
Table 2.1 gives a and u for each network node. Using these parameters and 
equations 3.6 and 3.7 of Volume 2 facilitates the production of the final flood 
frequency estimates in Table 2.2 for return periods 2 to 200 years. 

Standard errors of flood estimates will not be worse than for 10 years of annual 
maxima i.e. ranging from 10% for Q2 to 20% for QzOw Birchville and Taita 
Gorge standard errors are considerably better: 7% for Qlao (see Appendix E, 
Volume 3 for other return periods). 

Table 2.2 Recomnended flwd estimates of  return periods 2. 5,  10. 20, 50, 100 and 200 years 

( in cunecs). 

Hutt River 

Netuork Node 

Hutt at  Mouth 

Hutt a t  Boulcott 

Hutt a t  Taita Gorge 

Hutt a t  S i  lverstream 

Hutt a t  B i r chv i l l e  

Hutt a t  Mangaroa 

Hutt a t  Pakuratahi 

Akatarawa a t  Cemetery 

Manaaroa a t  Te Marua 

Uhakatiki a t  Hutt 

Hutt a t  Kaitoke 

Pakuratahi a t  Hutt 

Uhakatiki a t  Dude Ranch 

Pakuratahi a t  Truss Br 

Uaiwhetu a t  Hutt 

Uainhetu a t  Uhite Lines E 

Stokes Val ley a t  Hutt 

2.2 Risk analysis 

Given the recommended flood estimates in the previous section, it is now possible 
to use these results to estimate the risk of exceedance in the next 100, 200, 500, 
l m y e a r s  etc. This is achieved by applying the well-known binornical risk 
formula (see e.g. NERC, 1975). The risk (r) of one or more exceedances of the 
T-year flood in the next L years is, 



For example, the risk of one or more exceedances of a 100-year flood in 20 years 
is 18%, in 50 years is 40%, in 100 years is 63% and in 200 years is 87% i.e., the * 

probabilities of Qloo being exceeded once or more in the next 20,50, 100 and 200 
years are 18%, 40%, 63% and 87% respectively. Table 2.3 gives a few more 
examples. 

Table 2.3 Risks (%) to 2 significant figures of one or more exceedances of 1-year floods in 

the next L years 

Next L 

years 

Return period T Years: 

10 100 1000 10000 

Equation 2.3 is most useful in deciding upon which return periods to select given 
a specified risk and lifetime of a structure, e.g. a stopbank or bridge. If, for 
instance, the design life is 100 years and the set acceptable risk of exceedance 
during that life is 1%, the required return period is 9950 years. This small level of 
risk might be required, or may even need to be smaller, when human life is 
threatened by the overtopping of a structure. This highlights the need for reliable 
estimates of floods with high return periods. Table 2.4 gives design discharge 
levels for Hutt River network nodes (Tables 2.1 and 2.2) for 1% risk of 
exceedance in various lifetimes. 



Table 2.4 Design discharges ( in cunecs) a t  Hutt River network rcdes f o r  1% r i s k  of  exseedame 

i n  design l i fet imes of  100, 500 and 1000 years. 

Hutt River 

Hetuork Node 

Area Design L i f e  (years): 100 500 1000 

(kn?) Return Period (years): W50 49750 99500 

Hutt a t  Mouth 

Hutt a t  Boulcott 

Hutt a t  Taita Gorge 

Hutt a t  Si lverstrean 

Hurt a t  B i r chv i l l e  

Hutt a t  Mangaroa 

Hutt a t  Pakuratahi 

Akataraua a t  Cemetery 

Mangaroa a t  Te Marua 

Uhakatiki a t  Hutt 

Hutt a t  Kaitoke 

Pakuratahi a t  Hutt 

Uhakatiki a t  Dude Ranch 

Pakuratahi a t  Truss Br 

Uaiwhetu at  Hutt 

Uaiwhetu a t  Uhite Lines E 

Stokes Valley a t  Hutt 

From the Paleohydrology Report (Volume 5), the Hutt River geomorphology is 
expected to remain the same for the next 6500 years. Ignoring any climate 

changes in that period (considered in Section 2.5), if the acceptable risk of 
exceedance is set at 50% for the next 6500 years, then 9400-year floods are the 
required design floods. At Birchville this is 2940 cumecs and at Taita Gorge 3120 
cumecs. 

A number of researchers and design hydrologists are advocating use of risk 
analyses coupled with flood frequency analyses to be more useful than PMF 
practices (see e.g. Dawdy and Lettenmaier, 1987; Wallis, 1980, 1988). This is 

because levels of risk cannot be attached to PMFs, except in conjunction with 
flood frequency results. This is discussed further in Section 2.4. 



