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ABSTRACT: Canterbury’s recent earthquakes caused devastating losses and resulted in 

significant damage to buildings in the Christchurch Central Business District (CBD). The 

already tragic human losses and continuous mounting economic and societal impact 

reinforce the crucial importance of implementing measures for the reduction of seismic 

risk. 

Earthquake loss estimation procedures, which attempt to predict casualties and losses 

(direct or indirect) under a given earthquake scenario, either deterministic or probabilistic, 

can be a very powerful tool in support to the emergency response planning as well as the 

developing of effective mitigation strategies. Too often the decision to support and 

initiate a wide implementation of seismic-risk reduction measures is confronted with the 

perception that the whole operation (e.g. seismic retrofitting of existing earthquake prone 

buildings) would be too expensive. As a result, passive instead of active policies are 

typically adopted by central, regional or local government authorities. 

In this contribution, a loss estimation evaluation for Christchurch CBD, with focus on 

reinforced concrete (RC) buildings, is conducted with the main aim to improve the 

reliability of current procedures to support the aforementioned decision-making process. 

Comparisons are made between field observation on the damage of RC buildings of 

different age and structural types, collected in a comprehensive damage-report, and the 

post-dicted results of impact assessment obtained using the generated hazard map and 

fragility relationships. As the work is in progress and the results herein presented are to 

be considered at this stage indicative of the general features and potential of the approach 

undertaken, discussion on possible improvements and suggestions for further 

investigations are presented as well. 

1 INTRODUCTION 

On 4
th
 September 2010, a major earthquake (Mw 7.1) hit the Canterbury Plains, New Zealand, where 

significant seismic disasters have been silent for several decades. No fatality was reported in this event 

mainly due to the epicentre location (relatively sparse populated area) and time of occurrence (4:35am, 

with most of the unreinforced masonry buildings in the city centre not been occupied). The September 

earthquake has been followed by several major aftershocks (i.e., 26
th
 December 2010, 22

nd
 February 

2011, 13
th
 June 2011 and 23

rd
 December 2011 events) and thousands of minor aftershocks, which have 

together represented a worldwide unique earthquake sequence. The ‘Christchurch’ Mw 6.2 earthquake 

struck the city of Christchurch at 12:51pm on Tuesday 22
nd

 February 2011. Due to the close vicinity of 

the epicentre to the city centre (less than 10km) and the shallowness (4-5km) (Beavan et al., 2011, 

Holden, 2011) the effects were particularly devastating. 185 people lost their lives, and major and 

widespread geotechnical and structural damage was reported, including the collapse of some relatively 

modern reinforced concrete buildings. A comprehensive report on the 4
th
 September 2010 and 22

nd
 

February 2011 earthquake sequence and their impact on structures and infrastructures can be found in 

two Special Issues of the New Zealand Society of Earthquake Engineering (NZSEE, 2010, 2011). 

These recent Canterbury earthquakes have further reaffirmed what already observed in recent 
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earthquake overseas: that the direct effects (casualties and infrastructure damage) of earthquakes can 

be enormous and the following indirect effects, including economic losses and impact on the society 

and communities, invaluable. This is truer in a country with a relatively small population and very 

small number of major cities, with Christchurch being amongst the top 3 cities in the nation and the 

“capital” of South Island.  

Earthquake loss estimation (ELE) tools and methods, which predict possible infrastructure damage 

and social-economic losses due to earthquakes, can effectively support and inform the emergency 

response and recovery planning. Moreover, the same tools can be effectively used for mitigation 

planning purposes. The understanding of the local seismic risk and potential effects of an earthquake 

of various intensity and probability of occurrence on infrastructure, economy, societal activities, is a 

fundamental pre-requisite for the development of adequate plans for the protection of communities, by 

reducing their inherent vulnerability and increasing their resilience. Significant progresses have been 

made in developing software platform that integrates the components of seismic risk and interactive 

environment to provide decision-makers with tools to assess the impact. The most well-known and 

internationally used ones include, among others: HAZUS (FEMA, 2006), MAEviz (MAE Centre, 

2007), SELENA (Molina et al., 2010), RiskScape (Reese et al., 2007). 

