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1. INTRODUCTION 

1.1. My full name is Simon Harry Arnold.  My experience and qualifications are 
set out in paragraphs 1 to 4 of my affidavit dated 24 February 2016. 

1.2. Because I am here giving evidence on the fitness-for-purpose of the 
supplementary evidence presented by the Christchurch City Council (CCC) 
in response to the Minute issued by the Panel on 3 March 2016 seeking 
information on the impact of different sea level rise assumptions to aid it in 
its Sections 32 and 32AA RMA considerations, I will elaborate further on 
my expertise in this area. 

1.3. Consideration of the costs and benefits of alternatives under Sections 32 
and 32AA requires the Panel to balance the immediate costs to the 
community of any proposed intervention (e.g. the fall in property values 
following regulation) against the flow of benefits that will result from the 
interventions (e.g. hazard risks reduced).  These costs and benefits will be 
uncertain, in part intangible, and in this case, with sea level rise particularly, 
will evolve and become even more uncertain over time.   

1.4. Undertaking cost benefit analysis of alternatives in this way is common in 
policy analysis, particularly where investments with uncertain returns are 
being considered and risks need to be managed.  I have specific expertise 
in the appropriate techniques and the information requirements for this kind 
of analysis from my time working in policy as outlined in my Affidavit. 
Further, and not so explicit, for the last decade I have been working directly 
in evaluating investments in and the management of risky new technologies 
for both private and public returns.  In so doing I routinely use these 
techniques and evaluate their use by others. 

1.5. 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. 

1.6. Having regard to this my evidence is derived from the CCC’s evidence. 
This doesn’t always give complete details of the assumptions and methods 
used in modelling and in the time available I have not been able to source 
key background information.  I had requested the chance to clarify issues 
that arise from this with CCC’s experts (letter Attachment A) but they 
declined to engage on advice from the CCC’s legal advisors (email 
Attachment B).  In what follows I am therefore simply taking the CCC 
evidence as presented along with some investigation possible in the time 
available, as indicated. 
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2. SCOPE 

2.1. My evidence relates to the information on reinstatement costs presented in 
Dr Smart’s Statement of Evidence dated 20 May 2016 in para 5.3.  It is my 
view that the information presented by Dr Smart is not suitable for the 
purpose the Panel requested, namely to consider alternatives under 
Sections 32 and 32AA of the RMA.  This is for two reasons: 

2.1.1. The set of rainfall assumptions used to generate the 0m and 
0.5m losses are internally inconsistent as well as being 
inconsistent with the Ministry for the Environment Guidance 
(2008) followed for the 1.0m losses; 

2.1.2. The events that correspond to the stated reinstatement costs are 
highly unlikely (much more so than a 0.2% flood event used to 
define the High Hazard Zone), and therefore these costs cannot 
be used in any useful way to help assess: (1) the benefits of 
avoiding these hazards; (2) the costs and benefits of 
alternatives; or (3) be used to compare with the losses to 
property owners through regulation.  

2.2. While these costs are derived by Dr Smart many of the assumptions he 
makes are described in Mr Whyte’s Evidence in Chief dated 21 January 
2016 and Supplementary Evidence dated 20 May 2016. However some 
only become obvious in Dr Smart’s evidence.   

2.3. In what follows I expand on both these issues, and in the case of the latter 
include some comments that may help the Panel in their assessment task. 

3. INCONSISTENT RAINFALL ASSUMPTIONS 

3.1. Section 2 of the Attachment to Mr Whyte’s Evidence in Chief sets out the 
reason for increasing the rainfall by 16% to allow for climate change citing 
Ministry for the Environment (2008) “Climate Change Effects and Impacts 
Assessment: A Guidance Manual for Local Government in New Zealand”.  

3.2. Table 5.2 of the Manual sets out the recommended factors to be used in 
deriving extreme rainfall information for screening assessments1, and this 
recommends 8% adjustment per 1º C of warming, and it appears that the 2º 
C rise shown in Table 2.3 (2090) for Canterbury was used as the basis to 
arrive at the 16% adjustment. 