2.3 Flood volume frequency analysis 

The hydrograph characteristic focused on in this project has been the flood peak. 
Frequency analysis of flood volumes at Birchville is conducted in this section to 
support the peak analysis, to demonstrate how to obtain extreme design flood 
volumes, and to assist in reconciling differences between flood-frequency-based 
and RORB-based flood peak estimates. Table 2.5 gives Birchville annual 
maximum series of flood volumes above the median baseflow threshold (70 
cumecs). Figure 2.1 shows the EVl/PWM fit to the Birchville flood volume data. 
The 100-year flood volume is 64.3 + 8.8 Mm3. 

Table 2.5 Birchvi l le  annual m a x i m  flood volune series ( i n  above 70 cunecs 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 

Volune 15.8 28.1 17.1 9.8 16.6 26.1 22.6 19.0 21.1 23.1 

1980 1981 1982 1983 19% 1985 1986 1987 1988 

Volune 36.0 52.6 46.9 40.9 18.5 34.2 32.3 20.5 31.4 

Similar flood volume frequency analyses can be conducted for the other eight 
Hutt River sites which have 10 or more years of water-level records. 

Choice of threshold is determined by the design situation under consideration and 

1 the data available. For Birchrille, selection of 70 cumecs &ow comparisons 
between flood volume frequency results and RORB storm runoff volumes from 
design rainfalls. 

From Section 5 of Volume 2, the RORB design hydrograph peaks at Birchville 
using NZMS 12-hour 100-year and PMP design rainfalls were 2210 and 7160 
cumecs respectively. The associated flood volumes of the RORB storm runoff 
hydrographs above 70 cumecs were 73.8 and 242 M m 3 .  From flood volume 
frequency analysis, the 100-year volume above 70 cumecs is 64.3 2 8.8 Mm3 and 
the lo8-5- year volume is 203 2 38 Mm3. Hence NZMS 12-hour rainfall derived . 
volumes are larger by a standard error than the flood frequency volumes. 

For the uniform hyetograph dhour duration rainfalls multiplied by 0.76, in 
Section 5 RORB flood peaks matched the flood frequency p . a  the associated ' RORB flood volumes for the 10O-year and 108-5-year refurn periods are 42.9 and 



137 Mm3 respectively. These are smaller by two standard errors than the flood 
frequency volumes. Therefore, the volume analysis at Birchville gives volume 
estimates which fall between the flood frequency adjusted RORB results and the 
original NZMS RORB results. 

The volume analysis highlights the large errors involved with design rainfall- 
runoff modelling (such as loss estimation uncertainties; errors in pooling 
incompatible calibration model parameters - see Kunera, 1990). The 
implications are that, although the original NZMS RORB peak results differ from 
the flood peak frequency results, these results are not too dissimilar in the context 
of design rainfall-runoff modelling (I.G. Jowett, pers. cornm., 1990). 

For design hydrographs we may do better to ignore rainfall, and to consider the 
flood peak and flood volume frequency results together, assume a hydrograph 
shape and plot the design flood hydrograph. Candidates for hydrograph shape 
functions would need to be positively skewed e.g. Gamma functions. For the 100- 
year flood at Birchville, use of the best flood peak estimate (1760 cumecs), best 
flood volume estimate (64.3 Mm3) and an EV1 probability density function shape 
hydrograph gives the design 100-year flood hydrograph in Fig 2.2. It implies a 
time to peak of 8 hours. 

2.4 PMP and PMF 

In Section 5.4 of Volume 2, design rainfalls were used with the RORB rainfall- 
runoff model to provide design flood hydrographs for the Hutt River catchment. 
NZMS (Volume 4) provided a 12-hour duration probable maximum precipitation 
(PMP) for the catchment. RORB was used for this PMP with median calibration 
parameters to produce a flood hydrograph at Birchde. The flood peak of 7160 
cumecs was one estimate of the probable maximum flood (PMF). The PMP was 
derived by statistical methods (i.e. rainfall frequency analysis), with some physical 
support, had annual exceedance probability (AEP) of 10-8.5 on average and is 
considered provisional. The PMF estimate has an AEP of approximately 10-1'. 
In this section we discuss these and other PMP and PMF estimates, and how 
informative, reliable and useful they are. 

There is some discussion in the literature as to what are appropriate AEPs for 
%s. For example, Dawdy and Lettenmaier (1987) give arguments for a flood 
equalling two-thirds of the PMF to have a return period in the range 50000-80000 
years; and Australian Rainfall & Runoff (1987) gives AEFs~ranging from los4 to 



10-7 for the PMF. As discussed in Volume 2, the Birchville 7160 cumec PMF 
(AEP 10-11) is therefore likely to be an overestimate. 

