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Project summary

The completed project and milestones are desciibtek following pages. In this
final report, we describe the approach, methodse#égrents associated with the
Final Project Milestone (#3 in the table below).dmunds of site visits were
completed and guided the development of the sebBweaast format and delivery
mechanism. Seasonal forecasts for the Queenslamshgarming region are now
available atttp://poama.bom.gov.au/marine_mw/prawn_project.shtml. This may be
password protected and access allowed for regispgeavn farmers. Farm-specific
forecasts are still being evaluated, as patchyshod time series from farms has not
allowed confidence in the forecasts that are geeeérdhe project team is exploring
the alternative — forecasting farm-region condgias represented by local weather
stations and will present this at the annual ingustnference, 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” iated and draft forecasts issueg
for comment

3. Objective 2. Forecasts of “extreme conditions”iatéd and draft forecasts issugd
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 PrawnBardamundi Conference,
Cairns Date T week August 2012.

3. Extension - Knowledge transfer to farms — Rounde\ssits

4. Forecasts for the upcoming season delivered

Acknowledgements

The project team was supported by the Queenslandr@Gment Rural Resilience
Industry Grants Program. We also thank the Austnairawn Farmers Association
for coordination as well as the operations managetise farms involved in the
project.



1. Introduction

Aquaculture is the fastest growing of the animal@in production systems over the
last few decades (~9% per year), with marine aeshfivater species contributing to
this growth. However, as both sea-cage and poneebasuaculture industries are
exposed to environmental conditions during at lpast of the growing cycle,
variability in these conditions can impact on praitan. The most dramatic examples
of these impacts are provided by extreme events asifloods, storms and cyclones,
but even unseasonal temperatures can result ipdogtiction and income.
Information about future environmental conditiomsaorange of time scales can
improve risk management, buffer production agauméavourable environmental
conditions, and allow maximised production duripgortune times.

Weather forecasting over time scales of up to &kweerently allows for
short-term decision making and is heavily utilizzdmany aquaculture industries.
However, a range of other strategic managemensidesi, related to environmental
variability, require lead times of weeks to mon{Bpillman et al 2011a). Seasonal
forecasting addresses this need for informationliomate variables, such as water
and air temperature and rainfall and offers newoojmities for improved
management. Seasonal forecasting has deliveredtapel projections for a number
of marine industries in Australia include wild sbetn blue fin tuna fisheries on the
east coast of Australia (Hobday et al. 2011), Tasamasalmon aquaculture (Spillman
and Hobday in review) and coral reef managementlif@m et al 2011b). These
applications span offshore waters to coastal stngatand each requires tailoring to
the variables and system of interest.

In Australia, pond-based prawn aquaculture istemt@redominately in a
narrow coastal strip of north-east Australia. Faamestypically located near a tidal
inlet or creek for access to a water supply tohflasd fill ponds and allow salinity
control. Commercial prawn farms consist of betw#érand 100 shallow ponds (~1.5
m deep) of ~1 ha in size. The industry product®aften over 4,000 tonnes, valued at
$70 million. The industry is vulnerable to extrenresemperature and rainfall and to
tropical cyclones. Heavy rainfall can reduce théewguality of water supplies to the
farm, particularly the first pulse of heavy falts the season which flush the
catchment rendering the farm water supply unus@igebicides, clay particles,
harmful algal species). Heavy rainfall can alsolwast roads and prevent supplies
from reaching remote farms, and lower salinity etptimal levels. Temperature
influences the growth of prawns and thus the tinwhigarvest, which is critical to
delivering supply for peak market opportunitiesettigg it right is important for cash
flow. Tropical cyclones can result in loss of r@atess to farms, direct destruction of
farm infrastructure such as sheds, generators enadioas, and loss of power.

