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Chapter 1:  Introduction 
The area of jurisdiction of the Bay of Plenty Regional Council has a relatively low coverage of 
gauging stations, at which flood flow peaks are recorded. This can at times make the estimation 
of flood flows for ungauged sites very time consuming, if a good accuracy is required. 

The possibility exists, however, to improve the reliability of such estimates by way of a regional 
flood flow formula. Such a formula should be derived by integrating all the information contained 
in the flow data gathered in the region with measurable factors which has an influence on flood 
magnitude, such as rainfall and the other measurable information e.g. catchment area, 
catchment shape and the slope of the catchment.  The challenge is to derive a formula into 
which all the available observed flow data and other measurable data can be sensibly integrated, 
and that will permit interpolation and use for ungauged sites, with optimum accuracy, without the 
need for time consuming studies if not warranted.  It must nevertheless be noted that a regional 
approach cannot achieve the same focus as that which an individual estimate, done by thorough 
investigation, can achieve. 
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Chapter 2:  Factors Influencing Peak Flood Flow 
Rate 

In the formula developed a number of simplifying assumptions were made in order to build on 
the information and experience that has already been gathered for conditions in New Zealand. 

The most important parameter required for use in a regional approach to flood estimation has 
been identified as the determination of Q-bar, namely the mean of the annual peak flows. The 
calculation of the flood magnitude/frequency curve from Q-bar   is recommended to be done in 
terms of the New Zealand wide study by McKerchar and Pearson (1), set out in their 1989 
Publication No. 20 of which Figure 4.8 (of that publication) remains the recommended way in 
which this is to be done.  Part of Figure 4.8 has been reproduced herein as Figure 2 and the 
original authorship of McKerchar and Pearson is gratefully acknowledged.  In this figure the 

isolines of q100 are shown, with q100 with being defined as equal to 
barQ

Q

−

100
, with Q100 being the 

“100 year flood” These results are also corroborated by a formula attributed to Fuller (4).  

The catchment characteristics that were identified as likely to have a significant effect on the 
dependent variable, Q-bar, were the following: 

2.1 Catchment Area 

It is widely recognised that the area of the catchment, draining to a particular point, is 
usually the biggest determinant of the mean of the annual flood peaks (Q-bar). 

Previous work in New Zealand (1) has shown that Q-bar is closely correlated with the 
catchment area (of the site under study) raised to the power 0.8. 

Mathematically we may represent the above as follows: 

8.0
_

* AkQ p =  

2.2 Catchment Shape 

There is no reason to expect any cross-correlation between the catchment area A, and 
the geometrical shape of a catchment, ignoring the scale (or size) applicable.  A shape 
factor would therefore be a completely independent variable that may be used to input 
more information into a regional formula.  A shape factor, SF, has therefore been 
incorporated, again based on work described elsewhere (3). The shape factor, SF, has 
the following form: 

where k is a coefficient of proportionality.
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⎜
⎝
⎛

=

A
L

SF  

where L = direct distance (km) between the outfall and the furtherest point on the 
catchment boundary and A = catchment area, (km2) 

The equation proposed for Q-bar would then be as follows:  (The k used here would be a 
different constant than the k in paragraph 2.1) 

 SFAQ p *8.0
_

∝   
 = κ  A.8 * SF 

Various regression analyses were performed to test the possibility that the shape factor 
could have a greater or lesser effect than that implied in the assumed formula. The 
result of these analyses showed that the shape factor, in the form assumed, is 
satisfactory.  An explanatory note on the shape factor is given at the end of this report. 

2.3 Rainfall 

The rainfall varies quite considerably across the region.  It should theoretically be 
possible to incorporate a rainfall parameter into the formula being developed. The next 
step was, therefore, selection of  the best (most representative) parameter, to represent 
the flood producing effect of the rainfall. 

In order to find the best parameter to use, (as a numerical indicator of the flood 
producing characteristic of the rainfall), data was abstracted from the countrywide 
HIRDS data set (High Intensity Rainfall Design System). The parameter tested was the 
depth of rainfall estimated to fall during 12 hours, with a recurrence period of 10 years 
(10% annual exceedence probability). Values were taken at up to eight points in each 
catchment, and then averaged for every catchment of which the flow data was used.  
This duration was chosen because the rainfall parameter cannot readily be changed 
from catchment to catchment, according to the concentration time of each catchment, 
and a 12-hour duration appeared to be a reasonable compromise. 

