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ABSTRACT 
 

Following the February 2011 Christchurch Earthquake, there was significant ground shaking 

induced rockfall, which was widespread across the Port Hills area. As a consequence, a 

substantial data collection effort was required to create a Geographic Information Systems 

database that would, not only quantify the impact, but more importantly aid in the response 

efforts and future planning. 

 

Geographical Information Systems (GIS) can make it possible to improve knowledge of the 

geographical distribution of geohazards e.g. rockfall, cliff collapse, and mass-movement. This is 

crucial for hazard mitigation, future planning and development. As capturing data begins in the 

initial desk study phase, which is often the most time consuming task of a project involving 

GIS, it is important to have a consistent approach and methodical plan. 

 

This paper will focus on the lessons learnt from mapping geological hazards in the Port Hills, 

the requirements for the construction of a GIS hazard database and the importance of a detailed 

desk study. This is illustrated though our two phased approach, focusing on a primary desk 

study followed by efficient field work.  

 

The paper draws upon our experience in the Port Hills, and explores the capabilities and 

methods that can improve hazard mapping and how the broad applications can be used in the 

future. Considerations are given to the inclusion of a database in emergency plans, and the 

importance of a GIS database template as a pre-emptive tool to help monitor and map 

geohazards. 

 

1 INTRODUCTION 
 

The largest aftershock of the Christchurch earthquake sequence occurred at 12:51pm on the 22 

February 2011 measuring Mw 6.2, and resulted in vertical peak ground accelerations of 0.4-2.2g 

(Dellow et.al, 2011). The epicentre located beneath the Heathcote Valley in the Port Hills 

resulted in significant ground shaking induced rockfall, which appeared widespread across the 

Port Hills, as presented in Figure 1 overleaf. The rockfall mainly developed in the lava block 

bluffs situated around the Port Hills. These blocks then fell, rolled, and bounced down slope, 

and in some unfortunate cases damaged or destroyed homes and key infrastructure.  
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As a consequence, the newly formed Port Hills Geotechnical Group (PHGG), was instructed to 

begin a substantial data collection effort to create a Geographical Information Systems (GIS) 

database containing geological hazard data to aid the response efforts and future development. 

  

This paper will incorporate the lessons learnt from the mapping of geological hazards 

undertaken on the Port Hills, and present a more refined approach which outlines the 

importance of a detailed desk study prior to the commencing data capture. This is demonstrated 

through a two phased approach to the construction of a geohazard GIS database. 

 

This paper will deliver a set methodology and a procedure that can be applied to monitor or 

assess any geohazard. Including preparations which local councils and governing bodies can 

undertake to ensure a database can be efficiently set up to evaluate and monitor geohazards. 

This preparation is especially pertinent in areas susceptible to geohazards.  

 

 
 

Figure 1:  Aerial Image showing the location of the rockfall areas mapped in the Port 

Hills, Christchurch. (PHGG WebGIS [accessed 14/05/2013]) 

 

2 BACKGROUND 
 

The aim of collecting data for a GIS database is to provide a comprehensive coverage of 

information. The work package undertaken in the Port Hills following the Christchurch 

earthquake was focused on collecting information relating to rockfall, cliff collapse and 

landslides. This required a number of field teams comprising PHGG members and GNS, to 

locate, mark, and record details of each hazardous area, including sources of rockfall, and each 

individual boulder. Over 10,000 boulders have been mapped and added into the PHGG GIS 

system. Field teams were also tasked with collecting information relating to roads, residential 

buildings, and key infrastructure. 

 

Following the extensive data collection in the Port Hills, there are a number of lessons learnt. 

This includes a two phased approach to improve the speed and efficiency of the preparation, 

collection and analysis for a future event.  
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3 TWO PHASED APPROACH 
 

4 PHASE 1 – DESK STUDY 
It is important to recognise that the first phase in any approach to geological hazard mapping 

should involve a desk study. A thorough understanding of all relevant information including 

historic information can help to establish priority areas, determine fieldwork zones, and define 

the required data to be collected. It is important the desk study phase is carried out and the 

requirements are clearly understood by all, before conducting the fieldwork phase. 

 

4.1 Preliminary data collection 
 
Phase 1 involves the collation of all available data and information into a database before 

conducting any fieldwork. This includes aerial photography, LiDAR or topographical data, land 

use, previous investigations, information gathered in the first response, and any historic or past 

information which may be of benefit. Table 1 below outlines the data sources and the details 

they provide, which can form the base layers of the database.  