Lessons from the Canterbury earthquake sequence seem to confirm that it is essential and urgent that 

the use of available ELE platforms and tools in New Zealand, e.g. RiskScape from NZ and MAEviz 

from US, become part of the stakeholders practice for mitigating and managing earthquake risk, and 

insurance companies (typically relying upon their internal non-transparent tools) for better 

understanding and quantifying their own risk. As per any newly introduced technology, in particular 

considering the important whilst delicate role that loss estimation analyses can have on high-level 

decisions affecting an entire region or country, it is fundamental to open the “black-box” of existing 

ELE tools, in order to gain a better understanding of the relative potential, features and limitations and 

carefully plan for further developments and refinement closely related to the specific reality of the 

country of interest. 

At this point in time, the Canterbury earthquake sequences provide a unique opportunity to validate 

current ELE procedures with an extensive field damage data for a modern urban city. In turn, and 

more specifically, this could help developing new ELE modules and thus substantially improving the 

accuracy, robustness and general reliability of loss estimation. The latter outcome underpins the 

capacity and capability to assess the seismic vulnerability of the whole community and support a 

proactive planning for specific interventions towards the reduction/mitigation of the seismic risk. In 

such a context, this specific study, albeit at an initial stage, aims to provide a further step towards a 

safer and better protected community in New Zealand. 

In the following sections, the main general features of current available ELE software will be first 

discussed (to the best of the author knowledge); focus will be given on the applicability (both 

appropriateness and immediateness) to New Zealand communities and potential for further 

development/refinement. Next, a brief review of field observation data related to the 22
nd

 February 

2011 event, including strong motion and infrastructure damage records, will be introduced. A 

discussion on the implication of these empirical data to validate ELE components will be followed. 

Finally, a preliminary ELE study on Christchurch Central Business District (CBD), focusing on RC 

buildings, will be presented to validate current ELE procedures and to reinforce the importance of 

gathering and using field observation data to further calibrate currently available ELE. 

2 EARTHQUAKE LOSS ESTIMATION 

Earthquake loss estimation tools and methods can support the emergency and mitigation planning as 

well as the management of post-event response and recovery. In the recent decades, the understanding 

of both the direct and indirect effects of earthquakes has substantially improved thanks to the 

observation and data coming from post-earthquakes field investigations, supported with theoretical 

and experimental studies. This improved knowledge has been translated into consequence-estimation 

methodologies and user-friendly tools that have the potential to support decision-makers in better 

understanding the likely and wider impacts of an earthquake and exploring alternatives for response 
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and recovery strategies. As described earlier, several software tools using different methodologies able 

to estimate seismic losses have been developed in the recent past. Generally, essential components or 

modules of ELE are: a) the assessment and representation of the seismic hazard; b) the inventory of 

the exposed assets (e.g. building, infrastructures) and c) the characterisation of its seismic fragility (or 

vulnerability for a given level of seismic intensity) as shown in Figure 1. 

 

Figure 1. Components of different earthquake loss estimation procedures 

Current available survey methods and technologies can assist and improve the process of updating the 

inventory. This would make the accuracy of the ELE assessment solely dependent on the 

quality/reliability of the two other components, e.g. the hazard characterization and the estimation of 

the inherent vulnerability (hazard-independent) or fragility (hazard-dependent) of the inventory/assets.  

The hazard component describes, using either deterministically or probabilistically approach, the 

specific characteristic of the local/regional seismicity. Two methods are usually used to account for 

site effects, namely, site-specific development and code-based development (Kramer, 1996). The site-

specific approach is based on empirical observation or analytical simulation (for example, site 

response analysis). Contrarily, for the code based development, site specific parameters are provided 

in the codes on account of the different soil types, such as Fa and Fv in NEHRP recommended seismic 

provisions (FEMA, 2009). The code-based approach, which is commonly used in ELE (HAZUS, 

MAEviz, for example), is believed to be relatively conservative due to the application to a broad 

region with the same soil parameters. In contrast, the analytical approach has the ability to present the 

complicated and nonlinear behaviours in the soil.  