Using the abovementioned parameter, however, based on HIRDS, enabled little of the 
variation in Q-bar due to rainfall, from catchment to catchment to be explained in terms of 
that particular rainfall parameter (i.e. the 12 hour, 10% AEP rainfall). 

It was then decided to test the possibility of using the mean annual rainfall depth as a 
parameter representing the flood producing effect of rain, as this has been successfully 
used in studies reported overseas (5, 6, 7).  This analysis yielded a significantly better 
fit.  When the average annual rainfall was used it was possible to explain 25% more of 
the variance in average annual flow peak values as calculated for each catchment. 

This result suggests that the mean annual observed rainfall is a better variable to 
represent the flood producing characteristic of rainfall than the HIRDS figures.  This is 
somewhat surprising, but it does make the calculation easier. 

The regression analysis showed, furthermore, that the average annual rainfall  
(expressed in metres) raised to the power 2.5, yielded the best fit.  The rainfall data 
used was the data shown in Figure 14 of N.Z. Met Service publication by A.M. Quayle 
(2).  This rainfall map has been reproduced as Figure 3 attached, and the original 
source is acknowledged. 
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2.4 Catchment Slope 

This parameter is also unlikely to be intercorrelated with the previous three independent 
variables already introduced.  The problem with using the average slope of the 
catchment has always been one of:  How do you measure a representative catchment 
slope? 

One should preferably not use only the average slope along the principal or dominant 
and longest stream. For the larger gauged catchments, which were investigated first, a 
method was used as described by Nash (7) which involves putting a grid of a minimum 
of approximately 100 equally spaced nodal points over the catchment under study, and 
then taking out the slope of the terrain, at each node.  The median value of the total 
(around 100) values was accepted as representative of the slope of the catchment 
under study.  This (median) value of the slope of the catchment was considered to be a 
better yardstick to use as a slope parameter, than the river slope.   

The attraction of the Nash method is that it follows a definite algorithm, which means 
that two persons (each unknown of the other) will obtain very near the same result in 
determining catchment slope, as long as the determination is based on the same data 
and catchment. 

The disadvantage of the Nash method is that it is very time consuming, and a trained 
person needs around 3 to 4 hours, to obtain a value for the median slope for a single 
catchment area.  In this task I was ably assisted by our graduate engineer who worked 
many hours overtime on this project. 

Nevertheless, up to the present time (March 2005), the catchment slope was only 
determined by the Nash method for our larger flow-gauged catchments.  The flow data 
observed at each gauging site cost many thousands of dollars by way of installation, 
instrumentation, rating and day to day maintenance.  The cost of the time spent on the 
slope determination is therefore justified, as it could help to reduce or avoid the need 
for many more flow gauging stations.  Its determination can readily be taught to an 
Engineering Technician or Technical Assistant.  A note on the procedure followed for 
the Nash slope determination method is given in Appendix 1.  In Appendix 1 an 
enlargement is also shown that illustrates how a straight line is drawn through each 
nodal points and then rotated to find the shortest distance there, between adjacent 
contours.  For this the MapInfo facility was used. 

The value of the function or magnitude which can be calculated by dividing Q-bar, the 
average of the observed annual peak flows, by the catchment area A to the power 0.8, 
as well as by the shape factor, SF and then also by the average annual rainfall R to the 
power 2.5, was assumed to have a correlation with some function of the slope.  A 
power function was assumed to govern. 

Mathematically this can be represented as follows: 

bp Sk
RSFA

Q
*

** 5.28.0

_

=  

 

This equation is then transformed by taking the logarithm of both sides, yielding an 
equation of the form. 

