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Summary of progress 
Key research findings to date are as follows:

1. For the South Australian case study sites, evaluation is complete of both the POAMA 1.5b and DEMETER rainfall hindcast information; this data will allow investigation of both ‘sowing’ fertiliser rates and opportunistic harvesting of canola.
2. As with previous analyses, both the DEMETER and POAMA 1.5b hindcast rainfall data match observed rainfall data in terms of long-term means, but they significantly underestimate rainfall variability.

3. For both the Victorian and South Australian case study regions, simple time-series correlation analyses for the period 1980–2001 (Table 1) shows that in the May–July period the average Southern Oscillation Index (SOI) is more highly correlated (0.47 for Victoria, 0.42 for South Australia) with observed rainfall totals than the rainfall totals generated by the dynamic models (i.e. a range of –0.41 to 0.29 across both regions).

4. The benefits in terms of gross margins of using dynamic forecasts to inform ‘sowing’ fertiliser rates (based on farmer estimates of current practice) are returns of $2–20 per hectare across all dynamic models examined (Appendix A, Table 4). However, when compared against an optimised benchmark, the gross margin benefits of reduced fertiliser rate are more modest. Current fertiliser application was found to be conservative for the soils used in the simulation (i.e., irrespective of season type, if additional fertiliser were applied it would provide gains in production). For this reason we examined the value of the forecasts against more optimum fertiliser use to ensure that potential over-use of fertiliser was accurately accounted for in the gross margin calculations.
5. When compared with optimum ‘sowing’ fertiliser practice, a much more modest economic benefit is achieved from using either the DEMETER or POAMA 1.5b rainfall information (i.e. $1–9.50) (Table 2). 
6. The findings of this research have been presented to agronomists, farmers, farmer groups, and research scientists from CSIRO, South Australian Research and Development Institute (SARDI), and BoM involved in SEACI. Feedback from these interactions has been compiled and presented below (also see Appendix A). 
7. Over 60% of respondents indicated a belief that the dynamic forecasts have moderate value in assisting on-farm management decision-making (Figure 1: Q2) and a range of future applications possibilities is listed in Table 4.
In this final report we discuss the evaluation, for the remaining case study site in the Murray Mallee region (Loxton),  of rainfall hindcast information from six DEMETER models (examined as part of project 3.1.5) and POAMA 1.5b rainfall hindcast data (generated as part of project 3.1.2). We document the use of the evaluation framework to calculate gross margins arising from using dynamic hindcasts on which to base ‘sowing’ fertiliser application rates and planting opportunistic crops of canola.
In previous analyses (e.g. Birchip) we calculated gross margins arising from the use of dynamic hindcasts on which to base ‘top dress’ fertiliser rates. However, top dressing is not a practice widely undertaken by farmers in the Murray Mallee region, and after consulting with local agronomists and researchers we decided not to pursue the evaluation of this management decision. 
Because an assessment of the hindcast skill of both the DEMETER model suite and POAMA 1.5b rainfall hindcast data has been presented in previous interim reports, it is not included here. However, in order to present a different measure of the dynamic model’s ability to capture rainfall variability, further time-series correlation analyses have been requested and they are presented in Table 1 and Appendix A (Figure 3). In this analysis we have compared the ensemble mean hindcast rainfall for May– June and August–October periods from 1980 to 2001 against observed gridded rainfall data from BoM at comparable resolutions (Appendix B). An assessment of the correlation of observed gridded 3-month rainfall and the hindcast 3-month rainfall is contained in Table 1. 
Table 1.  Correlation between observed 3-month gridded rainfall in MJJ and ASO with model hindcast 3-month rainfall and the mean 3 month SOI for each period 
	Region/Period
	Avg SOI
	BoM Grid
	CERFAC
	ECMWF
	INGV
	LODYC
	METEO
	MPI
	UKMET
	POAMA 1.5b

