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1. Introduction 

RiskScape [Tool 3.2] was used to estimate the impacts from exacerbated flooding in 
Westport and Christchurch due to climate change. Several flood inundation scenarios 
were simulated based on estimates of river flood flows corresponding to future 
scenarios of heavy rainfall [Tool 2.1.3] and estimates of the corresponding flood 
inundations [Tool 2.1.4]. One of these case study examples is presented here, future 
flooding of the Buller River (Westport) [see Toolbox Overview and Case Study 
Examples], to demonstrate what information RiskScape can provide. 

As a quantitative multi-hazard impact and risk modelling tool, RiskScape provides 
estimates for a variety of different consequences such as the number of affected 
people, expected number of injuries and fatalities, structural damage and repair costs. 
The results from the inundation models are fed into RiskScape to calculate the 
potential impacts and compare the different scenarios. This information is necessary to 
help prioritising mitigation measures and develop sufficient contingency plans. 

1.1 Purpose of this Tool  

RiskScape is a regional risk and impact assessment tool. Its primary purpose is to 
provide a framework in which the risk of impact to assets due to various hazards can 
be calculated. This information can be used for a wide range of applications, from 
planning to hazard management to asset management. This Tool [Tool 3.3] 
demonstrates how RiskScape can be used to evaluate the impact of future flooding. 

1.2 Obtaining the Riskscape Tool  

Contact the author of this report for information about obtaining and using RiskScape. 

2. Scenarios / case studies  
The climate change scenarios used in this damage assessment are based on 
temperature increases, changes in total daily rainfall and sea-level rise as the Buller 
River is a coastal river. Average changes from six different emission scenarios (A1B, 
A1FI, A1B, B1, A2, B2; see Tool 2.1.2) were used plus, as a reference, a historic 
scenario/flood event representing the current climate.  
 

The Buller River at Westport is close to the sea. Hence, sea-levels (tide) and possible 
sea-level rises need to be taken into account. A sea-level rise of 0.4m was assumed for 
the 2040 scenarios and 0.8m for the 2090 scenarios [see Tool 2.1.4].  
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The following Table summarises the modelled climate/inundation scenarios and their 
associated peak flows, annual exceedance probability (AEP), tide levels and the extent 
of inundation for Westport. For the base scenario (current climate) and calibration 
event, a flood from August 1970 (~0.2% AEP, or ~50 year return period) [Tool 2.1.4] 
was used. 

Table 2.1: The climate scenarios for the Buller/Westport example [see Tool 2.1.4]. 

Climate 
scenario Period 

Peak 
flow  

(m3s-1) 

AEP for 
current 
climate 

Average 
return 
period 
(years) 

Increase on 
1.618 m 

base tide (m) 

Inundation in 
Westport. 

% area with 
depth >0.2 m 

Base  Current 8500 0.021 47 0 51 
B1 2030-2049 8805 0.015 66 0.4 60 
A1B 2030-2049 8977 0.013 76 0.4 63 
B1 2080-2099 9017 0.013 78 0.8 67 
A2 2030-2049 9200 0.011 90 0.4 64 
A1B 2080-2099 9319 0.010 98 0.8 70 
A2 2080-2099 9727 0.008 131 0.8 72 

 

3. Input data 

As described in [Tool 3.2], RiskScape needs three different types of input data to be 
able to calculate the potential impacts. The information that is required is hazard, asset 
and vulnerability data.  

3.1 Hazards 

The hazard module models the Hazard Exposure that describes the distribution and 
severity of the hazard. To be able to model the hazard exposure, the Hazard Module 
requires a number of parameters, typically the magnitude of the event expressed (for 
flooding) as inundation depth, velocity and duration. While inundation depth is 
mandatory for estimating the consequences, the damage calculation can be done 
without velocity and duration. If not provided, flow velocity is assumed to be zero and 
duration is set to one day. However, the results are only as good as the input data. 
Hence, if the velocity and duration are not provided, the impacts are likely to be 
underestimated. If the risk is to be calculated, information about the frequency is also 
required. Frequency is normally expressed by a recurrence interval.  

The users can either commission RiskScape to do the inundation modelling or import 
their own data using one of the add-on tools (Figure 3.1a). The Hazard Builder guides 
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the user through several steps to easily import external inundation data (or other 
hazard maps/scenarios) into RiskScape (Figure 3.1b).  