 

Phase 1 

Desk Study 

 

Aerial 

Photography 

 

LiDAR Data 

 
Land Use 

 

 

Other Sources 

 

Outputs 

Mapping areas ranked according to risk, 

establish priority areas. 

Determine field zones. 

Establish data required to be collected and the 

tools required.  

Field zone-maps ready to illustrate and 

confirm geomorphic features and land use. 

 

 

 Phase 2 

Fieldwork 

Field Team 

Management 

 

  

 

 

Data 

Acquisition 

 

 

 

Confirm Land 

Use 

 

 

 

Final Outputs 

 

 

 

 

Figure 2: Two Phase Approach Flow Chart. 
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Table 1. Desk Study Work 

Aerial Photography 

- Can help establish land use (present and past use). 

- Identify preliminary areas of rock fall. 

- Forms a base layer for hazard mapping. 

LiDAR Data 

- Detection of topographical features. 

- Spatial elevations. 

- Determine ‘field zones’ according to topographical features. 

- Form a base layer for field map sheets. 

Land Use 

- Identify life-line routes and roads. 

- Establish residential, recreational and rural land use. 

- Identify facilities and critical infrastructure e.g. substations, 

pump houses. 

Other Sources 

- Previous geotechnical investigations. 

- Helicopter fly-over assessments. 

- Eye witness accounts. 

- Details noted from the first response. 

- Areas of evacuation. 

 
4.2 Output 
 
Following the gathering of all available data and information, the field zones and required data 

can be determined for the field work phase. The importance of desk studies are well 

documented but too often are over looked. Following the 22 February 2011 Christchurch 

Earthquake there was a tremendous response to identify areas of concern on the Port Hills. 

However in the days following the earthquake it was not immediately clear what the data being 

collected would be used for (Gibbons & Kingsbury, 2013). 

 

Before fieldwork began on the Port Hills a well-executed desk study analysing GIS data could 

have provided initial mapping areas ranked according to risk and determined priority areas, 

outlined the data required to be collected and the method of capture, and established a consistent 

method to determine levels of risk. In the ideal situation field zone-maps would be ready to 

illustrate and field verify features identified in the desk study. In hindsight taking this approach 

could have reduced the inconsistencies in the work carried out following the initial response and 

increased the efficiency of the field work.  

 

5 PHASE 2 – FIELD WORK 
It is important to recognise that the second phase to any approach to geological hazards should 

involve well-structured field work. Appropriate field team management can make the difference 

between efficient field work and multiple site visits. 

 
5.1 Field Team Management 
 
A methodological approach to how mapping and data collection is undertaken is crucial for a 

comprehensive outcome; therefore it is important that informed management decisions are 

made. Outputs from the desk study phase can aid how the approach to mapping and data 

collection is undertaken. Through establishing field zones work can be managed and prioritised 

according to how the area has been previously ranked according to risk.  

 

A key aspect to data acquisition for a GIS system is the tools used. The data collection tools for 

the proposed field work are determined during this phase. For example, mapping geometric 

features with a touchscreen portable device can result in inaccurate accounts of geomorphic 

features and are restricted to collecting GPS point-data. As opposed to, field mapping directly 
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onto a printed LiDAR map and digitised later. It is important at this step to establish the 

necessity of having a mobile device capable of uploading point-data in real-time compared to 

later downloading from a storage device.   

 

The designation of field zones is ideally based on areas that are manageable and logical 

segments for personnel to undertake field work. For example, a field team cannot be expected to 

undertake field work within a large area without direction and coordination. Instead smaller 

field zones should be created to reflect relative land use influenced by source areas and natural 

geographical boundaries, such as ridges, bluffs and valleys and restricted to a manageable size. 

This benefits field risk assessments and ensures a zone is sufficiently covered.  

 

Data collection by all personnel needs to be consistent and meet the requirements during the 

fieldwork phase (see Table 2). Ensuring definitions, geological histories, parameters for the data 

and the hazards are all understood will reduce errors through continuity between different field 

teams. Assigning field zones to field teams ensures a record is kept of where all personnel are at 

any point in time. Additionally discussions of the relevant risks and the best way to approach a 

hazardous area can be made. It is critical to guarantee all field teams keep health and safety in 

mind at all times and making certain a forward thinking approach is used towards the tasks. 

 

  
Table 2. Field Work Inputs 

Geomorphological 

Mapping 

- Completed by hand on LiDAR print outs of ‘Field Zones’ then 

digitised onto GIS layers. 