3.3. However for the lower sea level rises requested by the Panel it is clear that 
the events being modelled either are occurring earlier in the 100 year 
period or there is an assumption that temperatures won’t increase as 
quickly as anticipated in Table 2.3 of the Manual.  Either way the loading for 
temperature rise should be decreased for the 0.5m rise (perhaps to 8%) 

                                            
1
 The Manual also recommend undertaking at least two screening calculations using different 

assumptions should be undertaken and Table 5.1 recommends more detailed study when going 
beyond screening studies.  
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and excluded where no sea level rise is being modelled. If this isn’t done 
the assumptions will be internally inconsistent and not follow the guidance 
in MfE (2008).   

3.4. It appears from Table 2.3 of the Attachment to Mr Whyte’s Evidence in 
Chief suggests the difference in peak median annual maximum 24 hour 
rainfall would be of the order of 8mm (16% of ~50mm rainfall) in moving 
from a 0% loading to 16%, but the impact on the 1 in 50 and 1 in 200 year 
rainfall events used in the modelling could be over twice that2.  

4. USEFULNESS OF REINSTATEMENT COST ESTIMATES TO SECTIONS 32 
AND 32AA ANALYSIS 

4.1. There is a significant difference between identifying thresholds to define 
hazard areas and evaluating options for managing the hazard risks.  The 
former is concerned with behaviour at the threshold, the latter is concerned 
with the distribution of values (in this case losses avoided) across the range 
of possible events.   

4.2. When managing risks one needs to know the aggregate benefit of the 
intervention. To calculate this one weights the losses avoided by the 
likelihood of the corresponding event and sums these across the likely 
range of events (in this case the potential floods) over the timeframe of 
interest (here assumed to be 100 years).  This aggregate value of the 
losses avoided can then be compared with the costs of regulation; used to 
evaluate different methods for managing the risks; and to evaluate different 
interventions for different hazard areas.   

4.3. The losses avoided will range from nothing (for by far the bulk of the time, 
including while built protection holds) to an upper bound (perhaps where 
everything is lost).  In approaching the upper bound the losses avoided go 
up but usually the likelihood of the event occurring diminishes, so these 
events carry negligible weight.  We also typically take a decision just to 
accept losses beyond a threshold level, and concentrate management on 
events of reasonably frequency (e.g. the definition of the High Hazard Zone 
using an AEP of 0.5% for floods).      

4.4. When the risks are changing over time the distribution of values will 
likewise change, and with this the value of any intervention. In the case of 
sea level rise this means potential losses increase in time. Under these 
circumstances a management regime that is sensitive to the evolving 
situation can have value e.g. we might put the more uncertain and distant 
risks “on watch” rather than take action today based on a future threshold.  
This can avoid incurring the adverse costs of intervening today if the future 
doesn’t evolve as predicted (called exercising Real Options).  These 
approaches are the basis of adaptive planning. 

                                            
2
 Fig 8. NIWA 2009 “Review of the frequency of high intensity rainfalls in Christchurch” 



Statement of Evidence - Simon Arnold Page 5 of 15 

4.5. The above is by way of introduction to my comments on Dr Smart’s 
estimates of reinstatement costs presented in para 5.3 of his evidence.  
The cost estimates are based on a threshold estimate of a highly unlikely 
event and for the reasons set out above they have limited value for use in 
managing the risk.  

4.6. Putting aside sea level rise for the moment, the basic event being assessed 
is described in the Attachment to Mr Whyte’s Evidence in Chief, with the 
key assumptions about the boundary conditions set out in Table 2.4. 

4.7. On face value this suggests that the event in question occurs when a 0.5% 
AEP (1 in 200 year) rainfall event occurs on the same day as a 2.0% AEP 
(1 in 50 year) tidal event (and/or vice versa3).  If this is a correct 
interpretation then this is an extremely unlikely combination of events. 
However there are some complexities in deducing the AEP of the model 
output (i.e. the flood) simply from the AEPs of the boundary conditions (the 
rainfall and tide)4 and the results will be contingent upon exactly how the 
models treat the boundary conditions5. 

4.8. With those caveats it is likely that the reinstatement cost estimates provided 
by Dr Smart would be significantly reduced if a 0.5% AEP flood been 
modelled rather than the 0.5% AEP and 2.0% AEP boundary conditions 
actually used.  

