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Probable Maximum Flood for Tutaekuri, Ngaruroro and 
Tukituki Catchments 

 
 
1. Introduction 
 
The concept of Probable Maximum Flood (PMF) has been described as the flood that 
may be expected from the most severe combination of critical meteorological and 
hydrological conditions that are reasonably possible in a particular catchment.  The 
PMF is generally a result of the probable maximum precipitation (PMP) that is likely 
to occur.  The PMP is described as the greatest amount of precipitation, for a given 
storm duration, that is theoretically possible for a particular area and geographic 
location. 
 
In simpler terms the PMF is the flood that occurs from the worst possible rainfall, on 
the wettest possible catchment.  The analysis method does not consider failures of 
structural items such as dams or temporary river blockages and releases resulting 
from landslides, which could cause immensely different results.  Failures of these 
types could be as a result of a PMF type of event, however, the purposes of this study 
is to determine the likely discharge associated with the PMF. 
 
The derivation of PMF’s has been widely used in the design of large water supply 
dams, which generally have catastrophic results if failures were to occur.  For 
example, water supply storage dams are usually built in catchments upstream from 
cities they supply water for.  In the event of rainfall that leads to the overtopping and 
collapse of the dam, the entire city could be exposed to the risk of death and 
destruction.  If, however, the dam has been designed to contain the greatest amount 
of rain that is ever likely to fall in the catchment, the city’s risk would have been 
greatly reduced. 
 
In the context of the Heretaunga Plains, the network of rivers is analogous to a water 
storage reservoir, and the stopbanking system is analogous to a water storage dam.  
If the PMP event were to occur in any the catchments that feed the rivers that flow 
through the Heretaunga Plains, it is likely that some portion of the stopbanking 
system would fail, resulting in catastrophic destruction to the affected areas.  In most 
cases this could lead to loss of life and severe economic damage, while in a few cases 
the damage may be limited. 
 
The focus of this report is to determine what the likely flow of water will be during 
the probable maximum flood. 
 
Future work will be required to determine the effects of the PMF on any part of the 
catchment, and how such an event could an should be managed. 
 
 
2. Methodology 
 
In 1992, a generalised methodology for deriving the PMP for any area of New 
Zealand was developed by Tomlinson and Thompson, and published under the title 
of Probable Maximum Precipitation in New Zealand (PMPNZ).  The method 
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developed in PMPNZ was applied to the Hawke’s Bay Catchments.  Assistance in 
applying this method to the Tutaekuri Catchment was provided to HBRC by Opus  
International Consultants Ltd. under the direction of Horace Freestone, while the 
PMP estimates for the Ngaruroro and Tukituki Catchments were derived by the 
HBRC staff. 
 
The PMP rainfall depths are input to calibrated rainfall-runoff models in order to 
provide discharges for each sub-catchment.  The sub-catchment discharges are then 
input to hydrodynamic models, which provide the ability to combine all the 
discharges from the various sub-catchments, and route the flood hydrograph to the 
required location, giving a discharge for the entire catchment.  The models were 
created using the Danish Hydraulic Institute’s software Mike11-Nam and Mike11-
HD. 
 
The PMF discharge hydrographs for a variety of PMP durations are examined, and 
the critical PMF is selected from the output.  Several PMF estimates may be 
determined to be critical, based on peak flow, or based on length of time a flow is 
sustained above a critical level. 
 
 
 
3. Study Area 
 
The study area is the three major catchments of the Tutaekuri River, Ngaruroro 
River, and Tukituki River (See Figure 1). 
 

 

Figure 1:  Catchment Overview 
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4. Probable Maximum Precipitation 
 
The method adopted to generate the PMP for this study is the generalised PMP 
method outlined in PMPNZ (1992).  The method involves obtaining a representative 
24 hour index PMP value, then adjusting this value for elevation and catchment area.  
This results in a 24 hour catchment PMP in millimetres.  This value is then factored to 
provide PMP estimates for durations other than 24 hours.  Each of the factored 
values is then distributed on an hourly timescale to provide a PMP hyetograph. 
 
A summary of the values and factors is provided in the following table 
 

 Catchment 

Item Tutaekuri Ngaruroro Tukituki 

24 Hour Index PMP (mm) 744 709 620 

Elevation Reduction Factor 0.90 0.90 0.92 

Depth-Area Reduction Factor 0.84 0.76 0.735 

6 Hour PMP (mm)* 250 N/A N/A 

8 Hour PMP (mm)* 300 N/A N/A 

12 Hour PMP (mm) 381 340 294 

24 Hour PMP (mm) 544 485 420 

36 Hour PMP (mm) 669 597 517 

48 hour PMP (mm) 773 688 596 

60 Hour PMP (mm) 860 766 664 

72 Hour PMP (mm) 941 839 727 

*The 6 and 8 hour PMP estimates for the Tutaekuri Catchment were made by 
extrapolating the 12 to 72 hour values.  This method is not described in PMPNZ, and 
was only used by HBRC to provide a rough estimate for a duration less than 12 
hours. 
 
