The flaw in the score
Risk sensitivity in the NZSEE %NBS
methodology

December 2014

About Tailrisk economics
Tailrisk economics is a Wellington economics consultancy. It specialises in the economics of
low probability, high impact events including financial crises and natural disasters. Tailrisk
economics also provides consulting services on:
·

The economics of financial regulation

·

Advanced capital adequacy modelling

·

Stress testing for large and small financial institutions

·

Regulatory compliance for financial institutions

·

General economics.

Principal Ian Harrison (B.C.A. Hons. V.U.W., Master of Public Policy SAIS Johns Hopkins) has
worked with the Reserve Bank of New Zealand, the World Bank, the International Monetary
Fund and the Bank for International Settlements.

Contact:
Ian Harrison – Principal Tailrisk economics
ian@tailrisk.co.nz
Ph. 022 175 3669
04 384 8570

This report and others are available at http://www.tailrisk.co.nz/index.php

Page 2 of 23

Table of contents
Executive summary ............................................................................................ 4
Part one: Critiques of ‘Error Prone Bureaucracy’ ............................................... 5
Part two: The flaw in the score .......................................................................... 6
Part three: Implications ................................................................................... 14
References ....................................................................................................... 15
Appendix A: MBIE Critique of ‘Error Prone Bureaucracy’ ............................... 16
Appendix B: %NBS and building collapse risk ................................................... 21
Appendix C: NZSEE(2006) %NBS calcs. ............................................................. 22

Page 3 of 23

Executive summary
It has been argued that the Tailrisk Economics critique of the New Zealand Society of
Earthquake Engineering (NZSEE) building seismic risk framework is flawed because the
report failed to understand that the framework was sensitive to the different levels of
seismic risk in different regions. The argument is that the impact of differences in seismicity
on risk is picked-up though different hazard, or Z-scores, factors.
This paper presents an assessment of the NZSEE framework risk sensitivity methodology
that demonstrates that it is fundamentally flawed. It adjusts for just a small part of
geographical differences in seismic risk.
We conducted a test of the life safety standards at the earthquake prone trigger point (33%
of the new building standard) in Auckland and Wellington. We found that the risk of life
threatening earthquakes in Auckland was 750 times less than in Wellington. The Z-score
methodology attempts to compensate for this difference by setting a lower standard for
building strength in Auckland than Wellington, but the effect is to offset the difference in
earthquake risk, by a factor of just 3. It fails to compensate for the difference in seismic risk
by a factor of at least 250.
As a consequence:
·

The life safety standard for earthquake prone buildings in Auckland compared to
those in Wellington is at least 250 times higher

·

33%NBS buildings in Auckland are much less risky than 100% NBS buildings in
Wellington

·

Buildings with the same percentage of new building standard (%NBS) assessments in
different parts of the country will have very different risks

·

NZSEE assessments that buildings in much of New Zealand are ‘high risk’ are
objectively and demonstrably false.

The NZSEE risk assessment framework does not deliver logical and consistent results.
This framework has been supported by the Ministry of Business Innovation and
Employment. The Ministry needs to either demonstrate that the NZSEE framework does
work and delivers consistent risk assessments, or change its advice and withdraw their letter
of support for the NZSEE framework. Similarly with the NZSEE. They should either
demonstrate that their framework delivers consistent life safety assessments, or withdraw
their earthquake risk grading system.
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Part one: Critiques of ‘Error Prone
Bureaucracy’
Since releasing our report ‘Error Prone Bureaucracy’ in April 2014, we have had many
positive responses to the analysis in the document. The one criticism,1 which was conveyed
to us when we appeared before the Local Government and Environment Select Committee,
which was considering the amendment to the earthquake prone buildings sections of the
Building Act, was that we had not understood, or properly taken into account, that the
NZSEE framework was in fact risk sensitive.
We have heard from other sources that this criticism has been used as an excuse to ignore
our overall critique of the NZSEE framework for identifying earthquake prone buildings.
One of our key criticisms of the NZSEE framework was that it did not consistently and
logically account for the risk of buildings in regions that have different seismicity. Notably,
buildings that were identified as being ‘earthquake prone’ in Auckland were safer, by a very
wide margin, than buildings with the same %NBS rating in seismically active Wellington.
In a logical and coherent regime, the risk of buildings in different regions with the same
%NBS should be similar. Our argument was that the cost benefit report produced for the
Ministry showed that this could not be true.
In our report we attempted to understand the why there was such a big difference between
the relative risks captured in the cost benefit analysis, and those implicit in the NZSEE
framework. One explanation that we identified, was that a lower limit on the size of a
moderate earthquake was introduced into the NZSEE framework to artificially increase the
risk for Auckland.
However, we suspected that there was much more to it that, but had not identified the
precise source of the problem at the time the Error Prone Bureaucracy report was finalised.
It turns out that the flaw in the NZSEE framework is obvious, very significant, and we hope,
not too difficult to explain.
Our explanation is set out in the next section.

