Waioeka-Otara Rivers: Provisional Flood
Frequency Analyses
Prepared by Jonathan Freeman, Engineering Hydrologist

Environment Bay of Plenty
Rivers & Drainage Publication 2008/02
5 Quay Street
P O Box 364
Whakatane
NEW ZEALAND

ISSN: 1174 0124
Working with our communities for a better environment
E mahi ngatahi e pai ake ai te taiao

Environment Bay of Plenty

i

Acknowledgements
Peter West, Roger Waugh and Rachael Medwin for their
support and guidance. Glen Ellery and Charl Naude for their
Tideda training and data capture contribution.

Rivers and Drainage Publication 2008/02

Waioeka-Otara Provisional Flood Frequency Analyses

Environment Bay of Plenty

iii

Executive Summary
This document describes the process of undertaking flood frequency analyses on the
Waioeka-Otara and the Tutaetoko Rivers. In this review the Waioeka (at Cableway (Site No
15901) and Otara (at Browns Bridge, Site No 16002) rivers were assessed by means of
statistical analyses of annual and biennial annual maxima from 40 to 50 years of gauged data.
The Tutaetoko catchment is part of the greater Otara catchment however it joins the Otara
downstream of the Browns Bridge gauge. The relatively large size of the Tutaetoko catchment
area in relation to that of the Otara’s suggested that its flows were considered significant enough
to warrant an independent investigation. Due to the absence of gauge data on the Tutaetoko
River, the Regional and Transposition Area methods, based on the combination of estimates
from other sites in the region, were adopted. The influence of Climate Change and the
Interdecadal Pacific Oscillation (IPO) has also been taken into account in this assessment. The
nature of the Waioeka-Otara catchments is such that Opotiki Township, located at the
confluence of the Waioeka and Otara Rivers approximately 1km upstream of the coast, is
exposed to the influence of both coastal and river hydrological dynamics. These independent yet
highly variable natural systems make flood mitigation an interesting challenge in the region.
“…hazard management’ has been no cure-all. The illusion of safety encourages further
development, but is exposed as false security whenever particularly vigorous natural events
occur. The cost of flood losses for example has continued to rise despite- or because ofinvestment in flood control schemes.” (Mckinnon, 1997)

March 1964 – Flood in the Opotiki Township
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Chapter 1: Catchment Characteristics
1.1

Flood History
The Waioeka and Otara River Catchments and hence the Opotiki township, have been
subject to several significant flood events since the towns inception 140 years ago. The
Soil Conservation and Rivers Control Council Document: Floods in New Zealand
(1957), gives a detailed account of many of these flood events. The most notable of
which were the 1904, 1918 and1925 flood events. Significant events were also
experienced in 1930, 1942, 1948, 1957 and 1958 (Wallace, 1999). The 1918 event was
regarded as the largest in recorded History, prior to 1964 and the arrival of regular
monitoring stations (Wallace, 1999). The 1964 flood event was the largest on recorded
for both the Waioeka (1494 m³/s) and the Otara (984 m³/s) rivers at that time. To this
day the 1964 event has not been surpassed on the Otara, however, a flood with a
magnitude of 1521 m³/s, was experienced in July of 1998 on the Waioeka.
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Figure 1

Gauged flood annual maxima in the Waioeka and Otara systems. Data
from Tideda.
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1.2

Environment Bay of Plenty

Catchment description
The Waioeka-Otara catchment covers an area of approximately 1,130km2, much of
which is steep and well forested. Roughly 70% of the catchment is covered by
conservation estate in the form of the Urewera National Park and Waioeka Gorge
Scenic Reserve. The Geology is characterised by alluvium on the floodplain, Kaharoa
ash on the lower foothills and greywacke in the upper catchment.
Although there is some exotic pasture, both the Waioeka (upstream of the cableway
recorder) and the Otara (upstream of the Browns Bridge recorder) are predominantly
covered by scrub and indigenous forest. It is due to this forest cover that the
catchments have a high capacity to absorb rainfall, delaying runoff and potential
flooding downstream. The steep, rugged character of the catchments has the effect of
increasing erosion, as is typified by the large number of slips evident on aerial
photographs. Such slips have been associated with the development of temporary
dams which, when breached, send a flood wave downstream. A 2008 field survey and
a review of more recent aerial photography (2003 photography) confirmed that slips are
still a frequent occurrence in both catchments.

Figure 2

Waioeka-Otara Catchment location
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3

Geology of the Waioeka-Otara Catchment.
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Figure 4

Waioeka-Otara Catchment land use.
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Figure 4

5

Flow Monitoring Sites in the Bay of Plenty. Waioeka at Cableway and
Otara at Browns Bridge are numbers 31 and 32 respectively.
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Chapter 2: Historical Analyses
2.1

1966 Flood Frequency Analyses
Actual details of the design could not be found, however the ECCB (1989) report
suggests that 1966 flows were generally 10% lower than the revised 1989 design flows
discussed in section 2.2 below. These original design flows were based on only
five years of recorded data and 20 to 30 years of rainfall records. The Otara design
flows were based purely on the 20 to 30 year rainfall record. The original 1966 design
curves were based on very limited hydrological data and therefore the results could be
viewed as questionable. The short record also affected the annual exceedence
methods used and caused difficulty in deriving reliable flood frequency curves, with
often conflicting results.
Table 1

Results of the 1966 flood frequency analyses as per the ECCB (1988)
report. Otara at scheme is assumed to be 117% of the flows at Browns
Bridge.

Results of the 1966 flood frequency analyses
Discharge (m³/s)
Return Period
Waioeka at Cableway
Otara at Scheme
(Years)
1300
675
30
1974
965
250

2.2

1989 Flood Frequency Analyses
The 1989 review, undertaken by Tichmarsh on behalf of the East Cape Catchment
Board (see Tichmarsh B R, 1990) was based on 20 years of river stage records on the
Waioeka River (Cableway) and 8 years staged records plus15 years annual maximum
gauged flood data, on the Otara (Browns Bridge). Tichmarsh’s analyses was two fold
and focused on annual maxima and a full duration or event probability analyses
including all floods. A regional Flood Frequency Estimation technique was used as a
further check. The 1988 design curve was developed based on the comparison of the
above methods, taking into account their relative strengths and weaknesses. The
resulting design curve, used for extrapolating flood frequency, can be seen in
Appendix 3. The details of the East Cape Catchment Board study can be found in
Appendix 3.
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Table 2

Results of the 1989 flood frequency analyses, based on the ECCB
(1988) report and the probability graphs in Appendix 3.
Results of the 1989 flood frequency analyses
Discharge (m³/s)
Return Period
Waioeka at Cableway
Otara at Browns Bridge
(Years)
3000
1550
1000
2680
1350
500
2370
1180
250
2280
1125
200
2000
980
100
1730
840
50
1540
750
30
1400
680
20
1200
560
10
990
460
5
730
340
2
560
260
1