Fragility relates the probability of reaching or exceeding a specific performance level under a specific 

seismic intensity (or level of seismic hazard). Fragility curves may be sub-divided into four categories 

depending on the source of data, namely, empirical, judgmental (based on expert opinion), analytical, 

and hybrid curves (Rossetto and Elnashai, 2003). Judgmental fragility curves along with capacity 

spectrum method (CSM) are widely implemented in many assessment tools (HAZUS, for example) to 

calculate seismic losses. In such an approach, expert-based generated curves (capacity) would cross a 

more rigorously estimated spectral acceleration/displacement curves (demand). In spite of their 
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simplicity in terms of derivation, these curves are, by their definition, subjective, and this simplified 

approach does not explicitly consider the influence of mechanical/structural parameters, such as 

damping, period and yield strength. Recently, analytical (thus based on mechanical models) fragility 

curves have been proposed, widely accepted and implemented in ELE platforms (e.g. MAEviz,). The 

advantage of this more recent approach is that the capacity curves can be generalized and derived for 

different structural system types and for different limit states. 

In addition, the recently developed platform MAEviz, which differs from more traditional impact 

assessment tools such as HAZUS, is built using modern industry-standard open-source tools, and is 

designed to be quickly and easily extensible. When new science, source data, or methodologies are 

discovered, these can be quickly added to the system by end-users or third party developers, via a 

plug-in system. This ensures that the newest research findings and methodology can be implemented 

and used in MAEviz at any given time. The modularity and extensibility of the program also allows 

MAEviz to be used for other future scenarios, such as other hazardous events like hurricanes, fires, 

flooding, volcano, etc. Due to its open-source nature and extensible features, MAEviz was chosen in 

this study as a basic platform to conduct loss assessment in Christchurch CBD. For the time being 

RiskScape, a New Zealand specific ELE tool, currently under development by GNS Science and 

NIWA (the National Institute of Water and Atmospheric Research), was not utilized due to its early 

stage of development and current unavailability as an open-source tool.  

3 FIELD OBSERVATION DATA 

Following the 4
th
 September 2010 Darfield and 22

nd
 February 2011 Christchurch earthquakes 

significant amount of strong motion records were collected along with observed damage data for 

different building type and material and infrastructure systems. In the following sections, strong 

motion and damage observation data specific to the recent Canterbury earthquakes are introduced, 

followed by discussion on their implementation in ELE. 

3.1 Strong motion data 

In recognition of the high importance of physical measurements of earthquake ground and response 

motion, recent years have seen a very significant increase in the number and coverage of free field and 

structural response instruments around the globe. In New Zealand, tens of thousands of free-field 

strong motions records are archived in GeoNet Strong Motion Database (GeoNet, 2012). Figure 2 

(left) shows the dense distribution of GeoNet strong motion stations in Christchurch area. During the 

2011 Christchurch earthquake (22
nd

 February) strong motions at 132 stations were recorded in the 

Christchurch area which have provided a unique set of data in terms of input ground motion, site 

specific amplifications, correlation between damage and seismic intensity, yet to be fully analyzed. 

When considering the CBD area, comprised in the four Avenues, the records from four main stations 

records in the close proximity have been available for the whole earthquake sequence and extensively 

used to assess the shaking intensity and expected damage for all categories of buildings in the CBD 

(Figure 2, right) 

  

Figure 2. Left: Strong motions distribution in Christchurch area (GeoNet, 2012);                                  

Right: Location of four main recording stations in the CBD area (Kam and Pampanin, 2011) 

 

 

EQ2: CHHC  

(Christchurch 

Women’s Hospital) 

EQ4: CCCC  

(Christchurch 
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EQ4: REHS 

(Resthaven Homes) 