1

The paper has been critically reviewed by MBIE. A review of documents obtained under the Official Information Act
showed that MBIE did not find any errors in the paper. A copy of the MBIE review and our comments on errors that MBIE
claimed to have found are set out in Appendix A.
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Part two: The flaw in the score
Three uncontroversial propositions
We start with three uncontroversial propositions about the seismic risk of a building.
1. The relevant risk is the risk to life
This risk can be expressed in terms of the probability that a building occupant will be
killed over the course of a year. An equivalent expression, which is easier to read for low
risk buildings, is the number of years it would take, on average, before the occupant will
be killed in an earthquake.
2. The risk to life is the product of the probability that there will be an earthquake that
can cause deaths, and the probability that an occupant will be killed if there is a life
threatening earthquake
In most locations deaths can occur over a range of earthquake magnitudes, but to
illustrate the concept it is easier to think about one type of ‘killer’ earthquake. We
assume that this earthquake has an average return time, in location A, which has high
seismicity, of 1,000 years. Equivalently, the probability that a killer earthquake will occur
over a year is 0.1 percent.
The probability that the occupant will die, if there is a killer earthquake, will be a
function of the strength of the building. The stronger the building is less likely it is to
collapse.
The likelihood of death, given a killer earthquake, will also be a function of the type of
building. The probability of death, if a building collapses or is badly damaged is
significantly higher, for example, in a modern high-rise building than in an unreinforced
masonry building. However, to explain how geographical risk sensitivity works in the
NZSEE model, it simplifies matters to abstract from this complexity and assume that
casualty rates, given a collapse, are common across all buildings.
To illustrate the life safety calculation, if the probability of a killer earthquake is 0.1
percent (a return period of 1,000 years) and the probability of death in the event of a
killer earthquake is, say, 10 percent, then the life risk posed by the building is 0.001
times 0.10 = 0.0001 or 0.01 percent. That is, the life risk is 1:10,000 years.

Page 6 of 23

Figure 1 — Calculating life risk
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3. The probability of an earthquake and the likelihood of death given an earthquake can
be combined in different ways to generate the same risk outcome
For example, a building in a city that has a 1,000:1 chance of a killer earthquake, which is
relatively robust with a 5 percent chance that an occupant will be killed if there is an
earthquake, has the same risk (1:20,000) as a weaker building (with a 25 percent chance
of death) in a city with a 5,000:1 chance of the same quake.

