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ABSTRACT: Although the Resource Management Act (1991 and amendments) gives both
regional and territorial authorities responsibility for controlling land-use “for the avoidance and
mitigation of natural hazards”, there are no national standards or guidelines that clarify how this
should be done. We illustrate the problems in this paper by considering the question of building
across known active faults, which is the most easily avoided seismic hazard.
We consider that there is an urgent need for national consistency in the approach that local
authorities take for the avoidance and mitigation of earthquake hazards. Alternative solutions
include a Code of Best Practice, a National Policy Statement, or changes to legislation. This is
an area where the New Zealand Society for Earthquake Engineering and the Geological Society
of New Zealand can work together in a study group to develop national guidelines and
procedures that will increase the resilience of our communities to earthquake hazards.

1 INTRODUCTION
Earthquakes are devastating and largely unpredictable events, with low probability but high impact. Because of New Zealand’s position on an active plate boundary, most parts of the country
are likely to suffer damage from earthquakes within a human lifetime. It is possible to mitigate
against the most damaging effects of earthquakes by avoiding obviously hazardous sites, and
through a national policy of good seismic design and construction practice.
The most widespread earthquake hazard is ground shaking. In the built environment, the lifesafety issues related to ground shaking are largely covered by the Building Act and associated
standards, which have long been a concern of the New Zealand Society for Earthquake Engineering. But in addition there is a group of localized life- and property-threatening earthquake
hazards, including landslides, liquefaction and fault rupture, which are not satisfactorily covered
by legislation or national policy. We illustrate the problems in this paper by dealing with the
question of building across known active faults. We recognise that this is not usually the main
contributor to death or injury in an earthquake, but it is usually the most straightforward hazard
to identify, and surface rupture on known active faults is the most easily avoided seismic hazard.
Within New Zealand, the Resource Management Act (1991 and amendments) gives both regional and local authorities the responsibility of controlling land-use "for the avoidance and
mitigation of natural hazards". Unfortunately there are no national standards or policies for the
identification or mitigation of natural hazards, and after almost a decade of the RMA it is becoming clear that there is considerable variation in the way that individual councils have approached their responsibilities. For example, few councils identify known active faults within
their district plans, let alone have stated policies on building on or near an active fault (Becker
& Johnston 2000). Earthquake information and mitigation measures on district plans often vary
between adjacent councils, even where they share the same hazard.
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2 FAULT RUPTURE HAZARD
There is compelling evidence of the concentration of damage along faults that have ruptured
within historic time. For example, the 1971 San Fernando earthquake in California was
associated with extensive surface ruptures that damaged homes, commercial buildings, and
transportation routes. Recent 1999 earthquakes in both Turkey and Taiwan have shown linear
belts of concentrated damage along faults that ruptured. The consequences of this were
specifically commented on in the reports of NZSEE reconnaissance teams who visited these
areas:
“The Turkey earthquake emphasized the importance of identifying and mapping hazards,
and sound land-use planning practices …….. We in New Zealand need to improve our
efforts in hazard mapping and land-use planning if we are to fare any better. We need to
prevent, or, at least restrict construction on, across, or immediately adjacent to known
active fault traces, and to identify additional unknown ones” (Sharpe and others, 2000:
102)
“The extent of physical damage due to ground deformation was the predominant feature of
this earthquake [in Taiwan]. The only practical means of mitigating damage due to
ground deformation on this scale is to avoid construction of facilities close to the fault. The
importance of accurately mapping fault location, activity and type is the principal finding
of the reconnaissance team ……… This event has highlighted the uncertainty associated
with recurrence intervals, which were recently estimated at more than 10,000 years for the
Chelungpu fault. The quantification of recurrence intervals is secondary to the fact that the
fault is identified” (Brunsdon and others, 2000: 165)
Experience shows that buildings sited across faults that ruptured during an earthquake will
typically be more badly damaged than adjacent buildings. In Taiwan, for example, the physical
destruction (and associated casualties) illustrated that only the most robust buildings withstood
direct fault movement, and even then incurred considerable damage (Brunsdon and others,
2000).
Within New Zealand, the distribution of active faults – those most likely to rupture in future
earthquakes – is reasonably well known (Fig. 1). It needs to be emphasized that the number of
faults classified as “active” is gradually increasing as more detailed investigations are
undertaken of specific faults.
The Greater Wellington area is the largest and most highly populated urban area affected, as
there is considerable building on and close to the Wellington Fault in Wellington (Fig. 2),
Lower Hutt and Upper Hutt cities. Active faults are known in the built-up areas of other centers,
including Nelson, Porirua, Franz Josef, Hanmer, Waikanae, Waverley, and Waipukarau.
2.1 How can fault rupture damage be minimized?
Most active faults form scarps (traces) on the ground surface that can be mapped using aerial
photographs, and then walked-out on the ground. Active faults identified this way are often then
trenched to confirm that they are indeed faults, and to give information on when they have
moved in the past. Geophysical techniques have been used, with considerable success, to locate
buried faults.
Once an active fault has been identified, the only effective way to avoid fault rupture damage is
not to build across it, or very close to it. In New Zealand a limit of 20 metres set-back from an
identified active fault is generally recommended, which is virtually the same as the California
set-back distance of 50 feet.
Some faults are not able to be precisely located. For example, a clear trace may be separated by
a gap from another fault trace which is aligned along it. Such cases require more extensive
investigation, and prudence would suggest not building in such a locality unless possible
faulting can be disproved.
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Figure 1: Active faults in New Zealand. Note that the number of active faults has gradually
increased as more detailed investigations have been undertaken, and this is likely to
continue in the future.
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Figure 2: The Wellington Fault cutting across Wellington City – an example of an active fault
crossing a major urban area.

