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INTRODUCTION 
 

1.1 My full name is Graham James Harrington.  My experience and qualifications 

are set out in my evidence in chief dated 21 January 2016. 

 

1.2 I confirm that I have read the Code of Conduct for Expert Witnesses contained 

in the Environment Court Practice Note 2014 and that I agree to comply with it. 

I confirm that I have considered all the material facts that I am aware of that 

might alter or detract from the opinions that I express, and that this evidence is 

within my area of expertise, except where I state that I am relying on the 

evidence of another person.  The Council, as my employer, has agreed to me 

giving expert evidence on its behalf in accordance with my duties under the 

Code of Conduct. 

 

2. SCOPE 

 

2.1 My rebuttal evidence is provided in response to the following statements of 

evidence filed on 2 February 2015: 

 

(a) Jan Sintes for Christchurch Coastal Residents United (CCRU) 

(#3686); 

 

(b) Warren Lewis for Cashmere Fields (#3954); 

 

(c) Christian Jordon (#3955); 

 

(d) Paul Thompson for the Case Family (#3280); and 

 

(e) Wendy Saunders for the Crown (#3271). 

 

3. JAN SINTES CHRISTCHURCH COASTAL RESIDENTS UNITED (CCRU) #3686 

 

Basis of the HFHMA Assessments 

 

3.1 Ms Sintes has incorrectly stated at the fifth paragraph on page 3 that the 

modelling for the High Hazard Flood Management Areas (HFHMA) is "based 

on data from a report supplied by Tonkin and Taylor".  The Council, based on 

its own assessment of scientific literature, came to the view that it was 

appropriate to use a 1m sea level rise and a 16% increase in rainfall intensity 
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as a design standard  for the purposes of the proposed Replacement District 

Plan (pRDP).  Consideration of 1m sea level rise began at the Council in 2008 

when the Ministry for the Environment issued a national guidance manual for 

coastal hazards and sea level rise.  The Tonkin and Taylor report did 

corroborate this stance and evidence was supplied in Stage 1 of the pRDP by 

Mark Ivamy (Senior Coastal Scientist) to this effect.
1
 

 

3.2 The Tonkin and Taylor Report "Coastal Hazard Assessment - Stage Two" 

(June 2015), which I understand Ms Sintes is referring to, was a project that 

was independent of the pRDP HFHMA assessments.  The HFHMA 

assessments were led by consultants DHI and included NIWA as 

sub-consultants, and this work is described in the pRDP Stage 3 Natural 

Hazards evidence of Gregory Whyte dated 21 January 2016 (Mr Whyte's 

Evidence).  This work maps the HFHMAs across Christchurch whether or not 

they are near the coastal areas.  This work does not address any form of 

coastal erosion, sea waves or effects of salt water as distinct from fresh water.  

The level of the sea simply sets the downstream boundary level for the land-

based flood models – or direct flooding onto land in coastal areas. 

 

Sumner HFHMA Assessments 

 

3.3 Ms Sintes suggests at paragraph 1 of page 4 of her evidence that there are 

some inconsistencies and perhaps some inaccuracies in the Sumner HFHMA 

mapping.  Ms Sintes is correct in that the notified Sumner mapping was 

incorrect, but it has since been revised, and only a minor area of HFHMA was 

subsequently identified in Sumner along the Sumner main drain.  The minor 

area did not cover significant areas on any property beyond the drain itself and 

so it has been removed from the revised mapping to avoid unnecessary future 

administration.   

 

3.4 The reasons for this revision are covered in Mr Whyte's Evidence at paragraph 

6.3.  In summary, it was related to the different modelling software used for the 

initial Sumner flood assessment which meant that the same methodology for 

HFHMA assessment used for the rest of the city, could not be used in Sumner.  

Water depth only was assessed but velocity assessment of surface water was 

not possible.  Since the ponded water velocities are very low the difference 

would be immaterial in my view.  The surface water velocity would need to be 

                                                   
1  Evidence in chief of Mark Ivamy on behalf of the Council dated 13 February 2015. 
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in excess of 1m/s to trigger an HFHMA area.  The previous assessment 

incorrectly assessed velocity information in the Sumner pipe network and this 

gave the incorrect result which has now been revised.   

 

Sea Level Rise 

 

3.5 In the second paragraph on page 4 of her evidence, Ms Sintes criticises the 

use of sea level rise for the HFHMA modelling. 

 

3.6 In response to her evidence, the use of 1m sea level rise for assessing Flood 

Management Areas (FMA) and house floor levels was presented and adopted 

as part of Panel's decision on the Stage 1 Natural Hazards proposal for the 

pRDP.  The HFHMAs essentially use the same modelling approach but for a 

500 year return interval and are therefore consistent with the FMA approach. 

