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ABSTRACT:  

RiskScape New Zealand is a national multi-hazard impact model that presents relative 
risks and community exposure to a range of natural hazards. The prototype currently 
under development will consider the impact of five of the most commonly encountered 
natural hazard (including earthquakes and tsunami) on three representative New Zealand 
communities. The model evolution recognizes the conflict between the GIS presentational 
environment expected by typically non-technical end users (such as emergency 
management officials and community planners) and the need for a computationally 
efficient environment that will ensure processing time for large inventory datasets 
remains acceptably short.  

The desire to maintain a consistent probabilistic approach between the various hazards, 
often with a dearth of quality input data, is an issue that is being worked through. The 
expansion of the model to enable real-time event impacts to be assessed and RiskScape to 
be used for response implementation is recognized, particularly with reference to the 
ongoing upgrade that is underway to New Zealand’s seismograph and strong motion 
network through the Geonet programme. The possible expansion of this network to 
include tidal and flood simulation is also being incorporated into RiskScape NZ 

1 INTRODUCTION 

Within historic time, New Zealand has experienced community damage from almost every 
conceivable natural hazard. Events such as earthquake (both shaking and fault rupture), volcanic 
activity (both near-field and distil ash deposition), tsunami, flooding, storm (wind, snow/ice and tidal 
surge) and landslide each have occurred over the 200 years of European settlement to the extent that 
damage to buildings and inventory is recorded, in some cases resulting in loss of life. While 
considerable advances have been made over the past few decades in understanding many of these 
phenomena, only recently has sufficient knowledge been acquired to enable some rational 
probabilistic models to be developed to quantify the recurrence of some of these hazards and, through 
an appreciation of the fragility of the current inventory, to ascertain the community risk and probable 
losses incurred. 

New Zealand is an island nation in which events such as earthquake (both shaking and fault rupture), 
volcanic activity (both near-field and distal ash deposition), tsunami, flooding, storm (wind, snow/ice 
and tidal surge) and landslide have occurred with sufficient intensity that substantial damage and loss 
of life has resulted. While considerable advances have been made over the past few decades in 
understanding many of these phenomena, only recently has sufficient knowledge been acquired to 
enable some rational probabilistic models to be developed to quantify the recurrence of some of these 
hazards and, through an appreciation of the fragility of the current inventory, to ascertain the 
community risk and probable losses incurred. 
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In June 2004 the Foundation for Research, Science and Technology (FRST), the research funding 
agency for central government, agreed to provide funding for the development of a Regional 
Riskscape model. The commercial vehicle preferred was a joint venture comprising Geological Risk 
Ltd. (a subsidiary of the Institute of Geological & Nuclear Sciences (GNS)) and the National Institute 
of Water & Atmospheric Research (NIWA). The prime goal of the project is to produce a decision-
support tool that converts existing hazard knowledge into likely consequences, such as damage and 
replacement costs, casualties, disruption and number of people that could be affected. Consequences 
for each region presented in a common platform across all natural hazards can then form the basis for 
prudent planning and worthwhile risk-mitigation measures that link directly to the severity of the risks. 
Without a good assessment of the risk profile (aka Riskscape), efforts to manage hazards may be 
futile.  

The intention is to develop a Regional Riskscape tool which can be applied across a region for use by 
emergency, asset, and environmental managers. Regional Riskscape is intended not only to benefit 
these agencies through supporting planning and investment decision-making prior to a natural disaster, 
but also to support emergency managers and government agencies with timely estimates of the 
consequences and disruption following a natural disaster.  

2 THE PROPOSED REGIONAL RISKSCAPE MODEL. 

The path towards the development of RiskScape New Zealand is the subject of this paper. The 
program will be known as the Regional RiskScape Model. It will be developed by the Riskscape Joint 
Venture which is an unincorporated association of Geological Risk Ltd. The resources will be 
provided under subcontract by various research providers, but principally by GNS (for geological 
hazards) and by NIWA (for weather related hazards). Input from others will be commissioned under 
subcontract as required. A four year time-frame has been set for the development of a working 
prototype for the three areas Westport (3000), Hawkes Bay (30,000) and Christchurch City (300,000) 
that comprise the pilot study regions.  

