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Project summary 
The completed project and milestones are described in the following pages. In this 
final report, we describe the approach, methods and elements associated with the 
Final Project Milestone (#3 in the table below). Two rounds of site visits were 
completed and guided the development of the seasonal forecast format and delivery 
mechanism. Seasonal forecasts for the Queensland prawn farming region are now 
available at http://poama.bom.gov.au/marine_mw/prawn_project.shtml. This may be 
password protected and access allowed for registered prawn farmers. Farm-specific 
forecasts are still being evaluated, as patchy and short time series from farms has not 
allowed confidence in the forecasts that are generated. The project team is exploring 
the alternative – forecasting farm-region conditions as represented by local weather 
stations and will present this at the annual industry conference, as noted in Milestone 
3.  
 
Milestone 1       October 2011 
Contract signed and project initiated 
 
Milestone 2       30 April 2012 
1. Historical validation completed.  
2. Objective 1. Forecasts of “typical conditions” initiated and draft forecasts issued 

for comment 
3. Objective 2. Forecasts of “extreme conditions” initiated and draft forecasts issued 

for comment 
4. Round 1 site visits completed 
 
Milestone 3  
1. Final project report delivered    30 June 2012 
2. Final report to farmers – presentation at Prawn and Barramundi Conference, 

Cairns Date 1st week August 2012. 
3. Extension - Knowledge transfer to farms – Round 2 site visits 
4. Forecasts for the upcoming season delivered 
 
Acknowledgements 
The project team was supported by the Queensland Government Rural Resilience 
Industry Grants Program. We also thank the Australian Prawn Farmers Association 
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project. 
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1. Introduction 
 
Aquaculture is the fastest growing of the animal protein production systems over the 
last few decades (~9% per year), with marine and freshwater species contributing to 
this growth. However, as both sea-cage and pond-based aquaculture industries are 
exposed to environmental conditions during at least part of the growing cycle, 
variability in these conditions can impact on production. The most dramatic examples 
of these impacts are provided by extreme events such as floods, storms and cyclones, 
but even unseasonal temperatures can result in lost production and income. 
Information about future environmental conditions on a range of time scales can 
improve risk management, buffer production against unfavourable environmental 
conditions, and allow maximised production during opportune times.  

Weather forecasting over time scales of up to a week currently allows for 
short-term decision making and is heavily utilized by many aquaculture industries. 
However, a range of other strategic management decisions, related to environmental 
variability, require lead times of weeks to months (Spillman et al 2011a). Seasonal 
forecasting addresses this need for information on climate variables, such as water 
and air temperature and rainfall and offers new opportunities for improved 
management. Seasonal forecasting has delivered operational projections for a number 
of marine industries in Australia include wild southern blue fin tuna fisheries on the 
east coast of Australia (Hobday et al. 2011), Tasmanian salmon aquaculture (Spillman 
and Hobday in review) and coral reef management (Spillman et al 2011b). These 
applications span offshore waters to coastal situations and each requires tailoring to 
the variables and system of interest.  
 In Australia, pond-based prawn aquaculture is located predominately in a 
narrow coastal strip of north-east Australia. Farms are typically located near a tidal 
inlet or creek for access to a water supply to flush and fill ponds and allow salinity 
control. Commercial prawn farms consist of between 10 and 100 shallow ponds (~1.5 
m deep) of ~1 ha in size. The industry production is often over 4,000 tonnes, valued at 
$70 million. The industry is vulnerable to extremes in temperature and rainfall and to 
tropical cyclones. Heavy rainfall can reduce the water quality of water supplies to the 
farm, particularly the first pulse of heavy falls for the season which flush the 
catchment rendering the farm water supply unusable (herbicides, clay particles, 
harmful algal species). Heavy rainfall can also wash out roads and prevent supplies 
from reaching remote farms, and lower salinity below optimal levels. Temperature 
influences the growth of prawns and thus the timing of harvest, which is critical to 
delivering supply for peak market opportunities – getting it right is important for cash 
flow. Tropical cyclones can result in loss of road access to farms, direct destruction of 
farm infrastructure such as sheds, generators and aerators, and loss of power. 