 

 

Figure 3.1 a + b: RiskScape add-on-tools (a) and user interface of Hazard Builder (b) 

3.2 Assets 

Assessing an area’s flood exposure requires a good understanding of the elements at 
risk within the study area. Elements at risk are spatial-temporal distributed assets, 
valued by human society, and under threat to be damaged by hazards (buildings, 
lifelines, business disruption, economic impacts, etc.) (Schmidt et al. 2011). The 
knowledge of the distribution of people, the location and function of critical 
infrastructure and the spatial extent, distribution and types of buildings, are the key to 
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determining their exposure to floods and subsequently the possible impacts (Strunz et 
al. 2011).  

A number of ‘default’ asset databases are supplied with RiskScape, but another 
toolbox is supplied to allow users to import their own asset datasets. The only caveat 
is that the user dataset must comply with RiskScape standards for the attributes that it 
specifies. Each asset type has certain attributes which define their vulnerability. A 
building’s flood vulnerability is for instance determined by its wall material, floor 
coverage and floor height (see the RiskScape manual www.riskscape.org.nz for 
details).  

RiskScape currently provides a building (includes content), vehicle and people 
inventory for the three pilot areas Christchurch, Hawkes Bay and Westport. As 
RiskScape has now access to Quotable Value (QV) data, this will soon (end of 2011) 
be extended to a nationwide coverage. In parallel, RiskScape is establishing an 
infrastructure database, but this is dependant of the provision of information by 
infrastructure operators. This is still in its early stages and hence the amount of 
infrastructure data in RiskScape is currently very limited. But again, users can use the 
toolbox to import their own infrastructure data if available.  

It is important to retain both the uncertainty level and the IP information in the 
RiskScape central repository/inventory, so for each attribute of each asset in any 
dataset, RiskScape stores the quality level, and the ownership of the data (currently 
not accessible to the user). This not only provides information about the reliability of 
the data but also enables the replacement of data if more accurate data becomes 
available.  

3.3 Vulnerability/fragility 

This is the core of RiskScape and defines the way that an asset (with certain attributes) 
will react to exposure to a given hazard. Vulnerability refers to the potential for 
casualties, destruction, disruption or another form of damage or loss with respect to a 
particular element/asset. Currently no tools are provided to allow the user to define 
new fragility models, however in the future user modification of the fragility models 
(by a percentage shift, for example) will be possible to allow sensitivity analyses of 
the data.  

As described in [Tool 3.2], Riskscape primarily uses damage and fragility functions 
for the damage calculation process. RiskScape currently has five damage categories 
that produce different measures of loss. Each category can have multiple sub-
categories:   

http://www.riskscape.org.nz/
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Human Losses, a measure of the detrimental effect on humans who are in or at this 
asset at the time of the asset’s exposure to the hazard. Measured in people. Displayed 
as a number or proportion. 

• No or light injury  
• Moderate injury 
• Serious injury 
• Critical injury 
• Dead 

Damage State, a measure of the extent to which the asset is damaged. 

• 0 – No damage  
• 1 - Light – insignificant damage, non structural damage only 
• 2 - Minor – Light damage with possible minor non-structural damage. 
• 3 - Moderate - Reparable structural damage. 
• 4 - Severe - Irreparable structural damage. 
• 5 - Collapse - Structural integrity fails. 

Human Displacement, a measure of the extent to which humans and human activities 
are displaced by exposure of the asset to the hazard. 

• 0 – None: No or minimal evacuation necessary (less than one day). 
• 1 - One day to one week: Evacuation necessary but reoccupation possible after 

less than a week. 
• 2 - One week to one month: Evacuation necessary and reoccupation not 

possible for between a week and a month. 
• 3 - One month to six months: Evacuation necessary and reoccupation not 

possible for between one and six months. 
• 4 - Greater than six months: Evacuation necessary and reoccupation not 

possible for more than six months. 

Human Susceptibility, a measure of the susceptibility to injury (damage) of a 
hypothetical human present in or at this asset. 

• 0 - Insignificant: The hazard will not threaten anyone; only those who 
deliberately put themselves at risk are susceptible to injury (eg. people who go 
to the beach to watch tsunami arrive). 