3 HOW WILL RISKSCAPE OPERATE? 

The mode of operation of Riskscape has also been subjected to scrutiny. Experience with earthquake 
particularly, reveals that damage to buildings, facilities and communications may be widespread and 
often extends over considerable areas. Normal communication systems cannot be relied upon in such 
situations. Yet it is particularly during such emergency period that Riskscape is likely to be needed to 
assist in coordination of the rescue and response phase of any disaster. It has therefore been decided at 
this early stage of development that the system must be flexible enough to operate at either intranet or 
on a stand-alone station basis, although a web based system will usually be running in parallel. On a 
regular basis the inventory dataset will therefore be automatically downloaded from a central 
repository to the individual sites using Riskscape (either to sector servers or to individual desk-tops). 
Users will be encouraged to operate and become familiar with the system during their planning and 
scenario development evaluations. At such times they would be encouraged to use the programme in 
the same mode as they could be expected to use during an actual event simply so they become familiar 
with it operating in that mode and can easily switch to other modes if external or unforeseen 
disruptions occur during a crisis. Should systems fail during an emergency, the stand-alone systems 
will at most be only as outdated as the last download (expected to be each 3 months) which is 
considered to be an acceptable level of currency.  

4 RISKSCAPE FRAMEWORK  

The project team is well aware of similar models that have been developed for use elsewhere and is 
determined firstly not to reinvent solutions that already existed, and secondly the attempt to avoid 
some to the apparent pitfalls that have been identified in the operation of those other models.  

The principle engaged is relatively straight forward and can be outlined as follows:  
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For each hazard (with reference to Fig. 1) 

• Establish the how large and how often each natural hazard is expected to occur 

• Use a form of attenuation function to compute the intensity of the resulting action 
across the region of interest.  

• Compute the damage to each set of inventory assets under consideration by reference 
to the damage state/intensity relationship for the various inventory classes.  

• Establish the impact such damage may have on full operational capability and  

• Ascertain the resulting levels of performance that result from that damage (disruption) 
and the likely costs of repair to reinstate the damage incurred.  

• When damage exceeds certain thresholds, injuries are to be anticipated and in extreme 
cases (when a building may have perhaps experienced either partial of complete 
collapse) then loss of life is to be expected. The extent of injury is a function of the 
demographics of those people (known to be significant in ascertaining their ability to 
recover from either injury or neighbourhood disruption) and their distribution across 
the various classes of inventory with a nocturnal and seasonal variation included 
where appropriate.  

• Establish anticipated recovery expectations from the extent of damage and injury 
incurred  

• Spatially distribute the losses in accordance with the geographic location of the assets 
and their damage state from the particular hazards being considered. 

• Prepare a suitable graphical interface that will present the damage distribution data in 
a manner suitable for decisions relating to rescue, response or recovery. 

5 THE RISKSCAPE COMPUTATIONAL PLATFORM  

The selection of an appropriate platform upon which to build the Riskscape model has been resolved 
after much, sometimes vigorous, debate. Riskscape will be developed within a computationally 
efficient platform that will run the calculations and will link firstly to a user friendly front interface (to 
enable the user to define their specific requirements for each study) and secondly to a graphical output 
interface that enables shape files (or similar) to be taken directly into any GIS-based display system. 
Low-spec GIS systems are now available as open-platform systems at minimal or no cost thereby 
overcoming the current requirement for expensive, and often multiple licenses, thereby slowing down 
general acceptance of the risk assessment tool This is in contrast to several other hazard models that 
use third party GIS platforms as the computational tool (e.g. the engine) that is programmed to first 
calculate and then to display the distribution of the resulting risks. While such an approach has merit, 
international experience has shown some shortcomings such as relatively high license fees and upward 
compatibility not being assured. In addition, and perhaps of most importance, GIS systems have 
developed to provide an excellent platform that enables end-users to visualise changes in state. As 
such, when the datasets become large the computations, although not unduly complex but demanding 
in number, means that the system struggles.  

 

Figure 1. Riskscape framework 
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6 THE DEVELOPMENT OF THE INVENTORY DATABASES 

As can be seen from Fig. 1, the inventory database stands outside the hazard engine as it represents 
that which is, or will be, present within the area affected by the hazard event. It is being structured in a 
manner that will allow new elements to be introduced and refinements to be made to differentiate the 
response of specific elements (buildings, bridges, pipe networks) from the generalized elements that 
will be included as defaults within the base model.  