	Birchip MJJ
	0.47
	1
	–0.05
	0.16
	0.13
	0.26
	0.05
	0.24
	–0.15
	0.29

	Birchip ASO
	0.19
	1
	0.10
	0.08
	0.35
	0.03
	0.00
	0.06
	–0.06
	0.19

	Murray Mallee MJJ
	0.42
	1
	0.18
	0.03
	-0.11
	0.20
	0.02
	0.17
	–0.41
	0.15

	Murray Mallee ASO
	0.09
	1
	0.11
	0.02
	0.13
	0.12
	0.05
	–0.17
	–0.01
	0.23


In order to determine if the correlation was more significant for this index than the hindcast rainfall values, a further analysis was undertaken to compare the mean 3-month Southern Oscillation Index (SOI) values with the gridded 3-month rainfall data. In the Birchip region for the May– June period (MJJ), the POAMA 1.5b model was best correlated (+0.29) with observed rainfall followed in turn by the LODYC, MPI, and ECMWF models (Table 1). In the Murray Mallee region, the LODYC model was most closely correlated (+0.20)with the observed rainfall, followed closely by the CERFAC, MPI, and POAMA 1.5b models . 
In the Birchip region for the August– October period (ASO), the INGV model was best correlated (+0.35) with observed rainfall, followed closely by the POAMA 1.5b and CERFAC models respectively (Table 1). In the Murray Mallee region, the POAMA 1.5b model was most closely correlated (+0.23) with the observed rainfall followed closely by the INGV, LODYC, and CERFAC models. 
A comparison between the correlation values of the dynamic models and the SOI against observed rainfall revealed that in the MJJ period the SOI values (+0.47, Birchip and +0.42, Murray Mallee) were higher than any of the dynamic model correlation values. However, in the ASO period four dynamic model data exhibited correlations exceeding those of the SOI ( +0.19, Birchip and +0.09, Murray Mallee).
This may indicate that the POAMA 1.5, INGV, and CERFAC models may have greater utility in the ASO period than some of the existing statistical forecasting systems (although further analysis would be required to conclude this definitively). 

To examine the value of these rainfall hindcasts from the context of an agricultural stakeholder, we have modified a number of existing on-farm management decisions such that they respond to variations in the tercile rainfall amounts generated by the climate models. In the previous report we examined the gross margin implications in the Birchip region of using the DEMETER model suite and POAMA 1.5b rainfall hindcasts in a way that varies the amount of fertiliser applied at ‘sowing’ and ‘top dress’ (see Milestone report of December 2007) and for ‘sowing’ and opportunistic planting of canola at one site in the Murray Mallee region (see Milestone report of June 2008). In this final report we have extended the Murray Mallee analysis to an additional site. 
As with the previous analysis, the impact of varying fertiliser for ‘sowing’ or planting canola opportunistically in response to the rainfall hindcasts was assessed in terms of gross margins (GMs) (i.e. gross value of production income minus input costs specific to the case-study paddock on each farm). This was compared against the ‘Control’ case where each paddock used an optimum rate (calculated for the period 1980– 2001) of fertiliser at ‘sowing’ (Table 5). Using the dynamic model’s hindcast rainfall to modify amounts of ‘sowing’ fertiliser resulted in either mean gross margin benefits (i.e. $1 to $9.51 per hectare) or losses (i.e. $0.50 per hectare) compared to the Control (Table 2). The use of the CERFAC rainfall hindcasts to modify ‘sowing’ fertiliser resulted in the largest gross margin benefits (i.e. $9.51 per hectare). 
Table 2.  Mean gross margins for the Loxton farming system (1980– 2001) and benefits or losses ($ per hectare difference from the Control) from using the DEMETER suite and POAMA rainfall hindcasts to vary sowing fertiliser applications for wheat and to plant canola opportunistically 
	Management Decisions 
	Control
	CERFAC
	ECMWF
	INGV
	LODYC
	METEO
	POAMA
	UKMET

	Sowing fertiliser decision (wheat)
	$256
	$9.51
	$1.09
	$0.09
	$3.93
	-$0.50
	$3.20
	$0.93

	Planting canola opportunistically


	$289
	–$64.68
	–$105.78
	–$132.85
	–$74.06
	–$64.85
	–$122.53
	–$132.85


The impact of planting canola opportunistically in response to each DEMETER model and POAMA 1.5b rainfall hindcast was again assessed in terms of gross margins (GMs). For this case-study farm, using the model’s hindcast rainfall resulted in significant and consistent gross margin losses for all climate models examined (Table 2). This is as a result of systematic over-estimation of the frequency of top tercile rainfall in MJJ which results in canola being planted in inappropriate years. This over-estimation suggests that planting canola based on this range of rainfall hindcasts is not an appropriate management option in the Murray Mallee. 
The impact of removing El Niño years was re-examined (Table 3). Once again the El Niño years 1982, 1987, 1991, 1993, 1994, and 1997 were removed from the subset. The re-analysis of gross margins revealed an improvement across all models except in the LODYC model where gross margin losses were predicted (Table 3). 
Table 3.  The effect of El Niño years on gross margins of fertiliser at sowing for wheat ($ per hectare difference from the control)

