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4 Introduction

Introduction Introduction to R library Imoments

Description

This manual documents the R-software packimgemco. Thelmomco package implements the
statistical theory of L-momentsincluding L-moment estimationrhom.ub , Imom2pwn), Probability-
Weighted Moment estimatiopym.ub, pwm.pp, pwm.gev ), parameter estimation for numerous
familiar and not-so-familiar distributions (see following paragraph), and L-moment estimation for
the same distributions from the parameténsofm2par ). In words, L-moments are derived from

the expectations of order statistics and are linear with respect to the probability-weighted moments.
The linearity between L-moments and Probability-Weighted Moments means that procedures base
on one are equivalent to the other. L-moments are directly analogous to the well-known prod-
uct moments; however, L-moments have many advantages including unbiasedness, robustness, and
consistency with respect to the conventional product (central) moments (mean, standard devia-
tion, skew, kurtosis, ...). L-moment have particular internal relations to themselves and bound-
ness (seare.Imom.valid ). This package is oriented around the FORTRAN algorithms of
J.R.M. Hosking, and the nomenclature for many of the functions parallels that of the Hosking li-
brary. Extensions are made. Additionally, recent developments by Robert Serfling and Peng Xiao
have extended L-moments into multivariate spaélse-£-comoments The sample L-comoments
(Lcomoment.Lk12 ) are implemented here for an unlimited number of random variables and
moment order value. The L-comoments are considered experimental, but the diagonal of the L-
comoment matrixl(comoment.matrix ) produces conventional L-momentsipm.ub ) of the
corresponding order.

At present (2006), 11 distributions (all univariate) are supported for parameter estimation using L-
moments ParCCC, such agparexp ), L-moment estimation using parameteirmdmCCQC such
asImomexp), cumulative distribution function (nonexceedance probability as a function of the
variable), and quantile distribution function (variable as a function of nonexceedance probability).
A dispatcher for parameter estimation from the L-momentsnism2par . A dispatcher for L-
moment estimation from the parameterp@&2lmom . The cumulative distribution functions are
cdfCCC, such ascdfexp ; a dispatcher to the cumulative distribution functiongpa2cdf

The quantile functions arquaCCGC such asquaexp ; a dispatcher to the quantile functions is
par2qua . The distributions supported are the Exponential, Gamma, Generalized Extreme Value,
Generalized Logistic, Generalized Normal, Generalized Pareto, Gumbel, Kappa, Normal, Pearson
Type lll, and Wakeby. Some of these distributions (Exponential, Gamma, and Normal) have func-
tional implementation within the standard R-package distribution. However, as this package in part
mirrors existing FORTRAN libraries in wide spread use by the L-moment user-community (envi-
ronmental and hydrologic sciences—at least those familiar to the author), these three distributions
are implemented here in a parallel function context. It is important to note that R functions are used
for these three distributions. Additional univariate distributions that are implemented are: Cauchy
(quantile and cumulative distributions functions only) and Generalized Lambda (quantile function
only); the L-moments to parameters and parameters to L-moments are not yet implemented. The
13 distributions are referred to by a three-character syntax (deno@@@is the documentation):

cau = Cauchy distribution (two parameters)—onjyacau andcdfcau are implemented.
exp = Exponential distribution (two parameters)

gam= Gamma distribution (two parameters)

gev = Generalized Extreme Value distribution (three parameters)

gld = Generalized Lambda distribution (four parameters)—guiggld is implemented.
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glo = Generalized Logistic distribution (three parameters)

gno = Generalized Normal (log-Normal) distribution (three parameters)
gpa = Generalized Pareto distribution (three parameters)

gum= Gumbel distribution (two parameters)

kap = Kappa distribution (four parameters)

nor = Normal distribution (two parameters)

pe3 = Pearson Type lll distribution (three parameters)

wak = Wakeby distribution (five parameters)

Parameters for the distribution are placed into a particular object formatgs2par ,Imomz2par ,

or parexp ). The parameter object (simply anli®t ) in turn can be passed as an argument to
the distribution functions. A broader intent of this package is to support modular code design when
users are heavily involved in distributional analysis. Therefore, this package contains a number of
ancillary functions such eare.par.valid oris.CCC , whereCCGs the three character syntax

as previously shown to assist users in building sophisticated tools in R.

This package also supports the construction of L-moment ratio diaghamtig andplotimrdia  )-—
namely, the construction of the L-skew and L-kurtosis diagram. On the diagram and the theoretical
trajectories of most of the aforementioned distributions. These diagrams are difficult to explain
here, but are well documented in the literatunredm.references ).

Several other functions are available and might be useful in testing or other circumstances. The
Imom.diff  function computes the difference between the L-moments derived from a parame-
terized distribution and the L-moments as computed from the data. From the author’s experience,
construction of “magnitude and frequency curves” (variable as function of nonexceedance probabil-
ity) is commonly required. Thereforfeq.curve.CCC  are available for ease of use. There also

is afreq.curve.all function that computes the frequency curve for all the distributions given

an L-moment object (not inclusive of tlgdd distribution). The curves require vectors of nonex-
ceedance probabilities (seenexceeds ). Related to nonexceedance probabilities, note that for
this documentation nonexceedance probability is shovinad” < 1; however, some distributions
might not be valid af” = 0 or F' = 1. Finally, the functiongmom.test.all , which dispatches

to distribution-specific functions following tHmom.test. CCC  naming convention and provides
user-level output to help evaluate the algorithms of this package.

The examples below demonstrate application of the package for the analysis of a sample. The L-
moments of the data are computed. In turn, the Kappa and Normal distributions are each fit to
the L-moments. The frequency curve (quantile as function of nonexceedance probability) for each
distribution is plotted. The examples conclude with the computation of the 2nd-order L-comoment
matrix of two nonindependent samples.

Author(s)
W.H. Asquith

Examples

# One has the following peak streamflow values in cubic meters per second

data <- ¢(123,2250,543,178,67,5100,248,1500,342,329,543,980,1020,4502,3406,856,297)
# Compute the unbiased L-moments of the data--high L-skew.

# This data is clearly not Normally distributed.

Imr  <- Imom.ub(data)

# One method of parameter estimation for a Kappa distribution

Kappapar <- Imom2par(Imr,type='kap')

# Another method of parameter estimation for Normal distribution
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Normalpar <- parnor(lmr)

# Vector of useful nonexceedance probabilities
F <- nonexceeds()

# Generate Kappa frequency curve

Qk <- freq.curve.kap(nonexceeds(),Kappapar)
# Generate Normal frequeny curve

Qn <- freg.curve.nor(nonexceeds(),Normalpar)
# Plot them up
plot(F,Qk,type="n",ylim=c(-6000,24000))
lines(F,Qk)

lines(F,Qn,col=2)

X1 <- data

# Generate some related data

X2 <- abs(rnorm(length(data)))*data

L2 <- Lcomoment.matrix(data.frame(RandomVariable1=X1,AnotherRandomVariable=X2),k=2)
L2

# Compute the convential L-moments of variable 1 and 2
X1lmr <- Imom.ub(X1)

X2Imr <- Imom.ub(X2)

# Show that the diagonal of the Lcomoment matrix equals the
# conventional moments of same order (2nd order in this case).
print(c(X1Imr$L2,L2$matrix[1,1]))

print(c(X2Ilmr$L2,L2$matrix[2,2]))

# Compute the L-correlation values

Lrho <- Lcomoment.correlation(L2)

Lrho

# Compare the off-diagonal terms to the conventional

# correlation coefficient. The off-diagonal terms will

# not be equal or equal in value to the conventional

# correlation coefficient.

cor(X1,X2)

are.Imom.valid Are the L-moments valid

Description

The second through fifth order L-moments are perhaps the most common in analysis situations.
These L-moments have particular constraints on magnitudes and relation to each other. This func-
tion evaluates and L-moment object whether: L-scalex* 0), L-skew (-1 < 73 < 1), L-kurtosis
(0.25(57% — 1) < 14 < 1), and7s < 1.

Usage

are.Imom.valid(Imom)

Arguments

Imom A L-moment object created Hynom.ub or pwm2lmom
Value

TRUE L-moments are valid.

FALSE L-moments are not valid.
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Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 52, p. 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

Imom.ub , pwm2Ilmom

Examples

Imr <- Imom.ub(rnorm(20))
if(are.Imom.valid(Imr)) print("They are.")

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

Description

The distribution parameter object returned by functions of this package suchvas®yar are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functioncfifcau andquacau ) require consistent parameters to return the cumulative
probability (nonexceedance), quantile, and L-moments of the distribution, respectively.

Usage

are.parcau.valid(para)

Arguments

para A distribution parameter list returned bgc2par .
Value

TRUE If the parameters areau consistent.

FALSE If the parameters are notw consistent.
Note

This function callds.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

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

See Also

is.cau

Examples

para <- vec2par(c(12,12),type='cau’)
if(are.parcau.valid(para)) Q <- quacau(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchmmdoyp are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@fexp , quaexp , andlimomexp require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlaee.parexp.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parexp.valid(para)

Arguments

para A distribution parameter list returned Iparexp .
Value

TRUE If the parameters arexp consistent.

FALSE If the parameters are nekp consistent.
Note

This function callgs.exp  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.exp

Examples

para <- parexp(Imom.ub(c(123,34,4,654,37,78)))
if(are.parexp.valid(para)) Q <- quaexp(0.5,para)

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

Description

The distribution parameter object returned by functions of this package such@edam are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functionsfifgam , quagam, andimomgamrequire consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.pargam.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.pargam.valid(para)

Arguments

para A distribution parameter list returned ipargam .
Value

TRUE If the parameters argam consistent.

FALSE If the parameters are ngam consistent.
Note

This function callds.gam 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.gam

Examples

para <- pargam(lmom.ub(c(123,34,4,654,37,78)))
if(are.pargam.valid(para)) Q <- quagam(0.5,para)

are.pargev.valid Are the Distribution Parameters Consistent with the Generalized Ex-
treme Value Distribution

Description

The distribution parameter object returned by functions of this package suchedsy are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functionsflfgev , quagev , andimomgev require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.pargev.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.pargev.valid(para)

Arguments

para A distribution parameter list returned ipargev .
Value

TRUE If the parameters argev consistent.

FALSE If the parameters are ngev consistent.
Note

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

Author(s)
W.H. Asquith



are.pargld.valid 11

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.gev

Examples

para <- pargev(Imom.ub(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

The distribution parameter object returned by functions of this package such eascBgar

are consistent with the corresponding distribution, otherwise a list would not have been returned.
However, other functionggUagld ) require consistent parameters to ensure that the Generalized
Lambda Distribution is monotonic increasing o< I’ < 1, in which F' is nonexceedance proba-
bility.

Usage

are.pargld.valid(para)

Arguments

para A distribution parameter list returned bgc2par .
Value

TRUE If the parameters argld consistent.

FALSE If the parameters are ngtd consistent.
Note

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

Author(s)
W.H. Asquith
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References
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

Examples

para <- vec2par(c(123,34,4,3),type="gld")
if(are.pargld.valid(para)) Q <- quagld(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchEedlp are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@fglo , quaglo , andlimomglo require consistent parameters to return the
cumulative probability (honexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlaee.parglo.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parglo.valid(para)

Arguments

para A distribution parameter list returned Iparglo
Value

TRUE If the parameters arglo consistent.

FALSE If the parameters are ngto consistent.
Note

This function callds.glo  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.glo

Examples

para <- parglo(Imom.ub(c(123,34,4,654,37,78)))
if(are.parglo.valid(para)) Q <- quaglo(0.5,para)

are.pargno.valid Are the Distribution Parameters Consistent with the Generalized Nor-
mal Distribution

Description

The distribution parameter object returned by functions of this package suchpsdno are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functionsfifgno , quagno , andimomgno require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.pargno.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.pargno.valid(para)

Arguments

para A distribution parameter list returned ipargno .
Value

TRUE If the parameters argno consistent.

FALSE If the parameters are ngho consistent.
Note

This function callds.gno  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.gno

Examples

para <- pargno(lImom.ub(c(123,34,4,654,37,78)))
if(are.pargno.valid(para)) Q <- quagno(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchpmedpa are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functionsffgpa , quagpa , andimomgpa require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.pargpa.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.pargpa.valid(para)

Arguments

para A distribution parameter list returned ipargpa .
Value

TRUE If the parameters argpa consistent.

