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[bookmark: _GoBack]Background 

The health and safety of those working in the fishing industry (including wild catch, aquaculture and post-harvest sectors) is an important social sustainability indicator for the industry. Each State has an Occupational Health and Safety Act that can impose high penalties for failing to provide a safe place of work. In 2005/06, marine fishing had an incidence rate (workers compensation claims per 1000 employees) of 22.8, while aquaculture had an incidence rate of 37.6.  These represented a decrease in the incidence rate of 16% and 44% respectively since 2000/01.  However preliminary data for 2006/07 indicated that there had been a sharp increase in the marine fishing rate to 45.6, and that the aquaculture rate had declined slightly to 35.5.   

There is no clear data available for the post-harvest sector (handling and processing). However, the incidence rate for the more widely defined food, beverage and tobacco manufacturing was 32.9 in 2007/08. 

There are three projects in this cluster, each focusing on a very specific issue in the fishing industry.  The first relates to the incidence of skin infections in western rock lobster fishermen, the second relates to diving practices in the pearl industry, and the third relates to occupational health and safety for the post-harvest seafood industry. 


The Cluster 
    
Projects 
Table 1 presents the details for each of the three projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporation Chairs. 

Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1998/338
	The prevention of occupationally-related infections in western rock lobster fishermen
	Organisation: Western Australian Fishing Industry Council
Period: Aug 1998 to Jan 2004
Principal Investigator: Thomas Riley

	2002/232
	A case study into the development of OH&S processes in the Pinctada maxima pearling industry to benchmark worlds best industry diving practice
	Organisation: Pearl Producers Association 
Period: Jul 2002 to Feb 2007
Principal Investigator: Mick Buckley

	2003/415
	Development of an OH&S induction training video for the post harvest sector of the seafood industry
	Organisation: Sydney Fish Market Pty Ltd
Period: Jan 2005 to May 2008
Principal Investigator: Bryan Skepper



Project Objectives
Table 2 presents the rationale and objectives for each of the three projects included in the cluster.

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1998/338 Western Rock Lobster Fishermen
	Rationale:
The incidence and severity of skin infections associated with Western Rock Lobtser workers does not appear to have changed vastly since 1949, despite penicillin therapy and a heightened awareness of the infection by those in the industry. The inappropriate and unnecessary use of antibiotics was of great concern as antibiotic resistant bacteria emerged world-wide.  The emphasis turned to preventing infection rather than treating it with antibiotics when it did occur.  Further study of these infections, utilising more appropriate techniques, was warranted to determine the exact role that E. rhusiopathiae has in this infection. Also, the role of other organisms causing apparent infection in fishermen of all types needed to be evaluated. This was to allow preventive strategies to be developed which in turn, would result in less infection and reduced exposure to antibiotics.

Objectives:
1. To determine the role that E. rhusiopathiae plays in "crayfish poisoning".
2. To determine the distribution of E. rhusiopathiae in the work environment.
3. To develop interventions and strategies to reduce the incidence of "crayfish poisoning".

	2002/232
Pearl diving
	Rationale:
At various periods, the lack of detailed information on the development and application of the pearl industry dive protocols had resulted in criticism of the industry's occupation health and safety performance from Coroners, Unions, Government, Statutory Organisations and other parties.

The review of OH&S processes and finalisation and integration of all drift dive research was to present a cogent, defensive argument of the Industry's safe diving practices.  This would place Industry in a better position to negate the need for future legislative or Industrial Relations initiatives by responsible departments and bodies because they would be better informed regarding pearling industry occupational health & safety standards.

Objectives:
1. Write a brief history of the pearling industry focusing on the reasons and 'drivers' for the development of the OH&S processes and programs within the industry.
2. Compile, from all previous reports to FRDC & Fisheries, the Final Research Report on the drift diving profile research and summarise in the review report  the results and principles applied to establish their safety.  This Final Report is for the FRDC project 'Improved harvesting efficiency of pearl oysters through modification of dive profiles’ (94/098).  
3. Document the development process and implementation of the Pearl Producers Association (PPA) Diving Code of Practice that was developed in conjunction with Fisheries WA and Worksafe WA.
4. Update the PPA drift dive database and draft a statistical report from the dive data base, which will have logged the total man-hours of drift diving over the past 10 years and correlate the reduction in decompression illness (DCI) incidents to the adoption of the research results.
5. Collect and summarise the international presentation papers of pearling industry systems by Dr. R. Wong.  Briefly describe the fishing industries worldwide that have adopted the principles that underpin the pearl diving system as conveyed by Dr. Wong at international hyperbaric medical conferences.
6. Document the work done by the PPA in support of hyperbaric medicine including the provision, training and support of the recompression chamber facilities in Broome.
7. In support of the above objectives, to collect all source documents regarding OH&S in the pearl diving industry since the inception of the PPA (1989).  (Dive mortalities, Incidents, Coroners reports, Code of Practice development, Chamber Purchase, International Conference papers etc.)

