist::pGG(X, mu=4, sigma=1.5, nu=-.6) # Note 1-... (pGG bug?)
GGb <- cdfgam(X, gg) # lets compare the two cumulative probabilities

plot( X, GGa, type="1", xlab="X", ylab="PROBABILITY", col=3, lwd=6)

lines(X, GGb, col=2, lwd=2) #

## End(Not run)

cdfgep Cumulative Distribution Function of the Generalized Exponential
Poisson Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the General-
ized Exponential Poisson distribution given parameters (53, «, and h) computed by pargep. The
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cumulative distribution function is

(1 —exp[—h+ hexp(—nz)] \"
Fo = (S )

where F'(x) is the nonexceedance probability for quantile x > 0, n = 1/8, 8 > 0 is a scale
parameter, x > 0 is a shape parameter, and h > 0 is another shape parameter.

Usage

cdfgep(x, para)

Arguments

X A real value vector.

para The parameters from pargep or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Barreto-Souza, W., and Cribari-Neto, F., 2009, A generalization of the exponential-Poisson distri-
bution: Statistics and Probability, 79, pp. 2493-2500.
See Also

pdfgep, quagep, Llmomgep, pargep

Examples

gep <- list(para=c(2, 1.5, 3), type="gep")
cdfgep(0.48,gep)
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cdfgev Cumulative Distribution Function of the Generalized Extreme Value
Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Generalized
Extreme Value distribution given parameters (¢, o, and k) computed by pargev. The cumulative
distribution function is

F(z) = exp(—exp(-Y)),
where Y is

Y =~k 'log <1 - M)

o
for k # 0 and

V=(x-§/o
for K = 0, where F'(z) is the nonexceedance probability for quantile x, £ is a location parameter, o
is a scale parameter, and « is a shape parameter. The range of z is —co < & < £ + a/k if k > 0;
¢+ a/k <z < coif kK < 0. Note that the shape parameter « parameterization of the distribution

herein follows that in tradition by the greater L-moment community and others use a sign reversal
on k. (The evd package is one example.)

Usage

cdfgev(x, para, paracheck=TRUE)

Arguments

X A real value vector.

para The parameters from pargev or vec2par.

paracheck A logical switch as to whether the validity of the parameters should be checked.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124,
doi:10.1111/§.25176161.1990.tb01775 .x.

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfgev, quagev, lmomgev, pargev

Examples

Imr <- Imoms(c(123, 34, 4, 654, 37, 78))
cdfgev(50, pargev(lmr))

cdfgld Cumulative Distribution Function of the Generalized Lambda Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the Generalized
Lambda distribution given parameters (£, «, x, and h) computed by pargld. The cumulative dis-
tribution function has no explicit form and requires numerical methods. The R function uniroot is
used to root the quantile function quagld to compute the nonexceedance probability. The function
returns 0 or 1 if the x argument is at or beyond the limits of the distribution as specified by the
parameters.

Usage
cdfgld(x, para, paracheck)

Arguments
X A real value vector.
para The parameters from pargld or vec2par.
paracheck A logical switch as to whether the validity of the parameters should be checked.
Default is paracheck=TRUE. This switch is made so that the root solution needed
for cdfgld exhibits an extreme speed increase because of the repeated calls to
quagld.
Value

Nonexceedance probability (F) for x.


https://doi.org/10.1111/j.2517-6161.1990.tb01775.x
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Author(s)
W.H. Asquith

References

Asquith, W.H., 2007, L-moments and TL-moments of the generalized lambda distribution: Com-
putational Statistics and Data Analysis, v. 51, no. 9, pp. 4484-4496.

Karian, Z.A., and Dudewicz, E.J., 2000, Fitting statistical distributions—The generalized lambda
distribution and generalized bootstrap methods: CRC Press, Boca Raton, FL, 438 p.

See Also
pdfgld, quagld, Imomgld, pargld

Examples

## Not run:
P <- vec2par(c(123,340,0.4,0.654),type="gld")
cdfgld(300,P, paracheck=FALSE)

par <- vec2par(c(0,-7.901925e+05, 6.871662e+01, -3.749302e-01), type="gld")
supdist(par)

## End(Not run)

cdfglo Cumulative Distribution Function of the Generalized Logistic Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the General-
ized Logistic distribution given parameters (£, o, and k) computed by parglo. The cumulative
distribution function is

F(x) = 1/(1+ exp(=Y)),

Y = —rtlog (1 - M)

where Y is

«

for k # 0 and
Y =(0—8)/a,

for k = 0, where F'(x) is the nonexceedance probability for quantile z, £ is a location parameter, «
is a scale parameter, and & is a shape parameter.

Usage
cdfglo(x, para)
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Arguments

X A real value vector.

para The parameters from parglo or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J. R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also
pdfglo, quaglo, Imomglo, parglo

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfglo(50,parglo(lmr))

cdfgno Cumulative Distribution Function of the Generalized Normal Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the General-
ized Normal distribution given parameters (£, «, and ) computed by pargno. The cumulative
distribution function is

F(z)=2(Y),
where @ is the cumulative distribution function of the Standard Normal distribution and Y is

Y = —/i_llog (1 _ M) ,
o

for k # 0 and

V=(z-¢§/a
for k = 0, where F'(x) is the nonexceedance probability for quantile z, £ is a location parameter, «
is a scale parameter, and x is a shape parameter.
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Usage
cdfgno(x, para)

Arguments

X A real value vector.

para The parameters from pargno or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also
pdfgno, quagno, lmomgno, pargno, cdfln3

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfgno (50, pargno(lmr))

cdfgov Cumulative Distribution Function of the Govindarajulu Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Govindara-
julu distribution given parameters (£, «, and ) computed by pargov. The cumulative distribution
function has no explicit form and requires numerical methods. The R function uniroot is used to
root the quantile function quagov to compute the nonexceedance probability. The function returns
0 or 1 if the x argument is at or beyond the limits of the distribution as specified by the parameters.

Usage
cdfgov(x, para)
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Arguments

X A real value vector.

para The parameters from pargov or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Gilchrist, W.G., 2000, Statistical modelling with quantile functions: Chapman and Hall/CRC, Boca
Raton.

Nair, N.U., Sankaran, P.G., and Balakrishnan, N., 2013, Quantile-based reliability analysis: Springer,
New York.

Nair, N.U., Sankaran, P.G., and Vineshkumar, B., 2012, The Govindarajulu distribution—Some
Properties and applications: Communications in Statistics, Theory and Methods, v. 41, no. 24, pp.
4391-4406.

See Also

pdfgov, quagov, lmomgov, pargov

Examples

Imr <- 1moms(c(123,34,4,654,37,78))
cdfgov(50,pargov(lmr))

cdfgpa Cumulative Distribution Function of the Generalized Pareto Distribu-
tion

Description

This function computes the cumulative probability or nonexceedance probability of the Generalized
Pareto distribution given parameters (¢, «, and ) computed by pargpa. The cumulative distribution

function is
F(z) =1—exp(-Y),

1 _’i(x_f)
Y =—& 1og<1 — >,

Y = (a— &)/,

where Y is

for k # 0 and
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for k = 0, where F'(z) is the nonexceedance probability for quantile x, £ is a location parameter,
« is a scale parameter, and « is a shape parameter. The range of x is ¢ < x < £+ a/k if k > 0;
¢ < x < o0if kK < 0. Note that the shape parameter x parameterization of the distribution herein
follows that in tradition by the greater L-moment community and others use a sign reversal on «.
(The evd package is one example.)

Usage

cdfgpa(x, para)

Arguments

X A real value vector.

para The parameters from pargpa or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124,
doi:10.1111/§.25176161.1990.tb01775.x.

Hosking, JR.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

pdfgpa, quagpa, lmomgpa, pargpa

Examples

Imr <- lmoms(c(123, 34, 4, 654, 37, 78))
cdfgpa(50, pargpa(lmr))


https://doi.org/10.1111/j.2517-6161.1990.tb01775.x
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cdfgum Cumulative Distribution Function of the Gumbel Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Gumbel
distribution given parameters (¢ and o) computed by pargum. The cumulative distribution function
is

F(z) = exp(—exp(Y)),

where
L
«

where F'(x) is the nonexceedance probability for quantile x, & is a location parameter, and « is a
scale parameter.

Usage

cdfgum(x, para)

Arguments

X A real value vector.

para The parameters from pargum or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J. R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfgum, quagum, Imomgum, pargum
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Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfgum(50,pargum(1lmr))

cdfkap Cumulative Distribution Function of the Kappa Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Kappa of
the distribution computed by parkap. The cumulative distribution function is

F(x) = <1h<1/$(xa—§)>1/n>1/h’

where F(z) is the nonexceedance probability for quantile , & is a location parameter, « is a scale
parameter, x is a shape parameter, and h is another shape parameter.

Usage
cdfkap(x, para)

Arguments

X A real value vector.

para The parameters from parkap or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1994, The four-parameter kappa distribution: IBM Journal of Reserach and De-
velopment, v. 38, no. 3, pp. 251-258.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfkap, quakap, Imomkap, parkap
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Examples

Imr <- lmoms(c(123,34,4,654,37,78,21,32,231,23))
cdfkap (50, parkap(1lmr))

cdfkmu Cumulative Distribution Function of the Kappa-Mu Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Kappa-Mu
(k : p) distribution given parameters (x and p) computed by parkmu. The cumulative distribu-
tion function is complex and numerical integration of the probability density function pdfkmu is
used. Alternatively, the cumulative distribution function may be defined in terms of the Marcum Q

function
F(z)=1- Qy<\/2f<; , 2/ 2(1 —|—/£),u>,

where F'(z) is the nonexceedance probability for quantile x and @, (a, b) is the Marcum Q function
defined by

Q. (a,b) = aV{l /:0 t exp(—(t* + a*)/2) I,_1(at) dt,

which can be numerically difficult to work with and particularly so with real number values for v.
I,,(a) is the “vth-order modified Bessel function of the first kind.”

Following an apparent breakthrough(?) by Shi (2012), v can be written as v = n+ A where n is an
integer and 0 < A < 1. The author of Imomco refers to this alternative formulation as the “delta
nu method”. The Marcum Q function forv > 0(n =1,2,3,--) is

- itA
Q. (a,b) = Qa(a,b) + exp(—(a® + b*)/2) Z( ) I; s A(ab),

i=0
and the function forv <0 (n = —1,—-2,—-3,---)is

—L A
Q. (a,b) = Qa(a,b) — exp(—(a’® 4+ b%)/2) x Z (a) Ly a(ab),

and the function for v = 0 is
Q. (a,b) = Qa(a,b) + exp(—(a® + b?)/2).

Shi (2012) concludes that the “merit” of these two expressions is that the evaulation of the Mar-
cum Q function is reduced to the numerical evaluation of QA (a,b). This difference can result in
measurably faster computation times (confirmed by limited analysis by the author of Imomco) and
possibly better numerical performance.

Shi (2012) uses notation and text that implies evaluation of the far-right additive term (the summa-
tion) for n = 0 as part of the condition v > 0. To clarify, Shi (2012) implies for » > 0;n = 0 (but
n = 0 occurs also for —1 < v <= 0) the following computation

Qu(a:b) = Qa(a,8) + exp(—(a® + 1)/2) x [(Z)Amm ¥ (S)A_lu_uab)}
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This result produces incompatible cumulative distribution functions of the distribution using @, (a, b)
for —1 < v < 1. Therefore, the author of Imomco concludes that Shi (2012) is in error (or your
author misinterprets the summation notation) and that the specific condition for v = 0 shown above
and lacking »_ is correct; there are three individual and separate conditions to support the Marcum
Q function using the “delta nu method”: v < —1, -1 <v < l,and v > —1.

Usage

cdfkmu(x, para, paracheck=TRUE, getmed=TRUE, qualo=NA, quahi=NA,

Arguments

X
para
paracheck

getmed

qualo

quahi

marcumQ

marcumQmethod

Value

marcumQ=TRUE, marcumQmethod=c("chisq”, "delta”, "integral”))

A real value vector.
The parameters from parkmu or vec2par.
A logical controlling whether the parameters and checked for validity.

Numerical problems rolling onto the distribution from the right can result in
erroneous F' being integrated of pdfkmu. This option is used to interrupt recurr-
sion, but if TRUE, then the median will be computed and for those = values less
than the median and F' initially computing as greater than 50 percent, are reset
to 0. Users are unlikely to need this option changed. But the hack can be turned
off by setting getmed=FALSE as the user level.

A lower limit of the range of z to look for a uniroot of F'(z) = 0.5 to estimate
the median quantile that is used to mitigate for erroneous numerical results. This
argument is passed along to quakmu but also used as a truncation point for which
F =1 isreturned if x < qualo. Lastly, see the last example below.

An upper limit of the range of z to look for a uniroot of F/(x) = 0.5 to estimate
the median quantile that is used to mitigate for erroneous numerical results. This
argument is passed along to quakmu but also used as a truncation point for which
F =1 isreturned if x > quahi. Lastly, see the last example below.

A logical controlling whether the Marcum Q function is used instead of numer-
ical integration of pdfkmu.

Which method for Marcum Q computation is to be used (see source code).

Nonexceedance probability (F) for x.

Note

Code developed from Weinberg (2006). The biascor feature is of my own devise and this Poisson
method does not seem to accommodate nu < 1 although Chornoboy claims valid for non-negative
integer. The example implementation here will continue to use real values of nu.

See NEWS file and entries for version 2.0.1 for this "R Marcum”
"marcumq” <- function(a, b, nu=1) {
pchisq(b*2, df=2xnu, ncp=a*2, lower.tail=FALSE) }
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"marcumg.poissons” <-
function(a,b, nu=NULL, nsim=10000, biascor=0.5) {
asint <- as.logical(nu
biascor <- ifelse(! asint, @, biascor)
marcumQint <- marcumqg(a, b, nu=nu)
B <- rpois(nsim, b*2/2)
A <- nu - 1 + biascor + rpois(nsim, a*2/2)
L <-B<=A
marcumQppois <- length(L[L == TRUEJ])/nsim
z <- list(MarcumQ.by.usingR = marcumQint,
MarcumQ.by.poisson = marcumQppois)
return(z)
}
X <- y <- vector()
for(i in 1:10000) {
nu <- i/100
z <- marcumq.poissons(12.4, 12.5, nu=nu)
x[i] <- z$MarcumQ.by.usingR
y[i] <- z$MarcumQ.by.poisson
3
plot(x,y, pch=16, col=rgh(x,0,0,.2),
xlab="Marcum Q-function using R (ChiSq distribution)”,
ylab="Marcum Q-function by two Poisson random variables")
abline(0,1, 1lty=2)

Author(s)
W.H. Asquith

References

Shi, Q., 2012, Semi-infinite Gauss-Hermite quadrature based approximations to the generalized
Marcum and Nuttall Q-functions and further applications: First IEEE International Conference
on Communications in China—Communications Theory and Security (CTS), pp. 268-273, ISBN
978-1-4673-2815-9,12.

Weinberg, G.V., 2006, Poisson representation and Monte Carlo estimation of generalized Marcum
Q-function: IEEE Transactions on Aerospace and Electronic Systems, v. 42, no. 4, pp. 1520-1531.

Yacoub, M.D., 2007, The kappa-mu distribution and the eta-mu distribution: IEEE Antennas and
Propagation Magazine, v. 49, no. 1, pp. 68-81.
See Also

pdfkmu, quakmu, Imomkmu, parkmu

Examples

## Not run:
x <- seq(@,3, by=0.5)
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para <- vec2par(c(0.69, 0.625), type="kmu")

cdfkmu(x, para, marcumQ=TRUE, marcumQmethod="chisq")
cdfkmu(x, para, marcumQ=TRUE, marcumQmethod="delta")
cdfkmu(x, para, marcumQ=FALSE) # about 3 times slower
## End(Not run)

## Not run:

para <- vec2par(c(0.69, 0.625), type="kmu")

quahi <- supdist(para, delexp=.1)$support[2]
cdfkmu(quahi, para, quahi=quahi)

## End(Not run)

## Not run:

delx <- 0.01

x <- seq(@,3, by=delx)

plot(c(@,3), c(0,1), xlab="RHO", ylab="cdfkmu(RHO)", type="n")
para <- list(para=c(@, 0.75), type="kmu")

cdf <- cdfkmu(x, para)

lines(x, cdf, col=2, lwd=4)

para <- list(para=c(1, 0.5625), type="kmu")

cdf <- cdfkmu(x, para)

lines(x, cdf, col=3, lwd=4)

kappas <- c(0.00000001, 0.69, 1.37, 2.41, 4.45, 10.48, 28.49)
mus <- c(0.75, 0.625, .5, 0.375, 0.25, 0.125, 0.05)
for(i in 1:1length(kappas)) {

kappa <- kappas[i]

mu <- mus[i]

para <- list(para=c(kappa, mu), type="kmu")

cdf <- cdfkmu(x, para)

lines(x, cdf, col=i)

}

## End(Not run)
## Not run:
delx <- 0.005
x <- seq(@,3, by=delx)
nx <- 20*logl0@(x)
plot(c(-30,10), 10*c(-4,0), log="y", xaxs="i", yaxs="i",
xlab="RH0", ylab="cdfkmu(RHO)", type="n")
m<- 1.25
mus <- c(0.25, 0.50, @.75, 1, 1.25, @)
for(mu in mus) {
col <- 1
kappa <- m/mu - 1 + sqrt((m/mu)*((m/mu)-1))
para <- vec2par(c(kappa, mu), type="kmu")
if(! is.finite(kappa)) {
para <- vec2par(c(Inf,m), type="kmu")
col <- 2
}
lines(nx, cdfkmu(x, para), col=col)

3
mtext("Yacoub (2007, figure 4)")
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## End(Not run)

## Not run:

# The Marcum Q use for the CDF avoid numerical integration of pdfkmu(), but

# below is an example for which there is some failure that remains to be found.
para <- vec2par(c(10, 23), type="kmu")

# The following are reliable but slower as they avoid the Marcum Q function
and use traditional numerical integration of the PDF function.

<- cdfkmu(c(@.10, 0.35, 0.9, 1, 1.16), para, marcumQ=FALSE)

Continuing, the first value in c() has an erroneous value for the next call.
<- cdfkmu(c(@0.10, 0.35, 0.9, 1, 1.16), para, marcumQ=TRUE)

But this distribution is tightly peaks and well away from the origin, so in
order to snap the erroneous value to zero, we need a successful median
computation. We can try again using the qualo argument to pass through to
quakmu() like the following:

<- cdfkmu(c(0.10, ©.35, 0.9, 1, 1.16), para, marcumQ=TRUE, qualo=0.4)

The existance of the median for the last one also triggers a truncation of
the CDF to @ when negative solution results for the 0.35, although the
negative is about -1E-14.

T N E E E N

## End(Not run)
## Not run:
# Does the discipline of the signal litature just "know” about the apparent
# upper support of the Kappa-Mu being quite near or even at pi?
"simKMU"” <- function() {
km <- 10*runif(2, min=-3, max=3)
f <- cdfkmu(pi, vec2par(km, type="kmu"))
return(c(km, f))
3
EndStudy <- sapply(1:1000, function(i) { simKMU() 3} )
boxplot (EndStudy[3, 1)

## End(Not run)

cdfkur Cumulative Distribution Function of the Kumaraswamy Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Kumaraswamy
distribution given parameters (« and ) computed by parkur. The cumulative distribution function
is

F(z)=1-(1—2z%7,

where F'(x) is the nonexceedance probability for quantile z, « is a shape parameter, and £ is a
shape parameter.

Usage
cdfkur(x, para)
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Arguments

X A real value vector.

para The parameters from parkur or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Jones, M.C., 2009, Kumaraswamy’s distribution—A beta-type distribution with some tractability
advantages: Statistical Methodology, v. 6, pp. 70-81.

See Also

pdfkur, quakur, Imomkur, parkur

Examples

Imr <- Imoms(c(0.25, 0.4, 0.6, 0.65, 0.67, 0.9))
cdfkur(@.5,parkur(1lmr))

cdflap Cumulative Distribution Function of the Laplace Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Laplace
distribution given parameters (¢ and o) computed by parlap. The cumulative distribution function
is

F(x) = %exp((x —&)/a) forx <€,

and

Flz)=1- %exp(f(x —¢)/a) forx > &,

where F'(x) is the nonexceedance probability for quantile x, & is a location parameter, and « is a
scale parameter.

Usage
cdflap(x, para)
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Arguments

X A real value vector.

para The parameters from parlap or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References
Hosking, J.R.M., 1986, The theory of probability weighted moments: IBM Research Report RC12210,
T.J. Watson Research Center, Yorktown Heights, New York.

See Also

pdflap, qualap, Imomlap, parlap

Examples

Imr <- 1moms(c(123,34,4,654,37,78))
cdflap(50,parlap(lmr))

cdflmrq Cumulative Distribution Function of the Linear Mean Residual Quan-
tile Function Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the “Linear
Mean Residual Quantile Function™ distribution given parameters computed by parlmrg. The cu-
mulative distribution function has no explicit form and requires numerical methods. The R function
uniroot is used to root the quantile function qualmrqg to compute the nonexceedance probability.
The function returns O or 1 if the x argument is at or beyond the limits of the distribution as spec-
ified by the parameters. The cdflmrq function is also used with numerical methods to solve the
pdflmrq.

Usage

cdflmrq(x, para, paracheck=FALSE)
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Arguments
X A real value vector.
para The parameters from parlmrq or vec2par.
paracheck A logical switch as to whether the validity of the parameters should be checked.
Default is paracheck=TRUE. This switch is made so that the root solution needed
for cdf1lmrq exhibits an extreme speed increase because of the repeated calls to
qualmrq.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Midhu, N.N., Sankaran, P.G., and Nair, N.U., 2013, A class of distributions with linear mean resid-
ual quantile function and it’s generalizations: Statistical Methodology, v. 15, pp. 1-24.

See Also

pdflmrq, qualmrg, Imomlmrq, parlmrq

Examples

Imr <- Imoms(c(3, ©.05, 1.6, 1.37, 0.57, 0.36, 2.2))
cdflmrq(2,parlmrq(lmr))

cdfln3 Cumulative Distribution Function of the 3-Parameter Log-Normal
Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Log-Normal3
distribution given parameters (¢, lower bounds; yi10g, location; and o1,, scale) computed by parln3.
The cumulative distribution function (same as Generalized Normal distribution, cdfgno) is

where ® is the cumulative ditribution function of the Standard Normal distribution and Y is

Yy — log(z — () — Mlog’

Olog

where ( is the lower bounds (real space) for which { < A; — A2 (checked in are.parln3.valid),
1og be the mean in natural logarithmic space, and 1,4 be the standard deviation in natural logarithm
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space for which o1,; > 0 (checked in are.parln3.valid) is obvious because this parameter has an
analogy to the second product moment. Letting 77 = exp(pog), the parameters of the Generalized
Normal are ¢ 4+ 7, & = N01og, and K = —0yoe. At this point, the algorithms (cdfgno) for the
Generalized Normal provide the functional core.

Usage

cdfln3(x, para)

Arguments

X A real value vector.

para The parameters from parln3 or vec2par.
Value

Nonexceedance probability (F) for x.

Note

The parameterization of the Log-Normal3 results in ready support for either a known or unknown
lower bounds. Details regarding the parameter fitting and control of the ( parameter can be seen
under the Details section in parln3.

Author(s)

W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

See Also

pdfln3, qualn3, Imomln3, parln3, cdfgno

Examples

Imr <- 1moms(c(123,34,4,654,37,78))
cdf1ln3(50,parln3(1mr))
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cdfnor Cumulative Distribution Function of the Normal Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Normal
distribution given parameters of the distribution computed by parnor. The cumulative distribution
function is

F(z) =®((z — p)/o),
where F'(z) is the nonexceedance probability for quantile z, y is the arithmetic mean, and o is the
standard deviation, and ® is the cumulative distribution function of the Standard Normal distribu-
tion, and thus the R function pnorm is used.
Usage

cdfnor(x, para)

Arguments

X A real value vector.

para The parameters from parnor or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, JR.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

pdfnor, quanor, Imomnor, parnor

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfnor(50,parnor(lmr))
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cdfpdq3 Cumulative Distribution Function of the Polynomial Density-
Quantile3 Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Polynomial
Density-Quantile3 (PDQ3) distribution given parameters (£, o, k) computed by parpdg4. The cu-
mulative distribution function has no explicit form and requires numerical methods. The R function
uniroot() is used to root the quantile function quapdqg3 to compute the nonexceedance probability.
The distribution’s canonical definition is in terms of the quantile function (quapdq3).

Usage

cdfpdq3(x, para, paracheck=TRUE)

Arguments
X A real value vector.
para The parameters from parpdq3 or vec2par.
paracheck A logical switch as to whether the validity of the parameters should be checked.
Default is paracheck=TRUE. This switch is made so that the root solution needed
for cdfpdg3 shows an extreme speed increase because of the repeated calls to
quapdq3.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Hosking, J.R.M., 2007, Distributions with maximum entropy subject to constraints on their L-
moments or expected order statistics: Journal of Statistical Planning and Inference, v. 137, no. 9,
pp. 2870-2891, doi:10.1016/].jspi.2006.10.010.

See Also

pdfpdqg3, quapdqg3, 1mompdqg3, parpdqg3
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Examples

## Not run:
FF <- seq(@.001, 0.999, by=0.001)
para <- list(para=c(0.6933, 1.5495, 0.5488), type="pdqg3")
Fpdg3 <- cdfpdq3(quapdq3(FF, para), para)
plot(FF, Fpdqg3, type="1", col=grey(0.8), lwd=4)
# should be a 1:1 line, it is
## End(Not run)

## Not run:

para <- list(para=c(0.6933, 1.5495, 0.5488), type="pdqg3")

X <- seq(-5, +12, by=(12 - -5) / 500)

plot( X, cdfpdq3(X, para), type="1", col=grey(0.8), lwd=4, ylim=c(@, 1))

lines(X, pf( exp(X), df1=7, df2=1), 1lty=2)

lines(X, c(NA, diff( cdfpdqg3(X, para)) / ((12 - -5) / 500)))

lines(X, c(NA, diff( pf(exp(X), df1=7, df2=1)) / ((12 - -5) / 500)), lty=2) #
## End(Not run)

cdfpdq4 Cumulative Distribution Function of the Polynomial Density-
Quantile4 Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Polynomial
Density-Quantile4 (PDQ4) distribution given parameters (&, «, k) computed by parpdqg4. The cu-
mulative distribution function has no explicit form and requires numerical methods. The R function
uniroot() is used to root the quantile function quapdg4 to compute the nonexceedance probability.
The distribution’s canonical definition is in terms of the quantile function (quapdq4).

