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1. INTRODUCTION
1.1 TheProject

The ACIAR Fisheries Program is conddering a project proposd amed a investigating the
development of tilgpia production in Madaysa and Fiji. The proposad has been developed in
response to a request by the Fiji Minisry of Primary Industries and as a result of the bilaterd
consultations between ACIAR and Maaysia. The proposa has been developed as a collaborative
effort between the Centre for Biologica Population Management (CBPM) of the Queendand
Universty of Technology (Audrdia), the Universty of Madaya (Mdaysa) and the Minidry of
Primary Industries (Fiji).

1.2  Project Objectives

Tilgpiaare an extremdy versatile fish for aguaculture, with high reproductive and growth rates. They
are relatively disease free and can be cultured in water of varigble qudity and sdinity. Because of
therr ability to grow under a range of conditions, they are ided for subsstence farming, but
additiondly, are quite suitable for market-orientated production. As such, tilapia production
technology appears to be well-suited for adoption by smdl-scade producers, primarily because the
initid capitd investments are comparatively low, making their uptake an attractive option.

While tilgpia are appropriate for culturing, there are a number of biological characteritics that
potentidly limit their productivity under conditions quite commonly encountered in aguaculture.
These include a tendency towards precocid reproduction and stunting under high stocking regimes
and a high reproductive and high survivd rate. Technologies have been developed to address these
problems. Oneis to use genetic selection to develop strains with enhanced performance while the
other is to manipulate existing stocks with growth promoters, sex reversal agents and dtered culture
conditions. The genetic gpproach has proven to be successful in the larger producing countries but
is not currently adapted to the conditions of smdler producers such as Mdaysa and Fiji. This
proposal seeks primarily to improve the culture of tilapia in Mdaysia and Fiji by the application of
sock improvement techniques, enhancing the existing culturd operations and removing potentia
condraints on the expangon of tilapia production from aguaculture.

The project objectives can be summarised as.

0] To genetically characterise existing tilapia stocks, drains and hybrids in
Mdaysaand Fiji.
(i) To compare the relative productivity of the existing various Fijian and

Malaysian strains with that of their hybrids with respect to fry production and
survivd, growth performance, stocking rates, integrated farming systems and
potentia for heteross.

(i) To evaluate the need for the introduction of new straing/species for Fiji
and Malaysia in respect of potentid sources of supply, avalability and potentid
for hybridisation.



(iv) To enhance expertise in fish culture and stock improvement in participant
nations via exchange and training of personnd.

1.3  TilapiaProduction

Table 1 ligts tilgpia and cichlid production for selected countries of the world. From 1978 to 1989,
world production has increased 64%, this growth primarily from countries in South East Asa
While Africa was the main producing region a decade ago, its production has since been variable
but showing a declining trend. On the other hand, production from South East Asa has more than
trebled during the same period. Philippines tilgpia production increased from 6,100 mt caught or
cultured to amost 102,000 mt in 10 years from 1979, a factor of 17x or 1,560% (FAO 1991).
Other dgnificant producers in the region include Indonesa (46,890 mt in 1989) and Thailand
(27,800 mt in 1989). Sri Lankais aso a large producer with 39,700 mt in 1989, displaying a
reasonably stic level of production over the past decade. On the other hand, Africas production
has been variable, but declining. Currently, the mgor producers include Tanzania, Madagascar and
Kenya. Countries such as Uganda, which has previoudy been amgor producer with ahigh point of
production reaching 90,300 mt in 1978, has seen production decline to only 5,900 mt in 1989.
Other producers such as Tanzania and Nigeria have suffered smilar fdls in production, though not
as dramatic. Though the reasons for the dramétic decline are not clear from the data, potentialy it
could be a result of degrading of the broodstock through inbreeding, disease and poor management
practices. Research programs funded by ICLARM are addressing some of these issues. In
addition, recent catastrophes such as widespread drought and regional conflicts may aso have had a
sgnificant impact.

From the production information contained in Table 1, it is noted the two collaborating developing
countries are not currently mgor producers of tilapia Production from Maaysa has only been
reported consistently for the past 5 years with production peaking at 3,300 mt (1988). Production
for 1989 was 2,903 mt. Production from Fiji is a result of a smal amount of aquaculture and the
capture from natural stocks.

1.4  Brief Outline of Production Systems

There are three main systems used to produce tilapia- ponds, cages and pens. Pond culture can be
ether in brackishwater or freshwater environments, while cages and pens are common in freshwater
lakes and reservoirs.