Tiger prawns Penaeus monoddmre the main farmed species in Queensland,
with banana prawng$-€nneropenaeus merguiensesssecondary species overall,
although the primary species for some farms. Mamy$é have hatcheries for larval
production or buy in brood stock from local prodis;evhile others collect wild
broodstock from nearby ocean regions. Both spéwEgs a narrow range of optimal
conditions and grow from larvae to harvestable Bizround 18-28 weeks,
depending on conditions. Optimal temperature isval®¥C with salinity of around
25 psu, although a wide range of salinities catolerated. The growing season is
constrained by minimum temperatures at the statinaarket demand (e.g. Christmas
and Easter) at the end of the season. The lendtie@rowing season varies with



latitude, with the shortest seasonal window in kerrt regions and year round
production possible in the north.

In north-east Australia, recent cyclone activitg lvapacted on a number of
aguaculture businesses, including prawn farmsfacused attention on reducing the
impact of climate extremes as well as better mamage in the face of more typical
climate variability. In this project we illustratke performance of a seasonal
forecasting system designed to deliver targeteectsts on critical variables for
prawn farms along their full latitudinal gradietese 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 ¢hcatical variables; pond
temperature (influence prawn growth and pond hgaihtemperature (influences
pond temperature and evaporation) and rainfallu@mfces salinity). Both minimum
and maximum temperatures are of interest. Genguaty temperatures are measured
daily for one or more ponds. Our forecast systeesdwt project pond temperatures
but there may be relationship between pond antdiperature which can be used to
derive pond temperature projections. Farms ard¢dddaetween Mossman in the
north and the Gold Coast in the soUtig(re 1). Historical data for four farms was
available for different periods of time, and is dige the project. Data preparation was
required from the project team to generate the tealvalues need for the
forecasting model.
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Figure 1. Queensland prawn farms considered in this prejean the coastal extent
of the state.

Seasonal forecast model description
POAMA is a global ocean-atmosphere ensemble sebfswaeast system run
operationally at the Australian Bureau of Meteogylgince 2002. It comprises a



coupled ocean-atmosphere model and data assimiksggiems for the initialisation
of the ocean, land and atmosphere (Spillman & AR@R9).

A 33 member ensemble of retrospective forecastglffaists) was generated by
starting the model (POAMA version 2) 33 times oa 1|, 11" and 2% of each
month for 1981-2010, initialised only with data #able before the start date and
running forward in forecast mode for four monthBe 33 ensemble members are
derived from three separate model configurationkloénsembles each.

Initial conditions are provided by two separateadagsimilation schemes for POAMA
(version 2); an atmosphere/land initialisation sgstand an ensemble ocean data
assimilation system. Perturbed initial conditionkjch are required to sample
uncertainty in the initial ocean and atmospheidtest, are generated using a coupled
breeding technique. The coupled breeding produzesistent perturbations to both
the ocean and atmosphere at the initial time ofdhecasts. Each set of 11 ensemble
members within each of the three model configuretiare initialised with the
resulting 11 different atmosphere and ocean inttaditions (Spillman and Hobday,
in review).

POAMA monthly modelled air and rainfall values weaaled by first removing the
model monthly climatology to create model anomalidse model climatology is the
long-term monthly mean values for 1981-2010 whieértaps the period of time data
is available from the farms. The climatology is guted relative to start month and
lead-time for the model, and is removed from obseémalues to reduce the effects of
any model bias. Lead-time is defined as the timps®d between the model start date
(date the model forecast is issued) and the forelzds, i.e., if the start date is 1
February 2010, the forecasts for February, March/Agril are at lead-times of O, 1
and 2 months respectively. Generally forecast aoyuis highest for lead-time O
months and decays as forecasts predict furthethetéuture (i.e. increasing lead-
time). Ensemble member forecasts are averagedédiy overall ensemble mean
forecast (Spillman and Hobday, in review).

The approach

We investigate the forecast skill for air temperesuwhich is hypothesised to
approximate pond temperature) and rainfall for ssvi@ne scales; the first and
second fortnights, and several months ahead usen§ ©®AMA model. We first
undertook historical validation to determine thél €K the forecast for each farm,
region and lead time over a historical period (8381-2010). We then forecast the
regional conditions and are in the process of giterg to downscale to the farm
based on the historical relationships for air aoddotemperatures and rainfall. This
step is challenging as the period of data coveisgkort for several of the farms.

3. Results

In the following pages we specifically discuss eatthe elements noted for delivery
under Milestone 3 (Final report), and these forenghbstantive results for the project.