Where k and b are constants.
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log Sbk
RSFA

Q p loglog
** 5.28.0

_

+=  

This is analogous to a simple regression equation of the form: 

Y = a + b log S 

The regression analysis was then run as recommended by Ezekiel (8) and the result 
was that the regression constants yielding the best fit, were as follows: 

 a = 0.93 

 b = 0.50 

The interpretation of this is that the following relation holds true: 

50.0
5.28.0

_

*93.0
**

S
RSFA

Q p = ------(a) 

This equation will be useable as such if the factors already incorporated in the formula 
were to be the only ones that have an influence on the dependent variable, Q-bar.  In 
reality, of course, there are also other factors such as soil type and vegetal cover that 
could influence Q-bar. The density of the vegetation canopy may also be dependent on 
the season of the year.  These “other” factors are best represented by taking them 
together, treating them as one “lumped” variable, that can be represented by isolines or 
contour lines (CL1), drawn and “smoothed” on a suitable scale map of the region.  The 
average value of CL1, has been found to be 0.93.  Instead of using this average, we 
next “let CL1 float”, then calculate the individual values of CL1, and then plot the values 
of CL1 as obtained from the data available (at each gauging station, and from data 
about its catchment) for each data point, from the equation: 

  CL 1=  50.05.28.0

_

*** SRSFA
Q p  

As described in the following paragraph, these plotted values of CL1 at each location, 
enable the map of CL1 isolines to be drawn, which is shown in Figure 1. 

2.5 Other Factors Influencing Flood Magnitude 

In developing a relationship between various independent variables in order to estimate 
a dependent variable, such as the average of the annual flow peaks, care must be 
taken to avoid using independent variables that are themselves inter-correlated.  A 
moment’s thought will conclude that the catchment area is unlikely to be related to the 
catchment shape, as the same shape can occur for any catchment size.  The same 
would apply to slope. These three, i.e. the catchment area and the catchment slope 
and  shape, are unlikely to be related to the rainfall.  Inclusion of catchment area, 
catchment shape, a rainfall parameter and also a parameter of the catchment slope, is 
therefore considered acceptable.  Catchment aspect, (i.e. the dominant direction 
towards which the catchment faces) and also the average catchment altitude, are likely 
to be either related to rainfall, or difficult to quantify, and are therefore less suitable for 
use as independent variables. 
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Other factors considered for inclusion as independent variables, were soil type, 
geological characteristics and vegetal cover.  These variables are, however, also not 
easily represented numerically. 

In view of this, it was deemed best to handle the effect of these factors, as well as any 
other remaining factors on flood magnitude, by way of isolines on a suitable scale map 
of the Region. 

To recapitulate, the basic formula now has the following form: 

 5.05.28.0
_

****1 SRSFACLQ p = -------------(1) 

This is still basically the same equation as equation (a), but with CL1 in place of k. 

So the influence of other factors on the flood magnitude is calculated for each data 
point, and represented by the quantity CL1, as follows: 

== 50.05.28.0

_

***
)(

1
SRSFA

observedQ
CL p  Equal to one point for use in 

drawing contours of CL1. 
 

After all the individual CL1 values have been plotted (at their individual geographical 
positions) with its individual CL1 values, the CL1 isolines can be drawn. 

To repeat, for every data point (gauged flow station) that was available, the value of 
CL1 was calculated, plotted on a map of the region, and the best-fitting isolines then 
drawn. This is by necessity a process that involves some element of judgment that is 
specific to the person drawing the isolines.  Note that in plotting the CL1 values, 
calculated from the basic observed data for each point (flow gauge) the plotting point is 
at the centre of gravity of the catchment concerned, not at the site of the flow gauge.  In 
view thereof that all the “other” variables are then taken up into the CL1 isoline values, 
the “average” value of 0.93 for CL1 is then not used any further. 

The map showing the CL1 isolines is attached as Figure 1. 