FALSE If the parameters are ngpa consistent.
Note

This function callds.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

Examples

para <- pargpa(lmom.ub(c(123,34,4,654,37,78)))
if(are.pargpa.valid(para)) Q <- quagpa(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchpdiym are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functionsfifgum , quagum, andimomgumrequire consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.pargum.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.pargum.valid(para)

Arguments

para A distribution parameter list returned ipargum .
Value

TRUE If the parameters argum consistent.

FALSE If the parameters are ngum consistent.
Note

This function callds.gum 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.gum

Examples

para <- pargum(lmom.ub(c(123,34,4,654,37,78)))
if(are.pargum.valid(para)) Q <- quagum(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchmskap are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@ifkap , quakap , andimomkap require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.parkap.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parkap.valid(para)

Arguments

para A distribution parameter list returned iparkap .
Value

TRUE If the parameters atleap consistent.

FALSE If the parameters are nip consistent.
Note

This function callds.kap  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.kap

Examples

para <- parkap(Imom.ub(c(123,34,4,654,37,78)))
if(are.parkap.valid(para)) Q <- quakap(0.5,para)

are.parnor.valid Are the Distribution Parameters Consistent with the Normal Distribu-
tion

Description

The distribution parameter object returned by functions of this package suchpsroyr are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@fnor , quanor , andlimomnor require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.parnor.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parnor.valid(para)

Arguments

para A distribution parameter list returned Iparnor .
Value

TRUE If the parameters angor consistent.

FALSE If the parameters are nabr consistent.
Note

This function callds.nor  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.nor

Examples

para <- parnor(Imom.ub(c(123,34,4,654,37,78)))
if(are.parnor.valid(para)) Q <- quanor(0.5,para)

are.parpe3.valid Are the Distribution Parameters Consistent with the Pearson Type Il
Distribution

Description

The distribution parameter object returned by functions of this package suchps®B3 are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@fpe3 , quape3 , andimompe3 require consistent parameters to return the
cumulative probability (nonexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlage.parpe3.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parpe3.valid(para)

Arguments

para A distribution parameter list returned iparpe3 .
Value

TRUE If the parameters ange3 consistent.

FALSE If the parameters are npe3 consistent.
Note

This function callds.pe3 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.pe3

Examples

para <- parpe3(Imom.ub(c(123,34,4,654,37,78)))
if(are.parpe3.valid(para)) Q <- quape3(0.5,para)

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

Description

This function is a dispatcher on top of taee.parCCC.valid functions, wheréCCCrepresents
the distribution type:exp, gam, gev, glo , gno, gpa, gum, kap, nor , pe3, or wak. Inter-
nally, this function is called only byec2par in the process of converting a vector into a proper
distribution parameter object for this package.

Usage

are.par.valid(para)

Arguments
para A distribution parameter object having at least attribtiype andpara .
Value
TRUE If the parameters are consistent with the distribution specified by the type at-
tribute.
FALSE If the parameters are not consistent with the distribution specified by the type
attribute.
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.
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See Also

vec2par

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(0.5,para)

if(are.parexp.valid(para)) Q <- quaexp(0.5,para)

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

Description

The distribution parameter object returned by functions of this package suchpsvwgk are
consistent with the corresponding distribution, otherwise a list would not have been returned. How-
ever, other functions@fwak , quawak , andimomwak require consistent parameters to return the
cumulative probability (honexceedance), quantile, and L-moments of the distribution, respectively.
These functions internally use tlaee.parwak.valid function. The FORTRAN source code

of Hosking provides the basis for the function.

Usage

are.parwak.valid(para)

Arguments

para A distribution parameter list returned Iparwak .
Value

TRUE If the parameters angak consistent.

FALSE If the parameters are natak consistent.
Note

This function callgs.wak 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.wak

Examples

para <- parwak(lImom.ub(c(123,34,4,654,37,78)))
if(are.parwak.valid(para)) Q <- quawak(0.5,para)

cdfcau Cumulative Distribution Function of the Cauchy Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Cauchy
distribution given parameterg &nda) of the distribution provided byec2par . The cumulative
distribution function of the distribution is

t r—§
Fa) = 23 o5

™

where F'(z) is the nonexceedance probability for quantilef is a location parameter andis a
scale parameter.

Usage

cdfcau(x, para)

Arguments

X A real value.

para The parameters fromec2par or similar.
Value

Nonexceedance probability] for .

Author(s)
W.H. Asquith

References

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

guacau , vec2par

Examples

para <- c(12,12)
cdfcau(50,vec2par(para,type='cau’))

cdfexp Cumulative Distribution Function of the Exponential Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Exponential
distribution given parameterg &ndc) of the distribution computed byarexp . The cumulative
distribution function of the distribution is

F(l‘) 1 e(_(aﬁ’_f))

whereF'(x) is the nonexceedance probability for the quantil€ is a location parameter andis
a scale parameter.

Usage

cdfexp(x, para)

Arguments

X A real value.

para The parameters fromarexp or similar.
Value

Nonexceedance probability] for z.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quaexp , parexp
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Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfexp(50,parexp(Imr))

cdfgam Cumulative Distribution Function of the Gamma Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Gamma
distribution given parameters: @ndg) of the distribution computed byargam . The cumulative
distribution function of the distribution has no explicit form, wherés a shape parameter ands

a scale parameter in the R syntax.

Usage

cdfgam(x, para)

Arguments

X A real value.

para The parameters fropargam or similar.
Value

Nonexceedance probability] for .

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quagam, pargam

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfgam(50,pargam(Imr))
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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 parametefsd, andx) of the distribution computed hyargev .
The cumulative distribution function of the distribution is

F(z)=¢e°¢
Yy=—K 1log<1— (I_O)
!
fork #0
y=(z—§)/a
fork =0

whereF'(x) is the nonexceedance probability for quantile is a location parameted is a scale
parameter, and is a shape parameter.

Usage

cdfgev(x, para)

Arguments

X A real value.

para The parameters fropargev or similar.
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 combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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.
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See Also

quagev , pargev

Examples

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

cdfglo Cumulative Distribution Function of the Generalized Logistic Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the Generalized
Logistic distribution given parameters, (x, andk) of the distribution computed byarglo . The
cumulative distribution function of the distribution is

Fx)=1/(1+e7Y)

wherey is
1 . K(x —§)
Y Kk~ " log <1 " >
for k #0
=(z—-§)/a
fork =0

whereF'(z) is the nonexceedance probability for quantile is a location parameted is a scale
parameter, and is a shape parameter.

Usage

cdfglo(x, para)

Arguments

X A real value.

para The parameters froparglo or similar.
Value

Nonexceedance probability] for .

Author(s)
W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quaglo , parglo

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfglo(50,parglo(Imr))

cdfgno Cumulative Distribution Function of the Generalized Normal Distri-
bution

Description

This function computes the cumulative probability or nonexceedance probability of the Generalized
Normal distribution given parameter, ¢, andx) of the distribution computed byargno . The
cumulative distribution function of the distribution is

where® is the cumulative ditribution function of the standard normal distributionzaisd

y=—r""log (1 — W)

fork #0

y=(r—-§)/a

fork =0
whereF'(x) is the nonexceedance probability for quantile is a location parameted is a scale

parameter, and is a shape parameter.
Usage

cdfgno(x, para)

Arguments

X A real value.
para The parameters fromargno or similar.
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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 combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quagno , pargno

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfgno(50,pargno(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 parametets {, andx) of the distribution computed byargpa . The
cumulative distribution function of the distribution is

Flz)=1—-¢"Y
wherey is
_ 1 Kz —§)
y=—kr""log (1 - )
fork #0
y=(xz—-¢)/A
fork =0

whereF'(x) is the nonexceedance probability for quantile is a location parameted is a scale
parameter, and is a shape parameter.
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Usage

cdfgpa(x, para)

Arguments

X A real value.

para The parameters fropargpa or similar.
Value

Nonexceedance probability] for z.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quagpa , pargpa

Examples

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

cdfgum Cumulative Distribution Function of the Gumbel Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Gumbel
distribution given parameterg &ndc) of the distribution computed byargum . The cumulative
distribution function of the distribution is

where F'(z) is the nonexceedance probability for quantiles is a location parameter, andis a
scale parameter.

Usage

cdfgum(x, para)
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Arguments

X A real value.

para The parameters fropargum or similar.
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 combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

guagum, pargum

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfgum(50,pargum(imr))

cdfkap Cumulative Distribution Function of the Kappa Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Kappa dis-
tribution given parameters («, andx, h) of the distribution computed hyarkap . The cumulative
distribution function of the distribution is

- 1-n (- 229"

whereF'(z) is the nonexceedance probability for quantile is a location parameted is a scale
parameters is a shape parameter, ahds another shape parameter.

1/h

Usage

cdfkap(x, para)
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Arguments

X A real value.

para The parameters fromarkap or similar.
Value

Nonexceedance probability] for .

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quakap , parkap

Examples

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

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 computeg@dmnor . The cumulative distribution
function of the distribution is

F(z) = ®(x — /o)

whereF'(z) is the nonexceedance probability for quantilg. is the arithmetic mean, andis the
standard deviation, anblis the cumulative distribution function of the standard normal distribution.

Usage

cdfnor(x, para)
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Arguments

X A real value.

para The parameters fromarnor or similar.
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 combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quanor , parnor

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfnor(50,parnor(Imr))

cdfpe3 Cumulative Distribution Function of the Pearson Type Il Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Pearson
Type lll distribution given parameters,(«, and+) of the distribution computed byarpe3 . The
cumulative distribution function of the distribution is

G (a, TT_s)

whereF'(z) is the nonexceedance probability for quantil&- is the incomplete gamma function,
is the gamma functiorg, is a location parametet, is a scale parameter, ands a shape parameter.

Usage

cdfpe3(x, para)
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Arguments

X A real value.

para The parameters fromarpe3 or similar.
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 combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

quape3 , parpe3

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfpe3(50,parpe3(Imr))

cdfwak Cumulative Distribution Function of the Wakeby Distribution

Description

This function computes the cumulative probability or nonexceedance probability of the Wakeby
distribution given parametersg,(«, 3, v, andd) of the distribution computed bgarwak . The
cumulative distribution function of the distribution has no explicit form.

Usage

cdfwak(x, wakpara)

Arguments

X A real value.

wakpara The parameters froparwak or similar.
Value

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

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

guawak , parwak

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
cdfwak(50,parwak(Imr))

freq.curve.all Compute Frequency Curve for All Distributions

Description

This function is dispatcher on top of the suitefefg.curve.CCC  functions that compute fre-
quency curves for the L-moments. Frequency curves in hydrologic science is a term typically
renaming the more conventional quantile function. The notafiGrepresents the three character
notation for the distributionexp , gam, gev, glo , gno, gpa, gum, kap, nor , pe3, andwak.

Usage

freg.curve.all(Imom)

Arguments

Imom A L-moment object fromimom.ub or similar.

Value

An extensive Rist  of frequency curves.

Author(s)
W.H. Asquith

See Also
freq.curve.exp ,freq.curve.gam | freqg.curve.gev , freg.curve.glo , freg.curve.gno
freq.curve.gpa ,freq.curve.gum |, freq.curve.kap , freg.curve.nor , freq.curve.pe3

andfreq.curve.wak
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freq.curve.cau Frequency Curve of the Cauchy Distribution

Description

This function returns the quantiles of the Cauchy distribution given a vector of honexceedance
probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis
efficiency.

Usage

freq.curve.cau(fs, para)

Arguments

fs Vector of nonexceedance probabilities.

para Parameters of the distribution as framec2par .
Value

A vector of quantiles for the distribution.

Author(s)

W.H. Asquith

References

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

See Also

guacau , honexceeds

Examples

fs <- nonexceeds()
para <- vec2par(c(12,12),type='cau’)
plot(fs,freq.curve.cau(fs,para))
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freq.curve.exp Frequency Curve of the Exponential Distribution

Description

This function returns the quantiles of the Exponential distribution given a vector of nonexceedance
probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis
efficiency.

