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1. OBJLCIIVE

A previous study has been carned out to assess the rarty of the 5-hour
storm which led to Hooding near Rufford Park on 1 June 1983, The retwn
pertod of the storm was estimated to be 5 years.  The rainfall data used mn
the analysis suggested that the ceffect of the storm had been exacerbated by
the wet spring which preceded it The objective of thus further study was o
assess the rewurn period of the combination of the storm and the antecedent
precipitation conditions.

2. ANALYSIS
2.1 Introduction

The analysis tocused on the caleulation of the joint probability of the S-hour
stormt and  the antecedent  catchment  ranfall  conditions.  From  probability
theory, if Q and R are independent events, their jomnt probability can be
expressed s

Pr(Q n R) = Pr(Q).Pr(IR)

Thus, 1f the probability of the storm was found to be independent of that of
the antecedent precpitation, then the joint probability would be equal to their
product.  The anpual probability of the S-hour storm was alrcady known,
The return period of the storm was estimated to be 5 years, and the
reciprocal  of this (e 0.2) represented the probability of the c¢vent being
cqualled or exceeded in any one year.  Therefore, it was required to find the
probability of the antecedent rainfall conditions and to detenmine whether this
was independent of the annual exceedence probability,

2.2 Analysis of antecedent precipitation

A preliminary indication of the antccedent rainfal]l conditions was given by
constructing a time series of daily catchment rainfalls for the first five months
of 1983. In addition to this, monthly rainfall totals for the only gauge with
long-term data situated within the catchment (123017) were extracted from the
database. It was apparent that the catchment rainfall totals for April and
May 1983 were considerably higher than the mean totals for the long-term
pauge (sce Table 1)
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Table 1. Companson of catchment monthly rainfall with long-term

mean
Catchment monthly Mean at gauge 123017
total 1983 (mm) {mm)
April 1213 48.1
May 1123 53.7

A senies of annual maximum 1-day rainfalis a1 gauge number 123017 over the
period  1910-1983 was constructed.  The 1-day rainfall of 31 May 1983
constituted the annual maximum for that year. The antecedent catchment
conditions relating to cach of the annual maxima were described in terms of
an  antecedent  precipitation  index (APl).  Various definitions of APl were
considered, that with a daily recession factor (K) of 0.95 ultimately being
adopted.  APIs for 100 days were calculated for cach annual maximum  rainfall
i the serics and are given in Appendix 1. The APl value calculated for 31
May 1983 was 4458 mm and was ranked 51 out of the 67 values. This
value 1s not particularly high, but represents the fact that the APL s very
sensitive 1o rainfail totals occurring immediately prior to the annual maximum.
In the case of the 31 May 1983, the only appreciable antecedent rainfall
occurred thirty days previously.

23 Analysis of independence

An analysis of the correlation between the APIs and  their corresponding
annual maxima was carricd out in order to assess the extent of their
dependence.  ‘The correlation coefficient was calculated to be only 0.184. A
significance test was carried out on this value (sce Appendix 2) and there was
found to be no significant correlation between AP and the annual maximum
l-day rainfall at the 5% level. Hence the two were taken to be independent.

24 Calculation of the probability of the antccedent rainfall

The API values in Appendix I were ranked and plotted on probability paper
using the Blom plotting position. From this plot, the probability that the API
was less than or cqual to 44.58 mm was dctermined to be (.74.

25 Calculation of joint probability

Since  the  storm  cuinfall  and  antecedent  precipitation had  been  found




10 be mutually independent, their joint probability was computed by multiplymg
their individual probabilitics together as set out below:

Prix > X) = 02 (Storm rainfall)
Pry > Y) = 1 - 074 = 026 (Antecedent rainfall)
Pr{x > X and y > Y) = 02 x 020

= 0.052

The joint probability of 0.052 corresponds to a return period of 19 years.

3.  CONCLUSION

This study of rainfall frequency ndicates that the joint occurrence of the
S-hour storm of 31 May 1983 and the antecedent precipitation has a return
period of 19 years. This suggests that the cvent represented  something
between a 5 year and 2 20 ycar flood. However, more confidence in this
estimate  would be gained by carrying out a detailled analysis using a
rainfall-runoff method.
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Appendix 2

Significance test on the correlation berween APl and annual maximum  1-day
rainfall.

ttest

o= (1184 n = 67

Hyt o = 0 (no significant correlation)

0.18¢ [65
J 1-0.1842
- 1.509
u (deprees of freedom) = n-2 = 65

IF'rom tables, ru=65,q--0.05 - 1.998

Since -1998 < 1509 < 1998, H, cannot be rcjected. Therefore it must be
concluded that there is no significant correlation bLetween APL and  annual
maxinwum 1-day rainfall.
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INSTITUTE of HYDROLOGY

The Institute of Hydrology is a component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Scrence. For over 20 yeais the
Institiie has been at the forefront of rescarch exploration of hydrological
systems within complete calchment areas and into the physical
processes by which ratn or snow 15 transformed nio flow in nivers.
Applied studies, underiaken both in the UK and overseas, ensures that
research activities are closely related to practical needs and that newly
developed methods and instruments are 1ested for a wide range of
environmenial condiiions

The Institute, based at Wallingford. employs 140 stafl, some 100 of whom
are graduates. Staff struclure is multidisciplinary invelving physicists,
gecgraphers, geologists, computer scientists, mathemaucians, chemists,
cnvironmenltal scientists, soil scientists and botan:sis. Research
departmenis include catchment research, 1e:oie Sensing,
mstrumentanon, data processing, mathematical modelling.
hydrogeology. hydrochemisiry, soil hydrology. evaporation flux studes,
vegetalion-atmosphenc interactions, flood and low-flow predichions,
catchment response and engineering hydrology

The budget of the Institute comprises £4 5 million per year About 50
percent relales to research programmes funded directly by the Natural
Environment Research Council. Extensive commussioned research s
also carrned out on behalf of government depariments (both UK and
overseas), various internaticnal agencies. environrental organ:sations
and private secior chents The Insutute is also responsible for
nauenally archived hydrological data and for publishing annually
HYDROLOGICAL DATA. UNITED KINGDOM.