1. Final project report delivered.
This report represents a draft final report for pneject. Additional analyses are
still proceeding due to issues withsitutime series of farm pond temperatures.



These include the need for the project team tdidegdata, absence of suitable
data for some farms, and lack of long time see®thers (< 10 years of data).
Thus, we have extracted local weather station fdata locations closest to
representative farms along the Queensland coastifomum and maximum
temperature and rainfall and will use this as “lbcanditions (rather than pond
temperatures from farms). We are now finalisingftirecasts of these local
variables. The national and regional scale forecast complete and described in
subsequent section.

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

3. Extension - Knowledge transfer to farms — Round 2ite visits

Three members of the project team (Hobday, Ha8pglman) visited four farms
between Cairns and Gold Coast over June 4-8 2(ig5€elfarms were identified from
Round 1 site visits as having data that was patysuitable 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 (Nickdv)

We explored these following issues with manageesaah farm.
1. Explain example forecastdpendix 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 fortriigh
a. regional updated every week
ii. Email delivery of targeted forecasts
1. APFA quarterly updates can contain extra informmatio
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?
lii. Web delivery options
2. Obtained more detail on timing of management decssthat could be
influenced by information on future environmentahditions (lead times etc)



3. Discussed ongoing support - explored future fundipgions for keeping the
forecast delivery and improving the quality and akthe forecasts by
farmers.

Based on these discussions, we revised the delaretycontent of the draft forecasts,
as described in the next section.

4. Forecasts for the upcoming season

Based on discussions with the farm managers, we t@signed and modified the
elements that are provided. Web-based deliverysean as particularly important,
and we have provided this option.

Seasonal forecasts can now be seen at a dedicated farmer website hosted by the
Bureau of Meteorologyittp:/poama.bom.gov.au/marine_mw/prawn_project.shtml. A link
from the APFA webpage will be established to diggretwn farmers to this page,
which may be password protected, allowing accesgefpistered prawn farmers only.
Screen grabs illustrate the elements suppliednsateb-delivery. The forecasts on
these pages will be automatically updated everg@ks, allowing farmers to review
business planning though the growing season.

These forecasts are for both typical conditionsté@nperature and rainfall) as well as
for extreme conditions (cyclones). The cyclone ¢ast was not generated by this
project team, but draws together existing forecdstdiscussion with prawn farmers,
it was clear that cyclone risk management practcesvell established and the
weather forecasting time scale is appropriatefent to prepare their emergency
management responses. Given that the forecastlpliopaf cyclones ranges from

0.1 to 0.3 per year for different farming regiofesmers prepare for such extreme
events based on historical experience, and reptresdwould not vary their
behaviour for years that were forecast to be higthone frequency (~30%) compared
to years of low projected frequency (~10%).

The overview web page explains the project, fundungport, and explains what
comes on the next pages.

%OAMA ~ ] predictive ocean atmosphere model for australia

About POAMA-Z  Operational Products Experimental Producte  POAMA-2 Skill — Ocean Monitoring  Publications  Data Server  News / FAQ

Experimental POAMA-2 Multi-Week Forecasts for QLD Prawn Farms

Project Summary Mational Forecasts Regional Forecasts Useful Links References

Seasonal forecasting to improve resilience of prawn farms to future climate events

This project was funded by the Australian Prawn Farmers Association over 2011-2012
(DEEDI Rural Resilience Industry Grant), with collaboration between the Australian Prawn
Farmers Association, BOM, CSIROD,

The objectives were ta improve the awareness of Queensland prawn farmers regarding the
use of seasonal farecasts ta enhance business planning, and to provide farecasts far both
“typical conditions” and “extreme events”. Farm-specific forecasts for selected regions with
quality long-term data records of pond temperatures are delivered individually.

Seasonal forecasts from coupled dynamical models such as POAMA can be used to predict
regional air temperatures and rainfall on a fortnightly timescale up to 2-3 months into the
future. Advance warning of particularly hat, cold or wet conditions allows for proactive |
ranagement responses. These products are the first of their kind for prawn aquaculture in
Australia. Similar products have been successfully developed for both Tasmania salmon
aquaculture and wild southern bluefin tuna fisheries on the east coast of Australia, as well
as caral bleaching prediction products for the Great Barrier Reef (see Links).