• 1 – Low: Only those caught in exceptional circumstances are susceptible to 
injury. 

• 2 – Medium: Only the most vulnerable are directly susceptible to injury. 
• 3 – High: Those who can move to a protective environment are unlikely to be 

susceptible to injury but others will be. 
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• 4 – Extreme: Even the least vulnerable people (fit able-bodied) are highly 
likely to be susceptible to injury.(eg. catastrophic building collapse, flash 
flood). 

Reinstatement Cost, encompasses all direct costs caused by exposure of the asset to 
the hazard. Measured in dollars. Currently the results are displayed as numbers, but 
RiskScape will soon be able to also generate absolute and relative 
numbers/percentages for selected aggregation units (e.g. meshblock, suburb or grid 
percentages). 

• Asset Repair Cost: Costs incurred in restoring the asset to its pre-event state. 
• Contents Repair Cost: Costs incurred in returning the contents (if any) of the 

asset to their pre-exposure state. 
• Clean-up Cost: Costs incurred for necessary demolition and/or removing 

debris, silt, effluent etc from an asset. 
• Disruption Cost: Costs incurred (loss of income) due to the disruption of 

activities usually conducted in the asset. 
• Vehicle Cost: Costs incurred due to the damage of vehicles located at the 

asset. 
• Functional downtime: Productive time lost due to the direct impact of the 

hazard on the asset. 
 

4. Case study Westport – conducting a damage assessment with RiskScape 

In the following case study example (Westport - A1B 2090 scenario) will be used to 
demonstrate how a damage assessment for a future flood scenario can be run in 
RiskScape. RiskScape can be split into two parts – specifying the analysis that you 
want to run and adding it to your library, and then running the analysis and viewing or 
exporting the results. This section demonstrates how a damage assessment can be 
conducted with RiskScape by outlining the specification of the analysis, and the 
process of adding them to the RiskScape library. 

Step 1: Choosing the three key parameters 

The analysis starts with selecting the key parameters, the assets you want to add to the 
analysis, and the peril and damage category the user is interested in. The assets that 
show up on the left panel will depend on the modules that are installed. Figure 4.1 
shows the default asset modules. In the middle panel you chose the hazard that you 
wish to model in any given analysis. The third key parameter is the impact you wish to 
model. For this example the user will select Westport buildings, flood and damage 
state as the impact category.  
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Figure 4.1: RiskScape main selection panel 

Step 2: Refine selection 

Once these three key parameters have been selected, the wizard will guide the user 
through additional steps to further refine the hazard scenarios. First the user has the 
option to refine the selection of assets. For each asset dataset the user has the choice of 
analysing the entire dataset or choosing a subset of the data. An Asset Filter tool will 
guide the user through a selection process to define a subset of the dataset. The Asset 
Filter Builder allows the user to make simple or complex decisions around which 
assets to include in the analysis. Based on the available attributes the user can for 
instance only select residential buildings, buildings of a certain size, or a combination 
of both (e.g. 200m2; Figure 4.2).  

In the next step the user specifies the aggregation units that are to be used to collate 
the results of the analysis (Figure 4.3). RiskScape provides meshblocks, suburbs and a 
1km grid as aggregation levels for all areas for which asset data is provided. However, 
a toolbox is available to import user-defined aggregation units. 
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Figure 4.2: Example of asset filter  

 

Figure 4.3: Selection of aggregation unit  

If floods have been selected, the next choice to be made is whether a climate change 
flood or a scenario under the present climate is selected (Figure 4.4a). For the latter, 
the emission scenario has to be picked (Figure 4.4c) in the next step, otherwise the 
specific occurrence interval (Figure 4.4b) has to be selected. Subsequently, the user 
has to specify the mitigation factor (Figure 4.5).  In this example the user will select 
the aggregation unit meshblock, a climate change flood, the A1B 2090 scenario and 
no warning or short lead time as mitigation factor.  
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Figure 4.4 a-c: Selection of climate change or “present day” scenarios, recurrence interval or 
specific emission scenario to further refine selected peril  

 

Figure 4.5: Selection of mitigation factor / level of warning for scenario definition 
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Step 3: Run analysis 

Once the user has given the selection a name, the selection is added to the library, 
where it simple stores the settings that have been decided upon. In this case the 
user has called it Westport A1B 2090 scenario. Each analysis is given a line in the 
library, with several actions available (Figure 4.6). The next stage is to run the 
damage analysis. 