EQ1: CBGS 

(Christchurch 

Botanical Garden)  
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3.2 Damage observation data 

The post-earthquake collection of comprehensive damage-observation information has been recently 

increased and improved. As an example, the EERI Earthquake Clearinghouse program, funded by the 

U.S. National Science Foundation, collects and disseminates information related to earthquake 

reconnaissance missions from earthquake occurs worldwide since 1973. Following the Christchurch 

earthquake sequence, empirical damage data of the impacted built-environment have been collected, 

recorded and processed by different research groups. The observed data covered all the components of 

civil structures and infrastructure systems including buildings, (Kam et al., 2011, Clifton et al., 2011, 

Dizhur et al., Buchanan et al., 2011), bridges (Palermo et al., 2011), and lifelines utilities (Giovinazzi, 

2011). Specific investigation on individual building failures (Kam et al., 2011) and geotechnical 

aspects were deeply investigated (Cubrinovski, 2011). To enhance the information exchange and a 

more comprehensive damage analysis across sub-disciplines, also accounting for interdependencies, a 

comprehensive jointed database, of all the impacted structure and infrastructures following 

Christchurch earthquake has been proposed and it is currently under-development in collaboration 

with the Christchurch City Council (CCC). All the available damage information will be converted 

into a GIS (Geographic Information System) database to facilitate their search, usage and 

representation. To support the visualization of the data a user-friendly interface will be developed, as 

the one shown in Figure 3. 

  
(a) Tagged building distribution in 2D map (a) Tagged building distribution in 3D map 

Figure 3. Expected GUI for the proposed database 

 

As mentioned in previous sections, and with reference to Figure 1, the ELE usually includes, among 

others, three key components, namely: (i) seismic-hazard assessment and representation; (ii) inventory 

of the exposed asset; (iii) seismic vulnerability/fragility of the exposed asset. It is evident that the 

quality of the loss assessment estimations and of the predictions of consequences and overall impact 

resulting from ELE analysis are inherently dependent on the accuracy of the models and associated 

data used to assess the aforementioned components.  

The availability, following the Christchurch earthquake, of such a comprehensive set of 

“experimental” data (yet to be fully collected, filtered and processed) from what can be referred to as a 

gigantic “open-air” testing laboratory represent a unique opportunity to validate and improve available 

ELE models and tools. Such available data of the “experimental test”, could in fact cover: the hazard 

model (based on strong motion records from an extensive strong motion network,  (Section 3.1); the 

vulnerability/fragility of the inventory of structures and infrastructural systems (based on structural 

drawings, material testing, sample testing of specimens before full demolition, lifeline network maps 

and design/construction specifications etc.), the local site conditions (based on geotechnical 

investigations before or after the earthquake),  and, ultimately, the actual observational damage data 

(Section 3.2) for final validation. 

The hazard model can be in fact be more realistic and reliable when generated based on the 

instrumented records, and the fragility model of certain type of buildings (distinguished by material, 

structural systems, age, height etc.) can be more representative when calibrated on the numerous 

empirical data. Similarly the reliability of the inventory component itself can be improved by the 

information gathered in the post-earthquake assessment reports (first-hand investigation). 
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4 PRELIMINARY STUDY OF ELE IN CHRISTCHURCH CBD 

The implementation of an ELE analysis using the open-source MAEviz tool and referring to the 

Christchurch CBD damage data (post 22
nd

 February, 2011 earthquake) is briefly presented in the 

following section.  The motivation for this preliminary study is to explore the potentialities and 

limitations of current available ELE components and procedures as well as to reinforce the importance 

of accurately collecting and interpreting post-earthquake damage data.  

In the following sections, the study region and its building inventory, the hazard scenario, the utilized 

fragility model will be first described. Damage estimation results will be compared with damage 

observed in the field, followed by discussion on future research. For sake of simplicity, a quantitative 

evaluation of the monetary and non-monetary losses (direct or indirect) associated to the predicted 

level of damage is not yet covered in this contribution, but is part of the on-going work and will be 

presented as soon as available in future publications. 