4.9. To give a sense of the orders of magnitude involved in using higher AESs 
for the boundary conditions I have noted earlier the range in 24 hour 
extreme rainfalls from the median annual maximum to the levels used here 
(over 50mm) and the approximate 100 year range of high tides, minimum to 
maximum is  ~0.9m6.   It would take a better understanding of the models 
and the phenomena being modelled to asses where in these ranges the 
boundary conditions might be set to give a 0.2% AEP flood.  

4.10. Finally I note that from Dr Smart’s evidence that he further reduces the 
likelihood of the threshold event by requiring that the flood comes without 
warning and at night.  While these assumptions may increase the severity 

                                            
3
 It seems possible that the modellers use maximum of the two events thereby further diminishing the 

likelihood of the events. 
4
 This depends on the relationship between the boundary conditions and their relative contribution to 

the flood.  However if the stated boundary conditions do in fact generate a 0.5% AEP flood then there 
must be an extremely large number of other combinations of boundary conditions that if modelled 
would produce a similar levels of flooding.  This is difficult to imagine without increasing the AEPs of 
the boundary conditions, but this would increase their joint AEP leading to the conclusion that the 1 to 
50 / 1 to 200 combinations were not consistent with the 0.5% AEP flood.  
5
 The background literature able to be accessed seems however to confirm my interpretation, see 

Section 2.3 of DHI “Avon River Sea Level Rise Investigation” Appendix 3 of the Section 32 Report on 
the Natural Hazards Chapter (August 2014): “The water levels at this outflow point in the model are 
controlled by a synthesised varying tide level where the peak of the tide coincides with the peak of the 
flooding in the lower Avon.” [emphasis added]. Also see NIWA (2102) “Impacts of Climate Change on 
Urban Infrastructure & the Built Environment Toolbox” 2.2.5 and 3.2 where the result using a 
MHWS10 is qualified as follows “The models reported here have the tide peak aligned with the flood 
peak giving a conservative result.” [emphasis added] 
6
 Fig. 2.1 NIWA (2102) op. cite. 
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and cost of the threshold event they also reduce its likelihood, and 
therefore move it further away from quantifying the impact of a 0.5% AEP 
flood.   

Sea level rise assumptions and the 100 year time dimension 

4.11. To bring in the sea level rise assumptions and the 100 year time dimension, 
I will begin with the 1.0m sea level rise calculation.   

4.12. In my Affidavit I roughly calculated that based on IPPC AR5 this had a ~4% 
probability in 100 years’ time.  For all but the last years it has next to no 
likelihood of occurrence. So while the costs of this event may be high, this 
risk will have negligible impact on any consideration of the costs and 
benefits of alternatives over the next 100 years (particularly if the benefits 
are discounted back 100 years at, say, 8% p.a.).  

4.13. The 0.5m sea level rise is more useful since this corresponds to the middle 
of the IPCC likely level of sea level rise over much of the latter part of the 
next 100 years, and could potentially be used as an average measure for 
that period.  However to be fit-for-purpose it would need to be coupled with 
flood modelling that gives a measure of the likely range of events that are 
being prevented, and from that an estimate of the aggregate benefits. 

4.14. The 0m sea level rise gives a rough indication of what the immediate future 
holds (again with more appropriate flood modelling), and in particular the 
life of the pRDP.  The middle of the 100 year period could be interpolated 
between the two.  

5. CONCLUSION 

5.1. To summarise, it is really not possible on the information provided to the 
Panel for it to judge the benefits of regulation or alternatives.  It is clear that 
using the modelling supplied and working with the 0m and 0.5m sea level 
rises (as described above) would allow some upper bounds to be put on 
what might pass a Sections 32 and 32AA evaluation but it is very likely this 
will still impose disproportionate costs on coastal residents.  Even with this 
caveat there are areas were no form of regulation would pass the tests of 
Section 32 and 32AA e.g. those only impacted by the 1.0m sea level rise 
assumption. 