Note:  These values are for the whole of the river catchment.  Higher intensity 
localised rainfall is possible over portions of any catchment, however these are likely 
to be balanced by lower intensity rainfall in other parts of the same catchment. 
 
The temporal distribution of each of the totals was derived using the method 
described in PMPNZ.  Using this method, each of the totals from the above table is 
distributed according to a percentage of the total, on an hourly basis.  The resulting 
hourly hyetographs are shown in Appendix A. 
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5. Probable Maximum Flood 
 
The hyetograph for each of the storm durations was input to the hydrologic rainfall-
runoff model for each catchment.  The hydrologic models produce discharge 
hydrographs for each catchment.  These discharge hydrographs were input to the 
hydrodynamic models.  Output from the hydrodynamic models was then examined 
to determine the critical duration PMF.  The results and discussion are presented 
below. 
 
5.1. Tutaekuri Catchment 
 
The results from the Tutaekuri Catchment are provided in Figure 2.  This figure 
shows the rainfall hyetographs from the top, relating to the right hand y-axis, and the 
discharge hydrographs on the left hand y-axis.  The PMF from the 12 Hour PMP had 
the greatest discharge, with the peak discharges declining with durations less than 
and greater than 12 hours. 
 
 

 

Figure 2:  PMP and PMF Hydrographs for Tutaekuri at Puketapu 
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Tutaekuri Catchment PMF Results Details 
 PMP Duration (hours) 

Item 6 8 12 24 36 48 60 72 

Peak Discharge (m3/s) 4424 5368 5910 5507 5152 4838 4760 4583 

PMP Rainfall Depth (mm) 250 300 381 544 669 773 860 941 

PMP Rainfall Volume 
 (x 106 m3) 

196 236 299 428 526 607 676 740 

PMF Runoff Volume 
 (x 106 m3) 

110 138 184 277 350 412 461 510 

Runoff/Rainfall Ratio (%) 56 59 61 65 67 68 68 69 

Duration from Start of rain to 
Peak discharge (hrs) 

7 8 9 16 22 29 36 43 

Duration from Peak of Rain to 
Peak Discharge (hrs) 

5 5 3 4 4 5 6 7 

Duration water is at or above 
stopbank toe level (hrs) 

12 13 15 23 33 42 50 57 

Duration Discharge is at or 
above Design Discharge (hrs) 

4 5 7 12 15 16 17 19 

Duration water is at or above 
Stopbank Crest Level (hrs)* 

2 3 5 8 8 7 7 8 

Height Peak Water level reaches 
above Stopbank Crest (XS 12)* 

0.33 1.02 1.33 1.05 0.81 0.67 0.55 0.43 

*Assuming no water is spilled over stopbanks (i.e. glass wall model) 
 
The highest peak discharge of 5910 m3/s for the Tutaekuri Catchment occurs with 
the 12 hour duration PMP.  For this event, the water level remains above the toe of 
the stopbank for 15 hours.  The mean velocity during this time ranges from 2 to 4 
m/s, which is high enough to cause serious erosion to the stopbanking system. 
 
As the duration of the PMP increases above 12 hours, the peak discharge decreases, 
however, the duration that the water level is above the stopbank toe increases. 
 
Based on the above results, the critical PMF has been chosen to be based on the 12 
hour PMP rainfall. 
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5.2. Ngaruroro Catchment 
 
The results from the Ngaruroro Catchment are provided in Figure 3.  This figure 
shows the rainfall hyetographs from the top, relating to the right hand y-axis, and the 
discharge hydrographs on the left hand y-axis.  The PMF from the 24 Hour PMP had 
the greatest discharge, with the peak discharges declining with durations less than 
and greater than 24 hours. 
 

 

Figure 3:  PMP and PMF Hydrographs for Ngaruroro at Fernhill 

 
Ngaruroro Catchment PMF Results Details 
 PMP Duration (Hours) 

Item 12 24 36 48 60 72 

Peak Discharge (m3/s) 8729 9130 8737 8408 8213 8054 

PMP Rainfall Depth (mm) 340 485 597 688 766 839 

PMP Rainfall Volume (x 106 m3) 660 942 1160 1337 1488 1630 

PMF Runoff Volume (x 106 m3) 349 528 653 768 851 945 

Runoff/Rainfall Ratio (%) 53 56 56 57 57 58 

Duration from Start of rain to Peak 
discharge (hrs) 

12 19 25 31 38 45 

Duration from Peak of Rain to Peak 
Discharge (hrs) 

7 8 8 8 14 9 

Duration water is at or above 
stopbank toe level (hrs) 

33 42 52 62 72 79 

Duration Discharge is at or above 
Design Discharge (hrs) 

8 14 19 22 24 25 

Duration water is at or above 
Stopbank Crest Level (hrs)* 

7 12 15 16 17 19 

Height Peak Water level reaches 
above Stopbank Crest (XS 12)* 

1.51 1.69 1.52 1.38 1.29 1.22 

*Assuming no water is spilled over stopbanks (i.e. glass wall model) 
 
