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Ngaruroro River: 
Flood Frequency Analysis 

 

1 Summary 

 
The Hawke’s Bay Regional Council manages the Ngaruroro River Flood Protection 
Scheme as part of its function in providing management of flood risk in Hawke’s Bay.  
The Scheme involves many components, with the prime component being a series of 
stopbanks which prevent overflows (up to the design level), and safely convey 
floodwaters across the plains to the Pacific Ocean.  As part of the management of 
the scheme, it is necessary to determine the frequency (or return period) of high 
flows to enable a level of service such as ‘protection up to the 100 year return period 
flood’ to be determined. 
 
Previous estimates have determined the 100 year return period discharge ranging 
from 3300 m3/s up to 5200 m3/s.  An important point to note is that there is no 
definitive method of analysis which will provide an absolute answer as to the exact 
value for the 100 year discharge (or any other return period).  The best that can be 
achieved is to examine the available data and determine a likely range of flows that 
may be considered to be the 100 year discharge.  From this range, a specific value 
may then be chosen as the selected 100 year return period discharge.  As more data 
is collected year after year, this selected discharge may be altered if the data 
suggests an alternative value is more appropriate. 
 
Based on the analysis of this report, the design discharge for the Ngaruroro River at 
Fernhill has been selected to be 4550 m3/s.  This design value is derived from a 
frequency analysis of the peak discharges in the river, and confirmed by analysis 
using the Regional Flood Estimation method.  This flow was also tested using a 
hydrologic rainfall runoff model to determine if this flow can be realistically derived 
from rainfall on the catchment.  Results of this testing confirmed the 4550 m3/s is 
realistic, based on 100 year rainfall predicted by the method described in Technical 
Publication 19, Frequency of High Intensity Rainfalls in New Zealand. 
 
Based on the method used to derive the design discharge in the Ngaruroro River at 
Fernhill, the 100 year return period design discharge at the Ngaruroro confluence 
which includes the Tutaekuri River was selected to be 6435 m3/s. 
 
This report provides a brief summary of some past work, and provides details of the 
analysis used to derive the current design discharges for the Ngaruroro River. 
 
 

2 Catchment Description 

 
Detailed descriptions of many aspects of the Ngaruroro catchment are available in 
previous reports (Williams 1987, and MacGeorge, 1989). 
 
The Ngaruroro River catchment area at Fernhill is 1943 km2 (see Figure 1).  
Elevations in the Ngaruroro catchment range from about 1400 m in the upper 
Ngaruroro, down to sea level.  Note that elevations reported in this report are based 
on HBRC Datum which uses mean sea level = 10 m, and are referred to as Reduced 
Levels (RL). 



Ngaruroro River Flood Frequency Analysis 

4073 AM0815 Ngaruroro River Flood Frequency Analysis.doc 2 

 
 

 

Figure 1:  Catchment Plan 

 
Downstream of Fernhill, the Ngaruroro River is stopbanked with no further inputs until 
the confluence of the Tutaekuri, which is also the location where the Tutaekuri-
Waimate Stream joins the Ngaruroro.  There is also additional catchment area from 
the Pakowhai Pump station, Brookfields Pump station, Mission Pump station and the 
Puninga Pump station, however, the discharge from these pump stations is 
considered negligible in terms of high flow in the Ngaruroro.  At the 
Ngaruroro/Tutaekuri confluence, the Ngaruroro has a catchment area of 2020 km2, 
while the Tutaekuri catchment has an area of 830 km2. 
 
Just before the rivers enter the sea, the Clive River joins the Ngaruroro, (see Figure 
2), accounting for an additional 510 km2.  However, discharge from the Clive River is 
not included in the estimates of the Ngaruroro discharge in this report, since the 
catchment does not add flow to the Ngaruroro in the region upstream of the bridges, 
where the main stopbanked channels are located.  The Clive River is included in 
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hydraulic models, since the discharge (or lack of discharge) may have an effect on 
water levels in the Ngaruroro River, with either an influence on the water level in the 
estuary (with high flows from the Clive), or a potential location where natural water 
storage takes place as water from the Ngaruroro flows back up the Clive River, if 
conditions permit. 
 