5.2. Going beyond this there are some additional pieces of information that may 
well be easily produced that would improve the assessment e.g. 
compensating for the overly conservative modelling by reducing the High 
Hazard Zones and the estimates of losses avoided, and obtaining an 
estimate of the current property values in the various zones to allow some 
estimate of the cost of regulation to be assessed. 

5.3. However for areas where that lack of information makes appropriate action 
difficult to judge, it would seem prudent to assess the risk of not acting (as 
provided for under Section 32 (2)(c)) and if these are low, exercise the 
option to delay regulation until better information becomes available. I 
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consider that because the costs of regulating are high, will occur 
immediately, and are relatively certain, while the benefits of regulation are 
in the future, at this stage uncertain because they are poorly quantified, but 
constrained on the upside, there are strong indications that the risks of 
delay will typically be low.   

5.4. Finally there is a separate process underway that is reviewing the impact of 
sea level rise that will provide better information on this, and there seems to 
be no risk in exercising the option not to regulate (even had it otherwise 
been indicated) until this has been completed.  

 
 
 
 
 
 
 
 
Simon Harry Arnold 
10 June 2016 



 

Attachment A 

Letter to Mr Whyte seeking to consult on his evidence 
  



 

Box 16 135, Te Horo 5544 

 

3 June 2016 

 

 

Greg Whyte   

Principal Engineer 
DHI NZ 
PO Box 26131 
Christchurch 8148 

By email  

gmw@dhigroup.com 
 
cc  Dr Smart, Principal Scientist, NIWA 

g.smart@niwa.co.nz 
 

Supplementary evidence IHP Christchurch pRDP Stage 3 

I gave evidence to the Independent Hearings Panel in respect of the likelihood of the 
1m sea level rise being used in the scenarios.   

I have now reviewed the evidence you have presented in response to the Panel’s 
request for assistance to allow it to consider alternatives according to sections 32 
and 32AA of the RMA along with its other statutory responsibilities.   

I am concerned with the evidence that has been presented on two accounts, and 
would like to raise these with you, and if you accept them ask you to revise and/or 
supplement your evidence on these points.    

My two concerns are: 

1. The modelling that has been done is inconsistent.  0 m, 0.5 m and 1m sea level 
rises have all been combined with an extreme rainfall loading of 16% for climate 
change.  This loading is based on a 2 degree rise in temperature and is 
inconsistent with the 0 m and 0.5 m sea level rises. 

2. The evidence provided by Dr Smart includes information on the losses 
associated with flooding scenarios provided by you.   This evidence is incomplete 
if it is to be used for the purpose the panel requested it for, namely it doesn’t 
provide any assessment of the likelihood of these losses occurring over the 
period in question and therefore offers limited assistance to the panel when it 
comes to assess the alternatives (along with other scenarios the Panel may wish 
to consider). 



 

The first is an obvious oversight, and hopefully requires no more comment.   

The second brings in issues of risk management and the application of Sections 32 
and 32AA.  There are various options for managing the hazard risks in each area, 
including the “do-nothing” option.  The Panel needs to weigh up the costs and 
benefits of these, and the normal way to do this is to compared the likelihood 
weighted losses with the likelihood weighted gains (or in this case losses avoided) as 
per AS/NZ ISO 31000:2009.   

In this case we have a reasonably certain immediate loss to the community of 
regulation through the act of regulation that needs to be weighed against an 
uncertain and progressively evolving risk of loss.  When done over a 100 year period 
this, as you are no doubt aware, brings in a range of issues such as the time value of 
money and the possibility that Real Options exist (i.e. delay regulating during which 
time the uncertainty decreases – this is the basis of adaptive planning). 

To make those judgements the Panel will need to understand just how likely these 
scenario losses are, and they are to use this information that should be provided as 
part of it. 

In practice I suspect the likelihood of any of the presented scenarios occurring over 
the next 100 years is negligible. If so the evidence presented is probably of limited 
value to the task now being undertaken by the Panel, but the Panel with the 
information as presented will be unaware of this.  However my judgement depends 
on the exact assumptions you have made, and I’d appreciate understanding those.   