	2003/415
Post-harvest sector DVD
	Rationale:
One of the key recommendations from the WorkCover NSW funded research project on Manual Handling Methods in the Seafood Industry that was undertaken in 2002 was the need for “a strategic, co-ordinated and national approach” for “OHS education and training for all people working in the industry”. The project 2003/415 addressed this recommendation. 

Objectives:
1. To develop and produce an OH&S training video for the post harvest sector of industry, that meets the requirements of the Occupational Health and Safety Act and is compatible with the competency requirements of the Seafood Industry Training Package.



Project Investment   
The following tables show the annual investment by project for both the FRDC (Table 3) and for researchers and other investors (Table 4). Table 5 provides the total investment by year from both sources.
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Table 3: Investment by FRDC by Project for Years Ending June 1999 to June 2008 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1998/338
	27,272
	53,222
	25,950
	26,229
	0
	26,228
	0
	0
	0
	0
	158,901

	2002/232
	0
	0
	0
	0
	27,000
	13,000
	12,000
	12,000
	7,656
	0
	71,656

	2003/415
	0
	0
	0
	0
	0
	0
	8,400
	25,200
	0
	8,400
	42,000

	Total
	27,272
	53,222
	25,950
	26,229
	27,000
	39,228
	20,400
	37,200
	7,656
	8,400
	272,557


     Source: FRDC project management database  

Table 4: Investment by Researchers and Others by Project for Years ending June 1999 to June 2008 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1998/338
	20,204
	39,428
	19,224
	19,431
	0
	19,430
	0
	0
	0
	0
	117,717

	2002/232
	0
	0
	0
	0
	4,522
	2,177
	2,010
	2,010
	1,282
	0
	12,001

	2003/415
	0
	0
	0
	0
	0
	0
	8,600
	25,800
	0
	8,600
	43,000

	Total
	20,204
	39,428
	19,224
	19,431
	4,522
	21,607
	10,610
	27,810
	1,282
	8,600
	172,718


    Source: FRDC project management database; applicant and other investment based on project proposals


Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others
	Total

	1999
	27,272
	20,204
	47,476

	2000
	53,222
	39,428
	92,650

	2001
	25,950
	19,224
	45,174

	2002
	26,229
	19,431
	45,660

	2003
	27,000
	4,522
	31,522

	2004
	39,228
	21,607
	60,835

	2005
	20,400
	10,610
	31,010

	2006
	37,200
	27,810
	65,010

	2007
	7,656
	1,282
	8,938

	2008
	8,400
	8,600
	17,000

	Total
	272,557
	172,718
	445,275




Outputs  

Table 6 provides a summary of activities and outputs for each of the projects.