The selection of the base element for reporting of impact was the subject of considerable thought. 
While working to individual building level may have offered a high degree of refinement, this was 
recognized as being impractical and the statistics element of mesh-blocks was selected as the base unit 
for reporting. This unit is somewhat arbitrary in size but typically comprises around 60 residential 
buildings, with about 38,000 meshblocks needed to cover New Zealand. The meshblock boundaries 
are available as a GIS layer. The number (and rateable value) of buildings of 9 different use types 
together with their combined floor and footprint areas are available from Quotable Value NZ (whose 
support within this project is acknowledged). Statistics New Zealand undertakes five-yearly census 
surveys and can provide the demographic profile of people within each meshblock as they were at the 
time for that survey. Other elements required for a hazard assessment are the elevation both at floor 
level and at eaves level, the geological classification of each meshblock (for ground shaking 
amplification and local site effects) and the typical terrain steepness present within each meshblock. 
Floor elevations are of particular importance for both flooding and tsunami where water just below 
floor level means no substantial damage and yet when only slightly higher (ie above floor level) 
inundation and substantial losses are experienced. 

Each entry within the database is required to have a range of attributes identified (eg height, cladding 
type, structural form, complexity, roof pitch etc.). These are required to be combined in some manner 
and will result in the particular asset being assigned to a specific building class for each hazard. Such 
pre-processing will be undertaken once, at the time of the inventory update, after which time the 
computation will be derived simply by reference to the building class for that hazard. Inevitably the 
default databases available from other sources do not have these attributes listed and either they are 
ascertained by site survey or by judgment. It was recognized as impractical to visit all sites within any 
but the smallest community. In all other cases it was decided that meshblocks were to be identified at 
random, these selected sites would be surveyed in the field, and the results from those sites being 
considered representative of each area and their results therefore plausibly extrapolated to their 
neighbours. A strategy has been developed to enable a mix of residential and industrial buildings to be 
selected for each region under study. This is based on a weighted building class replacement cost 
(determined from floor area times nominal replacement cost per unit area for each building class). By 
predetermining the proportion of each class that is to be in the sample, a Monte Carlo simulation 
technique has been applied to determine which meshblocks are to be subjected to street-front 
inspection. The result of the random selection process for our Hawkes Bay regional study is shown in 
Fig. 2 A. Once the survey of the designated inspection mesh has occurred, an algorithm has been 
developed that enables the results to be extended to adjacent to nearby meshblocks that have not been 
inspected.  

While initially Riskscape will focus primarily on buildings, it is recognised that other asset classes 
need also to be included. With time these will include telcom operators, road and rail links, gas and 
electricity suppliers, buried (pipe) networks and other lifeline systems. Initially the model will include 
only the rail network but this will be used to verify that the system can model a continuous network 
based system.  

7 HAZARD SCENARIO DEFINITIONS 

The multi-hazard characteristic of the Riskscape model was seen as an important feature from the 
outset, as only when difference hazards are assessed upon a similar basis will proper evaluation of 
different hazard mitigation models (that usually only apply to one specific hazard in each case) be 
possible.  Initially Riskscape will consider earthquake (shaking rather than surface rupture), volcano 
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(ash fall), floodplain inundation, storms (wind) and tsunami. The Riskscape model is, however, 
structured in a modular manner so as to enable additional hazards to be included at a later date.  

Two earthquake hazard models are to be included in Riskscape. The Level 1 model will determine 
earthquake induced losses through the direct MM intensity/distance relationship derived through study 
of the damage from New Zealand earthquakes, this being the only source of direct earthquake loss 
assessment for New Zealand buildings over the past 150 years.  

 

  

  

Figure 2. Study Area 2: A. Random visual inspection, Earthquake $ losses B. Total; C. Home; D. Workplace 

The Level 2 model will use design spectra and from consideration of the structural capacity 
characteristics of buildings within a specific inventory class, determine the damage state and from 
there the losses and costs of repair. This Level 2 approach enables a greater degree of engineering 
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knowledge to be applied, potentially sufficient to enable single building losses to be determined. In 
both cases a synthetic catalogue of earthquakes will be developed to represent between 100,000 and 
500,000 years of records that statistically match the distribution (geographical and seismological) of 
New Zealand events from the National Seismic Hazard model (Stirling et al, 2000, 2002). This model 
is probabilistically based with consideration of both background seismicity (as a series of grid points 
that aims to represent events that do not promulgate rupture to the surface, particularly New Zealand 
subduction zone earthquakes) and earthquakes that can be identified from surface paleoseismic 
records. The attenuation relationship used to transcribe the fault rupture to surface ground shaking was 
derived by McVerry (McVerry et al 2002) and includes variations from internationally derived 
models, necessary to recognise the influence and distortion that occurs within the central North Island 
volcanic zone (where the shallow dipping subduction zone tends to focus surface motions eastwards 
along the rising interface) and also along the South Island (where the strike/slip Alpine fault system, 
where the slip rate is such that it is expected to generate Magnitude 8+ earthquakes with a recurrence 
interval of around 350 years). This model has been used to develop the New Zealand Earthquake 
Loading Standard (Standards New Zealand, 2004) which forms the basis of earthquake resistant 
structural design in New Zealand.  