Tilapia produced from brackishwater ponds, in particular the Philippines, are usudly as a by-
product of milkfish production. Monoculture of tilgpia in brackishwater ponds has been growing
deadily over the past decade in Ada, but there are ill problems of sdinity tolerance in such
environments.  The gpplication of fertilisers to ponds is a common practice. Operators commonly
apply inorganic fertilisers such as urea, while organic fertilisers such as chicken manure are dso
used. Fertilisers are not only used to feed the tilapia directly but dso to encourage growth of dgae
and other organisms which the growing tilgpia feed on. Supplementary feeding is dso necessary in
the pond Situation, with rice bran the most common feed used (this usudly being in combination with
chicken manure). Harvesting does not usudly follow a definite schedule with the most common



methods being netting, patid draning and netting and totd draning. The products ae
predominantly sold fresh, usudly sorted by sze but rardly packed in any form. Thereis atrend to
«l fish live improving the
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post-harvest qudity of the fish. Monoculture of tilgpiain freshwater ponds is increasing and follows
amilar practices to that of brackishwater ponds. Whereas brackishwater culture is usudly a by-
product with average yidds of 100 kg/ha, freshwater culture is a monoculture system with average
yields of 1000 kg/ha, with some operatorsin the Philippines achieving 2t/ha.

Cage culture of tilapia uses inland freshwater bodies such as lakes and reservoirs. Two types of

cage culture are used: the floating type and the fixed type. The former is used in degper water

bodies while the latter are more suitable for the shallower lakes. The floating types are made from a
floating frame used to suspend the net cages. 'Artificid feeding is normdly not practised’ with the
growth of the fish ‘largely dependent on the primary production in the surrounding waters and the
management practices gpplied such as the size of the cage, dengty of fish and the spacing between
cages (Guerrero 1985). Tilgpia culture in fixed cages is common in shalow lakes and is generdly
more productive than floating cages. Additiondly, they are easier to congtruct and manage. The
culture period varies from 4-12 months, depending on the time of year, stocking density,
management practices and conditions in the water body. Poor water circulation and lack of natura

food result in poor growth and the need to supplement feeding, usualy with rice bran. 'Growth rates
thus appear to be very dependent upon the lake environment and the extent of cage culture in the
vicinity' (Guerrero 1985).

With the increesing difficulty of culturing milkfish in fishpens, operators are converting to tilapia
culture.  While amilar materids and practices to milkfish are gpplied, the higher stocking rates
necessitate the need for supplementary feeding, most commonly with rice bran or pollard (whesat
bran). However, even though tilgpia growth in pens is much faster than in cages, there are problems
of harvesting with very low recovery rates. The problem of harvesting needs to be dedt with more
efficiently to ensure the viability of this culture system.

A crucid component of any successful aguaculture system is access to good quaity but inexpensive
fingerling fry for growing out. Besdes sdlf-stocking, hatcheries are the predominant method for
supplying growers with high qudity fry. The infant nature of hatchery operations is indicated by the
diversity of management practices. While an important aspect of the production cycle, they are not
the focus of this proposa and the various management practices are not elaborated further.

2. PROJECT ASSESSMENT FRAMEWORK
2.1  Economic Surplus Approach

A basic closed-economy, economic-surplus framework is used for the andyss. This assumes a
linear demand and supply curve where the research results in technology that lowers the costs of
production, shifting the supply curve down and to the right. The basc framework assumes the
supply shift is pardlel and demand is Satic. Benefits of the research are measured by the changein
economic surplus.

For detalls of the basc framework used to assess benefits from research on developing and
emerging indudtries (including diagrammatic representations), reference can be made to Fearn et d.
(1994). Sincetheinitid gpplication of a framework to incorporate new and emerging commodities,
the theoretica basis has further evolved. These are to be documented in detail in a future working



paper and are not consdered at length in this document. For the purpose of this andyss however,
the basic framework has remained unchanged.

With emerging and new products, it is norma practice to estimate a potential forecast production
which islikely to occur a& some future point in time coinciding with the availability of research results
to producers. As such, any benefits accruing as a result of the research are assumed to dso be
goplicable to the forecast quantity. The estimation of the forecast production is discussed in Section
2.5.

2.2 Application to the Production of Tilapia from Aquaculture

The framework can be readily applied to aguaculture operations such as the production of tilapia
Producers operate under smilar economic conditions to those faced by other primary producers
such as crop and livestock producers.

It is assumed the research has an impact on the technology used to aquaculture tilgpia smilar to, for
example, the improvement of a wheet variety in a cropping Stuation. The technology associated
with the improvement of tilapia broodstock has a potentia impact through reducing the production
codts of culturing tilgpia A smple cost andysis is used to estimate the potentia research impact
where the resulting unit cost reduction is used to measure the change in economic surplus.

The assumed research impacts trandate into cost reductions for each country and can be
summarised asfollows:

(0] Fiji:
(@  Increased production through lowering mortdity of fingerlings.
(b)  Reduced input cogt of fingerlings.