Table 6: Summary of Project Activities and Outputs

	Project
	Activities/Outputs

	1998/338 Western Rock Lobster Fishermen
	· An epidemiological and microbiological investigation of “crayfish poisoning” was conducted. Forty-seven suspected “crayfish poisoning” wounds were swabbed, and six different potential pathogens were isolated or detected from those swabs.  From this, it was hypothesised that Erysipelothirix infection comes first (and is typically a sub-dermal infection when the skin is not broken), and is then followed by other opportunistic infections from organisms like S. aureus and Strep pyogenes when the skin breaks. By this time, the original Erysipelothrix infection may have disappeared which is why it is not always found in swabs.
· Data was collated on the employment of those with the infections, where on the body the infections were, whether there had been a previous skin breach, and if on the hands, whether they were wearing gloves at the time. 
· Information on symptoms, presenting signs and treatments was collated. 
· A survey of 19 Australasian seafoods was conducted to assess the distribution of Erysipelothrix spp. in the aquatic environment. Twenty-one Erysipelothrix spp were isolated from 52 seafood parts, with E. rhysiopathiae isolated from a variety of different fish, cephalopods and crustaceans including Western Rock Lobster.  
· Several methodologies were evaluated for the detection of Erysipelothrix spp. and it was found that polymerase chain reaction (PCR) was 50% more sensitive than culture.
· The fishermen’s work environment was found to be heavily contaminated with Erysipelothrix spp. and was widely distributed. Additional isolates were also obtained from a survey of an abattoir.
· The susceptibility of 60 E. rhusiopathiae strains from various sources to 13 antimicrobial agents was determined.  Penicillins and cephalosporins remained active against the disease and should continue to be recommended for treatment.
· Thirty-one E. rhusiopathiae isolates were tested against several commercial available home disinfectants, and most were found to be effective in killing E. rhusiopahtiae with minimum bactericidal concentrations. It was recommended that these disinfectants could be used following mechanical cleaning of work environments (boats and equipment) to reduce the risk of infection.  

	2002/232
Pearl diving
	· A set of Pearl Drift Dive Profiles was prepared that all pearling companies can use for drift driving. 
· The project produced a documented history of research, diving systems, dive times, divers, protocols and profiles as a reference for long-term health monitoring in the pearling industry.
· An electronic drift drive database and daily fishing logs database was established that all companies could contribute to, so that data can be supplied to the Pearling Producers Association (PPA) and Department of Fisheries.
· A final report was produced that is on CD and interactive with links to original documentation on the history of the industry and its health and safety.  There is the ability for the report to be updated annually.

	2003/415
Post-harvest sector DVD
	· The pre-existing OHS Management System of the Sydney Fish Market Pty Ltd was modified slightly and formed the basis of a training resource video for the industry.
· An industry specific training DVD was produced titled “The Occupational Health and Safety Induction DVD for the Post Harvest Sector of the Australian Seafood Industry”. A Workbook Companion to the DVD was also produced. 
· The modules in the training DVD include:
· General induction – covering legislative requirements, duties of the employer and employee, employee consultation, risk management and reporting, OHS hierarchy of control, workers compensation etc.
· Seafood Industry Hazards – covers industry specific risks and hazards (e.g. manual handling, filleting and shucking, slips, trips and falls, personal protective equipment, hot and cold work, violence and bullying, shift work and fatigue, emergency procedures, first aid).
· Contractors – explores the issues involved when contractors (e.g. electricians, construction workers) are undertaking work in the workplace.




Outcomes

Table 7 provides a summary of outcomes for each of the projects. 

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/338 Western Rock Lobster Fishermen
	· Information from this project has been included in the Western Australian Fishing Industry Council (WAFIC) Code of Practice and an information sheet and video for lobster fishermen was prepared. This included the recommendations on the use of disinfectants and the wearing and regular cleaning of protective clothing.
· The establishment of the proven involvement of E. rhusiopathiae in such infections has resulted in contemporary information on the diagnosis and treatment of such infections being disseminated.  Information on the aetiology of the infections was published in peer-reviewed medical literature and data on the types of therapy most likely to be successful were provided.
· During the life of the project there was increased awareness of the occupationally related infections by members of the industry and by healthcare professionals.  There was anecdotal evidence that the incidence of infection appeared to decline during the life of the project, and that it has continued to decline so that the condition is now almost unheard of amongst lobster fishermen in WA (Richard Stevens, pers comm., 2010). 

	2002/232
Pearl diving
	· The report was successful in further substantiating the safety of the pearling industry drift dive profiles and dive management protocols.
· Through this, reassurance has been provided to Government and other interests (coroners, unions, statutory organisations) that OH&S issues in the pearling industry have been professionally and scientifically tested, and that processes are in place for ongoing management and assessment of these issues. As pearl diving protocols differ from existing accepted diving parameters around the world, it was seen as necessary that the pearling industry document the extensive research and processes that had led to these protocols being established as world’s best practice. This has helped to ensure there isn’t a requirement for legislative or Industrial Relations solutions, or for a change to the more widely practiced diving parameters, which would be costly to the industry. 
· The upgraded electronic drift dive database is now more efficient as it requires one electronic entry, on the vessel, which is a significant saving in the expense of data entry.
· The diving systems and protocols developed by the pearling industry are also applicable to similar diving industries such as abalone and beche-de-mer. The report developed as part of this project can be used by these other industries as a basis for development of their own dive systems. 