A similar approach is being used for Tsunami modelling, although the near-source events require to be 
supplemented by distant (South American) large magnitude source events. The modelling is expected 
to comprise a series of beach wave height/recurrence models, and a series of run-up inundation 
scenarios that will be a function of on-shore topography (gradient and head-land profile). The fragility 
functions used in the modelling to date are simple depth and velocity profiles for the various 
meshblock centroids with the product velocity*depth greater than 2 resulting in people being unable to 
stand and high casualty rate expected. Similarly losses to single or two storey buildings that 
experience a water depth > 1.2 m are expected to be full replacement costs. Considerable advances 
have been made in the development of the tsunami model since the Boxing Day tsunami tragedy in the 
Indian Ocean. Since that time GNS and NIWA have been working under separate commission to 
establish risk to New Zealand residential properties to tsunami, and although this work is still 
preliminary, it appears that with our large coastline, and the desirable beach front developments that 
have occurred, particularly in the northern parts of New Zealand (where the earthquake risk is 
somewhat lower) the risk of casualty (death and injury) is likely to be higher from tsunami than from 
earthquake.  

The volcanic hazard model will initially apply to distal ash and its distribution across the central North 
Island from the more active southern Taupo volcanic zone. The model is based on volume of 
discharge together with ash particle size, with the wind (and hence ash distribution pattern) at various 
elevations being considered as a random variable that is correlated back to recorded seasonal weather 
patterns currently experienced. By selecting a random start point of time at which the episode begins, 
then it is possible to establish the probable ash distribution pattern from these (and other) sources. 
Using the above model, maps of probable ash depth with recurrence interval will produced and used as 
the basis for establishing the volcanic hazard scenarios for the Riskscape model. Near field volcanic 
impact is to be considered in later developments of the model.  

Flooding is perhaps the most common hazard to which New Zealand communities are exposed. It is 
also the most sensitive to specific topographic parameters, particularly elevation of landforms and 
natural (or manmade) mitigation measures (such as stop-banks or flood channels). Where the 
topography can be established to a suitable resolution (200 mm is the current target) then inundation 
maps for flood discharge from specific catchments can be prepared. The flood discharge needs to be 
combined with the outflow characteristics of the rivers (ie tidal levels) where backwater effects can 
markedly influence the river discharge capability. With these parameters included, a suite of 
inundation maps for various recurrence intervals is to be introduced into the model as the basis of 
quantifying flood hazard. 

The program recognises that a suite of fragility functions will be required for each inventory class for 
each hazard. Where possible there will be transparency in the development of these fragility functions 
and the development team was requested to seek consistency in the damage state descriptors used 
regardless of the asset class or the hazard event.  
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For earthquake, as mentioned above, two models will being developed in parallel. The Level 1 model 
is be based on Modified Mercalli intensity scales that provide a correlation directly between intensity 
of shaking and the damage ratio (being the cost of reinstatement to replacement cost). Many such 
studies have been undertaken for New Zealand buildings in local earthquakes (Dowrick & Rhodes 
1999, 2003). Unfortunately relatively few relate to near-field high intensities of shaking and thus these 
functions are somewhat unreliable for damage beyond MMVII. The NZ data has been supplemented 
by comparisons with values published in ATC 13 (Rohjan 1985) (particularly for stronger levels of 
shaking) and the resulting curves adjusted to ensure consistency. While such an approach can be 
justified for a relatively large dataset of buildings, it is only possible to classify an individual building 
relative to others within the population by generalised inference – that it is more or less tolerant to 
dynamic excitation that others within the general building set.  

The spectral capacity method of assigning fragility will therefore be used as the basis for 
differentiating the responses of buildings within the dataset. Initially both methods will be available to 
ensure calibration of results as far as is possible. Work is currently underway at the University of 
Canterbury into a rational basis by which losses can be assessed on a probabilistic basis. This 
considers the uncertainties within each of the modules, and will provide a test that will enable the best 
advantage be gained from refinement of the current approach. 

At this stage the building classification system comprises two primary classes (residential and 
workplace) which are split into subclasses depending on age, materials, height and the presence (or 
otherwise) of structural deficiencies and the rules by which each inventory item is assigned to a 
fragility class will be based on measured or assessed attributes for those items. In the case of 
earthquake the importance of structural regularity, including the implications of soft storey effects is 
recognised as being of most significance. However less robust detailing, particularly of beam/column 
and beam-to-slab connections of buildings built prior to 1980 are also of concern. Without formal 
inspection, the former (regularity) provisions are expected to be apparent from walk-by surveys of 
representative areas, while in the latter (soft storey) most emphasis will be placed on the building age 
and structural form.  