With reduced mortdity, more fish grow out to a marketable age given the same stocking dendties by
famers. The average Sze of harvested fish is assumed to remain congtant. Currently, there is an
excess capacity in the production of fry. With the improvement of the quality and surviva rates of
fry, it is assumed two effects will occur. Firdly, the costs of fry will fal because more are surviving,
given the current level of costs. Secondly, with the initia lowering of the costs of fry, combined with
an increase in the qudity of fry, demand for fry should increase as the industry expands and potentia
producers recognise that asupply of good qudity, inexpendve fry is conastently avallable. Theleve
of excess capacity will be further reduced, which would aso reduce the cost of fry. Therefore, the
improvement of the stock can be considered to have a double impact.

@i Malaysia:

(@ Genetic improvement of broodstock results in increased average sze of
figh, increasing annud outpt.



With genetic improvement, a better rate of growth can be achieved as well as a more favourable
colour (this being the red tilapias). This would result in an increase in production through improving
the growth rate per period such that larger, average-9zed fish being grown within the same time
period. The survivd of fingerlingsis dready high and remains unchanged as it is not the focus of the
research in Mdaysa

The research in both countries is focused on improving characteristics of the broodstock important
to that country and considered a condraint to production. The improvement of the quality of
fingerlings available to producers is seen as a vitd component to the success of any aguaculture
system and is equaly applicable to the emerging tilgpia industry in Fiji and the more established
industry in Mdaysa

2.3 Cost Analysis: Assumptions and Estimation

A criticd component in estimating the potentid research benefits is determining the impact of the
technologies on the cost structure for producing tilgpiain Madaysa and Fiji. Aquaculture production
of tilapiais amilar to many crop and livestock enterprises where costs and returns occur in the same
period. In addition, there are various types of production systems that can occur, from pond and
cage culture to integrated production systems such as fish culture with rice.  For this andysis, it is
assumed the most gppropriate technology applicable to culture tilgpiain Mdaysa and Fiji is that of
pond culture. Thisis primarily due to the lack of suitable and inexpendve indigenous materids such
as cane and bamboo suitable for the congtruction of cages and pens in Fiji and the availability of
ready-made ponds in Madaysa Therefore, production costs are based on pond-culture cost
dructures.  With the improvement in broodstock, benefits are aso likely to occur within other
production systems.

Table 2 ligts the cost components for culturing tilgpia using the current pond technology for Fiji ‘with'
and ‘without' the research while smilarly, Table 3 ligs cost informetion for Madaysa  The ‘with'
research Stuation in both tables indicates the potentia changes in input use, costs and production
that may result from the research. For Hiji, this information is based on data supplied by the
Department of Primary Industries while the Maaysian cost information is based on data from the
Universty of Mdaya (Mukherjee, pers. comm.) in conjunction with information adapted from smilar
production systemsin the Philippines.

For the cost andlyss, the following smplifying assumptions were used:

() It is assumed that 2 tilapia crops are cultured in Fiji each year and 3 are cultured
annudly in Mdaysa. A 150-day growing period is assumed for Fiji and a 110-
day growing period for Mdaysa. This is because tilgpia culture techniques are
dready established in Madaysa, while the occurrence of a cooler period during
the year in Riji inhibits fry production and fish growth.

(i) Ponds are stocked with 12,500 fry per hectare per crop in Fiji and Mdaysa,
equivaent to 1.25 fry/mz.



(i) The cogt of fry in Fiji without the research is $0.10 each which fals to $0.06 per
piece with the research. The cost per fingerling in Mdaysiais $0.05 which

remains constant with the research. Fry are assumed to weigh 4 grams when
purchased.



Table 2; Cost Analysis for Fiji Tilapia Production (per ane hectarafymar)

nem Units Bafore Rasewch Afler Rangarch
Cost Ne, of Cost Cost Mo, of Ceost
Units Units per
Hectars Hectara
£ [t (#A) {52
Capital Depreciation Annual Capital Depradation Annual
Cost  Allowance Cost Cost  Allowance Coost
(1] Fixed Costs
Pond eenstruciion  per ha. 4,000 10 400 4,000 108 450
Strage dam for waler 400 2% 80 400 20 B}
Storage house {tarfiiser ffeed) BOD 15% 120 BOO 15% 120
Equipmant 400 3% 1230 400 3% 150
TOTAL DEFPRECIATICN T30 T30
Land Leasa per ha. SO0 200
Pond mainlenanca per ha, 100 100
Irterest on loan per na. 600 ine]
TOTAL FIXED 1,630 1,830
Cost per M, of Cast par N, of
unit LIrite unit Units
1) Variable Cosla
Fingerings nothalyesr £0.10 25,000 5,000 £0.08 25,000 3,000
Feed kghafyaar 50.4D 8,557 3,839 £0,20 11,516 4 807
Organic Fartilizer kghalyear 0004 3,000 120 50.04 3,800 144
Lime kghatyear a2 1,000 azo 032 1,000 320
Transpor} {ferllizers) 180 180
Labaour medfhafyear  (Misc) £B.00 18 128 $8.00 16 128
mdhafyear  (Feeding) £8,00 23 33 $8.00 28 443
mdhafyear  (Harvesting) §3.00 18 258 £8.00 18 <Tar
md/hafyear  (Seling) £8.00 & B4 §4.00 12 8
Selling malarials sort & pack 20 330
Truck hire aca 360
TOTAL WARLARELE 10,865 8,8E7
TOTAL COSTS 312,525 511,517
Pradustian kghatyesr 3,000 3500
Unit Casls kg §2.17 3220
Unil Coet Reduction Ekg £0.08
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)