	2003/415
Post-harvest sector DVD
	· The DVD and workbook can be used by seafood businesses and individuals who work in the post harvest sector. This includes business owners, managers and employees. It would also be of use for Registered Training Organisations servicing the seafood sector
· Currently, the DVD is used by the Sydney Fish Market as part of the orientation for all new staff members, and it has been provided to all tenants of the Sydney Fish Market. It does not appear to have been widely distributed beyond the Sydney Fish Market to other members of the post-harvest sector.
· The materials assist these groups with improving knowledge of OHS obligations and skills, and improving compliance with OHS legislation. 
· There has been an unexpected outcome to the Sydney Fish Market in that the OH&S DVD also serves as a general orientation DVD, that provides new employees with an overall picture of the workplace, where their role fits into the organisation, and what other roles in the organisation entail.
· The 2008/09 Annual Report for the Sydney Fish Market reports that the trend for net costs of workers compensation claims, and lost time injuries has decreased since 2002. The DVD was released in 2007, and the year 2007/08 was a year of relatively high incidence compared to previous years, however the 2008/09 year again reported a significant decline. Any decline will be due to a number of factors, not just the DVD, however it could be assumed it will make some contribution to any decline.  




Benefits 

Table 8 provides a summary of benefits for each of the projects.

Table 8: Summary of Project Benefits

	Project
	Benefits

	1998/338 Western Rock Lobster Fishermen
	· Benefits associated with the reduced incidence of Erysipelothirix and related skin infections in western rock lobster fisherman include reduced healthcare costs and avoided reductions in quality of life for the duration of the illness (including lost time at work).
· Another benefit is the contribution to more effective treatment of the infection through increased understanding of the interactions of Erysipelothirix with other infections such as Staph and Strep, and therefore appropriate identification and treatment of the condition.  

	2002/232
Pearl diving
	· Avoided costs associated with a high possibility of changed diving requirements as a result of previous lack of understanding of pearl industry OH&S practices.
· Saved industry costs due to increased efficiencies in data collection and management compared to the existing system of data management.
· Potentially improved safety and saved costs in other dive industries due to (e.g. abalone) if the report is used by those industries to develop or modify their own dive systems and protocols.

	2003/415
Post-harvest sector DVD
	· A potential reduction in the number of workplace accidents, illness and injuries, and associated health costs and quality of life reductions (including loss of work time).
· Reduced compliance costs (including risk of prosecutions and fines) for companies and individuals.  
· Reduced costs of workers compensation insurance premiums.



Summary of Benefits 
Table 9 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  

Table 9: Summary of Benefits in a Triple Bottom Line Framework 
 
	Economic
	Environmental
	Social

	1. Reduced health costs associated with Erysipelothirix and related skin infections in western rock lobster fishermen
	
	6. Improved health of western rock lobster fishermen through reduced incidence and severity of Erysipelothirix and related skin infections

	2. Avoided increased diving costs for the pearl diving industry through avoidance of changing diving systems
	
	7. Potential improved health and safety for members of diving industries other than the pearl industry (e.g. abalone)

	3. Saved pearl industry and regulator costs through efficiencies in data collection and management
	
	8. Improved health and safety of workers in the seafood post-harvest sector

	4. Reduced health costs associated with workers in the seafood post-harvest sector
	
	

	5. Reduced OH&S costs for the seafood post-harvest industry sector including fines and insurance
	
	



The benefits identified above have been classified into categories and Table 10 provides an assessment of how the different types of benefits may be distributed among different beneficiaries.   

Table 10: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. ***
2. **
3. * 
4. *  
5. *
	
	1. ***
3. *
4. *  


	Environmental
	
	
	

	Social
	6. ***
7. *
8. *
	
	



Public versus Private Benefits 
This cluster has resulted in a mix of public and private benefits.  There are some clear private economic and social benefits to firms and individual members of the fishing industry through improved health and safety of industry members, and through reduced costs associated with diving, compliance and data collection etc.  However, there are also some significant public benefits associated with reduced health costs and reduced public costs associated with compliance, legislation and data collection. 

On the basis of the distribution of the 11 benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 27% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then the proportion of the total benefits that could constitute public benefits to Australia is 28%.