4.1 Building inventory 

The study region selected is the Christchurch CBD, which is bounded by four avenues, namely, 

Deans, Bealey, Fitzgerald and Moorhouse. The building composition in the CBD exhibits a great 

variety, from single or 2-storey timber and masonry building, to medium or high-rise steel and RC 

structures. Moreover, the building stocks vary in different usage (i.e., commercial, residential and 

industry) and construction periods (i.e., prior or after the instruction seismic codes in the mid-1970s). 

This study focuses and is limited to RC building typologies. Table 1 tabulates different RC building 

typologies utilized in different ELE procedures used at international level. In this specific preliminary 

study, the building type classification presented in Table 2 has been adopted. Four different RC 

typologies are considered: 1) Concrete Moment Frame; 2) Concrete Frame with Shear Walls; 3) 

Concrete Frame with Infill Walls; 4) Concrete Tilt-Up.  The adopted classification scheme considers 

three classes of height: low (1-3 storeys), Medium (4-7 storeys); High (8+ storeys) and three classes 

related to the construction period, namely, pre 1970s, 1980s, and 1990s-2010s consistently with the 

category presented in the damage report prepared by Kam et al. (2011) and Pampanin et al. (2011) 

(Figure 4). 

Table 1. RC building typology in different ELE 

procedures 

Table 2. RC building typology used in this study 

(MAEViz Classification) 

 

EMS98  HAZUS 

RC Frames 

 

RC Shear walls 

Concrete Moment Frame 

Concrete Shear Walls 

Concrete Frame with  

uniformly distributed 

Masonry Infill Walls 
 

Label Description Nb. of 

stories 

C1L 

C1M 

C1H 

 

Concrete Moment Frame 

1-3 

4-7 

8+ 

C2L 

C2M 

C2H  

 

Concrete Frame with Shear 

Walls 

1-3 

4-7 

8+ 

C3L 

C3M 

C3H 

 

Concrete Frame with Infill 

Walls 

1-3 

4-7 

8+ 

PC1 Concrete Tilt-Up All 
 

In a general loss assessment approach, the inventory information is grouped into mesh block (census) 

following the assumption of uniformity of buildings distribution. In the CBD, however, little 

uniformity exists between adjacent buildings due to its inherent nature of a multi-use city centre. 

Therefore, a loss assessment for individual properties was preferred as suggested by (Brabhaharan et 

al., 2005). Based on this study, the inventory data of 359 RC individual buildings were derived from a 

recently prepared comprehensive damage-report (Pampanin et al. 2011, Figure 5), refined and utilized 

in the following analyses. Figure 4 shows the distribution of structural type and construction periods of 

the 359 RC buildings. 
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Figure 4. Construction periods and structural types distribution of investigated RC buildings 

 

 

Figure 5. Example of content of the RC Buildings damage-report (Pampanin et al. 2011) 

4.2 Hazard map and fragility model 

A hazard map is one of the indispensable components of an earthquake loss assessment. As a matter of 

fact to perform a risk assessment and ELE efficiently and precisely, ground motion parameters that are 

strongly correlated with structural response are necessary (Bazzurro and Luco, 2006). In the past, 

researchers have typically described the damage-potential of an earthquake ground motion to intensity 

measures (IM) such as the peak ground acceleration (PGA) or, more recently, elastic spectral 

quantities. PGA is now widely regarded as a relatively poor indicator of most structural damage. 

Spectral quantities, instead, have been observed to be more efficient predictors of the structural 

performance for first-mode dominated structures subject to "ordinary" (i.e., not pulse-like or near-

field) ground motions. For multi-mode dominated structures, a combination of acceleration spectral 

ordinate, Sa(T),  at different periods/frequencies can be used to achieve better predictive capacity 

(Bazzurro and Cornell, 2002). Particularly for pulse-like ground motions, inelastic spectral quantities 

have been demonstrated to be more efficient (Luco, 2002). 