Usage

freq.curve.exp(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrarexp .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parexp , quaexp , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- parexp(Imr)
plot(fs,freq.curve.exp(fs,para))
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freq.curve.gam Frequency Curve of the Gamma Distribution

Description

This function returns the quantiles of the Gamma distribution given a vector of nonexceedance

probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis

efficiency.

Usage

freq.curve.gam(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frggargam .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargam, quagam, nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- pargam(Imr)
plot(fs,freq.curve.gam(fs,para))
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freq.curve.gev Frequency Curve of the Generalized Extreme Value Distribution

Description

This function returns the quantiles of the Generalized Extreme Value distribution given a vector
of nonexceedance probabilities and the parameters of the distribution. Because in magnitude and
frequency analysis the frequency curve is typically the objective, this is a convenient function to
increase analysis efficiency.

Usage

freq.curve.gev(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frgrargev .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargev , quagev , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- pargev(Imr)
plot(fs,freq.curve.gev(fs,para))



38 freq.curve.gld

freq.curve.gld Frequency Curve of the Generalized Lambda Distribution

Description

This function returns the quantiles of the Generalized Lambda distribution given a vector of nonex-
ceedance probabilities and the parameters of the distribution. Because in magnitude and frequency
analysis the frequency curve is typically the objective, this is a convenient function to increase
analysis efficiency.

Usage

freq.curve.gld(fs, para)

Arguments

fs Vector of nonexceedance probabilities.

para Parameters of the distribution as framec2par .
Value

A vector of quantiles for the distribution.

Author(s)

W.H. Asquith

References

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

quagld , nonexceeds

Examples

fs <- nonexceeds()
para <- vec2par(c(123,34,4,3),type="gld")
plot(fs,freq.curve.gld(fs,para))
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freq.curve.glo Frequency Curve of the Generalized Logistic Distribution

Description

This function returns the quantiles of the Generalized Logistic distribution given a vector of nonex-
ceedance probabilities and the parameters of the distribution. Because in magnitude and frequency
analysis the frequency curve is typically the objective, this is a convenient function to increase
analysis efficiency.

Usage

freq.curve.glo(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqrarglo
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parglo ,quaglo , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- parglo(Imr)
plot(fs,freq.curve.glo(fs,para))
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freq.curve.gno Frequency Curve of the Generalized Normal Distribution

Description

This function returns the quantiles of the Generalized Normal (log-Normal) distribution given a
vector of nonexceedance probabilities and the parameters of the distribution. Because in magnitude
and frequency analysis the frequency curve is typically the objective, this is a convenient function
to increase analysis efficiency.

Usage

freq.curve.gno(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrargno .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargno , quagno , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- pargno(lmr)
plot(fs,freq.curve.gno(fs,para))
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freq.curve.gpa Frequency Curve of the Generalized Pareto Distribution

Description

This function returns the quantiles of the Generalized Pareto distribution given a vector of nonex-
ceedance probabilities and the parameters of the distribution. Because in magnitude and frequency
analysis the frequency curve is typically the objective, this is a convenient function to increase
analysis efficiency.

Usage

freq.curve.gpa(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrargpa .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargpa , quagpa , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- pargpa(lmr)
plot(fs,freq.curve.gpa(fs,para))
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freq.curve.gum Frequency Curve of the Gumbel Distribution

Description

This function returns the quantiles of the Gumbel distribution given a vector of nonexceedance
probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis
efficiency.

Usage

freq.curve.gum(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frggargum .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargum, quagum, nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- pargum(lmr)
plot(fs,freq.curve.gum(fs,para))
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freq.curve.kap Frequency Curve of the Kappa Distribution

Description

This function returns the quantiles of the Kappa distribution given a vector of nonexceedance prob-
abilities and the parameters of the distribution. Because in magnitude and frequency analysis the
frequency curve is typically the objective, this is a convenient function to increase analysis effi-
ciency.

Usage

freq.curve.kap(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrarkap .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parkap , quakap , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(13,34,4,65,37,78,60,450,23,13,340))
para <- parkap(Imr)

plot(fs,freq.curve.kap(fs,para))
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freq.curve.nor Frequency Curve of the Normal Distribution

Description

This function returns the quantiles of the Normal distribution given a vector of nhonexceedance
probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis
efficiency.

Usage

freq.curve.nor(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrarnor .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parnor , quanor , honexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- parnor(lmr)
plot(fs,freq.curve.nor(fs,para))
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freq.curve.pe3 Frequency Curve of the Pearson Type Il Distribution

Description

This function returns the quantiles of the Pearson Type Ill distribution given a vector of nonex-
ceedance probabilities and the parameters of the distribution. Because in magnitude and frequency
analysis the frequency curve is typically the objective, this is a convenient function to increase
analysis efficiency.

Usage

freq.curve.pe3(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frqgrarpe3 .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parpe3 , quape3d, nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- parpe3(Imr)
plot(fs,freq.curve.pe3(fs,para))
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freq.curve.wak Frequency Curve of the Wakeby Distribution

Description

This function returns the quantiles of the Wakeby distribution given a vector of nonexceedance
probabilities and the parameters of the distribution. Because in magnitude and frequency analysis
the frequency curve is typically the objective, this is a convenient function to increase analysis
efficiency.

Usage

freq.curve.wak(fs, para)

Arguments
fs Vector of nonexceedance probabilities.
para Parameters of the distribution as frgrarwak .
Value

A vector of quantiles for the distribution.

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parwak , quawak , nonexceeds

Examples

fs <- nonexceeds()

Imr <- Imom.ub(c(123,34,4,654,37,78))
para <- parwak(lmr)
plot(fs,freq.curve.wak(fs,para))
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INT.check.fs INTernal Function to Check Vector of Nonexceedance Probabilities

Description

This function checks that a nonexceedance probabilifyi¢ in the0 < ' < 1 range. It does not
check that the distribution whether the function as specified by current parameters if valie=for

or F' = 1. End point checking is left to additional internal checks within the functions implementing
the distribution. The function is intended for internal use within this library to build logic flow
throughout the distribution functions. Users are not expected to need this function themselves. The
INT.check.fs function is separate because of the heavy use of the logic across a myriad of
functions in this package.

Usage

INT.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

freq.curve.exp ,freq.curve.gam | freqg.curve.gev , freg.curve.glo , freg.curve.gno
freq.curve.gpa ,freq.curve.gum | freq.curve.kap , freg.curve.nor , freq.curve.pe3
andfreq.curve.wak

INT.kapicasel INTernal Function for Kappa Distribution—ICASE 1

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage

INT.kapicasel(U, A, G, H)
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Arguments

U Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.

See Also

Imomkap

INT.kapicase2 INTernal Function for Kappa Distribution—ICASE 2

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage

INT.kapicase2(U, A, G, H)

Arguments

U Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.
See Also

Imomkap

INT.kapicase3 INTernal Function for Kappa Distribution—ICASE 3

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage

INT.kapicase3(U, A, G, H)

Arguments

U Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.
See Also

Imomkap
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INT.kapicase4 INTernal Function for Kappa Distribution—ICASE 4

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage
INT.kapicase4(U, A, G, H)

Arguments

] Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.
See Also

Imomkap

INT.kapicaseb5 INTernal Function for Kappa Distribution—ICASE 5

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage

INT.kapicase5(U, A, G, H)
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Arguments

U Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.

See Also

Imomkap

INT.kapicase6 INTernal Function for Kappa Distribution—ICASE 6

Description

This is an internal function supporting flags named ICASE in the Hosking FORTRAN algorithms
related to the processing of the Kappa distribution. Users are not expected to have any need to use
this function themselves.

Usage

INT.kapicase6(U, A, G, H)

Arguments

U Location parameter of Kappa distribution.

A Scale parameter of Kappa distribution.

G Shape parameter of Kappa distribution.

H Higher-shape parameter of Kappa distribution.
Value

The Probability-Weighted Moments of the Kappa distribution for the ICASE number.

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.

See Also

Imomkap

is.cau Is a Distribution Parameter Object Typed as Cauchy

Description

The distribution parameter object returned by functions of this module such ascBpar are
typed by an attributéype . This function checks that type @au for the Cauchy distribution.

Usage

is.cau(para)

Arguments

para A parametefist returned fromvec2par .

Value

TRUE If the type attribute iscau .
FALSE If the type is notcau .

Author(s)

W.H. Asquith

See Also

vec2par

Examples

para <- vec2par(c(12,12),type='cau’)
if(is.cau(para) == TRUE) {

Q <- quacau(0.5,para)
}
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is.exp Is a Distribution Parameter Object Typed as Exponential

Description
The distribution parameter object returned by functions of this module such parbyp are
typed by an attributéype . This function checks that type &xp for the Exponential distribution.
Usage

is.exp(para)

Arguments

para A parametefist  returned fronparexp .

Value

TRUE If the type attribute isexp .
FALSE If the type is notexp.

Author(s)
W.H. Asquith

See Also

parexp

Examples

para <- parexp(Imom.ub(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 this module such parggm are
typed by an attributéype . This function checks that type gamfor the Gamma distribution.
Usage

is.gam(para)

Arguments

para A parametetist  returned frompargam .
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Value

TRUE If the type attribute isgam
FALSE If the type is notgam.

Author(s)
W.H. Asquith

See Also

pargam

Examples

para <- pargam(lmom.ub(c(123,34,4,654,37,78)))
ifis.gam(para) == TRUE) {
Q <- quagam(0.5,para)

}
is.gev Is a Distribution Parameter Object Typed as Generalized Extreme
Value
Description

The distribution parameter object returned by functions of this module such parggv are
typed by an attributéype . This function checks that type gev for the Generalized Extreme
Value distribution.

Usage

is.gev(para)

Arguments

para A parametefist returned fronpargev .

Value

TRUE If the type attribute isgev .
FALSE If the type is notgev.

Author(s)
W.H. Asquith

See Also

pargev
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Examples

para <- pargev(Imom.ub(c(123,34,4,654,37,78)))
if(is.gev(para) == TRUE) {

Q <- quagev(0.5,para)
}

is.gld Is a Distribution Parameter Object Typed as Generalized Lambda

Description

The distribution parameter object returned by functions of this module such ascBpar are
typed by an attributéype . This function checks that type gid for the Generalized Lambda
distribution.

Usage

is.gld(para)

Arguments

para A parametefist returned fromvec2par .

Value

TRUE If the type attribute isgld .
FALSE If the type is notgld .

Author(s)

W.H. Asquith

See Also

quagld

Examples

para <- vec2par(c(123,120,3,2),type="gld")
if(is.gld(para) == TRUE) {

Q <- quagld(0.5,para)
}
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is.glo Is a Distribution Parameter Object Typed as Generalized Logistic

Description

The distribution parameter object returned by functions of this module such parblo are
typed by an attributéype . This function checks that type go for the Generalized Logistic
distribution.

Usage

is.glo(para)

Arguments

para A parametelist returned fromparglo

Value

TRUE If the type attribute isglo .
FALSE If the type is notglo .

Author(s)
W.H. Asquith

See Also

parglo

Examples

para <- parglo(Imom.ub(c(123,34,4,654,37,78)))
if(is.glo(para) == TRUE) {

Q <- quaglo(0.5,para)
}

is.gno Is a Distribution Parameter Object Typed as Generalized Normal

Description

The distribution parameter object returned by functions of this module such pargpo are
typed by an attributéype . This function checks that type gno for the Generalized Normal
distribution.

Usage

is.gno(para)
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Arguments

para A parametetist  returned fronpargno .

Value

TRUE If the type attribute isgno.
FALSE If the type is notgno.

Author(s)
W.H. Asquith

See Also

pargno

Examples

para <- pargno(lmom.ub(c(123,34,4,654,37,78)))
ifis.gno(para) == TRUE) {

Q <- quagno(0.5,para)
}

is.gpa Is a Distribution Parameter Object Typed as Generalized Pareto

Description
The distribution parameter object returned by functions of this module suchpasdpya are typed
by an attributdype . This function checks that type ggpa for the Generalized Pareto distribution.
Usage
is.gpa(para)
Arguments

para A parametelist  returned fronpargpa .

Value

TRUE If the type attribute isgpa.
FALSE If the type is notgpa.