	
	Control
	CERFAC
	ECMWF
	INGV
	LODYC
	METEO
	POAMA
	UKMET

	Including 

El Niño Years
	$256
	$9.51
	$1.09
	$0.09
	$3.93
	–$0.50
	$3.20
	$0.93

	Excluding 

El Niño Years
	$297
	$14.14
	$3.37
	$1.79
	–$3.41
	$5.74
	$5.65
	$3.53


The results and analysis methods from this SEACI project have been discussed widely with agronomists, farmers, farmer groups, and research scientists from CSIRO, South Australian Research and Development Institute (SARDI), and BoM, who are all involved in SEACI. Feedback has been elicited from these interactions via a questionnaire to determine how valuable the forecast information from SEACI was, how useful the evaluation process has been, and what further on-farm management decisions might be evaluated.
Some 50% of respondents indicated that the presentation of materials about the evaluation framework, the performance and skill of the dynamic models, and the management decisions examined contributed significantly to their understanding. The remaining 50% indicated a moderate contribution to their understanding (Figure 1). 
Over 60% of respondents indicated that the dynamic forecasts had moderate value to them in assisting on-farm management decision-making, while 17% indicated the dynamic forecasts had significant value and a further 17% indicated minimal value (Figure 1).
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Figure 1.  Responses to Question 1) “To what extent has this interaction contributed to your understanding of the performance of climate models in delivery of seasonal climate forecast information?”, and Question 2) “What value do you think dynamic forecasts currently have in assisting on-farm management?” 

A series of additional questions were raised in order to identify further areas for evaluation, respondents’ perceptions regarding the most limiting factor of current forecasts, key learnings, and key areas for forecast improvement (Table 4).

Table 4:  Synthesis of responses to questions contained in the questionnaire circulated to agronomists, farmers, farmer groups, and research scientist from CSIRO and BoM involved in SEACI 

	Questions
	Responses

	Q 5
	What is the most immediate appli​cation opportunity for dynamic forecasts?


	Can be used alongside statistical systems for top-dressing decision

	
	
	Use for larger areas and potential for down-scaling

	
	
	Guidance for farmer’s decisions in spring

	
	
	Building the links between the soil/crop/pasture models and applications

	Q 6
	Why do you think dynamic forecasts are not useful?


	Seems to offer marginal gains in skill over statistical system

	
	
	Still problems with skill and lead times

	
	
	They are not skilful at critical decision times of the year

	
	
	The scale-dependent issue needs investigation 

	Q 7
	What was the key learning from the information presented?
	Useful to see timing of skill

	
	
	Good to hear what was done for SEACI (& problems with models over predicting rainfall in dry years) 

	
	
	Future uses of dynamic forecasts for short-term applications

	
	
	The importance of communicating to the farmers when the forecast is good and when to ignore the information (rather than focussing on specific farmer’s decisions)

	
	
	POAMA seems to be a little better than other dynamic forecasts and may offer improvements on existing statistical tools

	
	
	The opportunity to use POAMA, particularly breaking it up into various initialisation times

	
	
	POAMA intra-seasonal forecasting was interesting

	
	
	More evaluation of this sort should be done for a wider range of possible decisions

	Q 8
	What are the key areas of improve​ment that dynamic forecasts need to make?


	If there are ways to improve skill – then this is probably the most important area to focus on

	
	
	Usual suspects are skill and lead time. For example, would be good to predict spring rainfall back in autumn – pre-sowing

	
	
	In terms of dissemination of current forecasts: more clearly show skill. In terms of quality of forecast: reduce model bias, higher model resolution, improve initialisation

	
	
	Greater confidence in skill for a particular place at a time of year

	
	
	Focusing forecasts on more sensible geographic areas – i.e., for common rainfall / 
Ag commodity zones


Summary of links to other projects 

· Project 3.1.2: direct rainfall forecasts from POAMA-1.5b have been examined for the May to June period and August to October period using the evaluation framework. 

· Project 3.1.5: rainfall forecasts from the suite of DEMETER models have been evaluated using the evaluation framework.