3. WHY IS THERE A PROBLEM ?
If the location of active faults is fairly straightforward, why is there a problem in ensuring that
buildings are not constructed across them? There is a combination of three factors which typify
the problems with the application of the Resource Management Act to natural hazards:
(a)
There is no organised link between scientific information and land information such
as a national inventory of accurately located active faults that is tied to cadastral land data.
Although there is a considerable amount of existing scientific information, in many areas it
is not easily accessible for planning purposes. Any inventory of active faults needs to be
able to be updated regularly as new information comes to hand.
(b)
There are no national guidelines about how such information could or should be
incorporated into district schemes. Some regions or districts have accurately located
hazards such as faults, whereas others have overlooked them, or only include vague
statements in their plans. In a number of cases, regional councils have compiled hazard
information, but this has not been incorporated into district plans. (Becker and Johnston
2000) There is apparently no obligation for district councils to incorporate information
from a regional hazard register; the Resource Management Act simply states that a district
plan cannot conflict with the regional scheme.
(c)
There are no national guidelines regarding building on or close to active faults.
Some local authorities prohibit such building in their district plans, whereas others assume
that this is a controlled or discretionary activity, or that it will be dealt with under the
Building Act.
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3.1 The problem of responsibility
The Resource Management Act (1991) deliberately moved away from national to regional
control in order to give local authorities greater responsibility for their own regions and districts.
We believe that this is simply not working effectively in fields such as natural hazards because
of a lack of national consistency and co-ordination. Many hazards, such as active faults, extend
across regional boundaries, and cannot be considered in isolation.
Recent research has shown that many district councils and cities have not specifically identified
earthquake hazards in their district plans, let alone having developed plans to mitigate against
damage and loss of life. In many cases the basic hazard information is available in regional
plans, but has not been incorporated into district plans. After nine years of operation, this is a
clear failure in the working of the Resource Management Act.
We cannot suggest the best political solution, whether it be legislation, a national policy
statement on natural hazards, or national guidelines, but feel that the case for national
consistency needs to be urgently addressed.
3.2
3.2.1

Involvement of other organizations and legislation
Revision of the Building Act

Although the Building Act (1991) primarily deals with structures, section 36 deals with land,
especially that with known hazards. An amendment, section 36/2, allows building on a site with
known hazards provided that this is annotated on the title of the land. Although this provision
was intended to be used sparingly, concern has been expressed about the rapid increase in the
use of this section. Some territorial authorities appear to encourage use of Section 36/2 as a way
of covering their legal responsibilities rather than calling for a detailed investigation and
mitigation of specific hazards.
The Department of Internal Affairs is currently reviewing the working of the Building Act
(1991). We support revision of section 36, preferably by transferring issues relating to known
natural hazards to the Resource Management Act.
3.2.2

Ministry for Emergency Management

The Ministry for Emergency Management is currently preparing a National Civil Defence
Emergency Management Strategy aiming for an integrated approach to natural hazards that is
intended to link land use with risk reduction. While we fully support the intention of the
strategy, it is important that this works in conjunction with the Resource Management Act (and
attempts to address issues that are currently unsatisfactory) rather than setting up an independent
legislative framework.
3.2.3