Usage

cdfpdg4(x, para, paracheck=TRUE)

Arguments
X A real value vector.
para The parameters from parpdqg4 or vec2par.
paracheck A logical switch as to whether the validity of the parameters should be checked.
Default is paracheck=TRUE. This switch is made so that the root solution needed
for cdfpdg4 shows an extreme speed increase because of the repeated calls to
quapdqg4.
Value

Nonexceedance probability (F) for x.
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Author(s)
W.H. Asquith

References

Hosking, J.R.M., 2007, Distributions with maximum entropy subject to constraints on their L-
moments or expected order statistics: Journal of Statistical Planning and Inference, v. 137, no. 9,
pp. 2870-2891, doi:10.1016/].jspi.2006.10.010.

See Also

pdfpdqg4, quapdg4, Imompdg4, parpdq4

Examples

## Not run:
FF <- seq(0.001, 0.999, by=0.001)
para <- list(para=c(@, 0.4332, -0.7029), type="pdg4")
Fpdg4 <- cdfpdg4(quapdg4(FF, para), para)
plot(FF, Fpdg4, type="1", col=grey(0.8), lwd=4)
# should be a 1:1 line, it is
## End(Not run)

## Not run:

para <- list(para=c(@, 0.4332, -0.7029), type="pdg4")

X <- seq(-5, +12, by=(12 - -5) / 500)

plot( X, cdfpdg4(X, para), type="1", col=grey(0.8), lwd=4, ylim=c(0@, 1))

lines(X, pf( exp(X), dfi1=5, df2=4), lty=2)

lines(X, c(NA, diff( cdfpdq4(X, para)) / ((12 - =-5) / 500)))

lines(X, c(NA, diff( pf( exp(X), df1=5, df2=4)) / ((12 - -5) / 500)), lty=2) #
## End(Not run)

cdfpe3 Cumulative Distribution Function of the Pearson Type III Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Pearson
Type I distribution given parameters (i, o, and ) computed by parpe3. These parameters are
equal to the product moments: mean, standard deviation, and skew (see pmoms). The cumulative
distribution function is
G (a, %)
F(r) = ——+

[(a) ~

for v # 0 and where F'(z) is the nonexceedance probability for quantile x, G is defined below and
is related to the incomplete gamma function of R (pgamma()), I is the complete gamma function,
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£ is a location parameter, (3 is a scale parameter, « is a shape parameter, and Y = x — £if v > 0
and Y = £ — z if v < 0. These three “new” parameters are related to the product moments by

a:4/72,
1
p= §U|’Y,
E=p—20/7.

Lastly, the function G(«, z) is
G(a,x) :/ (e~ exp(—t) dt.
0

If v = 0, the distribution is symmetrical and simply is the normal distribution with mean and
standard deviation of 1 and o, respectively. Internally, the v = 0 condition is implemented by
pnorm(). If v > 0, the distribution is right-tail heavy, and F'(x) is the returned nonexceedance
probability. On the other hand if v < 0, the distribution is left-tail heavy and 1 — F'(z) is the actual
nonexceedance probability that is returned.

Usage
cdfpe3(x, para)

Arguments

X A real value vector.

para The parameters from parpe3 or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfpe3, quape3, lmompe3, parpe3
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Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfpe3 (50, parpe3(1lmr))

cdfray Cumulative Distribution Function of the Rayleigh Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Rayleigh
distribution given parameters (£ and «) computed by parray. The cumulative distribution function
is

F(z) =1 exp[—(z — §)*/(20°)],
where F'(x) is the nonexceedance probability for quantile x, & is a location parameter, and « is a
scale parameter.
Usage
cdfray(x, para)

Arguments

X A real value vector.

para The parameters from parray or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Hosking, J.R.M., 1986, The theory of probability weighted moments: Research Report RC12210,
IBM Research Division, Yorkton Heights, N.Y.

See Also

pdfray, quaray, lmomray, parray

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfray(50,parray(1lmr))
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cdfrevgum Cumulative Distribution Function of the Reverse Gumbel Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Reverse
Gumbel distribution given parameters (£ and «) computed by parrevgum. The cumulative distribu-
tion function is

F(z) =1—exp(—exp(Y)),

where
y—_2=¢
«

where F'(x) is the nonexceedance probability for quantile x, & is a location parameter, and « is a
scale parameter.

Usage

cdfrevgum(x, para)

Arguments

X A real value vector.

para The parameters from parrevgum or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., 1995, The use of L-moments in the analysis of censored data, in Recent Advances
in Life-Testing and Reliability, edited by N. Balakrishnan, chapter 29, CRC Press, Boca Raton, Fla.,
pp. 546-560.

See Also

pdfrevgum, quarevgum, Imomrevgum, parrevgum
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Examples

# See p. 553 of Hosking (1995)

# Data listed in Hosking (1995, table 29.3, p. 553)

D <- c(-2.982, -2.849, -2.546, -2.350, -1.983, -1.492, -1.443,
-1.394, -1.386, -1.269, -1.195, -1.174, -0.854, -0.620,
-0.576, -0.548, -0.247, -0.195, -0.056, -0.013, 0.006,

0.033, 0.037, 0.046, 0.084, 0.221, 0.245, 0.296)

D <- c(D,rep(.2960001,40-28)) # 28 values, but Hosking mentions

# 40 values in total

z <= pwmRC(D, threshold=.2960001)

str(z)

# Hosking reports B-type L-moments for this sample are

# lamB1 = -0.516 and lamB2 = 0.523

btypelmoms <- pwm2lmom(z$Bbetas)

# My version of R reports lamB1 = -0.5162 and lamB2 = 0.5218

str(btypelmoms)

rg.pars <- parrevgum(btypelmoms,z$zeta)

str(rg.pars)

# Hosking reports xi=0.1636 and alpha=0.9252 for the sample

# My version of R reports xi = 0.1635 and alpha = 0.9254

F <- nonexceeds()

PP <- pp(D) # plotting positions of the data

D <- sort(D)

plot(D,PP)

lines(D,cdfrevgum(D,rg.pars))

cdfrice Cumulative Distribution Function of the Rice Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Rice distri-
bution given parameters (v and SNR) computed by parrice. The cumulative distribution function
is complex and numerical integration of the probability density function pdfrice is used.

F(Z’) =1- Q(U7x>s
o @
where F'(x) is the nonexceedance probability for quantile z, Q(a,b) is the Marcum Q-function,
and v/« is a form of signal-to-noise ratio SNR. If v = 0, then the Rayleigh distribution results

and pdfray is used. The Marcum Q-function is difficult to work with and the Imomco uses the
integrate function on pdfrice (however, see the Note).

Usage

cdfrice(x, para)

Arguments

X A real value vector.

para The parameters from parrice or vec2par.
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Value

Nonexceedance probability (F) for x.

Note

A user of Imomco reported that the Marcum Q function can be computed using R functions. An
implementation is shown in this note.

See NEWS file and entries for version 2.0.1 for this "R Marcum”
"marcumq” <- function(a, b, nu=1) {
pchisq(b*2, df=2xnu, ncp=a*2, lower.tail=FALSE) }
Author(s)
W.H. Asquith

References
Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.
See Also

pdfrice, quarice, Imomrice, parrice

Examples

Imr <- vec2lmom(c(45,0.27), lscale=FALSE)
cdfrice(35,parrice(1lmr))

cdfsla Cumulative Distribution Function of the Slash Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Slash dis-
tribution given parameters (¢ and «) of the distribution provided by parsla or vec2par. The cu-
mulative distribution function is

for Y # 0 and
F(z)=1/2,

for Y = 0, where f(z) is the probability density for quantile z, Y = (z — £)/a, £ is a location
parameter, and « is a scale parameter. The function ®(Y") is the cumulative distribution function
of the Standard Normal distribution function, and ¢(Y") is the probability density function of the
Standard Normal distribution.
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Usage
cdfsla(x, para)

Arguments

X A real value vector.

para The parameters from parsla or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Rogers, W.H., and Tukey, J.W., 1972, Understanding some long-tailed symmetrical distributions:
Statistica Neerlandica, v. 26, no. 3, pp. 211-226.

See Also

pdfsla, quasla, lmomsla, parsla

Examples

para <- c(12,1.2)
cdfsla(50,vec2par(para,type='sla'))

cdfsmd Cumulative Distribution Function of the Singh—Maddala Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Singh—
Maddala (Burr Type XII) distribution given parameters (a, b, and ¢) of the distribution computed
by parsmd. The cumulative distribution function is

—q

F(z)=1— (1 + (@ —5)/a]b> ,

where F'(z) is the nonexceedance probability for quantile x with 0 < z < oo, £ is a location
parameter, « is a scale parameter (@ > 0), b is a shape parameter (b > 0), and ¢ is another shape
parameter (¢ > 0).

Usage
cdfsmd(x, para)
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Arguments

X A real value vector.

para The parameters from parsmd or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)

W.H. Asquith

References

Kumar, D., 2017, The Singh—-Maddala distribution—Properties and estimation: International Jour-
nal of System Assurance Engineering and Management, v. 8, no. S2, 15 p., doi:10.1007/s13198-
01706001.

Shahzad, M.N., and Zahid, A., 2013, Parameter estimation of Singh Maddala distribution by mo-
ments: International Journal of Advanced Statistics and Probability, v. 1, no. 3, pp. 121-131,
doi:10.14419/ijasp.v1i3.1206.

See Also

pdfsmd, quasmd, Imomsmd, parsmd

Examples

# The SMD approximating the normal and use x=0

taud_of_normal <- 30 * pi*-1 * atan(sqrt(2)) - 9 # from theory

cdfsmd(@, parsmd( vec2lmom( c( -pi, pi, @, taud4_of_normal ) ) ) ) # 0.7138779
pnorm( @, mean=-pi, sd=pi*sqrt(pi)) # 0.7136874

## Not run:

t3 <- 0.6

t4 <- (t3 x (1 +5 % t3))/(5 + t3) # L-kurtosis of GPA from lmrdia()

paraA <- parsmd( vec2lmom( c( -1000, 200, t3, t4-0.02 ) ) )

paraB <- parsmd( vec2lmom( c( -1000, 200, t3, t4 )) )

paraC <- parsmd( vec2lmom( c( -1000, 200, t3, t4+0.02 ) ) )

FF <- nonexceeds(); x <- quasmd(FF, paraA)

plot( x, prob2grv(cdfsmd(x, paraA)), col="red"”, type="1",
xlab="Quantile"”, ylab="Gumbel Reduced Variate, prob2grv()")

lines(x, prob2grv(cdfsmd(x, paraB)), col="green")

lines(x, prob2grv(cdfsmd(x, paraC)), col="blue" ) #

## End(Not run)


https://doi.org/10.1007/s13198-017-0600-1
https://doi.org/10.1007/s13198-017-0600-1
https://doi.org/10.14419/ijasp.v1i3.1206
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cdfst3 Cumulative Distribution Function of the 3-Parameter Student t Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the 3-parameter
Student t distribution given parameters (£, «, ) computed by parst3. There is no explicit solution
for the cumulative distribution function for value X but built-in R functions can be used. For v >
1000, one can use pnorm(X, mean=U, sd=A) for U= ¢ and A = « and for 1.000001 < v < 1000, one
can use pt((X-U)/A, N) for N = v and where the R function pnorm is for the Normal distribution
and the R function pt is the 1-parameter Student t distribution.

Usage

cdfst3(x, para, paracheck=TRUE)

Arguments

X A real value vector.

para The parameters from parst3 or vec2par.

paracheck A logical on whether the parameter should be check for validity.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References
Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.
See Also

pdfst3, quast3, Imomst3, parst3

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfst3(191.5143, parst3(lmr)) # 75th percentile
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cdftexp Cumulative Distribution Function of the Truncated Exponential Dis-
tribution

Description

This function computes the cumulative probability or nonexceedance probability of the Truncated
Exponential distribution given parameters (1) and o) computed by partexp. The parameter ¢ is the
right truncation of the distribution and « is a scale parameter. The cumulative distribution function,
letting 5 = 1/« to match nomenclature of Vogel and others (2008), is

1 —exp(—pt)
By = 1= exp(—pY)’

where F'(x) is the nonexceedance probability for the quantile 0 < 2z < ¢ and ¢ > 0 and o > 0.
This distribution represents a nonstationary Poisson process.

The distribution is restricted to a narrow range of L-CV (12 = A2/A1). If 5 = 1/3, the process
represented is a stationary Poisson for which the cumulative distribution function is simply the
uniform distribution and F'(z) = x /4. If 7o = 1/2, then the distribution is represented as the usual
exponential distribution with a location parameter of zero and a rate parameter /3 (scale parameter
a = 1//). These two limiting conditions are supported.

Usage

cdftexp(x, para)

Arguments

X A real value vector.

para The parameters from partexp or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Vogel, R.M., Hosking, J.R.M., Elphick, C.S., Roberts, D.L., and Reed, J.M., 2008, Goodness of fit
of probability distributions for sightings as species approach extinction: Bulletin of Mathematical
Biology, DOI 10.1007/s11538-008-9377-3, 19 p.

See Also

pdftexp, quatexp, Imomtexp, partexp
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Examples

cdftexp(50,partexp(vec2lmom(c(40,0.38), lscale=FALSE)))
## Not run:
F <- seq(0,1,by=0.001)
A <- partexp(vec2lmom(c(100, 1/2), lscale=FALSE))
x <- quatexp(F, A)
plot(x, cdftexp(x, A), pch=16, type='1l")
by <- 0.01; lcvs <- c(1/3, seq(1/3+by, 1/2-by, by=by), 1/2)
reds <- (lcvs - 1/3)/max(lcvs - 1/3)
for(lcv in lcvs) {
A <- partexp(vec2lmom(c(10@, lcv), lscale=FALSE))
x <- quatexp(F, A)
lines(x, cdftexp(x, A), pch=16, col=rgb(reds[lcvs == 1lcv],0,0))

# Vogel and others (2008) example sighting times for the bird

# Eskimo Curlew, inspection shows that these are fairly uniform.

# There is a sighting about every year to two.

T <- c(1946, 1947, 1948, 1950, 1955, 1956, 1959, 1960, 1961,
1962, 1963, 1964, 1968, 1970, 1972, 1973, 1974, 1976,
1977, 1980, 1981, 1982, 1982, 1983, 1985)

R <- 1945 # beginning of record

S<-T-R

Imr <- Imoms(S)

PARcurlew <- partexp(lmr)

# read the warning message and then force the texp to the

# stationary process model (min(tau_2) = 1/3).

Imr$ratios[2] <- 1/3

Imr$lambdas[2] <- lmr$lambdas[1]*1lmr$ratios[2]

PARcurlew <- partexp(lmr)

Xmax <- quatexp(1, PARcurlew)

X <- seq(@,Xmax, by=.1)

plot(X, cdftexp(X,PARcurlew), type="1")

# or use the MVUE estimator

TE <- max(S)*((length(S)+1)/length(S)) # Time of Extinction

lines(X, punif(X, min=0, max=TE), col=2)

## End(Not run)

cdftri Cumulative Distribution Function of the Asymmetric Triangular Dis-
tribution

Description

This function computes the cumulative probability or nonexceedance probability of the Asymmet-
ric Triangular distribution given parameters (v, w, and ) computed by partri. The cumulative
distribution function is

(z —v)?

@ = 0w
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forz < w,
. W2
S )
for x > w, and
O

for = w where z(F') is the quantile for nonexceedance probability F, v is the minimum, ¢ is the
maximum, and w is the mode of the distribution.

Usage

cdftri(x, para)

Arguments

X A real value vector.

para The parameters from partri or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

See Also

pdftri, quatri, Imomtri, partri

Examples

Imr <- Imoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52))
cdftri(50,partri(lmr))

cdfwak Cumulative Distribution Function of the Wakeby Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Wakeby
distribution given parameters (£, «, 3, 7y, and §) computed by parwak. The cumulative distribution
function has no explicit form, but the pdfwak (density) and quawak (quantiles) do.

Usage
cdfwak(x, para)
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Arguments

X A real value vector.

para The parameters from parwak or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Hosking, J.R.M., 1996, FORTRAN routines for use with the method of L-moments: Version 3,
IBM Research Report RC20525, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.
See Also

pdfwak, quawak, Imomwak, parwak

Examples

Imr <- Imoms(c(123,34,4,654,37,78))
cdfwak (50, parwak(1mr))

cdfwei Cumulative Distribution Function of the Weibull Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Weibull
distribution given parameters (¢, 3, and 0) of the distribution computed by parwei. The cumulative
distribution function is
F(a) = 1 - exp(Y?),

where Y is
z+C

3
where F'(z) is the nonexceedance probability for quantile x, ( is a location parameter, /3 is a scale
parameter, and ¢ is a shape parameter.

Y = —
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The Weibull distribution is a reverse Generalized Extreme Value distribution. As result, the Gener-
alized Extreme Value algorithms are used for implementation of the Weibull in this package. The
relations between the Generalized Extreme Value parameters (£, o, and k) are

k=1/4,
o= /4, and
§=C—p,

which are taken from Hosking and Wallis (1997).

In R, the cumulative distribution function of the Weibull distribution is pweibull. Given a Weibull
parameter object para, the R syntax is pweibull (x+paras$paral1], paras$paral3],
scale=para$paral2]). For the current implementation for this package, the reversed Generalized
Extreme Value distribution is used 1-cdfgev(-x,para).

Usage

cdfwei(x, para)

Arguments

X A real value vector.

para The parameters from parwei or vec2par.
Value

Nonexceedance probability (F) for x.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

pdfwei, quawei, Imomwei, parwei

Examples

# Evaluate Weibull deployed here and within R (pweibull)

Imr <- Imoms(c(123,34,4,654,37,78))

WEI <- parwei(lmr)

F1 <- cdfwei(50,WEI)

F2 <- pweibull(50+WEI$paral1],shape=WEI$paral[3],scale=WEI$paral[2])
if(F1 == F2) EQUAL <- TRUE

# The Weibull is a reversed generalized extreme value
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Q <- sort(rlmomco(34,WEI)) # generate Weibull sample

Im1 <- Imoms(Q) # regular L-moments

Im2 <- Imoms(-Q) # L-moment of negated (reversed) data
WEI <- parwei(lm1) # parameters of Weibull

GEV <- pargev(lm2) # parameters of GEV

F <- nonexceeds() # Get a vector of nonexceedance probs
plot(pp(Q),Q

lines(cdfwei(Q,WEI),Q,1lwd=5,col=8)
lines(1-cdfgev(-Q,GEV),Q,col=2) # line overlaps previous

check.fs Check Vector of Nonexceedance Probabilities

Description

This function checks that a nonexceedance probability (F') is in the 0 < F' < 1 range. It does not
check that the distribution specified by parameters for ' = 0 or F' = 1 is valid. End point checking
is left to additional internal checks within the functions implementing the distribution. The function
is intended for internal use to build a flow of logic throughout the distribution functions. Users are
not anticipated to need this function themselves. The check. f's function is separate because of the
heavy use of the logic across a myriad of functions in Imomco.

Usage
check. fs(fs)

Arguments

fs A vector of nonexceedance probablity values.

Value

TRUE The nonexceedance probabilities are valid.

FALSE The nonexceedance probabilities are invalid.

Author(s)
W.H. Asquith

See Also

quaaep4, quaaepdkapmix, quacau, quaemu, quaexp, quagam, quagep, quagev, quagld, quaglo,
quagno, quagov, quagpa, quagum, quakap, quakmu, quakur, qualap, qualmrqg, qualn3, quanor,
quape3, quaray, quarevgum, quarice, quasla, quast3, quatexp, quawak, quawei

Examples

F <- ¢(0.5,0.7,0.9,1.1)
if(check.fs(F) == FALSE) cat("Bad nonexceedances 0<F<1\n")
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check. pdf Check and Potentially Graph Probability Density Functions

Description

This convenience function checks that a given probability density function (pdf) from Imomco
appears to numerically be valid. By definition a pdf function must integrate to unity. This func-
tion permits some flexibility in the limits of integration and provides a high-level interface from
graphical display of the pdf.

Usage

check.pdf (pdf, para, lowerF=0.001, upperF=0.999,
eps=0.02, verbose=FALSE, plot=FALSE, plotlowerF=0.001,

plotupperF=0.999, ...)
Arguments
pdf A probability density function from Imomco.
lowerF The lower bounds of nonexceedance probability for the numerical integration.
upperF The upper bounds of nonexceedance probability for the numerical integration.
para The parameters of the distribution.
eps An error term expressing allowable error (deviation) of the numerical integration
from unity. (If that is the objective of the call to the check. pdf function.)
verbose Is verbose output desired?
plot Should a plot (polygon) of the pdf integration be produce?
plotlowerF Alternative lower limit for the generation of the curve depicting the pdf function.
plotupperF Alternative upper limit for the generation of the curve depicting the pdf func-
tion.
Additional arguments that are passed onto the R function integration func-
tion.
Value

An R list structure is returned

isunity Given the eps is F close enough.
F The numerical integration of pdf from lowerF to upperF.
Author(s)

W.H. Asquith
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Examples

Imrg <- vec2lmom(c( 100, 40, 0.1)) # Arbitrary L-moments

Imrw <- vec2lmom(c(-100, 40,-0.1)) # Reversed Arbitrary L-moments

gev <- pargev(lmrg) # parameters of Generalized Extreme Value distribution
wei <- parwei(lmrw) # parameters of Weibull distribution

# The Weibull is a reversed GEV and plots in the following examples show this.
# Two examples that should integrate to "unity” given default parameters.
layout(matrix(c(1,2), 2, 2, byrow = TRUE), respect = TRUE)

check.pdf (pdfgev,gev,plot=TRUE)

check.pdf (pdfwei,wei,plot=TRUE)

claudeprecip Annual Maximum Precipitation Data for Claude, Texas

Description

Annual maximum precipitation data for Claude, Texas

Usage

data(claudeprecip)

Format
An R data. frame with

YEAR The calendar year of the annual maxima.

DEPTH The depth of 7-day annual maxima rainfall in inches.

References

Asquith, W.H., 1998, Depth-duration frequency of precipitation for Texas: U.S. Geological Survey
Water-Resources Investigations Report 98-4044, 107 p.

Examples

data(claudeprecip)
summary (claudeprecip)
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clearforkporosity Porosity Data

Description
Porosity (fraction of void space) from neutron-density, well log for 5,350-5,400 feet below land
surface for Permian Age Clear Fork formation, Ector County, Texas.

Usage

data(clearforkporosity)

Format
A data frame with

POROSITY The pre-sorted porosity data.

Details

Although the porosity data was collected at about 1-foot intervals, these intervals are not provided
in the data frame. Further, the porosity data has been sorted to disrupt the specific depth to porosity
relation to remove the proprietary nature of the original data.

cmlmomco Conditional Mean Residual Quantile Function of the Distributions

Description

This function computes the Conditional Mean Residual Quantile Function for quantile function
z(F') (par2qua, glmomco). The function is defined by Nair et al. (2013, p. 68) as

() = — /x<p> ap.

:17u

where p(u) is the conditional mean for nonexceedance probability u. The p(u) is the expectation
E[X|X > z]. The p(u) also is known as the vitality function. Details can be found in Nair et al.
(2013, p. 68) and Kupka and Loo (1989). Mathematically, the vitality function simply is

p(u) = M(u) + z(u),
where M (u) is the mean residual quantile function (rmlmomco), z(u) is a constant for x(F = u).

Usage

cmlmomco(f, para)
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Arguments
f Nonexceedance probability (0 < F' < 1).
para The parameters from 1mom2par or vec2par.
Value

Conditional mean residual value for F' or conditional mean life for F'.

Author(s)

W.H. Asquith

References

Kupka, J., and Loo, S., 1989, The hazard and vitality measures of ageing: Journal of Applied
Probability, v. 26, pp. 532-542.

Nair, N.U., Sankaran, P.G., and Balakrishnan, N., 2013, Quantile-based reliability analysis: Springer,
New York.

See Also

glmomco, rmlmomco

Examples

# It is easiest to think about residual life as starting at the origin, units in days.
A <- vec2par(c(0.0, 2649, 2.11), type="gov") # so set lower bounds = 0.0

glmomco(@.5, A) # The median lifetime = 1261 days

rmlmomco(@.5, A) # The average remaining life given survival to the median = 861 days
cmlmomco(@.5, A) # The average total life given survival to the median = 2122 days

# Now create with a nonzero origin

A <- vec2par(c(100, 2649, 2.11), type="gov") # so set lower bounds = 0.0

glmomco(@.5, A) # The median lifetime = 1361 days

rmlmomco(@.5, A) # The average remaining life given survival to the median = 861 days
cmlmomco(@.5, A) # The average total life given survival to the median = 2222 days

# Mean life (mu), which shows up in several expressions listed under rmlmomco.
mul <- cmlmomco(@,A)

mu2 <- par2lmom(A)$lambdas[1]

mu3 <- reslife.lmoms(@,A)$lambdas[1]

# Each mu is 1289.051 days.
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cvm. test. lmomco Cramér—von Mises Test for Goodness-of-Fit

Description

The Cramér—von Mises test for goodness-of-fit is implemented for the order statistics 1., < Tj.p <
Tn.n Of a sample of size n. Define the test statistic (Csorg6 and Faraway, 1996) as

1 "M —1
2
= 5 _F i)
v 12n+;{ on 9(“”)}

where Fy(x) is the cumulative distribution function (continuous) for some distribution having pa-
rameters 6. If the value for w? is larger than some critical value, reject the null hypothesis. The null
hypothesis is that F' is the function specified by 6, while the alternative hypothesis is that F' is some
other function.