Author(s)
W.H. Asquith

See Also

pargpa



58 is.gum

Examples

para <- pargpa(lmom.ub(c(123,34,4,654,37,78)))
if(is.gpa(para) == TRUE) {

Q <- quagpa(0.5,para)
}

is.gum Is a Distribution Parameter Object Typed as Gumbel

Description

The distribution parameter object returned by functions of this module such pargym are
typed by an attributéype . This function checks that type gaimfor the Gumbel distribution.

Usage

is.gum(para)

Arguments

para A parametefist returned fronpargum.

Value

TRUE If the type attribute isgum.
FALSE If the type is notgum.

Author(s)

W.H. Asquith

See Also

pargum

Examples

para <- pargum(lmom.ub(c(123,34,4,654,37,78)))
ifis.gum(para) == TRUE) {

Q <- quagum(0.5,para)
}
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is.kap Is a Distribution Parameter Object Typed as Kappa

Description
The distribution parameter object returned by functions of this module such parkgp are
typed by an attributéype . This function checks that type kap for the Kappa distribution.
Usage

is.kap(para)

Arguments

para A parametefist returned fronparkap .

Value

TRUE If the type attribute iskap .
FALSE If the type is notkap.

Author(s)
W.H. Asquith

See Also

parkap

Examples

para <- parkap(Imom.ub(c(123,34,4,654,37,78)))
if(is.kap(para) == TRUE) {

Q <- quakap(0.5,para)
}

is.nor Is a Distribution Parameter Object Typed as Normal

Description
The distribution parameter object returned by functions of this module such parhgr are
typed by an attributéype . This function checks that type ior for the Normal distribution.
Usage

is.nor(para)

Arguments

para A parametefist  returned fronparnor .
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Value

TRUE If the type attribute isnor .
FALSE If the type is notnor .

Author(s)
W.H. Asquith

See Also

parnor

Examples

para <- parnor(Imom.ub(c(123,34,4,654,37,78)))
if(is.nor(para) == TRUE) {

Q <- quanor(0.5,para)
}

is.pe3 Is a Distribution Parameter Object Typed as Pearson Type |l

Description
The distribution parameter object returned by functions of this module suchpesig3 are typed
by an attributaype . This function checks that type @3 for the Pearson Type IlI distribution.
Usage

is.pe3(para)

Arguments

para A parametetist  returned fronparpe3 .

Value

TRUE If the type attribute ispe3.
FALSE If the type is notpe3.

Author(s)
W.H. Asquith

See Also

parpe3

Examples

para <- parpe3(Imom.ub(c(123,34,4,654,37,78)))
if(is.pe3(para) == TRUE) {

Q <- quape3(0.5,para)
}
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is.wak Is a Distribution Parameter Object Typed as Wakeby

Description
The distribution parameter object returned by functions of this module such parbsak are
typed by an attributéype . This function checks that type vgak for the Wakeby distribution.
Usage

is.wak(para)

Arguments

para A parametelfist returned fronparwak .

Value

TRUE If the type attribute iswak.
FALSE If the type is notwak.

Author(s)
W.H. Asquith

See Also

parwak

Examples

para <- parwak(lImom.ub(c(123,34,4,654,37,78)))
if(is.wak(para) == TRUE) {

Q <- quawak(0.5,para)
}

Lcomoment.coefficients
L-comoment Coefficient Matrix

Description

Compute the L-comoment coefficients from an L-comoment matrix of deder2 and thek = 2
(2nd order) L-comoment matrix. This function requires that each matrix is already computed by
the functionLcomoment.matrix

Usage

Lcomoment.coefficients(Lk,L2)



62 Lcomoment.coeftficients

Arguments
Lk A k > 2 L-comoment matrix fromLcomoment.matrix
L2 A k = 2 L-comoment matrix fronh.comoment.matrix(Dataframe,k=2)

Details
L-correlation is computed bicomoment.coefficients(L2,L2) wherelL2 isak = 2 L-
comoment matrix. L-coskew, L-cokurtosis, and so on are computéddapoment.coefficients(L3,L2)
Lcomoment.coefficients(L4,L2) , and so on. The usual univariate L-moments as seen

from Imom.ub are along the diagonal. This function does not make udemofm.ub . The L-
correlation is computed by extraction of the diagonal and dividing each row in the matrix by the
corresponding value from the diagonal.

Value

AnRIlist isreturned.

type The type of L-comoment representation in the matrix: “L.comoment.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 hamespace
is preserved. L-comoments are new in the literature and experimental in this package. By us-
ing a capital letter now, thelscomoment.coefficients remains an available name in future

releases.

Author(s)
W.H. Asquith

Source

Serfling and Xiao (2006).

References

Serfling, R., and Xiao, P., 2006, Multivariate L-moments, preprint.

See Also

Imom.ub , Lcomoment.matrix , Lcomoment.coefficients

Examples
D <- data.frame(X1=rnorm(30),X2=rnorm(30),X3=rnorm(30))
L2 <- Lcomoment.matrix(D,k=2)
L3 <- Lcomoment.matrix(D,k=3)

LKTAU3 <- Lcomoment.coefficients(L3,L2)
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Lcomoment.correlation
L-correlation Matrix (L-correlation throught sample L-comoments)

Description

Compute the L-correlation from an L-comoment matrix of orkler 2. This function assumes that
each matrix is already computed by the functi@mmmoment.matrix

Usage

Lcomoment.correlation(L2)

Arguments
L2 A k = 2 L-comoment matrix fronb.comoment.matrix(Dataframe,k=2)
Details
L-correlation is computed blycomoment.coefficients(L2,L2) where L2 is second order

L-comoment matrix. The usual L-scale values as seen fnoom.ub are along the diagonal. This
function does not make uselofiom.ub and can be used to verify computationrofcoefficient of
L-variation).

Value

AnRlist isreturned.

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. L-comoments are new in the literature and experimental in this package. By using a
capital letter now, theltomoment.correlation remains an available name in future releases.

Author(s)
W.H. Asquith

Source

Serfling and Xiao (2006).

References

Serfling, R., and Xiao, P., 2006, Multivariate L-moments, preprint.
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See Also

Imom.ub , 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)

Lcomoment.Lk12 Compute a Single Sample L-comoment

Description

Compute the L-comoment\f,.,;) for a given pair of random variables. The order of the L-
comoments is specified.

Usage

Lcomoment.Lk12(X1,X2,k=1)

Arguments

X1 An array of random variables.

X2 Another array of random variables.

k The order of the L-comoment to compute. The default is 1.
Details

L-comoments are computed from the concomitants of X2. That is, X2 is sorted in ascending order
to create the order statistics of X2. X1 is in turn reshuffled to the order of X2 for form the con-
comitants of X2 (denoted a¥ (?)). The concomitants are inturn used in a weighted summation
and expectation calculation to compute the L-comoment of X1 to X2. The inverse can also be done
(Lcomoment.Lk12(X2,X1,k=1) ) and is not necessarily equal tacomoment.Lk12(X1,X2,k=1) ).
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 (2006). The weights for the computation are derived from
calls byL.comoment.Lk12 toLcomoment.WKk .

n
5 R k) x(12)
)\k:[12] =n~" waﬂzr)zX[r:n]
r=1

The concomitants of X1X (1)) are formed by sorted X1 in ascending order and in turn shuffling
X2 by the order of X1. By symmetry the L-comoment is

5\/«[21] =n"! wa(ok)LX[(rzL)]
r=1

Value

A single L-comoment.
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Note

The function begins with a capital letter. This is intentionally done so that lower case namespace
is preserved. L-comoments are new in the literature and experimental in this package. By using a
capital letter now, thelcomoment.Lk12 remains an available name in future releases.

Author(s)

W.H. Asquith

Source

Serfling and Xiao (2006).

References

Serfling, R., and Xiao, P., 2006, Multivariate L-moments, preprint.

See Also

Lcomoment.matrix , Lcomoment.Wk

Examples

X1  <- rnorm(20)
X2 <- rnorm(20)
Lk12 <- Lcomoment.Lk12(X1,X2,k=1)

Lcomoment.matrix Compute Sample L-comoment Matrix

Description

Compute the L-comoments from a rectangwlata.frame  contain arrays of random variables.
The order of the L-comoments is specified.

Usage

Lcomoment.matrix(DATAFRAME k=1)

Arguments

DATAFRAME A conventialdata.frame thatis rectangular

k The order of the L-comoments to compute. Default is 1
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Details

L-comoments are computed for each item indag¢a.frame . L-comoments of ordet = 1 are
means and comeans. L-coments of orklet 2 are L-scale and L-coscale values. L-comoments
of orderk = 3 are L-skew and L-coskews. L-comoments of oréee 4 are L-kurtosis and L-
cokurtosis, and so on. The usual univariate L-moments of order k as seerdnfimmub are
along the diagonal. This function does not make usknmim.ub . The Lcomoment.matrix
function callsL.comment.Lk12 for each cell in the matrix. The L-comoment matrix tbrandom
variables is

A = (Axpij)
computed over the pairs{(¥, X@)), 1 < 4,1 < d.

Value

AnRIlist isreturned.

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.

Note

The function begins with a capital letter. This is intentionally done so that lower case namespace
is preserved. L-comoments are new in the literature and experimental in this package. By using a
capital letter now, thelcomoment.matrix remains an available name in future releases.

Author(s)
W.H. Asquith

Source

Serfling and Xiao (2006).

References

Serfling, R., and Xiao, P., 2006, Multivariate L-moments, preprint.

See Also

Lcomoment.Lk12 , Lcomoment.coefficients , Imom.ub

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)
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Lcomoment.Wk Weighting Coefficient for Sample L-comoment

Description
Compute the weight factors for computation of an L-comoment for dkderder statistia , and
sample sizan.

Usage

Lcomoment.Wk(k,r,n)

Arguments
k Order of L-comoment being computed by parent callsdcomoment.Wk .
r Order statistic index involved.
n Sample size.

Details

This function computes the weight factors needed to calculation L-comoments and is interfaced or

used byl comoment.Lk12 . This function is not necessarily for end users. The weight factdr
is the discrete Legendre polynomial. The weight factors are well illustrated in figure 2.6 of Hosking
and Wallis (1997).

(k=1\j)

min{r—1,k—1}

wh = 3T DI (R0 ) (k=140 ) (n-1\ ) (r-1\)

Jj=0

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. L-comoments are new in the literature and experimental in this package. By using a
capital letter now, theftcomoment.Wk remains an available name in future releases.

Author(s)
W.H. Asquith

Source

Serfling and Xiao (2006).
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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.

Serfling, R., and Xiao, P., 2006, Multivariate L-moments, preprint.

See Also

Lcomoment.Wk

Examples

Wk <- Lcomoment.Wk(2,3,5)

# 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)) WKkK[r] <- Lcomoment.Wk(3,r,20)

# plot(seq(1,20),WkK)

Imom2par Convert L-moments to the the Parameters of a Distribution

Description

This function converts the L-moments of the data to the parameters of a distribution. The type of
distribution is specified in the argument ligxp , gam, gev, glo , gno, gpa, gum, kap, nor ,
pe3, orwak.

Usage

Imom2par(lImom, type)

Arguments
Imom An L-moment object such as that returnediimpm.ub or pwm2lmom
type Three character distribution type (for exampime='gev’ ).

Value

AnRIlist isreturned.

type The type of distribution in three character format.
para The parameters of the distribution.
Author(s)

W.H. Asquith
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References
Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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
Imom2par

Examples
Imr <- Imom.ub(rnorm(20))
para <- Imom2par(Imr,type="nor’)

frompara <- par2lmom(para)
Imom.diff(frompara,lmr)

Imom2pwm 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
relation between L-moments and PWMs is shown ypitym2lmom

Usage

Imom2pwm(Imom)

Arguments

Imom An L-moment object created Bgnom.ub or similar.

Details

The Probability Weighted Moments (PWMSs) are linear combinations of the L-moments and there-
fore contain the same statistical information of the data as the L-moments. However, the PWMs
are harder to interpret as measures of probability distributions. The PWMs are included here for
theoretical completeness and are not intended for use with the majority of the other functions im-
plementing the various probability distributions.

Value

AnRIlist isreturned.

BETAO The first PWM—equal to the arithmetic mean.
BETA1 The second PWM.

BETA2 The third PWM.

BETA3 The fourth PWM.

