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Abstract

Probable Maximum Precipitation (PMP) is the greatdspth of precipitation that is
meteorologically possible for a given location, atedestimation is essential for assessing the
safety of dams, and for planning flood disastemparedness and mitigation measures. In this
regard, it may be noted that to date, to the beffiteoauthors’ knowledge, no estimate of PMP is
available for any location in Trinidad. This papkascribes an estimation of a 24-hour PMP for
Piarco in Trinidad based on a statistics based adelbgy recommended by the World
Meteorological Organization. Additionally, thisgex proposes a temporal distribution for the
estimated PMP, and highlights the need for furtheearch.
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1. Introduction

The estimation of probable maximum precipitatioMBD, together with its spatial and temporal
distributions, is essential for calculating prolmablaximum flood for the safe design of dams,
and for planning flood disaster mitigation and preginess measures. Specifically, its use in the
design of spillway of dams will minimize the risk@vertopping of a dam, which generally leads
to loss of life and damage to property. Againss tickground, it may be noted that, to the best
of the authors’ knowledge, an estimate of PMP foy lpcation in Trinidad is not yet available
(Shrivastava 2003), and it is the purpose of tlaipep to present such an estimate (Jaggernath,
2005).



2. Methodology

Estimation of PMP has a long history, and earlyhods relied on local knowledge and historical
flood marks. Later frequency analysis was used,itiquires a long length of rainfall record.

Recently, a number of physics based methods haseesl; and a good introductory account of
such methods may be found elsewhere (Wang, 1984wt al., 1988, Wilson, 1990, and

Commonwealth Bureau of Meteorology, 2003). Thisgramowever, uses a statistical method
proposed by the World Meteorological OrganizatiMO), which is described in one of its

operational manuals (WMO, 1986).

The WMO method can be summarized by the followiqgations and coefficients:
X" =p+K.S )

WhereX is the 24-h PMPy is the mean of the annual maximum 24-h rainfalligal for the
period of record,, K is a frequency factor, ar&iis the standard deviation X§.

p=1yx 0
Ni=1

s= |1 $(xy-pu)? ®)
n-1i3 "

The WMO methodology also uses the following coiimctfactors: a for rainfall duration and
mean of annual serieg,for adjustment of mean annual series for maximiseoved rainfallg
adjustment of standard deviation of annual serigs rhaximum observed rainfallg for

adjustment of mean and standard deviation of ansadgs for length of record, ang for

adjustment for fixed observational time intervals.

3. Reaults

Table 1 shows the 20-year record of annual maxir2drh rainfalls at Piarco in Trinidad. From
the data given in this tabje and S were estimated by equations 2 and 3. Furtbemd S were
estimated for the data series after excluding tlaimum observed value of the annual 24-h
rainfall (the exceptional value), and these wewegithe symbolg andS, respectively.

Hm _ 8201 _ og (4)
U 845

Sm _ 2155 _ 095 (5)
S 22.59

Further, the following values of the previously riened correction factors were obtained
(WMO, 1986).

a =17 equalK



f =125

=11

8 = 1.02foru and 1.07 foS

¢ =113

With the above correction factors, a point estingft@4-h PMP was obtained as follows from
equation 1 (after incorporating) :

X" = (1077 +17x26:6)x113 = 633mm

thug = 1.25x 84.5
thusS = 22.59x1.1

thusy = 1.02x 105.62 = 107.7
thus S =24.8x1.07 =26.6

=105.6

= 24.8

A comparative estimate & may be obtained from the following empirical redaship obtained
from a record of the world’s greatest observed p@imfalls (Chow et al., 1988):

R = 422D4°

(6)

(24-h PMP of 1,900 mm)

Table 1: Annual 24-h maximum precipitation at Piarco, Trinidad

Number Y ear Rainfall (mm) Comments
1 1984 67.2
2 1985 88.9
3 1986 118.4
4 1987 47.9
5 1988 87.6
6 1989 64.1
7 1990 47.2
8 1991 76.3
9 1992 60.4
10 1993 103.6
11 1994 109.1
12 1995 94
13 1996 92.4
14 1997 120.1 The highest value
15 1998 104.6
16 1999 94.9
17 2000 71.3
18 2001 78.8
19 2002 106.9
20 2003 56

A temporal distribution oK" needs to be presented for its application in egtirg the
corresponding probable maximum flood. For this pgg the temporal distribution of PMP for

nearby Venezuela (Wang, 1984) was used. Figurewsthe proposed temporal distribution of

24-h PMP at Piarco.
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Figure 1: A proposed temporal distribution of PMP at Piarco
4. Conclusion

A comparison of the PMP, estimated by a statistrogthodology recommended by WMO
Method, with that obtained by a global relationslifpquation 6) shows a wide disparity.
Specifically, the statistics based estimate is feas a third of the global maximum. This clearly
points to the inadequacy of the length of rainfetiord used in this paper. It may be noted that 20
years of rainfall data is, perhaps, the absolutérmum for which a reasonable statistical analysis
is feasible. Thus, there is a need for furtheraegeon PMP estimation for Trinidad, and in this
regard, PMP should be estimated by non-statistiethods as well. Moreover, there is a need to
study the spatial distribution of PMP. Finallysiiould be noted that the PMP estimate in this
paper refers to point rainfall measurements. Tloeeefit needs to be corrected for areal
reduction.
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Appendix I1: Notation

Storm duration in hours
Frequency factor
Maximum recorded precipitation in mm
Standard deviation of a serie;@hnnual maxima
Standard deviation of a series @hnual maxima after excluding,
The annual maximum 24-h rainfall data series
The maximum iiX series
The estimated 24-h PMP
Correction factor for rainfall duration
Adjustment factor for mean annual series foximam observed rainfall
= Adjustment factor fd® of annual series for maximum observed rainfall
= Adjustment factor fo8 andy of annual series for maximum observed rainfall
= Adjustment factor for fixed observationahé intervals
The arithmetic mean of a series ahnual maxima
= The arithmetic mean of a series of ahmaima excluding$,
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