 

Figure 2:  Confluence Details 

 
At the Ngaruroro/Tutaekuri Confluence, there is a full joining of the rivers, and then 
an immediate split where part of the water flows into the old Tutaekuri River channel 
(Waitangi Washout).  Hydraulic modelling of this section of the river has indicated 
that during flood flows, regardless of the origin of the flow (Ngaruroro or Tutaekuri) 
approximately 25% to 30% of the flow will travel down the Waitangi Washout 
channel, and approximately 70% to 75% will flow down the Ngaruroro River channel. 
 
 

3 Previous Analysis 

 
In 1987 the Hawke’s Bay Catchment Board produced a comprehensive study of the 
entire Ngaruroro River Scheme, (Williams, 1987).  This analysis involved a frequency 
analysis of the peak annual flows in the Ngaruroro at Fernhill. 
 
Based on the Williams analysis, the 100 year discharge of the Ngaruroro at Fernhill 
was set at 3300 m3/s. 
 
The 1989 report by McGeorge examined the flood hydrology with the use of the Unit 
Hydrograph method.  This method used the observed rainfall hyetograph and a 
derived discharge hydrograph from Cyclone Bola (March 1988) with the use of a 

Ngaruroro 
River 

Tutaekuri 
River 

Stopbanks 

Clive River 

Waitangi Washout Bridge Tutaekuri 
Rail Bridge 

Ngaruroro 
Rail Bridge 

Ngaruroro Road Bridge 



Ngaruroro River Flood Frequency Analysis 

4073 AM0815 Ngaruroro River Flood Frequency Analysis.doc 4 

derived scaling factor to ultimately transform the Bola discharge hydrograph into a 
design discharge hydrograph with a peak of 4500 m3/s. 
 
Discussions relating to the determination of the derived discharge was extensive and 
goes into further detail than is necessary for the purposes of this report. 
 
 

4 Flood Frequency Analysis 

4.1 Annual Peak Analysis 

 
In order to analyse the flood frequency of the Ngaruroro River, the annual peak 
discharges at Fernhill were examined.  Williams (1987) provides the discharges from 
1923 to 1985.  The origin of these values was confirmed as being derived from 
HBRC hydrology records showing the peak stage of the river. 
 
One of the key differences in this analysis is the inclusion of 3 historic floods that 
occurred in 1867, 1897, and 1917, and in particular their size (discharge) in 
comparison to the maximum recorded flood in April 1938 (3550 m3/s, according to 
Williams, 1987).  The previous analysis by Williams (1987) did not appear to include 
these three historic floods.  Confirmation of the severity of these events has been 
provided by several historic records. 
 
 
Excerpt from Floods in New Zealand (1957, pg 62): 
 
Hawke’s Bay has been the scene of many large floods.  From 25 May to 4 June 
1867, a large flood occurred and, according to the Maoris, there was no flood to 
compare with it in the previous 40 years.  At Napier, 15” (381 mm) of rain fell in four 
days.  Heavy seas checked the egress of the floodwater, which was several feet 
deep at Clive, Papakura, and Meeanee.  Silt to a depth of 12 inches to 18 inches was 
deposited over the area.  After the initial heavy rains fine weather followed, but heavy 
rain again commenced on 3 June and continued on the following day.  Spring tides 
coincided with heavy flooding and the Waitangi Bridge was carried away, and Clive 
Square, Napier, was flooded.  This flood was higher than the previous one except at 
Clive and the Waipureka Plain, because the Ngaruroro River overflowed its banks in 
several places towards Napier, and the Tukituki River overflowed towards Cape 
Kidnappers.  The Ngaruroro River broke its banks in three places.  Land that had not 
been flooded within the memory of the oldest inhabitant was under water, and 
particularly this was true at Pakowhai, which was nearly all submerged. 
 
…However, the most serious flood to occur up to this time was on 17 April 1897, 
when 14” (356 mm) of rain fell over a period of four days at Napier.  Slips were 
common on hillsides; 200 yards of railway were carried away at Waitangi, the Omahu 
Bridge was carried away, the Redcliff Bridge was damaged in two places.  The 
Ngaruroro River broke its banks between Roy’s Hill and Fernhill and menaced 
Hastings, but fortunately only a few streets in town were flooded…  The Ngaruroro 
River also broke its banks south of Roy’s Hill and flowed along a very old course. 
 