Distribution of Benefits Along the Fish Supply Chain 
The benefits from this cluster will largely accrue directly to the members of the target industries (pearl divers, western rock lobster fishermen, seafood post-harvest workers) in terms of improved health and safety and saved costs.  There will be some benefit passed along the supply chain in relation to the saved costs.

Benefits to Other Industries
There will no benefits to other industries from the research in this cluster.

Benefits Overseas
There may be some limited benefits to overseas seafood industries if the project reports and other research outputs are used by them to improve their own workplace health and safety operations. However, no evidence was sought to demonstrate any overseas use.
  
Additionality and Marginality
If FRDC had not received funding from government, it is still likely that most investments would have been made as industry views workplace health and safety as a high priority, and the projects addressed particularly high priority issues for the respective industries. Therefore a significant proportion of the public benefits identified could still have been delivered, although without government stressing the triple bottom line and ecologically sustainable development, then the social area may have been given less significance.  Further detail is provided in Table 12.

Table 12: Potential Response to Reduced Public Funding to FRDC

	1. What priority were the projects in this cluster when funded?
	High

	2. Would FRDC, state agencies and industry have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment (75% -100%) for FRDC 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes, but with a lesser total investment (50%-75%) for FRDC



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 11 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)). 

Table 11: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

	1. An environmentally sustainable Australia
2. Promoting and maintaining good health
3. Frontier technologies for building and transforming Australian industries
4. Safeguarding Australia
	1. Productivity and adding value 
2. Supply chain and markets 
3. Natural resource management 
4. Climate variability and climate change 
5. Biosecurity 
Supporting the priorities:
1. Innovation skills 
2. Technology 



This cluster of projects contributed to National Research Priority 2, but has not contributed directly to any of the rural research priorities. An indirect contribution will have been made to Rural Research Priority 1. 


Quantification of Benefits

Benefits Valued
There are two benefits valued from this cluster of research, including a reduction in the rate of infection for western rock lobster fishermen, and saved costs for the pearl diving industry associated with avoiding a change to a higher cost system.

In relation to the WA Rock lobster project, the benefits to others within the seafood industry who were also affected by such infections have not been valued. This is partially due to a lack of data, but also because the initial project and subsequent communication was targeted directly at WA rock lobster fishermen. 

With respect to the pearl diving project, saved costs with respect to data collection and management for industry members and government have not been valued, nor have any potential benefits (improved safety and saved costs) to other diving industries.

The benefits from the seafood post-harvest sector DVD have not been valued due to difficulties in obtaining injury data specific to the seafood retail and wholesale industries, as well as to making direct links between any injury reduction and the DVD.  This is because there were other workplace health and safety initiatives ongoing (e.g the Sydney Fish Market already had a certified OH&S Management System, and an extension officer was being employed to assist with implementation for seafood retailers and wholesalers). 

Western Rock Lobster Fishermen Infections
The consequences of the infection often involve a loss of working days, and in severe cases, there may be a progression to more serious conditions such as septic arthritis and endocarditis. The incidence and severity of the infection associated with western rock lobster appeared to have been fairly consistent since 1949, despite heightened awareness and penicillin therapy becoming available.  

As described in benefits, the study has contributed significantly to both the reduced incidence and reduced severity of the infection (through prevention and improved treatment). Data from the final report, indicated that the annual incidence of the infections was around 20% of WA western rock lobster fishermen. It is assumed that these infections ranged in severity from very mild to severe. It is further assumed that there are on average 2,000 western rock lobster fishermen in Western Australia (Fletcher et al, 2005 and Richard Stevens, pers comm., 2010).  It is assumed for the purposes of this study, that the incidence of these types of infections for western rock lobster fishermen in WA has been reduced significantly from 20% to 2%, and that a large part of this reduction is due to this research.  This benefit can be valued using the concept of a Value of Life estimate. 

In 2003, Abelson undertook a study to measure the Australian willingness to pay to avoid an immediate death of a healthy individual in middle age. The resulting figure was $2.5 million, a figure which has previously been accepted by the Australian Government as an appropriate one to use for Australian public policy decisions. This $2.5 million represents the value of a statistical life (VOSL). 

