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INTRODUCTION 

Storm surge is the rise in ocean water level from strong onshore winds and low atmospheric pressure 
associated with tropical cyclones, and can result in dangerous flooding of low-lying properties. This 
phenomenon presents the greatest hazard to life in tropical cyclone events, and the Queensland coastline has 
particular vulnerability. Presently, the Australian Bureau of Meteorology (BOM) issues warnings of storm 
surge level during tropical cyclone events using a static look-up table of scenarios associated with forecast 
cyclone track parameters [1]. Griffith has initiated a research project investigating the potential to dynamically 
model storm surge in real-time, in association with Emergency Management Queensland (EMQ), Queensland 
Cyber Infrastructure Foundations (QCIF), and DHI Australia. The intended use of the model output is for 
emergency planning and disaster management, including determining the need for evacuations and 
identifying of key infrastructure risks. 
 
Workshopping with emergency managers at EMQ and Queensland local councils identified a range of 
potential improvements to the current storm surge forecast system, including higher spatial resolution of 
model output, extension of hazard information from offshore water levels to inundation mapping over land, 
the need for probabilistic as opposed to deterministic output, and dynamic output giving timelines of hazard 
onset. Implementation of these improvements require a move from the current deterministic, pre-run 
scenario approach to probabilistic, dynamic modelling as well as higher model resolution, requiring greater 
simulation capacity. 
 
Here we present an overview of the systems approach to real-time storm surge forecasting on high 
performance computing, including the generation of an ensemble of tropical cyclone inputs, automation of the 
hydrodynamic model with a focus on run-time optimisation and post-processing of model output for delivery 
to emergency management agencies. An ensemble approach to tropical cyclone forecasting is developed and 
the computational resources required to achieve real-time probabilistic forecasting is assessed. The proposed 
real-time system is found to be feasible from a technical perspective and would add value to Queensland’s 
emergency management decision making. 

MOVING FROM DETERMINISTIC TO PROBABILISTIC MODELLING 

Deterministic forecasting of tropical cyclones is somewhat ineffectual given the wide uncertainties in forecast 
track and intensity. In terms of storm surge, the timing of the peak storm surge relative to the phase of the tide 
is very important in determining the risk of flooding posed by the event. However, the time and position of 
cyclone landfall is highly uncertain in the evacuation timeframe (48 hours from landfal) and understanding 
this uncertainty requires a probabilistic approach. The current storm tide warning system operated by BOM is 
deterministic in nature and emergency managers do not currently have a view of the range of scenarios that 
could result. 
 
Having established the need for a probabilistic approach, we determine the size of the required simulation 
ensemble using the available stochastic tropical cyclone track forecasting information available from BOM [2]. 
The size of the TC ensemble necessary to capture the range of storm surge possibilities at a given point in a 
forecast then informs the subsequent development of the wind field and hydrodynamic modelling framework 
by providing guidance on the model run-time and computational resources necessary to complete such 
simulations within the desired timeframe As an example, the ensemble determined to be necessary to 
probabilistically estimate the storm surge for Tropical Cyclone Yasi (2011) 48 hours prior to landfall contains n 
= 1368 members based on the spread in the time and location of landfall, the intensity of the cyclone and its 
scale.. In terms of operational run-time, each simulation would be required to run in (X*45*60)/n seconds per 
core for X computing cores (e.g., 1368 simulations on 64 cores of computing resources = 126 sec per run per 
core) to achieve a one-hour turn-around from each TC track forecast update assuming 45 min for simulation 
and 15 min for pre- and post-processing. 
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The storm surge hydrodynamic model [3] is built using  a finite volume unstructured mesh model (MIKE21 by 
DHI), and a parallel version of this model has been implemented on Griffith University and Queensland Cyber 
Infrastructure Foundation (QCIF)’s high performance computing facilities. The required run-time given in the 
example above is achievable with this model, combined with a pre-defined library of model domain meshes 
and a tool to select the appropriate domain based on the area of influence. An example of such a model 
domain is shown for Tropical Cyclone Yasi (Figure 1). The model run-time required to accurately simulate the 
storm surge in this event is 130 sec/core. 
 
(a)            (b) 

 
Figure 1: (a) Complete Coral Sea MIKE21 model domain and (b) selected model domain for 

Tropical Cyclone Yasi from Townsville to Cairns showing the modelled storm surge water level 
at landfall. 

USING THE MODEL OUTPUT 

Probabilistic storm surge heights at each model output point are calculated using the simulated storm surge 
heights and probabilities associated with each ensemble member (as for NOAA’s p-surge model [4]). The 
resultant total ocean water level heights would then be delivered to EMQ to map inundation using a bath-tub 
approach in GIS software. These probabilistic inundation depth extents and surfaces can then be intersected 
with the pre-defined evacuation zone maps by EMQ and local emergency managers to identify areas requiring 
evacuation orders. 

SUMMARY 

Here, we have described a feasible system for probabilistic real-time forecasting of storm tide and mapping of 
inundation. The system including the optimised hydrodynamic model has been established on Griffith 
University’s and QCIF’s high performance computing facilities and yields the run-times required for this 
ensemble modelling approach in real-time mode. Such a probabilistic system will enable disaster managers to 
have an understanding of the likelihoods of possible outcomes from an impending event. 
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