· Ongoing engagement has occurred with a range of project leaders (Steven Charles, Bertrand Timbal, Harry Hendon/Oscar Alves, Ian Smith) to determine the nature and extent of the climate information available and to provide some insights into what is required by decision-makers. 

· Feedback from the workshops and questionnaire has been provided to key project leaders.

Progress towards Milestone performance criteria in your original table
The milestones we have worked towards in this final report are the “development of a comparative framework to assess and compare climate outputs from other SEACI projects” and “outputs using the above framework evaluated against farmer needs”. We have completed our analysis of seasonal climate forecast information generated by SEACI for both the Birchip and Murray Mallee regions by evaluating the use of the hindcasts in informing fertiliser management and opportunistic canola cropping. We have disseminated this information in a range of forums and workshops and have elicited feedback via questionnaire. 
Significant research highlights, breakthroughs, and snapshots
The key results presented in this report demonstrate the development of a standardised framework for assessing the value of climate information generated by SEACI to aid current farming practices. These results have provided some important insights regarding the impact of global circulation model rainfall hindcasts on gross margins for both the Birchip and Murray Mallee regions.
Research to date has shown that because of the limited skill of the DEMETER suite of model rainfall hindcasts and POAMA 1.5b hindcasts, there is only modest value to be gained from using this information to inform sowing fertiliser, top-dressing, and opportunistic canola cropping decisions. The end result shows that using the POAMA rainfall hindcasts provides the highest gross margin benefits in the Birchip region; more importantly, however, it shows that to effectively evaluate the forecast value one must use a modelling framework optimised for the region of concern (i.e. significant differences in gross margin benefits arose for un-optimised and optimised simulations). The value of all hindcast information examined was shown to vary across the models assessed, between farms, and depending on the management decision under study (Table 5). This was the result of a combination of factors: they included performance of the hindcasts in each region, the soils on which the farmers were operating, and the manner in which each farmer responded to the hindcast information (Table 5).
Table 5.  Synthesis of soils, starting fertiliser rates, and change in nitrogen rates indicated by each farmer in response to a ‘wet’ or ‘dry’ forecast

	Farm
	Soils
	Standard units of N applied 
	Percentage nitrogen variation in a ‘wet’ year (Tercile 3)
	Percentage nitrogen variation in a ‘dry’ year (Tercile 1)

	Waikerie
	Sandy-loam-clay
	40
	23%
	-30%

	Loxton
	Sand-clay
	60
	17%
	-20%

	Barclay
	Sandy-clay-loam
	SF: 130

TD:30
	SF:40%
TD:45%
	SF: -67%
TD: -40%

	Hunt
	Sandy-clay
	SF: 100

TD:35
	SF:40%

TD:30%
	SF: -66%

TD: -30%

	Funcke
	Sandy-loam
	SF: 120

TD:30
	SF:45%

TD:40%
	SF: -40%

TD: -67%

	McClelland
	Clay-loam
	SF: 100

TD:30
	SF:30%

TD:35%
	SF: -30%

TD: -60%


SF: Sowing Fertiliser; TD: Top- dress

Through the feedback process we received a number of insightful responses that provided a clear perspective on the limitations of the current models and where further investigation was seen as important. Further analyses are contained in Appendix A. 
A conference paper presented at the 14th Australian Society of Agronomy Conference can be found in Appendix B.
Project Milestone Reporting Table

	Milestone description1


	Performance indicators2


	Completion date3

	Budget4 for Milestone


	Progress5

	Recommended changes to workplan6


	Benchmark scientists
	Benchmark understanding of the SEACI climate scientists and farmers
	31/08/2006
	20
	Eight SEACI scientists have been interviewed to determine benchmark.

Farmer surveys have been conducted with five case study farms in the Birchip cropping region 
	None

	Specification of useful climate outputs
	Specification of the outputs needed from the SEACI projects delivering climate outputs including through possible farmer inter​actions
	31/03/2007
	40
	Engagement activities have been undertaken with both the wider membership of the Birchip Cropping Group (BCG) and leading growers. 

A workshop to discuss seasonal climate forecasts and climate change information was held in Birchip. Intensive interviews with leading farmers were also conducted.

To date, we have liaised with a range of project leaders to determine the nature and extent of the climate information available and to provide some insights to what is required by the decision-makers. 
	None

	Develop comparative framework

	A framework developed for assessing and comparing climate outputs from other SEACI projects when these climate outputs are translated to biological or other information that is valued by farmers
	12/12/2007
	50
	A standardised framework has been developed and tested to examine the value of GCM hindcasts using a range of existing seasonal climate information to modify a range of on-farm decisions. 