Tiger prawns (Penaeus monodon) are the main farmed species in Queensland, 
with banana prawns (Fenneropenaeus merguiensis) a secondary species overall, 
although the primary species for some farms. Many farms have hatcheries for larval 
production or buy in brood stock from local producers, while others collect wild 
broodstock from nearby ocean regions. Both species have a narrow range of optimal 
conditions and grow from larvae to harvestable size in around 18-28 weeks, 
depending on conditions. Optimal temperature is above 22oC with salinity of around 
25 psu, although a wide range of salinities can be tolerated. The growing season is 
constrained by minimum temperatures at the start and market demand (e.g. Christmas 
and Easter) at the end of the season. The length of the growing season varies with 
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latitude, with the shortest seasonal window in southern regions and year round 
production possible in the north.  

In north-east Australia, recent cyclone activity has impacted on a number of 
aquaculture businesses, including prawn farms, and focused attention on reducing the 
impact of climate extremes as well as better management in the face of more typical 
climate variability. In this project we illustrate the performance of a seasonal 
forecasting system designed to deliver targeted forecasts on critical variables for 
prawn farms along their full latitudinal gradient. These forecasts assist farm decision 
making over the time scale of weeks to months.  
 
2. Methods 
 
Critical environmental variables 
In discussion with farm managers we identified three critical variables; pond 
temperature (influence prawn growth and pond health), air temperature (influences 
pond temperature and evaporation) and rainfall (influences salinity). Both minimum 
and maximum temperatures are of interest. Generally pond temperatures are measured 
daily for one or more ponds. Our forecast system does not project pond temperatures 
but there may be relationship between pond and air temperature which can be used to 
derive pond temperature projections. Farms are located between Mossman in the 
north and the Gold Coast in the south (Figure 1). Historical data for four farms was 
available for different periods of time, and is used in the project. Data preparation was 
required from the project team to generate the temporal values need for the 
forecasting model. 

�
Figure 1. Queensland prawn farms considered in this project span the coastal extent 
of the state.  
 
Seasonal forecast model description 
POAMA is a global ocean-atmosphere ensemble seasonal forecast system run 
operationally at the Australian Bureau of Meteorology since 2002. It comprises a 
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coupled ocean-atmosphere model and data assimilation systems for the initialisation 
of the ocean, land and atmosphere (Spillman & Alves 2009).  
 
A 33 member ensemble of retrospective forecasts (hindcasts) was generated by 
starting the model (POAMA version 2) 33 times on the 1st, 11th and 21st of each 
month for 1981-2010, initialised only with data available before the start date and 
running forward in forecast mode for four months. The 33 ensemble members are 
derived from three separate model configurations of 11 ensembles each.  
 
Initial conditions are provided by two separate data assimilation schemes for POAMA 
(version 2); an atmosphere/land initialisation system and an ensemble ocean data 
assimilation system. Perturbed initial conditions, which are required to sample 
uncertainty in the initial ocean and atmospheric states, are generated using a coupled 
breeding technique. The coupled breeding produces consistent perturbations to both 
the ocean and atmosphere at the initial time of the forecasts. Each set of 11 ensemble 
members within each of the three model configurations are initialised with the 
resulting 11 different atmosphere and ocean initial conditions (Spillman and Hobday, 
in review).  
 
POAMA monthly modelled air and rainfall values were scaled by first removing the 
model monthly climatology to create model anomalies. The model climatology is the 
long-term monthly mean values for 1981-2010 which overlaps the period of time data 
is available from the farms. The climatology is computed relative to start month and 
lead-time for the model, and is removed from observed values to reduce the effects of 
any model bias. Lead-time is defined as the time elapsed between the model start date 
(date the model forecast is issued) and the forecast date, i.e., if the start date is 1 
February 2010, the forecasts for February, March and April are at lead-times of 0, 1 
and 2 months respectively. Generally forecast accuracy is highest for lead-time 0 
months and decays as forecasts predict further into the future (i.e. increasing lead-
time). Ensemble member forecasts are averaged to give the overall ensemble mean 
forecast (Spillman and Hobday, in review).  
 