The highest peak discharge of 9130 m3/s for the Ngaruroro Catchment occurs with 
the 24 hour duration PMP.  For this event, the water level remains above the toe of 
the stopbank for 42 hours.  All of the PMP rainfalls for this catchment result in the 
water level remaining above the toe of the stopbank for more than 33 hours.  The 
mean velocity during this time ranges from 2 to 4 m/s, which is high enough to 
cause serious erosion to the stopbanking system. 
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5.3. Tukituki Catchment 
 
The results from the Tukituki Catchment are provided in Figure 4.  This figure shows 
the rainfall hyetographs from the top, relating to the right hand y-axis, and the 
discharge hydrographs on the left hand y-axis.  The PMF from the 24 Hour PMP had 
the greatest discharge, with the peak discharges declining with durations less than 
and greater than 24 hours. 
 

 

Figure 4:  PMP and PMF Hydrographs for Tukituki at Red Bridge 

 
Tukituki Catchment PMF Results Details 
 PMP Duration (Hours) 

Item 12 24 36 48 60 72 

Peak Discharge (m3/s) 8898 8939 9142 8806 8546 8414 

PMP Rainfall Depth (mm) 294 420 517 596 664 727 

PMP Rainfall Volume (x 106 m3) 659 942 1160 1337 1488 1630 

PMF Runoff Volume (x 106 m3) 354 491 665 797 867 969 

Runoff/Rainfall Ratio (%) 54 52 57 60 58 59 

Duration from Start of rain to Peak 
discharge (hrs) 

17 23 29 35 41 48 

Duration from Peak of Rain to Peak 
Discharge (hrs) 

11 11 11 11 11 12 

Duration water is at or above 
stopbank toe level (hrs) 

19 24 33 41 47 54 

Duration Discharge is at or above 
Design Discharge (hrs) 

8 13 18 22 24 26 

Duration water is at or above 
Stopbank Crest Level (hrs)* 

4 7 10 11 11 12 

Height Peak Water level reaches 
above Stopbank Crest (XS 13)* 

0.67 0.67 0.75 0.65 0.57 0.53 

*Assuming no water is spilled over stopbanks (i.e. glass wall model) 
 
The highest peak discharge of 9142 m3/s for the Tukituki Catchment occurs with the 
36 hour duration PMP.  For this event, the water level remains above the toe of the 
stopbank for 33 hours.  All of the PMP rainfalls for this catchment result in the water 
level remaining above the toe of the stopbank for more than 19 hours.  The mean 
velocity during this time ranges from 2 to 4 m/s, which is high enough to cause 
serious erosion to the stopbanking system. 
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6. Summary 
 
The table below provides a summary of the Probable Maximum Floods that have 
been chosen based on the analysis included in this report. 
 
 

Item Tutaekuri at 
Puketapu 

Ngarororo at 
Fernhill 

Tukituki at 
Red Bridge 

Catchment Area (km2) 786 1943 2450 

PMF Duration (hours) 12 24 36 

PMP Rainfall Depth (mm) 381 485 517 

PMF Peak Discharge (m3/s) 5910 9130 9142 

Q100 Design Discharge (m3/s) 3000 4500 4800 

PMP Rainfall Volume (x 106 m3) 299 942 1160 

PMF Runoff Volume (x 106 m3) 184 528 665 

Runoff/Rainfall Ratio (%) 61% 56% 57% 

Duration from Start of rain to Peak 
discharge (hours) 

9 19 29 

Duration from Peak of Rain to Peak 
Discharge (hours) 

3 8 11 

Duration that the water is at or 
above stopbank toe level (hours) 

15 42 33 

Duration that Discharge is at or 
above Design Discharge (hours) 

7 14 18 

Duration that the water is at or 
above Stopbank Crest Level (hours) 

5 12 10 

Height Peak Water level reaches 
above Stopbank Crest (m)* 

1.33 1.69 0.75 

*Assuming no water is spilled over stopbanks (i.e. glass wall model) 
 
In general, the PMF with the highest peak discharge has been chosen to be the most 
critical event for general hydraulic design purposes.  However, if a particular design 
is susceptible to failure due to erosion from high water levels for extended periods, 
then a longer duration PMF should be chosen. 
 
 
7. Conclusion and Future Work Required 
 
This report provided the analysis to derive the Probable Maximum Precipitation for 
three major catchments of Hawke’s Bay: the Tutaekuri, Ngaruroro, and Tukituki 
Catchments.  The derived PMP was then input to hydrologic and hydrodynamic 
models to determine the Probable Maximum Flood for a critical location for each 
catchment. 
 
The effect of the PMF on any areas where damage may occur has not been examined 
in this report.  The next stage will be to assess how such an event could be managed 
and to reassess what level of service the stopbanks should provide. 
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Appendix A:  PMP Hyetographs 
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