Before this study was extended to include the “Nash Slope”, the equation for Q-bar did 
not include the catchment slope, and was as follows: 

)1(***1 7.28.0
_

aSFRACLQ ap −−−−−−−=  

If there is no time for a proper (Nash) slope determination, but values for A, R and SF 
are available, this formula can be used to rapidly calculate an approximate value for 

pQ
_

. The map that shows the corresponding values of the contour lines (CL1a) is shown 
as Figure 1a, and the procedure to follow in using it is similar to the procedure set out in 
paragraph 4.2 of Chapter 4.  Formula 1a can also be used in conjunction with the 
formulas presented in paragraph 4.4 which are numbered as 2a and 2b. 
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Chapter 3:  Data Used 

3.1 Description of Data Available for Analysis 

The regional flood study was based on the approach as set out in the foregoing, but 
was done on two sets of data, namely: 

(a) The data for which Q-bar is determined by peak flows as measured in the field; 
and  

(b) By pressing into use all the flood estimates on file, made over the years by the 
Technical Services staff.  These estimates were all made by tertiary qualified 
staff, and each estimate was individually studied by them.  It can therefore be 
considered similar to data, in spite of not having been physically measured.  All 
such estimates, irrespective of the return period for which it was estimated, was 
used to calculate the corresponding value of Q-bar, either by way of McKerchar 
and Pearson’s Table 1 (Publication No. 20) or by way of the Fuller formula.  The 
Fuller formula is as follows: 

)log8.01( TQQ pT +=  

Where T is the return period corresponding to the estimate of QT. 

[It is the coefficient of 0.8 that influences the slope of the flood 
magnitude/frequency curve as it varies depending on geographical position.  The 
value of this coefficient (which has an average value of 0.8 according to Fuller) is 
thought to increase with increase in rainfall variability.] 
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Chapter 4:  Results  

4.1 Results of Part 1 of the Study 

The results of the study are presented in Figures 1, 2, 3 (and 1a) from which the value 
of CL1 at any point can be obtained (Figure 1); from which the rainfall (average annual 
presented in millimetres) can be obtained (Figure 3, or the NIWA rainfall maps); and 
from which the value of q100; according to McKerchar and Pearson (Pub. No. 20); can 
be read (from Figure 2).  

The value of Qbar can next be estimated from equation 1, after which the value of QT for 
any required return period T can be calculated.  (Fig. 1a can be used if the time needed 
for slope determination is not warranted.)  (Note Figure 1 is used with the NIWA maps 
and Figure 1a is used with Figure 3). 

The following is a step by step guide to using the method developed in the first part of 
this study: 

4.2 Procedure for Estimating Q-bar and the Flood Magnitude-
Frequency Curve (Part 1) 

If the flood flow frequency curve has to be estimated at a certain ungauged point on a 
river, and it is considered that the time needed to be spent on slope determination by 
the Nash method is warranted, proceed as follows: 

(a) Delineate the boundary of the catchment draining to the point of interest.  
Determine the centre of gravity of this catchment area.  This is the point where 
values are to be read off from Figures 1 to 3 for the catchment in question. Then 
determine the catchment slope as per the Nash method, namely S, as has been 
outlined in Appendix 1. 

(b) Determine the area A, of the catchment, expressed in square kilometres for use 
in equation 1, given in paragraph (g) below. 

(c) Determine the direct length L, of the longest watercourse, measured from the 
outfall up to the furtherest point on the catchment boundary (where the 
watercourse starts).  Express this in kilometres. 
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(d) Calculate the shape factor, SF, as follows: 

 
 
 
 
 
 

(e) Mark the position of the centre of the catchment area on the map of the average 
annual rainfall (Figure 3) or on the applicable NIWA rainfall map, as well as on 
the CL1-map, (Figure 1), and on the map of q100, (Figure 2).  To facilitate this, the 
borders and numbers of the 1:50000 scale (NZ260) map series are shown on 
Figures 1 to 3.  A point where flood flow is to be estimated can conveniently be 
located on the NZ260 map series, and its position is then plotted on Figures 1, 2 
and 3, (or the applicable NIWA map). 

(f) Now read off the value of the average annual rainfall R, converted to metres, at 
the site of interest.  From Figure 1 read the value of CL1 for the point of interest.  
(at the centre of the catchment concerned). 

(g) With CL1, R, SF, S (Nash Slope) and A known, calculate the value of Q-bar for an 
ungauged catchment as follows: 

  )1(****1 50.05.28.0
_

−−−−= SRSFACLQ p  
 

(h) From Figure 2, read off the value of q100 at the centre of the catchment 
concerned. 