The approach 
We investigate the forecast skill for air temperatures (which is hypothesised to 
approximate pond temperature) and rainfall for several time scales; the first and 
second fortnights, and several months ahead using the POAMA model. We first 
undertook historical validation to determine the skill of the forecast for each farm, 
region and lead time over a historical period (e.g. 1981-2010). We then forecast the 
regional conditions and are in the process of attempting to downscale to the farm 
based on the historical relationships for air and pond temperatures and rainfall. This 
step is challenging as the period of data coverage is short for several of the farms. 
 
3. Results 
 
In the following pages we specifically discuss each of the elements noted for delivery 
under Milestone 3 (Final report), and these form the substantive results for the project.  
 
1. Final project report delivered. 

This report represents a draft final report for the project. Additional analyses are 
still proceeding due to issues with in situ time series of farm pond temperatures. 
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These include the need for the project team to digitize data, absence of suitable 
data for some farms, and lack of long time series for others (< 10 years of data). 
Thus, we have extracted local weather station data from locations closest to 
representative farms along the Queensland coast for minimum and maximum 
temperature and rainfall and will use this as “local” conditions (rather than pond 
temperatures from farms). We are now finalising the forecasts of these local 
variables. The national and regional scale forecasts are complete and described in 
subsequent section. 
 

2. Final report to farmers 
A presentation on the project results has been scheduled for the Prawn and 
Barramundi conference, which will take place in Cairns August 2, 2012. The 
APFA has distributed a draft schedule supporting this element 
(http://www.apfa.com.au/events/).  

 
3. Extension - Knowledge transfer to farms – Round 2 site visits 
 
Three members of the project team (Hobday, Hartog, Spillman) visited four farms 
between Cairns and Gold Coast over June 4-8 2012. These farms were identified from 
Round 1 site visits as having data that was potentially suitable for supporting farm-
specific forecasting.  
 

Farms (north to south) 
1. Cardwell – Seafarm (Andrew Croale) 
2. Ayr – Pacific Reef (Brad Callcott) 
3. Mackay – Australian Prawn Farm (Matt West) 
4. Gold Coast – Gold Coast Marine Aquaculture (Nick Moore) 

 
We explored these following issues with managers at each farm. 

1. Explain example forecasts (Appendix 1) 
a. Show how farm and general data is used 

i. Farm data – water temperature 
ii.  BOM data – gridded data (AWAP) 
iii.  Local BOM weather station data 
iv. Statistically relate regional data to farm 

b. Describe final delivery options 
i. Frequency of forecasts 

1. cyclone – start of season – then usual BOM 
2. air temperatures and rainfall – monthly or fortnightly 

a. regional updated every week 
ii.  Email delivery of targeted forecasts 

1. APFA quarterly updates can contain extra information 
a. E.g. popular article 

2. Would you use only what is on the printed page? 
3. Would you go to websites if directed for more 

information? 
iii.  Web delivery options 

2. Obtained more detail on timing of management decisions that could be 
influenced by information on future environmental conditions (lead times etc) 
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3. Discussed ongoing support - explored future funding options for keeping the 
forecast delivery and improving the quality and use of the forecasts by 
farmers.  

 
Based on these discussions, we revised the delivery and content of the draft forecasts, 
as described in the next section.  
 
4. Forecasts for the upcoming season 
 
Based on discussions with the farm managers, we have designed and modified the 
elements that are provided. Web-based delivery was seen as particularly important, 
and we have provided this option.  
 
Seasonal forecasts can now be seen at a dedicated prawn farmer website hosted by the 
Bureau of Meteorology: http://poama.bom.gov.au/marine_mw/prawn_project.shtml. A link 
from the APFA webpage will be established to direct prawn farmers to this page, 
which may be password protected, allowing access for registered prawn farmers only. 
Screen grabs illustrate the elements supplied via this web-delivery. The forecasts on 
these pages will be automatically updated every 2 weeks, allowing farmers to review 
business planning though the growing season.  
 