If I take the 1m sea level rise scenario it appears to me that the likelihood evolves 
something like this: 

 As I gave in evidence the likelihood of the 1m rise over the next 100 years is 
about 4% at the end of the 100 years.  Taken over the whole period this risk by 
itself is therefore extremely low, but obviously the evolution of this risk needs to 
be modelled over the full period and the losses avoid discounted back to present 
values as part of any assessment of alternatives. 

 Beyond that as I understand it (and I need confirmation here) we are modelling 
either a 1 in 50 year tide occurring on the same day as a 1 in 200 year rainfall 
event (adjust for climate change) or vice versa.  This will be an extremely unlikely 
event depending on the joint probabilities of the individual events.  My 
understanding is that to some extent extremes of rainfall and extreme tides tend 
to occur at different times of the year and, if correct, this will reduce the joint 
probability accordingly. Could you let me know your estimate of the joint 
probability of these events occurring on a given day? 

 The event needs to occur at night.  This presumably just halves the likelihood up 
to this point, and 

 The event has to occur without warning.  I imagine it would be possible to 
estimate the proportion of events that fulfil the other criteria and meet this one.  
Do you have an estimate? 

Just working through the above it is difficult to see how the likelihood of the losses 
given in evidence, even when taken over 100 years, can, as I suggested above, be 
anything but negligible.    



 

The other piece of information that hasn’t been provided and the Panel will need is 
the losses due to regulation.  This is likely to be an immediate discount in the value 
of properties in the regulated areas, and the base information should be to hand from 
your databases.  Can you provide this information? 

I would appreciate your thoughts on these matters.  I understand that CCRU has 
sought leave to introduce evidence on these points but it would obviously be better if 
we can clear this up with needing to do so. 

 

Kind regards 

 

 

 

Simon Arnold 
Managing Director 
 
simon.arnold@arnold.co.nz 
+64 27 248 1753 
  

 
  



 

 

Attachment B 

Response from CCC’s Legal Advisors 
  



 

From: James Winchester 
<James.Winchester@simpsongrierson.com> 

Sent: Tuesday, 7 June 2016 3:02 p.m. 
To: Simon Arnold 
Cc: Graeme Smart; Greg Whyte; Harrington, Graham; 

Matheson, Alan 
Subject: RE: Supplementary evidence to IHP Chch pRDP Stage 3 
 
Dear Mr Arnold 
 
The e-mail and letter that you sent to two of the Council's witnesses, Mr Whyte and Dr Smart, 
regarding the evidence they produced in response to a direction from the Independent Hearings 
Panel for the Christchurch Replacement District Plan (pRDP), has been sent to us for a reply as the 
Council's legal advisers on the pRDP process.   
 
It is not entirely clear in what capacity you are writing to the Council's witnesses, given that you are 
not a submitter.  We are aware that you produced statements for the Panel at earlier stages but did 
not appear to present your statements.  
 
The pRDP process is regulated by an Order in Council and is under the control and supervision of the 
Independent Hearings Panel.  From the Council's perspective, there is little apparent benefit in you 
seeking to conduct a debate with the Council's experts outside the Panel's process.   For that reason, 
we have advised the Council's witnesses that they should not respond to your letter (and that advice 
has been accepted by Council).  Accordingly, neither Council officers nor the Council's experts will be 
responding to your letter. 
 
Rather, it is suggested that should you approach the Secretariat for the Independent Hearings Panel 
on either of the below contacts: 
Email info@chchplan.ihp.govt.nz 

Freephone 0800 242 4040 
 
 
Regards 
James 

 
James Winchester | Partner | Simpson Grierson 
Level 24, 195 Lambton Quay, P O Box 2402, Wellington 6140, New Zealand 
DDI +64-4-924 3503 | Mobile +64-21 303 700 | Fax +64-4-472 6986 
Assistant Lisa McCuish | DDI +64-4-924 3538  
james.winchester@simpsongrierson.com | www.simpsongrierson.com 

 
View my LinkedIn profile 
 
 
From: Simon Arnold [mailto:simon.arnold@arnold.co.nz]  

Sent: Tuesday, 7 June 2016 10:53 a.m. 
To: Harrington, Graham 

Cc: Graeme Smart; Greg Whyte 
Subject: RE: Supplementary evidence to IHP Chch pRDP Stage 3 