 

Figure 4.6: The user selection appears in the RiskScape library and progress of the analysis is 
shown with a progress bar 

Step 4: View results 

Once the analysis is completed the user has various options (Figure 4.7). The 
assets, their attributes and their spatial distribution can be viewed by selecting 
view assets. 

For this example we have chosen the Westport buildings where each dot 
represents one individual building (Figure 4.8). On the right hand side, in the 
legend panel the user can select the building attributes he/she wants to look at. In 
this case the building use is displayed, showing the various use categories in 
different colours. If the user wants to add the inundation, it can simply be added as 
a separate layer to the existing map. Hazards that calculate multiple exposures will 
offer the option of viewing each exposure (here inundation depth and velocity) as 
an alternate symbolisation of the layer. In Figure 4.9 the inundation depth of the 
A1B 2090 scenario, as calculated by the numerical model (outside of RiskScape, 
see [Tool 2.1.4]), is displayed.  

Viewing the results of the damage analysis can be done either on an asset by asset 
level or based on the previously selected aggregation level. Figures 4.10 and 4.11 
give an example of results displayed on an individual building level. Based on the 
selected damage category, the results are shown in various forms. In Figure 4.10 
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the impact is shown as a damage level whereas in Figure 4.11 the monetary 
building reinstatement costs, also described as repair costs are displayed. The 
selection and classes can be changed by altering the legend.  

 

Figure 4.7: User options to run and view results of damage analysis 

 

Figure 4.8: Westport buildings – building use 
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Figure 4.9: Inundation depth for A1B 2090 scenario 

 

 

Figure 4.10: Damage state of affected buildings of A1B 2090 scenario 
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Figure 4.11: Building / structural repair costs of affected buildings of A1B 2090 scenario 

 

Step 5: Aggregated results and exporting results 

The final option is viewing the aggregated results (Figure 4.12) or exporting them 
into a selected format to undertake further analysis and interpretation.  

The user is asked to choose the method of export. The option view the final 
(aggregated) results of the analysis will display the results on the RiskScape map, 
but choosing CSV, MS Excel or any other format, the results of the analysis are 
exported as a comma separated variable (CSV) file which can be read into 
Microsoft Excel and many other analysis packages, or a PDF a report is generated 
containing results for each aggregation block, as well as the analysis area as a 
whole. A GIS shapefile containing each aggregation block can also be generated 
with the impact results added as attributes. Another option is exporting the results 
into Google Earth for 3D visualisation. Table 4.1 is an example of how the results 
can be summarized and presented in a tabular format. 
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Figure 4.12: Aggregated results on a meshblock level (here reinstatement cost) 
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Table 4.1: Exemplary tabular results of damage assessment – A1B 2090 scenario 

Affected (in inundated area) ‐ A1B 2090 scenario Absolute % of Westport total % of modelled area

Total  buildings 2189 79.0% 88.2%

Total  content WP (V) 345,786,132$                                                                  71.1% 81.9%

Income / day 1,773,672$                                                                       71.6% 77.8%

Business  revenue / annual 443,418,109$                                                                  71.6% 77.8%

Total  Replacement costs 631,763,651$                                                                  77.0% 85.3%

Total  vehicle value day 30,412,664$                                                                     83.3% 89.3%

Total  vehicle value night 37,580,625$                                                                     78.3% 88.5%

People day 5731 82.5% 87.6%

People night 6087 76.7% 87.2%

Average inundation depth above ground 0.76 m

Median 0.71 m

Stdev 0.47 m

Max 3.49 m  

Damaged Absolute % of Westport total % of modelled area

Buildings  damaged 1216 43.9% 49.0%

$ content damage 68,078,427$                                                                     14.0% 16.1%

$ content damage <1 hr, no escape floor 50,306,107$                                                                     10.3% 11.9%

$ content damage 1‐6 hr 37,349,636$                                                                     7.7% 8.9%

$ content damage >6hr 30,769,972$                                                                     6.3% 7.3%

Loss  of income 13,217,815$                                                                     2.1% 2.3%

$ building damage 71,877,147$                                                                     8.8% 9.7%