On 13 June 1917, a flood occurred which was estimated to be bigger than that of 
1897, and nearly as bad as the 1867 flood.  In Napier, 7.35” (187mm) of rain fell in 
thirty-six hours, and 10” (254mm) in three days. … The Ngaruroro overflowed its 
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banks at Omahu, flooding Korokipo, Chesterhope, and Papakura.  The approach to 
the Waitangi Bridge was washed away and stock losses were very severe. 
 
 
The flood in the Ngaruroro in 1867 was large enough to change the course of the 
Ngaruroro River from the south of Hastings (present day Irongate and Karamu 
Streams) to its present day course from Fernhill out to the sea at Waitangi.  This 
flood was reported to have deposited 0.3 to 0.5 m of silt over most of the Heretaunga 
Plains area (Dravid,1997, pg 8).  Based on this significance of changing the course, it 
may be concluded that in the Ngaruroro this event was larger than the 1938 event, 
since the 1938 records do not describe as much widespread change or damage as in 
1867. 
 
In April 1938, the major rainfall was towards the north of Napier, and it appears that 
there was a lack of rainfall recordings in the Ngaruroro Catchment.  However, the 
recordings over Napier indicate magnitudes with about 10” (254 mm) of rain falling in 
Napier over 3 days, which are similar to the three historic events. 
 
The actual discharge for the 3 historic events is not able to be determined with the 
present data.  The important aspect is the size in relation to the 1938 event, which is 
the largest flood with available recorded discharge.  In order to cover a range of 
possibilities, three possible scenarios were examined: 
 
 

Table 1:  Scenarios examined in relation to Historic Flood Events 

Rank  Scenario 1 Scenario 2 Scenario 3 

 Return 
Period* 
(years) 

Year Discharge 
(m3/s) 

Year Discharge 
(m3/s) 

Year Discharge 
(m3/s) 

1 253.3 1867 4000 1867 5500 1938 3550 

2 91.0 1938 3550 1917 4200 1867 3400 

3 55.5 1917 3000  1938 3550 1917 3000  

4 40.0 1924 2750 1924 2750 1924 2750 

5 31.1 1897 2600 1897 2600 1897 2600 

6 25.6 1980 2333 1980 2333 1980 2333 

7 21.6 1988 2078 1988 2078 1988 2078 

8 18.8 1929 1950 1929 1950 1929 1950 

9 16.6 1933 1750 1933 1750 1933 1750 

10 14.9 1949 1600 1949 1600 1949 1600 

*- the entire data series has 141 years of data, spanning from 1867 to 2008.  The 
return period is based on the plotting position using the Gringorton method. 
 
The inclusion of the 1867 flood results in the length of record being 141 years.  The 
method of peak flood analysis uses a ranking system, which, when used with this 
number of years of data results in the highest flood on record being attributed a 
return period of 253 years, and the second highest flood a return period of 91 years. 
 
The discharge values below 1600 m3/s appear to follow a different trend when plotted 
as part of the frequency analysis.  These values were utilised to determine the 
plotting position, however they were not used to determine the trend of the higher 
return period discharges. 
 
The frequency plot of the annual peak discharges is shown in Figure 3. 
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Figure 3:  Frequency Plot of Annual Peak Discharges, Ngaruroro River at Fernhill 

 
 
If Scenario 3 is chosen, with the maximum discharge of 3550 m3/s occurring in 1938, 
the resulting 100 year discharge is approximately 3200 m3/s.  This value is plausible, 
but very un-conservative.  Testing in a hydraulic model has shown that a discharge of 
3200 m3/s would not result in widespread flooding, which may indicate that it is too 
low. 
 
If Scenario 1 is chosen, this indicates an acceptance that the 1867 flood was greater 
than 1938, which appears to be plausible based on the historic records.  This 
scenario results in the 100 year discharge being approximately 3500 m3/s.  This 
value is also plausible, however it also is un-conservative. 
 