BETA4 The fifth PWM.
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Author(s)
W.H. Asquith

References

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, vol. 15, p. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , pwm.ub, pwm2Imom

Examples

pwm <- Imom2pwm(iImom.ub(c(123,34,4,654,37,78)))

Imom2pwm(Imom.ub(rnorm(100)))

Imom.diff Difference Between L-moments of the Distribution and the L-moments
of the Data

Description

This function computes the difference between the L-moments derived from a parameterized dis-
tribution and the L-moments as computed from the data. This function is useful to characterize the
bias that develops between the theoretical L-moments of a distribution and the L-moments of the
data. This function also is an important test on the algorithms that fit distributions to the L-moments.
The difference is computed as the L-moment from the distribution minus the L-moment of the data.

Usage

Imom.diff(lmomparm, Imomdata)

Arguments

Imomparm L-moments of a distribution such as frqmar2lmom

Imomdata L-moments of the data such as frémom.ub
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Value
[1] "THE FIVE DIFFERENCES BETWEEN L-MOMENTS OF DISTRIBUTION AND DATA"

[1] "Mean L2 TAU3 TAU4  TAU5"
[1] -5.529431e-18 0.000000e+00 0.000000e+00 3.243155e-02

where the five values are the differences between the theoretical L-moments of the fitted distribution
and the sample L-moments of the data (theoretical minus sample) in the titled column.

Author(s)
W.H. Asquith

See Also

par2lmom , Imom2par

Examples

Imr <- Imom.ub(rnorm(40))
para <- Imom2par(Imr, type = 'glo’)
Imom.diff(par2lmom(para),Imr)

Imomexp L-moments of the Exponential Distribution

Description

This function estimates the L-moments of the Exponential distribution given the paranjetecs (
«) from parexp . The L-moments in terms of the parameters are

M=+
)\2 = Oé/?
T3 = 1/3
Ty = 1/6
T5 = 1/10
Usage
Imomexp(para)
Arguments

para The parameters of the distribution.
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Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS5 The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parexp , quaexp , cdfexp

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomexp(parexp(Imr))

Imomgam L-moments of the Gamma Distribution

Description

This function estimates the L-moments of the Gamma distribution given the paraneterd ()

from pargam . The L-moments in terms of the parameters are complicated and solved numerically.
Usage

Imomgam(para)
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Arguments

para The parameters of the distribution.

Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargam, quagam, cdfgam

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomgam(pargam(imr))
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Imomgev L-moments of the Generalized Extreme Value Distribution

Description

This function estimates the L-moments of the Generalized Extreme Value distribution given the
parameters, «, andx) from pargev . The L-moments in terms of the parameters are

)\1=§+%(1—F(1+ﬁ))
Ay = %(1 — 271 + k)

2(1—37")

-3
1—-2-+

T3 —

5(1—47%)—=10(1 =37"%)+6(1—27")

"= 12~
Usage
Imomgev(para)
Arguments
para The parameters of the distribution.
Value
AnRlist isreturned.
L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coefficient of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)

W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargev , quagev , cdfgev

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomgev(pargev(Imr))

Imomglo L-moments of the Generalized Logistic Distribution

Description

This function estimates the L-moments of the Generalized Logistic distribution given the parameters
(&, o, andk) from parglo . The L-moments in terms of the parameters are

1 T
M =Cta (I‘i B sin(mr))

QKT
Ao =
> sin(wm)
T3 — —K
1+ 5k2
BES

Usage

Imomglo(para)

Arguments

para The parameters of the distribution.
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Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parglo , quaglo , cdfglo

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomglo(parglo(Imr))

Imomgno L-moments of the Generalized Normal Distribution

Description

This function estimates the L-moments of the Generalized Normal (log-Normal) distribution given
the parameters( «, andk) from pargno . The L-moments in terms of the parameters are

M= 6+ (1 e r?)
K

Ao = (e 7)(1 - 28(—r/V2))
K
where ® is the cumulative distribution of the standard normal distribution. There are no simple
expressions fots, 74, andrs. Log transformation of the data prior to fitting of the Generalized
Normal distribution is not required.
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Usage

Imomgno(para)

Arguments

para The parameters of the distribution.

Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargno , quagno , cdfgno

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomgno(pargno(Imr))
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Imomgpa L-moments of the Generalized Pareto Distribution

Description

This function estimates the L-moments of the Generalized Pareto distribution given the parameters
(&, a, andk) from pargpa . The L-moments in terms of the parameters are

«
)\ =
1=6F 1+k
«
)\ =
T 0+ R)2+R)
YD
3+ k)
(1-k)(2-k)
T4 =
3+ k)4 + k)
Usage
Imomgpa(para)
Arguments
para The parameters of the distribution.
Value
AnRlist isreturned.
L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.

Author(s)
W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargpa , quagpa , cdfgpa

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomgpa(pargpa(lmr))

Imomgum L-moments of the Gumbel Distribution

Description

This function estimates the L-moments of the Gumbel distribution given the paramgeserd4)
from pargum . The L-moments in terms of the parameters are

A= &4 (05722, )a

A2 = alog(2)
73 = 0.169925
74 = 0.150375
75 = 0.055868
Usage
Imomgum(para)
Arguments

para The parameters of the distribution.
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Value

An Rlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pargum , quagum, cdfgum

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomgum(pargum(imr))

Imomkap L-moments of the Kappa Distribution

Description

This function estimates the L-moments of the Kappa distribution given the paramgtersH|,
andh) from parkap . The L-moments in terms of the parameters are complicated and are solved
numerically.

Usage

Imomkap(para)
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Arguments

para The parameters of the distribution.

Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parkap , quakap , cdfkap

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomkap(parkap(Imr))
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Imomnor L-moments of the Normal Distribution

Description

This function estimates the L-moments of the Normal distribution given the parametensl )
from parnor . The L-moments in terms of the parameters are

AL =p
Ao = /TOo
T3 = 0
74 = 0.122602
Ts = 0
Usage
Imomnor(para)
Arguments
para The parameters of the distribution.
Value
AnRlist isreturned.
L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAU5 The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)

W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parnor , quanor , cdfnor

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomnor(parnor(Imr))

Imompe3 L-moments of the Pearson Type 11l Distribution

Description

This function estimates the L-moments of the Pearson Type Ill distribution given the parargeters (
«, and~) from parpe3 . The L-moments in terms of the parameters are complicated and solved
numerically.

Usage

Imompe3(para)

Arguments

para The parameters of the distribution.

Value

An Rlist isreturned.

L1 Arithmetic mean.

L2 L-scale—analogous to standard deviation.

LCV coefficient of L-variation—analogous to coe. of variation.

TAU3 The third L-moment ratio or L-skew—analogous to skew.

TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAU5 The fifth L-moment ratio.

L3 The third L-moment.

L4 The fourth L-moment.

L5 The fifth L-moment.
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Author(s)
W.H. Asquith

References
Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parpe3 , quape3, cdfpe3

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imompe3(parpe3(Imr))

Imom.references Important References Related to L-moments

Description

A subtantial body of statistical research provides foundation for the theory of L-moments and
demonstration of L-moment theory in practice exists. Whereas, in many ways, J.R.M. Hosking
should be considered the father of L-moments, there are indeed many contributors to L-moment
literature. Further, R. Serfling and P. Xiao in 2006 have taken up the reigns of multivariate L-

moments. A substantial sampling is provided in the documentation of this package for the benefit
of users.

Author(s)
W.H. Asquith

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

Asquith, W.H., 2002, Effects of regulation on L-moments of annual peak streamflow in Texas: U.S.
Geological Survey Water-Resources Investigations Report 01-4243, 66 p.

Asquith, W.H., 2003, Modeling of runoff-producing rainfall hyetographs in Texas using L-moment
statistics: Ph.D. dissertation, University of Texas at Austin, Austin, Texas, 386 p.

Asquith, W.H., and Roussel, 2004, Atlas of depth-duration frequency of precipitation annual max-
ima for Texas: U.S. Geological Survey Scientific Investigations Report 2004-5041, 106 p.

Cunnane, C., 1989, Statistical distributions for flood frequency analysis: World Meteorological
Organization Operational Hydrology Report No. 33, variously paged.
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David, H.A., 1981, Order statistics: John Wiley and Sons Inc., New York, 360 p.
Dingman, S.L., 2002, Physical Hydrology: Prentice Hall, New Jersey, 2nd edition, 646 p.

Evans M., Hastings, N.A.J., and Peacock, J. B., 2000, Statistical distributions, 3rd ed.: John Wiley
and Sons Inc., 221 p.

Fill, H.D., and Stedinger, J.R., 1995, L-moment and probability plot correlation coefficient goodness-
of-fit tests for the Gumbel distribution and impact of autocorrelation: Water Resources Research,
vol. 31, no. 1, pp. 225-229.

Gilchrist, W.G., 2000, Statistical modeling with quantile functions: Chapman and Hall CRC Press,
Boca Raton, Fla., 320 p.

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 expressible in inverse form:
Water Resources Research, vol. 15, pp. 1029-1054.

Haktanir, T., and Bozduman, A., 1995, A study on sensitivity of the probability- weighted moments
method on the choice of the plotting position formula: Journal of Hydrology, vol. 168, pp. 265-281.

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

Hosking, J.R.M., 1989, Some theoretical results concerning L-moments, Research Report RC14492,
IBM Research Division, T.J. Watson Research Center, Yorktown Heights, New York.

Hosking, J.R.M., 1990, L-moments: Analysis and estimation of distributions using linear combina-
tion of order statistics: Journal Royal Statistical Society, B, vol. 52, no. 1, pp. 105-124.

Hosking, J.R.M., 1992, Moments or L moments? An example comparing two measures of distri-
butional shape: The American Statistician., vol 46, no. 3, pp. 186-189.

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

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.

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

Hosking, J.R.M., and Wallis, J.R., 1987, Parameter and quantile estimation for the generalized
Pareto distribution: Technometrics, vol. 29, pp. 339-349.

Hosking, J.R.M., and Wallis, J.R., 1993a, Some statistics useful in regional frequency analysis:
Water Resources Research, vol. 29, no. 2, pp. 271-281.

Hosking, J.R.M., and Wallis, J.R., 1993b, Some statistics useful in regional frequency analysis, Re-
search Report RC-17096, IBM Research Division, T.J. Watson Research Center, Yorktown Heights,
New York, 23 p.

Hosking, J.R.M., and Wallis, J.R., 1995, A comparison of unbiased and plotting- position estimators
of L moments: Water Resources Research, vol. 31, no. 8, pp. 2019-2025.

Hosking, J.R.M., and Wallis, J.R., 1997, Regional frequency analysis-An approach based on L-
moments: Cambridge University Press, 224 p.

Hosking, J.R.M., Wallis, J.R., and Wood, E.F., 1985, Estimation of the generalized extreme-value
distribution by the method of probability-weighted moments: Technometrics, vol. 27, pp. 251-261.

Kaigh, W.D., and Driscoll, M.F., 1987, Numerical and graphical data summary using O-statistics:
The American Statistician, vol. 41, no. 1, pp. 25-32.
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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.

Kirby, W., 1974, Algebraic boundedness of sample statistics: Water Resources Research, vol. 10,
pp. 220-222.

Landwehr, J.M., Matalas, N.C., and Wallis, J.R., 1979a, Probability weighted moments compared
with some traditional techniques in estimating Gumbel parameters and quantiles: Water Resources
Research, vol. 15, no. 5, pp. 1055-1064.

Landwehr, J.M., Matalas, N.C., and Wallis, J.R., 1979b, Estimation of parameters and quantiles of
Wakeby distributions: Water Resources Research, vol. 15, no. 5, pp. 1362-1379.

Schaefer, M.G., 1989, Characteristics of extreme precipitation events in Washington State: Wash-
ington State Department of Ecology Report 89-51, variously paged.

Schaefer, M.G., 1993, Dam safety guidelines technical note 3-Design storm construction: Wash-
ington State Department of Ecology Report 92-55G, variously paged.

Serfling, R., and Xiao, P., 2006, Multivariate L-moments: preprint

Stedinger, J.R., Vogel, R.M., and Foufoula-Georgiou, E., 1992, Frequency analysis of extreme
events, in Handbook of Hydrology, chapter 18, editor-in-chief D. A. Maidment: McGraw-Hill,
New York.