(i) Compare the value of q100 read off as per paragraph (e) above (Use Figure 2), 
with the value of q100 given at the bottom of Table 1 (Source: Publication No. 20) 
and choose the appropriate column to use (column A through G). Record the 
coefficients alongside the appropriate return periods (5 yr to 100 yr).  A blank 
calculation sheet that can be used for this purpose is given in Appendix 2. 

(j) Calculate the flow magnitude corresponding to each return period (5 yr to 100 yr) 
by multiplying the coefficients obtained in step (i) above, by the value of Q-bar 
(cumecs) as calculated in step (g) (Equation 1). 

(k) The values can then be plotted on the blank graph for Gumbel extreme value 
distribution attached hereto (Figure 4), or on any other preferred probability 
paper. 

Table 1 Frequency Co-efficients 

 
T A B C D E F G  

5 1.32 1.34 1.37 1.39 1.41 1.43 1.46 q5 
10 1.58 1.62 1.67 1.71 1.75 1.79 1.86 q10 
20 1.83 1.89 1.95 2.01 2.07 2.13 2.19 q20 
50 2.16 2.24 2.32 2.40 2.49 2.57 2.65 q50 
100 2.40 2.50 2.60 2.70 2.80 2.90 3.00 q100 

Table 1:  qT = 
bar

T

Q
Q

−

 

(Source:  A I McKerchar & C Pearson: Publication No. 20) 

3/2
2.1

⎟
⎠
⎞

⎜
⎝
⎛

=

A
L

SF
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4.3 Results of Part 2 of the Study 

The data that was obtained by way of thorough technical analysis and estimation, 
focused on the smaller catchments.  These estimates were made over the years (by 
Peter Blackwood, Peter Herbst, Matt Surman, Peter West, Pascal Balley, Ingrid Pak 
and Verna Arts) and amounted to some 103 data points. 

These were analysed in the same way as described for the first part of the study, but 
because time has not yet permitted the derivation of slope values (according to the 
Nash method) from these catchments, the “Nash Slope” was replaced with the “TM61 
Slope”, which was already available. 

A further difference is that, with the catchment’s centre of area being able to be located 
more precisely because the catchments used here are generally smaller, it was 
possible to make a better estimate of the average annual rainfall. 

Due to the importance of the rainfall parameter, EDS and Technical Services 
contracted NIWA to produce a detailed map of average rainfall for the region.  These 
rainfall isohyets are presented in a set of 24 maps, attached hereto.  Note that NIWA 
has released these maps on the basis they be used in conjunction with this study. 

4.4 Procedure for Estimating Q-bar and the Flood Magnitude – 
Frequency Curve (Part 2) 

The procedure followed for analysis of the smaller (ungauged) catchments (the very 
thoroughly estimated ones) was the same as for the larger catchments (the gauged 
ones) but with the exception that Nash slope were replaced by TM61 slope. 

The results obtained from the Part 2 data were not as good as for the Part 1 data. 

No correlation between the values of Q-bar  (normalised for area, shape factor and 
rainfall) with the TM 61 slope was obtained. 

The values of Q-bar  (as normalised for area and shape factor only) were then correlated 
with the average annual rainfall raised to a power.  (Catchment size ranged from 0.15 
to 219 square kilometres for this set of data. 

Doing this, and using all 103 data points, yielded the following formula for Q-bar. 

)2(***68.1 76.08.0 aRSFAQ bar −−−−=−  

Doing it for the 60 catchments selected to have catchment areas bigger than 5 km2, but 
not bigger than 60 km2, yielded the following formula for Q-bar. 

)2(***85.1 55.08.0 bRSFAQ bar −−−−=−  

When the average value for Q-bar is calculated from these 2 equations, and compared 
with the previously determined Q-bar values, a coefficient of variation of 62% is obtained. 

These formulas may therefore be used to obtain a rough estimate of Q-bar. 
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Table 2  Comparison of Calculated Qbar with Observed Qbar 
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Chapter 5:  Reliability of Estimates 

5.1 Summary 

In order to obtain an indication of the reliability of the estimates of flood flows as 
estimated by way of Equation 1 or 2 respectively (Part 1 or Part 2) these estimated 
values were next compared with the observed values for each data point available, and 
the standard deviation of the estimates calculated. 