Scenario 2 includes 2 events (1867 and 1917) with discharge estimates greater than 
that of 1938.  With the larger estimates, a trend line fitted to this data indicates the 
100 year return period discharge to be 4315 m3/s. 
 
 

4.2 Regional Flood Estimate Method (RFE) 

 
The RFE method of flood estimation was used to estimate the discharge for the 
Ngaruroro River at Fernhill.  The RFE method is dependant on an estimated rainfall 
intensity value for the 2 year 24 hour rainfall, which may be derived from the 5 year, 
24 hour rainfall, which is available from the TP19 Isohyet maps.  This rainfall value 
has error bounds associated with it, which are included in Table 2.  The RFE method 
also has error bounds associated with the discharge estimate, which are also 
included in Table 2. 
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Table 2:  Regional Flood Estimation, Ngaruroro River at Fernhill 

Catchment Ngaruroro 
at Fernhill 
(Low 
Rainfall) 

Ngaruroro 
at Fernhill 
(Average 
Rainfall) 

Ngaruroro 
at Fernhill 
(High 
Rainfall) 

Variation in 
Discharge per mm 
rainfall 

5yr, 24 hr Rainfall 
(mm) from TP19 

145.2 157.8 170.4  

100 year 
Discharge (m3/s) 
Low Estimate 

2091 2521 2994 35.8 m3/s per mm 

100 year 
Discharge (m3/s) 
Average 

3212 3871 4600 55.1 m3/s per mm 

100 year 
Discharge (m3/s) 
High Estimate 

4332 5221 6204 74.3 m3/s per mm 

 
The range of values for all return periods, for the variation in rainfall, along with the 
variance from the RFE method is shown in Figure 4. 
 

 

Figure 4:  Return Period vs. Discharge, RFE Method, Ngaruroro River at Fernhill 

 
The results are fairly sensitive to the selected rainfall, with each millimetre of rainfall 
accounting for between 35 and 74 m3/s of discharge in the river.  Since the variation 
in rainfall is ± 12.6 mm, the range of discharges is significant. 
 
In order to arrive at a selected range of discharges, the mean values between the 
average estimate and the variance calculated by the RFE method was selected.  
This selection was considered to be conservative and realistic, but not at the extreme 
end of the error bounds.  This curve is highlighted in Figure 5. 
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Figure 5:  Selected Estimate for Return Period vs. Discharge, RFE Method, Ngaruroro 
River at Fernhill 

 
The same method adopted above for the Ngaruroro at Fernhill was used to 
determine the results for the Ngaruroro and Tutaekuri River Confluence (Catchment 
area 2850 km2). 
 

Table 3:  Regional Flood Estimation, Ngaruroro River and Tutaekuri Confluence 

Catchment Ngaruroro 
and  
Tutaekuri at 
Confluence 
(Low 
Rainfall) 

Ngaruroro 
and  
Tutaekuri at 
Confluence 
(Average 
Rainfall) 

Ngaruroro 
and  
Tutaekuri at 
Confluence 
(High 
Rainfall) 

Variation in 
Discharge per mm 
rainfall 

5yr, 24 hr Rainfall 
(mm) from TP19 

148.76 161.7 174.64  

100 year 
Discharge (m3/s) 
Low Estimate 

2955 3562 4232 49.3 m3/s per mm 

100 year 
Discharge (m3/s) 
Average 

4538 5471 6500 75.8 m3/s per mm 

100 year 
Discharge (m3/s) 
High Estimate 

6122 7380 8769 102.3 m3/s per mm 

 
The range of discharge values for different return period, for the average rainfall, with 
the error associated with the RFE method only, is shown in Figure 6. 
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Figure 6:  Return Period vs. Discharge, RFE Method, Confluence of Ngaruroro River 
and Tutaekuri River 

 
A similarly selected curve, which is conservative but not extreme, is selected based 
on the mean value between the average line and the upper error bound from the 
RFE method.  This is shown in Figure 7. 
 

 

Figure 7:  Selected Return Period vs. Discharge, RFE Method, Confluence of Ngaruroro 
River and Tutaekuri River. 