2.3

1998 Flood Frequency Analyses
The 1998 review, was undertaken by Peter Blackwood on behalf of Environment
Bay of Plenty. While the results of Peter’s analyses are available unfortunately the
methodology has not been formally documented. The methods described here have
been put together on the basis of personal communications with Peter Blackwood and
some results as documented by Phil Wallace. This method undertook statistical
analyses of both annual and biennial maxima using the software package “FORTRAN”.
The results of which can be viewed in Appendix 4.
A “censored analyses” was undertaken on the highest flood flows in order to accurately
represent these flows over the period for which they are know to be the highest (i.e.
approx 30 years of recorded data but the highest flows are know to be the largest since
1918 or over approx 80 years.) It was suggested that the “censored analyses” would
drop the 1998 curve, on the Otara, by about 20 cumecs. Further comment was made
on the severity of the 1964 flood event, the confidence of its estimated discharge and
its effect on frequency estimates, primarily on the Otara. This event is by far the largest
event experienced on the Otara and has been included in Peter’s frequency estimates
on the basis that the period from 1980 – 1997 was considered a very benign period and
removing it would provide unrealistically low results.
The results from the Biennial analysis were eventually adopted for the Waioeka but not
on the Otara. Biennial analyses was justified on the basis that in certain hydrological
situations the number of flood events per year is small and we are dealing with the
distribution of extreme events from and array of floods (Blackwood Pers. com 2008).
Analyses of the data suggested that this effect was more prevalent on the Waioeka and
had little influence on the Otara. Consideration was also given to a strongly quiescent
IPO (25 years inactive and 10 years active) which tends to underestimate less frequent
flood flows. The results for both the Waioeka and the Otara Rivers can be seen in
Table 3 below.
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Adopted results of the 1998 flood frequency analyses.
Results of the 1998 flood frequency analyses
Discharge (m³/s)
Return Period
Waioeka at Cableway
Otara at Browns Bridge
(Years)
2600
1300
500
2140
1062
200
1845
932
100
1583
812
50
1279
666
20
1075
562
10
904
463
5
656
327
2
494
197
1
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Chapter 3: Data Capture
3.1

Available datasets
The following hydrological datasets are available for the Waioeka and Otara
catchments:
•

River level and river flow records for the Waioeka River at the Cableway site (Site
No. 15901, located in the Gorge, just downstream of Oponae), from 1959 to
present.

•

River level records for the Waioeka River at the Mouth of Gorge (Site No 15912),
from 1987 to present.

•

River level and river flow records for the Otara River at Browns Bridge (site
No.16002) from 1964 to present. Reliable stage records were only available from
1979 to present. The data record from 1964 to1979 was obtained from diary
records of annual maximum peak discharge.

•

River level records for the Otara River (Site No16007) at the wharf (near the
Waioeka confluence) from 1991 to present.

•

Rain gauge data is available for the Waioeka at Cableway (Site No 872301, 1990
to present), Otara at Browns Bridge (Site No 781410, 1990 to present) and Pakihi
(Site No 872507, 1976 to present).

The most recent gauged dataset have been recorded at 15 minute intervals. Only the
Waioeka at Cableway (Site No.15901) and the Otara at Browns Bridge (Site No.16002)
records were used for flood frequency analysis.

3.2

Data integrity

3.2.1

Otara at Browns Bridge
As a consequence of an extremely active bedload, the Browns Bridge site (Site
No. 16002) has been re-rated on several occasions. A consequence of this is an
increase in potential error. A comparison between the 1998 hydrology and this analysis
indicates some difference in the Tideda results for annual maxima. These differences
are to be within 5% – 10% and do not appear to have a bearing on the less frequent
more sever events.
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Of some concern is the data from 1964 to 1979 as it is of unknown integrity and was
based on the 1978 rating curve. The ECCB (1989) states the following: “Although the
gaugings that are used to make up the ratings show a considerable degree of variance,
it is felt that the current curves will not prove too much in error as more data becomes
available in the future. The ratings should be seen as best averages of loop curves,
about which actual events will apply.” Considering the extreme nature of the events
between 1964 and 1979 and a reliable 29 year stage record since 1979, it was
considered prudent to include these earlier results in this analysis. In doing so
consistency is maintained between the 1989, 1998 and 2008 hydrology reviews.
Analyses of the Tideda record (1979 to present) brought to light a number of incomplete
annual series. Incomplete years were removed for this analysis if there was not
sufficient evidence to suggest that a calendar year contained the annual maxima. 1981,
1987 and 1989 were removed on this basis. The presence or absence of the annual
maxima flow was based on comparison with flows in the Motu (Site No 16501, 1957 2008), Waioeka (Site No, 15901, 1958 - 2008) and recorded rainfall at the Pakihi (Site
No 871410, 1970 – 2008) station.

3.2.2

Waioeka at cableway
The accuracy of the Waioeka stage-time data at Cableway (Site No. 15901) is expected
to be good. These records extend from 1958 to 2008, approximately 50 years’ worth of
data. This site is operated by NIWA and has undergone several confidence tests. 1968
and 1969 have been removed from the record due to a lack of confidence in annual
maxima representation. This is based on a similar comparative process to that used on
the Otara River, except comparison was made to the Motu River flow (Site No 16501,
1957 - 2008) and Pakihi rainfall (Site No 871410, 1970 – 2008) records only. It is worth
mentioning that the events of 1964 and 1967 did exceed the recorder range, but in both
cases accurate levels were obtained from marks left inside the recorder housing.
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Chapter 4: Flood Frequency Analyses
4.1

Method
The methodology applied for this review has adopted a slightly different approach to
that of the historical reviews described in chapter 2. This was mainly due to a change in
the availability of previously used statistical software (FORTRAN), which is now out of
date and could no longer operate on modern windows operating systems. In an attempt
to maintain some consistency, and therefore comparability, similar techniques to those
applied in the 1998 review have been applied as follows:

4.1.1

4.1.1

Waioeka and Otara design flows by Statistical analyses of gauged data
using L-moments.

4.1.2

Tutaetoko design flow by Regional Analyses.

4.1.3

Tutaetoko design flow by transposition using the Area Method.

Statistical Analyses
Analyses of statistical gauged data involved plotting both calendar year annual maxima
and bi-annual maxima from the historic record for each gauge. Event probability
positions were plotted based on Gringoten formula as follows:
F(Qi) = (i - 0.44) / (n + 0.12)
Where i is the rank of each flood in the order of flow magnitude, and n is the total
number of floods in the record. Both EV1 and GEV probability distributions were then
fitted to plotted points by the method of L-Moments (Hosking, 1990) using NIWA’s
Tideda software. It must be made apparent that GEV distributions should only be
considered suitable for flow records approaching 30 years or more. Exceedance
probabilities for biennial (BEP) and annual (AEP) probabilities were plotted using the
Gumbel reduced variate, described by Mckerchar and Pearson (1989) as follows:
•

Annual Probability:

•

Biennial Probability:

y (Qi) = -ln [- ln (1-1/T)]
y (Qi) = -ln [-2 ln (1-1/T)

Where T is the desired recurrence interval.
Using this method we are able to relate both AEP and BEP by plotting them on the
same distribution. The resulting Gumbel plots were assed by means of visual
comparison of the extreme probability tail. These plots have been included in
Appendix 1.
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Regional analyses
The Tutaetoko Catchment, located on the Otara River, is the only ungauged catchment
that offers a considerable ungauged discharge to the Otara River. This catchment
covers an area 25% that of the Otara, upstream of Browns Bridge, and therefore
contributes quite significantly to discharge estimates downstream of Browns Bridge.
Previous analyses have estimated the discharge from this catchment at 17% of the
discharge recorded on the Otara at Browns Bridge (Tichmarsh, 1990). The regional
method, described by Mckerchar and Pearson (1989), has been applied to the
Tutaetoko, Waioeka (at Cableway) and Otara (at Browns Bridge) Rivers, for
comparative purposes.
The regional method estimates flow quantiles by combining estimates of annual flood
peak from other sites in the region. This method is based on maps of specific discharge
and flood frequency factors, generated from 343 estimates of annual maxima through
out New Zealand. An estimation of discharge for an ungauged catchment is obtained as
follows:
Qt = (Q˜ *A0.808) x q100
Where Qt is the estimated discharge for the 100 year recurrence interval, Q˜ and q100
are the specific discharge and flood frequency factors respectively, estimated from the
maps provided in McKerchar and Pearson (1989). This method can be applied to floods
other than the 100 year flood in the following manner:
Discharge (Qt) = Q˜ [xt + (1 - xt)q100]
Where xt is expressed by the following formula:
xt = 1.1435 - 0.2486yt
Where yt is the Gumbel reduced variant expressed by the following formula:
yt = -ln[-ln(1-1/T)]
T is the desired recurrence interval.
This method was considered appropriate as it is applicable to catchments in which the
following factors are not a contributing factor; snow melt, glaciers, lake storage,
ponding or urban development. Both the Waioeka and the Otara catchments do not
express any of these characteristics. Detailed calculation spreadsheets can be viewed
in Appendix 2.