Vogel, R.M., and Fennessey, N.M., 1993, L moment diagrams should replace product moment
diagrams: Water Resources Research, vol. 29, no. 6, pp. 1745-1752.

Wallis, J.R., Matalas, N.C., and Slack, J.R., 1974, Just a moment!: Water Resources Research, vol.
10, pp. 211-219.

Wang, Q.J., 1996a, Using partial probability weighted moments to fit the extreme value distributions
to censored samples: Water Resources Research, vol. 32, no. 6, pp. 1767-1771.

Wang, Q.J., 1996b, Direct sample estimators of L-moments: Water Resources Research, vol. 32,
no. 12., pp. 3617-3619.

Zafirakou-Koulouris, A., Vogel, R.M., Craig, S.M., and Habermeier, J., 1998, L-moment diagrams
for censored observations: Water Resources Research, vol. 34, no. 5, pp. 1241-1249.

Imom.test.all Test All Imom.CCC.test Functions

Description

This function is a dispatcher on top lmiom.CCC.test  functions, whereCCCrepresents distri-
bution: exp, gam, gev, glo , gno, gpa, gum, kap, nor , pe3, andwak. The reason for this
function is provide an example and builtin tool to assess the performance of the algorithms im-
plements the L-moments for the supported univariate distributions functions. This function is to
broadly call each supported distribution in the library through (1) computation of the L-moments
of the data, (2) computation of the corresponding parameters of the distribution, and (3) return
computation of the of the theoretical L-moments of the distribution. The differences between the
sample and theoretical L-moments are producetiiopm.diff . Further the median quantile of

the distribution is computed through the quantile function, and in turn, the median nonexceedance
probability is computed through the cumulative distribution function.

Usage

Imom.test.all(data)
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Arguments

data A vector of data.

Value

This is a high level function and is not intended to return anything other than output to the user.

Author(s)
W.H. Asquith

See Also

Imom.diff , Imom.test.exp , Imom.test.gam , Imom.test.gev , Imom.test.glo ,
Imom.test.gno ,Imom.test.gpa ,Imom.test.gum ,Imom.testkap ,Imom.test.nor
Imom.test.pe3 ,Imom.testwak

Examples

Imom.test.all(c(123,34,4,654,37,78))

Imom.test.exp Test L-moment and Parameter Algorithms of the Exponential Distri-
bution

Description
This function computes the L-moments of the data and the parameters of the Exponential distribu-
tion and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.exp(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomexp, parexp
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Examples

Imom.test.exp(c(123,34,4,654,37,78))

Imom.test.exp(rnorm(50))

Imom.test.gam Test L-moment and Parameter Algorithms of the Gamma Distribution

Description

This function computes the L-moments of the data and the parameters of the Gamma distribution
and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.gam(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)

W.H. Asquith

See Also

Imomgam pargam

Examples

Imom.test.gam(c(123,34,4,654,37,78))

Imom.test.gam(rnorm(50))
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Imom.test.gev Test L-moment and Parameter Algorithms of the Generalized Extreme
Value Distribution

Description

This function computes the L-moments of the data and the parameters of the Generalized Extreme
Value distribution and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.gev(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomgev, pargev

Examples

Imom.test.gev(c(123,34,4,654,37,78))

Imom.test.gev(rnorm(50))

Imom.test.glo Test L-moment and Parameter Algorithms of the Generalized Logistic
Distribution

Description

This function computes the L-moments of the data and the parameters of the Generalized Logistic
distribution and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.glo(data)
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Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomglo , parglo

Examples

Imom.test.glo(c(123,34,4,654,37,78))

Imom.test.glo(rnorm(50))

Imom.test.gno Test L-moment and Parameter Algorithms of the Generalized Normal
Distribution

Description

This function computes the L-moments of the data and the parameters of the Generalized Normal
distribution and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.gno(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith
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See Also

Imomgno, pargno

Examples

Imom.test.gno(c(123,34,4,654,37,78))

Imom.test.gno(rnorm(50))

Imom.test.gpa Test L-moment and Parameter Algorithms of the Generalized Pareto
Distribution

Description

This function computes the L-moments of the data and the parameters of the Generalized Pareto
distribution and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.gpa(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomgpa, pargpa

Examples

Imom.test.gpa(c(123,34,4,654,37,78))

Imom.test.gpa(rnorm(50))
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Imom.test.gum Test L-moment and Parameter Algorithms of the Gumbel Distribution

Description
This function computes the L-moments of the data and the parameters of the Gumbel distribution
and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.gum(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomgum pargum

Examples
Imom.test.gum(c(123,34,4,654,37,78))

Imom.test.gum(rnorm(50))

Imom.test.kap Test L-moment and Parameter Algorithms of the Kappa Distribution

Description
This function computes the L-moments of the data and the parameters of the Kappa distribution and
in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.kap(data)

Arguments

data A vector of data.
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Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomkap, parkap

Examples

Imom.test.kap(c(123,34,4,654,37,78))

Imom.test.kap(rnorm(50))

Imom.test.nor Test L-moment and Parameter Algorithms of the Normal Distribution

Description

This function computes the L-moments of the data and the parameters of the Normal distribution
and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.nor(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomnor , parnor
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Examples

Imom.test.nor(c(123,34,4,654,37,78))

Imom.test.nor(rnorm(50))

Imom.test.pe3 Test L-moment and Parameter Algorithms of the Pearson Type llI Dis-
tribution

Description

This function computes the L-moments of the data and the parameters of the Pearson Type Il
distribution and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.pe3(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)

W.H. Asquith

See Also

Imompe3, parpe3

Examples

Imom.test.pe3(c(123,34,4,654,37,78))

Imom.test.pe3(rnorm(50))
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Imom.test.wak Test L-moment and Parameter Algorithms of the Wakeby Distribution

Description
This function computes the L-moments of the data and the parameters of the Wakeby distribution
and in turn computes the L-moments from the fitted parameters.

Usage

Imom.test.wak(data)

Arguments

data A vector of data.

Value

Comparison of the median of the distribution and reverse computation of the median from the 0.5
nonexceedance probability.

Output fromlmom.diff

Author(s)
W.H. Asquith

See Also

Imomwak, parwak

Examples

Imom.test.wak(c(123,34,4,654,37,78))

Imom.test.wak(rnorm(50))

Imom.ub Unbiased L-moments by Direct Sample Estimators

Description

Unbiased L-moments are computed for a vector using the direct sample estimation method as op-
posed to the use of probability weighted moments. The mean, L-scale, coefficient of L-variation
(7, L-CV, L-scale/mean), L-skewr{, TAU3, L3/L2), L-kurtosis {4, TAU4, L4/L2), andrs (TAU5,

L4/L2) are computed. In conventional nomenclature, the L-moments are

A1 = L1 = mean

Ao = L2 = L-scale
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A3 = L3 = third L-moment

A4 = L4 = fourth L-moment

A5 = L5 = fifth L-moment

7= LCV = \y/\1 = coefficient of L-variation

3 =TAU3 = )\3/)\2 = L-skew

74 = TAU4 = \y /Ao = L-kurtosis

15 = TAU5 = A5 /A2 = not named

Usage

Imom.ub(x)

Arguments

X a vector of data values

Details

The L-moment ratiost(, 73, 74, andrs) are the primary higher L-moments for application, such
as for distribution parameter estimation. However, the actual L-momggts\{, and\5) are also
reported. This implementation of L-moment calculation requires a minimum of five data points.

Value

AnRlist isreturned.

L1 Arithmetic mean.

L2 L-scale—analogous to standard deviation.

LCV coefficient of L-variation—analogous to coe. of variation.

TAU3 The third L-moment ratio or L-skew—analogous to skew.

TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.

L3 The third L-moment.

L4 The fourth L-moment.

L5 The fifth L-moment.
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Author(s)

W.H. Asquith

Source

The Perl code base of W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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.

Wang, Q.J., 1996b, Direct sample estimators of L-moments: Water Resources Research, vol. 32,
no. 12., pp. 3617-3619.

See Also

Imom2pwm pwm.ub, pwm2lmom

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))

Imom.ub(rnorm(100))

Imomwak L-moments of the Wakeby Distribution

Description

This function estimates the L-moments of the Wakeby distribution given the paramgtersH,
~, andd) from parwak . The L-moments in terms of the parameters are complicated and solved
numerically.

Usage

Imomwak(wakpara)

Arguments

wakpara The parameters of the distribution.
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Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS5 The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

parwak , quawak, cdfwak

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
Imr
Imomwak(parwak(Imr))

Imrdia L-moment Ratio Diagram Components

Description

This function returns a list of the L-skew and L-kurtosig @nd 74, respectively) ordinates for
construction of L-moment Ratio (L-moment diagrams) that are useful in selecting a distribution to
model the data.

Usage

Imrdia()
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Value

AnRIlist isreturned.

limits The theoretical limits of; andr,—belowr, are theoretically not possible.
exp T3 andry of the Exponential distribution.
gam 73 andr, of the Gamma distribution.
gev 73 andry of the Generalized Extreme Value distribution.
glo 73 andry of the Generalized Logistic distribution.
gpa 73 andry of the Generalized Pareto distribution.
gum 73 andr, of the Gumbel distribution.
lognormal 73 andry of the Lognormal distribution.
nor 73 andry of the Normal distribution.
pe3 73 andry of the Pearson Type Il distribution.
uniform T3 andr, of the uniform distribution.
Author(s)
W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

plotimrdia

Examples

Iratios <- Imrdia()

nonexceeds Common Nonexceedance Probabilities

Description

This function returns a vector nonexceedance probabilities.

Usage

nonexceeds()
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Value

A vector of selected nonexceedance probabilities useful in assessing the “frequency curve” in hy-
drologic applications (noninclusive). The nonexceedance probabilities extend further into the right-
hand tail of the “distribution” to the 0.996 and 0.998 nonexceedance probability values as these are
equivalent to the 250- and 500-year events respectively. The relation between annual recurrence
interval and nonexceedance probability (when annual data are analyzed) is

F=1-—
T

where T is the T-year event.

Author(s)
W.H. Asquith

See Also
quaexp , quagam, quagev , quaglo , quagno , quagpa , quagum, quakap , quanor , quape3,
quawak

Examples

Imr <- Imom.ub(rnorm(20))
para <- parnor(lmr)
guanor(nonexceeds(),para)

par2cdf Cumulative Distribution Function of the Distributions

Description
This function acts as a front end of dispatcher to the distribution-specific cumulative distribution
functions. The Generalized Lambda distribution is not supported by this function.

Usage

par2cdf(x,para)

Arguments

X A real value.

para The parameters frodmom2par or similar.
Value

Nonexceedance probabilitg € F < 1) for x.

Author(s)
W.H. Asquith
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See Also

par2qua , Imom2par

Examples
Imr <- Imom.ub(rnorm(20))
para <- parnor(lmr)

nonexceed <- par2cdf(0,para)

par2lmom Convert the Parameters of a Distribution to the L-moments

Description

This function converts the parameters of a distribution to the L-moment as represented in an L-
moment object. This function dispatchesittomCCCwhere CCC represents the three character
distribution identifier:exp , gam, gev, glo , gno, gpa, gum, kap, nor , pe3, andwak.

Usage

par2lmom(para)

Arguments

para A parameter object of a distribution.

Value

An L-moment object (an Mst ) is returned.

Author(s)

W.H. Asquith

See Also

Imom.ub , Imom2par

Examples
Imr <- Imom.ub(rnorm(20))
para <- parnor(lmr)

frompara <- par2lmom(para)
Imom.diff(frompara,lmr)
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par2qua Quantile Function of the Distributions

Description

This function acts as a front end or dispatcher to the distribution-specific quantile functions.

Usage

par2qua(f,para)

Arguments

f Nonexceedance probability € F' < 1).
para The parameters frodmomz2par or similar.

Value

Quantile value forr.

Author(s)
W.H. Asquith

See Also

par2cdf , Imom2par

Examples
Imr <- Imom.ub(rnorm(20))
para <- parnor(lmr)

median <- par2qua(0.5,para)

parexp Estimate the Parameters of the Exponential Distribution

Description
This function estimates the parameters of the Exponential distribution given the L-moments of the
data in an L-moment object such as that returnethiym.ub .