 
Based on the selected curves in Figure 5, and Figure 7, the following table shows the 
discharges for selected return periods. 
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Table 4:  Regional Flood Estimation 

Return Period 
(Years) 

Discharge 
Ngaruroro River at 
Fernhill (m3/s) 

Discharge 
Ngaruroro and Tutaekuri 
at Confluence (m3/s) 

5 2060 2915 

10 2640 3730 

25 3400 4800 

50 3980 5620 

100 4550 6435 

250* 5315 7510 

500* 5890 8325 

2500* 7230 10215 

*The discharges from these higher return period events may not be physically 
possible to achieve at these locations, since it is likely that some of the flow will be 
lost to out of channel overflows at locations upstream of Fernhill, or between Fernhill 
and the confluence.  If all overflows were prevented, these discharges may be 
considered to be realistic. 
 
 

5 Hydrologic Model and 1 Dimensional Hydrodynamic Model 

 
A hydrologic rainfall runoff model of the Ngaruroro and Tutaekuri Catchments was 
created using the Mike11-NAM computer software (Danish Hydraulic Institute - DHI), 
and a 1 Dimensional hydrodynamic computer model of the main river channels in 
these catchments was created using the Mike11-HD software (DHI).  These two 
parts of the model are integrated to produce one model for the catchment. 
 
The purpose of the model is to have a system of determining (or confirming 
estimates based on other methods) the design discharge in the rivers (for example 
the 100 year return period discharge), based on the design rainfall event (for 
example the 100 year return period rainfall).  With an adequately calibrated model, 
water levels associated with the design discharge may be obtained, and the models 
may be used for testing purposes to determine discharges and water levels for a 
variety of return periods, as well as varying rainfalls. 
 
The model extends from the headwaters of the Ngaruroro and Tutaekuri Rivers, 
downstream to the estuary which joins the two rivers, then finally out to the ocean 
(Figure 8). 
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Figure 8:  Hydrologic and Hydrodynamic Model Extents 

 
The hydrodynamic model includes the Ngaruroro and Tutaekuri Rivers, as well as 
parts of the Taruarau River, Maraekakaho River, Mangaone Stream, and Clive River. 
 
Cross section data for the hydrodynamic model is based on cross sections surveyed 
by HBRC as part of the ongoing river monitoring.  Additional cross sections in the 
Ngaruroro estuary were generated from a bathymetric survey completed by Opus 
International Consultants Ltd., in 2007. 
 
 

5.1 Boundary Conditions 

 
The downstream boundary condition was set to a normal tidal cycle relative to HBRC 
datum of msl = 10 m (Figure 9). 
 

Ngaruroro River 
(Mike11-HD Model) 

Tutaekuri River 
(Mike11-HD Model) 
 

Subcatchments  in 
Ngaruroro and Tutaekuri 
(Mike11-NAM model) 
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Figure 9:  Sample Tide Cycle for Boundary Conditions 

 
The effects of tidal surge, tsunami or heavy swells have not been examined in this 
analysis.  Such conditions would influence the water level near the downstream 
boundary, which may result in a decrease in discharge at the Ngaruroro/Tutaekuri 
confluence.  However the analysis in this study considers the potential discharge that 
would result from the catchment without any downstream effects.  These 
downstream effects may be taken into account in other modelling studies.  The 
discharge at Fernhill is far enough upstream as to not be affected by the downstream 
boundary. 
 
The upstream boundary condition in all model runs is the rainfall applied to the 
Mike11-NAM part of the model.  This portion of the model produces discharges, 
which are then applied directly to the Mike11-HD part of the model. 
 

5.2 Calibration of Hydrologic and Hydrodynamic Model 

 
Cyclone Bola in March 1988 was determined to have return periods of about 20 
years in the Ngaruroro catchment.  During this event, there were only a limited 
number of rainfall recorders in operation that collected useful data for the Ngaruroro 
and Tutaekuri Catchments.  The rainfall used in this simulation was an average of 
values from the Kohatanui and Waihau rainfall recorders.  
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Figure 10:  Rainfall Recorder locations used for calibration of Cyclone Bola 

 
The discharge at Fernhill was used to calibrate the hydrologic and hydrodynamic 
models.  The results at Fernhill are shown in Figure 11. 
 