4.1.3

Method of transposition by area
Estimates for the Tutaetoko Stream design flows were also made by transposing flood
characteristics from the Waioeka and Otara flood magnitudes derived from statistical
methods. This method assumes that the corresponding peak flow is proportional to the
catchment area raised to the power of 0.808:
Qp1 = Qp2 x (A1 / A2)0.808
Where Qp1 is the estimated discharge of the desired catchment, Qp2 is the known
discharge of the transposed catchment. A1 is the area of Qp1 and A2 is the area of Qp2.

Waioeka-Otara Provisional Flood Frequency Analyses
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Chapter 5: Climatic Variability
5.1

Inter-decadal Pacific Oscillation (IPO)
The IPO can be described as a climatic effect with a temporal pattern spanning
decades. Its influence is felt in the majority of the Pacific region. The IPO has the effect
of accentuating or curtailing the impacts of ENSO (El Nino Southern Oscillation) events.
This is dependent on whether it is in a positive or a negative phase which, the IPO
oscillates between approximately every 20-30 years. Three phases have been
identified since the 1920’s: 1922-1940 (positive), 1946-1977 (negative) and 1978 to
1998 (positive). In Bay of Plenty a positive phase is generally associated with a reduced
occurrence of flood events while the negative phase tends to encourage extreme
events. This is consistent with events experienced on the Waioeka and the Otara
Rivers. The 1960’s and early 2000’s have experienced several flood events while the
period from 1977 to 1998 was relatively benign. (MFE, 2008)These effects have been
taken into account in this review.

Figure 5

5.2

The IPO index based on sea-surface temperatures (SST). The IPO is
estimated to change phase every 20 – 30 years (MFE, 2008).

The influence of Climate Change
Under the Local Government Act 2002 and the Resource Management Act, regional
councils are responsible for the management of regional water, air and land resources.
As a result regional councils have a duty to avoid, remedy or mitigate adverse effects
associate with climate change. Climate change impacts can and should be taken into
account when contemplating new activities and development. The Ministry for the
Environment (MFE, 2008) states that the risks associated with climate change are not
new, however they may change the frequency and intensity of existing climatic events.
Considering the potential impact of climate change on regional council functions and
services it is prudent to include its effects in this review.
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The best estimate of climate change in the Bay of Plenty according to the MFE (2008)
document is as follows:
Projected changes in seasonal and annual mean temperature (in oC)
relative to 1990, for the Bay of Plenty (MFE, 2008). The first number is
the mid range estimate of what the change will be. The figures in the
brackets provide the modal range within which change could lie.

Table 4

DECADE Sumer Autumn Winter Spring Annual

Decade
2040
2090

Summer
1.0 [ 0.3, 2.5]
2.2 [ 0.8, 6.2]

Table 5

Mean annual temperature change oC relative to 1990
Autumn
Winter
Spring
Annual
1.0 [ 0.3, 2.7]
0.9 [ 0.1, 2.2]
0.8 [ 0.0, 2.1]
0.9 [ 0.2, 2.4]
2.2 [ 0.6, 5.6]
2.0 [ 0.5, 5.2]
1.8 [ 0.3, 5.1]
2.1 [ 0.6, 5.5]

Factors for use in deriving extreme rainfall information for preliminary
assessment scenarios from MFE (2008). (ARI = Average Recurrence
Interval).

8
8
8
8
8
8
8

8
8
8
8
8
8
8

7.2
7.4
7.6
7.8
8
8
8

6.7
7.1
7.4
7.7
8
8
8

6.2
6.7
7.2
7.6
8
8
8

5.9
6.5
7
7.5
8
8
8

5.3
6.1
6.8
7.4
8
8
8

4.8
5.8
6.5
7.3
8
8
8

4.3
5.4
6.3
7.2
8
8
8

3.8
5
6.1
7.1
7.8
8
8

72 hrs

48 hrs

24 hrs

12 hrs

6 hrs

3 hrs

2 hrs

1 hr

30 min

10 min

ARI
(years)
2
5
10
20
30
50
100

<10 min

Factors used in deriving extreme rainfall (% change)
Duration

3.5
4.8
5.9
7
7.7
8
8

Tables 4 and 5 above, recommend percentage change adjustments to extreme rainfall
per degree Celsius of warning e.g. for the 100 year ARI to 2090, a 2.2oC temperature
change in summer would result in a 17.6% change in extreme rainfall intensity. The
climate change impacts and assessments presented here are subject to a large amount
of uncertainty. The Ministry for the Environment recommend using these figures as a
guide only. This has been taken into account with regard to estimating ARI on the
Waioeka and Otara Rivers. For further details of this assessment see the MFE (2008)
document “Preparing for Climate Change: A Guide for Local Government”.
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Chapter 6: Results
6.1

Statistical Analyses
The results of the statistical analyses provide a range of estimates for ARI in both the
Waioeka and the Otara Rivers. The methods used reflect a variation in the region of 5%
- 10% and have been assessed on their relative strengths and weaknesses. The
resulting design estimates are provided below.

6.1.1

Waioeka Design Flows
The Waioeka Design flows illustrate a slight deviation from results recommended by the
1998 review. Table 6 provides a summary of these results for all methods.
Table 6

ARI Event
2.33
5
10
20
50
100
200
500

Summary of design flows for the Waioeka River at Cableway.
Annual Analyses
EV1 (m³/s)
GEV (m³/s)
700
706
910
914
1080
1080
1244
1236
1457
1431
1616
1574
1774
1714
1983
1893

Biennial Analyses
EV1 (m³/s)
GEV (m³/s)
686
678
894
868
1062
1040
1224
1221
1434
1480
1591
1695
1747
1928
1954
2268

The recommended design flows illustrated below have been based on the GEV
(General Extreme Value) Distribution from a biennial data series. A detailed description
of these and other results, for the Waioeka Rivers can be found in Appendix 1.
A biennial GEV distribution was adopted through analyses of the goodness of fit, for the
fitted extreme values distribution curves, for both the annual and the biennial
distribution curves. The Waioeka distribution contains three extremes which are
documented to be the largest flood since 1918. Therefore it was considered statistically
correct to plot these three highest flood flows over the time period in which they are
known to be the highest i.e. 89 years instead of 50 years. This resulted in a better fit
with flows ranked two and three but not rank one. Consequentially the “censored
analyses” was disregarded and the results from the GEV Distribution were considered
most suitable.
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Recommended design flows for the Waioeka River at Cableway are as follows:
Table 7

Design Flow Estimates for the Waioeka River at Cableway.
ARI Event
2.33
5
10
20
50
100
200
500

Discharge m³/s
678
868
1040
1221
1480
1695
1928
2268

A degree of conservatism was applied in this selection due to a considerable reduction
in results between the 1998 flood frequency analyses and these results. An analysis of
the 1998 results suggests that the large difference could be as a consequence of
incorrectly plotting biennial data using an annual plotting position. Personal
communication with Peter Blackwood have suggested that this is not so. Replication of
the biennial 1998 review, using the latest Tideda data up to 1998, indicated a 100 year
ARI event discharge of 1808m³/s (GEV, 2008) in comparison to 1845m³/s (Pearson III,
1998). GEV and Pearson III distributions do tend to produce similar results hence direct
comparison of the two results was considered suitable and the resulting 2% difference
is not considered significant. The reduction in discharge between 1998 and 2008 for the
100 year ARI event seems to illustrate a flattening of the distribution curve as a
consequence of a longer gauged record and the effects of a censored analysis.