Flood and tsunami inundation fragility has a very fine boundary between being in an undamaged state 
(water below lowest floor level) and buildings requiring repairs to near full replacement cost (water 
depths > 1.2 m above ground floor for lowrise buildings). Damage states with such sensitivity will 
cause problems in that the elevation topography (and inundation model) will both be required to be 
refined to a much finer degree of precision than had previously been anticipated if the loss data is to 
remain credible. It also places considerable onus on the engineering failures of control structures (eg 
stop-bank or bund failure) since these will inevitably greatly change the inundation models and hence 
the losses. 

8 DIRECT LOSS ESTIMATES 

The final component for the Riskscape prototype is the Direct Loss module within which the buildings 
in their damaged state are transcribed into repair costs and community disruption. While attempts will 
be made to have some consistency in the damage states resulting from different hazards, it is 
inevitable that certain events incur greater damage and impact more on geographically disbursed 
communities while others, although they may be equally intense, will impose damage on relatively 
confined regions of the country. Obviously this is to a degree a function of the intensity of the event, 
but nevertheless hazards do differ from each other in this regard (as they do in many others). They also 
differ in the duration over which they act. Earthquakes typically incur their damage without warning 
and in periods less than a minute. Not only are they renown for their destructive power but also for 
their psychological effects.  

The concept of assistance from neighbouring communities is well established and operates during 
normal times of crisis. However, when destruction is widespread and road access likely to be at best 
marginal (as is expected for an earthquake in our capital city of Wellington that straddles the 
Wellington fault which is expected to experience a Mag 7.5 earthquake at a recurrence of around 600 
years), then the normal support mechanisms will be under considerable stress. Planning for such 
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events is essential both from a community and from an individual viewpoint. The direct cost module 
of Riskscape will make allowance for the extent of damage and the ability for outside support to be 
provided. The scarcity of materials and labour to initiate repairs and the ability of utility operators to 
reinstate damaged services are all required to be included in the consideration of direct losses. The 
damage ratio approach used for Level 1 earthquake loss estimating permits the analyst to move 
directly from MM intensity to $ loss since it operates on reinstatement costs as a proportion of 
replacement costs. An adjustment (usually based on building floor area) is required as either rateable 
value or insured costs seldom correlate to replacement costs. While this simplifies the derivation of 
direct losses, it is only applicable to buildings where the shaking intensity/fragility functions are 
known and when a rational basis for assigning specific buildings into their appropriate building classes 
can be established. While this Level 1 approach is being used initially for earthquake losses in 
Riskscape, it is the Level 2 Spectral Capacity approach that will be the preferred approach for 
earthquake loss estimation. The necessity to have transfer functions developed for damage state to 
direct losses therefore remains and is under development. 

9 PROGRESS TO DATE.  

The Riskscape New Zealand risk assessment model development has been underway for 18 months of 
its four year development phase with the following progress having been made: 

• The framework, the range of natural hazards and the communities targeted for the pilot 
prototype study have been finalized.  

• Preliminary probabilistic models have been prepared for earthquake (2), Tsunami and distal 
volcanic ash and work is well advanced in the preparation of inundation maps for flooding 
within the three pilot study areas. Preliminary results for a single event earthquake scenario 
are shown in Fig 2 B, C and D with damage being presented for home, workplace and 
combined losses. Results are also generated for number of casualties and people displacement 
numbers for both daytime and nighttime events. 

• A complete set of geo-referenced New Zealand buildings has been obtained down to 
meshblock level and will form the basis of the default building inventory database.  

• A field survey of two of the three pilot study areas has been undertaken and a methodology for 
assignment of building class according to building attribute developed.  

• A preliminary set of building fragility classifications has been prepared for each of the above 
hazards. The linkages between damage state and repair/disruption are being developed for 
each of the hazards within the study.  

• The three pilot study areas have been confirmed and the information expected from the 
respective community groups and utility operators is under discussion. Initial signs of take-up 
by end-user groups are positive but further work is required in this area.  

10 SUMMARY 

Most aspects of the Riskscape model have now been resolved and work is underway in developing the 
various hazard models and populating the inventory database. The program is on track to deliver a 
working model by June 2006 provided the complexity of the database can be controlled and the scope 
is not permitted to expand beyond that described above.  
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