These forecasts are for both typical conditions (air temperature and rainfall) as well as 
for extreme conditions (cyclones). The cyclone forecast was not generated by this 
project team, but draws together existing forecasts. In discussion with prawn farmers, 
it was clear that cyclone risk management practices are well established and the 
weather forecasting time scale is appropriate for them to prepare their emergency 
management responses. Given that the forecast probability of cyclones ranges from 
0.1 to 0.3 per year for different farming regions, farmers prepare for such extreme 
events based on historical experience, and reported they would not vary their 
behaviour for years that were forecast to be high cyclone frequency (~30%) compared 
to years of low projected frequency (~10%).  
 
The overview web page explains the project, funding support, and explains what 
comes on the next pages.  
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The next page shows the forecasts for El Niño Southern Oscillation (ENSO) and 
tropical cyclones in the Australian region for the upcoming season.  

 
The next page illustrates the seasonal regional forecasts (i.e. Queensland) at several 
lead times. Air temperature and rainfall anomaly forecasts and tercile probabilities are 
provided in real-time.  
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Additional webpages provide references to other forecasting projects and useful 
information links for the prawn farming community.  
 
5. Extension of scientific results 
In addition to the above agreed elements, we are also preparing a scientific 
publication on the project results. We expect to finalise this following the industry 
conference in August. Presentations about the project have already been made at the 
following national and international conferences by the project team (costs not borne 
by the project). 
 
Hobday, A.J., Spillman, C., Lyne, V., Hayes, D., Thresher, R. (2012). Seasonal 

forecasting as stepping stone for marine industries adapting to climate change. 
NCCARF Adaptation Futures Conference, Melbourne, June 28-30 2012. 

Hobday, A.J. (2012). Seasonal forecasting as stepping stone for marine industries 
adapting to climate change. Second International Symposium, Effects of 
Climate Change on the World’s Oceans, Yeosu, Korea May 15–19, 2012 

Hobday, A.J., Spillman, C., Lyne, V., Hayes, D., Thresher, R. (2012). Seasonal 
forecasting as stepping stone for marine industries adapting to climate change. 
6th World Fisheries Congress, Edinburgh, Scotland, May 9–14, 2012 

Hobday, A. J., Spillman, C. 2012. Climate adaptation for Australian aquaculture, 
Australasian Aquaculture Conference, Melbourne, Australia, May 1-4 2012. 

 
6. Future 
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The next months will see the final scientific paper prepared and discussion with 
prawn farmers to complete the extension and outreach regarding forecast 
interpretation. We are in the process of describing the system to the farmers and 
assessing willingness to adapt management options based on the forecasts.  
 
To refine and extend the forecasts to a wider set of the prawn farm industry, and 
evaluate the use of the forecasts we will pursue continued support and funding. An 
additional one to two years of work should see the prawn farming industry with 
seasonal forecasting tools that allow them to make the most of future environmental 
opportunities, and minimize potential losses. 
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Appendix 1. Example forecast discussed at the Round 2 site visits. 
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Prawn seasonal forecast – Farm X 
Forecast date: 1 June 2012 

 
This forecast contains information at several scales and some quality assurance.  

A. National seasonal outlook: June-August 2012 
B. National tropical cyclone outlook 
C. Regional seasonal outlooks for Queensland: June 2012  
D. Targeted Farm Forecast: Cardwell/Ayr/Ilbilbie 
E. How good is the forecasting relationship for this farm? 