Usage
cvm. test.lmomco(x, paral, ...)
Arguments
X A vector of data values.
paral The parameters of the distribution.
Additional arguments to pass to par2cdf.
Details

The above definition for w? as the Cramér—von Mises test statistic is consistent with the notation
in Csorgd and Faraway (1996) as well as that in package goftest. Depending on how the null
distribution is defined by other authors and attendant notation, the Cramér—von Mises statistic can
be branded as 7' = nw?. The null distribution herein requires just w? and the sample size is

delivered separately into the cumulative distribution function:

goftest: :pCvM(omega.sq, n=n, lower.tail=FALSE)

Value

An R list is returned.

null.dist The null distribution, which is an echoing of the para argument, which recall
for Imomco that is contains the distribution abbreviation.

text The string “Cramer—von Mises test of goodness-of-fit”.

statistic The w? as defined above (see Note).

p.value The p-value computed from the pCvM() function from the goftest package for

the null distribution of the test statistic.

source An attribute identifying the computational source of the L-moments:
“cvm.test.lmomco”.
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Note

An example of coverage probabilities demonstrating the differences in what the p-values mean on
whether the parent is known or the “parent” is coming from the sample. The p-values are quite
different and inference has subtle differences. In ensemble, comparing the test statistic amongst
distribution choices might be more informative than a focus on p-values being below a critical
alpha.

parent <- vec2par(c(20, 120), type="gam"); nsim <- 10000

pp <- nn <- ee <- rep(NA,nsim)

for(i in 1:nsim) {
x <= rlmomco(56, parent); lmr <- Imoms(x)
pp[i] <- cvm.test.lmomco(x, parent )$p.value
nn[i] <- cvm.test.lmomco(x, Imom2par(lmr, type="nor"))$p.value
ee[i] <- cvm.test.lmomco(x, lmom2par(lmr, type="exp"))$p.value

3

message ("GAMMA PARENT KNOWN 'rejection rate'=", sum(pp < 0.05)/nsim)
message ("ESTIMATED NORMAL 'rejection rate'=", sum(nn < ©.05)/nsim)
message("ESTIMATED EXPONENTIAL ‘'rejection rate'=", sum(ee < 0.05)/nsim)

The rejection rate for the Gamma is about 5 percent, which matches the 0.05 specified in the con-
ditional. The Normal is about zero, and the Exponential is about 21 percent. The fitted Normal
almost always passes for the real parent, though Gamma, for the sample size and amount of L-
skewness involved. The Exponential does not. This illustrates that the p-value can be misleading
in the single-sample version of this test. Thus, when fit by parameters from the sample, the test
statistic is nearly always smaller than the one for a prespecified set of parameters. The significance
level will be smaller than intended.

Author(s)
W.H. Asquith

References

Csorgd, S., and Faraway, J.J., 1996, The exact and asymptotic distributions of Cramér—von Mises
statistics: Journal of the Royal Statistical Society, Series B, v. 58, pp. 221-234.

See Also

Imrdia

Examples

# An example in which the test is conducted on a sample but the parent is known.

# This will lead to more precise inference than if the sample parameters are used.

mu <- 120; sd <- 25; para <- vec2par(c(120, 25), type="nor")

x <= rnorm(56, mean=mu, sd=sd)

T1 <- cvm.test.lmomco(x, para)$statistic

T2 <- goftest::cvm.test(x, null="pnorm”, mean=mu, sd=sd)$statistic
message("Cramer--von Mises: T1=", round(T1, digits=6), " and T2=", round(T2, digits=6))
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dat2bernqua Observed Data to Empirical Quantiles through Bernstein or Kan-
torovich Polynomials

Description

The empirical quantile function can be “smoothed” (Herndndez-Maldonado and others, 2012, p.
114) through the Kantorovich polynomial (Mufioz-Pérez and Ferndndez-Palacin, 1987) for the sam-
ple order statistics xy.,, for a sample of size n by

1 — n e
Xn(F) =5 > (@kin + Tt 1)) <k> FE(1 — F)"F,
k=0
where F' is nonexceedance probability, and (n k) are the binomial coefficients from the R function
choose(), and the special situations for K = 0 and & = n are described within the Note section.
The form for the Bernstein polynomial is

n+1
Xo(F) = Z(x;m) (n —]L_ 1) FR(1 — Fyrti=k,
k=0

There are subtle differences between the two and dat2bernqua function supports each. Readers are
also directed to the Special Attention section.

Turnbull and Ghosh (2014) consider through the direction of a referee and recommendation of p =
0.05 by that referee (and credit to ideas by de Carvalho [2012]) that the support of the probability
density function for the Turnbull and Ghosh (2014) study of Bernstein polynomials can be computed
letting « = (1 — p)~2 — 1 by

(xlzn - (zQ:n - zl:n)/a7 Tn:n + (:Cn:n - xn—l:n)/“) 5

for the minimum and maximum, respectively. Evidently, the original support considered by Turn-
bull and Ghosh (2014) was

(zlm — Xo/T /Ny T + Ao M)

for the minimum and maximum, respectively and where the standard deviation is estimated in the
function using the 2nd L-moment as s = /7.

The p is referred to by this author as the “p-factor” this value has great influence in the estimated
support of the distribution and therefore distal-tail estimation or performance is sensitive to the
value for p. General exploratory analysis suggests that the p can be optimized based on information
external or internal to the data for shape restrained smoothing. For example, an analyst might have
external information as to the expected L-skew of the phenomenon being studied or could use the
sample L-skew of the data (internal information) for shape restraint (see pfactor.bernstein).

An alternative formula for smoothing is by Cheng (1995) and is

- n -1
xEs(m) =S () P,
k=1
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Usage

dat2bernqua(f, x, bern.control=NULL,

Arguments

f
X

bern.control

poly. type

bound. type

fix.lower

fix.upper

listem

Details

dat2bernqua
poly.type=c("Bernstein”, "Kantorovich", "Cheng", "Parzen”,
"bernstein”, "kantorovich”, "cheng", "parzen")
’ ) ’ y
bound. type=c("none"”, "sd", "Carv", "either", "carv"),

fix.lower=NULL, fix.upper=NULL, p=0.05, listem=FALSE)

A vector of nonexceedance probabilities F'.
A vector of data values.

A list that holds poly. type, bound. type, fix.lower, and fix.upper. And
this list will supersede the respective values provided as separate arguments.

The Bernstein or Kantorovich polynomial will be used. The two are quite
closely related. Or the formula by Cheng (1995) will be used and bound. type,
fix.lower, fix.upper, and p are not applicable. Or the formula credited by
Nair et al. (2013, p. 17) to Parzen (1979) will be used.

Triggers to the not involve alternative supports ("none") then the minimum and
maximum are used unless already provided by the fix.lower or fix.upper,
the support based "sd" on the standard deviation, the support "Carv" based on
the arguments of de Carvalho (2012), or "either"” method.

For k£ = 0, either the known lower bounds is used if provided as non NULL or
the observed minimum of the data. If the minimum of the data is less than the
fix.lower, a warning is triggered and fix.lower is set to the minimum. Fol-
lowing Turnbull and Ghosh (2014) to avoid bounds that are extremely lower than
the data, it will use the estimated lower bounds by the method "sd"”, "Carv", or
"either” if these bounds are larger than the provided fix.lower.

For k = n, either the known upper bounds is used if provided as non NULL or
the observed maximum of the data; If the maximum of the data is less than the
fix.upper, a warning is triggered and fix.upper is set to the maximum.

A small probability value to serve as the p in the "Carv" support computation.
The default is recommended as mentioned above. The program will return NA if
1075 < p > (1 — 107%) is not met. The value p is the “p-factor” p.

A logical controlling whether (1) a vector of X, (F) is returned or (2) a list
containing Xn(F), the f, original sample size n of the data, the de Carvalho
probability p (whether actually used internally or not), and both fix.lower and
fix.upper as computed within the function or provided (less likely) by the
function arguments.

Yet another alternative formula for smoothing if by Parzen (1979) and known as the “Parzen weight-

ing method” is

_ -1
X}i’arzen(F) =n (% — F) Tr—1:p + 1 (F — 7'n> Trmn,
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where (r — 1)/n < F < (r/n) forr = 1,2,...,n and xo., is taken as either the minimum of
the data (min(x)) or the lower bounds fix.lower as externally set by the user. For protection,
the minimum of (min(x), fix.lower) is formally used. If the Parzen method is used, the only
arguments considered are poly.type and fix.lower; all others are ignored including the f (see
Value section). The user does not actually have to provide f in the arguments but a place holder such
as f=NULL is required; internally the Parzen method takes over full control. The Parzen method in
general is not smooth and not recommended like the others that rely on a polynomial basis function.
Further the Parzen method has implicit asymmetry in the estimated F'. The method has F' = 0 and
F < 1 on output, but if the data are reversed, then the method has F' > 0 and F' = 1. Data reversal
is made in -X as this example illustrates:

X <- sort(rexp(30))

P <- dat2bernqua(f=NULL, X, poly.type="Parzen")

R <- dat2bernqua(f=NULL, -X, poly.type="Parzen")

plot(pp(X, a=0.5), X, xlim=c(@, 1)) # Hazen plotting position to

lines( P$f, P$x, col="red" ) # basically split the horizontal
lines(1-R$f, -R$x, col="blue") # differences between blue and red.
Value

An R vector is returned unless the Parzen weighting method is used and in that case an R 1ist is

returned with elements f and x, which respectively are the F’ values as shown in the formula and
the X Farzen (),

Special Attention

The limiting properties of the Bernstein and Kantorovich polynomials differ. The Kantorovich
polynomial uses the average of the largest (smallest) value and the respective outer order statistics
(Zp+1:m OF To.,) unlike the Bernstein polynomial whose F' = 0 or ' = 1 are purely a function of the
outer order statistics. Thus, the Bernstein polynomial can attain the fix.lower and(or) fix.upper
whereas the Kantorovich fundamentally can not. For a final comment, the function dat2bernquaf
is an inverse of dat2bernqua.

Implentation Note

The function makes use of R functions lchoose and exp and logarithmic expressions, such as
(1— F)"=k) — (n — k)log(1 — F), for numerical stability for large sample sizes.

Note

Muiioz-Pérez and Fernandez-Palacin (1987, p. 391) describe what to do with the condition of
k = 0 but seemingly do not comment on the condition of & = n. There is no Oth-order statistic nor
is there a k > n order statistic. Mufioz-Pérez and Fernandez-Palacin (1987) bring up the notion of
a natural minimum for the data (for example, data that must be positive, fix.lower = @ could be
set). Logic dictates that a similar argument must be made for the maximum to keep a critical error
from occurring if one tries to access the not plausible x[n+1]-order statistic. Lastly, the argument
names bound. type, fix.lower, and fix.upper mimic, as revisions were made to this function
in December 2013, the nomenclature of software for probability density function smoothing by
Turnbull and Ghosh (2014). The dat2bernqua function was originally added to Imomco in May
2013 prior to the author learning about Turnbull and Ghosh (2014).
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Lastly, there can be many practical situations in which transformation is desired. Because of the
logic structure related to how fix.lower and fix.upper are determined or provided by the user, it
is highly recommended that this function not internally handle transformation and detransformation.
See the second example for use of logarithms.

Author(s)
W.H. Asquith
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See Also

Imoms.bernstein, pfactor.bernstein, dat2bernquaf

Examples

# Compute smoothed extremes, quartiles, and median
# The smoothing seems to extend to F=0 and F=1.
set.seed(1); X <- exp(rnorm(20)); F <- c(0, .25, .50, .75, 1)

dat2bernqua(F, X, bound.type="none", listem=TRUE) $x
dat2bernqua(F, X, bound.type="Carv", listem=TRUE) $x
dat2bernqua(F, X, bound.type="sd", listem=TRUE) $x
dat2bernqua(F, X, bound.type="either"”, listem=TRUE)$x
dat2bernqua(F, X, bound.type="sd", listem=TRUE, fix.lower=0)$x
## Not run:

X <- sort(10*rnorm(20)); F <- nonexceeds(f@1=TRUE)

plot(gnorm(pp(X)), X, xaxt="n", xlab="", ylab="QUANTILE", log="y")
add.lmomco.axis(las=2, tcl=0.5, side.type="NPP", twoside=TRUE)
lines(gnorm(F), dat2bernqua(F, X, bound.type="sd"), col="red", lwd=2)
lines(gnorm(F), exp(dat2bernqua(F,log(X), bound.type="sd"))) #
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## End(Not run)

## Not run:

X <- exp(rnorm(20)); F <- seq(@.001, 0.999, by=.001)
dat2bernqua(@.9, X, poly.type="Bernstein"”, listem=TRUE) $x
dat2bernqua(@.9, X, poly.type="Kantorovich”, listem=TRUE)$x
dat2bernqua(@.9, X, poly.type="Cheng", listem=TRUE) $x

plot(pp(X), sort(X), log="y", xlim=range(F))

lines(F, dat2bernqua(F, X, poly.type="Bernstein” ), col="red” )
lines(F, dat2bernqua(F, X, poly.type="Kantorovich"), col="green")
lines(F, dat2bernqua(F, X, poly.type="Cheng" ), col="blue" ) #
## End(Not run)

## Not run:

X <= exp(rnorm(20)); F <- nonexceeds()

plot(pp(X), sort(X))

lines(F, dat2bernqua(F,X, bound.type="sd", poly.type="Bernstein"))

lines(F, dat2bernqua(F,X, bound.type="sd", poly.type="Kantorovich"), col=2) #
## End(Not run)

## Not run:

X <= rnorm(25); F <- nonexceeds()

Q <- dat2bernqua(F, X) # the Bernstein estimates

plot( F, dat2bernqua(F, X, bound.type="Carv"), type="1" )
lines(F, dat2bernqua(F, X, bound.type="sd"), col="red" )
lines(F, dat2bernqua(F, X, bound.type="none"), col="green")
points(pp(X), sort(X), pch=16, cex=.75, col="blue" ) #
## End(Not run)

## Not run:

set.seed(13)

par <- parkap(vec2lmom(c(1, .5, .4, .2)))

F <- seq(0.001, 0.999, by=0.001)

X <- sort(rlmomco(100, par))

pp <= pp(X)

pdf ("1momco_example_dat2bernqua.pdf”)

plot(gnorm(pp(X)), dat2bernqua(pp, X), col="blue"”, pch=1,
ylim=c(@,glmomco(@.9999, par)))

lines(gnorm(F), dat2bernqua(F, sort(X)), col="blue")

lines(gnorm(F), glmomco(F, par), col="red" )

sampar <- parkap(lmoms(X))

sampar2 <- parkap(lmoms(dat2bernqua(pp, X)))

lines( gnorm(pp(F)), glmomco(F, sampar ), col="black”)

lines( gnorm(pp(F)), glmomco(F, sampar2), col="blue"”, 1lty=2)

points(gnorm(pp(X)), X, col="black”, pch=16)

dev.off() #

## End(Not run)
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dat2bernquaf Equivalent Nonexceedance Probability for a Given Value through Ob-
served Data to Empirical Quantiles through Bernstein or Kantorovich
Polynomials
Description

This function computes an equivalent nonexceedance probability F' of a single value z for the
sample data set (X) through inversion of the empricial quantile function as computable through
Bernstein or Kantorovich Polynomials by the dat2bernqua function.

Usage
dat2bernquaf(x, data, interval=NA, ...)
Arguments
X A scalar value for which the equivalent nonexceedance probability F' through
the function dat2bernqua is to be computed.
data A vector of data values that directly correspond to the argument x in the function
dat2bernqua.
interval The search interval. If NA, then [1/(n+1),1 —1/(n 4+ 1)] is used. If interval
is a single value a, then the interval is computed as [a, 1 — a].
Additional arguments passed to dat2bernqua through the uniroot () function
in R.
Details

The basic logic is thus. The Xin conjunction with the settings for the polynomials provides the em-
pirical quantile function (EQF). The dat2bernquaf function then takes the EQF (through dynamic
recomputation) and seeks a root for the single value also given.

The critical piece likely is the search interval, which can be modified by the interval argument
if the internal defaults are not sufficient. The default interval is determined as the first and last
Weibull plotting positions of X having a sample size n: [1/(n + 1),1 — 1/(n + 1)]. Because the
dat2bernqua function has a substantial set of options that control how the empirical curve is (might
be) extrapolated beyond the range of X, it is difficult to determine an always suitable interval for
the rooting. However, it should be considered obvious that the result is more of an interpolation if
F(z)is within F € [1/(n+1),1 —1/(n 4+ 1)] and increasingly becomes an accurate interpolation
as F(x) — 1/2 (the median).

If the value z is too far beyond the data or if the search interval is not sufficient then the following
error will be triggered:

Error in uniroot(afunc, interval, ...) :
f() values at end points not of opposite sign

The Examples section explores this aspect.
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Value

An R list is returned.

X An echoing of the x value via the x argument.
f The equivalent nonexceedance probability F (| X).
interval The search interval of F' used.
afunc.root Corresponds to the . root element returned by the uniroot() function.
iter Corresponds to the iter element returned by the uniroot() function.
estim.prec Corresponds to the estim. prec element returned by the uniroot () function.
source An attribute identifying the computational source: “dat2bernquaf™.
Author(s)
W.H. Asquith
See Also
dat2bernqua
Examples

dat2bernquaf (6, c(2,10)) # median 1/2 of 2 and 10 is 6 (trivial and fast)

## Not run:

set.seed(5135)

Imr <- vec2lmom(c(1000, 400, 0.2, 0.3, 0.045))

par <- lmom2par(lmr, type="wak")

Q <- rlmomco(83, par) # n = 83 and extremely non-Normal data

1gQ <- max(Q) # 5551.052 by theory

dat2bernquaf (median(Q), Q)$f # returns 0.5100523 (nearly 1/2)
dat2bernquaf(1gQ, Q) $f # unable to root
dat2bernquaf(1gQ, Q, bound.type="sd")$f # unable to root

itf <- c(0.5, 0.99999)

f <- dat2bernquaf(lgQ, Q, interval=itf, bound.type="sd")$f

print(f) # F=0.9961118

glmomco(f, par) # 5045.784 for the estimate F=0.9961118

# If we were not using the maximum and something more near the center of the
# distribution then that estimate would be closer to glmomco(f, par).

# You might consider 1gQ <- glmomco(@.99, Q) # theoretical 99th percentile and
# let the random seed wander and see the various results.

## End(Not run)
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disfitgovloc Fit a Govindarajulu Distribution to Bounds and Location

Description

Fits a Govindarajulu distribution to specified lower and upper bounds and a given location measure
(either mean and median). Fitting occurs through 3-dimensional minimization using the optim
function. Objective function forms are either root mean-square error (RMSE) or mean absolute
deviation (MAD), and the objective functions are expected to result in slightly different estimates
of distribution parameters. The RMSE form (ornsE) is defined as

138 ,11/2
ORMSE = {3 Z[ﬂfz*ﬁz] } ,

=1

where x; is a vector of the targeted lower bounds (lwr argument), location measure (loc argu-
ment), and upper bounds (upr argument), and Z; is a similar vector of Govindarajulu properties for
“current” iteration of the optimization. Similarly, the MAD form (opap) is defined as

3

1 .
UMAD:§Z\$1'—$¢|~
i=1

The premise of this function is that situations might exist in practical applications wherein the user
has an understanding or commitment to certain bounding conditions of a distribution. The user also
has knowledge of a particular location measure (the mean or median) of a distribution. The bounded
nature of the Govindarajulu might be particularly of interest because the quantile function (quagov)
is explicit. The curvatures that the distribution can attain also provide it more flexibility to fitting to
a given location measure than say the Triangular distribution (quatri).

Usage

disfitgovloc(x=NULL, loc=NULL, lwr=@, upr=NA, init.para=NULL,
loctype=c("mean”, "median"), objfun=c("rmse”, "mad"),
ptransf=function(p) return(log(p)),
pretransf=function(p) return(exp(p)),

silent=TRUE, verbose=FALSE, ...)
Arguments

X Optional vector to help guide the initial parameter estimates for the optimization,
if given and if loc=NULL, then loc by loctype will be computed from the x.

loc Optional value for the location statistic, which if not given will be computed
from mean or median of the x. The loc however can also be given if an x is
given and at which point the user’s setting prevails.

lwr Lower bounds for the distribution with default supposing that most often positive

domain bounds might be of interest.
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upr

init.para

loctype
objfun
ptransf

pretransf

silent

verbose

Details

125

Upper bounds for the distribution, which must be specified.

Optional initial values for the parameters used for starting values for the optim
function. If this argument is not set nor is x, then an unrigorous attempt is made
to guess at the initial parameters using heuristics and the triangular quantile
function (because the triangle is trivial and also bounded) (see sources).

The type of location measure constraint.
The form of the objective function as previously described.

The parameter transformation function that is useful to guide the optimization
run. The distribution requires its second and third parameters to be nonzero
without constraint on the first parameter; however, the default treats the first
parameter as also nonzero. This is potentially suboptimal for some situations
(see Examples).

The parameter retransformation function that is useful to guide the optimization
run. The distribution requires its second and third parameters to be nonzero
without constraint on the first parameter; however, the default treats the first
parameter as also nonzero. This is potentially suboptimal for some situations
(see Examples).

A logical to silence the try() function wrapping the optim() function.
A logical to trigger verbose output within the objective function.

Additional arguments to pass to the optim function.

Support of the Govindarajulu for the optimized parameter set is computed by internally and re-
ported as part of the returned values. This enhances the documentation a bit more—the computed
parameters might not always have full convergence and result in slightly difference bounds than
targeted. Finally, this function was developed using some heredity to disfitqua.

Value

An R list is returned. This list should contain at least the following items.

type
para
source

supdist

init.para

optim

message

Author(s)
W.H. Asquith

The type of distribution in three character (minimum) format.
The parameters of the Govindarajulu distribution.
Attribute specifying source of the parameters.

A list of confirming the distribution support from quagov(c(@,1), gov) where
gov are the final computed parameters before return.

A vector of the initial parameters actually passed to the optim function to serve
only as a reminder.

The returned 1ist of the optim() function.

Helpful messages on the computations.
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See Also

disfitqua, quagov

Examples
# EXAMPLE 1 --- Example of strictly positive domain.
disfitgovloc(loc=125, 1wr=99, upr=175, loctype="mean")$para
# xi alpha beta

# 99.000000 76.000000 3.846154
# These parameters have a lmomgov()$lambdas[1] mean of 124.9999999.

EXAMPLE 2 --- Operations spanning zero and revision to the default parameter
transform functions. Testing indicates that these, ideally align to need of
the Govindarajulu, such do not work for all strictly positive domain, which
led to a decision to have the defaults different than this example.
disfitgovloc(loc=100, lwr=-99, upr=175, loctype="median",

ptransf=function(p) c(p[1], log(p[2:31)),

pretransf=function(p) c(pl[1], exp(pl[2:3])))%para

# xi alpha beta
# -99.000002 274.000004 1.08815151

#
#
#
#

## Not run:
# EXTENDED EXAMPLE 3
r <- function(r) round(r, 1)
X <- c(8751, 14507, 4061, 22056, 6330, 3130, 5180, 6700, 22409, 3380, 17902,
8956, 4523, 1604, 4460, 4239, 3010, 9155, 5107, 4821, 5221, 20700)

mu <- mean(X); med <- median(X)
for(objfun in c("rmse”, "mad")) {
gov <- disfitgovloc(x=X, loc=mu, upr=41000, objfun=objfun, loctype="mean" )
message(objfun, ": seek mean=", r(mu),
" GOV  mean=", r(lmomgov(gov)$lambdas[1]))
gov <- disfitgovloc(x=X, loc=med, upr=41000, objfun=objfun, loctype="median" )
message(objfun, ": seek median=", r(med),
", GOV median=", r(quagov(@.5, gov)))
}
for(objfun in c("rmse”, "mad")) {
gov <- disfitgovloc(x=NULL, loc=mu, upr=41000, objfun=objfun, loctype="mean” )
message(objfun, ": seek mean=", r(mu),
", GOV mean=", r(lmomgov(gov)$lambdas[1]) )
gov <- disfitgovloc(x=NULL, loc=med, upr=41000, objfun=objfun, loctype="median")
message(objfun, ": seek median=", r(med),
", GOV median=", r(quagov(@.5, gov)))

} # end of loop
# xxx That last message() : mad: seek median=5200.5, GOV median=5226.2
print(gov$para) # 64.521326, 40935.479117, 4.740232 # last parameters in prior loop
ngv <- vec2par( c(64.521326, 40935.479117, 4.740232), type="gov") # for reuse
# We see (at least in testing) that the last message in the sequence shows that
# the median is not recovered via the guessed at initial parameters, let us turn
# the gov parameters back into disfitgovloc() as the initial parameters.
mgv <- disfitgovloc(init.para=ngv, loc=med, upr=41000, objfun=objfun,loctype="median")
message(objfun, ": seek median=", r(med),

", GOV median=", r(quagov(@.5, mgv)))
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# *xx BETTER FIT mad: seek median=5200.5, GOV median=5200.5

print(mgv$para) # 1.227568, 40998.903644, 4.729768 # last parameters

# So, conveniently in this example, we can see that there are cases wherein an

# apparent convergence can be made even better. But, need to be aware that

# feed fack a very good solution can in turn cause optim() itself to NULL out.
## End(Not run)

## Not run:
# EXTENDED EXAMPLE 4 --- Continuing from the previous example
FF <- seq(0.001, 0.999, by=0.001)
maxes <- as.integer(10*(seq(4, 5, by=0.02))); n <- length(maxes)
for(max in maxes) {
goVvA <- disfitgovloc(x=X, loc=mu, upr=max, loctype="mean" , lwr=0)
govB <- disfitgovloc(x=X, loc=median, upr=max, loctype="median", lwr=0)
plot( FF, quagov(FF, govA), col="red”, 1lwd=2, type="1", ylim=c(@, maxes[n]),
xlab="Nonexceedance probability”, ylab="Quantile of Govindarajulu",
main=paste@("Maximum = ", max))
lines(FF, quagov(FF, govB), col="blue", lwd=2); quagov(@.5, govB)
legend("topleft”, c("Govindarajulu constrained given mean (dashed red)”,
"Govindarajulu constrained given median (dashed blue)”,
"disfitgovloc() computed mean (red dot)”,
"disfitgovloc() computed median (blue dot)"),
lwd=c( 2, 2, NA, NA), col=c("red", "blue"), inset=0.02,
pch=c(NA, NA, 16, 16), pt.cex=1.5, cex=0.9)
abline(h=mu, 1lty=2, col="red” ); abline(h=med, 1ty=2, col="blue")
tmu <- lmomgov(govA)$lambdas[1]
points(cdfgov(tmu, govA), tmu, cex=1.5, pch=16, col="red"” )
points(@.5, quagov(@.5, govB), cex=1.5, pch=16, col="blue")
} # end of loop
## End(Not run)

disfitqua Fit a Distribution using Minimization of Available Quantiles

Description

This function fits a distribution to available quantiles (or irregular quantiles) through n-dimensional
minimization using the optim function. Objective function forms are either root mean-square error
(RMSE) or mean absolute deviation (MAD), and the objective functions are expected to result in
slightly different estimates of distribution parameters. The RMSE form (ormsg) is defined as

m 1/2
ORMSE = [; Z[xo(fi) - j(fi)}2:| ,
i=1

where m is the length of the vector of observed quantiles z,( f;) for nonexceedance probability f;
fori € 1,2,--- ,m, and &(f;) fori € 1,2,--- ,m are quantile estimates based on the “current”
iteration of the parameters for the selected distribution having n parameters for n < m. Similarly,
the MAD form (o\ap) is defined as

OMAD = % Z | wo(fi) — 2(fi) | -
i=1
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The disfitqua function is not intended to be an implementation of the method of percentiles but
rather is intended for circumstances in which the available quantiles are restricted to either the left
or right tails of the distribution. It is evident that a form of the method of percentiles however could
be pursued by disfitqua when the length of z( f) is equal to the number of distribution parameters
(n = m). The situation of n < m however is thought to be the most common application.