6.1.2

Otara design flows
Similar criteria to that used in the Waioeka were subsequently applied to Otara River at
Browns Bridge. Table 8 provides a summary of these results.
Table 8

ARI Event
2.33
5
10
20
50
100
200
500

Summary of design flows for the Otara River at Browns Bridge.
Annual Analyses
EV1 (m³/s)
GEV (m³/s)
370
373
498
501
602
602
702
696
831
816
928
903
1024
988
1152
1097

Biennial Analyses
EV1 (m³/s)
GEV (m³/s)
384
376
500
472
595
568
686
677
803
848
891
1003
979
1184
1095
1473

The recommended design flows illustrated below have been based on the EV1
(Extreme Value 1) Distribution from an annual data series. A detailed description of
these and other results, for the Waioeka Rivers can be found in appendix 1. An annual
EV1 distribution was adopted through analyses of the “goodness of fit”, for the fitted
extreme values distribution curves, for both the annual and the biennial distribution
curves. The Otara distribution is known to contain one record, the most extreme event,
which is document as being the largest since 1918.
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Therefore it was considered statistically correct to plot this discharge over the time
period in which it is know to be the highest i.e.89 years rather then 44 years. This
resulted in better fit from the annual EV1 distribution.
Table 9

Design Flows for the Otara River at Browns Bridge
ARI Event
2.33
5
10
20
50
100
200
500

Discharge m³/s
370
498
602
702
831
928
1024
1152

These results illustrate a marginal drop (4m³/s) in flood frequency when compared to
the 1998 analyses.

6.2

Regional Method and Method of Transposition by Area
Previous analyses have estimated the Tutaetoko catchment at 17% of Otara at Browns
Bridge. In order to test this assumption, the regional method (Mckerchar and Pearson,
1989) and the method of transposition by area has been applied. Further details of
these methods can be found in 4.1.3 and 4.1.2. Table 10 illustrates the results from
these methods.
Table 10

Summary of Design Flow estimates for the Tutaetoko River.

60

ARI event and Resulting
discharge (m³/s)
100 50
20
10
5
2.33
227 204 174 150 125
98

0.8

Area

60

244

213

176

150

125

98

Area0.8

60

303

271

229

196

162

121

158

141

119

102

85

63

273

242

202

173

144

109

River

Method

Area

Tutaetoko
Tutaetoko (Waioeka at
Cableway)
Tutaetoko (Otara at
Browns Bridge)

Regional

Tutaetoko

17% Browns
60
Bridge
Mean of Area methods

The results from Table 10 above suggest that previous estimates of discharge for the
Tutaetoko catchment (17% of Browns Bridge) may have been underestimations. The
Tutaetoko catchment is located directly between the Waioeka and the Otara
catchments. As a result you would expect the area method to provide a reasonable
estimate of discharge. Interestingly, when the Regional method is applied to the Otara
catchment, discharge in the Tutaetoko is proportional to area and is in the region of
30% that of Browns Bridge. Appendix 2 provides further details of these methods and
results. Recommended discharge for the Tutaetoko catchment has been based on the
mean of the results from the Area and regional methods.
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Table 11

Estimated Design Flows for the Tutaetoko River at the intersection with
the Otara River.
ARI Event
2.33
5
10
20
50
100

6.3

Discharge m³/s
109
144
173
202
242
273

IPO and Climate Change Results
The data available for the Waioeka and the Otara spans a 40 to 50 year period from
1958 to 2008. During this period the Bay of Plenty has experienced a similar length of
positive and negative IPO expression. It is therefore expected that the effects of the
IPO, on flood frequency estimates, have been more than likely been minimised for the
overall duration of this study i.e. the results represent neither an overestimate or
underestimate.
While the influence of climate change is anticipated to increase design rainfall intensity
and possibly discharge, the interval between hydrologic reviews was considered far
shorter than those time-frames relating to climate change. The results from this analysis
are included for completeness sake and have not had a bearing on the final design
flows.
Table 12

Estimates of climate change and its affects on the Waioeka and Otara
Rivers for 2040 and 2090. Scenarios are based on methods described
in section 5.2.

Scenario
Excluding
Including + 6.4%
Including + 8%
Including + 14.4%
Including + 17.6%
Excluding
Including + 6.4%
Including + 8%
Including + 14.4%

Decade
2008
2040
2040
2090
2090
2008
2040
2040
2090

% Increase
0.000
0.064
0.080
0.144
0.176
0.000
0.064
0.080
0.144

Including + 17.6%

2090

0.176

Method
L Moments

L Moments

AEP and Resulting discharge (m³/s)
River
1%
2%
5%
10% 20%
Waioeka 1695 1480 1221 1040 868
Waioeka 1803 1575 1299 1107 924
Waioeka 1831 1598 1319 1123 937
Waioeka 1939 1693 1397 1190 993
Waioeka 1993 1740 1436 1223 1021
Otara
928
831
702
602
498
Otara
987
884
747
640
529
Otara
1002 897
758
650
537
Otara
1062 951
803
688
569
Otara