Vehicle damage day 11,297,311$                                                                     31.0% 33.2%

Vehicle damage night 15,702,480$                                                                     32.7% 37.0%

People in damaged buildings  day 3064 44.1% 46.8%

People in damaged buildings  night 3429 43.2% 49.1%

Average inundation depth above floor 0.46 m

Median 0.38 m

Stdev 0.37 m

Max 2.97 m  
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Table 4.1 (cont.): Exemplary tabular results of damage assessment – A1B 2090 scenario  

Building damage state

Insignificant 56

Light 245

Moderate 863

Severe 51

Collapse 1

Building damage Content damage

Average Damage ratio bldg 0.232 Average Damage ratio content 0.428

Max damage ratio bldg 1 Max damage ratio content 0.95

StDev damage ratio bldg 0.152 StDev damage ratio content 0.204

Median damage ratio 0.225 Median 0.452

Average $ bldg damage 59,109$        Average $ content damage 55,986$            

Max $ bldg damage 2,453,343$  Max $ content damage 819,694$          

Stdev $ bldg damage 104,547$      Stdev $ content damage 63,205$            

Median 42,726$        Median 39,071$              

Casualties No warning Flood warning (mixed response) Partial  evacuation Full  evacuation

0 ‐ No or l ight injury 2168 2176 2180 2181

1‐ Moderate injury 12 9 7 5

2‐ Serious  injury 5 3 1 1

3 Critical  injury 2 1 0 1

4 ‐ Dead 3 1 1 0

Risk to life No warning Flood warning (mixed response) Partial  evacuation Full  evacuation

Low 1629 2000 2007 2185

medium 378 153 182 4

high 178 36 0 0

extreme 4 0 0 0  
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People displacement Commercial, industral, agricultural sector

average 51 days Businesses  affected 194

median 19 days Average income loss 33,111$        

Max 365 days Businesses  damaged 75

Stdev 82 days Average damage ratio 0.164

Average building damage 92,305$        

Clean‐up time Average content damage 75,338$        

average 13 days

median 14 days Education, health, community & other

Max 24 days Number affected 78

Stdev 4 days Average income loss 87,106$        

Number damaged 40

Residential Average damage ratio 0.224

Residential  bldgs  affected 1917 Average building damage 282,524$      

Residential  bldgs  damaged 1101 Average content damage 197,852$      

Average damage ratio 0.237

Average building damage 48,731$          Functional downtime non‐residential  (affected)

Average content damage 49,513$          average 8 days

median 2 days

Max 45 days

Stdev 11 days  

Table 4.1 (cont.): Exemplary tabular results of damage assessment – A1B 2090 scenario 
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4.1 Uncertainties and gaps 

Currently RiskScape provides average damage and losses. Post-disaster surveys have 
shown that the actual damages for individual buildings are sometimes significantly 
higher or lower for various reasons. Over a meshblock however, these variances 
balance out and the aggregated results are much more accurate. It is planned to include 
uncertainty quantifiers in the hazard, asset, and fragility modules. Thereby the 
RiskScape system can quantify both the contribution of input errors and model errors 
to the final risk calculation and can quantify risk uncertainty as upper lower bounds of 
expected damages and losses around the currently estimated average. 

Riskscape does already cover a variety of different impacts, both direct and indirect 
impacts, but there are still a large number of consequences, in particular economic and 
indirect ones that haven’t been addressed yet.  

A lot of effort is currently put into the creation of a RiskScape asset repository and a 
national building database, which will allow users outside the three partner regions 
Christchurch, Westport and Hawkes Bay Region to make use of RiskScape. However, 
getting access to infrastructure data is difficult, as we have to rely on the provision of 
the information from the infrastructure operators. There are a lot more confidentiality 
and sensitivity issues than with buildings. This is an area where RiskScape will need a 
lot of support from external parties. 

Despite these challenges and limitations, RiskScape has proved to be a powerful and 
useful tool. It has the potential to become a national standard and replace the various 
qualitative and semi-quantitative approaches used around the country. Therefore, it is 
important that potential end-users become more engaged with RiskScape and help to 
ensure that their needs are met. 
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RiskScape manual: Available online at www.riscscape.org.nz 

http://www.riscscape.org.nz/
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