For the sake of simplicity, in the first stage of this study, a very simplified map based on PGA, was 

generated via interpolation/extrapolation technique of the actually recorded values to represent the 

hazard characteristics of the CBD area subjected to the 22
nd

 February 2011 Christchurch earthquake 

(Figure 6). Other more appropriate maps based on different Intensity Measures (spectral acceleration 

and displacement maps considering site effects, for example) are under preparation and will be 

presented in the near future. 

Similarly, when referring to fragility models, NZ-specific mechanically based models for RC 

buildings are under preparation by the research group. The curves will be validated, according to a 

hybrid approach, with the observed damage and further numerical analyses. For the time being, in 
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absence of NZ-specific reliable curves and for the scope of this exercise, the default fragility models 

implemented in MAEviz were utilized in this study. It is important to remember that these default 

fragility models have been derived intentionally for building stocks in the central and eastern United 

States (CEUS). Specific fragility curves are available for all the typologies of building structural 

systems and height adopted for this study and presented in Table 1. However, slightly different 

criterion in terms of construction period (i.e., before and after 1992) is followed in MAEviz default 

model (Steelman et al., 2007). 

 

Figure 6. MAEviz analysis platform, including boundary, building points, hazard map, fragility, and 

estimated damage 

4.3 Analyses results and discussion 

The MAEviz tool has been run to calculate the structural damage at each building point (Figure 6 

bottom-right) with the generated hazard map and the default fragility curves. Similar to other loss 

assessment tools, the structural damage is presented in term of probability of exceeding a given limit 

state. The observed damage for CBD RC buildings was described in terms of tagging systems (i.e., 

green, yellow, or red) adopted as part of the post-earthquake Building Evaluation Assessment Process.  

A tentative relationship (Figure 7a) was defined and applied to compare structural limit states with the 

three tagging levels. According to the defined relationship, for example, a building is yellow-tagged 

when its probability of exceeding life safety limit state is greater than 50% and its probability of 

exceeding collapse prevention limit state is lower than 50%. Figure 7b and 7c present respectively the 

damage distribution of the CBD observed damage (Kam and Pampanin, 2011, Pampanin et al., 2011) 

and estimated damage resulting from the MAEviz analysis.  

It can be seen that MAEviz overestimates the number of yellow-tagged buildings and substantially 

underestimates the number of red-tagged building when compared to what actually observed in the 

field. However it is interesting to note that the relative percentage between low or no damage (green) 

and damaged (yellow plus red) is quite similar. 

 

 

Fragility Model

Inventory

Estimated 

Structural 

Damage Estimated DamageMAEviz Platform Interface
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(b) Observed damage 

 

(a) Relationship between limit states and tagging (c) MAEviz estimated 

Figure 7. (a) Suggested and adopted relationship between limit states and tagging system; (b) and (c) 

Comparison of damage distribution: observed (b) vs. post-dicted (c)  

Such discrepancy between these discrepancies between yellow and red-tagging can be related to the 

following proposed explanations, which would require further investigations:  

1) The MAEviz default fragility model was used due to the absence of NZ-specific model. This model 

was originally derived for Central US, which may not be totally appropriate to represent the New 

Zealand building stock, due to the difference from construction materials and techniques, building 

characteristics, and code consideration. It could actually be postulated that a “modern” Central US 

(low seismicity and different tradition in seismic design) building would be more vulnerable than an 

equivalent “modern” NZ ones. These differences might be however less evident for pre-1970s 

buildings (pre-capacity design era). On the other hand, many of the RC buildings in the CBD were 

mostly one-off and thus not easily represented by the mean fragility curves belong to the category 

associated to age and number of storeys. As mentioned NZ-specific fragility curves are under 

development. It can be however anticipated that the deviation between the capacity curve or fragility 

curve of many single buildings and their corresponding mean corresponding to their building category 

might be substantial. This might suggest a one-to-one approach or the introduction of a higher number 

of sub-categories when deriving the fragility curves component. 