The right-tail restriction is the general case in flood-peak hydrology in which the median and select
quantiles greater than the median can be available from empirical studies (e.g. Asquith and Roussel,
2009) or rainfall-runoff models. The available quantiles suit engineering needs and thus left-tail
quantiles simply are not available. This circumstance might appear quite unusual to users from
most statistical disciplines but quantile estimates can exist from regional study of observed data.
The Examples section provides further motivation and discussion.

Usage

disfitqua(x, f, objfun=c("rmse”, "mad"),

Arguments

X
.F
objfun

init.1lmr

init.para

type
ptransf

pretransf

verbose

init.1mr=NULL, init.para=NULL, type=NA,
ptransf= function(t) return(t),
pretransf=function(t) return(t), verbose=FALSE, ... )

The quantiles z,(f) for the nonexceedance probabilities in f.
The nonexceedance probabilities f of the quantiles x,(f) in x.
The form of the objective function as previously described.

Optional initial values for the L-moments from which the initial starting param-
eters for the optimization will be determined. The optimizations by this func-
tion are not performed on the L-moments during the optimization. The form of
init. 1lmr is that of an L-moment object from the Imomco package (e.g. 1moms).

Optional initial values for the parameters used for starting values for the optim
function. If this argument is not set nor is init.lmr, then unrigorous estimates
of the mean A\; and L-scale Ay are made from the available quantiles, higher
L-moment ratios 7, for r > 3 are set to zero, and the L-moments converted to
the initial parameters.

The distribution type specified by the abbreviations listed under dist.list.

An optional parameter transformation function (see Examples) that is useful to
guide the optimization run. For example, suppose the first parameter of a three
parameter distribution resides in the positive domain, then

ptransf(t) = function(t) c(log(t[11), tl[21, t[31).

An optional parameter retransformation function (see Examples) that is useful
to guide the optimization run. For example, suppose the first parameter of a
three parameter distribution resides in the positive domain, then

pretransf(t) = function(t) c(exp(t[1]1), t[2], t[31).

A logical switch on the verbosity of output.

Additional arguments to pass to the optim function.
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Value

An R list is returned, and this 1ist contains at least the following items:

type The type of distribution in character format (see dist.list).

para The parameters of the distribution.

source Attribute specifying source of the parameters—“disfitqua”.

init.para A vector of the initial parameters actually passed to the optim function to serve

only as a reminder.

disfitqua The returned 1ist from the optim function. This list contains a repeat of the
parameters, the value of the objective function (ornMSE OF omAD), the interation
count, and convergence status.

Note

The disfitqua function is likely more difficult to apply for n > 3 (high parameter) distributions
because of the inherent complexity of the mathematics of such distributions and their applicable
parameter (and thus valid L-moment ranges). The complex interplay between parameters and L-
moments can make identification of suitable initial parameters init.para or initial L-moments
init.1lmr more difficult than is the case for n < 3 distributions. The default initial parameters are
computed from an assumed condition that the L-moments ratios 7. = 0 for » > 3. This is not ideal,
however, and the Examples show how to move into high parameter distributions using the results
from a previous fit.

Author(s)
W.H. Asquith

References

Asquith, W.H., and Roussel, M.C., 2009, Regression equations for estimation of annual peak-
streamflow frequency for undeveloped watersheds in Texas using an L-moment-based, PRESS-
minimized, residual-adjusted approach: U.S. Geological Survey Scientific Investigations Report
2009-5087, 48 p., doi:10.3133/sir20095087.

See Also

dist.list, Imoms, Imom2vec, par2lmom, par2qua, vec2lmom, vec2par

Examples

# Suppose the following quantiles are estimated using eight equations provided by

# Asquith and Roussel (2009) for some watershed in Texas:

Q <- c(1480, 3230, 4670, 6750, 8700, 11000, 13600, 17500)

# These are real estimates from a suite of watershed properties; the watershed

# itself and location are not germane to demonstrate this function.

LQ <- logl1@(Q) # transform to logarithms of cubic feet per second

# Convert the averge annual return periods for the quantiles into probability

P <- T2prob(c(2, 5, 10, 25, 50, 100, 200, 500)); gP <- gnorm(P) # std norm variates
# The log-Pearson type III (LPIII) is immensely popular for flood-risk computations.
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# Let us compute LPIII parameters to the available quantiles and probabilities for
# the watershed. The log-Pearson type III is "pe3"” in the lmomco with logarithms.
par1l <- disfitqua(LQ, P, type="pe3", objfun="rmse") # root mean square error

par2 <- disfitqua(LQ, P, type="pe3"”, objfun="mad"” ) # mean absolute deviation

# Now express the fitted distributions in forms of an LPIII.

LQfit1 <- glmomco(P, parl); LQfit2 <- glmomco(P, par2)

plot( gP, LQ, pch=5, xlab="STANDARD NORMAL VARIATES",
ylab="FLOOD QUANTILES, CUBIC FEET PER SECOND")
lines(gP, LQfit1, col=2); lines(gP, LQfit2, col=4) # red and blue lines

## Not run:

# Now demonstrate how a Wakeby distribution can be fit. This is an example of how a

# three parameter distribution might be fit, and then the general L-moments secured for
# an alternative fit using a far more complicated distribution. The Wakeby for the

# above situation does not fit out of the box.

Imr1 <- theolLmoms(parl) # We need five L-moments but lmompe3() only gives four,

# therefore must compute the L-moment by numerical integration provided by theoLmoms().
par3 <- disfitqua(LQ, P, type="wak”, objfun="rmse"”, init.lmr=1mr1)

lines(gP, par2qua(P, par3), col=6, 1ty=2) # dashed line, par2qua alternative to glmomco

# Finally, the initial L-moment equivalents and then the L-moments of the fitted
# distribution can be computed and compared.

par2lmom(vec2par(par3$init.para, type="wak"))$ratios # initial L-moments
par2lmom(vec2par(par3$para, type="wak"))$ratios # final L-moments

## End(Not run)

dist.list List of Distribution Names

Description

Return a list of the three character syntax identifying distributions supported within the Imomco
package. The distributions are aep4, cau, emu, exp, gam, gep, gev, gld, glo, gno, gov, gpa, gum,
kap, kmu, kur, lap, Imrq, 1n3, nor, pdq3, pdg4, pe3, ray, revgum, rice, sla, smd, st3, texp, tri,
wak, and wei. These abbreviations and only these are used in routing logic within Imomco. There
is no provision for fuzzy matching. The full distributions names are available in prettydist.

Usage

dist.list(type=NULL)

Arguments

type If type is not NULL and is one of the abbreviations shown above, then the number
of parameters of that distribution are returned or a warning message is issued.
This subtle feature might be useful for developers.
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Value

A vector of distribution identifiers as listed above or the number of parameters for a given distribu-
tion type.

Author(s)
W.H. Asquith

See Also

prettydist

Examples

dist.list("gpa")

## Not run:
# Build an L-moment object
LM <- vec2lmom(c(10000, 1500, 0.3, 0.1, 0.04))
Im2 <- Imorph(LM) # convert to vectored format
Im1 <- Imorph(1m2) # and back to named format
dist <- dist.list()
# Demonstrate that lmom2par internally converts to needed L-moment object
for(i in 1:length(dist)) {
# Skip Cauchy and Slash (need TL-moments).
# Skip AEP4, Kumaraswamy, LMRQ, Student t (3-parameter), Truncated Exponential
# are skipped because each is inapplicable to the given L-moments.
# The Eta-Mu and Kappa-Mu are skipped for speed.

if(dist[i] == 'aep4' | dist[i] == 'cau' | dist[i] == 'emu' | dist[i] == 'gep' |
dist[i] == 'kmu' | dist[i] == 'kur' | dist[i] == 'lmrq' | dist[i] == 'tri' |
dist[i] == 'sla' | dist[i] == 'st3' | dist[i] == 'texp') next
message(dist[i], " parameters : ",
paste(round(lmom2par(1lml, type=dist[i])$para, digits=4), collapse=", "))
message(dist[i], " parameters : ",
paste(round(lmom2par(1m2, type=dist[i])$para, digits=4), collapse=", "))
I o#

## End(Not run)

dlmomco Probability Density Function of the Distributions

Description
This function acts as an alternative front end to par2pdf. The nomenclature of the d1momco function
is to mimic that of built-in R functions that interface with distributions.

Usage

dlmomco(x, para)
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Arguments

X A real value vector.

para The parameters from 1lmom2par or similar.
Value

Probability density for x.

Author(s)
W.H. Asquith

See Also

plmomco, glmomco, rlmomco, slmomco

Examples

para <- vec2par(c(0,1),type="nor") # standard normal parameters
nonexceed <- dlmomco(1,para) # percentile of one standard deviation

DrillBitLifetime Lifetime of Drill Bits

Description

Hamada (1995, table 9.3) provides a table of lifetime to breakage measured in cycles for drill bits
used for producing small holes in printed circuit boards. The data were collected under various con-
trol and noise factors to perform reliability assessment to maximize bit reliability with minimization
of hole diameter. Smaller holes permit higher density of placed circuitry, and are thus economically
attractive. The testing was completed at 3,000 cycles—the right censoring threhold.

Usage

data(DrillBitLifetime)

Format

A data frame with

LIFETIME Measured in cycles.

References

Hamada, M., 1995, Analysis of experiments for reliability improvement and robust reliability: in
Balakrishnan, N. (ed.) Recent Advances in Life-Testing and Reliability: Boca Raton, Fla., CRC
Press, ISBN 0-8493-8972-0, pp. 155-172.
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Examples

data(DrillBitLifetime)

summary (DrillBitLifetime)

## Not run:

data(DrillBitLifetime)

X <- DrillBitLifetime$LIFETIME

Imr <~ lmoms(X); par <- lmom2par(lmr, type="gpa")

pwm  <- pwmRC(X, threshold=3000); zeta <- pwm$zeta

Imrrc <- pwm2lmom(pwm$Bbetas)

rcpar <- pargpaRC(lmrrc, zeta=zeta)

XBAR <- lmomgpa(rcpar)$lambdas[1]

F <- nonexceeds(); P <- 100%F; x <- seq(min(X), max(X))
plot(sort(X), 100*pp(X), xlab="LIFETIME", ylab="PERCENT", xlim=c(1,10000))
rug(X, col=rgb(0,0,0,0.5))

lines(c(XBAR, XBAR), range(P), lty=2) # mean (expectation of life)
lines(cmlmomco(F, rcpar), P, 1lty=2) # conditional mean
points(XBAR, @, pch=16)

lines(x, 100xplmomco(x, par), lwd=2, col=8) # fitted dist.
lines(x, 100*plmomco(x, rcpar), lwd=3, col=1) # fitted dist.

lines( rmlmomco(F, rcpar), P, col=4) # residual mean life
lines(rrmlmomco(F, rcpar), P, col=4, 1ty=2) # rev. residual mean life
lines(x, 1E4x*hlmomco(x, rcpar), col=2) # hazard function
lines(x, 1E2x1lrzlmomco(plmomco(x, rcpar), rcpar), col=3) # Lorenz func.
legend (4000, 40,
c("Mean (vertical) or conditional mean (dot at intersect.)”,
"Fitted GPA naively to all data”,
"Fitted GPA to right-censoring PWMs",

"Residual mean life”, "Reversed residual mean life”,
"Hazard function x 1E4", "Lorenz curve x 100"
), cex=0.75,

lwd=c(1, 2, 3, 1, 1, 1, 1), col=c(1, 8, 1, 4, 4, 2, 3),
lty=c(2, 1, 1, 1, 2, 1, 1), pch=rep(NA, 8))

## End(Not run)

expect.max.ostat Compute the Expectation of a Maximum (or Minimum and others) Or-
der Statistic

Description

The maximum (or minimum) expectation of an order statistic can be directly used for L-moment
computation through either of the following two equations (Hosking, 2006) as dictated by using the
maximum (E[X}.;], expect.max.ostat) or minimum (E[X7.;], expect.min.ostat):

A= (1) é(—l)“’“k‘l (Z _ D (ZkI Q)E[X“ﬂ]’
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and
T

A= (1) R <; - i) (r Zfz Q)E[Xk;k].

k=1

In terms of the quantile function glmomco, the expectation of an order statistic (Asquith, 2011, p.
49) is
n—1

E[X;.,] = n( ) /le(F) x FI=t x (1 - F)"7 dF,

ji—1
where x(F) is the quantile function, F' is nonexceedance probability, n is sample size, and j is the
jth order statistic.

In terms of the probability density function (PDF) dlmomco and cumulative density function (CDF)
plmomco, the expectation of an order statistic (Asquith, 2011, p. 50) is

Bl = ey | F@F - F@P e f(o) da,

where F'(z) is the CDF, f(x) is the PDF, and B(j,n — j + 1) is the complete Beta function, which
in R is beta with the same argument order as shown above.

Usage
expect.max.ostat(n, para=NULL, cdf=NULL, pdf=NULL, qua=NULL,
j=NULL, lower=-Inf, upper=Inf, aslist=FALSE, ...)
Arguments
n The sample size.
para A distribution parameter list from a function such as vec2par or Imom2par.
cdf cumulative distribution function of the distribution.
pdf probability density function of the distribution.
qua quantile function of the distribution. If this is defined, then cdf and pdf are
ignored.
j The jth value of the order statistic, which defaults to n=j (the maximum order
statistic) if j=NULL.
lower The lower limit for integration.
upper The upper limit for integration.
aslist A logically triggering whether an R 1ist is returned instead of just the expec-
tion.
Additional arguments to pass to the three distribution functions.
Details

If qua !=NULL, then the first order-statistic expectation equation above is used, and any function
that might have been set in cdf and pdf is ignored. If the limits are infinite (default), then the limits
of the integration will be set to F' |= 0 and F' = 1. The user can replace these by setting the
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limits to something “near” zero and(or) “near” 1. Please consult the Note below concerning more
information about the limits of integration.

If qua == NULL, then the second order-statistic expectation equation above is used and cdf and pdf
must be set. The default o0 limits are used unless the user knows otherwise for the distribution or
through supervision provides their meaning of small and large.

This function requires the user to provide either the qua or the cdf and pdf functions, which
is somewhat divergent from the typical flow of logic of Imomco. This has been done so that
expect.max.ostat can be used readily for experimental distribution functions. It is suggested
that the parameter object be left in the Imomco style (see vec2par) even if the user is providing
their own distribution functions.

Last comments: This function is built around the idea that either (1) the cdf and pdf ensemble
or (2) qua exist in some clean analytical form and therefore the qua=NULL is the trigger on which
order statistic expectation integral is used. This precludes an attempt to compute the support of
the distribution internally, and thus providing possibly superior (more refined) lower and upper
limits. Here is a suggested re-implementation using the support of the Generalized Extreme Value
distribution:

para <- vec2par(c(100, 23, -0.5), type="gev")

lo <- quagev(@, para) # The value 54

hi <- quagev(1, para) # Infinity

E22 <- expect.max.ostat(2, para=para,cdf=cdfgev, pdf=pdfgev,
lower=1o, upper=hi)

E21 <- expect.min.ostat(2, para=para,cdf=cdfgev, pdf=pdfgev,
lower=lo, upper=hi)

L2 <- (E22 - E21)/2 # definition of L-scale

cat("L-scale: ", L2, "(integration)”,

1momgev (para)$lambdas[2], "(theory)\n")
# The results show 33.77202 as L-scale.

The design intent makes it possible for some arbitrary and(or) new quantile function with difficult
cdf and pdf expressions (or numerical approximations) to not be needed as the L-moments are
explored. Contrarily, perhaps some new pdf exists and simple integration of it is made to get the
cdf but the qua would need more elaborate numerics to invert the cdf. The user could then still
explore the L-moments with supervision on the integration limits or foreknowledge of the support
of the distribution.

Value

The expectation of the maximum order statistic, unless j is specified and then the expectation of that
order statistic is returned. This similarly holds if the expect.min.ostat function is used except
“maximum” becomes the “minimum”.

Alternatively, an R 1ist is returned.

type The type of approach used: “bypdfcdf” means the PDF and CDF of the distribu-
tion were used, and alternatively “byqua” means that the quantile function was
used.

value See previous discussion of value.
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abs.error Estimate of the modulus of the absolute error from R function integrate.

subdivisions  The number of subintervals produced in the subdivision process from R function
integrate.

message “OK” or a character string giving the error message.

Note

A function such as this might be helpful for computations involving distribution mixtures. Mixtures
are readily made using the algebra of quantile functions (Gilchrist, 2000; Asquith, 2011, sec. 2.1.5
“The Algebra of Quantile Functions”).

Last comments: Internally, judicious use of logarithms and exponents for the terms involving the
F and 1 — F and the quantities to the left of the intergrals shown above are made in an attempt
to maximize stability of the function without the user having to become too invested in the lower
and upper limits. For example, (1 — F)"~7 — exp([n — j]log(1 — F)). Testing indicates that
this coding practice is quite useful. But there will undoubtedly be times for which the user needs to
be informed enough about the expected value on return to identify that tweaking to the integration
limits is needed. Also use of R functions 1beta and lchoose is made to maximize operations in
logarithmic space.

For Imomco v.2.1.+: Because of the extensive use of exponents and logarithms as described, en-
hanced deep tail estimation of the extrema for large n and large or small j results. This has come at
the expense that expectations can be computed when the expectations actually do not exist. An error
in the integration no longer occurs in Imomco. For example, the Cauchy distribution has infinite
extrema but this function (for least for a selected parameter set and n=10) provides apparent values
for the E[X7.,,] and E[X,,.,] when the cdf and pdf are used but not when the qua is used. Users
are cautioned to not rely on expect.max.ostat “knowing” that a given distribution has undefined
order statistic extrema. Now for the Cauchy case just described, the extrema for j = [1,n] are
hugely(!) greater in magnitude than for j = [2, (n — 1)], so some resemblance of infinity remains.

The alias eostat is a shorter name dispatching to expect.max.ostat all of the arguments.

Author(s)

W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Gilchrist, W.G., 2000, Statistical modelling with quantile functions: Chapman and Hall/CRC, Boca
Raton.

Hosking, J.R.M., 2006, On the characterization of distributions by their L-moments: Journal of
Statistical Planning and Inference, v. 136, no. 1, pp. 193-198.

See Also

theolLmoms.max.ostat, expect.min.ostat, eostat
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Examples

para <- vec2par(c(10, 100), type="nor")

n<-12

# The three outputted values from should be similar:

# (1) theoretical, (2) theoretical, and (3) simulation
expect.max.ostat(n, para=para, cdf=cdfnor, pdf=pdfnor)
expect.max.ostat(n, para=para, qua=quanor)
mean(sapply(seq_len(1000), function(x) { max(rlmomco(n, para))3}))

eostat(8, j=5, qua=quagum, para=vec2par(c(1670, 1000), type="gum"))

## Not run:

para <- vec2par(c(1280, 800), type="nor")

expect.max.ostat(1@, j=9, para, qua=quanor)

[1] 2081.086 # SUCCESS —----=--====——=—mmmommmome

expect.max.ostat(10, j=9, para, pdf=pdfnor, cdf=cdfnor,
lower=-1E3, upper=1E6)

[1] 1.662701e-06 # FAILURE -----------———————————————

expect.max.ostat(10, j=9, para, pdf=pdfnor, cdf=cdfnor,
lower=-1E3, upper=1E5)

[1] 2081.086 # SUCCESS ------———=-————————--——————

## End(Not run)

f2f Subsetting of Nonexceedance Probabilities Related to Conditional
Probability Adjustment

Description
This function subsetting nonexceedance probability according to
F(z) < —F(z|F(z)[>, =]p),
where F' is nonexceedance probability for z and pp is the probability of a threshold. In R logic, this
is simply f <- f[f > pp] for type == "gt" or f <- f[f >= pp] for type == "ge".

This function is particularly useful to shorten a commonly needed code logic related such as FF[FF
>= X1oALL$pp], which would be needed in conditional probability adjustements and X1oALL is
from x2x1o. This could be replaced by syntax such as f2f (FF, x1o=X1o0ALL). This function is very
similar to f2f1lo with the only exception that the conditional probability adjustment is not made.

Usage
f2f(f, pp=NA, xlo=NULL, type=c("ge", "gt"))

Arguments
f A vector of nonexceedance probabilities.
pp The plotting position of the left-hand threshold and recommended to come from

x2x1o.



138 f2flo

xlo An optional result from x2x1o from which the pp will be take instead of from
the argument pp.

type The type of the logical construction gt means greater than the pp and ge means
greater than or equal to the pp for the computations. There can be subtle vari-
ations in conceptualization of the truncation need or purpose and hence this
argument is provided for flexibility.

Value

A vector of conditional nonexceedance probabilities.

Author(s)
W.H. Asquith

See Also
x2xlo, xlo2qua, f2flo, f2f

Examples

# See examples for x2xlo().

f2flo Conversion of Annual Nonexceedance Probability to Conditional
Probability Nonexceedance Probabilities

Description

This function converts the cumulative distribution function of F'(x) to a conditional cumulative dis-
tribution function P(z) based on the probability level of the left-hand threshold. It is recommended
that this threshold (as expressed as a probability) be that value returned from x2x1o in element pp.
The conversion is simple

P(z) < —(F(x) —pp)/(1 — pp),

where the term pp corresponds to the estimated probability or plotting position of the left-hand
threshold.

This function is particularly useful for applications in which zero values in the data set require trun-
cation so that logarithms of the data may be used. But also this function contributes to the isolation
of the right-hand tail of the distribution for analysis. Finally, f <- f[f >=pp] for type="ge" or
f <- f[f > pp] for type="gt" is used internally for probability subsetting, so the user does not
have to do that with the nonexceedance probability before calling this function. The function f2f
does similar subsetting without converting F'(z) to P(z). Users are directed to Examples under
par2qua2lo and carefully note how f2flo and f2f are used.

Usage
f2flo(f, pp=NA, xlo=NULL, type=c("ge", "gt"))
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Arguments

.F
pp

xlo

type

Value
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A vector of nonexceedance probabilities.

The plotting position of the left-hand threshold and recommended to come from
x2x1o.

An optional result from x2x1o from which the pp will be take instead of from
the argument pp.

The type of the logical construction gt means greater than the pp and ge means
greater than or equal to the pp for the computations. There can be subtle vari-
ations in conceptualization of the truncation need or purpose and hence this
argument is provided for flexibility.

A vector of conditional nonexceedance probabilities.

Author(s)
W.H. Asquith

See Also

x2x1lo, flo2f, f2f, xlo2qua

Examples

# See examples for x2xlo().

f2fpds

Conversion of Annual Nonexceedance Probability to Partial Duration
Nonexceedance Probability

Description

This function takes an annual exceedance probability and converts it to a “partial-duration series”
(a term in Hydrology) nonexceedance probability through a simple assumption that the Poisson
distribution is appropriate for arrive modeling. The relation between the cumulative distribution
function G(z) for the partial-duration series is related to the cumulative distribution function F'(x)
of the annual series (data on an annual basis and quite common in Hydrology) by

G(x) = [log(F(x)) +nl/n.

The core assumption is that successive events in the partial-duration series can be considered as
independent. The 7 term is the arrival rate of the events. For example, suppose that 21 events have
occurred in 15 years, then 7 = 21 /15 = 1.4 events per year.

A comprehensive demonstration is shown in the example for fpds2f. That function performs the
opposite conversion. Lastly, the cross reference to x2x1o is made because the example contained
therein provides another demonstration of partial-duration and annual series frequency analysis.
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Usage
f2fpds(f, rate=NA)

Arguments
f A vector of annual nonexceedance probabilities.
rate The number of events per year.

Value

A vector of converted nonexceedance probabilities.

Author(s)
W.H. Asquith

References

Stedinger, J.R., Vogel, R.M., Foufoula-Georgiou, E., 1993, Frequency analysis of extreme events:
in Handbook of Hydrology, ed. Maidment, D.R., McGraw-Hill, Section 18.6 Partial duration series,
mixtures, and censored data, pp. 18.37-18.39.

See Also

fpds2f, x2xlo, f2flo, flo2f

Examples

# See examples for fpds2f().

fliplmoms Flip L-moments by Flip Attribute in L-moment Vector

Description

This function flips the L-moments by a flip attribute within an L-moment object such as that re-
turned by 1momsRCmark. The function will attempt to identify the L-moment object and 1morph
as necessary, but this support is not guaranteed. The flipping process is used to support left-tail
censoring using the right-tail censoring alogrithms of Imomco. The odd order (seq(3,n,by2)) A,
and 7, are negated. The mean A is computed by subtracting the A1 from the Imom argument from
the flip M: A = M — )\; and the 7 is subsequently adjusted by the new mean. This function is
written to provide a convenient method to re-transform or back flip the L-moments computed by
1momsRCmark. Detailed review of the example problem listed here is recommended.