 

Figure 11:  Discharge Hydrographs used for calibration of model, Cyclone Bola, 
Ngaruroro at Fernhill 

 

Waihau Rainfall 
Recorder 

Kohatanui 
Rainfall 
Recorder 
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It appears the rising limb of the model rose quicker than the observed levels, which 
indicates that the applied rainfall may have been too great, or the model parameters 
are set to react too quickly.  Since the model reacted quite well in the period 8/3/88 
00:00 to 8/3/88 12:00, the model may be replicating the actual flow quite well.  The 
deviation taken from 8/3/88 12:00 to 9/3/88 12:00 may simply be as a result of 
incorrect rainfall being applied.  The peak discharges matched very closely in 
magnitude, however, the observed peak carried on for longer than the modelled 
peak.  This may be due to the rainfall being used in the model started to decrease 
shortly after the peak.  There may have been several more bursts of rain within the 
catchment that were not recorded.  Overall, the model appears to produce a 
reasonable representation of the discharge at Fernhill. 
 
 

5.3 Design Events 

 
The computer model was tested with a range of design rainfall events ranging in 
return periods from 5 years to 100 years.  Aspects of this testing is described below. 
 

5.3.1 Design Rainfall 

 
The design rainfall values used in the NAM model are based on the values generated 
from TP19.  A 72 hour storm was generated, with the distribution based on a 
‘Chicago’ style rainfall, with the peak occurring in the middle of the storm, as shown 
in Figure 12. 
 
 

 

Figure 12:  100 Year return period design rainfall 

 
A similar shape was used for other return periods.  A summary of the values for 
various return periods is shown in Table 5. 
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Table 5:  Design Rainfall (mm) (Based on TP19) for various return periods 

 Return Period (years) 

Duration 
(Hours) 

5 10 25 50 100 

1 32 38 45 51 56 

2 45 53 64 71 79 

6 80 93 110 122 134 

12 118 138 162 181 199 

24 158 184 217 241 265 

48 196 229 270 300 330 

72 216 252 297 330 363 

 
 

5.3.2 Area Reduction Factor 

 
The computer model was calibrated to achieve similar discharges as those observed 
during Cyclone Bola for the Ngaruroro River at Fernhill.  In order to use the same 
model to determine the design discharge at the Ngaruroro/Tutaekuri confluence, 
consideration must be given to the reduced probability of having the design rainfall 
occurring over the entire catchment (Ngaruroro and Tutaekuri) at the same time.  The 
following area reduction factors have been applied to the design rainfall to account 
for this reduced probability.  The factors are based on the description in TP19. 
 

Table 6:  Area Reduction Factors for Ngaruroro and Tutaekuri at Confluence 
(Catchment Area = 2850 km

2
) 

Duration 
(Hours) 

Reduction 
Factor 

1 0.60 

2 0.75 

6 0.85 

12 0.90 

24 0.92 

48 0.94 

72 0.95 

 
Note that these factors reduce the short duration values by a significant amount (35% 
- 40%), while the long duration values are only marginally changed (5% or 6%).  This 
reflects the probability that a large scale short duration storm is very unlikely to occur 
over the entire catchment all at the same time.  However, when large scale, long 
duration storms occur, they are quite likely to cover both catchments at the same 
time. 
 
The design rainfall incorporating the area reduction factors is shown in Table 7. 
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Table 7:  Design Rainfall (mm) (Based on TP19 – Using Area Reduction Factors) 

 Return Period (years) 

Duration 
(Hours) 

5 10 25 50 100 

1 19 23 27 30 34 

2 34 40 48 54 59 

6 68 79 93 104 114 

12 109 127 150 167 183 

24 149 173 204 227 250 

48 189 220 260 289 318 

72 210 245 289 322 354 

 
These design rainfall values were then applied to the hydrologic model to obtain 
discharge values. 
 

5.4 Design Discharges in Model 

 
The various design rainfall values were run in the computer model, and the results 
were taken at Fernhill and the Confluence to compare to the other methods of 
estimation. 
 