)

(vi)

(vii)

(viii)

(ix)

(%)

(x)

(i)

11

Fingerling mortdity in Fji is assumed to fal 20%, with the number surviving to
harvest increasing from 60% to 72%. In Mdaysa, surviva remains condant at
80%.

Daily supplementary feeding of tilapia occurs in the ponds at a rate of 3-5% of
the body weght of the growing fish. Detals of the estimated daly feeding
patterns assumed for Fiji and Madaysa are listed in Tables 4 and 5. Feed is
assumed to cost $A0.40/kg. The feed mix can consist of avariety of ingredients,
but usudly rice bran, copra med, meat mead and/or fish med are the most
common used. The mix depends on the availability of each ingredient and their
relative cog.

Without research, the average size of fish harvested is assumed to be 200 grams
for Fji and Mdaysa

The impact of the research in Mdaysais on fish growth rates, where the increase
in production is reflected through an increase in the average sSze of the fish
harvested. The improvement in the growth rate over the same period of culture
is assumed to result in a 20% increase in the average size of the fish harvested to
240 grams.

The research impact on production in Fji is assumed to occur through an
increase in the surviva of fingerlings used to stock the ponds. A 20% increase in
fingerling survivd from 60% to 72% trandates into a 20% improvement in
production per hectare of pond where 20% more fish are harvested at the same
sze (ie 200 grams).

Asareault of the perceived changes in production, annual production per hectare
for each country is assumed to increase 20% with the research. For Fiji, pond
production per hectare per year increases from 3,000 kg to 3,600 kg (or 1,500
to 1,800 kg per crop); while Maaysian production increases from 6,000 kg to
7,200 kg per hectare per year (or 2,000 kg to 2,400 kg per crop).

Annud feed requirements per hectare increase in reation to the increase in
production while fertilisers such as manures, lime and superphosphate remain
unchanged.

Fixed cogts are included in the cost andyss, conssting of costs for pond
congtruction, pumps, storage houses and other sundry equipment. These are
depreciated a varying rates, depending on the expected life of the item. Fixed
cods for items with a flow of services over multiple periods are included using
the annua depreciaion amount. Other annud fixed codts include land lease,
pond maintenance and any |loan interest.

Labour is another important cost item with increased labour inputs required
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for activities that would vary according to the level of production, in particular, harvesting and
feeding. These are vaued at $8 per labour-day for Fiji and $15 for Maaysia

(i) Other cods include water charges, pump fud, sdlling materids for sorting and
packing if required and trangport cogts for inputs and produce.

24 Other Parameter Estimates

For the andyds it is necessary to collect information on other parameters. If this is not available,
edimates are required. The other parametersincluded in the analysis are discussed below.

24.1 Supply and demand eadticities

Supply of tilapia is relaively price-respongve, given the short production cycle and flexibility to
harvest earlier or later. The supply of tilapia can be considered reasonably price eastic where an
edimate of 0.8 has been assumed for the andysis. With production being ether for subsistence
purposes or for the domestic market (in particular, the fresh market), demand will vary according to
the influence of domestic factors such as the price of competing goods (ie other fish species such as
milkfish or reef fish, other sources of protein such as beef and chicken), taste and preferences and
income levels. In an andysis by Gonzaes (1985) on Philippines tilapia marketing in the context of
sructurd demand for protein, the estimated own-price demand dadticity for totd fish varied from -
1.44 for low income groups to -0.48 for higher income groups, with an own-price dadticity of -1.00
for the average of dl income groups. The anadlyss showed that, while the proportion of income
spent on fish did not vary greetly between income groups, the contribution of tilapia to the fish
consumed in each household was higher for lower income groups than that for households with
higher incomes. However, this may not necessarily be the case for Fiji where qudity (ie freshness,
especidly if sold live) and number of pieces per kilogram are preference aspects that appear to
override income influences and subdtitution influences considering tilapia attracts a price smilar to
reef fish. For the purpose of thisanalys's, ademand dadticity of -1.5 is assumed.