- Identifying/Confirming geomorphic features 

- Bluffs 

- Rock at near surface 

- Source areas (fresh scarps) 

- Talus slopes 

- Boulder fields 

- Loess covered terrain 

Data Acquisition  
- Acquisition tools (e.g. tablet computers) 

- Pre-determined data parameters understood 

Confirming Land 

Use 

- Identifying/Confirming Land Uses which could be; 

- Forestry / Farms 

- Residential 

- Life-lines / Infrastructure  

 

Field Risk 

Assessment 

- Confirming what risk has already been determined though field 

judgment 

- Determining if further areas require evacuation. 

- Noting damage caused by geohazards 

- Always working with Health and Safety in mind 

 

 

Having a transparent methodological approach is important as it provides any project with 

continuity and accountability. This is achieved through a logical and consistent approach to all 

field work by personnel in any given field zone. 
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Figure 3. Diagram showing the layers of the GIS system and the final map produced. 

 

Geomorphological Mapping 

Point Data Acquired 

Land Use Confirmed 

Field Risk Assessment 

Aerial Photography 

LiDAR Data 

Land Use 

Other Sources 

 

Desk Study Phase 

Field Work Phase 



 

 

 
Gerrard, L.C, Herbert J.A & Revell T.A.J (2013).   

Lessons learnt using GIS to map geological hazards following the Christchurch earthquake 

 

 

 

 

6 FINAL OUTPUTS 
 
The final output from this approach results in three key products; the first product is a Hazard 

Zoning map, which can be used to highlight areas of varying risk. The local councils will be 

able to apply a level of acceptable and unacceptable risk. These maps will be a direct result of 

the hazards identified during Phase 2 (Field Work) and recorded into the GIS database. 

 

The second product consists of the actual data within the GIS database, which can be used for 

future modelling. In order to accurately model hazards, such as rockfall or mass movement, it is 

important to have accurate inputs and parameters. By using parameters that have been collected 

in the field near to where the modelling is required can increase the accuracy of the model. 

 

The final product is closely associated to the future development or rehabilitation of the area 

affected by a geohazard. Using the GIS information to determine priority areas for mitigation 

works can speed up recovery by indicating areas of extreme hazard and/or importance. By 

nature, GIS can illustrate where key lifelines, properties, or infrastructure are exposed to certain 

levels of risk. This can aid in prioritising remedial works, to either mitigate the hazard or protect 

the property. 

 
7 GOALS FOR FUTURE USE 
 
The result of this improved procedure is a clear methodology to be used to undertake effective 

data collection of geohazards which can be compiled into GIS. These stages can be adhered to 

during emergency responses to retain a notion of the “bigger picture” to allow data to be 

captured methodically and effectively, which in turn will reduce overall costs.  The staged 

procedure can also be used prior to emergency responses to prepare local governing bodies in 

the possible event of a geohazard emergency, by providing a basis for data collection into an 

established GIS system. The two-phased methodology can also be applied in non-emergency 

situations where geohazards require monitoring, such as areas of concern effecting key lifelines 

or residential areas.  

 

As part of the staged response a master GIS template is required. This template would include 

information already available, including topography, historical information, and aerial 

photography. By having a template in place the data collection of any suspected geohazards, 

caused by an emergency situation or not, can be accurately mapped. As discussed in detail in 

Culshaw et. al (2006), GIS databases can aid desk studies dramatically by providing detailed 

geotechnical information, however this depends on the accuracy and reliability of the GIS 

database. Therefore by creating a clear methodological approach, GIS systems can be relied 

upon with greater accuracy to which sound decisions can be made. 

 

It is important to consider the risk that geohazards may cause and the situations they occur in, 

especially considering their common proximity to lifeline routes. Preparation is key, and by 

implementing a clear methodology, planning can be undertaken to ensure systems are in place 

and the appropriate management is structured to undertake data collection and monitoring of 

hazards. 

 

 

8 CONCLUSIONS 
 
In summary, the lessons learnt have allowed us to create a staged approach that can be used as a 

pre-emptive tool for risk management through GIS for any geohazard. This methodology 

highlights the importance of a desk study, and ensures that time is taken to create a logical 

approach even in an emergency situation when time is critical. The importance of having a 



 

 

 
Gerrard, L.C, Herbert J.A & Revell T.A.J (2013).   

Lessons learnt using GIS to map geological hazards following the Christchurch earthquake 

 

 

 

prepared template and planned methodology is highlighted to be critical when considering a 

GIS database designed to manage and monitor geohazards. 
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