Usage

parexp(Imom)

Arguments

Imom A L-moment object created dynom.ub or pwm2lmom
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Value

AnRIlist isreturned.

type The type of distributionexp .

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomexp, cdfexp , quaexp

Examples

Imr <- Imom.ub(rnorm(20))
parexp(lmr)

pargam Estimate the Parameters of the Gamma Distribution

Description
This function estimates the parameters of the Gamma distribution given the L-moments of the data
in an L-moment object such as that returnedrbpm.ub .

Usage

pargam(lImom)

Arguments

Imom A L-moment object created dynom.ub or pwm2lmom
Value
AnRlist s returned.

type The type of distributiongam
para The parameters of the distribution.
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Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomgam cdfgam , quagam

Examples

Imr <- Imom.ub(rnorm(20))
pargam(lmr)

pargev Estimate the Parameters of the Generalized Extreme Value Distribu-
tion

Description

This function estimates the parameters of the Generalized Extreme Value distribution given the
L-moments of the data in an L-moment object such as that returnéddoy.ub .

Usage

pargev(Imom)

Arguments

Imom A L-moment object created dynom.ub or pwm2Imom

Value

An Rlist isreturned.

type The type of distributiongev .
para The parameters of the distribution.
Author(s)

W.H. Asquith
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References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomgev, cdfgev , quagev

Examples

Imr <- Imom.ub(rnorm(20))
pargev(Imr)

parglo Estimate the Parameters of the Generalized Logistic Distribution

Description
This function estimates the parameters of the Generalized Logistic distribution given the L-moments
of the data in an L-moment object such as that returneldioyn.ub .

Usage

parglo(Imom)

Arguments

Imom A L-moment object created Hynom.ub or pwm2Iimom

Value

AnRlist isreturned.

type The type of distributionglo .

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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.



106 pargno

See Also

Imom.ub , Imomglo , cdfglo , quaglo

Examples
Imr <- Imom.ub(rnorm(20))
parglo(Imr)
pargno Estimate the Parameters of the Generalized Normal Distribution
Description

This function estimates the parameters of the Generalized Normal (log-Normal) distribution given
the L-moments of the data in an L-moment object such as that returnieablny.ub .

Usage

pargno(Imom)

Arguments

Imom A L-moment object created Hynom.ub or pwm2Iimom

Value

AnRIlist isreturned.

type The type of distributiongno.

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomgno, cdfgno , quagno

Examples

Imr <- Imom.ub(rnorm(20))
pargno(Imr)
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pargpa Estimate the Parameters of the Generalized Pareto Distribution

Description
This function estimates the parameters of the Generalized Pareto distribution given the L-moments
of the data in an L-moment object such as that returneldioyn.ub .

Usage

pargpa(lmom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributiongpa.

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomgpa, cdfgpa , quagpa

Examples

Imr <- Imom.ub(rnorm(20))
pargpa(lmr)
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pargum Estimate the Parameters of the Gumbel Distribution

Description

This function estimates the parameters of the Gumbel distribution given the L-moments of the data
in an L-moment object such as that returnedrbpm.ub .

Usage

pargum(lmom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributiongum.

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomgum cdfgum , quagum

Examples

Imr <- Imom.ub(rnorm(20))
pargum(lmr)
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parkap Estimate the Parameters of the Kappa Distribution

Description
This function estimates the parameters of the Kappa distribution given the L-moments of the data
in an L-moment object such as that returnedrbpm.ub .

Usage

parkap(Imom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributionkap .

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomkap, cdfkap , quakap

Examples

Imr <- Imom.ub(rnorm(20))
parkap(Imr)
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parnor Estimate the Parameters of the Normal Distribution

Description

This function estimates the parameters of the Normal distribution given the L-moments of the data
in an L-moment object such as that returnedrbpm.ub .

Usage

parnor(lmom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributionnor .

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomnor , cdfnor , quanor

Examples

Imr <- Imom.ub(rnorm(20))
parnor(Imr)



parpe3 111

parpe3 Estimate the Parameters of the Pearson Type Il Distribution

Description
This function estimates the parameters of the Pearson Type Il distribution given the L-moments of
the data in an L-moment object such as that returneldnioyn.ub .

Usage

parpe3(Imom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributionpe3.

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imompe3, cdfpe3 , quape3

Examples

Imr <- Imom.ub(rnorm(20))
parpe3(Imr)
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parwak Estimate the Parameters of the Wakeby Distribution

Description

This function estimates the parameters of the Wakeby distribution given the L-moments of the data
in an L-moment object such as that returnedrbpm.ub .

Usage

parwak(lImom)

Arguments

Imom A L-moment object created Hdynom.ub or pwm2lmom

Value

AnRIlist isreturned.

type The type of distributionwak.

para The parameters of the distribution.
Author(s)

W.H. Asquith
References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , Imomwak, cdfwak , quawak

Examples

Imr <- Imom.ub(rnorm(20))
parwak(Imr)
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plotimrdia Plot L-moment Ratio Diagram

Description

Plot the L-moment ratio diagram of L-skew and L-kurtosis from an L-moment ratio diagram object
returned byimrdia . This diagram is useful for selecting a distribution to model the data. The

application of L-moment diagrams is well documented in the literature. This function is intended to
function as a demonstration of L-moment diagram plotting. It is expected that users will “roll their

own-.

Usage

plotimrdia(lmr, nopoints=FALSE, nolines=FALSE, nolimits=FALSE,
nogev=FALSE, noglo=FALSE, nogpa=FALSE, nope3=FALSE, nogno=FALSE,
noexp=FALSE, nonor=FALSE, nogum=FALSE, nouni=FALSE, ...

Arguments
Imr L-moment diagram object froimrdia
nopoints If TRUEthen point distributions are not drawn.
nolines If TRUEthen line distributions are not drawn.
nolimits If TRUEthen theoretical limits of L-moments are not drawn.
nogev If TRUEthen line of Generalized Extreme Value distribution is not drawn.
noglo If TRUEthen line of Generalized Logistic distribution is not drawn.
nogno If TRUEthen line of Generalized Normal (log-Normal) distribution is not drawn.
nogpa If TRUEthen line of Generalized Pareto distribution is not drawn.
nope3 If TRUEthen line of Pearson Type Il distribution is not drawn.
noexp If TRUEthen point of Exponential distribution is not drawn.
nonor If TRUEthen point of Normal distribution is not drawn.
nogum If TRUEthen point of Gumbel distribution is not drawn.
nouni If TRUEthen point of Uniform distribution is not drawn.
Additional arguments passed onto fhlet function.
Note

This function provides hardwired calls imes andpoints to produce the diagram. The plot
symbology for the shown distributions is summarized here. The Kappa (four parameter) and
Wakeby (five parameter) distributions are not well represented on the diagram as each constitute
an area (Kappa) or hyperplane (Wakeby) and not a line (three-parameter distributions) or a point
(two-parameter distributions). However, the Kappa demarks the area bounded by the Generalized
Logistic (glo ) on the top and the theoretical L-moment limits on the bottom.

GRAPHIC TYPE GRAPHIC NATURE
L-moment Limits line width 2 and color 8 (grey)
Generalized Extreme Value line width 1, line type 2 (dash), and color 2 (red)
Generalized Logistic line width 1 and color 3 (green)
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Generalized Normal line width 1, line type 2 (dash), and color 4 (blue)
Generalized Pareto line width 1 and color 4 (blue)
Pearson Type llI line width 1 and color 6 (purple)
Exponential symbol 16 (filled circle) and color 2 (red)
Normal symbol 15 (filled square) and color 2 (red)
Gumbel symbol 17 (filled triangle) and color 2 (red)
Uniform symbol 18 (filled diamond) and color 2 (red)
Author(s)
W.H. Asquith
References

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

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 52, p. 105-124.

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

Vogel, R.M., and Fennessey, N.M., 1993, L moment diagrams should replace product moment
diagrams: Water Resources Research, vol. 29, no. 6, pp. 1745-1752.

See Also

Imrdia

Examples

plotimrdia(lImrdia())

pwm2lmom Probability-Weighted Moments to L-moments

Description

Converts the Probability-Weighted Moments (PWM) to the L-moments given the PWM. The con-
version is linear so procedures based on PWMs and identical to those based on L-moments.

A= 0o

A2 =261 — [y

A3 =682 — 6061 + Bo

Ay = 2083 — 3082 + 126, — Bo
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As = 7084 — 14085 + 9082 — 20581 + o

T=MX/ M
T3 = A3/ 2
T4 = Mg/ A2
Ts = A5/ A2

pwm2lmom(pwm)

Arguments

pwm

Details

A PWM object created bpwm.ub or similar.

The Probability Weighted Moments (PWMSs) are linear combinations of the L-moments and there-
fore contain the same statistical information of the data as the L-moments. However, the PWMs are
harder to interpret as measures of probability distributions.

Value

AnRIlist isreturned.

L1

L2
LCV
TAU3
TAU4
TAUS
L3

L4

L5

Author(s)
W.H. Asquith

Arithmetic mean

L-scale—analogous to standard deviation

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
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References

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, vol. 15, p. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

Imom.ub , pwm.ub, Imom2pwm

Examples

Imom <- pwm2lmom(pwm.ub(c(123,34,4,654,37,78)))

pwm2lmom(pwm.ub(rnorm(100)))

pwm.gev Generalized Extreme Value Plotting Position Probability-Weighted
Moments

Description

Generalized Extreme Value plotting position Probability-Weighted Moments (PWMs) are computed
from a sample. The first fivg,’s are computed. The plotting position formula for the Generalized
Extreme Value distribution is

1—0.35
n

%

wherepp; is the nonexceedance probabiliyof theith ascending data values. The parameters
andB together specify the plotting position type, ants the sample size. The PWMs are computed

by
/67‘ = TL_1 ZP; X Xj:n
i=1

whereX ., is thejth order statisticX ., < Xo., < Xjur, ... < X, 0f random variable X, and
is0,1,2,....

Finally, piwm.gev dispatches tgowm.pp(data,A=-0.35,B=0) and does not have its own
logic.
Usage

pwm.gev(X)
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Arguments

X A vector of data values.

Value

AnRIlist isreturned.

BETAO The first PWM-equal to the arithmetic mean.
BETA1 The second PWM.
BETA2 The third PWM.
BETA3 The fourth PWM.
BETA4 The fifth PWM.
Author(s)
W.H. Asquith
References

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, vol. 15, p. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pwm.ub, pwm.pp, pwm2lmom

Examples

pwm <- pwm.gev(rnorm(20))

pwm.pp Plotting Position Probability-Weighted Moments

Description

Plotting position Probability-Weighted Moments (PWMs) are computed from a sample. The first
five 5,’s are computed. The plotting position formula is

it A
plin—i—B
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wherepp; is the nonexceedance probabiliyof the ith ascending data values. The parameters
andB together specify the plotting position type, ant the sample size. The PWMs are computed
by

n
Br = n~t sz X X
=1

whereX;., is thejth order statisticX ., < X, < Xjip ... < X, Of random variable X, and
is0,1,2,....

Usage

pwm.pp(x,A,B)

Arguments

X A vector of data values.

A A value for the plotting position formula.

B Another value for the plotting position formula.
Value

AnRIlist isreturned.

BETAOQO The first PWM-equal to the arithmetic mean.
BETA1 The second PWM.
BETA2 The third PWM.
BETA3 The fourth PWM.
BETA4 The fifth PWM.
Author(s)
W.H. Asquith
References

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, vol. 15, p. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pwm.ub, pwm.gev , pwm2lmom

Examples

pwm <- pwm.pp(rnorm(20),A=-0.35,B=0)
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pwm.ub Unbiased Probability-Weighted Moments

Description

Unbiased Probability-Weighted Moments (PWMs) are computed from a sample. The figgt'sive
are computed. The unbiased PWMs are computed by the the plotting position formulation by a call
to pwm.pp{data,A=0,B=0} . The plotting position formula is

i+ A
T n+B

Pi

wherepp; is the nonexceedance probabiliyof the ith ascending data values. The parameters
andB together specify the plotting position type, ant the sample size. The PWMs are computed

by
/67‘ = n_l szr X Xj:n
=1

whereX;., is thejth order statisticXy., < Xo., < Xjip ... < X, Of random variable X, and
is0,1,2,....