2.4.2 Celing levd of adoption and adoption pattern

Adoption of the proposed technology is assumed to commence in Year 9, which is the sixth year
after the proposed completion of the research. Adoption takes four years to reach the celling leve
of adoption, which is 50% for Maaysa and 90% for Fiji. Through discussons with the project
scientigts, the adoption patterns determined as being representative were as follows: for Fiji, 10% in
thefirst year of adoption (ie Year 9), 20% in the second, 40% in the third and 50% in the fourth and
subsequent years, and for Maaysia, 20% in the first, 40% in the second, 80% in the third and 90%
in the fourth and subsequent years.

24.3 Research costs

The project proposd indicates a totd cost of $A757,979 from al sources of funds. The
contribution from ACIAR totals $A319,979. The other indtitutions and the collaboraing countries
(QUT, Mdaysa and Fiji) contribute the remaining $A438,000. The proposed tota annua
expenditures are $A 247,050 for the first year, $A256,064 in the second year and $A 254,865 in the
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find year. Completion is expected in 3 years though the impact of an extenson or replacement
project could be readily considered in the analyss.

244 Discount rate

A key issue of cost benefit analyss is expressng future costs and benefits in present day vaues.
This is achieved by discounting the future values usng an gppropriate discount rate. There are
numerous factors affecting the choice of discount rate where no one rate can be practicdly
determined for dl uses. However, to maintain a degree of consstency between other ACIAR
project development assessments, the benchmark rate recommended by the Department of Finance
for use by government organisations in cost benefit analyses has been adopted. This benchmark
discount rate is 8% (Dept. of Finance, 1991). Thisrateisin red terms (rather than nomind terms),
meaning that it assumes inflation effects have been removed from the costs and benefits streams.

245 Price

Price information from SEAFDEC (1990) suggedts prices for tilapia vary consderably throughout
South East Asia, where trade is generally confined to domestic markets. For Malaysia, thetrend in
prices appears to be upward, with price increasing from $A1.10/kg in 1984 to $A3.29/kg in 1988.
The price assumed for Maaysain the andysisis $A2.75/kg.

For Fiji, the unit price comparable to reef fish reflects the fact consumers consder fresh tilapia a
close subdtitute to reef fish. Producers usudly market the fish directly to consumers, often sold live
which enhances the quality of the product. The price assumed in the analysis for Fiji is $A3.50/kg.

25 Production and Estimated Production

Current levels of tilgpia production in both countries are low where the industries are in early stages
of devdopment. In Maayda, with the emergence of recorded tilgpia production in 1983, a rapid
expanson of the indudtry is indicated. Production increased from no recorded production in 1982
t0 2,900 mt in 1989 (FAO 1991). Thisis predominantly from culture activities.

On the other hand, tilgpia have exiged in Fji snce the 1940s when they were introduced as
potentia pig food. Deliberate stocking of the natura waterways occurred in the late 1950s and
1960s to provide an aternative protein source. Subsequent introductions from the 1960s were
made with aquaculture as the primary motivation. While recorded production has existed in Fiji
over severd decades, the level has been low and reasonably datic with no significant growth
indicated. The mgority of production has traditionaly been sourced from wild captures in natura
waterways but the contribution from aguaculture has been increasing in recent years.

Given that production dready exigts in the collaborating countries even though the industries are il
emerging, aoplication of the conventiond framework would be most appropriate to determine
potentid research benefits. However, congstent with previous approaches and the emerging status
of the industry, some minor dterations would be necessary, most notably the level of production
congdered gpplicable on which the research innovations have an impact. If development is
consstent with the trend in other Asian countries, it is reasonable to expect an expanson of
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production over time for reasons other than through research innovations. Two reasons most
apparent for an increase in supply over time are:

() A change of environment (politica, socid, physicd) that enhance factors affecting
the learning curve of potentid producers for adopting the existing technology.
Mogt notable would be an improvement in the information available to potentia
producers.

@i Subdtitution effects because of changing price rdativities, for example, between
tilgpia and other competing protein sources such as other fish species, chicken
and other mests.

By the time the research is expected to have an impact, production potentidly would have
expanded, therefore it would be desirable to incorporate the potentia level of production into the
assessment. To accommodate these emerging industries, country experts were asked to provide
forecadts of the potential production likely to occur when the research results become available.

In Mdaysia, Liong et d. (1988) identified 8,000 ha of land and 17,500 ha of mining pools suitable
for development of aguaculture (not necessarily tilapia done though). However, this is further
quaified where the development of such areasis not without congraints, identifying the 'lack of good
qudity broodgtock’ as a mgor limitation with freshwater finfish culture. Information from the
proposed project leader in Maaysaindicates asimilar potential areaof 20,000 ha.