 
Hi Graham 

mailto:info@chchplan.ihp.govt.nz
mailto:james.winchester@simpsongrierson.com
http://www.simpsongrierson.com/
http://nz.linkedin.com/pub/james-winchester/12/894/65b
mailto:simon.arnold@arnold.co.nz


 

 
The attached is about the evidence as presented by Greg Whyte. As such it seems 
to be a matter for him to respond to, but he has asked that I direct it to you (see 
below). 
 
rgds  
 
Simon Arnold  
 

arnold.co.nz 
Investing with Science 
 

Box 16 135  
Te Horo 5544  
New Zealand  
   
Web: arnold.co.nz 
Blog: blog.arnold.co.nz 
Skype: arnold.co.nz 
Mob: + 64 27 248 1753  
Tel: +64 6 364 3155 
  
This email message and any attachments contain information that is CONFIDENTIAL and may be 
LEGALLY PRIVILEGED. If you are not the intended recipient any use, disclosure or copying of this 
message or attachments is strictly prohibited. If you have received this email message in error, please 
notify us immediately and erase all copies of the message and attachments. Thank you. 

 
From: Greg Whyte [mailto:gmw@dhigroup.com]  

Sent: Tuesday, 7 June 2016 10:41 AM 

To: Simon Arnold 
Cc: Graeme Smart 

Subject: RE: Supplementary evidence to IHP Chch pRDP Stage 3 

 
Hi Simon, 
 
Please direct this to Graham Harrington at CCC, graham.harrington@ccc,govt.nz 
 
Best regards, 

  

Greg Whyte 
BE(Civil) CPEng, Principal Engineer 
Branch Manager, Christchurch 
Management 

  

 

  

DHI New Zealand 

1st Floor 
Unit 9, Cowlishaw Mews 
296 Montreal Street 
Christchurch 8013 
  
PO Box 26131 
Christchurch 8148 

http://arnold.co.nz/
http://arnold.co.nz/
http://blog.arnold.co.nz/
http://arnold.co.nz/
mailto:gmw@dhigroup.com
mailto:graham.harrington@ccc,govt.nz


 

New Zealand 
  
Tel:   +64 3 355 5403 
Direct:   +64 3 355 5403 
Mobile:   +64 21 273 4464 
  
gmw@dhigroup.com 

www.dhigroup.com 

  

The expert in WATER ENVIRONMENTS 

  

This message contains information which may be confidential and privileged. Unless you are the intended recipient 
(or authorised to receive this message for the intended recipient), you may not use, copy, disseminate or disclose 
any information contained in it thereof. If you have received this communication in error, please advise the sender 
appropriately by reply e-mail, and then delete it. Thank you very much. 

 

From: Simon Arnold [mailto:simon.arnold@arnold.co.nz]  
Sent: Friday, 3 June 2016 10:49 AM 
To: Greg Whyte <gmw@dhigroup.com> 
Cc: g.smart@niwa.co.nz 
Subject: Supplementary evidence to IHP Chch pRDP Stage 3 

 
Hi 
 
Please see the attached correspondence re the above. 
 
Kind regards 
 
Simon Arnold  
 

arnold.co.nz 
Investing with Science 
 

Box 16 135  
Te Horo 5544  
New Zealand  
   
Web: arnold.co.nz 
Blog: blog.arnold.co.nz 
Skype: arnold.co.nz 
Mob: + 64 27 248 1753  
Tel: +64 6 364 3155 
  
This email message and any attachments contain information that is CONFIDENTIAL and may be 
LEGALLY PRIVILEGED. If you are not the intended recipient any use, disclosure or copying of this 
message or attachments is strictly prohibited. If you have received this email message in error, please 
notify us immediately and erase all copies of the message and attachments. Thank you. 

 

 
This email is confidential and may be privileged.  If this email is not intended for you do not use, read, distribute or copy it.  Please 
contact the sender immediately and delete the original email and any attachments.  If you respond to this email, you agree it is not 
received by Simpson Grierson until the email comes to the attention of the addressee.  All incoming emails are scanned and filtered by 
Simpson Grierson's email security system.  This could result in a legitimate email being deleted before being read by its addressee.  
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