A better estimate at Birchville was derived by converting the 12-hour PMP to a 6- , 
hour PMP, and adjusting this by a factor of 0.76, and then running RORB. The 
resulting PMF estimate was 6000 cumecs for Birchville, AEP - 10-9. The 
justification for using 6-hour durations and 0.76 factor were that they had been 
effective in obtaining good comparisons between flood frequency estimates and 
RORB estimates for return periods between 100 and 100000 years. The 6-hour 
duration was amongst the maximum flood producing durations and best 
maintained the relationship between key Birchville and Taita Gorge flood 
estimates. The 0.76 factor is seen as relating to the specific NZMS spatial rainfall 
pattern, the design catchment losses and T-year rainfalls not producing T-year 
floods. 

A 6-hour duration in-situ maximisation PMP was also derived and used with 
RORB to obtain another PMF estimate at Birchville: 5370 cumecs, AEP 10-8. 
This confirms the previous PMF estimate of 6000 cumecs since in-situ 
maximisation PMPs are generally less than transposed PMPs and statistical 
PMPs. Provisional maximised and transposed Bola rainfalls were close to NZMS 
statistical PMPs and hence gave very high discharge values at Birchville and Taita 
Gorge. 

The 10-9 AEP associated with the 6000 cumec PMF at Birchville is low compared 
to the Australian results. However, the logPearson distribution is used as 
extensively in Australia as the EV1 is used here, and it tends to give higher AEPs 
to larger floods. Comparison with Dawdy and Lettenmaier: two-thirds of the 
Birchville PMF is 4000 cumecs and it has return period of 580000 years at 
Birchville. Again, our PMF looks high. However, it is prudent to be conservative 
with these estimates, particularly as some of the estimates at Birchville were up to 
8000 cumecs. 

The concept of PMPs and PMFs is useful. Knowledge of the likely maximum 
precipitations and discharges is important for design situations, particularly when 
human life is at risk. However, the number of assumptions necessary to obtain 
PMP and particularly PMF estimates can devalue their usefulness. This is 

%aidy true when estimates can be made by more than one standard approach. 
Furthermore AEPs for PMPs and PMFs are never zero and are not guaranteed to 
be the same for any two catchments and so their risk of exceedance is not uniform 
and reliable flood frequency is required to assess their AEPs. For these reasons, 
%+\ 



Wallis (1980, 1988) and Dawdy and Lettenmaier (1987) and others recommend 
the use of flood frequency analyses, particularly regional schemes, in conjunction 
with risk analyses to meet all design requirements. 

The provisional PMFs of 6000 cumecs at Birchville and 7000 cumecs at Taita 
Gorge can be used for design needs. However, the key flood frequency results 

(Section 3.4 of Volume 2) coupled with risk analyses in Section 2.2 of this volume 
are more reliable and informative, and are recommended for design use, in 
conjunction with the provisional PMF estimates. 

Finally, the provisional nature of the PMPs used in this study should be 
emphasised. As part of its responsibilities as owner of hydroelectric dams, 
Electricorp is currently sponsoring a PMF review panel. Through this panel 
NZMS is undertaking an analysis of probable maximum rainfall in New Zealand. 
Key features of this analysis will be to identify storms which could have produced 
extreme rainfalls, to establish the effect of orographic enhancement, and to study 
the extent to which these storms can be transposed from one basin to another. 
This is essentially an adaptation of techniques developed in Australia and the 
USA It was used for the provisional maximised Cyclone Bola rainfalls 
transposed to the Hutt River catchment for this project. 

The current PMP for the Hutt River prepared by NZMS is based on statistical 
methods and has physical support from the Bola rainfalls. However, it should still 
be regarded as a provisional estimate. 

2.5 Climate change 

The possibility of a human-induced, world-wide change in climate is the subject of 
much scientific research effort at present. There is much debate on whether 

global warming is in fact happening or going to happen, and on what effects this 
would have. As discussed in Volume 5, there have been climate changes in the 
past. Enzel et a1 (1989) have linked past (late Holocene) regional climate 
changes with changes in flood frequency behaviour. We should therefore be 

concerned that the climatic regime during which the Hutt River flood data were 
collected, and on which this study is based, is subject to change. In this section 
climate change scenarios are discussed with respect to Hutt River flood frequency 

t waviour.  

The paleohydrology report (Volume 5) reports that two climate change scenarios 
affect rainfall totals over the Hutt River catchment: one "most likely" scenario has .. . 
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