Usage

pwm.ub(x)

Arguments

X A vector of data values.

Value

AnRIlist isreturned.

BETAO The first PWM—equal to the arithmetic mean.
BETA1 The second PWM.
BETAZ2 The third PWM.
BETA3 The fourth PWM.
BETA4 The fifth PWM.
Author(s)

W.H. Asquith
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References

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, vol. 15, p. 1,049-1,054.

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

pwm.pp, pwm.gev, pwm2lmom

Examples

pwm <- pwm.ub(rnorm(20))

quacau Quantile Function of the Cauchy Distribution

Description
This function computes the quantiles of the Cauchy distribution given paramgtamns ) of the
distribution provided byec2par . The quantile function of the distribution is

z(F) =&+ a x atan(m * (F — 0.5))

wherez(F) is the quantile for nonexceedance probabifity¢ is a location parameter andis a
scale parameter. R supports the quantile function of the Cauchy distribution thgoaghbhy .
This function does not usgcauchy becausecauchy does not returtnf for F' = 1 although
it returns-Inf ~ for F' = 0.

Usage

quacau(f, para)

Arguments
f Nonexceedance probabilitg £ F < 1).
para The parameters fromec2par or similar.
Value

Quantile value for for nonexceedance probability

Author(s)
W.H. Asquith
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References
Gilchirst, W.G., 2000, Statistical modeling with quantile functions: Chapman and Hall/CRC, Boca
Raton, FL.

See Also

cdfcau , vec2par

Examples

para <- c¢(12,12)
quacau(.5,vec2par(para,type='cau’))

quaexp Quantile Function of the Exponential Distribution

Description

This function computes the quantiles of the Exponential distribution given paramgterdd) of
the distribution computed byarexp . The quantile function of the distribution is

z(F)=¢—alog(l—F)

wherez(F) is the quantile for nonexceedance probabifity¢ is a location parameter andis a
scale parameter.

Usage

quaexp(f, para)

Arguments
f Nonexceedance probabilitg € F' < 1).
para The parameters fromarexp or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References
Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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.
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See Also

cdfexp , parexp

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quaexp(0.5,parexp(Imr))

guagam Quantile Function of the Gamma Distribution

Description

This function computes the quantiles of the Gamma distribution given parametansi (3) of the
distribution computed byargam . The quantile function has no explicit form. See tfgamma
function. The parameters have the following interpretatienis: a shape parameter afids a scale
parameter in the R syntax.

Usage

quagam(f, para)

Arguments
f Nonexceedance probabilitg £ F' < 1).
para The parameters fromargam or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfgam , pargam

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quagam(0.5,pargam(Imr))
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guagev Quantile Function of the Generalized Extreme Value Distribution

Description

This function computes the quantiles of the Generalized Extreme Value distribution given parame-
ters €, a, andk) of the distribution computed hyargev . The quantile function of the distribution

IS
#(F) =€+ (1= (~log(F))")
fork #0
z(F) = & — alog(—log(F))
fork =0

wherez(F') is the quantile for nonexceedance probability¢ is a location parametet; is a scale
parameter, and is a shape parameter.

Usage

quagev(f, para)

Arguments
f Nonexceedance probability € F' < 1).
para The parameters frompargev or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfgev , pargev

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quagev(0.5,pargev(Imr))
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quagld Quantile Function of the Generalized Lambda Distribution

Description

This function computes the quantiles of the Generalized Lambda distribution given parameters (
As, Ag, andA,) of the distribution computed byec2par . The quantile function of the distribution
is

FAs — (1 — F)hs
Ao

wherez(F) is the quantile for nonexceedance probabifity A; is a location parameten, is a
scale parameter, ang;, andA,4 are shape parameters.

Usage

quagld(f, gldpara)

Arguments
f Nonexceedance probability € F' < 1).
gldpara The parameters fromec2par or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

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

Examples

para <- vec2par(c(123,34,4,3),type="gld")
quawak(0.5,para)
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quaglo Quantile Function of the Generalized Logistic Distribution

Description

This function computes the quantiles of the Generalized Logistic distribution given parangeters (
«, andk) of the distribution computed byarglo . The quantile function of the distribution is

et (5)

fork #£0

2(F) = £ — alog <1;F>

fore =0

wherez(F') is the quantile for nonexceedance probability¢ is a location parametet is a scale
parameter, and is a shape parameter.

Usage

quaglo(f, para)

Arguments
f Nonexceedance probabilitg € F < 1).
para The parameters fromarglo or similar.
Value

Quantile value for for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfglo , parglo
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Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quaglo(0.5,parglo(Imr))

guagno Quantile Function of the Generalized Normal Distribution

Description

This function computes the quantiles of the Generalized Normal (log-Normal) distribution given
parametersafi, o, andk) of the distribution computed byargno . The quantile function of the
distribution has no explicit form. The parameters have the following interpretatjdas location
parameterq is a scale parameter, ards a shape parameter.

Usage

guagno(f, para)

Arguments
f Nonexceedance probability € F' < 1).
para The parameters fromargno or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfgno , pargno

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quagno(0.5,pargno(Imr))
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quagpa Quantile Function of the Generalized Pareto Distribution

Description

This function computes the quantiles of the Generalized Pareto distribution given parafieters (
andk) of the distribution computed hyargpa . The quantile function of the distribution is

2(F) =€+~ (1= (1= F)")
fork #0
z(F)=¢&—alog(l - F)

fork =0

wherez(F') is the quantile for nonexceedance probability¢ is a location parametet; is a scale
parameter, and is a shape parameter.

Usage

quagpa(f, para)

Arguments
f Nonexceedance probabilitg € F < 1).
para The parameters fropargpa or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfgpa , pargpa

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quagpa(0.5,pargpa(imr))
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guagum Quantile Function of the Gumbel Distribution

Description

This function computes the quantiles of the Gumbel distribution given paramétensi &) of the
distribution computed bpargum . The quantile function of the distribution is

z(F) = £ — alog(—log(F))

wherez(F) is the quantile for nonexceedance probability¢ is a location parameter, andis a
scale parameter.

Usage

quagum(f, para)

Arguments
f Nonexceedance probability € F' < 1).
para The parameters fromargum or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfgum , pargum

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quagum(0.5,pargum(Iimr))
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quakap Quantile Function of the Kappa Distribution

Description

This function computes the quantiles of the Kappa distribution given paraméters<, andh) of
the distribution computed byarkap . The quantile function of the distribution is

w2l ()

wherez(F') is the quantile for nonexceedance probabifity is a location parameted; is a scale
parameters is a shape parameter, ahds another shape parameter.

Usage

quakap(f, para)

Arguments
f Nonexceedance probability € F' < 1).
para The parameters fromarkap or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfkap , parkap

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78,21,32,231,23))
quakap(0.5,parkap(Imr))
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guanor Quantile Function of the Normal Distribution

Description

This function computes the quantiles of the Normal distribution given parametets:(and sd)

of the distribution computed byarnor . The quantile function of the distribution has no explicit
form (seecdfnor andgnorm). The parameters have the following interpretatiomgan is the
arithmetic mean aneld is the standard deviation.

Usage

quanor(f, para)

Arguments
f Nonexceedance probabilitg £ F' < 1).
para The parameters fromparnor or similar.
Value

Quantile value for nonexceedance probabilty

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfnor , parnor , quagno

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quanor(0.5,parnor(Imr))
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gquape3 Quantile Function of the Pearson Type Il Distribution

Description

This function computes the quantiles of the Pearson Type Il distribution given parantgters (
and~) of the distribution computed byarpe3 . The quantile function of the distribution has no
explicit form (seecdfpe3 ). The parameters have the following interpretatiofiss a location
parameterq is a scale parameter, ands a shape parameter.

Usage

quape3(f, para)

Arguments
f Nonexceedance probabilitg £ F' < 1).
para The parameters fromparpe3 or similar.
Value

Quantile value for nonexceedance probabilty

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-

tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfpe3 , parpe3

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quape3(0.5,parpe3(Imr))
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quawak Quantile Function of the Wakeby Distribution

Description

This function computes the quantiles of the Wakeby distribution given parameters(, v, and
0) of the distribution computed hyarwak . The quantile function of the distribution is

(07

r(F) =€+

1-(-F)")=31-1-F)~

wherex(F) is the quantile for nonexceedance probability¢ is a location parametes, and are
scale parameters, and andd are shape parameters. The five returned parameterspfaonak
in order aret, o, 3, 7y, andd.

Usage

guawak(f, wakpara)

Arguments
f Nonexceedance probabilitg £ F < 1).
wakpara The parameters froparwak or similar.
Value

Quantile value for nonexceedance probability

Author(s)
W.H. Asquith

References

Hosking, J.R.M., 1990, L-moments—Analysis and estimation of distributions using linear combina-
tions of order statistics: Journal of the Royal Statistical Society, Series B, vol. 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

cdfwak , parwak

Examples

Imr <- Imom.ub(c(123,34,4,654,37,78))
quawak(0.5,parwak(Imr))
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vecz2lmom Convert a Vector of L-moments to a L-moment Object

Description

This function converts a vector of L-moments to a L-moment object of this package. The object is
an Rlist . This function is intended to facilitate the use of L-moments that the user might have
from other sources. The first five L-moments are supporiedXs, A3, A4, A5, 7, T3, T4, @NdTs).
Because in typical practice, tlie> 3 order L-moments are dimensionless ratieg ¢4, andrs),

this function computesds, A4, A5 from Ao and the ratios. However, typical practice is not set on
the use of\, or 7 as measure of dispersion. Therefore, this function takdscate optional
logical (TRUE|FALSE) argument-if), is provided andscale=TRUE , thent is computed by

the function and ifr is provided, then\ is computed by the function.

Usage

vec2lmom(vec,Iscale)

Arguments
vec A vector of L-moment values in;, \s or 7, 73, 74, andrs order.
Iscale A logical switch on the type of the second value of first argument. L-scale (
or LCV (7). Default isTRUE the second value in the first argumenhis
Value

AnRIlist isreturned.

L1 Arithmetic mean.
L2 L-scale—analogous to standard deviation.
LCV coefficient of L-variation—analogous to coe. of variation.
TAU3 The third L-moment ratio or L-skew—analogous to skew.
TAU4 The fourth L-moment ratio or L-kurtosis—analogous to kurtosis.
TAUS The fifth L-moment ratio.
L3 The third L-moment.
L4 The fourth L-moment.
L5 The fifth L-moment.
Author(s)
W.H. Asquith
See Also

Imom.ub , vec2pwm

Examples

Imr <- vec2lmom(c(12,0.6,0.34,0.20,0.05),Iscale=FALSE)
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veczpar Convert a Vector of Parameters to a Parameter Object of a Distribu-
tion

Description

This function converts the L-moments of the data to the parameters of a distribution. The type of
distribution is specified in the argument listau , exp, gam, gev, glo , gno, gpa, gum, kap,
nor , pe3, andwak.

Usage

vec2par(vec, type)

Arguments
vec A vector of parameter values for the distribution specified by type.
type Three character distribution type (for exampime='gev’ ).

Value

AnRlist isreturned.

type The type of distribution in three character format.

para The parameters of the distribution.

Author(s)

W.H. Asquith

See Also

Imom2par

Examples

para <- vec2par(c(12,123,0.5),'gev")
Q <- quagev(0.5,para)
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vec2pwm Convert a Vector of Probability-Weighted Moments to a Probability-
Weighted Moments Object

Description

This function converts a vector of Probability-Weighted Moments (PWM) to a PWM object of this
package. The object is anlBt . This function is intended to facilitate the use of PWM that the
user might have from other sources. The first five PWMs are suppaiged( 52, 53, 54)-

Usage

vec2pwm(vec)

Arguments

vec A vector of PWM values ingy, 51, 52, 03, 54) order.

Value

An Rlist isreturned.

BETAO The first PWM—equal to the arithmetic mean.
BETAL The second PWM.
BETA2 The third PWM.
BETA3 The fourth PWM.
BETA4 The fifth PWM.
Author(s)
W.H. Asquith
See Also
vec2lmom
Examples

pwm <- vec2pwm(c(12,123,12,12,54))
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