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EXECUTIVE  SUMMARY  









INTRODUCTION  





Figure  1:  Research  design  



Figure  2  Ports  Australia  members  list  with  the  study  ports  shown  in  yellow  (Ports  
Australia,  2010)  



  
Figure  3  Cargo  by  type  between  2009-­11  

Figure  4  Number  of  ships  (data  source:  LMIU  2010)  



Figure  5  Number  of  port  calls  (data  source:  LMIU  2010)  

Figure  6  Bulk  and  non-­bulk  cargo  (data  source:  LMIU  2010)  

    
Figure  7  Containerised  cargo  (data  source:  BITRE  2010)  
  



Figure  8  Location  of  case  study  ports  



Table  1  Trade  overview  of  case  study  ports  



METHODOLOGY  

Figure  9  Main  steps  of  the  methodology  





Figure  10  Framework  for  climate  impact  assessment  on  port  operations  





CLIMATE  DATA    



    
Figure  11  Key  climate  change  factors  affecting  port  performances  (International  
Finance  Corporation,  2011)  



Table  2  A1  emission  storyline  (IPCC  2000)  



Table  3  Climate  data  summary  for  New  South  Wales  
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Table  4  Climate  data  summary  for  Queensland  
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OPERATIONAL  ASSET  MAPPING  AND  SEA-­LEVEL  RISE  
MODELING  

Figure  12  Steps  for  defining  and  mapping  operational  assets  



Table  5  Summary  of  assets  
  



Table  6  Key  functions  used  for  categorising  the  core  operational  assets  



Figure  13  Asset  register     relational  database  structure  









Figure  14  Map  of  assets  at  Port  Kembla  



  
  
  
  
  
  
  
  
  
Figure  15  3D  rendered  visualisation  of  port  assets  





  

Figure  16  The  likely  impact  of  sea-­level  rise  on  the  Port  Kembla  Port  precinct.  
The  red  colour  on  the  map  depicts  areas  that  are  at  a  greater  risk  of  inundation  
under  the  IPCC  high  carbon  emission  sea-­level  rise  scenario  (A1F1).  These  are  
provisional  modelling  outputs  for  a  sea-­level  rise  scenario  that  will  be  reviewed  
and  revised  based  on  field  work  and  through  consultation  with  experts  in  the  
Port  Kembla.  
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Figure  17  Modelled  sea-­level  rise  over  3D  visualisation  of  Port  Kembla  (for  the  
A1FI  Scenario)  



  
Table  7  Adjusted  projections  of  sea-­level  (mm)  for  95-­percentile  maxima  







MAPPING  PERCEIVED  ASSET  VULNERABILITY  AND  A  
CROSS  CASE  COMPARISON  

Figure  18  Vulnerability  mapping  and  cross-­case  comparison  





Table  8  Rating  scale  for  asset  vulnerability  to  climate  variables  





Figure  19  Port  Kembla  operational  asset  vulnerability  to  high  speed  winds  



Figure  20  Port  Kembla  operational  asset  vulnerability  to  storm  surge  



Figure  21  Maximum  vulnerability  rating  of  assets  for  each  climate  variable.    



Figure  22  Berth  201  and  the  Northern  
Breakwater  (significantly  vulnerable  to  high-­
speed  winds)  

Figure  23  Port  Kembla  Coal  Terminal  
(significantly  vulnerable  to  storm  surge  by  
proximity  to  Northern  Breakwater)  



Figure  24  Gladstone  Ports;;  Climate  variables  of  most  concern  



Figure  25  Port  Kembla;;  Climate  variables  of  most  concern    



Figure  26  Sydney  Ports;;  Climate  variables  of  most  concern    







Table  9  Climate  variables  of  concern  to  study  ports  by  most  common  rating  



Figure  27  Highest  vulnerabilities  by  port  for  each  weather  event  



  

Table  10  Summary  of  weather  variables  impacts  on  workflow  





CONTAINER  TERMINAL  OPERATIONS  SIMULATOR  (CTOS)  





Figure  28  Reasoning  cycle  of  a  BDI  agent  



Figure  29  System  agents  and  their  interactions  

Table  11  Operational  agents  



Table  12  System  agents  



Table  13  Example  of  a  24hr  window  weather  profile  

Table  14  User  defined  events  including  the  impact  on  productivity  of  assets  

Table  15  Simulation  output  KPIs  



  
Figure  30  Simulation  system  components  
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Figure  31  Set  up  screen  for  the  port  configuration  



Figure  32  Definition  screen  for  the  climate  scenarios  



Figure  33  Set  up  screen  for  hourly  weather  outlook  

Figure  34  Simulation  screen  



Table  16  Climate  scenarios  for  the  simulation  

Table  17  Impact  on  selected  operational  assets  at  the  container  terminal  
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Table  18  Percentage  efficiency  impact  of  vulnerability  rating  

Figure  35  Hypothetical  port  configuration  with  three  vessels  



Table  19  Impact  on  hourly  KPIs  

Table  20  Impact  on  daily  KPIs  



Table  21  Impact  on  port  crane  throughput  



Table  22  Temperature  forecast  based  on  CSIRO  Mk3.5  



Table  23  Impact  port  efficiency  and  loss  in  dollars  forecast  for  2030  





WORKFORCE  ADAPTIVE  CAPACITY  





Figure  36  Adaptive  capacity  elements  











Table  24  Recalled  weather  events  and  associated  impacts  

















RECOMMENDATIONS  FOR  TRAINING  ON  CLIMATE  
CHANGE  ADAPTATION  





















CONCLUSION  
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APPENDIX  3:  CLIMATE  IMPACT  ASSESSMENT  MATRIX  FOR  SYDNEY  
PORT  TERMINAL  OPERATOR  
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