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Abstract

This paper deals with the Hershfield factor (H); H is the ratio between a quantile of an A-maximum
and an F-maximum, where an A-maximum is a maximum over a time interval of prescribed length
with Arbitrary starting point, and an F-maximum is its analogue with fixed starting point (e.g. 0800
local time).

The author (1990) assumed the same type of distribution for the F- and A-maximum without any
relation between the F- and A-parameters. Here sensible restrictions on these parameters are pro-
posed, and the resulting more tractable estimation procedure for H on merely F-data is presented.

Attention is paid to factors associated with the variability of H by analyzing monthly maxima of
daily precipitation amounts in a Chinese data set with 130 stations over 30 years. The factor H turns
out to be associated with location, autocorrelation and fraction of wet days. © 1997 Elsevier Science
B.V.

1. Introduction

Quantitative hydrology sometimes needs inference about maxima (or minima) of cli-
matological variates over a time interval of fixed length. This interval has to be within a
climatological cycle, e.g. the maximum precipitation amount over a time interval of 24 x
60 x 60 s (not necessarily being a calendar day) which time interval has to be within a
calendar year. Such a maximum is a maximum over a time interval with an arbitrary
starting point, and is called an A-maximum. Values of A-maxima need continuous regis-
tration, whilst a lot of variables are/were measured on a calendar day basis as we will
assume here (with time point of measurement e.g. 0800 local time). Such calendar day
data with fixed starting points give rise to F-maxima. A standard problem is that one needs
inference about the A-maximum (e.g. its 100 year return value) to be based on available F-
maxima. A standard technique is to analyze the F-maxima of n years, estimate the quantile
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and multiply the result with the Hershfield factor H (see Hershfield and Wilson, 1958). In
the precipitation example H has been found to be around 1.14 (see Hershfield, 1961).

In mathematical terms, F- and A-maxima could be introduced in the following way. Let
g be a non-negative, bounded function, e.g. the intensity of precipitation. Then the pre-
cipitation amount over a time unit starting at time ¢ is equal to the integral

t+ 1
L= J tg(X)dx

=
Let the total time interval have a length of exactly T time units. Now we define

Xp = max 1,
F :=o,1,...,T—1(’)

2

Xp, = max I +1
F. (=0,1,...,T—2( t t+1)

a =Os?sa1¥— 1(12)

Then

.XF] SXAI SXFz Sszl; ISXA’/.XF] =2

In the precipitation example the unit of time could be 24 x 60 x 60 seconds, and 7 =31 for
January. For g a random function we denote the maxima by X, X4y, Xr».

If the interest is focused on the F;-maximum then relevant information is contained in
the n point data of F; if the A,-maximum is the aim, then we have n bounded data, where
each bounded datum is the interval between the F- and F,-maximum in that period. So
inference on the A-maximum needs the bounded data. If one only wants to use F-data
then one needs the conversion factor H, which is an empirical quantity.

Here we firstly deal with inference on the A-maximum by analysing (F|, F;)-data in a
parametric model where H is one of the parameters to be estimated. This parametric model
is such that H does not depend of the choice of p of the p-quantile with 1/(1 — p) being the
expected return period till excedance.

Secondly, we study systematic variation in H, not to be mixed up with statistical
variation owing to finite sample size. For that purpose a large data set, kindly provided
by Xiaolan Wang, of daily precipitation amounts over 1953-1982 (30 years) of 130
stations covering (the East half of) China was used to study H for monthly maxima;
Fig. 1 shows the location of the stations and their H-values averaged over months. The
resulting 130 x 12 H-estimates were studied in relation to the location of the station, the
autocorrelation within its daily time series and the fraction of wet days. As a first scientific
hypothesis the two last mentioned variables will be positively associated with H. If one
wants to investigate concomitants of H one needs variation in these concomitants; thus this
data set was chosen, which covers about 7 million km?.

The problem discussed in this paper originated in the discussion after the presentation of
Dwyer and Reed (1995b) at 6IMSC (6th International Meeting on Statistical Climatol-
ogy); during this discussion the term ‘universal constant’ was used. Dwyer and Reed
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Fig. 1. Location of climatological stations in an orthogonal grid of longitude (°East) and latitude (°North). H-

estimates in seven classes.

(1995a) examined the relation of H to the fraction of wet hours. Wang et al. (1995) dealt at
6IMSC with the above used data set for model choice of annual maxima. These ingredients

gave rise to this paper.

2. Estimation of the Hershfield factor (H)
2.1. Models for maxima: CPExp and CPPar

2.1.1. CPExp

Let the precipitation amount on a wet day (X) have a cumulative distribution function
(c.d.f.) D with zero as the lower bound of the support, and let the number of wet days (V)
have a Poisson (P) distribution with parameter p (rate). The maximum of a realization #;
X1s..., X, could be defined as max(xi,..., x,,) for n > 0 and zero for n = 0. Then in case of

independence we get for the maximum X

PIX = x]
=0forx <0

= Xo—o(e 0" /n)D"(x)=exp{ —p(1 - D(x))} forx = 0,

which is denoted by Compound Poisson D (CPD); therefore, P[X = 0] = exp(—p). In case of
D being the c.d.f. of an exponential variate with expectation u ( = size parameter) one gets