Figure 2 — Equivalent risks
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How does the NZSEE framework account for geographical differences in
seismic risk?
In the NZSEE (2006) framework geographical differences in seismic risk are captured by
applying a hazard factor, the Z score, to the raw assessment of building strength.
The Z factor is described by McVerry (2002) in the following terms. “The mapped hazard
factor for scaling normalized code spectra is defined as 0.5 times the 500-year magnitudeweighted SA (0.5s) value for the shallow-soil class except where the minimum and
maximum Z-values govern”.
Essentially what is happening here, is that the metric for thinking about relative risk is
switched from the more intuitive relatively probability of earthquake occurrence, to a
statement about the relative force of an earthquake with the same probability of
occurrence.
We were unable to locate a document that clearly explains the conceptual reasoning behind
this approach and in particular, how the Seismic Risk Committee of the New Zealand
Standards Association calibrated the current Z factors from the available evidence. We have
been reliably informed that there is no public documentation of this process.
Fortunately, to understand the impact of the Z score on the assessment of the Auckland’s
relative seismic risk in NZSEE (2006), it is not necessary to have access to the detail behind
the calculations. It is just necessary to know the impact on the %NBS calculation in the
framework. In the Initial Evaluation Procedure methodology the Z score has the effect of
multiplying the %NBS by a factor of three. In the full model, the impact will vary with
building characteristics and ground conditions. A set of NBS calculations for identical
Auckland and Wellington buildings which shows the impact of the hazard factor is set out in
Appendix 3A of NZSEE (2006). Some of the tables are reproduced in Appendix C below. The
tables show shows the ratios of Auckland to Wellington %NBS for 1935-65 buildings, which
are of most interest from a strengthening perspective, range from about 2.5 to 3.
In this analysis we have taken the upper end of the range and have assumed that the impact
of the hazard factor on Auckland buildings %NBS is three.
That means that if an Auckland building receives a ‘raw’ rating of 11.3 percent of NBS this
rating is multiplied by 3 to generate a final rating of 34 percent. The building passes the
Earthquake Prone Building trigger point and is not earthquake prone.
This does not mean that the Auckland building is as strong as a Wellington building that is
also rated at 34 percent. It will not perform as well in a strong earthquake. It just means that
some account has been taken of the different seismicity of the two cities, and that the
Auckland percentage assessment has been made against the lower Auckland new building
standard.
Page 8 of 23

Figure 3 — Auckland and Wellington 34% NBS
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Evaluation of the NZSEE (2006) methodology
If the NZSEE (2006) methodology works then the Auckland building rated at 34%NBS should
have the same life safety risk as a Wellington building that is also rated at 34%NBS. We test
that proposition by estimating the relative life safety risk of the Auckland and Wellington
buildings.
The ratio three does not directly tell us anything about the two components, explained
above, in the life risk calculations for Wellington and Auckland buildings. To understand the
meaning of the ratio we have to translate what is a relative strength figure into risk terms.
There are two steps here:
One: Translate relative building strength to a relative collapse likelihood
We need to know how much more likely an Auckland building with a strength of 11.3 % NBS
is to collapse than a Wellington building with a strength of 34% NBS.
There are two possible sources of information on this relationship.
The first is the NZSEE’s assessment of the relationship between risk of building collapse, or
substantial damage, and building strength. According to table 2.1 in NZSEE (2006), a building
with a strength of less than 20% NBS has more than 25 times the risk of a 100% NBS building
compared to 10 times the risk of a 33 % building. This suggests a ratio of 2.5. A more precise
graphical depiction of the relationship is shown in Appendix B. (Source MBIE). This shows a
building with an 11.3% NBS has about three times the likelihood of collapse, if there is a
severe earthquake, than a building rated at NBS 34%.
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Table 1 — NZSEE (2006) % NBS and risk
Percentage of NBS

Relative risk (approx.)

>100

<1

80-100

1-2 times

67-80

2-5 times

33-67

5-10 times

20-33

10-25 times

<20

>25 times

The second set of information is a graph that shows the relationship between building types
and the probability of collapse for different building types in earthquakes of different
magnitudes. The graph was presented in the Ministry’s expert report 2012 (Taig) that was
commissioned for the Seismic Strengthening consultation. The figure shows a span of about
1:10 from the weakest to strongest building types, but does not specifically depict the
relationship by % NBS. However, the information is consistent with the 1:3 ratio in the
NZSEE’s assessment.