In Table 2, a comparison is given for the Part 1 data. The reader may visually compare 
the right most two columns to get an idea of the accuracy obtainable with Equation 1. 

The coefficients of variation, based on the standard errors of the estimates, divided by 
the averages of the estimates were found to be: 

Data Set Coefficient of Variation 

Equation 1 (Part 1) : 16% 

Equation 2 (a & b) :  62% 

The statistical significance of the Coefficient of Variation is that for a normal distribution 
there is a 68% probability that the estimated value of Q-bar does not differ (by more than 
the indicated percentage) from the true value of Q-bar.  However, there is a 16% 
probability that the estimate of Q-bar may be more than the true value of Q-bar by the 
indicated percentage as well as a 16% probability that the estimate of Q-bar may be less 
than the true value of Q-bar, by the percentage indicated above.  Therefore, in about one 
estimation out of every six, the true value for Q-bar could be more than 16% higher 
than the value estimated with Eq 2.  Depending on the use to which the estimate is to 
be put, the user could increase the estimate by 16%, but this will still leave a small risk 
that the true value may be higher. 

5.2 Disclaimer 

Flood estimation is at the best of times a task to be done together with a considerable 
degree of judgment, which cannot be replaced by any single formula or method.  Any 
result obtained should always be subjected to a rationality check.  Therefore, whilst 
every effort has been taken to ensure the fidelity of this method, neither the Council nor 
the author will accept any responsibility for any consequences of using this method. 
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Chapter 6:  Note about Shape Factor 
The shape factor used in this study is based on a method developed by the Hydrographic 
Surveyor of the Irrigation Department, Pretoria. (Mr D F Roberts, MICE). 

The reasoning was that the catchment shape must have some effect on the peak flows from the 
catchments if all the other independent variables are the same.  Using a function that would 
model the influence of the catchment shape, even moderately, is logical. 

The variable ‘ℓ’ shown in the sketches below is taken as the direct distance measured from the 
outfall to the furthest point on the catchment boundary, and the variable ‘A’ is the catchment 
area. 

The calculated values of the Shape Factor, SF for some assumed geometrical catchment 
shapes, are as follows: 

 

Catchment Shape Visual Shape Factor 

Semi Circular 

 

1.39

Length = ½ Breadth 

 

1.20

ℓ 

ℓ 1

2
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Circular 

 

1.11

Length = Breadth 

 

1.11

Length = 2 x Breadth 

 

0.93

Length = 3 x Breadth 

 

0.83

Length = 4 x Breadth 

 

0.75

ℓ 
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Appendices 
Appendix 1 – Procedure of Nash Slope Determination 

Appendix 2 – Flood Calculation Sheet 

Appendix 3 – Rainfall Maps (attached) 
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Appendix 1– Procedure for Catchment Slope Estimation by 
the Nash Method 
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Appendix 2 – Blank Sheet for Flood Frequency Calculation 

1 Calculate Q-bar = --------------------------- m3/sec 

2 Select (from Figure 2) q100 = ---------, then fill in Table below bottom of middle column. 

3 Fill in q5, q10, q20 and q50 (from Table 1) 

4 Fill in third column. 

 
T qT QT = qT x Q-bar 

5 q5 =  

10 q10=  

20 q20 =  

50 q50 =  

100 q100 =  
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Figure 1 CL1 Contour Lines (Slope Parameter Included) 
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Figure 1a Isolines for CL1a (for use only when catchment slope has not been 
obtained) 
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Figure 2 Contours of q100 (from publication 20 by McKerchar et al) 
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Figure 3 Map of Mean Annual Rainfall (Met Office data) 

 





Environment Bay of Plenty 37 

Operations Publication 2004/06 A Regional Formula for the Estimation of Peak Floods in the Bay of Plenty 

Figure 4 Blank Gumbel Probability Paper 
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Appendix 3 – NIWA Rainfall Maps 

WARNING 
The maps accompanying this report are a reduction of the NZMS 260 series topo maps to 
A4 paper size, and are not to scale.  Due to varying paper sizes in the original maps, scale 
may vary between maps.  To view the original full size maps (scale 1:50 000) please 
contact the Engineering Section, Environment Bay of Plenty. 
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