Usage

fliplmoms(lmom, flip=NULL, checklmom=TRUE)
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Arguments
1mom A L-moment object created by 1momsRCmark or other vectorize L-moment list.
flip 1momsRCmark provides the flip, but for other vectorized L-moment list support,
the flip can be set by this argument.
checklmom Should the 1mom be checked for validity using the are.lmom.valid function.
Normally this should be left as the default and it is very unlikely that the L-
moments will not be viable (particularly in the 74 and 73 inequality). However,
for some circumstances or large simulation exercises then one might want to
bypass this check.
Value

An R list is returned that matches the structure of the Imom argument (unless an 1morph was
attempted). The structure is intended to match that coming from 1momsRCmark.

Author(s)
W.H. Asquith

References

Wang, Dongliang, Hutson, A.D., and Miecznikowski, J.C., 2010, L-moment estimation for para-
metric survival models given censored data: Statistical Methodology, v. 7, no. 6, pp. 655-667.

Helsel, D.R., 2005, Nondetects and data analysis—Statistics for censored environmental data:
Hoboken, New Jersey, John Wiley, 250 p.

See Also

ImomsRCmark

Examples

# Create some data with **multiple detection limits**

# This is a left-tail censoring problem, and flipping will be required.
fakedat1l <- rnorm(50, mean=16, sd=5)

fakel.left.censor.indicator <- fakedatl < 14
fakedat1[fakel.left.censor.indicator] <- 14

fakedat2 <- rnorm(50, mean=16, sd=5)
fake2.left.censor.indicator <- fakedat2 < 10
fakedat2[fake2.left.censor.indicator] <- 10

# combine the data sets

fakedat <- c(fakedatl, fakedat2);

fake.left.censor.indicator <- c(fakel.left.censor.indicator,
fake2.left.censor.indicator)

ix <- order(fakedat)

fakedat <- fakedat[ix]

fake.left.censor.indicator <- fake.left.censor.indicator[ix]
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Imr.usual <- lmoms(fakedat)
Imr.flipped <- lmomsRCmark(fakedat, flip=TRUE,
rcmark=fake.left.censor.indicator)
Imr.backflipped <- fliplmoms(lmr.flipped); # re-transform
pch <- as.numeric(fake.left.censor.indicator)*15 + 1
F <- nonexceeds()
plot(pp(fakedat), sort(fakedat), pch=pch,
x1lab="NONEXCEEDANCE PROBABILITY", ylab="DATA VALUE")
lines(F, glmomco(F, parnor(lmr.backflipped)), lwd=2)
lines(F, glmomco(F, parnor(lmr.usual)), lty=2)
legend(@,20, c("Uncensored”, "Left-tail censored”), pch=c(1,16))
# The solid line represented the Normal distribution fit by
# censoring indicator on the multiple left-tail detection limits.
## Not run:
# see example in pwmRC
H <- ¢(3,4,5,6,6,7,8,8,9,9,9,10,10,11,11,11,13,13,13,13,13,
17,19,19,25,29,33,42,42,51.9999,52,52,52)
# 51.9999 was really 52, a real (noncensored) data point.
flip <- 100
F <- flip - H #
RCpwm <- pwmRC(H, threshold=52)
Imorph(pwm21mom(vec2pwm(RCpwm$Bbetas))) # OUTPUT1 STARTS HERE

LCpwm <- pwmLC(F, threshold=(flip - 52))

LClmr <- pwm2lmom(vec2pwm(LCpwm$Bbetas))

LC1mr <- 1lmorph(LClmr)

#LClmr$flip <- 100; fliplmoms(LClmr) # would also work
fliplmoms(LClmr, flip=flip) # OUTPUT2 STARTS HERE

# The two outputs are the same showing how the flip argument works
## End(Not run)

flo2f Conversion of Conditional Nonexceedance Probability to Annual
Nonexceedance Probability

Description

This function converts the conditional cumulative distribution function of P(x) to a cumulative dis-
tribution function F'(z) based on the probability level of the left-hand threshold. It is recommended
that this threshold (as expressed as a probability) be that value returned from x2x1o in attribute pp.
The conversion is simple

F(x) =pp+ (1 —pp)P(x),

where the term pp corresponds to the estimated probability or plotting position of the left-hand
threshold.

This function is particularly useful for applications in which zero values in the data set require
truncation so that logarithms of the data may be used. But also this function contributes to the
isolation of the right-hand tail of the distribution for analysis by conditionally trimming out the
left-hand tail at the analyst’s discretion.
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Usage
flo2f (f, pp=NA, x1o=NULL)

Arguments
f A vector of nonexceedance probabilities.
pp The plotting position of the left-hand threshold and recommended to come from
x2x1o.
xlo An optional result from x2x1o from which the pp will be take instead of from
the argument pp.
Value

A vector of converted nonexceedance probabilities.

Author(s)
W.H. Asquith

See Also
x2x1lo, f2flo

Examples

flo2f(f2flo(.73,pp=.1),pp=.1)
# Also see examples for x2xlo().

fpds2f Conversion of Partial-Duration Nonexceedance Probability to Annual
Nonexceedance Probability

Description

This function takes partial duration series nonexceedance probability and converts it to a an annual
exceedance probability through a simple assumption that the Poisson distribution is appropriate.
The relation between the cumulative distribution function F'(x) for the annual series is related to
the cumulative distribution function G(z) of the partial-duration series by

F(x) = exp(—n[l = G(x))).

The core assumption is that successive events in the partial-duration series can be considered as
independent. The 7 term is the arrival rate of the events. For example, suppose that 21 events have
occurred in 15 years, then = 21/15 = 1.4 events per year.

The example documented here provides a comprehensive demonstration of the function along with
a partnering function f2fpds. That function performs the opposite conversion. Lastly, the cross
reference to x2x1o is made because the example contained therein provides another demonstration
of partial-duration and annual series frequency analysis.
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Usage
fpds2f(fpds, rate=NA)

Arguments
fpds A vector of partial-duration nonexceedance probabilities.
rate The number of events per year.

Value

A vector of converted nonexceedance probabilities.

Author(s)
W.H. Asquith

References

Stedinger, J.R., Vogel, R.M., Foufoula-Georgiou, E., 1993, Frequency analysis of extreme events:
in Handbook of Hydrology, ed. Maidment, D.R., McGraw-Hill, Section 18.6 Partial duration series,
mixtures, and censored data, pp. 18.37-18.39.

See Also
f2fpds, x2xlo, f2flo, flo2f

Examples

## Not run:

stream <- "A Stream in West Texas"”

Qpds <- c(61.8, 122, 47.3, 71.1, 211, 139, 244, 111, 233, 102)
Qann <- c(61.8, 122, 71.1, 211, 244, @, 233)

years <- length(Qann) # gage has operated for about 7 years
visits <- 27 # number of visits or "events”

rate <- visits/years

Z <- rep(@, visits-length(Qpds))

Qpds <- c(Qpds,Z) # The creation of a partial duration series

# that will contain numerous zero values.

Fs <- seq(0.001,.999, by=.005) # used to generate curves

type <- "pe3" # The Pearson type III distribution

PPpds <- pp(Qpds); Qpds <- sort(Qpds) # plotting positions (partials)

PPann <- pp(Qann); Qann <- sort(Qann) # plotting positions (annuals)

parann <- lmom2par(lmoms(Qann), type=type) # parameter estimation (annuals)
parpsd <- lmom2par(lmoms(Qpds), type=type) # parameter estimation (partials)

Fsplot <- gnorm(Fs) # in order to produce normal probability paper
PPpdsplot <- gnorm(fpds2f(PPpds, rate=rate)) # ditto
PPannplot <- gnorm(PPann) # ditto
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# There are many zero values in this particular data set that require leaving
# them out in order to achieve appropriate curvature of the Pearson type III

# distribution. Conditional probability adjustments will be used.

Qlo <- x2xlo(Qpds) # Create a left out object with an implied threshold of zero
parlo <- lmom2par(lmoms(Qlo$xin), type=type) # parameter estimation for the

# partial duration series values that are greater than the threshold, which

# defaults to zero.

plot(PPpdsplot, Qpds, type="n", ylim=c(0,400), xlim=gnorm(c(.@1,.99)),
x1lab="STANDARD NORMAL VARIATE", ylab="DISCHARGE, IN CUBIC FEET PER SECOND")

mtext (stream)
points(PPannplot, Qann, col=3, cex=2, lwd=2, pch=0)
points(gnorm(fpds2f(PPpds, rate=rate)), Qpds, pch=16, cex=0.5 )
points(gnorm(fpds2f(flo2f(pp(Qlo$xin), pp=Qlo$pp), rate=rate)),

sort(Qlo$xin), col=2, lwd=2, cex=1.5, pch=1)
points(gnorm(fpds2f(Qlo$ppout, rate=rate)),

Qlo$xout, pch=4, col=4)

lines(gnorm(fpds2f(Fs, rate=rate)),
glmomco(Fs, parpsd), lwd=1, 1ty=2)
lines(Fsplot, glmomco(Fs, parann), col=3, lwd=2)
lines(gnorm(fpds2f(flo2f(Fs, pp=Qlo$pp), rate=rate)),
glmomco(Fs, parlo), col=2, 1lwd=3)

# The following represents a subtle application of the probability transform
# functions. The show how one starts with annual recurrence intervals

# converts into conventional annual nonexceedance probabilities as well as

# converting these to the partial duration nonexceedance probabilities.

Tann <- c(2, 5, 10, 25, 50, 100)

Fann <- T2prob(Tann); Gpds <- f2fpds(Fann, rate=rate)

FFpds <- glmomco(f2flo(Gpds, pp=Qlo$pp), parlo)

FFann <- glmomco(Fann, parann)

points(gnorm(Fann), FFpds, col=2, pch=16)

points(gnorm(Fann), FFann, col=3, pch=16)

legend(-2.4,400, c("True annual series (with one zero year)",

"Partial duration series (including 'visits' as 'events')"”,
"Partial duration series (after conditional adjustment)”,
"Left-out values (<= zero) (trigger of conditional probability)”,
"PE3 partial-duration frequency curve (PE3-PDS)",
"PE3 annual-series frequency curve (PE3-ANN)",
"PE3 partial-duration frequency curve (zeros removed) (PE3-PDSz)",
"PE3-ANN T-year event: 2, 5, 10, 25, 50, 100 years”,
"PE3-PDSz T-year event: 2, 5, 10, 25, 50, 100 years"),

bty="n", cex=.75,

pch=c(@, 16, 1, 4, NA, NA, NA, 16, 16),

col=c(3, 1, 2, 4, 1, 3, 2, 3, 2),

pt.lwd=c(2,1,2,1), pt.cex=c(2, 0.5, 1.5, 1, NA, NA, NA, 1, 1),

lwd=c(90,0,0,0,1,2,3), lty=c(0,0,0,0,2,1,1))

## End(Not run)
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freq.curve.all Compute Frequency Curve for Almost All Distributions

Description

This function is dispatcher on top of a select suite of quaCCC functions that compute frequency
curves for the L-moments. The term “frequency curves” is common in hydrology and is a renaming
of the more widenly known by statisticians term the “quantile function.” The notation CCC rep-
resents the character notation for the distribution: exp, gam, gev, gld, glo, gno, gpa, gum, kap,
nor, pe3, wak, and wei. The nonexceedance probabilities to construct the curves are derived from
nonexceeds.

Usage

freq.curve.all(lmom, aslogl1@=FALSE, asprob=TRUE,
no2para=FALSE, no3para=FALSE,
no4para=FALSE, no5para=FALSE,
step=FALSE, show=FALSE,
xmin=NULL, xmax=NULL, x1im=NULL,
ymin=NULL, ymax=NULL, ylim=NULL,
aep4=FALSE, exp=TRUE, gam=TRUE, gev=TRUE, gld=FALSE,
glo=TRUE, gno=TRUE, gpa=TRUE, gum=TRUE, kap=TRUE,
nor=TRUE, pe3=TRUE, wak=TRUE, wei=TRUE,...)

Arguments

1mom A L-moment object from 1moms, 1Imom.ub, or vec21mom.

aslogle Compute 1og10 of quantiles—note that
NaNs produced in: log(x, base)
will be produced for less than zero values.

asprob The R gnorm function is used to convert nonexceedance probabilities, which are
produced by nonexceeds, to standard normal variates. The Normal distribution
will plot as straight line when this argument is TRUE

no2para If TRUE, do not run the 2-parameter distributions: exp, gam, gum, and nor.

no3para If TRUE, do not run the 3-parameter distributions: gev, glo, gno, gpa, pe3, and
wei.

no4para If TRUE, do not run the 4-parameter distributions: kap, gld, aep4.

noSpara If TRUE, do not run the 5-parameter distributions: wak.

step Shows incremental processing of each distribution.

show Plots all the frequency curves in a simple (crowded) plot.

xmin Minimum x-axis value to use instead of the automatic value determined from

the nonexceedance probabilities. This argument is only used is show=TRUE.
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Xmax

xlim

ymin
ymax

ylim
aep4
exp
gam
gev
gld
glo
gno
gpa
gum
kap
nor
pe3
wak

wei

Value
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Maximum x-axis value to use instead of the automatic value determined from
the nonexceedance probabilities. This argument is only used is show=TRUE.

Both limits of the x-axis. This argument is only used is show=TRUE.

Minimum y-axis value to use instead of the automatic value determined from
the nonexceedance probabilities. This argument is only used is show=TRUE.

Maximum y-axis value to use instead of the automatic value determined from
the nonexceedance probabilities. This argument is only used is show=TRUE.

Both limits of the y-axis. This argument is only used is show=TRUE.

A logical switch on computation of corresponding distribution—default is FALSE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is FALSE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.
A logical switch on computation of corresponding distribution—default is TRUE.

Additional parameters are passed to the parameter estimation routines such as
parexp.

An extensive R data. frame of frequency curves. The nonexceedance probability values, which are
provided by nonexceeds, are the first item in the data.frame under the heading of nonexceeds.
If a particular distribution could not be fit to the L-moments of the data; this particular function

returns zeros.

Note

The distributions selected for this function represent a substantial fraction of, but not all, distribu-
tions supported by Imomco. The all and “all” in the function name and the title of this docu-
mentation is a little misleading. The selection process was made near the beginning of Imomco
availability and distributions available in the earliest versions. Further the selected distributions
are frequently encountered in hydrology and because these are also those considered in length by
Hosking and Wallis (1997) and the Imom package.

Author(s)
W.H. Asquith
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References

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis—An approach based on L-
moments: Cambridge University Press.

See Also

quaaep4, quaexp, quagam, quagev, quagld, quaglo, quagno, quagpa, quagum, quakap, quanor,
quape3, quawak, and quawei.

Examples

L <- vec2lmom(c(35612,23593,0.48,0.21,0.11))

Qtablel <- freqg.curve.all(L, step=TRUE, no2para=TRUE, no4para=TRUE)
## Not run:

Qtable2 <- freq.curve.all(L, gld=TRUE, show=TRUE)

## End(Not run)

gen.freq.curves Plot Randomly Generated Frequency Curves from a Parent Distribu-
tion

Description

This function generates random samples of specified size from a specified parent distribution. Sub-
sequently, the type of parent distribution is fit to the L-moments of the generated sample. The fitted
distribution is then plotted. It is the user’s responsibility to have an active plot already drawn;
unless the callplot option is TRUE. This function is useful to demonstration of sample size on the
uncertainty of a fitted distribution—a motivation for this function is as a classroom exercise.

Usage

gen.freq.curves(n, para, F=NULL, nsim=10, callplot=TRUE, aslog=FALSE,
asprob=FALSE, showsample=FALSE, showparent=FALSE,

lowerCI=NA, upperCI=NA, FCI=NA, ...)
Arguments

n Sample size to draw from parent as specified by para.

para The parameters from 1mom2par or vec2par.

F The nonexceedance probabilities for horizontal axis—defaults to nonexceeds
when the argument is NULL.

nsim The number of simulations to perform (frequency curves to draw)—the default
is 10.

callplot Calls plot to acquire a graphics device—default is TRUE, but the called plot is
left empty.

aslog Compute 1og1@ of quantiles—note that
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asprob

showsample

showparent

lowerCI

upperCI

FCI

Value
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NaNs produced in: log(x, base)

will be produced for less than zero values. Otherwise this is a harmless message.

The gnorm function is used to convert nonexceedance probabilities, which are
produced by nonexceeds, to Standard Normal variates. The Normal distribution
will be a straight line when this argument is TRUE and aslog=FALSE.

Each simulated sample is drawn through plotting positions (pp).

The curve for the parent distribution is plotted on exit from the function if TRUE.
Further plotting options can not be controlled—unlike the situation with the
drawing of the simulated frequency curves.

An optional estimate of the lower confidence limit for the FCI nonexceedance
probability.

An optional estimate of the upper confidence limit for the FCI nonexceedance
probability.

The nonexeedance probability of interest for the confidence limits provided in
lowerCI and upperCI.

Additional parameters are passed to the lines call within the function—except
for the drawing of the parent distribution (see argument showparent).

This function is largely used for its graphical side effects, but if estimates of the lower and upper
confidence limits are known (say from genci.simple) then this function can be used to evaluate
the counts of simulations at nonexceedance probability FCI outside the limits provided in lowerCI

and upperCI.

Author(s)
W.H. Asquith

See Also

1mom2par, nonexceeds, rlmomco, Imoms

Examples

## Not run:

# 1-day rainfall Travis county, Texas
para <- vec2par(c(3.00, 1.20, -.0954), type="gev")
F <= .99 # the 100-year event

% o HE S

<- 46 # sample size derived from 75th percentile of record length distribution
for Edwards Plateau from Figure 3 of USGS WRIR98-4044 (Asquith, 1998)

Argument for 75th percentile is that the contours of distribution parameters
in that report represent a regionalization of the parameters and hence

record lengths such as the median or smaller for the region seem too small

for reasonable exploration of confidence limits of precipitation.

nsim <- 5000 # simulation size
seed <- runif(1, min=1, max=10000)

set.seed(seed)
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CI <- genci.simple(para, n, F=F, nsim=nsim, edist="nor")

lo.nor <- CI$lower; hi.nor <- CI$upper

set.seed(seed)

_n

CI <- genci.simple(para, n, F=F, nsim=nsim, edist="aep4")

lo.aep4 <- CI$lower; hi.aep4 <- CI$upper

message ("NORMAL ERROR DIST: lowerCI = ",lo.nor, " and upperCI = ", hi.nor)

message(” AEP4 ERROR DIST: lowerCI = ",lo.aep4,” and upperCI

gF <- gnorm(F)
# simulated are grey, parent is black
set.seed(seed)

", hi.aep4)

counts.nor <- gen.freq.curves(n, para, nsim=nsim,
asprob=TRUE, showparent=TRUE, col=rgh(0,0,1,0.025),
lowerCI=lo.nor, upperCI=hi.nor, FCI=F)

set.seed(seed)

counts.aep4 <- gen.freq.curves(n, para, nsim=nsim,
asprob=TRUE, showparent=TRUE, col=rgh(0,0,1,0.025),
lowerCI=lo.aep4, upperCI=hi.aep4, FCI=F)
lines( c(gF,qF), c(lo.nor, hi.nor), 1lwd=2, col=2)
points(c(gF,gF), c(lo.nor, hi.nor), pch=1, 1lwd=2, col=2)
lines( c(qgF,qF), c(lo.aep4,hi.aepd4), lwd=2, col=2)
points(c(qgF,gF), c(lo.aep4,hi.aep4), pch=2, lwd=2, col=2)
percent.nor <- (counts.nor$count.above.upperCI +
counts.nor$count.below.lowerCI) /
counts.nor$count.valid.simulations
percent.aep4 <- (counts.aep4$count.above.upperCI +
counts.aep4$count.below.lowerCI) /
counts.aep4$count.valid.simulations

percent.nor <- 100 * percent.nor
percent.aep4 <- 100 * percent.aep4

message ("NORMAL ERROR DIST: ",percent.nor)
message("” AEP4 ERROR DIST: ",percent.aep4)

# Continuing on, we are strictly focused on F

being equal to 0.99

# Also we are no restricted to the example using the GEV distribution
# The vargev() function is from Handbook of Hydrology

"vargev" <-
function(para, n, F=c("F080", "F@90", "F@95",
F <- as.character(F)
if (! are.pargev.valid(para)) return()
F <- match.arg(F)
A <- para$paral2]
K <- para$para[3]

AS <- list(F080=c(-1.813, 3.017, -1.4010,
FO90=c(-2.667, 4.491, -2.2070,
FO95=c(-3.222, 5.732, -2.3670,
FO98=c(-3.756, 7.185, -2.3140,

FO99=c(-4.147, 8.216, -0.2033,
F998=c(-5.336, 10.711, -1.1930,
F999=c(-5.943, 11.815, -0.6300,
AS <- as.environment(AS); CO <- get(F, AS)
varx <- A*2 * exp( CO[1] + CO[2]*xexp(-K) +
names(varx) <- NULL
return(varx)

"F@99", "F998", "F999")) {

.854),
.802),
.512),
.075),
.780),
.300),
.262))

[ IN® ) I L S

CO[3]*K*2 + CO[4]*K*3 ) / n

gen.freq.curves
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}

sdx <- sqgrt(vargev(para, n, F="F099"))

VAL <- glmomco(F, para)

lo.vargev <- VAL + qt(0.05, df=n) * sdx # minus covered by return of qt()
hi.vargev <- VAL + gt(0.95, df=n) * sdx

set.seed(seed)
counts.vargev <- gen.freq.curves(n, para, nsim=nsim,
x1lim=c(0,3), ylim=c(3,15),
asprob=TRUE, showparent=TRUE, col=rgh(0,0,1,0.01),
lowerCI=lo.vargev, upperCI=hi.vargev, FCI=F)
percent.vargev <- (counts.vargev$count.above.upperCI +
counts.vargev$count.below.lowerCI) /
counts.vargev$count.valid.simulations
percent.vargev <- 100 * percent.vargev
lines(c(qF,qF), range(c(lo.nor, hi.nor,
lo.aep4, hi.aep4,
lo.vargev,hi.vargev)), col=2)
points(c(gF,qF), c(lo.nor, hi.nor), pch=1, 1lwd=2, col=2)
points(c(qgF,qF), c(lo.aep4, hi.aep4), pch=3, lwd=2, col=2)
points(c(qgF,qF), c(lo.vargev,hi.vargev), pch=2, lwd=2, col=2)
message ("NORMAL ERROR DIST: ",percent.nor)
message("” AEP4 ERROR DIST: ",percent.aep4)
message("VARGEV ERROR DIST: ",percent.vargev)

## End(Not run)

genci.simple Generate (Estimate) Confidence Intervals for Quantiles of a Parent
Distribution

Description

This function estimates the lower and upper limits of a specified confidence interval for a vector
of nonexceedance probabilities I of a specified parent distribution [quantile function Q(F, #) with
parameters 0] using Monte Carlo simulation. The F’ are specified by the user. The user also provides
O of the parent distribution (see Imom2par). This function is a wrapper on qua2ci.simple; please
consult the documentation for that function for further details of the simulations.

Usage
genci.simple(para, n, f=NULL, level=0.90, edist="gno", nsim=1000,
expand=FALSE, verbose=FALSE, showpar=FALSE, quiet=FALSE)

Arguments

para The parameters from 1mom2par or similar.

n The sample size for each Monte Carlo simulation will use.
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level

edist

nsim

expand

verbose

showpar

quiet

Value

genci.simple

Vector of nonexceedance probabilities (0 < f < 1) of the quantiles for which
the confidence interval are needed. If NULL, then the vector as returned by
nonexceeds is used.

The confidence interval (0 < level < 1). The interval is specified as the size
of the interval. The default is 0.90 or the 90th percentile. The function will
return the 5th ((1 — 0.90)/2) and 95th (1 — (1 — 0.90)/2) percentile cumulative
probability of the error distribution for the parent quantile as specified by the
nonexceedance probability argument (f). This argument is passed unused to
qua2ci.simple.

The model for the error distribution. Although the Normal (the default) com-
monly is assumed in error analyses, it need not be, as support for other dis-
tributions supported by Imomco is available. The default is the Generalized
Normal so the not only is the Normal possible but asymmetry is also accomo-
dated (Imomgno). For example, if the L-skew (74) or L-kurtosis (74) values de-
part considerably from those of the Normal (753 = 0 and 74 = 0.122602), then
the Generalized Normal or some alternative distribution would likely provide
more reliable confidence interval estimation. This argument is passed unused to
qua2ci.simple.

The number of simulations (replications) for the sample size n to perform. Much
larger simulation numbers are recommended—see discussion about
qua2ci.simple. This argument is passed unused to qua2ci.simple. Users are
encouraged to experiment with qua2ci.simple to get a feel for the value of
edist and nsim.

Should the returned values be expanded to include information relating to the
distribution type and L-moments of the distribution at the corresponding nonex-
ceedance probabilities—in other words the information necessary to reconstruct
the reported confidence interval. The default is FALSE. If expand=FALSE then
a single data. frame of the lower and upper limits along with the true quantile
value of the parent is returned. If expand=TRUE, then a more complicated list
containing multiple data. frames is returned.

The verbosity of the operation of the function. This argument is passed unused
to qua2ci.simple.

The parameters of the edist for each simulation for each F' value passed to
qua2ci.simple are printed. This argument is passed unused to qua2ci.simple.

Suppress incremental counter for a count down of the F' values.

An R data.frame or list is returned (see discussion of argument expand). The following elements

could be available.

nonexceed

lwr

true

A vector of F' values, which is returned for convenience so that post operations
such as plotting are easily coded.

The lower value of the confidence interval having nonexceedance probability
equal to (1-1level)/2.