______________________________________________________________ 
A. National seasonal outlook: June-August 2012 
 
i. ENSO 
Neutral ENSO conditions are expected for early winter. However, most model 
forecasts indicate that the El Niño conditions are likely to occur before the end of 
spring. El Niño is normally associated, though not always, with lower than average 
winter/spring rainfall over much of eastern Australia. 
http://www.bom.gov.au/climate/enso/  
More information on El Nino: http://www.bom.gov.au/watl/about-weather-and-
climate/australian-climate-influences.shtml?bookmark=elnino  

  
 
ii. Maximum and minimum temperatures and rainfall over Australia 
Forecast probabilities indicate a wetter and cooler season for QLD for the upcoming 
season. http://poama.bom.gov.au/raintemp_mw.shtml  
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B. National tropical cyclone outlook for 2011-12 (as next season not yet available) 

i. Bureau of Meteorology 
Above average tropical cyclone activity likely this past summer season. The Eastern 
Region has a 65% chance of observing above average number of tropical cyclones 
this season, where the long-term average is three or four.  
http://www.bom.gov.au/climate/ahead/tc.2011-12.shtml  

 
 
ii. University of Tasmania 
A new forecasting system from the University of Tasmania predicts some six topical 
cyclones this last season (2011/12). New forecasts for 2012/13 will be issued soon. 
Thanks to Neil Holbrook – http//www.imas.utas.edu.au/quick-links/tcg-forecasting-
of-the-2011 

 
 
Synthesis 

Interpretation will be provided. E.g. both methods agree… 
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C. Regional seasonal outlooks for Queensland: issued May 24, 2012  
 

·  Fortnight 1: average of weeks 1 and 2 of the forecast 
·  Fortnight 2: average of weeks 3 and 4 of the forecast 
·  Month 2: second full calendar month 

 
Fortnight 1 Fortnight 2 Month 2 
Minimum Temperature 

 

Minimum Temperature 

 

Minimum Temperature 

 
   
Maximum Temperature 

 

Maximum Temperature 

 

Maximum Temperature 

 
   
Rainfall 

 

Rainfall 

 

Rainfall 
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D. Example Targeted Farm Forecast  
 
NOTE THESE ARE EXAMPLES ONLY AND NOT FARM SPECIFIC  
 
Example 1: Tercile forecasts 

·  Fortnight 1: average of weeks 1 and 2 of the forecast 
·  Fortnight 2: average of weeks 3 and 4 of the forecast 
·  Month 2: second full calendar month 

 
These pie charts show the probability of warm/cold and wet/dry times in the weeks 
and months ahead. The point estimate (Emn) is the average of all the model 
realizations (33 in total), and the average value for the farm for this month based on 
historical data is provided (Clim). 
 

Fortnight 1 Fortnight 2 Month 1 
Minimum Temperature 

FEB 2002 [Lead=0]
Emn:17.17oC  Clim:16.85oC

 

Minimum Temperature 
MAR 2002 [Lead=1]
Emn:16.34oC  Clim:16.06oC

 

Minimum Temperature 
APR 2002 [Lead=2]

Emn:14.79oC  Clim:14.53oC

 
   

Maximum Temperature 
FEB 2002 [Lead=0]

Emn:17.17oC  Clim:16.85oC

 

Maximum Temperature 
MAR 2002 [Lead=1]
Emn:16.34oC  Clim:16.06oC

 

Maximum Temperature 
APR 2002 [Lead=2]

Emn:14.79oC  Clim:14.53oC

 
   

Rainfall 
FEB 2002 [Lead=0]

Emn:17.17oC  Clim:16.85oC

 
 

Rainfall 
MAR 2002 [Lead=1]
Emn:16.34oC  Clim:16.06oC

 
 

Rainfall 
APR 2002 [Lead=2]

Emn:14.79oC  Clim:14.53oC
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E. How good is the forecasting relationship for a farm site? 
 
NOTE THESE ARE EXAMPLES ONLY AND NOT FARM SPECIFIC  
 
The following example plots show the forecast performance in each month for a farm 
site, for several forecast leadtimes. When the forecast is above/below average, and the 
resulting conditions are also above/below average, the forecast was “correct”. Either 
halves or terciles (thirds) can be represented. The percentage of time correct is shown 
in these figures.  

  
Minimum temperatures 

 
 
Maximum temperatures 

  
 
Rainfall 
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Interpreting the time scales for the forecasts 
 

 
 
 
Example 2: Accuracy forecasts 
 

 
 