Table 8:  Discharge Estimation Comparison 

 Discharge 
Ngaruroro River at Fernhill (m3/s) 

Return Period 
(Years) 

Computer 
Model 

RFE 
Method 

Annual Peak 
Analysis 

5 2118 2060 1544 

10 2672 2640 2027 

25 3505 3400 2500 

50 3947 3980 3410 

100 4567 4550 4315 

 
The values obtained using the Annual Peak Analysis are generally lower than that 
obtained from the computer model, or the RFE method.  This may be expected, since 
the RFE method is a generalised method which is based on many stream flow 
records, not just the Ngaruroro.  The computer model results are also different, since 
they have been calibrated to an event with a return period of around 20 years, and 
then extrapolated to the higher return periods, which involves some assumptions and 
approximations in the model.  Despite the differences in the lower return periods, 
results for the 100 year return period event are relatively close by all methods, and 
are considered reasonable. 
 
Using the design rainfall values in Table 7, distributed in the same manner as shown 
in Figure 12, the computer model was run to determine the discharges at the 
Ngaruroro/Tutaekuri confluence. 
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Table 9:  Discharge Estimation based on Computer Model, Ngaruroro/Tutaekuri 
Confluence 

 Discharge 
Ngaruroro/Tutaekuri Confluence (m3/s) 

Return Period 
(Years) 

Computer Model 
With Area Reduction 
Factor 

RFE Method 

5 3083 2915 

10 3845 3730 

25 4858 4800 

50 5655 5620 

100 6388 6435 

 
The peak analysis was not able to be included in this comparison, since no 
discharges have been measured at the confluence. 
 
 

6 Effects of Climate Change on Rainfall 

 
The Ministry for the Environment has provided guidelines to use when considering 
the future effects of climate change on rainfall (Climate Change Effects and Impacts 
Assessment, 2008).  For the Hawke’s Bay area, the guideline suggests that 
temperature increases shown in Table 10 may occur. 
 

Table 10:  Projected changes in Annual Mean Temperature (ºC) for Hawke’s Bay 

Return 
Period 
(Years) 

Low Medium High 

2040 0.2 0.9 2.3 

2090 0.6 2.1 5.4 

 
 
The guidelines suggest using the values shown in Table 11 for the variety of 
durations and return periods. 
 

Table 11:  Percentage Adjustment in rainfall intensity per ºC of warming. 

 Return Period (years) 

Duration 
(Hours) 

5 10 25 50 100 

1 7.1 7.4 7.9 8.0 8.0 

2 6.7 7.2 7.8 8.0 8.0 

6 6.1 6.8 7.7 8.0 8.0 

12 5.8 6.5 7.7 8.0 8.0 

24 5.4 6.3 7.6 8.0 8.0 

48 5.0 6.1 7.5 8.0 8.0 

72 4.8 5.9 7.4 8.0 8.0 

 
Values in Table 10 are multiplied by values in Table 11 in order to obtain the 
percentage increase in rainfall.  For the scenario to year 2040 this results in a range 
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of 1.6% to 18.4% higher in intensity for extreme events.  For the scenario to year 
2090, the range is 4.8% to 43.2% higher in intensity for extreme events.  In order to 
examine the effect of this increase rainfall, two scenarios were simulated, using 
18.4% higher intensity, and 43.2% higher intensity. 
 
The rainfall for the 2040 and 2090 scenarios is shown in Table 12. 
 

Table 12:  Design Rainfall (mm) (Based on TP19) with Climate change factors to 2040 
(+18.4%) and 2090 (+43.2%) change in rainfall intensity. 

 Return Period (years) 

 5 10 25 50 100 

Duration 
(Hours) 

2040 2090 2040 2090 2040 2090 2040 2090 2040 2090 

1 32 37 38 44 45 53 51 60 56 66 

2 45 52 53 62 64 75 71 85 79 94 

6 80 91 93 108 110 129 122 145 134 159 

12 118 134 138 158 162 191 181 214 199 236 

24 158 177 184 210 217 255 241 285 265 314 

48 196 219 229 261 270 316 300 355 330 391 

72 216 240 252 286 297 347 330 391 363 430 

 
 
After applying the changes in rainfall intensity, the model results show corresponding 
changes in peak discharge.  The results for the Ngaruroro/Tutaekuri Confluence are 
shown in Figure 13. 
 
