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Geophysics, 174(7), 2457-2473. doi:10.1007/s00024-017-1566-2 
Shi, X., Wang, Y., Liu-Zeng, J., Weldon, R., Wei, S., Wang, T., & Sieh, K. (2017). How complex is the 2016 M w 7.8 kaikoura earthquake, south 
island, new zealand? Science Bulletin, 62(5), 309- 311. doi:10.1016/j.scib.2017.01.033 

IMPROVING TSUNAMI EVACUATION MODELLING
USING EVACUATION DYNAMICS OF THE 2016 KAIKŌURA EARTHQUAKE

Acknowledgements:

.

danielle.barnhill@pg.canterbury.ac.nz

3. METHOD

Surveys Distributed and Returned

1.Revise and distribute 
survey tool 

to 14 areas of Christchurch and 
Banks Peninsula to improve 

understanding on the full 
evacuation process.

2. Analyse survey results 
to understand reactions to tsunami 
warnings and evacuation behaviour 

during the 2016 Kaikōura 
earthquake and tsunami. 

3. Develop evacuation 
model 

for Banks Peninsula using survey 
data and pre-established tsunami 

risk management strategies.

4. Discuss results 
to show trends influential in the 
evacuation decision, and identify 

risk management strategies that can 
improve future evacuation planning.

• Identify the risk context. 

• Analyse the reactions and behaviours made 
by coastal residents during the 2016 
Kaikōura Earthquake.

• Develop an evacuation model.

2. OBJECTIVES

Survey questions included: 
• Actions after earthquake 

shaking,
• Warning types used,

• Pre-evacuation actions,
• Evacuation dynamics.

Survey results demonstrated that the 2016 evacuation took place in a confused warning environment. The shaking

duration and intensity were not perceived as long or strong enough to prompt self-evacuations. This was influenced by

previous disaster experience. People sought further official information to prompt their evacuation decisions, while there

was a reliance on official tsunami warning sources such as radio, television and social media messages from CDEM and

MCDEM, and the activation of the tsunami sirens.

Recorded empirical data from the survey was used to inform the evacuation modelling inputs and analysis, to produce a

more realistic evacuation model. Results suggest that in Banks Peninsula in perfect evacuation conditions there is time to

evacuate coastal communities. However, there becomes less clearance time to evacuate when there are delays in the

evacuation journey, including evacuation speed, and not evacuating immediately after receiving a warning.

5. CONCLUSIONS

Research surrounding tsunami evacuation and associated

behaviours and dynamics have been limited. More

empirical research is required to provide a comprehensive

overview of the entire evacuation process (Makinoshima

et al., 2020). As literature detailing tsunami evacuation

behaviour is limited, so too has been the opportunity to

create tsunami evacuation models that encapsulate the

behaviour of evacuees (Kubisch et al., 2020).

The 2016 Kaikōura Earthquake generated a tsunami that

prompted the evacuation of coastal communities of Banks

Peninsula and Christchurch. This event provided the

opportunity to improve understanding of the full

evacuation process, and improve evacuation planning

through incorporating empirical data into the evacuation

modelling process.

1. CONTEXT

96% from 
Christchurch

evacuated 
by car 

100% from 
Banks 

Peninsula 
evacuated 

by car 

Average 
congestion 

speed of 
28.1 km/hr

90% of 
respondents 

delayed 
their 

evacuation

37% of all 
respondents 

took 1-10 
minutes to get 

ready to 
evacuate

31% of all 
respondents 
took 10-30 

minutes to get 
ready to 
evacuate

4. RESULTS    

Suburb Surveys distributed Surveys returned Return rate (%)

Banks Peninsula 1399 28 7.5%

Eastern Christchurch 374 192 14.6%

TOTAL 1773 220 12.4%

Warning Sources Identified

Earthquake 
Shaking: 

38%

Household 
and Family 
Members:

14% Community 
Members:

16%

Emergency 
Services:

12%

Tsunami 
Sirens:

41%

CDEM 
Messages (TV, 
Radio, Social 

Media):
41%

Survey Results Used for Modelling
Evacuation modelling for Banks Peninsula was informed by

the survey data from Christchurch and Banks Peninsula:

Study Area

Banks Peninsula 
Evacuation Rate: 50% 

(n=13) 

Christchurch Evacuation 
Rate: 83% (n=148)

Perceived Shaking Duration 

Evacuation Routes

n=6
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Shaking intensity

Perceived Shaking Intensity 

~121 second 

instrumental 

shaking 

duration (Shi 

et al., 2017)

95 second 

rupture 

duration 

(Power et 

al., 2017)