 

3.7 I note that the use of HFHMAs is consistent with Policy 27 of the New Zealand 

Coastal Policy Statement 2010.  Section 2a of Policy 27 states: "focus on 

approaches to risk management that reduce the need for hard protection 

structures and similar engineering interventions".  The pRDP FMAs and 

HFHMAs will promote the adaptation of at-risk areas to all forms of flooding 

but it does not deal with the specific effects of saline water and coastal erosion 

which were the subject of the Tonkin and Taylor Coastal Hazard Assessment 

which has been put on hold for the purposes of the pRDP. 

 

3.8 I note from information compiled by the Northland Regional Council that many 

other Territorial Authorities have also adopted 1m sea level rise over 100 

years as shown in the table below. 

 

Council Metres over 50 years Metres over 100 years 

Northland  0.4 1.0 

Auckland 0.5 1.0 

Wellington 0.5 1.0 

Waikato region 0.4 1.0 

Bay of Plenty region  0.9 

Hawkes Bay 0.5 1.0 

Horizons Manawatu region 0.31 0.95 

Nelson 0.5 1.0 

Tasman 0.5 1.0 

Otago  1.0 

 



 

27344143_3.docx  5 

3.9 In my view it is important to consider 1m sea level rise in the earthquake 

recovery of Christchurch.  This is a time of unprecedented rebuilding of 

residential buildings as well as other commercial and industrial buildings and 

other infrastructure which could otherwise be put at risk during their 

reasonable service lifetimes.  Any delay in adopting such an approach will 

unreasonably place such structures at risk and place more reliance on 

engineering interventions in contravention of Policy 27 mentioned above.  This 

is indeed an urgent earthquake recovery matter. 

 

3.10 In summary, I reject the criticisms of Ms Sintes for the CCRU of the HFHMA 

modelling and assessments. 

 

4. WARREN LEWIS FOR CASHMERE FIELDS (#3954) 

 

Flooding Return Intervals 

 

4.1 Mr Lewis asserts at paragraphs 3.6 and 5 that the flood modelling does not 

reasonably relate to actual events that he has experienced.  He also accepts 

the assessment of an un-named Council employee that the 1977 flooding in 

Hendersons Basin was a 1 in 100 year event. I discuss this event in some 

detail in the following paragraphs in order to point out the differences between 

real and modelled storm events of any particular return interval and the need 

to use models to manage flooding issues.  

 

4.2 I am very hesitant to assign an annual return interval to any rainfall event or 

flooding event without a substantial continuous recording of rainfall or flood 

level at the location in question.  There is no continuous recording of water 

level in Hendersons Basin from which reliable statistical information can be 

derived and so any flooding return interval assessment would be an educated 

guess at best. 

 

4.3 There is however a very long daily record of rainfall at the Botanic Gardens in 

Christchurch back to 1873 and hourly rainfall recording since 1962.  This data 

supplemented with a number of more recent rainfall stations has been used by 

NIWA to compile the rainfall statistics of Christchurch which I use to assess 

the return interval of rainfall events for a range of storm durations.  So I am 

confident in assessing a Christchurch rainfall event as to the return interval for 

a given duration. 
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4.4 I have analysed the Botanic Gardens hourly rainfall record since 1962 to 

identify the top 11 storms in terms of total storm depth and the results are 

presented in graphical form below showing the hourly rainfall intensity versus 

time for each of these events. 

 

 

4.5 I have further analysed these events to determine the rainfall intensity versus 

duration of each of these events and this is presented below. 
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4.6 This as a rather busy graph so I have selected the information from this graph 

which is relevant to the flooding in Hendersons Basin being the rainfall 

intensity for the 36 hour "critical duration" of rainfall as it relates to flooding.  

 

Event Date 36 hr return interval (approx.) 

April 1978 3 year 

August 1992 3 year 

December 1963 15 year 

July 1977 15 year 

August 1975 15 year 

December 1963 22 year 

April 1968 22 year 

January 1980 30 year 

March 1979 60 year 

April 1974 100 year 

March 2014 100 year 

 

4.7 The critical duration is a hydrologic term which refers to the length of storm 

that will produce the highest level of flooding at the location of interest.  A 

longer duration design storm will have a lower intensity.  A shorter duration 

storm will have higher intensity but a smaller volume to fill the storage. 
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4.8 If we examine the 1977 event which Mr Lewis understands to be the 1 in a 100 

year storm, it is apparent from this analysis that the critical duration rainfall is 

only equivalent to a 1 in 15 year rainfall.  It is very unlikely therefore the rainfall 

intensity was the principal cause of that level of flooding.  Rapidly melting 

snow probably played a part.  I note Mr Lewis's reference to a car being stuck 

in Cashmere Stream in the 1977 storm.  This actually refers to a car under the 

Ferniehurst Road bridge in the Heathcote River.  I do not know what effect this 

had in Hendersons Basin but it does serve to illustrate that chaotic things do 

happen during storms which can exaggerate the flooding well beyond 

expectations.  It could be that the flood level was equivalent to a modelled 100 

year estimate at the time - however the assessment would not have been 

made based on recorded flood level data on the site.   