The VOSL can be converted to a constant value of a life year (VOLY). If a life expectancy of 40 years for a middle aged person and a consumer discount rate of five per cent are used, the VOLY is approximately $150,000 (Abelson 2003). This VOLY can also be used to value morbidity – not just mortality. Quality of Life (QoL) indices seek to capture multiple dimensions of health in a single index number and measure health status on a scale of 1 to 0 where 1 represents a healthy life year and 0 represents death. A quality adjusted life year (QALY) is one year of perfect health.  

For the purposes of this analysis, it is assumed that the QoL index for WA western rock lobster fishermen is impacted by having skin infections, and that the QoL indices for WA western rock lobster fishermen has been improved as a result of this research and the subsequent reduction in infections.  

For the purposes of this analysis, it is assumed that on average the infections resulted in a reduction in the QoL index of 0.1, for two weeks annually, for 20% of western rock lobster fishermen, and that this reduction in the QoL index has now been avoided for 18% of these fishermen. It is assumed that the reduction in incidence started occurring in the year ending June 2002 (during the life of the project) and that it took five years until the maximum benefit was realised. It is further assumed that only 80% of this reduction is directly attributable to this research, and that other ongoing efforts to raise awareness of the risks of infection and prevention and treatment would have contributed to some of this reduction. 

It is recognised that these types of infections are not just limited to western rock lobster fishermen in WA, and in fact were occurring across all rock lobster and other fishing industries, and in the post-harvest sector.  Therefore this analysis, limited to WA western rock lobster fishermen, will be an underestimate of the total impact. 

Pearl Diving
The major benefit from this project relates to saved costs to the industry from avoiding unnecessary changes to regulations and dive protocols due to a lack of evidence and understanding and confidence regarding the safety of the existing protocols. This project was just one part of a much larger, long-term investment by the pearl industry that has decreased the previously significant likelihood that the pearl industry would have had to make changes to their practices over time. These changes would have resulted in increased costs to the industry.  

This large ongoing initiative to demonstrate the safety of the pearl diving protocols commenced 20 years ago in the year ended June 1991. In 1995, ABARE undertook a series of cost-benefit analyses (CBAs) on a number of Fisheries R&D projects, including an FRDC funded project focusing on the evaluation and modification of the existing industry diving procedures in comparison with the world safety standards, which involved using the Doppler technique for measuring stress developed by the Canadian Defence and Civil Institute of Environmental Medicine (DCIEM). The CBA undertaken by ABARE assumed that if this research were not undertaken, that the Australian Pearl Diving Industry would be required to adopt the DCIEM techniques, rather than the existing techniques used by the pearl industry (that at the time were being modified to improve safety). It was assessed that these DCIEM techniques would not improve safety over that of the modified Australian techniques, but would significantly increase costs due to increased times required to ascend, and therefore less dives in a day to harvest pearl shells.  The method of assessment ABARE used is also used here to quantify the impact of this current FRDC project (2002/232). Since 1995, work on monitoring diving safety and collecting data to continue to demonstrate the safety of the techniques has continued, and this project sought to collate all of that information into one document and database that can be continually and efficiently updated.  Therefore, it is assumed that despite the previous work, that without this project (2002/232) there would still have been a 15% probability of other more costly techniques and restrictions being required. This project has reduced that probability to only 5%.  

ABARE calculated that the DCIEM diving procedures were likely to actually cost less per day in labour (as divers were paid by volume harvested, and less would be harvested per day); but that the number of days required to achieve the same volumes would be significantly greater, than the preferred pearl diving protocols. The fixed costs per day of diving (excluding labour) would remain the same with the two methods. Please see Stephens et al (1995) for more details on how these assumptions were calculated.  

Daily running costs of the vessels (excluding labour costs) were estimated as $1,030 in 1994/95 $ terms; and the labour costs under the existing pearl diving method were estimated as $5,200 per day in 1994/95 $ terms.  The labour costs per day under the DCIEM protocols were estimated as $3,680 per day in 1994/95 $ terms.  It was estimated that the existing pearl diving method would require 451 fishing days per year; and that the DCIEM method would require 720 fishing days per year. For the purposes of this analysis, all of the above values were converted to 2008/09 $ terms using the CPI index (see Table 13 for 2008/09$ values).  

It is assumed that the benefits from project 2002/232 commence in 2007/08, which is the year after the final report was completed. 



Summary of Assumptions 
A summary of the key assumptions made is shown in Table 13.