These webpages contain information for prawn famers at several scales.

1. Wational forecasts - seasonal outiooks for air temperature, rainfall, ENSO and |
tropical cyclones for Australia

2. Regional forecasts - seasonal rainfall and air temperaturs outlooks for
Queensland

3. Farm spexific information is delivered offine, using farm specific data

For more information on prawn aguaculture in Australia refer to the Australian Prawn
Farmers Association



The next page shows the forecasts for El Nifio Soatlscillation (ENSO) and
tropical cyclones in the Australian region for tiigcoming season.
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The next page illustrates the seasonal regionaté&sts (i.e. Queensland) at several
lead times. Air temperature and rainfall anomakgéasts and tercile probabilities are
provided in real-time.



Experimental POAMA-2 Multi-Week Forecasts for QLD Prawn Farms

Froject Summan; Natinnal Faracasts Regianal Farecasts Useful Links Refarancas

Seasonal forecasts for QLD

Farecasts are available for QLD rainfall and air termperature for 1-2 fortnights, 1-2 months and 1 season ahead
below. Anornalies ;e deviation for the long term mean or 'average conditions' can be viewed,

Tercile probabilities are alzo awvailable, Historical data is split into three bins where the top contains the
hottest/wettest 33% of years, the middle the average 33% of years and the bottom the coldestfdriest 33% of
years, The forecasts odds are then calculated and given as the probability of the forecast for a location falling in
the top, middle or bottom terdle,
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Additional webpages provide references to othexdasting projects and useful
information links for the prawn farming community.

5. Extension of scientific results

In addition to the above agreed elements, we ace@kparing a scientific
publication on the project results. We expect nalise this following the industry
conference in August. Presentations about the girbpeve already been made at the

following national and international conferencestlg project team (costs not borne
by the project).

Hobday, A.J., Spillman, C., Lyne, V., Hayes, D.rdsher, R. (2012). Seasonal
forecasting as stepping stone for marine induséigpting to climate change.
NCCARF Adaptation Futures Conference, Melbournag28-30 2012.

Hobday, A.J. (2012). Seasonal forecasting as stgpgione for marine industries
adapting to climate change. Second International@gium, Effects of
Climate Change on the World’'s Oceans, Yeosu, Kbtap 15-19, 2012

Hobday, A.J., Spillman, C., Lyne, V., Hayes, D.rdsher, R. (2012). Seasonal
forecasting as stepping stone for marine induséigpting to climate change.
6™ World Fisheries Congress, Edinburgh, Scotland, Btal4, 2012

Hobday, A. J., Spillman, C. 2012. Climate adaptafar Australian aquaculture,
Australasian Aquaculture Conference, Melbourne tralis, May 1-4 2012.

6. Future



The next months will see the final scientific papegpared and discussion with
prawn farmers to complete the extension and outreagarding forecast
interpretation. We are in the process of descriliegsystem to the farmers and
assessing willingness to adapt management optasedon the forecasts.

To refine and extend the forecasts to a wider s#teoprawn farm industry, and
evaluate the use of the forecasts we will pursumircoed support and funding. An
additional one to two years of work should seepifaavn farming industry with
seasonal forecasting tools that allow them to ntakemost of future environmental
opportunities, and minimize potential losses.
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Appendix 1. Example forecast discussed at the Round 2 sitesvisi
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Prawn seasonal forecast — Farm X
Forecast date: 1 June 2012

This forecast contains information at several scaled some quality assurance.
A. National seasonal outlook: June-August 2012
B. National tropical cyclone outlook
C. Regional seasonal outlooks for Queensland: Jurz®12
D. Targeted Farm Forecast: Cardwell/Ayr/llbilbie
E. How good is the forecasting relationship for tts farm?