For Fiji, estimates of the potentia area of ponds is based on land currently considered unproductive
and on irrigation areas previoudy devoted to rice production. The available land consdered to be
non-productive with no agricultural activities is goproximately 1,200 ha. In addition, with the
relaxation on rice imports, subsdised production of rice has ceased and severd rice irrigation
schemes have not been utilised for up to 3 years. It has been suggested pond construction on these
aress is congdered a suitable option given the avallability of water dready. The gpproximate area
availableis 300 ha

While the estimated areas may be suitable for aguaculture production, it is unlikely thet dl of the area
will be devoted to ponds. It was therefore assumed an area of 2,000 hawill be devoted to pondsin
Maaysaand 200 hain Fiji. Thisincludesthe current area of production.

Given the potentid for expangon in an emerging industry such as tilgpia culture, it is necessary to
congder two base cases. Firdly, the proposd is assessed using current production, and secondly
usng forecast production. The two base cases would utilise the same assumptions in relation to
the costs andyses and other parameters, but the potentia benefits would be applied to different
levels of production. For each base case, the level of production benefits gpplicable are:

() Base Case 1 (current production)

Fiji 26 mt
Mdaysa 2,000 mt



17

(D) Base Case 2 (forecast production)

Fiji 600 mt
Mdaysa 12,000 mt

Production forecasts for Base Case 2 are estimated using forecast area and potentia production per
hectare after the research.

3. RESULTS OF BASE CASE ASSESSMENTS

The base case is the Situation consdered most likely to exist as determined by the project scientists.
The analyss therefore assesses the most likely research impact on the base case which, for the
tilapia proposd, is a 20% increase in fish output per hectare. However, by usng a forecast
production in the analyss to incorporate the developing aspects of the indudtry, it is necessary to
estimate the results of two base cases. Each base case uses a different industry level supply (Q,,) as
edimated in the previous section while dl other parameter estimates remain unchanged. The
edimation of the annua and tota net benefits and reporting of the results are summarised in the
following sections.

31 Estimation of Annual Benefits

Annua benefits resulting from the research are estimated using the following standard economic
surplus formula

e.ek?Q

AB =kQu + 3513 +e, (

where:
AB isthe annual benefits
k isthe unit cost reduction
Q. is the quantity supplied before research
€, Isthe price adticity of demand
e, Isthe price dadticity of supply
P IS the price before research

The unit cogt without the research is $A4.17 per kg for Fiji and $A2.86 per kg for Madaysa With
the research, the impact on the production costs results in a unit cost reduction (k) of $A0.98/kg
and $A0.30/kg for Fiji and Maaysa respectively. These estimates of k are used in conjunction
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with the estimates of production, adoption levels and the éadticities of supply and demand to
edimate the annua benefits accruing as aresult of the research.

For current levels of production, annud benefits with 100% adoption total $A0.026m for Fiji and
$A0.613m for Mdaysa. Where production is likely to expand, aforecast estimation of production
is used, resulting in annua benefits of $A0.611m for Fiji and $A3.677m for Madaysa (with 100%
adoption). Asitisunlikely dl producers will adopt the technology, therefore, a maximum adoption
the annual benefits for current production are $A0.024m for Fji and $A0.306m for Maaysawhere
the leved of maximum adoption is 90% and 50% respectively. With forecast production, annud

benefits are $A0.550m and $A1.839m.

3.2 Flow of Costs and Benefits

Table 6 indicates the flow of costs, the adoption pattern for each country and the subsequent flow of
benefits and total net benefits from the research. Costs are estimated to occur for the first three
years, with Table 6 indicating the breskdown of costs between each contributor. After the
completion of the project, there is a 6 year lag before any benefits sart accruing. The cost and
benefit flows are assumed to occur over a 30-year time period.

3.3 Net Present Value and Internal Rate of Return

The Net Present Vaue (NPV) and the Internal Rate of Return (IRR) are used as indicators of the
financid suitability of a proposd for funding. The NPV isthe vaue of the future flow of net benefits
discounted to current dollar terms using a predetermined discount rate which, in this case, is 8%.

The IRR is the discount rate necessary to result in a net present vaue of zero. In other words, it is
the interest rate that would need to occur for the value of the net benefits in current dollars to equa

zero.

For the proposal, Base Case 1 results indicate a NPV of $A0.92m and an IRR of 15%. For Base
Case 2 using forecast production, the NPV for the project is estimated at $A10.7m, with an IRR of
goproximately 34%.

4, SENSITIVITY OF RESULTS

Because of the uncertainty of parameter estimates used in the development assessment, a standard
component is the incluson of an andyss of the sendtivity of research benefits to variations in key
parameters which have an important impact on the results. Asit is not feasible to test the sengtivity
of dl parameters, a subset of those parameters highlighted with the assstance of the project
scientists as keing sgnificantly influenced by the research or having a mgor impact on the levd of
benefits are selected.