Table 13: Summary of Assumptions

	Variable
	Assumption
	Source

	Health of WA rock lobster fishermen

	Value of a life year
	$150,000 per annum
	Abelson 2003

	Number of WA rock lobster fishermen
	2,000 people
	Fletcher et al, 2005 and Richard Stevens, pers comm., 2010

	Proportion of population experiencing infection prior to research
	20% (400 people) per annum
	Consultant estimate, based in information presented in project final report

	Proportion of population experiencing infection after research
	2% (40 people) per annum
	Consultant estimate, after discussion with Richard Stevens.

	Reduction in Quality of life index due to research
	0.10
	Consultant estimate

	Period of time over which reduction in Quality of Life experienced
	2 weeks
	Consultant estimate

	First year of benefits
	2001/02 
	During research

	Number of years until maximum benefit achieved
	5 years
	Consultant estimate

	Attribution to this project
	80%
	Consultant estimate

	Pearl Diving Industry

	Daily running costs of vessel, excluding labour (using both methods)
	$1,510 per day (2008/09 $ terms)
	Stephens et al, 1995

	Daily labour costs using existing pearl method
	$7,624 per day (2008/09 $ terms)
	Stephens et al, 1995

	Daily labour costs using DCIEM method
	$5,396 per day (2008/09 $ terms)
	Stephens et al, 1995

	No. of fishing days using existing pearl method
	451 days
	Stephens et al, 1995

	No. of fishing days using DCIEM method
	720 days
	Stephens et al, 1995

	Attribution to this project
	10% reduction in probability of alternative methods being required
	Consultant estimate

	First year of benefits
	2007/08
	Year after research completed





Results

All past costs and benefits were expressed in 2008/09 dollar terms using the CPI. All benefits after 2008/09 were expressed in 2008/09 dollar terms. All costs and benefits were discounted to 2008/09 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates.  Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2007/08) to the final year of benefits assumed. 

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 14 shows the sources of total benefits, expressed as the PVB and the percentage of total benefits.    

Table 14: Source of Benefits (discount rate 5%, 30 year period)

	Benefit
	PVB
($m)
	% Total 

	WA Rock lobster
	3.66
	71.4

	Pearl diving
	1.47
	28.6

	Total
	5.12
	100



Tables 15 and 16 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 15: Investment Criteria for Total Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	1.06
	2.21
	3.10
	4.35
	5.12

	Present Value of Costs ($m)
	0.75
	0.75
	0.75
	0.75
	0.75

	Net Present Value ($m)
	0.32
	1.46
	2.35
	3.60
	4.37

	Benefit-Cost Ratio
	1.4
	2.9
	4.1
	5.8
	6.8

	Internal Rate of Return (%)
	14.9
	25.4
	27.2
	27.8
	27.8



Table 16: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	0.65
	1.35
	1.89
	2.66
	3.13

	Present Value of Costs ($m)
	0.46
	0.46
	0.46
	0.46
	0.46

	Net Present Value ($m)
	0.19
	0.89
	1.44
	2.20
	2.67

	Benefit-Cost Ratio
	1.4
	3.0
	4.2
	5.8
	6.9

	Internal Rate of Return (%)
	15.3
	25.9
	27.7
	28.2
	28.3



The annual cash flow of undiscounted benefits is shown in Figure 1 for both the total investment and for the FRDC investment. 

Figure 1: Cash Flow of Annual Benefits



Table 17 shows a subjective assessment of the different benefits against the rural research priorities.  Bear in mind that this assessment refers only to those benefits that were valued. 

Table 17: Benefits Valued and Rural Research Priorities
 
	Benefit 
	PVB
($m)
	Product-ivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Manage-ment 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	WA rock lobsters1
	3.66
	100
	0
	0
	0
	0

	Pearl diving
	1.47
	100
	0
	0
	0
	0

	Total ($m)
	5.12
	5.12
	0
	0
	0
	0

	Total (%)
	100
	100
	0
	0
	0
	0


1 The benefit valued does not directly address any of the rural research priorities, however for the purposes of this table has been classified as productivity and adding value. 



Sensitivity Analyses
Table 18 shows the sensitivity of the investment criteria to the discount rate. 