Tercile rainfall indices have been developed from six DEMETER models (examined as part of project 3.1.5). The indices have been evaluated against sowing and top-dress fertiliser decisions in the Southern SEACI region. When the climate information is processed through this evaluation framework it provides a more user-relevant and integrative measure of the skill of the different models. Critically, we find that this skill is much less than what would be indicated by looking at rainfall outputs alone. 
	None

	Evaluation of utility of output
	Outputs using the above framework evaluated against farmer needs
	31/12/2008
	90
	Further testing of the evaluation framework has been undertaken for the Murray Mallee region.

Tercile rainfall indices have been generated for the POAMA 1.5b rainfall hindcasts and tested in both the Birchip and Murray Mallee regions. The indices have been evaluated against sowing and top-dress fertiliser decisions in Birchip and sowing fertiliser and opportunistic cropping in the Murray Mallee region.

The evaluation of the POAMA rainfall data shows modest gains in gross margins compared with the other models examined. A presentation of the results has been undertaken with farmers in the Birchip region, the Murray Mallee, as part of the 14th Australian Society of Agronomy Conference and as part of a technical panel meeting in Adelaide. Feedback of this project was undertaken via questionnaire and the results are included in this report.
	None 


APPENDIX A
Loxton Farming System (Murray Mallee), South Australia
Abstract: Opportunities to use climate information to improve crop management have been identified through interviews and workshops held in the Birchip (northern Victoria) and Murray Mallee (South Australia) regions. Farmers were asked to list crop management decisions throughout the year, and explain in detail how these decisions were made (with and without climate information). Through this process we have been able to establish a set of robust management rules that can be implemented in the Agricultural Production Systems sIMulator (APSIM) and used to examine the value of climate information generated as part of this initiative.
Appendix B 
Global Issues Paddock Action. Proceedings of the 14th Australian Agronomy Conference. September 2008, Adelaide South Australia. © Australian Society of Agronomy www.agronomy.org.au. Edited by MJ Unkovich. 

Examining the value of dynamic seasonal forecasts in managing farm-level production and environmental outcomes in a variable climate 

Steven Crimp1, Uday Nidumolu1,2, Donald Gaydon1, Mark Howden1 and Peter Hayman2 
1CSIRO Sustainable Ecosystems, GPO Box 284, Canberra ACT 2601, Australia. Email: steven.crimp@csiro.au| 2SARDI Climate Applications Unit, Waite Research Precinct, GPO Box 397 Adelaide SA 5001, Australia 

Abstract 
Australia’s agricultural industries are heavily impacted by both climate variability and change. The variable nature of Australian rainfall has had a strong role to play in the location and success of many agricultural enterprises. Developing flexible, proactive strategies for managing year-to-year climate variations within farming communities, and institutions that interface with them using advanced climate information, is arguably the most concrete step that agricultural industries can take to build resilience to long-term changes in the global climate system. In recent years dynamically-based atmospheric general circulation models (AGCMs) have become a mainstream tool in seasonal climate forecasting. This is as a result of the ongoing improvement in model performance and limitations of some existing statistical forecast systems to capture changing teleconnections in response to anthropogenic climate change. In this study a number of dynamically-based seasonal prediction models have been examined to understand the production implications of using this seasonal climate information to modify on-farm management. This has been achieved by using APSIM to examine the yield implications of varying starting or top-dress nitrogen management decisions in response to seasonal climate indices. This approach has been implemented for a number of farms in northern Victoria (Birchip) and the Murray Mallee in South Australia (Waikerie). The research to date has shown that the value of varying nitrogen management in response to these seasonal climate indices is dependent on location, soils and type of enterprise. The skill of the Development of a European Multi-model Ensemble system for seasonal to interTERannual prediction (DEMETER) model predictions for these two areas is limited particularly in the ability of the models to capture the impacts of El Niño Southern Oscillation (ENSO) events on Australian rainfall. It is also evident that GCMs seem to represent mean rainfall more effectively (average 20% different from observed) than the deviations in rainfall (average 50% different from observed). This has a significant constraining impact on the value of the hindcast when used to vary fertiliser decisions given the region is characterised by high rainfall variability and marked seasonality. 
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