For thetilgpia proposd, the key parameters tested for their sengitivity to variation include:

0] Yidd of fish per hectare, where the base cases assume a 20% increase in output.
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Lag period before adoption commences, with adoption currently assumed to
commencein year 9, 6 years after the proposed completion of the research.

Maximum level of adoption assumed, currently 50% of producers for Maaysa
and 90% of producersfor Fiji.
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(iv) Forecast production used for base case 2, where this is currently 12,000 mt for
Madaysaand 600 mt for Fiji.

With the variation of parameters that have an impact on the cost andyss, other parameters in the
cost andysis such as labour inputs and feed requirements would aso have a rdative change. Inthe
assessment, such adjusments are automaticaly accounted through the use of preadsheets. In
particular, adjustments are necessary with he variaion of the potential yield per hectare, where
increasing output is one of the primary ams of the broodstock improvement program.

It is dso important to assess the potentid impact of changes to the forecast leve of production,
especidly since the forecast is for 10 years hence especidly if the production changes that have
occurred in Africa and Asa over the past decade can be used as a guide. Due to the inherent
dangers involved with forecasting, this is probably the most uncertain parameter included in the
andysgs.  The difficulties involved with forecasting are numerous where the likdihood of error
increases dramaticaly the further into the future the forecast is consdering.  This alows too many
uncertainties to occur to be able to make any forecast with confidence. It was therefore important
to assess the impacts on the analysisif forecast targets were not achieved.

A gandard incluson to dmog dl sengtivity andlyses is the variation in the lag period before
adoption and the maximum leved of adoption. These traditiondly are seen as having a mgjor impact
on the present vaue of benefits. Changing the period when benefits come on stream dters the
discounting factor used to calculate the present vaue of benefits. For example, the longer the benefit
stream is delayed, the lower the discounting factor used, which would subsequently result in alower
present vaue of benefits. Conversdly, reducing the lag has the opposite effect where benefits in the
ealier years have a much higher weighting due to the higher discounting factor.

Table 7 presents the results of the sengtivity andyss completed on the sdected parameters
congdered to be important.

As identified by the project scientigts, the focus of the research is on the yidd of fish per hectare,
therefore it is important to assess the impact of variation from achieving the expected gains. The
sengtivity anadyss shows thisto be crucid in the success of the project, in particular in rdation to the
base case usng current production levels. This indicates that at least a 10% yidd increase is
necessary to have a podtive NPV and an IRR that is greater than the discount rate.  With the
forecast production, there is a greater degree of flexibility with the yield increase achieved as a result
of the research. However, this does not mean that it is not important, consdering these estimates
are based on forecast production. For example, the sengtivity analys's indicates that if potentia

yidd only increases by haf tha suggested by the scientists for the base case, the estimated NPV is
amost 50% lower.

The lag period before adoption of the research and the subsequent accrua of benefits is dso an
important parameter as indicated by the results of the sengtivity in Table 7. For example, if the
period to the commencement of adoption is extended by 4 years, where adoption startsin Year 13,
the NPV in base case 1 will fdl by 57% and 36% in base case 2 using forecast production. For
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base case 1, the IRR falls further from an dready margina rate while, with base case 2, the IRR is
gtill acceptable but the fall has been sgnificant, thus indicating the importance of the lag period.

It would not be unreasonable to expect adeay in adoption, especialy since the industry is emerging
and the flows of inputs and outputs have not been fully established. Factors that may hinder
adoption could include the availability of information to producers, especidly if the indtitutiona
capacity for extenson is week; or the infrastructure capacity is unable to support the expansion of
the industry. For example, with the increesed demand for pond congtruction, there may be
insufficient capacity to dig ponds for a rapid expangon; haichery capacity may be unable to supply
the initial demand of new producers with the new broodstock; or the feed mill capacity to provide
suitable feed supplements could be insufficient. It isimportant to consider such possibilities given the
importance of lag on the benefits accruing from the research.

However, given the nature of tilgpia culture, which is amenable to various cultura practices and
environments, the lag period aso has the potentid to be shorter than suggested in the base case
andyses. Again, it isimportant to note the rgpid expanson in Asia as possible evidence of this. The
sengtivity analyd's assessed the impact of shortening the lag period by two years, the results of which
suggested a subgtantia increase in the level of benefits.

The maximum level of adoption does not gppear to be as crucid as the other parameters as
indicated by the sengtivity though its importance should not be discounted. While reducing the leve
of potentia adopters, the resulting fdl in NPV and IRR is not as dramatic. Significant reductionsin
the number of adopters need to occur before mgor declines in the indicators are noted.