 

4.9 It is quite common for a 1 in 100 year rainfall event to produce flooding of a 

very much lower return interval.  For example the March 2014 flooding in 

Christchurch from the rainfall of a critical duration in excess of 100 years return 

interval produced an Avon River flooding event of about a 30 year duration at 

Gloucester St in Christchurch as determined by Environment Canterbury.  The 

same event produced minor flooding in Hendersons Basin which I observed 

from a helicopter as soon as the weather allowed such a flight.  My 

explanation of this minor flooding event is that the dry late-summer soil 

conditions in the catchment prior to the event absorbed much of the runoff that 

would have occurred in a late-winter rainfall when the ground conditions prior 

to the event are likely to be saturated.  

 

4.10 My point is that natural catchments respond in ways that are not always easily 

predictable especially in the absence of a substantial record of flood level 

information.  So Mr Lewis's assertion in paragraph 8.6 that "Land that did not 

flood even in 5 year storms now floods in two year storms" does not have 

reliable supporting evidence and therefore I reject such an assessment. 

 

4.11 Mr Lewis's paragraph 3.3 addresses the differences in flood level before and 

after the earthquake.  I agree with Mr Lewis in terms of the general proposition 

that the absolute level of the floods should have lowered with the general 

lowering of the ground.  However, I do not agree with the notion that the 

present modelling is flawed. After the earthquakes the Council investigated 

changes elsewhere in the city and found that some areas were more flood 

prone and others were less flood prone. In some cases the areas close to 
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streams had settled more and become more flood prone which drew water 

away from areas that were previously flooded but had not settled as much.  I 

am aware that the 2003 LiDAR estimates of ground level specifically in 

Hendersons Basin had errors which would have affected the earlier modelling 

of the area.  The more recent modelling uses the latest post-earthquake 

LiDAR which has proven to be much more accurate and of higher resolution.  

Accordingly the most recent modelling should be more accurate than previous 

estimates. 

 

4.12 Computer flood models are calibrated to the catchment so they produce a 

reasonable representation of runoff from recorded rainfall events.  A standard 

design rainfall for the return interval of interest is then used in the model to 

produce the flooding pattern for that return interval.  The result will never be 

exactly the same as natural events which are all unique with variable 

catchment conditions, uneven rainfall across the catchment and other 

unpredictable occurrences as discussed above.  However the modelling 

results do form a rational and repeatable basis for management of activities 

within the catchment. 

 

Response to Mr Lewis's requests 

 

4.13 Mr Lewis wishes to see that the HFHMAs be shrunk and the flood level data 

reflecting true levels.  The best information available has been applied to the 

assessment of flood levels and Mr Lewis has not provided any information 

which has improved the state of the available information. 

 

4.14 Mr Lewis also seeks to reduce the rules on excavation and filling.  Expert 

caucusing was undertaken with Mr Lewis on 3 December 2015. (This was 

incorrectly dated as 15 December in my evidence in chief).  There appeared to 

be a basis for agreement for a change to the HFHMA rules in clause 5.8.8 

which would allow restricted discretionary status for flood control, stormwater 

treatment or ecological enhancement.  This agreement has not yet been 

confirmed in writing as at the time of filing this evidence, but I hope to be able 

to provide that update at the hearing.  
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5. CHRISTIAN JORDON (#3955) 

 

Freeboard 

 

5.1 Mr Jordon has raised questions in paragraph 3.7 of his brief about the 

freeboard applied to the modelled water levels to determine the minimum 

design floor level of houses.  This freeboard allowance is indeed a factor of 

safety for a range of possible circumstances such as waves from passing cars, 

blockages or other malfunctions of the drainage system, inaccuracies in 

modelling, errors in surveying and building etcetera.  It also provides some 

safety for over-design events however it is very unlikely that the cause of any 

breach of the freeboard over a wide area will be as a result of rainfall alone, 

with none of the other possible factors playing a part.   

 

5.2 Modelling for the purpose of the pRDP is done based on rainfall events of 

several hours duration depending on the catchment, however there are also 

storms which have very high intensities over short time periods of minutes and 

these can cause localised flooding and could use some or all of the freeboard.  