Investigation by the Parliamentary Commissioner for the Environment

During the later part of 2000, the Parliamentary Commissioner for the Environment has been
carrying out an investigation of the effectiveness of environmental planning and management
with respect to the construction of buildings across and near to known fault lines. This
investigation was initiated after complaints that a district council had issued a resource consent
to build a retirement complex on land that was crossed by a known active fault.
The New Zealand Society for Earthquake Engineering and the Geological Society of New
Zealand jointly met with representatives from the office of the Parliamentary Commissioner.
The report of the enquiry had not been released at the time this manuscript was finalised, but it
is hoped that it will be available in February 2001.
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AN EXAMPLE FROM CALIFORNIA

The state of California faces similar problems of high seismic risk to New Zealand, but with
higher population density. Because of damage from past earthquakes over the last century, especially the 1971 San Fernando earthquake, the state has acted positively to minimise seismic
damage by passing two acts in conjunction with a strict building code:
The Alquist-Priolo Earthquake Fault Zoning Act (1972) was passed to prevent construction of
buildings used for human occupancy on the surface trace of active faults. This Act has established regulatory zones around the surface traces of active faults, and special investigations are
required for any proposed construction within these zones. If an active fault is found, a structure
for human occupancy cannot be placed over the trace of a fault, and must be set back (generally
at least 50 feet).
The Seismic Hazards Mapping Act (1990) covers other localised earthquake hazards, including
liquefaction and seismically induced landslides. This allows for the definition of Seismic Hazard Zones, that include areas likely to be adversely affected and/or fail during an earthquake.
Site-specific investigation must be undertaken before any construction can be approved.
In our opinion these two acts together provide a good model for mitigation of earthquake
hazards. It seems pointless to reinvent a New Zealand solution, when the arguments and
precedents have already been thoroughly debated in California, and where there is also a
substantial body of case law covering earthquake hazards. We are not necessarily suggesting
that the acts could or would be adopted in New Zealand exactly as applied in California, but
rather that the principles could be easily applied.
It is salutary to reflect that in the USA – the home of individual liberty and the free market –
there are actually quite strict rules when issues of public safety are involved. Research has
shown that messages about individual responsibility do not necessarily encourage people to
make potentially life-saving changes where hazards are concerned.
5

TOWARDS A SOLUTION

We believe that there is a compelling case for national consistency and minimum standards to
be incorporated into the approach that local authorities take towards the avoidance and
mitigation of earthquake hazards. This must inevitably involve some legislative modification to
the Resource Management Act and related legislation.
One of the major issues, however, is the lack of national guidelines and procedures for
earthquake hazards. Past experience of the NZSEE has shown that the availability of guidelines
based on sound scientific principles and engineering practice has led to their widespread
acceptance as de facto standards.
We consider that the New Zealand Society of Earthquake Engineering and the Geological
Society of New Zealand, in conjunction with other expertise, could take a lead in developing
New Zealand guidelines for the avoidance and mitigation of local earthquake hazards,
specifically fault rupture, landslides, and liquefaction. The California examples cited above
could provide an excellent starting point.
Because of the complexity of the issues, we suggest a staged approach, starting with guidelines
for the most straightforward issue, fault rupture hazard. This would enable some of the
fundamental issues to be discussed and resolved (for example, the definition of an active fault),
and provide a template for subsequent guidelines on building on land subject to to earthquakeinduced liquefaction and landslides.
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CONCLUSIONS

(a)
Earthquakes are devastating and largely unpredictable events, with low probability but
high impact. It is possible to mitigate against the most damaging effects of earthquakes by
avoiding obviously hazardous sites (such as known active faults), and by good seismic design
and construction practice elsewhere.
(b) Experience shows that buildings sited across faults that ruptured during an earthquake will
typically be more badly damaged than adjacent buildings, and that there is no existing
technology to prevent damage to buildings in fault rupture locations. For this reason it is
generally accepted that buildings should not be sited across or very close to active faults.
(c) The Resource Management Act covers questions of land-use, including the siting of
buildings, whereas the Building Act is concerned with how they are built. Where avoidance of
earthquake hazards is a question of the siting of a structure, it should be dealt with under the
Resource Management Act.
(d) Recent research has shown that many district councils have not specifically identified
earthquake hazards in their district plans, let alone developed plans to mitigate against damage
or loss of life. In many cases, the information is available in regional plans, but has not been
incorporated in district plans. After nine years, this is a clear failing in the Resource
Management Act.
(e) There are no national policy guidelines for dealing with earthquake hazards, so different
councils have taken different approaches even when dealing with the same hazard that crosses
territorial boundaries. There is a clear need for policy guidelines so that councils can be aware
of what constitutes good practice in developing and updating district plans.
(f) Fault rupture is only one hazard associated with earthquakes, although it is the most easily
identified and avoided. National guidelines for avoiding hazards related to fault rupture should
be developed, and these may be able to be used as a template for dealing with other earthquake
hazards.
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