1091

977

825

708

585

The results in table 12 above illustrate the maximum and minimum amount of change
expected to both 2040 and 2090 as per the MFE, (2008) document, “Preparing for
Climate Change, A guide for Local Government”. The purpose of running both a
minimum and maximum influence is in order to determine the sensitivity of these rivers
to climate change scenarios. It is recommended that the same scenarios be applied to
the Tutaetoko estimates should climate change scenarios be required for this river.
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Chapter 7: Discussion
A variety of methods have been applied in the process of estimating flood frequency or ARI for
the Waioeka, Otara and Tutaetoko Catchments. The discussion presented here has attempted
to account for the relevant strengths and weaknesses of all methods applied. Design
recommendations have been based on those results most suitable to the individual catchments.
Considering the nature of the urban environment i.e. Opotiki Township, that Environment
Bay of Plenty protects, it is considered prudent to adopt a conservative approach that is guided
by the results presented in Chapter 6.
The recommended biennial GEV Waioeka design flows at Cableway reflect approximately a
10% reduction in flow predictions since 1998. Applying a “goodness of fit” methodology to the
relative results (see appendix 1) of the four methods, suggests that there is no clear distinction
between them i.e. all distributions appear to provide a suitable fit when compared to the plotted
recorder data. The suitability of one distribution over another was based purely on the “goodness
of fit” for the floods at the upper extreme. This approach brings the relevance of the top three
floods into discussion. A “non-censored” approach suggests a subtle flattening of the distribution
curves when compared to the 1998 results and would tend to support the selection of a biennial
GEV distribution. This effect was somewhat predicted by Tichmarsh in his 1989 report. These
three highest floods are known to be the largest since 1918 and it was felt that a “censored
analyses” would provide more realistic results. This involved plotting of the top three floods over
89 years instead of 50 years and resulted in the recorded data resembling an EV3 distribution.
The censored analysis does provide a better fit for the second and third highest flows in the
record, although the highest flow appears as an outlier and is responsible for the apparent EV3
distribution. This result is considered highly unlikely for the Bay of Plenty, in which EV2
distributions appear to be more commonplace (P. Blackwood 2008, pers.com). Consequentially
the “censored analyses” was disregarded and the biennial GEV distribution was selected on the
basis that it provided a better fit, a conservative reduction from the 1998 review and applied
comparable methodology to that of the 1998 review. The 10% reduction in discharge for the 1%
ARI appears to be consistent with the analyses of a longer data series, when compared to 1998.
Biennial analysis is generally considered appropriate in catchments which exhibit infrequency of
flood events i.e. we are examining the frequency of extreme events and biennial analyses allows
for the exclusion of non-extreme events. Analyses of the Waioeka and Otara Rivers rainfall
records suggest that this can be the case on the East Cape of the Bay of Plenty. Consequently
biennial analysis encourages a better fitting EV1 distribution due to the presence of enough
independent flood events. This method also encourages a better fit at the extreme end of the
distribution curve, as was apparent in the Waioeka. Results from the Waioeka analyses
suggested a marginally better EV1 distribution fit using biennial analyses; however results for the
Otara showed little improvement, especially at the extreme end of the distribution curve. Biennial
analysis was therefore not adopted in the Otara River and the results from the annual EV1
distribution are recommended. Plotting the highest recorded flow on the Otara over the number
of years for which it is known to be the highest i.e. a “censored analyses” also, had the effect of
improving the fit of the EV1 distribution.
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Although this “censored analyses” was disregarded on the Waioeka, plotting extreme flows over
the time period for which they are known have occurred provides improved statistical accuracy
and improves accuracy of estimates at the upper extremes of the probability curve.
Results from a regional analysis of the Tutaetoko Catchment indicate that the original estimate of
17% the Otara discharge at Browns Bridge was probably an underestimation. This was indicated
by both the regional method and the method of transposition by area. The method of
transposition by area is based on the statistical discharge estimates in both the Waioeka and the
Otara Rivers. Due to its geographic location, between the Waioeka and the Otara River, relative
catchment uniformity between all three catchments and the considerable length of statistical
record, the area method is expected to provide reasonable results. The mean of both methods
was eventually adopted as the best estimate and represents a 43% increase from previous
estimates.
The influence of climatic variability i.e. IPO and Climate Change effects have been considered
for both the Waioeka and the Otara Rivers. Recommendations provided by the Ministry for the
Environment, suggest that the Waioeka and Otara Catchments have experienced approximately
equivalent benign and active phases of the IPO to 2008. The resulting data series is therefore
not expected to bias the statistical results from this analysis in any particular direction. Ironically
the 1998 review was expected to reflect a bias toward a benign IPO and a slight reduction in
expected discharge. The results of this analysis may suggest that the IPO may not be as
influential as previously expected. In order to estimate the sensitivity of flood frequency to IPO
influences in the Bay of Plenty, it may be useful to undertake and make comparison between
flood frequency analyses during positive and negative phases of the IPO respectively. Time
constraints have not allowed for such detailed analyses at this time.
Dr Andy Resinger from MFE has advised Environment Bay of Plenty that the frequency of floods
of a particular size could increase between zero and four-fold by the year 2070. The implications
are that the 400-year flood could become the 100 year flood (Waugh, 2008). Appendix 1
provides linearly extrapolated estimates of possible 200 and 500 year flood events for the
Waioeka and Otara Rivers. When compared to the results in section 6.3 these estimates appear
consistent with a mean approximation of Dr Resinger’s comments i.e. the100 year to 2090
including climate change was 1993 m³/s compared to the existing 200 year of 1926 m³/s. The
200 year event has becomes a 100 year event by 2090. The length of time for which
Environment Bay of Plenty has recorded data on the Waioeka-Otara Catchments (50 years of
data) and the relative uncertainty of climate change predictions make confident estimates of
such extreme events difficult to achieve. Consequentially the application of the climate change
estimates is situation dependent but is recommended for longer term construction projects.
Climate change has not been included in the recommended ARI events from this analysis
although estimates of its effect on these recommended flows can be viewed in section 6.3.
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Chapter 8: Recommendations
The following recommendations apply to estimates of flood frequency or ARI for the Waioeka,
Otara and Tutaetoko Catchments.
•

Section 6.1.1, Table 7 should be applied as the design estimates of ARI for the Waioeka
River at Cableway (Site No 15901).

•

Section 6.1.2 Table 9 should be applied as the design estimates of ARI for the Otara River
at Browns Bridge (Site No 16002).

•

Section 6.2 Table 11 should be applied as design estimates of ARI for the Tutaetoko River
at the confluence with the Otara located approximately 500m downstream of Browns
Bridge (Site No 16002).

•

The effects of climate change have not been applied to the above estimates. It is
recommended that climate change estimates are applied in situations where the nature of
the proposed works are not easily retrofitted or are not reviewed within the MFE
recommended 2040 or 2090 climate change time frames e.g. road bridges.

Rivers and Drainage Publication 2008/02

Waioeka-Otara Provisional Flood Frequency Analyses

25

Chapter 9: References
Wallace P L, October 1999, Towards a Waioeka-Otara Floodplain Management Strategy,
Review of the Current Flood Hazard and Existing Responses. Environment
Bay of Plenty Operations Report 99/05.
Soil Conservation and River Control Council, 1957, Floods in New Zealand 1920 -53.
Wellington, New Zealand.
Titchmarsh B R, November 1990, Waioeka – Otara River Schemes 3 Investigation and Design
Report. Environment Bay of Plenty Operations Report 90/1.
Mckerchar A.I. and Pearson C.P. 1989, Flood Frequency in New Zealand, Publication of the
Hydrological Centre, Christchurch.
Ministry for the Environment (MFE), 2008, Website, 23 Factsheet 12: Enso and IPO,
www.mfe.govt.nz/publications/climate/coastal-hazards-climate-change-guidancemanual/htm/page24.html.
Ministry for the Environment (MFE), 2008, Preparing for Climate Change, A guide for Local
Government, Wellington, New Zealand.
Hall . G.W., April 1988, Engineering Technical Report 1988/2 : “Waioeka-Otara Catchment
Management Study : Part 1 Hydrological and Statistical Aspects” Environment
Bay of Plenty library No. 09780
Waugh. R. April 2008, Waioeka-Otara Asset Management Plan, Environment Bay of Plenty
Operations Publication 2008/04.

Rivers and Drainage Publication 2008/02

Waioeka-Otara Provisional Flood Frequency Analyses

27

Appendices
Appendix 1

Calculation Spreadsheets for Designs by various Methods

Appendix 2

Calculation Spreadsheet used for the Regional and Transposition Area Method

Appendix 3

1989 Flood Frequency Analyses
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Appendix 5

1998 Flood Frequency Analyses FORTRAN Results
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Appendix 1 – Calculation Spreadsheet used for design
flows by various methods for the Waioeka and Otara Rivers
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Appendix 2 – Calculation Spreadsheet used for the
Regional Method
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Appendix 3 –1989 Flood Frequency Analyses
From Titchmarsh (1990) on behalf of Environment B.O.P and Hall (1988) on behalf of the East Cape
Catchment Board.
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Appendix 4 –1998 Flood Frequency Analyses
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Appendix 5 –Technical Review of the “Waioeka-Otara:
Flood Frequency Analyses”
7 April 2009

Mr Jonathan Freeman
Engineering Hydrologist
Evironment BoP
P.O. Box 364
WHAKATANE

Dear Jonathan,
Re: Technical review of “Waioeka-Otara Rivers: Flood Frequency Analyses”
I have reviewed your draft paper on “Waioeka-Otara Rivers: Flood Frequency Analyses” and
would make the following comments:
1.