These would typically be thunderstorms. 

 

5.3 In my view it is important to have a freeboard to accommodate such 

contingencies.  Mr Jordon does acknowledge some of the causes of variances 

from the modelled water levels in paragraph 5.2.5 where he discusses the 

effects of fallen debris and solid fences etcetera which are not normally 

addressed as part of flood modelling. 

 

Filling 

 

5.4 Mr Jordon suggests in paragraph 4.3.1 that the rules on filling in FMAs are 

both onerous and ineffective.  I do not agree. The main reasons for the rules 

are to limit the progressive reduction in natural storage in the catchment and to 

ensure that any such filling is not generating off-site effects such as blocking 

natural drainage paths or diverting surface water to the detriment of 

neighbours 

 

5.5 The progressive reduction in natural storage in the catchment means that 

rainwater would drain more quickly into the waterways and cause higher flood 

peaks, and thereby generate off-site effects at vulnerable locations 
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downstream.  Over time, this transfers a responsibility to the Council to 

address the additional flooding downstream usually by engineered drainage or 

flood protection schemes.  In my view, it is clearly better to control this at 

source by controlling the diminution of catchment storage in the areas that 

flood. 

 

5.6 The filling issues relate mostly to the older existing developments because the 

new subdivisions must address stormwater management across the entire 

subdivision to get subdivision approval.  Mr Jordan's suggestion of using 2m
3
 

storage tanks on all new properties (paragraph 4.4.1) would need therefore 

need to exclude new subdivisions.  From a purely water management point of 

view and where there are flooded areas downstream, the deliberate retention 

of stormwater in the upper catchment is attractive, however the Council has 

not investigated such a proposal in any detail and is not in a positon to support 

this as part of the pRDP.  

  

5.7 The Council has required detention tanks on new hill sites to limit erosion 

effects from repeated short duration storms on steep hillside streams in the 

course of authorising stormwater discharges under the Councils stormwater 

consents however this has not been normally practiced on flat land.  To be 

effective as a flood mitigation measure on flat land, the storage tanks would 

need to provide protection for the long duration storms.  This would require 

household tanks of about 200m
3
 capacity to hold runoff from a 100mm 

rainfall.To date the Council has preferred to use the larger detention basins to 

manage these effects. 

 

5.8 Mr Jordon also discusses inequities in section 4.3.2 of his evidence, in that 

there is no additional filling allowance permitted beyond the 10m3 per site 

when a smaller building footprint is filled.  I agree that this may seem 

inequitable at one point in time, however the potential remains on the smaller 

site to add a larger footprint in the future and this needs to be balanced against 

the one scenario Mr Jordan has put forward. 

 

5.9 In paragraph 4.3.5 he raises the idea that there should be no restriction on 

filling under driveways.  No restrictions could easily lead to flow diversion 

effects as well as progressive reductions in natural storage across the 

catchments. 
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5.10 The restricted discretionary status for additional filling does allow the matter to 

be addressed on a case-by-case basis and in this way it is fair to the owner 

and everyone else in the catchment 

 

5.11 My view is that such rules are necessary to manage the local and off-site 

cumulative effects of filling activities within the low lying Christchurch 

catchments.  The advent of high resolution LiDAR imagery also means that 

there is a tool by which the Council can monitor changes to ground levels and 

more effectively enforce compliance with the District Plan rules. 

 

6. PAUL THOMPSON FOR THE CASE FAMILY #3280 

 

6.1 In paragraph 4.6 of Mr Thompson's evidence he requests a ground level 

certification in a Flood Ponding Management Area (FPMA) similar to a 

Minimum Floor Level Certificate.  The certification process for floor levels 

relates to thousands of properties in Christchurch whereas the numbers of 

houses in FPMAs are expected to be minor indeed and the matters relating to 

a specific project can reasonably be addressed on a case-by-case basis.  Any 

amendments to the District Plan as a result of new information will also need 

to proceed on their merits so having a certification system would not avoid that 

effort. 

 

7. WENDY SAUNDERS FOR THE CROWN (#3271) 

 

7.1 Ms Saunders has suggested in her paragraph 7.15 that the time period for a 

specified volume of earthworks is reduced to 1 year from the present 10 years 

and that this would reduce the monitoring and enforcement issues relating to 

filling.  I disagree with this idea on the basis that the annual amounts of filling 

would be very small and that the advent of high resolution LiDAR provides a 

new tool to measure changes in ground level which will assist in monitoring 

and enforcement. 

 

 

Graham James Harrington 

11 February 2016 