The true quantile value from Q(F, 0) for the corresponding F' value.
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upr The upper value of the confidence interval having F' equal to 1-(1-1evel)/2.
1scale The second L-moment (L-scale, \2) of the distribution of quantiles for the corre-
sponding F'. This value is included in the primary returned data. frame because
it measures the fundamental sampling variability.
parent The paraments of the parent distribution if expand=TRUE.
edist The type of error distribution used to model the confidence interval if the argu-
ment expand=TRUE is set.
elmoms The L-moment of the distribution of quantiles for the corresponding F' if the
argument expand=TRUE is set.
epara An environment containing the parameter lists of the error distribution fit to the
elmoms for each of the f if the argument expand=TRUE is set.
ifail A failure integer.
ifailtext Text message associated with ifail.
Author(s)
W.H. Asquith
See Also

genci, gen.freq.curves

Examples

## Not run:

# For all these examples, nsim is way too small.

mean <- @; sigma <- 100

parent <- vec2par(c(mean,sigma), type='nor') # make parameter object

f <- c(0.5, 0.8, 0.9, 0.96, 0.98, 0.99) # nonexceed probabilities
# nsim is small for speed of example not accuracy.
CI <- genci.simple(parent, n=10, f=f, nsim=20); FF <- CI$nonexceed

plot( FF, CI$true, type='l', lwd=2)
lines(FF, CI$lwr, col=2); lines(FF, CI$upr, col=3)

pdf ("twoCIplots.pdf")

# The gnorm() call has been added to produce "normal probability”
# paper on the horizonal axis. The parent is heavy-tailed.

GEV <- vec2par(c(10000,1500,-0.3), type='gev') # a GEV distribution
CI  <- genci.simple(GEV, n=20, nsim=200, edist='gno')

ymin <- log1@(min(CI$lwr[! is.na(CI$lwr)1))

ymax <- logl1@(max(CI$upr[! is.na(CI$upr)l))

gFF <- gnorm(CI$nonexceed)

plot( gFF, logl@(CI$true), type='l', ylim=c(ymin,ymax),lwd=2)
lines(qFF, logl1@(CI$lwr), col=2); lines(qFF, logl@(CI$upr), col=3)
# another error distribution model

CI <- genci.simple(GEV, n=20, nsim=200, edist='aep4')

lines(qFF,log1@(CI$1lwr),col=2,1ty=2); lines(qFF,log1@(CI$upr),col=3,1ty=2)

dev.off() #
## End(Not run)
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gini.mean.diff Gini Mean Difference Statistic

Description

The Gini mean difference statistic G is a robust estimator of distribution scale and is closely related
to the second L-moment Ay = G/2.

g= (20 —n — D)z,

n(n —1) -

2 n
i=
where x;.,, are the sample order statistics.

Usage

gini.mean.diff(x)

Arguments

X A vector of data values that will be reduced to non-missing values.

Value

An R list is returned.

gini The gini mean difference G.
L2 The L-scale (second L-moment) because A, = 0.5 X G (see Imom. ub).
source An attribute identifying the computational source of the Gini’s Mean Difference:

“gini.mean.diff”.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Jureckovd, J., and Picek, J., 2006, Robust statistical methods with R: Boca Raton, Fla., Chapman
and Hall/CRC, ISBN 1-58488-454—1.

See Also

Imoms
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Examples

fake.dat <- c(123, 34, 4, 654, 37, 78)
gini <- gini.mean.diff(fake.dat)

Imr <- Imoms(fake.dat)

str(gini)

print(abs(gini$L2 - 1lmr$lambdas[2]))

grv2prob Convert a Vector of Gumbel Reduced Variates to Annual Nonex-
ceedance Probabilities

Description

This function converts a vector of Gumbel reduced variates (grv) to annual nonexceedance proba-
bilities F’
F = exp(— exp(—grv)),

where 0 < F' < 1.

Usage

grv2prob(grv)

Arguments

grv A vector of Gumbel reduced variates.

Value

A vector of annual nonexceedance probabilities.

Author(s)
W.H. Asquith

See Also

prob2grv, prob2T

Examples

T <-c(1, 2, 5, 10, 25, 50, 100, 250, 500); grv <- prob2grv(T2prob(T))
F <- grv2prob(grv)



156 harmonic.mean

harmonic.mean The Harmonic Mean with Zero-Value Correction

Description
Compute the harmonic mean of a vector with a zero-value correction.

o ZilinNol/l'i _1XNT_NO
F=\"Np =N, Ny

where i is harmonic mean, x; is a nonzero value of the data vector, Nt is the (total) sample size,
Ny is the number of zero values.

Usage

harmonic.mean(x)

Arguments

X A vector of data values that will be reduced to non-missing values.

Value

An R list is returned.

harmean The harmonic mean with zero-value correction, fi.
correction The zero-value correction, (N7 — Ng)/Nr-.
source An attribute identifying the computational source of the harmonic mean: “har-

monic.mean’’.

Note

The harmonic mean can not be computed when zero values are present. This situation is common
in surface-water hydrology. As stated in the reference below, in order to calculate water-quality-
based effluent limits (WQBELSs) for human health protection, a harmonic mean flow is determined
for all perennial streams and for streams that are intermittent with perennial pools. Sometimes
these streams have days on which measured flow is zero. Because a zero flow cannot be used in the
calculation of harmonic mean flow, the second term in the harmonic mean equation is an adjustment
factor used to lower the harmonic mean to compensate for days on which the flow was zero. The
zero-value correction is the same correction used by the EPA computer program DFLOW.

Author(s)
W.H. Asquith

References

Texas Commission on Environmental Quality, 2003, Procedures to implement the Texas surface-
water-quality standards: TCEQ RG-194, p. 47
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See Also

pmoms

Examples

Q <- ¢(0,0,5,6,7)
harmonic.mean(Q)

headrick.sheng.lalpha Sample Headrick and Sheng L-alpha

Description

Compute the sample “Headrick and Sheng L-alpha” (a1) (Headrick and Sheng, 2013) by

d A
ar =g\ F) G )
DA F DD i As

where j = 1,...,d for dimensions d, the > j /\éj ) is the summation of all the 2nd order (univariate)
L-moments (L-scales, /\éj )), and the double summation is the summation of all the 2nd-order L-

comoments ()\éj J )). In other words, the double summation is the sum total of all entries in both the
lower and upper triangles (not the primary diagonal) of the L-comoment matrix (the L-scale and
L-coscale [L-covariance] matrix) (Lcomoment.matrix).

The ay, is closely related in structural computation as the well-known “Cronbach alpha” (a(¢).
These are coefficients of reliability, which commonly ranges from O to 1, that provide what some
methodologists portray as an overall assessment of a measure’s reliability. If all of the scale
items are entirely independent from one another, meaning that they are not correlated or share
no covariance, then a¢ is 0, and, if all of the items have high covariances, then a¢c will ap-
proach 1 as the number of items in the scale approaches infinity. The higher the ¢ coefficient,
the more the items have shared covariance and probably measure the same underlying concept.
Theoretically, there is no lower bounds for ac r, which can add complicating nuances in boot-
strap or simulation study of both ac and «y,. Negative values are considered a sign of some-
thing potentially wrong about the measure related to items not being positively correlated with
each other, or a scoring system for a question item reversed. (This paragraph in part paraphrases
https://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/
(accessed May 21, 2023) and other general sources.)

Usage

headrick.sheng.lalpha(x, bycovFF=FALSE, a=0.5, digits=8, ...)

lalpha(x, bycovFF=FALSE, a=0.5, digits=8, ...)


https://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/
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Arguments

X An R data. frame of the random observations for the d random variables X,
which must be suitable for internal dispatch to the Lcomoment.matrix function
for computation of the 2nd-order L-comoment matrix. Alternatively, x can be a
precomputed 2nd-order L-comoment matrix (L-scale and L-coscale matrix) as
shown by the following usage: 1lalpha(Lcomoment.matrix(x, k=2)$matrix).

bycovFF A logical triggering the covariance pathway for the computation and bypassing
the call to the L-comoments. The additional arguments can be used to control
the pp function that is called internally to estimate nonexceedance probabilities
and the “covariance pathway” (see Details). If bycovFF is FALSE, then the direct
to L-comoment computation is used.

a The plotting position argument a to the pp function that is hardwired here to
Hazen in contrast to the default a=0 of pp (Weibull) for reasoning shown in this
documentation.

digits Number of digits for rounding on the returned value(s).

Additional arguments to pass.

Details

Headrick and Sheng (2013) propose «y, to be an alternative estimator of reliability based on L-
comoments. Those authors describe its context as follows: “Consider [a statistic] alpha () in terms
of a model that decomposes an observed score into the sum of two independent components: a true
unobservable score ¢; and a random error component ¢;;.”

Those authors continue “The model can be summarized as X;; = ¢;-+¢;;, where X;; is the observed
score associated with the ith examinee on the jth test item, and where ¢ = 1, ..., n [for sample size
n]; j = 1,...,d; and the error terms (¢;;) are independent with a mean of zero.” Those authors
comment that “inspection of [this model] indicates that this particular model restricts the true score
t; to be the same across all d test items.”

Those authors show empirical results for a simulation study, which indicate that o1, can be “substan-
tially superior” to [a different formulation of cvc (Cronbach’s alpha) based on product moments (the
variance-covariance matrix)] in “terms of relative bias and relative standard error when distributions
are heavy-tailed and sample sizes are small.”

Those authors show (Headrick and Sheng, 2013, eqs. 4 and 5) the reader that the second L-
comoments of X; and X, can alternatively be expressed as A2(X;) = 2Cov(X;, F(X;)) and
X2(X ;) = 2Cov(X,r, F(X;s)). The second L-comoments of X ; toward (with respect to) X, and
X/ toward (with respect to) X; are AY7") = 2Cov(X;, F(X;/)) and Ay P = 2Cov(X;, F(X;)).
The respective cumulative distribution functions are denoted F'(z;) (nonexceedance probabilities).
Evidently, those authors present the L-moments and L-comoments this way because their first ex-
ample (thanks for detailed numerics!) already contain nonexceedance probabilities.

This apparent numerical difference between the version using estimates of nonexceedance probabil-
ities for the data (the “covariance pathway’’) compared to a “direct to L-comoment” pathway might
be more than academic concern.

The Examples provide comparison and brief discussion of potential issues involved in the direct
L-comoments and the covariance pathway. The discussion leads to interest in the effects of ties and
their handling and the question of F'(z;) estimation by plotting position (pp). The Note section of
this documentation provides expanded information and insights to oz, computation.
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Value

An R list is returned.

alpha The «, statistic.

pitems The number of items (column count) in the x.

n The sample size (row count), if applicable, to the contents of x.

text Any pertinent messages about the computations.

source An attribute identifying the computational source of the Headrick and Sheng

L-alpha: “headrick.sheng.lalpha” or “lalpha.star()”.

Note
Headrick and Sheng (2013) use k to represent d as used here. The change is made because k is an
L-comoment order argument already in use by Lcomoment.matrix.

Demonstration of Nuances of L-alpha—Consider Headrick and Sheng (2013, tables 1 and 2) and
the effect of those authors’ covariance pathway to o

X1 <-c(2, 5, 3, 6, 7,5, 2, 4, 3, 4) # Table 1 in Headrick and Sheng (2013)
X2 <- c(4, 7, 5, 6,7, 2, 3, 3, 5, 4
X3 <- ¢(3, 7, 5, 6, 6, 6, 3, 6, 5, 5)

X <- data.frame(X1=X1, X2=X2, X3=X3)

lcm2 <- Lcomoment.matrix(X, k=2)

print(lcm2$matrix, 3)

# [(,11 [,2]1 [,3]

# [1,] 0.989 0.567 0.722

# [2,] 0.444 1.022 0.222

# [3,] 0.644 0.378 0.733

Now, compare the above matrix to Headrick and Sheng (2013, table 2) where it is immediately seen
that the matrices are not the same before the summations are applied to compute a,.

[,11 [,21 [,3]
989 0.500 0.789
500 1.022 0.411
667 0.333 0.733

#
# [1,] o.
# [2,] o.
# [3,] o.
Now, consider how the nonexceedances in Headrick and Sheng (2013, table 1) might have been
computed w/o following their citation to original sources. It can be shown with reference to the first
example above that these nonexceedance probabilities match.

FX1 <- rank(X$X1, ties.method="average") / length(X$X1)
FX2 <- rank(X$X2, ties.method="average") / length(X$X2)
FX3 <- rank(X$X3, ties.method="average") / length(X$X3)

Notice in Headrick and Sheng (2013, table 1) that there is no zero probability, but there is a unity and
some of the probabilities are tied. Ties have numerical ramifications. Let us now look at other L-
alphas using the nonexceedance pathway and use different definitions of nonexceedance estimation
and inspect the results:
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headrick.sheng.lalpha

# lmomco documentation says pp() uses ties.method="first"
lalpha(X, bycovFF=TRUE, a=0 )$alpha
# [1] 0.7448583 # unbiased probs all distributions
lalpha(X, bycovFF=TRUE, a=0.3173)%alpha
# [1] 0.7671384 # Median probs for all distributions
lalpha(X, bycovFF=TRUE, a=0.35 )$alpha
# [1] 0.7695105 # Often used with probs-weighted moments
lalpha(X, bycovFF=TRUE, a=0.375 )$alpha
# [1] 0.771334  # Blom, nearly unbiased quantiles for normal
lalpha(X, bycovFF=TRUE, a=0.40 )$alpha
# [1] 0.7731661 # Cunnane, appox quantile unbiased
lalpha(X, bycovFF=TRUE, a=0.44 )$alpha
# [1] 0.7761157 # Gringorten, optimized for Gumbel
lalpha(X, bycovFF=TRUE, a=0.5 )$alpha
# [1] 0.7805825 # Hazen, traditional choice

# This the plotting position (i-@.5) / n

This is not a particularly pleasing situation because the choice of the plotting position affects the o, .
The Hazen definition lalpha(X[,1:3], bycovFF=FALSE) using direct to L-comoments matches
the last computation shown (a;, = 0.7805825). A question, thus, is does this matching occur
because of the nature of the ties and structure of the L-comoment algorithm itself? A note to this
question involves a recognition that the answer is yes because L-comoments use a sort () operation
and does not use rank () because the weights for the linear combinations are used and the covariance
pathway 2*cov(x$X3, x$FX2), for instance.

Recognizing that the direct to L-comoments alpha equals the covariance pathway with Hazen plot-
ting positions, let us look at L-comoments:

Imomco: :Lcomoment.Lk12 ------ > snippet
X12 <- X1[sort(X2, decreasing = FALSE, index.return = TRUE)$ix]
n <- length(X1)
SUM <- sum(sapply(1:n, function(r) { Lcomoment.Wk(k, r, n) = X12[r] 3}))
return(SUM/n)

Notice that a ties.method is not present but kind of implicit as ties first by the index return of the
sort() and notice the return of a SUM/n though this is an L-comoment and not an nonexceedance
probability.

Let us run through the tie options using a plotting position definition (i/n) matching the com-
putations of Headrick and Sheng (2013) ("average”, A=0, B=0 for pp) and the first computation
oy, = 0.807 matches that reported by Headrick and Sheng (2013, p. 4):
for(tie in c("average”", "first"”, "last", "
Lalpha <- lalpha(X, bycovFF=TRUE,
a=NULL, A=0, B=0, ties.method=tie)$alpha
message("Ties method ", stringr::str_pad(tie, 7, pad=" "),
" provides L-alpha = ", Lalpha)

min”, "max")) { # random left out

3
# Ties method average provides L-alpha = 0.80747664
# Ties method first provides L-alpha = 0.78058252
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# Ties method last provides L-alpha = 0.83243243
# Ties method min provides L-alpha = 0.81363468
# Ties method max provides L-alpha = 0.80120709

Let us run through the tie options again using a different plotting position estimator ((n —0.5)/(n +
0.5)):

n

for(tie in c("average”, "first”, "last”,
Lalpha <- lalpha(X, bycovFF=TRUE,
a=NULL, A=-0.5, B=0.5, ties.method=tie)$alpha
message("Ties method ", stringr::str_pad(tie, 7, pad=" "),
" provides L-alpha = ", Lalpha)

min"”, "max")) { # random left out

3

# Ties method average provides L-alpha = 0.78925733
# Ties method first provides L-alpha = 0.76230208
# Ties method last provides L-alpha = 0.81431215
# Ties method min provides L-alpha = 0.79543602
# Ties method max provides L-alpha = 0.78296931

We see obviously that the decision on how to treat ties has some influence on the computation
involving the covariance pathway. This is not an entirely satisfactory situation, but perhaps the dis-
tinction does not matter much? The direct L-comoment pathway seems to avoid this issue because
sort() is stable and like ties.method="first". Experiments suggest that a=0.5 (Hazen plotting
positions) produces the same results as direct L-comoment (see the next section). However, as the
following code set shows:

n

for(tie in c("average”, "first”, "last”, "min”, "max")) { # random left out
Lalphal <- lalpha(X, bycovFF=TRUE, a=0.5, ties.method=tie)$alpha

Lalpha2 <- lalpha(X, bycovFF=TRUE, a=NULL, A=-0.5, B=0, ties.method=tie)$alpha
Lalpha3 <- lalpha(X, bycovFF=TRUE, a=NULL, A=-1 , B=0, ties.method=tie)$alpha
Lalpha4 <- lalpha(X, bycovFF=TRUE, a=NULL, A= @, B=0, ties.method=tie)$alpha
print(c(Lalphal, Lalpha2, Lalpha3, Lalpha4))

3

The oy for a given tie setting are all equal as long as the demoninator of the plotting position
((i + A)/(n + B)) has B=0. The a=0.5 produces Hazen, the a=NULL, A=-0.5 produces Hazen,
though a=NULL, A=-1 (lower limit of A) and a=NULL, A=@ (upper limit of A given B) also produces
the same. This gives us as-implemented-proof that the sensitivity to the oy, computation is in the
sorting and the denominator of the plotting position formula. The prudent default settings for when
the bycovFF argument is true seems to have the @ = —0.5 as nonexceedance probabilities are
computed by the well-known Hazen description and with the tie method as first, the computations
match direct to L-comoments.

Demonstration of Computational Times—A considerable amount of documentation and exam-
ples are provided here about the two pathways that «;, can be computed: (1) direct by L-comoments
or (2) covariance pathway requiring precomputed estimates of the nonexceedance probabilities us-
ing a ties.method="first" (default pp). The following example shows numerical congruence
between the two pathways if the so-called Hazen plotting positions (a=@.5, see pp) are requested
with the implicit default of ties.method="first". However, the computational time of the direct
method is quite a bit longer because of latencies in the weight factor computations involved in the
L-comoments and nested for loops.
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set.seed(1)
R <- 1:10; nsam <- 1E5 # random and uncorrelated scores in this measure
Z <- data.frame( I1=sample(R, nsam, replace=TRUE),
I2=sample(R, nsam, replace=TRUE),
I3=sample(R, nsam, replace=TRUE),
I4=sample(R, nsam, replace=TRUE) )
system.time(AnF <- headrick.sheng.lalpha(Z, bycovFF=FALSE)$alpha)
system.time(AwF <- headrick.sheng.lalpha(Z, bycovFF=TRUE )$alpha) # Hazen

# user system elapsed
# 30.382 0.095 30.501 AnF ---> 0.01370302
# user system elapsed

# 5.054 0.030 5.092 AwF ---> 0.01370302

Author(s)
W.H. Asquith

References

Headrick, T.C., and Sheng, Y., 2013, An alternative to Cronbach’s alpha—An L-moment-based
measure of internal-consistency reliability: in Millsap, R.E., van der Ark, L.A., Bolt, D.M., Woods,
C.M. (eds) New Developments in Quantitative Psychology, Springer Proceedings in Mathematics
and Statistics, v. 66, doi:10.1007/9781461493488_2.

Headrick, T.C., and Sheng, Y., 2013, A proposed measure of internal consistency reliability—
Coefficient L-alpha: Behaviormetrika, v. 40, no. 1, pp. 57-68, doi:10.2333/bhmk.40.57.

Béland, S., Cousineau, D., and Loye, N., 2017, Using the McDonald’s omega coefficient instead of
Cronbach’s alpha [French]: McGill Journal of Education, v. 52, no. 3, pp. 791-804, doi:10.7202/
1050915ar.

See Also

Lcomoment.matrix, pp

Examples

# Table 1 in Headrick and Sheng (2013)
TV1 <- # Observations in cols 1:3, estimated nonexceedance probabilities in cols 4:6

c(2, 4, 3, 0.15, 0.45, 0.15, 5,7, 7, 0.75, 0.95, 1.00,
3,5, 5, 0.35, 0.65, 0.40, 6, 6, 6, 0.90, 0.80, 0.75,
7,7, 6, 1.00, 0.95, 0.75, 5,2, 6, 0.75, .10, 0.75,
2,3, 3, 0.15, 0.25, 0.15, 4,3, 6, 0.55, 0.25, 0.75,
3,5, 5, 0.35, 0.65, 0.40, 4, 4, 5, 0.55, 0.45, 0.40)

T1 <- matrix(ncol=6, nrow=10)
for(r in seq(1,length(TV1), by=6)) T1[(r/6)+1, 1 <= TV1[r:(r+5)]
colnames(T1) <- c("X1", "X2", "X3", "FX1", "FX2", "FX3"); T1 <- as.data.frame(T1)

lco2 <- matrix(nrow=3, ncol=3)

1co2[1,1] <- 1lmoms(T1$X1)$lambdas[2]
1co2[2,2] <- 1moms(T1$X2)$lambdas[2]
1co2[3,3] <- 1moms(T1$X3)$lambdas[2]


https://doi.org/10.1007/978-1-4614-9348-8_2
https://doi.org/10.2333/bhmk.40.57
https://doi.org/10.7202/1050915ar
https://doi.org/10.7202/1050915ar
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1co2[1,2] <- 2xcov(T1$X1, T1$FX2); lco2[1,3] <- 2*cov(T1$X1, TT1$FX3)
1co2[2,1] <- 2*cov(T1$X2, T1$FX1); lco2[2,3] <- 2*cov(T1$X2, T1$FX3)
1co2[3,1] <= 2*cov(T1$X3, T1$FX1); lco2[3,2] <- 2*cov(T1$X3, T1$FX2)

headrick.sheng.lalpha(lco2)s$alpha # Headrick and Sheng (2013): alpha = 0.807

# 0.8074766

headrick.sheng.lalpha(Lcomoment.matrix(T1[,1:3], k=2)$matrix)$alpha

# 0.7805825

headrick.sheng.lalpha(T1[,1:3]1)%$alpha # FXs not used: alpha = 0.781

# 0.7805825

headrick.sheng.lalpha(T1[,1:3], bycovFF=TRUE)$alpha # a=0.5, Hazen by default

# 0.7805825

headrick.sheng.lalpha(T1[,1:3], bycovFF=TRUE, a=0.5)%$alpha

# 0.7805825

herefordprecip Annual Maximum Precipitation Data for Hereford, Texas

Description

Annual maximum precipitation data for Hereford, Texas

Usage

data(herefordprecip)

Format
An R data. frame with

YEAR The calendar year of the annual maxima.

DEPTH The depth of 7-day annual maxima rainfall in inches.

References

Asquith, W.H., 1998, Depth-duration frequency of precipitation for Texas: U.S. Geological Survey
Water-Resources Investigations Report 984044, 107 p.

Examples

data(herefordprecip)
summary (herefordprecip)
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hlmomco Hazard Functions of the Distributions

Description

This function acts as a front end to d1lmomco and plmomco to compute the hazard function h(x) or
conditional failure rate. The function is defined by

f(z)
h(z) = —=—.
@) =1 Fm
where f(z) is a probability density function and F'(z) is the cumulative distribution function.

To help with intuitive understanding of what h(z) means (Ugarte and others, 2008), let dz represent
a small unit of measurement. Then the quantity h(x) do can be conceptualized as the approximate
probability that random variable X takes on a value in the interval [z, x + dz].

Ugarte and others (2008) continue by stating that i (z) represents the instantaneous rate of death or
failure at time x, given the survival to time « has occurred. Emphasis is needed that h(x) is a rate
of probability change and not a probability itself.

Usage

hlmomco(x,para)

Arguments

X A real value vector.

para The parameters from 1mom2par or similar.
Value

Hazard rate for x.

Note

The hazard function is numerically solved for the given cumulative distribution and probability
density functions and not analytical expressions for the hazard function that do exist for many
distributions.

Author(s)
W.H. Asquith

References

Ugarte, M.D., Militino, A.F., and Arnholt, A.T., 2008, Probability and statistics with R: CRC Press,
Boca Raton, FL.
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See Also

plmomco, dlmomco

Examples

my.lambda <- 100
para <- vec2par(c(@,my.lambda), type="exp")

x <- seq(40:60)

hlmomco(x,para) # returns vector of 0.01

# because the exponential distribution has a constant

# failure rate equal to 1/scale or 1/100 as in this example.

IRSrefunds.by.state U.S. Internal Revenue Service Refunds by State for Fiscal Year 2006

Description

U.S. Internal Revenue Service refunds by state for fiscal year 2006.

Usage

data(IRSrefunds.by.state)

Format

A data frame with

STATE State name.
REFUNDS Dollars of refunds.

Examples

data(IRSrefunds.by.state)
summary (IRSrefunds.by.state)
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is.aep4 Is a Distribution Parameter Object Typed as 4-Parameter Asymmetric
Exponential Power

Description

The distribution parameter object returned by functions of Imomco such as by paraep4 are typed
by an attribute type. This function checks that type is aep4 for the 4-parameter Asymmetric
Exponential Power distribution.

Usage

is.aep4(para)

Arguments

para A parameter list returned from paraep4 or vec2par.

Value

TRUE If the type attribute is aep4.

FALSE If the type is not aep4.

Author(s)

W.H. Asquith

See Also

paraep4

Examples

para <- vec2par(c(9,1, 0.5, 4), type="aep4")
if(is.aep4(para) == TRUE) {

Q <- quaaep4(0.55,para)
3
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is.cau Is a Distribution Parameter Object Typed as Cauchy

Description
The distribution parameter object returned by functions of Imomco such as by parcau are typed by
an attribute type. This function checks that type is cau for the Cauchy distribution.

Usage

is.cau(para)

Arguments

para A parameter 1list returned from parcau or vec2par.

Value

TRUE If the type attribute is cau.
FALSE If the type is not cau.

Author(s)
W.H. Asquith

See Also

parcau

Examples

para <- vec2par(c(12,12),type='cau')
if(is.cau(para) == TRUE) {

Q <- quacau(@.5,para)
3

is.emu Is a Distribution Parameter Object Typed as Eta-Mu

Description
The distribution parameter object returned by functions of Imomco such as by paremu are typed by
an attribute type. This function checks that type is emu for the Eta-Mu (7 : 1) distribution.

Usage

is.emu(para)
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Arguments

para A parameter list returned from paremu or vec2par.