 

 

Figure 13:  Change in Discharge vs. Return period, Ngaruroro/Tutaekuri Confluence. 

 
These results can be used to estimate the change in return period for a particular 
discharge, as a result of climate change.  For example, the discharge of 6388 m3/s at 
the Ngaruroro/Tutaekuri confluence currently has a return period of 100 years (using 
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results from the computer model).  In the year 2040, this same discharge will have a 
return period of about 32 years, assuming 18.4% increase in rainfall.  For the 
extreme case of 43.2% increase in rainfall to the year 2090, the same discharge 
would have a return period of 15 years.  If a more moderate approach to Climate 
Change is desired, potential increases in rainfall for values other than 18.4% or 
43.2%, values may be interpolated from Figure 13. 
 

7 Recommendation 

 
Based on the analysis in this report, Table 13 shows the recommended discharges to 
be used for the Ngaruroro River at Fernhill, and for the Ngaruroro/Tutaekuri 
confluence. 
 

Table 13:  Recommended Discharges for Ngaruroro River (no Climate Change factors 
applied) 

Return Period 
(Years) 

Ngaruroro 
River at Fernhill 
(m3/s) 

Ngaruroro/Tutaekuri 
Confluence (m3/s) 

5 2060 2915 

10 2640 3730 

25 3400 4800 

50 3980 5620 

100 4550 6435 

250* 5315 7510 

500* 5890 8325 

2500* 7230 10215 

*Note these discharges may not be achieved at the specified location if there is 
significant out of channel flow. 
 

8 Conclusion 

 
An analysis was carried out to determine the flood frequency values for the 
Ngaruroro River at Fernhill, and at the Ngaruroro/Tutaekuri confluence.  Several 
methods of analysis were used, with results varying slightly depending on the method 
chosen.  The error bounds of each method were taken into account¸ and a 
conservative, but not extreme approach was taken, and values were chosen for each 
return period. 
 
It is emphasized again that there is no single method that definitively quantifies the 
discharges for any given return period.  A range of estimates must be accepted due 
to the nature of the variables involved.  Within that range, a selection may be made 
on which to base future work and analysis.  This is the approach taken in this 
analysis. 
 
It should be noted that the current Ngaruroro Scheme standards for capacity design 
of the Ngaruroro River stopbanks is based on a design (100 year) discharge of 4500 
m3/s.  This analysis has verified that the design value is appropriately a 100 year 
return period (1% Average exceedence probability) event. 
 
In the future, the current level of service (LOS) provided by the flood protection 
scheme may be insufficient for the needs of the community, and a higher standard of 
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protection may be necessary.  Recognition that a higher LOS may be necessary 
should be part of any future waterway crossings to avoid flow constriction. 



Ngaruroro River Flood Frequency Analysis 

4073 AM0815 Ngaruroro River Flood Frequency Analysis.doc 21 

9 References: 

 
Dravid, D, & Brown, L. (1997), Heretaunga Plains Groundwater Study, HBRC 
 
Hawke’s Bay Regional Council (2006), Hawke’s Bay Region:  Rainfall Frequency 
Analysis, HBRC Plan Number 3842, Report Number AM06/06. 
 
McKerchar, A., Beable, M., (1983) Regional Flood Estimation - A Design Procedure,  
Transactions of the Institute of Professional Engineers of New Zealand, Vol.10, No.1. 
 
MacGeorge, C. (1989), Ngaruroro-Tutaekuri River Mouths Feasibility Study,  
Hawke’s Bay Catchment Board. 
 
Ministry for the Environment (2008) Climate Change Effects and Impacts 
Assessment:  A guidance manual for local government in New Zealand, 2nd Edition.  
Ministry for the Environment, Wellington. 
 
Tomlinson, A. (1980) The Frequency of High Intensity Rainfalls in New Zealand, 
Technical Publication 19. National Water and Soil Conservation Organisation. 
 
Williams, G. (1987),  Ngaruroro River Scheme, Investigations and Review,  Hawke’s 
Bay Catchment Board and Regional Water Board. 