Overall your recommendations as to the design flows would appear to be consistent with
my own analysis, although your values are slightly more conservative (higher). This would
result in a slightly higher flood levels and therefore more robust design.

2.

It is not clear from your report whether the emphasis is on the various analyses used, and
how these have changed over time, or on providing the best estimates of the potential
flood events for various return periods. Personally, I would like to see the emphasis
squarely on the analysis of the current flow data set using our understanding of the most
appropriate techniques. While reference to previous work is important, I would see this
more as providing a chronology and more robustness to your estimates. It is important to
review the historic estimates and to postulate various explanations as to why current
estimates tend to be significantly lower – but that these estimates are robust and will not
lead to under-designed flood schemes or assessments of flood risk.

3.

The critical element to me in this study is that the methodology is robust, accepted, and
that the results have been critiqued. All these aspects have been met but detailed
reference to previous work tends to ‘dilute’ the confidence that the reader places in your
results.

4.

The referencing is ‘non-standard’ but that is OK given the nature of the report, and the fact
that your approach still provides sufficient information for any interested party to find the
material if necessary.
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5.

I would like to see the report start with a graphical display of the various data sets used in
the analysis – for the two sites (Figure 1). A short discussion of the various patterns in the
flow data would then be helpful. Are there any patterns present? How might these
patterns affect the analysis, and more critically how might they be used to explain the
reduction in apparent flood magnitudes overtime.
1600
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Figure 1:

6.

Flow regime of the Waioeka showing the significance of the three largest flood events
and the cyclic flow behaviour caused by the variations in the IPO.

A statistical summary of the data would also be helpful. Something similar to that below
produced by using PSUM in Tideda or Hilltop. The nature of the two flow regimes could
then be discussed with similarities and differences of the two records highlighted. Given
the adjacent nature of the catchments, but the significant differences found later when
relating the Regional results to the Frequency Analysis, this might be quite useful.
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Summary of flow variability of the Waioeka.

Min

Max

Mean

Std Dev

L.Q.

Median

U.Q.

0.93

1520.54

31.36

50.17

9.32

16.69

32.78

7.

How do the flow regimes of the two rivers relate one to the other? The relationship
between the maximum annual discharges of the two catchments would appear to show
that the control of flood peak is not solely a function of catchment area. What are the other
controls? Why is rainfall in the two catchments so different? Do you have any idea of the
time of concentration of the catchments? This would affect the duration of the critical
storms, and consequently the rainfall intensities and runoff volumes.

8.

I am a little concerned about the use of the 1918 event in the analysis. This is not really
the largest event in ‘recorded history’ since it is unlikely that the event was actually
recorded. It would be interesting to know how the estimates of flood peak for this event
were derived, and therefore how much confidence can be placed in these data.

9.

In the catchment descriptions it would be useful to include the percentage (area) of the
catchment upstream and downstream of the gauging sites. It would also be useful to
include the locations of the gauging sites so the reader has a better understanding of the
arrangement of the catchment, recorders, flow data, flood estimates etc. What is the
percentage of the catchment that is ungauged? What are the implications to this with
respect to the estimates of flood magnitudes and downstream flooding at Opotiki? This is
important since I assume that this was the principal aim of your study.

10.

The effect of vegetation on flood magnitude tends to decrease as the magnitude increases
(and therefore the return period). This is because the bigger floods are when all the
catchment storage is full i.e., the effect of vegetation is saturated, and therefore limited.

11.

I am not sure why you have included the discussion of slips. This is really a separate
issue, unless they have been responsible for some of the larger flood events. If their effect
is not known then be careful that the discussion does not give more weight to this issue
than it deserves. If landslides into the rivers had blocked the flow in the past, and created
major flood events, then this would be important. For example, if such a mechanism was
known to explain the three largest events on record then this would be a critical
consideration. I can see no such suggestion in you report however.

12.

With regard to your Figure 1; describe the strong cyclic pattern apparent in the distribution
and magnitude of the maximum annual floods. It would appear that this relates to the IPO
index. You could add a line on the graph showing the ‘phase’ of the IPO index. Although
you discuss the impact of the IPO later, it might be worth at least highlighting the cyclic
pattern. It is also important to point out that there do not appear to be sequences of either
high or low flows – rather the pattern is cyclic and oscillating rather than abrupt. It is also
important to point out that the total length of record includes at least two complete cycles.
Therefore, analysing the entire record has incorporated this cyclic behaviour into your
analysis. This would be an issue if you had a short length of record. The evidence in the
graph is that your analysis will be robust and provides good estimates of the magnitude of
events with particular return periods.
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13.

I would be tempted to just summarise the various estimates of flood events for particular
return periods, and discuss how these have changed through time. I might even go so far
as to suggest that you start with your analysis and then relate these earlier estimates to
yours explaining and accounting for the differences. Fundamentally, I think the emphasis
should be on your results – the best available – and too much doubt should not be cast on
your analysis by over-emphasising earlier studies – which suffered from significantly more
and greater limitations than your present study. How relevant are these earlier analyses?
Do you really want to focus attention on them? Your results were derived using the
longest data set available, and using a range of standard methodologies. Therefore, they
must be considered the most reliable estimates available; and their use should be
encouraged,

14.

I am not sure of the relevance of the stage records as opposed to the gauged (flow)
records. The stage records only show the water level relative to the recorder. I would
assume that the beds of these two rivers are highly mobile and variable. Therefore, the
stage record can vary even if the volume of water does not. This just creates confusion.
You could use BEDPLOTS to look at the relative stability of the river beds at the gauging
sites to provide some data to support your discussion here. I would be tempted to discuss
the flow records only as these are the ones used in the analysis. Since no reference to the
records from the other sites is made in the text, why are they discussed in the data
section? If you were to extrapolate your analyses to other sites using these data then their
reference might be justified, but again they just seem to add confusion. Their inclusion
would appear unnecessary.
The design curves referred to in Appendix 3 are not really much use as they do not contain
the data from which the curves were derived. That is, we do not know how good a fit the
curves were, and therefore the reliability of the estimates. Given the degree of scatter
using the most recent and longest records, and the fact that the more powerful statistical
routines still have difficulty fitting a ‘standard’ curve to the flow data, one can only hazard a
guess as to how reliable these curves actually were. It is very important to plot the data to
show the reliability of the curve, and by inference the estimates of peak discharge (as you
have done in your own analysis).

15.

16.

FORTRAN is actually a programming language and not a software package – at least not
by my definition. That is, a FORTRAN based program was written to calculate the plotting
positions and estimate the relationship between flood magnitude and return period. This is
now done internally by routines included in hydrometric software such as Tideda and
Hilltop. The use of these standard programs, using standard routines, produces consistent
and reliable estimates without the risk of error – at least in terms of the calculations etc.

17.

The use of historic data is particularly problematic. While the inclusion of the 1918 event
is attractive, since it was the biggest event experienced, it does tend to distort the
distribution and make fitting a standard statistical relationship more difficult. As mentioned
previously, we do not really know how reliable the estimates of the magnitude of this flood
actually were. Given that it is the biggest on record it tends to tie down the whole
relationship, and the fit of the line. If this event was actually not as big as believed then
the entire distribution would flatten and the estimates of flood magnitude would drop
considerably.
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18.

In general, it would have to be argued that the longer the data record and the more annual
floods the more reliable the analysis. I am therefore a little dubious about using the
biennial analysis – particularly when it is justified in one case and rejected in the other.
This is particularly the case given that the two catchments are adjacent, and therefore one
would expect them to be affected by the same processes etc. Also, in a couple of places
you say bi annual rather than biennial.

19.