A. National seasonal outlook: June-August 2012

i. ENSO

Neutral ENSO conditions are expected for early @rintowever, most model
forecasts indicate that the EI Nifio conditionslikely to occur before the end of
spring. El Nifio is normally associated, though alatays, with lower than average
winter/spring rainfall over much of eastern Ausaal
http://www.bom.gov.au/climate/enso/

More information on El Ninohttp://www.bom.gov.au/watl/about-weather-and-
climate/australian-climate-influences.shtml?bookmainino
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ii. Maximum and minimum temperatures and rainfallver Australia

Forecast probabilities indicate a wetter and cos¢aison for QLD for the upcoming
seasonhttp://poama.bom.gov.au/raintemp_mw.shtml
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Probability of the most likely tercile category for Maximum Temperature Probability of the most likely tercile category for Minimum Temperature  Probability of the most likely tercile category for Precipitation / Rainfall

Forecast Start Date: 24/05/2012 Period: First Season - 01/06/2012 to 31/08/2012 Period: Fir Forecast Start Date: 24/05/2012 Period: First Season - 01/06/2012 to 31/08/2012
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B. National tropical cyclone outlook for 2011-12 (a next season not yet available)

i. Bureau of Meteorology
Above average tropical cyclone activity likely thpiast summer season. The Eastern

Region has a 65% chance of observing above averagber of tropical cyclones
this season, where the long-term average is thrémio
http://www.bom.gov.au/climate/ahead/tc.2011-12.4htm
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Figure 1 The regions defined for this tropical cyclone oullook with the average number of cyclones per
season for each region and the forecast chance of that region having above average TC activity in the
2011-12 season

ii. University of Tasmania

A new forecasting system from the University of fasia predicts some six topical
cyclones this last season (2011/12). New foredast®012/13 will be issued soon.
Thanks to Neil Holbrook — http//www.imas.utas.eduoaick-links/tcg-forecasting-

of-the-2011

Table 1. Nurnber of TOGS forecasted for the Australian region and its subregions West and Eastfor the TG seasan 201112012, Shown are the
number oftropical cyclones farecasted with the highest probability the median and the T5%, 60%, 5% and 99% quantiles of starms expected

Max(p) Median 75% an% 95% 99%
Australian 13 13 16 19 20 23
West B B 8 9 " 13
East ] B 7 9 10 13
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Figure 2. Lett sie: Probabiliy distributians of the annual total nurmber of TCG ooeurrences forecasted for the season 2011/12 for the Australian
TC regian and its subregions West and East. Model standard deviations are indicated by the shading. Right side: Spatial (2.5%2.5° resolutian)
probabilty of TOG forecasted for the season 2011612 for the Australian TG regian

Synthesis
Interpretation will be provided. E.g. both methedgee...
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C. Regional seasonal outlooks for Queensland: issuiay 24, 2012

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

Fortnight 1

Fortnight 2

Month 2

Minimum Temperature
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Probability of the most likely tercile category for Minimum Temperature
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Probability of the most likely tercile category for Precipitation / Rainfall

Forecast Sart Da: 2410512012 Poriod: Week 1 and 2 - 241052012 0 08/062012
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Poriod:

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 faeca
Fortnight 2: average of weeks 3 and 4 of the faeca
Month 2: second full calendar month

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

Fortnight 1

Fortnight 2

Month 1

Minimum Temperature

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

Minimum Temperature

MAR 2002 [Lead=1]
Emn:16.34C Clim:16.06°C

Minimum Temperature

APR 2002 [Lead=2]
Emn:14.79C Clim:14.53C

Maximum Temperature

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

Maximum Temperature

MAR 2002 [Lead=1]
Emn:16.34C Clim:16.06°C

Maximum Temperature

APR 2002 [Lead=2]
Emn:14.79C Clim:14.53C

Rainfall

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

Rainfall

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

Rainfall

APR 2002 [Lead=2]
Emn:14.79C Clim:14.53C
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E. How good is the forecasting relationship for adrm site?

NOTE THESE ARE EXAMPLES ONLY AND NOT FARM SPECIFIC

The following example plots show the forecast peniance in each month for a farm
site, for several forecast leadtimes. When thectmstis above/below average, and the
resulting conditions are also above/below avertdgeforecast was “correct”. Either

halves or terciles (thirds) can be represented.pEneentage 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
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