Value

TRUE If the type attribute is emu.
FALSE If the type is not emu.

Author(s)
W.H. Asquith

See Also

paremu

Examples

## Not run:

para <- vec2par(c(@.25, 1.4), type='emu')
if(is.emu(para)) Q <- quaemu(@.5,para) #
## End(Not run)

is.exp Is a Distribution Parameter Object Typed as Exponential

Description
The distribution parameter object returned by functions of Imomco such as by parexp are typed by
an attribute type. This function checks that type is exp for the Exponential distribution.

Usage

is.exp(para)

Arguments

para A parameter 1ist returned from parexp or vec2par.
Value

TRUE If the type attribute is exp.

FALSE If the type is not exp.
Author(s)

W.H. Asquith
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See Also

parexp

Examples

para <- parexp(lmoms(c(123,34,4,654,37,78)))
if(is.exp(para) == TRUE) {

Q <- quaexp(0@.5,para)
}

is.gam Is a Distribution Parameter Object Typed as Gamma

Description
The distribution parameter object returned by functions of Imomco such as by pargam are typed by
an attribute type. This function checks that type is gam for the Gamma distribution.

Usage

is.gam(para)

Arguments

para A parameter list returned from pargam or vec2par.

Value

TRUE If the type attribute is gam.
FALSE If the type is not gam.

Author(s)
W.H. Asquith

See Also

pargam

Examples

para <- pargam(lmoms(c(123,34,4,654,37,78)))
if(is.gam(para) == TRUE) {

Q <- quagam(@.5,para)
}
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is.gep Is a Distribution Parameter Object Typed as Generalized Extreme
Value

Description

The distribution parameter object returned by functions of Imomco such as by pargep are typed
by an attribute type. This function checks that type is gep for the Generalized Extreme Value
distribution.

Usage

is.gep(para)

Arguments

para A parameter list returned from pargep or vec2par.

Value

TRUE If the type attribute is gep.

FALSE If the type is not gep.

Author(s)

W.H. Asquith

See Also

pargep

Examples

#para <- pargep(lmoms(c(123,34,4,654,37,78)))
#if(is.gep(para) == TRUE) {

# Q <- quagep(@.5,para)

#
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is.gev Is a Distribution Parameter Object Typed as Generalized Extreme
Value

Description

The distribution parameter object returned by functions of Imomco such as by pargev are typed
by an attribute type. This function checks that type is gev for the Generalized Extreme Value
distribution.

Usage

is.gev(para)

Arguments

para A parameter list returned from pargev or vec2par.

Value

TRUE If the type attribute is gev.

FALSE If the type is not gev.

Author(s)

W.H. Asquith

See Also

pargev

Examples

para <- pargev(lmoms(c(123,34,4,654,37,78)))
if(is.gev(para) == TRUE) {

Q <- quagev(0@.5,para)
3
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is.gld Is a Distribution Parameter Object Typed as Generalized Lambda

Description

The distribution parameter object returned by functions of Imomco such as by pargld are typed by
an attribute type. This function checks that type is gld for the Generalized Lambda distribution.

Usage

is.gld(para)

Arguments

para A parameter 1ist returned from pargld or vec2par.

Value

TRUE If the type attribute is gld.

FALSE If the type is not gld.

Author(s)

W.H. Asquith

See Also

pargld

Examples

## Not run:
para <- vec2par(c(123,120,3,2),type="gld")
if(is.gld(para) == TRUE) {
Q <- quagld(@.5,para)
3

## End(Not run)
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is.glo Is a Distribution Parameter Object Typed as Generalized Logistic

Description
The distribution parameter object returned by functions of Imomco such as by parglo are typed by
an attribute type. This function checks that type is glo for the Generalized Logistic distribution.
Usage

is.glo(para)

Arguments

para A parameter list returned from parglo or vec2par.

Value

TRUE If the type attribute is glo.
FALSE If the type is not glo.

Author(s)
W.H. Asquith

See Also

parglo

Examples

para <- parglo(lmoms(c(123,34,4,654,37,78)))
if(is.glo(para) == TRUE) {

Q <- quaglo(@.5,para)
3

is.gno Is a Distribution Parameter Object Typed as Generalized Normal

Description
The distribution parameter object returned by functions of Imomco such as by pargno are typed by
an attribute type. This function checks that type is gno for the Generalized Normal distribution.
Usage

is.gno(para)
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Arguments

para A parameter 1ist returned from pargno or vec2par.

Value

TRUE If the type attribute is gno.
FALSE If the type is not gno.

Author(s)
W.H. Asquith

See Also

pargno

Examples

para <- pargno(lmoms(c(123,34,4,654,37,78)))
if(is.gno(para) == TRUE) {

Q <- quagno(0@.5,para)
3

is.gov Is a Distribution Parameter Object Typed as Govindarajulu

Description

The distribution parameter object returned by functions of Imomco such as by pargov are typed by
an attribute type. This function checks that type is gov for the Govindarajulu distribution.

Usage

is.gov(para)

Arguments

para A parameter 1ist returned from pargov or vec2par.
Value

TRUE If the type attribute is gov.

FALSE If the type is not gov.
Author(s)

W.H. Asquith
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See Also

pargov

Examples

para <- pargov(lmoms(c(123,34,4,654,37,78)))
if(is.gov(para) == TRUE) {

Q <- quagov(0@.5,para)
}

is.gpa Is a Distribution Parameter Object Typed as Generalized Pareto

Description
The distribution parameter object returned by functions of Imomco such as by pargpa are typed by
an attribute type. This function checks that type is gpa for the Generalized Pareto distribution.
Usage

is.gpa(para)

Arguments

para A parameter list returned from pargpa or vec2par.

Value

TRUE If the type attribute is gpa.
FALSE If the type is not gpa.

Author(s)
W.H. Asquith

See Also

pargpa

Examples

para <- pargpa(lmoms(c(123,34,4,654,37,78)))
if(is.gpa(para) == TRUE) {

Q <- quagpa(@.5,para)
3
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is.gum Is a Distribution Parameter Object Typed as Gumbel

Description
The distribution parameter object returned by functions of Imomco such as by pargum are typed by
an attribute type. This function checks that type is gum for the Gumbel distribution.

Usage

is.gum(para)

Arguments

para A parameter list returned from pargum or vec2par.

Value

TRUE If the type attribute is gum.
FALSE If the type is not gum.

Author(s)
W.H. Asquith

See Also

pargum

Examples

para <- pargum(lmoms(c(123,34,4,654,37,78)))
if(is.gum(para) == TRUE) {

Q <- quagum(@.5,para)
3

is.kap Is a Distribution Parameter Object Typed as Kappa

Description
The distribution parameter object returned by functions of Imomco such as by parkap are typed by
an attribute type. This function checks that type is kap for the Kappa distribution.

Usage
is.kap(para)
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Arguments

para A parameter list returned from parkap or vec2par.

Value

TRUE If the type attribute is kap.
FALSE If the type is not kap.

Author(s)
W.H. Asquith

See Also

parkap

Examples

para <- parkap(lmoms(c(123,34,4,654,37,78)))

if(is.kap(para) == TRUE) {
Q <- quakap(@.5,para)
3
is.kmu Is a Distribution Parameter Object Typed as Kappa-Mu
Description

The distribution parameter object returned by functions of Imomco such as by parkmu are typed by
an attribute type. This function checks that type is kmu for the Kappa-Mu (« : p) distribution.

Usage

is.kmu(para)

Arguments

para A parameter 1ist returned from parkmu or vec2par.
Value

TRUE If the type attribute is kmu.

FALSE If the type is not kmu.
Author(s)

W.H. Asquith
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See Also

parkmu

Examples

para <- vec2par(c(3.1, 1.4), type='kmu')
if(is.kmu(para)) {

Q <- quakmu(@.5,para)
}

is.kur Is a Distribution Parameter Object Typed as Kumaraswamy

Description
The distribution parameter object returned by functions of Imomco such as by parkur are typed by
an attribute type. This function checks that type is kur for the Kumaraswamy distribution.

Usage

is.kur(para)

Arguments

para A parameter list returned from parkur or vec2par.

Value

TRUE If the type attribute is kur.
FALSE If the type is not kur.

Author(s)
W.H. Asquith

See Also

parkur

Examples

para <- parkur(lmoms(c(@.25, 0.4, 0.6, 0.65, 0.67, 0.9)))
if(is.kur(para) == TRUE) {

Q <- quakur(@.5,para)
}
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is.lap Is a Distribution Parameter Object Typed as Laplace

Description
The distribution parameter object returned by functions of Imomco such as by parlap are typed by
an attribute type. This function checks that type is 1ap for the Laplace distribution.

Usage

is.lap(para)

Arguments

para A parameter list returned from parlap or vec2par.

Value

TRUE If the type attribute is lap.
FALSE If the type is not lap.

Author(s)
W.H. Asquith

See Also

parlap

Examples

para <- parlap(lmoms(c(123,34,4,654,37,78)))
if(is.lap(para) == TRUE) {
Q <- qualap(@.5,para)

3
is.1mrq Is a Distribution Parameter Object Typed as Linear Mean Residual
Quantile Function
Description

The distribution parameter object returned by functions of Imomco such as by parlmrq are typed
by an attribute type. This function checks that type is 1mrq for the Linear Mean Residual Quantile
Function distribution.
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Usage

is.1lmrq(para)

Arguments

para A parameter 1ist returned from parlmrq or vec2par.

Value

TRUE If the type attribute is 1mrq.
FALSE If the type is not 1mrq.

Author(s)
W.H. Asquith

See Also

parlmrq

Examples

para <- parlmrq(lmoms(c(3, .05, 1.6, 1.37, 0.57, 0.36, 2.2)))
if(is.1lmrq(para) == TRUE) {

Q <- qualmrq(e.5,para)
3

is.1n3 Is a Distribution Parameter Object Typed as 3-Parameter Log-Normal

Description

The distribution parameter object returned by functions of Imomco such as by parln3 are typed by
an attribute type. This function checks that type is 1n3 for the 3-parameter Log-Normal distribu-
tion.

Usage
is.1n3(para)

Arguments

para A parameter 1ist returned from parln3 or vec2par.
Value

TRUE If the type attribute is 1n3.

FALSE If the type is not 1n3.
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Author(s)
W.H. Asquith

See Also

parln3

Examples

para <- vec2par(c(.9252, .1636, .7),type='1n3")
if(is.1n3(para)) {

Q <- qualn3(0@.5,para)
3

is.nor Is a Distribution Parameter Object Typed as Normal

Description
The distribution parameter object returned by functions of Imomco such as by parnor are typed by
an attribute type. This function checks that type is nor for the Normal distribution.

Usage

is.nor(para)

Arguments

para A parameter 1ist returned from parnor or vec2par.

Value

TRUE If the type attribute is nor.
FALSE If the type is not nor.

Author(s)
W.H. Asquith

See Also

parnor

Examples

para <- parnor(lmoms(c(123,34,4,654,37,78)))
if(is.nor(para) == TRUE) {

Q <- quanor(@.5,para)
}
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is.pdg3 Is a Distribution Parameter Object Typed as Polynomial Density-
Quantile3

Description

The distribution parameter object returned by functions of Imomco such as by parpdq3 are typed
by an attribute type. This function checks that type is pdg3 for the Polynomial Density-Quantile3
distribution.

Usage

is.pdqg3(para)

Arguments

para A parameter list returned from parpdq3 or vec2par.

Value

TRUE If the type attribute is pdg3.

FALSE If the type is not pdg3.

Author(s)

W.H. Asquith

See Also

parpdqg3

Examples

para <- parpdg3(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(is.pdg3(para) == TRUE) {

Q <- quapdq3 (0.5, para)
3
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is.pdg4 Is a Distribution Parameter Object Typed as Polynomial Density-
Quantile4

Description

The distribution parameter object returned by functions of Imomco such as by parpdqg4 are typed
by an attribute type. This function checks that type is pdg4 for the Polynomial Density-Quantile4
distribution.

Usage

is.pdg4(para)

Arguments

para A parameter list returned from parpdqg4 or vec2par.

Value

TRUE If the type attribute is pdqg4.

FALSE If the type is not pdg4.

Author(s)

W.H. Asquith

See Also

parpdg4

Examples

para <- parpdg4(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(is.pdg4(para) == TRUE) {

Q <- quapdq4(0.5, para)
3
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is.pe3 Is a Distribution Parameter Object Typed as Pearson Type II1

Description
The distribution parameter object returned by functions of Imomco such as by parpe3 are typed by
an attribute type. This function checks that type is pe3 for the Pearson Type III distribution.
Usage

is.pe3(para)

Arguments

para A parameter list returned from parpe3 or vec2par.

Value

TRUE If the type attribute is pe3.
FALSE If the type is not pe3.

Author(s)
W.H. Asquith

See Also

parpe3

Examples

para <- parpe3(lmoms(c(123,34,4,654,37,78)))
if(is.pe3(para) == TRUE) {

Q <- quape3(0.5,para)
3

is.ray Is a Distribution Parameter Object Typed as Rayleigh

Description
The distribution parameter object returned by functions of this module such as by parray are typed
by an attribute type. This function checks that type is ray for the Rayleigh distribution.

Usage

is.ray(para)
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Arguments

para A parameter list returned from parray or vec2par.

Value

TRUE If the type attribute is ray.
FALSE If the type is not ray.

Author(s)
W.H. Asquith

See Also

parray

Examples

para <- vec2par(c(.9252, .1636, .7),type='ray')
if(is.ray(para)) {

Q <- quaray(@.5,para)
3

is.revgum Is a Distribution Parameter Object Typed as Reverse Gumbel

Description
The distribution parameter object returned by functions of Imomco such as by parrevgum are typed
by an attribute type. This function checks that type is revgum for the Reverse Gumbel distribution.
Usage

is.revgum(para)

Arguments

para A parameter 1ist returned from parrevgum or vec2par.
Value

TRUE If the type attribute is revgum.

FALSE If the type is not revgum.
Author(s)

W.H. Asquith
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See Also

parrevgum

Examples

para <- vec2par(c(.9252, .1636, .7),type='revgum')
if(is.revgum(para)) {
Q <- quarevgum(@.5,para)

}

is.rice Is a Distribution Parameter Object Typed as Rice

Description
The distribution parameter object returned by functions of Imomco such as by parrice are typed
by an attribute type. This function checks that type is rice for the Rice distribution.

Usage

is.rice(para)

Arguments

para A parameter list returned from parrice or vec2par.

Value

TRUE If the type attribute is rice.
FALSE If the type is not rice.

Author(s)
W.H. Asquith

See Also

parrice

Examples

para <- vec2par(c(3, 4),type='rice')
if(is.rice(para)) {
Q <- quarice(@.5,para)

}
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is.sla Is a Distribution Parameter Object Typed as Slash

Description
The distribution parameter object returned by functions of Imomco such as by parst3 are typed by
an attribute type. This function checks that type is sla for the Slash distribution.

Usage

is.sla(para)

Arguments

para A parameter list returned from parsla or vec2par.

Value

TRUE If the type attribute is sla.
FALSE If the type is not sla.

Author(s)
W.H. Asquith

See Also

parsla

Examples

para <- vec2par(c(12,1.2), type='sla')
if(is.sla(para) == TRUE) {

Q <- quasla(@.5,para)
3

is.smd Is a Distribution Parameter Object Typed as Singh—Maddala

Description
The distribution parameter object returned by functions of Imomco such as by parsmd are typed by
an attribute type. This function checks that type is smd for the Singh—-Maddala distribution.
Usage

is.smd(para)
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Arguments

para A parameter 1ist returned from parsmd or vec2par.

Value

TRUE If the type attribute is smd.
FALSE If the type is not smd.

Author(s)
W.H. Asquith

See Also

parsmd

Examples

para <- parsmd(lmoms(c(123, 34, 4, 654, 37, 78)))
if(is.smd(para) == TRUE) {
Q <- quasmd(@.5, para)

}
is.st3 Is a Distribution Parameter Object Typed as 3-Parameter Student t
Distribution
Description

The distribution parameter object returned by functions of Imomco such as by parst3 are typed by
an attribute type. This function checks that type is st3 for the 3-parameter Student t distribution.

Usage

is.st3(para)

Arguments

para A parameter 1ist returned from parst3 or vec2par.
Value

TRUE If the type attribute is st3.

FALSE If the type is not st3.
Author(s)

W.H. Asquith
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See Also

parst3

Examples

para <- vec2par(c(3, 4, 5), type='st3')
if(is.st3(para)) {

Q <- quast3(0@.25,para)
3

is.texp Is a Distribution Parameter Object Typed as Truncated Exponential

Description

The distribution parameter object returned by functions of Imomco such as by partexp are typed by
an attribute type. This function checks that type is texp for the Truncated Exponential distribution.

Usage

is.texp(para)

Arguments

para A parameter list returned from partexp or vec2par.

Value

TRUE If the type attribute is texp.
FALSE If the type is not texp.

Author(s)
W.H. Asquith

See Also

partexp

Examples

yy <- vec2par(c(123, 2.3, TRUE), type="texp")

zz <- vec2par(c(123, 2.3, FALSE), type="texp")

if(is.texp(yy) & is.texp(zz)) {
print(1lmomtexp(yy)$lambdas)
print(lmomtexp(zz)$lambdas)
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is.tri Is a Distribution Parameter Object Typed as Asymmetric Triangular

Description
The distribution parameter object returned by functions of Imomco such as by partri are typed by
an attribute type. This function checks that type is tri for the Asymmetric Triangular distribution.
Usage

is.tri(para)

Arguments

para A parameter list returned from partri or vec2par.

Value

TRUE If the type attribute is tri.
FALSE If the type is not tri.

Author(s)
W.H. Asquith

See Also

partri

Examples

para <- partri(lmoms(c(46, 70, 59, 36, 71, 48, 46, 63, 35, 52)))
if(is.tri(para) == TRUE) {

Q <- quatri(@.5,para)
3

is.wak Is a Distribution Parameter Object Typed as Wakeby

Description
The distribution parameter object returned by functions of Imomco such as by parwak are typed by
an attribute type. This function checks that type is wak for the Wakeby distribution.

Usage

is.wak(para)
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Arguments

para A parameter list returned from parwak or vec2par.

Value

TRUE If the type attribute is wak.
FALSE If the type is not wak.

Author(s)
W.H. Asquith

See Also

parwak

Examples

para <- parwak(lmoms(c(123,34,4,654,37,78)))
if(is.wak(para) == TRUE) {

Q <- quawak(@.5,para)
3

is.wei Is a Distribution Parameter Object Typed as Weibull

Description
The distribution parameter object returned by functions of Imomco such as by parwei are typed by
an attribute type. This function checks that type is wei for the Weibull distribution.

Usage

is.wei(para)

Arguments

para A parameter 1ist returned from parwei or vec2par.
Value

TRUE If the type attribute is wei.

FALSE If the type is not wei.
Author(s)

W.H. Asquith
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See Also

parwei

Examples

para <- parwei(lmoms(c(123,34,4,654,37,78)))
if(is.wei(para) == TRUE) {

Q <- quawei(@.5,para)
}

LaguerreHalf Laguerre Polynomial (Half)

Description

This function computes the Laguerre polynomial, which is useful in applications involving the
variance of the Rice distribution (see parrice). The Laguerre polynomial is

Ly js(x) = exp™? x[(1 — 2)Io(—2/2) — xL1(—z/2)],

where the modified Bessel function of the first kind is Ij(z), which has an R implementation in
bessell, and for strictly integer & is defined as

1 s
I(x) = f/ exp(x cos(8)) cos(kd) db.
T Jo
Usage
LaguerreHalf(x)
Arguments
X A value.
Value

The value for the Laguerre polynomial is returned.

Author(s)
W.H. Asquith

See Also
pdfrice

Examples

LaguerreHalf(-100"2/(2%10"2))
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Lcomoment.coefficients
L-comoment Coefficient Matrix

Description

Compute the L-comoment coefficients from an L-comoment matrix of order £ > 2 and the k = 2
(2nd order) L-comoment matrix. However, if the first argument is 1st-order then the coefficients of
L-covariation are computed. The function requires that each matrix has already been computed by
the function Lcomoment.matrix.

Usage

Lcomoment.coefficients(Lk, L2)

Arguments

Lk A k > 2 L-comoment matrix from Lcomoment.matrix.

L2 A k = 2 L-comoment matrix from Lcomoment.matrix(Dataframe,k=2).
Details

The coefficient of L-variation is computed by Lcomoment.coefficients(L1,L2) where L1 is a
Ist-order L-moment matrix and L2 is a k = 2 L-comoment matrix. Symbolically, the coefficient of
L-covariation is

The higher L-comoment coefficients (L-coskew, L-cokurtosis, ...) are computed by the function
Lcomoment.coefficients(L3,L2) (k = 3), Lcomoment.coefficients(L4,L2) (k = 4), and so
on. Symbolically, the higher L-comoment coefficients for k£ > 3 are

. . 5\1.c[12]
Tk[12] = A2[12]-

Finally, the usual univariate L-moment ratios as seen from 1mom. ub or 1moms are along the diagonal.
The Lcomoment . coefficients function does not make use of 1mom. ub or Imoms.

Value

An R list is returned.

EL)

type The type of L-comoment representation in the matrix: “Lcomoment.coefficients”.
order The order of the coefficients. order=2 L-covariation, order=3 L-coskew, ...

matrix A k > 2 L-comoment coefficient matrix.
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Note

The function begins with a capital letter. This is intentionally done so that lower case namespace
is preserved. By using a capital letter now, then 1comoment.coefficients remains an available
name in future releases.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Serfling, R., and Xiao, P., 2007, A contribution to multivariate L-moments—L-comoment matrices:
Journal of Multivariate Analysis, v. 98, pp. 1765-1781.

See Also

Lcomoment.matrix, Lcomoment.coefficients

Examples
D <- data.frame(X1=rnorm(30), X2=rnorm(30), X3=rnorm(30))
L1 <- Lcomoment.matrix(D,k=1)
L2 <- Lcomoment.matrix(D,k=2)
L3 <- Lcomoment.matrix(D,k=3)

LKLCV <- Lcomoment.coefficients(L1,L2)
LKTAU3 <- Lcomoment.coefficients(L3,L2)

Lcomoment.correlation L-correlation Matrix (L-correlation through Sample L-comoments)

Description
Compute the L-correlation from an L-comoment matrix of order k£ = 2. This function assumes that
the 2nd order matrix is already computed by the function Lcomoment.matrix.

Usage

Lcomoment.correlation(L2)

Arguments

L2 A k = 2 L-comoment matrix from Lcomoment.matrix (Dataframe,k=2).
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Details

L-correlation is computed by Lcomoment.coefficients(L2,L2) where L2 is second order L-
comoment matrix. The usual L-scale values as seen from 1mom. ub or 1Imoms are along the diagonal.
This function does not make use of 1mom.ub or Imoms and can be used to verify computation of 7
(coefficient of L-variation).

Value

An R list is returned.

type The type of L-comoment representation in the matrix: “Lcomoment.coefficients”.
order The order of the matrix—extracted from the first matrix in arguments.
matrix A k > 2 L-comoment coefficient matrix.

Note

The function begins with a capital letter. This is intentionally done so that lower case namespace is
preserved. By using a capital letter now, then 1comoment. correlation remains an available name
in future releases.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Serfling, R., and Xiao, P., 2007, A contribution to multivariate L-moments—L-comoment matrices:
Journal of Multivariate Analysis, v. 98, pp. 1765-1781.

See Also

Lcomoment.matrix, Lcomoment.correlation

Examples

D <- data.frame(X1=rnorm(30), X2=rnorm(30), X3=rnorm(30))
L2 <- Lcomoment.matrix(D,k=2)
RHO <- Lcomoment.correlation(L2)
## Not run:
"SerfXiao.eql7" <-
function(n=25, A=10, B=2, k=4,
method=c("pearson”,"lcorr”), wrt=c("12", "21")) {
method <- match.arg(method); wrt <- match.arg(wrt)
# X1 is a linear regression on X2
X2 <= rnorm(n); X1 <= A + B*X2 + rnorm(n)
ri2p <- cor(X1,X2) # Pearson's product moment correlation
XX <- data.frame(X1=X1, X2=X2) # for the L-comoments
T2 <- Lcomoment.correlation(Lcomoment.matrix (XX, k=2))$matrix
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LAMk <- Lcomoment.matrix(XX, k=k)$matrix # L-comoments of order k
if(wrt == "12") { # is X2 the sorted variable?
Imr <- Imoms(X1, nmom=k); Lamk <- LAMKk[1,2]; Lcor <- T2[1,2]
} else { # no X1 is the sorted variable (21)
Imr <- Imoms(X2, nmom=k); Lamk <- LAMk[2,1]; Lcor <- T2[2,1]
}
# Serfling and Xiao (2007, eq. 17) state that
# L-comoment_k[12] = corr.coeff x Lmoment_k[1] or
# L-comoment_k[21] = corr.coeff * Lmoment_k[2]
# And with the X1, X2 setup above, Pearson corr. == L-corr.
# There will be some numerical differences for any given sample.
ifelse(method == "pearson”,
return(lmr$lambdas[k]*ri12p - Lamk),
return(lmr$lambdaslk]*Lcor - Lamk))
# If the above returns a expected value near zero then, their eq.
# is numerically shown to be correct and the estimators are unbiased.