Table 18: Investment Criteria for Different Discount Rates
(Total investment, 30 years)

	Criterion
	Discount Rate

	
	0%
	5% 
	10%

	Present Value of Benefits ($m)
	8.46
	5.12
	3.84

	Present Value of Costs ($m)
	0.54
	0.75
	1.04

	Net Present Value ($m)
	7.92
	4.37
	2.80

	Benefit-Cost Ratio
	15.7
	6.8
	3.7



As two thirds of the total benefits valued are attributable to the WA rock lobster benefit, a sensitivity analysis was carried out on the proportion of fishermen who may still be experiencing the infection. The analysis (Table 19) shows that when this proportion is increased from the base assumption of 2% to 10%, that the benefits are still positive, with a B/C Ratio of almost 5 to 1. 

Table 19: Sensitivity to Incidence of Infection With Research
(Total investment, 30 years)

	Criterion
	Incidence of Infection with Research

	
	0%
	2% (base)
	10%

	Present Value of Benefits ($m)
	5.53
	5.12
	3.50

	Present Value of Costs ($m)
	0.75
	0.75
	0.75

	Net Present Value ($m)
	4.78
	4.37
	2.75

	Benefit-Cost Ratio
	7.4 to 1
	6.8 to 1
	4.7 to 1

	Internal Rate of Return (%) 
	29.6
	27.8
	20.3



Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  There are two factors that warrant recognition.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often not possible to quantify all the benefits that may be linked to the investment.  The second factor involves uncertainty regarding the assumptions made, including the linkage between the research and the assumed outcomes 

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 20). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 20: Confidence in Analysis of Salmon Subprogram

	Coverage of Benefits
	Confidence in Assumptions

	Medium
	High




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 21. Some of the research in this cluster addresses KPI C2. 

Table 21: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

	A. Natural resource sustainability 
	1. Self or co managed fisheries governance structures and processes 
2. Reduction of species that are overfished
3. Increased use of fisheries R&D outputs by fisheries management agencies  

	B.  Resource access and resource allocation 
	1. Socio-economic resource allocation assessments incorporated into fisheries resource allocation processes
2. Evidence of improved use of spatial management as a tool for fisheries management 

	C. Response to demand; profitability 
	1. New markets accessed
2. Third party audited quality standards for vessels and processors
3. Increase in finfish production through improved feeds and feeding practices
4. Commercial operation for fish processing waste
5. Use of improved stock from selective breeding programs    

	D. People development 
	1. Seafood people to complete Australian Rural Leadership program annually
2. Postgraduate student completions
3. Industry people to attend “Advance in Seafood” Leadership Development Program   

	E. Community and consumer support 
	1. Increased consumption of seafood
2. Aquaculture ventures able to access new sites 


(a) Note that all projects were started under previous R&D plans 


Lessons Learnt for Future Investment

There were two lessons leant from this analysis. Firstly, investments that result in improvements to the quality of life of individuals, through improved health and safety or reduced stress, can yield significant benefits due to the value placed on quality of life through willingness to pay studies.  

Secondly, this cluster of investments did not directly relate to any of the rural R&D priorities, and part of the projects only related to one of the FRDC KPIs. Despite this, the projects were of great importance to their target industries and significant benefits have been demonstrated.  In the case of the former there would appear to be a significant inconsistency in the Australian government’s stated R&D priorities as the government is placing pressure on RDCs to fund public goods research including social outcomes.  In the case of the latter (FRDC challenges), the decision to fund these projects may have been taken prior to these priorities/KPIs being established. However, it is surprising that there was no challenge that fitted these investments as FRDC has always supported investment in social research.  


Conclusions

Investment was made in a total of three projects within the cluster with the FRDC contribution approximating 61% of the total costs involved (nominal terms).  

Both private and public benefits have been identified as arising from the investment. On the basis of the 11 benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 27% of the total benefits.  Two benefits have been quantified, however there were a number of smaller benefits that were not quantified and the investment criteria estimated are probably an underestimate of the total benefits from the cluster.    

Given the framework used and the assumptions made, the investment criteria estimated for the cluster were positive with the total investment of $0.75 million (present value terms) estimated to return an expected present value of benefits of $5.1 million, yielding an expected net present value estimate of $4.4 million and a benefit-cost ratio of 6.8 to 1 (expressed in 2008/09 $ terms and using a 5% discount rate; benefits estimated over 30 years from the final year of investment).  
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