The overriding component of the analysis is the use of forecast production. An acceptable rate of
return is based on the presumption that forecast levels of production are achieved. If thisis not the
case, as noted previoudy; the returns from the research are based only on current production which
are shown to be low and result in margind returns. Therefore, it isimportant to assess the impact of
achieving production lower than the forecast level. Table 7 indicates the impact of not achieving the
expected expanson in the industry by the time the research results become available. For example,
if only haf the number of hectares are developed into tilgpia ponds, then the net present vaue of
benefits fals to $A5.0m and the IRR to 27%.

Overdl, the sengtivity andyssindicates that, when using forecast production, the potentia variability
does not have a dramatic detrimentd impact on the results. However, if forecasted production
levels are not achieved, smdl variations in the sdected parameters deteriorate further the aready
margind results.

S. SUMMARY COMMENTS

While the two countries sdected for the project are currently minor producers of tilapia, the
scientists proposing the research have indicated the potentia for production to expand. The recent
rgpid expanson in other regions, notably Ada, suggests this presumption is not unreasonable,
epecidly with the suitability of tilapia as a fish to culture under variable conditions using basic
techniques tha make it conducive to rgpid and widespread  expanson.
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Takle 7: Sensitivity Analysis of the Tilapia Stock Assessment Proposal

Parmmetar Change in Current Production Forecast Production
Parameter MNPV 1IRR [ (") IAR
(8m) £ ($m) (%)
Base Case 0.93 15 10.7 34
Yiekdha 5% increase =015 -1 ae 24
10 D24 10 6.3 28
15% 080 13 B& a2
20% 092 15 10.7 34
G 1.51 17 145 38
0% 2,02 19 178 440
Lag T th vear 1.27 17 131 43
L: 003 15 107 3
11 0.65 13 a7 28
13 040 11 8.0 25
15 1R -] 8 5.4 21
17 il B 4.1 19
Maximum Adoption
% Change Fiji  Malaysia
from Base o e
% e L .92 15 107 34
— 10t 1% 455 078 14 8.7 34
= 20% 72% 40 0.63 13 8.6 a2
—30% 6% amss 0.47 12 7.8 3
= 45 54 306G 0.3z 11 65 30
— 50% 45% 25% 018 10 53 28
Estimated Production {mt) Fiji Malayzia
{ha) {mt) (ha) {mt)
50 150 500 3,000 22 20
100 300 1,000 6,000 5.0 27
150 450 1,500 9,000 79 <}
200 600 2.000 12,000 107 a3
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If such a devdopment pattern following the Adan example can be accepted, then it is not
unreasonable to treat tilgpia culture in Maaysia and Fiji as rgpidly emerging indudtries for the
purpose of the assessment.

The estimated unit cost reduction for both countries appears favourable. However, with current
levels of production low, the subsequent estimation of potentia research benefits using the standard
framework results aso in low returns. Any capacity for the industry to expand is disregarded in this
framework. Subsequently, the returns on the proposed research are margind, though sengtivity
andyss indicates these estimates to be rdatively stable.

Given the potentid for the industry to expand, it is not unreasonable to incorporate into the
assessment a second-base case using forecast production instead of current production. The results
from this base case indicate a higher potentid return to the research. However, it must be stressed
that these returns are based on forecast production, where any long-term forecasting activity has a
high degree of uncertainty. Therefore, the acceptability of the proposa is dependent on accepting
the forecast production and the inherent level of uncertainty associated with it. Given the importance
of incorporating forecast production in the andyds, the impact of lower forecast production levels
were assessed. These indicated that acceptable returns were gtill achievable.

Under the regime of forecast production, the proposal can be considered acceptable.

There are other congderations that should be noted, though not explicitly incorporated in the
andyss Theseindude

() Acceptability of tilgpia production as a viable dternative to other activities.

(i) The importance of aternative protein sources, to both subs stence producers and
other consumers, and as a potentia subgtitute for declining reef resources.

(i) The human-capital building aspects of the research, not only for scientists and
inditutionsin Fiji and Mdaysa, but dso for Audrdian scientigs involved with the
proposed research.

(iv) The detrimentd impacts of widespread aquaculture, such as the externdities

cregted (ie the environmenta impacts such as raisng the water table, pollution
and other wastes and impacts on ecologicaly sendtive areas such as coasta
wetlands).

v) Given the assumption of forecast production that can potentialy occur through
factors other than research innovation, the notion that by just doing the research,
there is a potentid to enhance the expansion of the industry through increased
awareness and the availability of information cannot be totaly discounted, even if
the scientific success of the project was margind.

However, given the assumptions of the assessment, if the forecast levels of production are achieved,
the proposd indicates returnsin the medium to high category.
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