Two: Assess the probability of large earthquakes
To assess the relative risk of large earthquakes that could cause fatalities in Auckland and
Wellington, we have taken the figures presented in the 2012 Martin Jenkins report. These
were provided by GNS Science for the MBIE’s 2012 cost benefit study.
Note that no figures were provided for MM10 or MM11 quakes for Auckland. This was
probably because GNS Science either thought that earthquakes of these magnitudes were
not possible and that the theoretical, continuous, earthquake likelihood distribution was
truncated at the top end, or that the likelihoods were so small as not to be worth
considering for a cost benefit analysis.
We have assumed that there is a continuous distribution, and that MMI0 and MMII quakes
have return times that are respectively 10 and 100 higher than the MM9 return time. A
theoretical curve would generate even higher numbers.
Note that our continuous distribution assumption increases the expected fatality rate for
Auckland presented in the Martin Jenkins report by a factor of nearly three. The expected
annual number of earthquake fatalities in Central Auckland is just 0.00067 if only MM9
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earthquakes are taken into account. This increases to 0.0019 once some positive probability
is placed on the occurrence of MM10 and MM11 events. The average death rate is still
extremely low.
Table 3 — Return times calculations
Wellington

Auckland

Earthquake

Return
times yrs.

Total
Expected
deaths
Annual

Earthquake

Return time
years

Total
Expected
deaths
Annual

Ratio of
return times
Auck./Wgtn.

MM8

120

0

MM8

7400

0

62

MM9

400

0.073

MM9

120,000

0.00067

300

MM10

1500

0.253

MM10

1,200,000

0.00089

800

MM11

8500

0.179

MM11

12,000,000

0.00019

1412

0.0019

745

Total

0.505

The next step is to calculate the ratio of return times for Auckland and Wellington for each
event type. Table 3 above shows that these ratios range from 300 for MM9 to 1,412 for
MM11 earthquakes. These ratios are then weighted by the contribution of each earthquake
type to the Auckland expected fatality rate to generate an overall ratio. This ratio is 745.

Three: Calculate relative risk
We can now calculate the relative risk of the Auckland and Wellington buildings that have a
NBS 34% rating using the NZSEE framework.
Setting Wellington risk at 1, the Auckland risk is calculated as:
1/745 - the difference in the probability of a fatal earthquake
times
3 - the relative difference in the probability that a building will collapse if there is an
earthquake
Equals .004 times the Wellington figure
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Figure 4 — Auckland 34% Building Relative life risk
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If the NZSEE is right and the hazard factor, or Z-score, compensates for differences in
seismicity in different regions, and ensures that 34% NBS assessments define a common
standard of risk, then the Auckland relative risk figure should be one. It is clearly not. The
Auckland ‘earthquake prone building’ standard is 248 times safer than the Wellington ‘earth
quake prone building’ standard. The relative Z score of three adjusts for just a small part of
the difference in seismic risk.
Simply put, the logic behind the relative Z-score approach for compensating for
differences in seismic hazard for existing buildings is fundamentally flawed.

Why is the Z-score so wrong?
Three factors contribute to the huge mis-statement of relative risk.
A floor on seismicity was applied to Auckland
The actual seismic risk in Auckland is not used. Rather, as demonstrated in our Error Prone
Bureaucracy paper, a higher level of risk is artificially applied.
Calibration was conservative
More generally, we are informed, the Seismic Risk Committee has taken a conservative
approach to calibrated the Z-scores. They are set at a lower level than would be justified by
the seismic risk evidence the Committee considered. The rationale was that in a new
building standard this conservatism does not matter too much, because it would have only a
minor impact on new Auckland building costs. The same logic, obviously, does not translate
across to the existing building strengthening framework, where even apparently small
tweaks in a calibration can have very serious economic consequences.
The focus was on the wrong earthquake magnitudes
Most importantly, assessments of relative seismicity that might be relevant to the new
building standard, are not appropriate for the existing building standard. With the new
building standard, the concern is with building damage as well as life safety, and relative
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seismicity has largely been evaluated with respect to the relative frequency of shocks (over
the MM5-MM8 range- for example see Dowrick (1991)) that will present a risk of damaging
buildings.
With the existing building standard, the concern should be just with life safety. The
assessment of relative seismicity, therefore, should be based on the relative frequency of
those earthquake events that present a material risk to life. That is, the standard should, as
we have done, focus on MM 9 to 11 earthquakes. The difference in the focus is extremely
important, as the measure of relative seismicity will depend on the size of the earthquakes.
To illustrate from table 2, MM8 events are 61 times more frequent (7400/120 years) in
Wellington than in Auckland. MM9 events on the other hand are 300 times more frequent.
Thus the relative risk of a quake in Wellington is five times higher for a MM9 event than a
MM8 one. We do not have the data to hand, but it should be readily apparent that an
assessment of relative seismicity using data centered on MM7 events will be much lower
than one centered on MM10 events.
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Part three: Implications
The ‘flaw in the score’ that we have identified strikes at the core of the NZSEE risk
measurement framework. It means that:
·