}

# The means should be near zero.

nrep <- 2000; seed <- rnorm(1); set.seed(seed)
mean(replicate(n=nrep, SerfXiao.eql7(method="pearson”, k=4)))
set.seed(seed)

mean(replicate(n=nrep, SerfXiao.eql7(method="1corr"”, k=4)))

# The variances should nearly be equal.

seed <- rnorm(1); set.seed(seed)

var(replicate(n=nrep, SerfXiao.eql7(method="pearson”, k=6)))
set.seed(seed)

var(replicate(n=nrep, SerfXiao.eq17(method="1corr"”, k=6)))

## End(Not run)

Lcomoment.Lk12 Compute a Single Sample L-comoment

Description

Compute the L-comoment (A1) for a given pair of sample of n random variates {(X i(l) , X i(l) ), 1<
i < n} from a joint distribution H (2(1), 2(?)) with marginal distribution functions F; and F,. When
the X3 are sorted to form the sample order statistics X 1(271 < Xﬁz <. < XT(L?ZL, then the el-
ement of X 1) of the unordered (at leasted expected to be) but shuffled set { X 1(1), X 7(11)} that
is paired with X ,(2,2 the concomitant X, [(Tli)] of X ,(2,2 (The shuffling occurs by the sorting of X (2).)
The k > 1-order L-comoments are defined (Serfling and Xiao, 2007, eq. 26) as

. I~

Ak[12) = n Z wgk%X[(,li)],

r=1
where w,(,ky)L is defined under Lcomoment.Wk. (The author is aware that £ > 1 is k > 2 in Serfling

and Xiao (2007) but k = 1 returns sample means. This matters only in that the Imomco package
returns matrices for £ > 1 by Lcomoment.matrix even though the off diagnonals are NAs.)
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Usage

Lcomoment.Lk12(X1,X2,k=1)

Arguments
X1 A vector of random variables (a sample of random variable 1).
X2 Another vector of random variables (a sample of random variable 2).
k The order of the L-comoment to compute. The default is 1.

Details

Now directing explanation of L-comoments with some reference heading into R code. L-comoments
of random variable X1 (a vector) are computed from the concomitants of X2 (another vector). That
is, X2 is sorted in ascending order to create the order statistics of X2. During the sorting process,
X1 is reshuffled to the order of X2 to form the concomitants of X2 (denoted as X12). So the trailing 2
is the sorted variable and the leading 1 is the variable that is shuffled. The X12 in turn are used in a
weighted summation and expectation calculation to compute the L-comoment of X1 with respect to
X2 such as by Lk3.12 <- Lcomoment.Lk12(X1,X2,k=3). The notation of Lk12 is to read “Lambda
for kth order L-comoment”, where the 12 portion of the notation reflects that of Serfling and Xiao
(2007) and then Asquith (2011). The weights for the computation are derived from calls made by
Lcomoment.Lk12 to the weight function Lcomoment.Wk. The L-comoments of X2 are computed
from the concomitants of X1, and the X21 are formed by sorting X1 in ascending order and in turn
shuffling X2 by the order of X1. The often asymmetrical L-comoment of X2 with respect to X1 is
readily done (Lk3.21 <- Lcomoment.Lk12(X2,X1,k=3)) and is not necessarily equal to (Lk3.12
<- Lcomoment.Lk12(X1,X2,k=3)).

Value

A single L-comoment.

Note

The function begins with a capital letter. This is intentionally done so that lower case namespace
is preserved. By using a capital letter now, then 1comoment.Lk12 or similar remains an available
name in future releases.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Serfling, R., and Xiao, P., 2007, A contribution to multivariate L-moments—IL.-comoment matrices:
Journal of Multivariate Analysis, v. 98, pp. 1765-1781.
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See Also

Lcomoment.matrix, Lcomoment.Wk

Examples

X1 <= rnorm(101); X2 <- rnorm(101) + X1

Lcoskew12 <- Lcomoment.Lk12(X1,X2, k=3)

Lcorr12 <- Lcomoment.Lk12(X1,X2,k=2)/Lcomoment.Lk12(X1,X1,k=2)
rhop12 <- cor(X1, X2, method="pearson")

print(Lcorr12 - rhop12) # smallish number

Lcomoment.matrix Compute Sample L-comoment Matrix

Description

Compute the L-comoments from a rectangular data. frame containing arrays of random variables.
The order of the L-comoments is specified.

Usage

Lcomoment.matrix (DATAFRAME, k=1)

Arguments

DATAFRAME A convential data. frame that is rectangular.

k The order of the L-comoments to compute. Default is & = 1.
Details

L-comoments are computed for each item in the data.frame. L-comoments of order £k = 1 are
means and co-means. L-comoments of order £ = 2 are L-scale and L-coscale values. L-comoments
of order £ = 3 are L-skew and L-coskews. L-comoments of order K = 4 are L-kurtosis and
L-cokurtosis, and so on. The usual univariate L-moments of order £ as seen from lmom.ub or
1moms are along the diagonal. This function does not make use of 1mom.ub or 1Imoms. The function
Lcomoment.matrix calls Lcomoment.Lk12 for each cell in the matrix. The L-comoment matrix for
d-random variables is

Ar = (Akjig)
computed over the pairs (X, X)) where 1 < i < j < d.

Value
An R list is returned.
type The type of L-comoment representation in the matrix: “Lcomoments”.

order The order of the matrix—specified by k in the argument list.

matrix A kth order L-comoment matrix.
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Note

The function begins with a capital letter. This is intentionally done so that lower case namespace
is preserved. By using a capital letter now, then 1comoment.matrix remains an available name in
future releases.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Serfling, R., and Xiao, P., 2007, A contribution to multivariate L-moments—L-comoment matrices:
Journal of Multivariate Analysis, v. 98, pp. 1765-1781.

See Also

Lcomoment.Lk12, Lcomoment.coefficients

Examples

D <- data.frame(X1=rnorm(30), X2=rnorm(30), X3=rnorm(30))
L1 <- Lcomoment.matrix(D, k=1)
L2 <- Lcomoment.matrix(D, k=2)

Lcomoment . Wk Weighting Coefficient for Sample L-comoment

Description

Compute the weight factors for computation of an L-comoment for order k, order statistic r, and
sample size n.

Usage

Lcomoment.Wk(k,r,n)

Arguments
k Order of L-comoment being computed by parent calls to Lcomoment . Wk.
r Order statistic index involved.

n Sample size.
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Details

This function computes the weight factors needed to calculation L-comoments and is interfaced or
used by Lcomoment.Lk12. The weight factors are

min{r—1,k—1} (k}—ll) (]g,1.+j) (Tf'l)
wyt) = (1)t ST
= w9

The weight factor w,(akr)l is the discrete Legendre polynomial. The weight factors are well illustrated

in figure 6.1 of Asquith (2011). This function is not intended for end users.
Value

A single L-comoment weight factor.

Note

The function begins with a capital letter. This is intentionally done so that lower case namespace is
preserved. By using a capital letter now, then 1comoment.Wk remains an available name in future
releases.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Serfling, R., and Xiao, P., 2007, A contribution to multivariate L-moments—L-comoment matrices:
Journal of Multivariate Analysis, v. 98, pp. 1765-1781.

See Also

Lcomoment.Lk12

Examples

Wk <- Lcomoment.Wk(2,3,5)
print(Wk)

## Not run:

# To compute the weight factors for L-skew and L-coskew (k=3) computation
# for a sample of size 20.

Wk <- matrix(nrow=20,ncol=1)

for(r in seq(1,20)) Wk[r] <- Lcomoment.Wk(3,r,20)

plot(seq(1,20),Wk, type="b")

## End(Not run)
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# The following shows the actual weights used for computation of
# the first four L-moments. The sum of the each sample times the
# corresponding weight equals the L-moment.
fakedat <- sort(c(-10, 20, 30, 40)); n <- length(fakedat)
Wk1 <- Wk2 <- Wk3 <- Wk4 <- vector(mode="numeric”, length=n);
for(i in 1:n) {

Wk1[i] <- Lcomoment.Wk(1,i,n)/n

Wk2[i] <- Lcomoment.Wk(2,i,n)/n

Wk3[i] <- Lcomoment.Wk(3,i,n)/n

Wk4[i] <- Lcomoment.Wk(4,i,n)/n

3
cat(c("Weights for mean”, round(Wk1, digits=4), "\n"))
cat(c("Weights for L-scale”, round(Wk2, digits=4), "\n"))

cat(c("Weights for 3rd L-moment”, round(Wk3, digits=4), "\n"))
cat(c("Weights for 4th L-moment”, round(Wk4, digits=4), "\n"))
my.lams <- c(sum(fakedat*Wk1), sum(fakedatxWk2),

sum(fakedat*Wk3), sum(fakedat*Wk4))
cat(c(”"Manual L-moments:", my.lams, "\n"))
cat(c("lmomco L-moments:"”, lmoms(fakedat, nmom=4)$lambdas,”\n"))
# The last two lines of output should be the same---note that lmoms()
# does not utilize Lcomoment.Wk(). So a double check is made.

lcomoms2 The Sample L-comoments for Two Variables

Description

Compute the sample L-moments for the R two variable data. frame. The ‘“2” in the function name
is to refer to fact that this function operates on only two variables. The length of the variables must
be greater than the number of L-comoments requested.

Usage
lcomoms2 (DATAFRAME, nmom=3, asdiag=FALSE, opdiag=FALSE, ...)
Arguments
DATAFRAME An R data. frame housing column vectors of data values.
nmom The number of L-comoments to compute. Default is 3.
asdiag Return the diagonal of the matrices. Default is FALSE.
opdiag Return the opposing diagonal of the matrices. Default is FALSE. This function

returns the opposing diagonal from first two to second.

Additional arguments to pass.
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Value

An R list is returned of the first

L1 Matrix or diagonals of first L-comoment.
L2 Matrix or diagonals of second L-comoment.
T2 Matrix or diagonals of L-comoment correlation.
T3 Matrix or diagonals of L-comoment skew.
T4 Matrix or diagonals of L-comoment kurtosis.
T5 Matrix or diagonals of L-comoment Tau5.
source An attribute identifying the computational source of the L-comoments: “lco-
moms2”.
Note

This function computes the L-comoments through the generalization of the Lcomoment.matrix and
Lcomoment.coefficients functions.

Author(s)
W.H. Asquith

References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

See Also

Lcomoment.matrix and Lcomoment.coefficients

Examples

## Not run:

# Random simulation of standard normal and then combine with
# a random standard exponential distribution

X <= rnorm(200); Y <- X + rexp(200)

z <- lcomoms2(data.frame(X=X, Y=Y))

print(z)

z <- lcomoms2(data.frame(X=X, Y=Y), diag=TRUE)
print(z$T3) # the L-skew values of the margins

z <- lcomoms2(data.frame(X=X, Y=Y), opdiag=TRUE)
print(z$T3) # the L-coskew values
## End(Not run)
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1khlmomco Leimkuhler Curve of the Distributions

Description

This function computes the Leimkuhler Curve for quantile function x(F') (par2qua, glmomco). The
function is defined by Nair et al. (2013, p. 181) as

1 1—u
K =1- / +(p) dp,

where K (u) is Leimkuhler curve for nonexceedance probability u. The Leimkuhler curve is related
to the Lorenz curve (L(u), lrzlmomco) by

K(u)=1-L(1 - u),

and related to the reversed residual mean quantile function (R(u), rrmlmomco) and conditional
mean (i, cmlmomco) for u = 0 by

1
K(u) = ;[u — (1 =u)(z(l —u) — R(1 —u))].

Usage

lkhlmomco(f, para)
Arguments

f Nonexceedance probability (0 < F' < 1).

para The parameters from 1mom2par or vec2par.
Value

Leimkubhler curve value for F'.

Author(s)
W.H. Asquith

References
Nair, N.U., Sankaran, P.G., and Balakrishnan, N., 2013, Quantile-based reliability analysis: Springer,
New York.

See Also

glmomco, 1rzlmomco
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Examples

# It is easiest to think about residual life as starting at the origin, units in days.
A <- vec2par(c(0.0, 2649, 2.11), type="gov") # so set lower bounds = 0.0

"afunc"” <- function(u) { return(par2qua(u,A,paracheck=FALSE)) }

f <- 0.35 # All three computations report: Ku = 0.6413727

Kul <= 1 - 1/cmlmomco(f=0,A) * integrate(afunc,@,1-f)$value

Ku2 <- (cmlmomco(@,A) - (1-f)x(quagov(1-f,A) - rrmlmomco(1-f,A)))/cmlmomco(@,A)
Ku3 <- lkhlmomco(f, A)

1mom. ub Unbiased Sample L-moments by Direct Sample Estimators

Description

Unbiased sample L-moments are computed for a vector using the direct sample estimation method
as opposed to the use of sample probability-weighted moments. The L-moments are the ordinary
L-moments and not the trimmed L-moments (see TLmoms). The mean, L-scale, coefficient of L-
variation (7, LCV, L-scale/mean), L-skew (73, TAU3, L3/L2), L-kurtosis (74, TAU4, L4/L2), and
75 (TAUS, L5/L2) are computed. In conventional nomenclature, the L-moments are

5\1 = L1 = mean,
5\2 = L2 = L-scale,
5\3 = L3 = third L-moment,
;\4 = L4 = fourth L-moment, and

;\5 = L5 = fifth L-moment.
The L-moment ratios are
7 = LCV = X2/\; = coefficient of L-variation,

73 = TAU3 = \3/\y = L-skew,
74 = TAU4 = \4/X9 = L-kurtosis, and
75 = TAUS = \5/A2 = not named.
It is common amongst practitioners to lump the L-moment ratios into the general term “L-moments”
and remain inclusive of the L-moment ratios. For example, L-skew then is referred to as the 3rd L-

moment when it technically is the 3rd L-moment ratio. The first L-moment ratio has no definition;
the Imoms function uses the NA of R in its vector representation of the ratios.

The mathematical expression for sample L-moment computation is shown under TLmoms. The
formula jointly handles sample L-moment computation and sample TL-moment computation.

Usage
Imom.ub(x)
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Arguments

X

Details

205

A vector of data values.

The L-moment ratios (7, 73, 74, and 75) are the primary higher L-moments for application, such
as for distribution parameter estimation. However, the actual L-moments (A3, A4, and A5) are also
reported. The implementation of 1mom. ub requires a minimum of five data points. If more or fewer
L-moments are needed then use the function Imoms.

Value

An R list is returned.

L1
L2
Lcv
TAU3
TAU4
TAUS
L3
L4
L5

source

Note

Arithmetic mean.

L-scale—analogous to standard deviation (see also gini.mean.diff.
coefficient of L-variation—analogous to coe. of variation.

The third L-moment ratio or L-skew—analogous to skew.

The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.

The fifth L-moment ratio.

The third L-moment.

The fourth L-moment.

The fifth L-moment.

An attribute identifying the computational source of the L-moments: “Imom.ub”.

The 1mom. ub function was among the first functions written for Imomco and actually written before
Imomco was initiated. The ub was to be contrasted with plotting-position-based estimation meth-
ods: pwm.pp — pwm21lmom. Further, at the time of development the radical expansion of Imomco
beyond the Hosking (1996) FORTRAN libraries was not anticipated. The author now exclusively
uses 1moms but the numerical results should be identical. The direct sample estimator algorithm by
Wang (1996) is used in Imom. ub and a more generalized algorithm is associated with 1moms.

Author(s)

W.H. Asquith

Source

The Perl code base of W.H. Asquith
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References
Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

Wang, Q.J., 1996, Direct sample estimators of L-moments: Water Resources Research, v. 32, no.
12., pp. 3617-3619.
See Also

1mom2pwm, pwm. ub, pwm21mom, Imoms, Imorph

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imorph(1mr)
Imom.ub(rnorm(100))

1mom2par Convert L-moments to the Parameters of a Distribution

Description

This function converts L-moments to the parameters of a distribution. The type of distribution is
specified in the argument list: aep4, cau, emu, exp, gam, gep, gev, gld, glo, gno, gov, gpa, gum,
kap, kmu, kur, lap, 1Imrq, 1n3, nor, pe3, ray, revgum, rice, sla, st3, texp, wak, or wei.

Usage
Imom2par (lmom, type, ...)
Imr2par(x, type, ...)
Arguments
1mom An L-moment object such as that returned by 1moms or pwm2Ilmom.
type Three character (minimum) distribution type (for example, type="gev").
Additional arguments for the parCCC functions.
X In the 1mr2par call the L-moments are computed from the x values. This func-
tion is a parallel to mle2par and mps2par.
Value

An R 1list is returned. This list should contain at least the following items, but some distributions
such as the revgum have extra.

type The type of distribution in three character (minimum) format.
para The parameters of the distribution.

source Attribute specifying source of the parameters.
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Author(s)
W.H. Asquith

See Also

par2lmom

Examples

Imr <- lmoms(rnorm(20))
para <- lmom2par (lmr,type="nor")

# The lmom2par() calls will error if trim != 1.

X <- rcauchy(20)

cauchy <- lmom2par(TLmoms(X, trim=1), type="cau")

slash <- Imom2par(TLmoms(X, trim=1), type="sla")

## Not run:

plot(pp(X), sort(X), xlab="PROBABILITY", ylab="CAUCHY")
lines(nonexceeds(), par2qua(nonexceeds(), cauchy))
lines(nonexceeds(), par2qua(nonexceeds(), slash), col=2)

## End(Not run)

1Imom2pwm L-moments to Probability-Weighted Moments

Description

Converts the L-moments to the probability-weighted moments (PWMs) given the L-moments. The
conversion is linear so procedures based on L-moments are identical to those based on PWMs. The
expression linking PWMs to L-moments is

A1 = ki_()(—l)”f (;) (’" . k) B,

where A, 1 are the L-moments, (3, are the PWMs, and r > 0.

Usage

1mom2pwm(1mom)

Arguments

1mom An L-moment object created by 1moms, Imom.ub, or vec21lmom. The function
also supports 1mom as a vector of L-moments (A1, A2, T3, T4, and 75).



208 ImomZ2pwm

Details

PWMs are linear combinations of the L-moments and therefore contain the same statistical infor-
mation of the data as the L-moments. However, the PWMs are harder to interpret as measures of
probability distributions. The PWMs are included in Imomco for theoretical completeness and are
not intended for use with the majority of the other functions implementing the various probability
distributions. The relations between L-moments () and PWMs (3,._1) for 1 < r < 5 order are

A1 = Bo,

A2 = 281 — Bo,
/\3 = 652 - Gﬁl + /80’
Ay = 20083 — 30082 + 1231 — By, and

A5 = 7084 — 14083 + 908 — 2081 + Bp.
The linearity between L-moments and PWMs means that procedures based on one are equivalent to

the other. This function only accomodates the first five L-moments and PWMs. Therefore, at least
five L-moments are required in the passed argument.

Value

An R list is returned.

betas The PWMs. Note that convention is the have a g, but this is placed in the first
index i=1 of the betas vector.
source Source of the PWMs: “pwm”.
Author(s)
W.H. Asquith
References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Greenwood, J.A., Landwehr, J.M., Matalas, N.C., and Wallis, J.R., 1979, Probability weighted
moments—Definition and relation to parameters of several distributions expressable in inverse
form: Water Resources Research, v. 15, pp. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combi-
nations of order statistics: Journal of the Royal Statistical Society, Series B, v. 52, pp. 105-124.

See Also

1Imom. ub, Imoms, pwm.ub, pwm21mom
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Examples

pwm <- Imom2pwm(1lmoms(c(123,34,4,654,37,78)))
Imom2pwm(1mom. ub(rnorm(100)))
1mom2pwm(1moms (rnorm(100)))

1Imomvecl <- c(1000,1300,0.4,0.3,0.2,0.1)

pwmvec  <- lmom2pwm(lmomvecl)

print(pwmvec)

#$betas

#[1] 1000.0000 1150.0000 1070.0000 984.5000 911.2857
#

#$source

#[1] "Imom2pwm”

Imomvec2 <- pwm2lmom(pwmvec)
print(lmomvec?2)

#$1lambdas

#[1] 1000 1300 520 390 260
#

#$ratios

#[1] NA 1.3 0.4 0.3 0.2

#

#$source

#[11 "pwm2lmom”

pwm21mom(1lmom2pwm(1list(L1=25, L2=20, TAU3=.45, TAU4=0.2, TAU5=0.1)))

1mom2vec Convert an L-moment object to a Vector of L-moments

Description

This function converts an L-moment object in the structure used by Imomco into a simple vector.
The precise operation of this function is dependent on the L-moment object argument. The 1morph
function is not used. This function is useful if one needs to use certain functions in the Imoms
package that are built around vectors of L-moments and L-moment ratios as arguments.

Usage
Imom2vec(lmom, ...)
Arguments
1mom L-moment object as from functions such as lmoms, 1mom. ub, and vec21lmom.
Not presently used.
Value

A vector of the L-moments (A1, Ao, 73, T4, 75, ..., Tr).
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Author(s)
W.H. Asquith

See Also

Imom. ub, Imoms, Imorph, vec21mom, pwm2vec

Examples

Imr <- Imoms(rnorm(40))

Imom2vec(1mr)
Imr <- vec2lmom(c(140,150,.3,.2,-.1))
1mom2vec(1mr)
1momaep4 L-moments of the 4-Parameter Asymmetric Exponential Power Distri-
bution
Description

This function computes the L-moments of the 4-parameter Asymmetric Exponential Power distri-
bution given the parameters (£, o, k, and h) from paraep4. The first four L-moments are complex.
The mean A\q is

M=+ a(l/k— m)m,

where I'(z) is the complete gamma function or gamma() in R.
The L-scale A5 is

N = _ak(1/k = K)’T(2/h) N 204H2(1/I€3 + K3)T(2/h) 11 /2(1/h, 2/h)
2T 1+ R)I(1/R) (1+ K2)20(1/h) ’

where I 5(1/h,2/h) is the cumulative distribution function of the Beta distribution (I, (a, b)) or
pbeta(1/2, shapel=1/h, shape2=2/h) in R. This function is also referred to as the normalized
incomplete beta function (Delicado and Goria, 2008) and defined as
Jot A=)t de

B(a,b) ’
where 5(1/h,2/h) is the complete beta function or beta(1/h, 2/h) in R.
The third L-moment A3 is

I.(a,b) =

A3 = A1+ Ay + As,
where the A; are
A — a(1/k — k)(k* — 4% + 1)T(2/h)
b (1+x2)2T(1/h) :
ar(1/k — k)(1/k% 4+ £*)T(2/h) 11 2(1/h, 2/h)

Ar=6 (1 + #2)3(1/h) ’
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a(l+rY(1/k — r)D(2/h)A
(1+ x2)2T(1/h) ’

A3:6

and where A is

1 1/2 B B
A ) / ti/h 1(1 — t)Q/h 1I(1—t)/(2—t)(1/h7 3/h) dt.
0

B/, 2/h
The fourth L-moment A4 is
A = By + By + B3 + By,

where the B; are
ak(l/k — k)?(k* — 8% + 1)I'(2/h)
(1+ k2)3T(1/h) ’

ar?(k® 4+ 1/k3)(k* = 3k% + 1)I(2/h) 11 2(1/h, 2/h)

By = —

By =12 (1 + #2)"T(1/h) ’
B ar3(1/k — k)?2(1/k% + k2)T(2/h)A
By = =30 (1+ x2)3T(1/h) ’
B, = 2004/{4(1//5’ + K)T(2/h)Aq

(14 &2)4T(1/h) ’

and where A is

1/2 r(1-y)/(2— _ _ _ 3/ h—

fo/ fo( y)/(2—y) yl/h 1(17y)2/h 1,1/h 1(172)3/h LT dzdy
B(1/h,2/h)B(1/h,3/h) ’

for which I' = I3 _.y(1—y)/(14+(1—2)(1—y)) (1/h, 2/h) is the camulative distribution function of the

beta distribution (I, (a, b)) or pbeta((1-z) (1-y)/(1+(1-z) (1-y)), shape1=1/h, shape2=2/h)
in R.

Ay =

Usage

1momaep4 (para, paracheck=TRUE, t3t4only=FALSE)

Arguments
para The parameters of the distribution.
paracheck Should the parameters be checked for validity by the are.paraep4.valid func-
tion.
t3tdonly Return only the 73 and 74 for the parameters x and h. The A; and A5 are not

explicitly used although numerical values for these two L-moments are required
only to avoid computational errors. Care is made so that the o parameter that is
in numerator of A2 3 4 is not used in the computation of 73 and 74. Hence, this
option permits the computation of 75 and 74 when « is unknown. This features
is largely available for research and development purposes. Mostly this feature
was used for the {73, 74} trajectory for lmrdia
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Value

An R list is returned.

lambdas Vector of the L-moments. First element is A1, second element is A5, and so on.

ratios Vector of the L-moment ratios. Second element is 7, third element is 73 and so
on.

trim Level of symmetrical trimming used in the computation, which is @.

leftrim Level of left-tail trimming used in the computation, which is NULL.

rightrim Level of right-tail trimming used in the computation, which is NULL.

source An attribute identifying the computational source of the L-moments: “Imo-
maep4”.

or an alternative R list is returned if t3t4only=TRUE

T3 L-skew, 73.

T4 L-kurtosis, 74.
Author(s)

W.H. Asquith
References

Asquith, W.H., 2014, Parameter estimation for the 4-parameter asymmetric exponential power dis-
tribution by the method of L-moments using R: Computational Statistics and Data Analysis, v. 71,
pp- 955-970.

Delicado, P., and Goria, M.N., 2008, A small sample comparison of maximum likelihood, mo-
ments and L-moments methods for the asymmetric exponential power distribution: Computational
Statistics and Data Analysis, v. 52, no. 3, pp. 1661-1673.

See Also

paraep4, cdfaep4, pdfaep4, quaaep4

Examples

## Not run:
para <- vec2par(c(0, 1, 0.5, 4), type="aep4")
1momaep4 (para)

## End(Not run)
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1momcau Trimmed L-moments of the Cauchy Distribution

Description

This function estimates the trimmed L-moments of the Cauchy distribution given the parameters (£
and «) from parcau. The trimmed L-moments in terms of the parameters are )\gl) =&, )\él) =

0.698¢c, 7'351) = 0, and Tf) = 0.343. These TL-moments (trim=1) are symmetrical for the first
L-moments defined because E[X.,] and E[X,.,,] undefined expectations for the Cauchy.

Usage

Imomcau(para)

Arguments

para The parameters of the distribution.

Value

An R list is returned.

lambdas Vector of the trimmed L-moments. First element is )\gl), second element is /\gl),
and so on.
ratios Vector of the L-moment ratios. Second element is 7(1), third element is Tél) and
SO on.
trim Level of symmetrical trimming used in the computation, which is unity.
leftrim Level of left-tail trimming used in the computation, which is unity.
rightrim Level of right-tail trimming used in the computation, which is unity.
source An attribute identifying the computational source of the L-moments: “Ilmom-
cau”.
Author(s)
W.H. Asquith
References

Asquith, W.H., 2011, Distributional analysis with L-moment statistics using the R environment for
statistical computing: Createspace Independent Publishing Platform, ISBN 978-146350841-8.

Elamir, E.A.H., and Seheult, A.H., 2003