I would like to see a Table that summarises the changes in the estimates of the various
return period events through time. This would make it quite clear as to how your estimates
relate to those of earlier studies. These could then be referred to just with references to
the various reports etc. rather than having all the detail that is in the appendix. What is the
purpose of the appendix? Is it really helpful? You could then explain how the various
estimates change, the causes of these changes, how the data available relate to the
estimates, and therefore why your current estimates are considered the best.

20.

As discussed previously I am not sure of the value of discussing all the various data sets
available if you did not use them. If there are only two reliable flow records, as opposed to
stage records, then this is why they were the focus of your analysis. Also, you can’t
estimate flood magnitudes from a stage record – certainly not if the bed is mobile and
subject to change. Perhaps you could add a map showing the relationship between the
various sites – how do the two used in the analysis relate, why are the other sites there
etc. Again, I would be reluctant to see too much discussion of sites that are not used in
the analysis.
When discussing the reliability of the data and the rating curves it might be useful to
include a BEDPLOT of the two sites. This can be quickly and easily done within either
Tideda or Hilltop. It basically shows for each gauging the difference between the actual
stage and the predicted stage for that discharge. The better and more stable the rating the
smaller the deviation about “0”, and the variation tends to fluctuate about the “0” rather
than being biased in one particular direction. How much error is associated with the rating
curve? You state 5-10% but how is this derived? Each gauging, assuming best practice,
is only to within ±8%. However, the errors are significantly higher under flood conditions;
the flow is more variable, the river is unlikely to be gauged at the peak, and the bed is
more mobile. All these factors affect the accuracy of the gauging and ultimately the rating
curve. How do the gaugings relate to the high flows? If you plot the gaugings on the
ratings you can see the highest flows gauged. These are critical in controlling the top end
of the rating curve and ultimately its reliability at estimating the size of specific flood
events. This point is really critical when discussing the reliability of the estimates of the
maximum annual flood series.

21.

22.

Tideda is actually a software program and not data! Tideda can be used to store data that
is all.
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23.

Environment Bay of Plenty

Why did you want to maintain comparability of methodology with previous studies? While
this might be useful if you are trying to replicate their results, what you wanted for this
study was the best and most robust and accurate methodology i.e., you wanted to apply
current best practice to get the best and most reliable estimates of flood magnitude and
return period. It may be difficult to quality control (or even replicate) previous studies and
therefore the use of those routines is perhaps a little suspect.

1600
1500

B

A

C
1400
1300
1200
1100
1000
900

L

800
700
600
500
400
300

w

v

u

t

s

r

q

p

o

n

m l

k

j

i

h

g

f

e

d

c

b

a

Z Y X W

V U T

Q
S R

P

O N

K J

I

H

G

F

E

D

M

x

200
y
100
0

100
85
80
75
70
65
60
55
A-y Flow (m3/s) at Waioeka From 18-Mar-1958 00:00:00 to 23-Jul-2008 16:30:00
Flow (m3/s) at Waioeka From 18-Mar-1958 00:00:00 to 23-Jul-2008 16:30:00
Gumbel Distn. Location =
542 Scale =
224
Flow (m3/s) at Waioeka From 18-Mar-1958 00:00:00 to 23-Jul-2008 16:30:00
GEV Distn. Location =
541 Scale =
221 Shape = -0.0156
Flow (m3/s) at Waioeka From 18-Mar-1958 00:00:00 to 23-Jul-2008 16:30:00
Pearson3 Distn. Location =
672 Scale =
286 Shape =
1.09

Figure 2

50

45

40

35

30

25

20

15

10

5

0

Annual flood series and the goodness of fit of three common statistical
distributions.

24.

When discussing the various statistical distributions i.e., EV1 (Gumbel), EV2 (GEV), and
EV3 (PE3) it might be useful to stick to the one term rather than switching back and
forward. It might also be worthwhile to point out that these are ‘standard’ statistical
distributions which one hopes will approximate the actual distribution of our flood series.

25.

Having fitted the distributions, the critical element is how well the ‘theoretical’ curve fits the
actual data, especially at the higher end (more extreme) of the flow distribution.

26.

To check your results I ran the same analysis but used the entire Waioeka record. I did
not remove the ‘suspect’ years where you could not be sure that the major flood in a
particular year was actually recorded because of gaps in the data. As a consequence, my
results are slightly different to yours.

27.

The first thing that is apparent is that the EV1, EV2, and EV3 distributions all produce very
similar ‘fits’ to the data (Figure 2). It is also apparent that none of these distributions fit the
actual distribution of annual flood maxima very well. They tend to under-estimate the low
return period events, and over-estimate the higher return period flows.
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It would appear that the Wakeby distribution actually fits the overall distribution better
(Figure 3). It is particular good at modelling all flows up to about 900m3/s. It then mirrors
the EV1 distribution although it is perhaps better at fitting the extreme flood events –
minimising the deviations of the actual data from the line.
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The Wakeby distribution would appear to fit the annual flood series best
over the entire range of flows experienced.

The effect of which distribution is chosen to best represent the annual flood series has a
significant impact on the magnitude of the various flood estimates (Table 2). It can be
seen that at return periods less than about 50 years the choice of using either a EV1, EV2,
or EV3 distribution has very little impact on the resulting flood magnitude. The Wakeby
distribution produces a smaller estimate for the ‘mean annual flood’ often estimated from
the 2.33-year RP event. The estimates for 5-20-year RPs are very similar to those
predicted from the other distributions. For return periods above about 50-years, the
Wakeby distribution estimates flows about 10% higher than the other distributions. They
are, however, still about 10% lower than the estimates using your methodology. This
difference is not great given all the uncertainty in the analysis and data. It is also perhaps
good that your values are the more conservative (i.e., larger) giving a greater margins of
safety.

Rivers and Drainage Publication 2008/02

Waioeka-Otara Provisional Flood Frequency Analyses

66

Environment Bay of Plenty

Table 2

30.

Estimates of the flood magnitude for various return periods using
different distributions for the Waioeka.
Return Period

Gumbel

GEV

PE3

Wakeby

2.33
5
10
20
50
100
200
500
1000

672
878
1047
1208
1417
1574
1730
1936
2091

669
876
1047
1212
1430
1595
1761
1983
2152

670
885
1055
1213
1410
1553
1692
1871
2004

657
860
1044
1228
1473
1657
1843
2088
2273

Freeman
(2009)
678
868
1040
1221
1480
1695
1928
2268

It is also possible to estimate the return period for known events using the various
distributions (Table 3). Again, while the EV1, EV2, and EV3 distributions all produce very
similar estimates, the Wakeby distribution would suggest that these events are actually not
as ‘rare’ as some may have argued.
Table 3

Estimates of the return periods of recorded flood events on the
Waioeka.
Estimated return period

Specific
floods

Actual
discharge
(m3/s)

Gumbel

GEV

PE3

Wakeby

2/07/1998
11/03/1964
3/02/1967

1521
1494
1447

79
70
57

73
66
54

86
75
60

60
54
45

31.

In summary, the estimates of the flood magnitudes you recommend would appear to be
reasonable if perhaps a little conservative. Given that they tend to be lower than the
estimates provided in earlier studies such an approach is sensible – it could even be
argued that this allows for some influence of climate change!

32.

With regard to the regional method it would be interesting to know which rivers in this area
were actually used in developing the methodology. One assumes that they were most
likely the ones in this study so the data should be reasonably reliable and valid. It might
be useful to include this comparison in your report. Your appendix actually contains the
data, and if my reading is correct, the regional method gives estimates for the 100-year
event on the Waioeka that is only 10% different (1441m3/s vs 1550-1650m3/s) to that
derived from statistical analysis of the annual flood series. This shows a high degree of
comparability and reliability. I think the documentation of the methodology suggests errors
of up to 30%!