·

·

The % NBS calculations in all of the regions whose seismicity falls between the
Auckland and Wellington levels will also reflect quite different levels of risk from the
Wellington base figure.
The NZSEE risk grading system, which is based on % NBS scores, is fundamentally
flawed. All New Zealand buildings with a %NBS score of 33 or less are described as
risky. This is obviously not the case. If we were to assume, conservatively, that the
life safety risk of a Wellington 33% NBS building was 1:100,000, then an Auckland
33% NBS life safety risk would be 1:25,000,000. While some allowance could be
made for uncertainties in this calculation, under any set of reasonable assumptions
the Auckland life safety risk would still be well below the 1:1,000,000 level which is a
benchmark figure for ‘riskless’.
The NZSEE designation of 33% NBS buildings in Auckland, and in many other New
Zealand cities, as ‘risky’ is demonstrably and objectively false.

A frequent criticism of the NZSEE framework is that it is a ‘one size fits all’ system that
does not take account of geographical differences in seismicity. MBIE clearly thinks that
it is appropriately risk sensitive and has advised their Minister accordingly. When the
Bill was introduced, the then Housing Minister went to some lengths to make this point.
We think this paper settles the issue. The critics are right. MBIE needs to either
demonstrate that the NZSEE framework does deliver consistent risk assessments, or
change their advice and withdraw the letter that supports the NZSEE framework.
Similarly with the NZSEE. They should either demonstrate that their framework delivers
consistent life safety assessments or withdraw their earthquake risk grading system.
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Appendix A: MBIE Critique of ‘Error Prone
Bureaucracy’
The document “Error Prone Bureaucracy’ was released on 2 April 2014. MBIE’s comments
were on an earlier draft that they obtained on 25 March without our knowledge or consent.
The earlier draft was not substantively different from the final.
The following is the full MBIE report on the document, our comments, together with a
report to the Chief Executive in response to his request to be told what his staff thought of
the points made.
There are no other documents that analyse the report.
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Comments on ‘ factual omissions and inaccuracies’
1.Consultation on the ‘2004’ regulations
“Mr. Harrison asserts that there was targeted consultation only on the discussion document
for the regulations”.
Comment
·

The regulations were passed in 2005 not 2004. This is the Ministry’s error.

·

The reviewer agreed that there were targeted consultations but said that the
document was released for consultation on the website. We do not agree with the
implication that putting a document on a website is a serious way of consulting with
a large number of potentially affected building owners who would not be regularly
monitoring the website. We were unable to verify that the document did appear on
any website and we note that the claim that there was broader consultation was
amended in responses to the Minister and the Chief Executive of MBIE to ‘we have
no reason to believe that they were not publically released for comment in addition
to this targeted consultation.’

2. Definition of moderate earthquake
“He does not acknowledge that the bill sets the definition of moderate earthquake…”
This is incorrect. We were aware that the calibration of moderate earthquake is in the bill.
See page 49 of the report.
3.International comparison
Our statement that no other country has an across-the-board earthquake strengthening
standards was not disputed.

Appendix B: %NBS and building collapse risk
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Appendix C: NZSEE(2006) %NBS calcs.
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