2) The subjective nature in the tagging procedures may sometimes mislead the structural damage. For 

example, a yellow building may be possibly graded as red or green, depending on the examiners as 

well as the level of examination (Level 1, Level 2 or Detailed Engineering Evaluation). Worth noting 

that the tagging systems used in this report are mostly based on Level 1 and/or Level 2 assessments. 

Following the damage observation in the 4th Sept, the 22nd Feb as well as June 13th earthquake 

events, it is being argued that, when compared to other international experience and reports, the 

number of red-tags granted (instead of yellow tags) could have been substantial. Similar 

considerations could be related to the extremely high number of demolished (or to be demolished) 

buildings when compared to the extent of structural damage versus the number of repairing and 

strengthening interventions. The possibility to rely upon a (world) unique insurance coverage might 

have, amongst other factors, influenced the latter discrepancy.  

3) The proposed correlation between damage-limit states and tagging colours might need to be 

adjusted based on more comprehensive investigations.  

4) The utilized PGA map might be over-simplified considering the highly variable ground conditions 

in CHCH CBD alone. Spectral ordinates (both in terms of acceleration and displacement) will be used 

in the next phase of the study. 

In addition to structural damage, the loss assessment tool in MAEviz also includes the possibility to 

estimate the extent and impact of non-structural damage, economic cost, retrofit cost, and others. 

However, because of the lack of information on the investigated building related to 

construction/rebuild cost, repairing costs, financial losses due to downtime as well as in more general 

terms of the overall financial impact of the earthquake for the CBD, as well as Christchurch city as a 
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whole and the whole country, at this stage only the structural damage was presented and compared.  

The preliminary study on the RC buildings in the Christchurch CBD demonstrated the possibility of 

application of already existing ELE components and procedures, implemented within open-source 

platforms, to the New Zealand reality. Notwithstanding the above presented achievements and results, 

challenges remain and further research is required to improve the reliability and robustness of the 

outcome, in particular when to be used for actual prediction of future scenario. The first main 

challenge is to provide hazard and fragility model specific for New Zealand which, to the 

understanding of the authors are currently under development as part of the NZ Riskcape project. 

Fortunately, the improvement or development of hazard and fragility model can be achieved by 

employing the available ground motion records and the comprehensive field observation data. 

Moreover, further research is needed and is underway in terms of evaluation of a) non-structural and 

building contents damage, b) the effects of vertical acceleration and soil-foundation-structure 

interaction, and c) the overall reduction in losses following the wider application of retrofitting of 

existing buildings and/or the implementation of emerging low-damage technology for new buildings. 

Finally, the inclusion of recently observed social-economic effects due to structural damage (the actual 

impact of business interruption in cordoned area, including the situation of green-tagged building 

surrounded by red-tagged buildings, for example) into the ELE is a serious challenge. 

5 CONCLUSIONS 

The following conclusions can be derived from the study presented in this paper: 

 The preliminary study conducting loss assessment on Christchurch CBD RC building using 

the 22
nd

 February 2011 Christchurch earthquake scenario confirms the need to use existing 

Earthquake Loss Estimation (ELE) components and procedures implemented within open-

source platform in New Zealand and with locally and uniquely available  data. 

 There is a need for the development of a New Zealand specific and open-source loss-

estimation platform, merging the potentialities and features of existing platforms like MAEviz 

with those of the (under-development and NZ-specific) Riskcape. The possibility to be open-

source and based on extensible features (modules) is felt to be an essential feature in order to 

capture and leverage on the latest research findings and activities of the wider national and 

international community.  

 The comprehensive set of field observations and data can provide a unique and invaluable 

source of information for scientists to calibrate current available ELE procedure, tools and 

existing modules (i.e., fragility or socio-economic) and/or to develop new modules (i.e., 

temporary housing needs assessment, community response, long-term business interruptions 

effects; insurance losses). 

 Further research is needed and is underway to include other main sources of seismic damage 

as observed in recent earthquakes into ELE platform, such as non-structural and building 

contents damage, vertical acceleration effect and soil-foundation-structure interaction. 
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