33.

The regional method requires that the rainfall-runoff relationships are the same for the
catchments being compared and that they lie in the same ‘zone’ on the maps. These
criteria are certainly met for adjacent catchments as in the current study.
The estimates based on transposition by area also seem reasonable. It would be useful to
check whether there is a strong orographic component to rainfall (and therefore potentially

34.

Waioeka-Otara Provisional Flood Frequency Analyses

Rivers and Drainage Publication 2008/02

Environment Bay of Plenty

67

flood magnitude) in these catchments. Given the location of Tutaetoko between the other
two catchments this should not be an issue, but it would appear from the maps provided
that this catchment lies at slightly lower elevation. Therefore, if there is a strong
orographic component to storm rainfall you might expect floods to vary not as a simple
function of area i.e., if the rainfall is less then you might expect a smaller flood than
indicated as a function of area alone. Any orographic effect in the Otara catchment would
bias the data to higher flows at Brown’s Bridge giving higher estimated flows for the
Tutaetoko.
35.

I think that it is important to link the discussion of the IPO in section 5.1 back to your
Figure 1. What would appear to be the influence of the IPO? What is the effect of this on
the distribution of flood events over time? What is the effect of this on the frequency
analysis? How might this have affected the results of previous reports? It would appear to
me that the IPO has a very powerful influence on the flood magnitudes and their
distribution through time. As a result it has had an influence on previous estimates of flood
magnitude. This would explain the difference between the earlier flood estimates and your
own.

36.

The inclusion of the effects of climate change is particularly problematic. As you point out
there is some guidance as to how warming temperatures might affect rainfall, but how this
will translate into flood magnitude is unknown. Your approach therefore is sensible. It
addresses the issue but leaves the final choice as to exactly what to do up to those using
the information. Which temperature increases would you recommend to adjust the
rainfall? Is there any seasonal pattern to your flood maxima data? If there is, then
perhaps you can use that seasonal increase. If the largest floods each year are randomly
distributed with respect to season then to be conservative you should use the largest
seasonal increase. The relationship of the percentage increase in rainfall to a percentage
increase in flood magnitude has still to be defined. Some adjust the percentages in the
same manner i.e., 15% increase in rainfall equates to a 15% increase in flood magnitude.
Peter Blackwood used a larger percentage, although I have never seen his justification.
Another approach I have seen used by a number of Councils is to use the 200-year RP
storm as the estimate for the 100-year storm adjusted for climate change. There is no
definitive answer to this question so your approach seems appropriate.

37.

I have already discussed how my estimates of flood magnitude compare to yours, and that
there is a high degree of similarity. Therefore, I would argue that your methodology has
been applied correctly. The choice as to which statistical distribution to fit to your data
remains a little problematic. No distribution appears to fit the largest 3 floods very well,
and yet these are the events that really control the estimation of all the flood frequency
analysis. I would suggest that the Wakeby fits slightly better but the effect is relatively
small i.e., <10% and this is certainly within the margin of error of the data and other steps
in the process.
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38.

The three largest floods on record do appear to have a distinctly different distribution to the
rest. It may be that you were just ‘unlucky’ to get three big events early in the record. The
longer the record the more these extreme values will be drawn back into the overall
distribution. It is also possible that the mechanism that created these floods i.e., the
rainfall generating and storm conditions; were different. It might be worth checking this to
make sure that the same rainfall-runoff relationships were operating throughout the entire
record. It is also possible that the estimation of these large events is in error. Again, it
might be worth checking whether these estimates are distinctly different in any way. Did
these events go overbank whereas the others did not? Assuming that these events are
real, and caused by the same mechanisms, then they must be included and managed as
best as possible. Certainly given the size and magnitude of these events they cannot be
ignored but they must be understood.

39.

The use of ‘censored’ analysis and historic data are both very subjective and prone to
large differences in interpretation. While such considerations may be appropriate, they
should be used with caution. They both add considerable uncertainty to the analysis
which otherwise is based on sound, ‘accurate’ data. If such approaches cannot be
justified, I would recommend not using them. It would appear that you have tended to
move away from them and therefore their inclusion and discussion perhaps applies more
weight and emphasis than they warrant.

40.

If you are going to use the biennial data and a GEV (EV2) distribution in your final
recommendation it really needs to be well justified. Personally, I would prefer to see the
entire data set used. I would also prefer to see a consistent methodology applied to both
catchments unless you can provide strong justification for doing something else. Since the
two catchments are adjacent you would expect the same processes and rainfall-runoff
relationships to apply. Therefore, to use different methods in each catchment just because
they seem to work ‘better’ seems a little hard to justify.

41.

As I mentioned above, I would like to see you compare your regional estimates for the two
rivers for which you have flow data to those estimates derived from frequency analysis.
This will provide a measure of the appropriateness or otherwise of using the regional
approach. Since the regional approach has essentially averaged and smoothed the data,
those values derived from ‘at site’ analysis must be better. However, a simple comparison
will allow you to justify the use of the approach on the Tutaetoko River.

42.

In your transposition by area analysis I am surprised by the big difference between the
Otara and Waioeka catchments. Given that they are on either side of the Tutaetoko I
would have thought the comparison would have been closer. This brings us back to the
discussion of the flood records of both catchments. Perhaps some simple comparison
using yields (flow/unit area) might help to identify why this large difference occurs. The
difference is about 20% (244m3/s for the Waioeka and 303m3/s for the Otara) and this
seems high. This would suggest that the yield from the Otara is significantly higher than
that from the Waioeka. This may relate to either the rainfall pattern affecting the
catchments, or catchment physical conditions. It might be worth trying to establish exactly
what causing the difference.
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43.

I think in terms of providing an estimate of flood flows for the Tutaetoko catchment you
would be better to just average the two transposition values i.e., for the 100-year event
244m3/s and 303m3/s. This would give a value of 274m3/s which is about 20% more than
when you include the regional and previous estimates in your analysis. This would ensure
that the recommendation is based on the actual flow records from the adjacent catchments
and that the flood estimation is conservative.

44.

I agree with your conclusions regarding the IPO. It obviously has a significant affect on the
flow regime and flood history of these catchments. However, the flow record is now long
enough to include the full effect of the IPO during both positive and negative phases.
Therefore, I would argue that the full effect of the IPO is built into your analysis. Your
analysis is not biased by a predominance of data from one particular phase which might
have been the case in earlier analyses when the data record was significantly shorter.

45.

With regard to climate change you might like to emphasise your ‘best guess’ since this is
basically what it will be. Even the changes in the MfE recommendations between 2004
and 2008 are so great as to make ‘predictions’ risky. Again, refer to the seasonal
distribution of floods, and use the appropriate increase in temperature and rainfall to get a
‘most likely’ increase in runoff.

46.

The 10% reduction in the estimated size of specific flood events since 1998 is consistent
with the flow data and annual maxima series shown in your Figure 1. It would appear that
these catchments were ‘just unlucky’ to get some really large floods early in their records.
This tends to bias earlier analyses.

47.

I thought your discussion was good but include the various issues I have mentioned
above. As mentioned, I don’t like the ‘censored’ analysis and I think your discussion
should be firm on which values to use. Don’t leave any doubt in the readers mind once
you get to the end.

I hope that these comments are helpful. Please give me a call if you would like to discuss any of
my comments in more detail, or if you need any clarification.
Yours sincerely

Dr Jack McConchie
Principal Water Resource Scientist
Work:
+4 4717095
Mobile:
0272115973
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