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Abstract

A key part of any economic impact assessment sgauthe specification of a
counterfactual scenario. Sometimes, the most likelynterfactual for a research
project is that the same, or equivalent researohljdvbe carried out by someone else,
albeit at a later date. Alternatively, the reseangbacts might simply “spill-in”
without any further research, and at little or wstc Either way, the material impact
of the research being evaluated is simply to bfamgyard in time realisation of the
consequential economic benefits. However, whictihefabove two alternative
scenarios is applicable does have important imptioa for the treatment of costs in
the counterfactual scenario. An economic impaséssment study of an ACIAR
funded project on the development and uptake ofid enab hatchery innovation in
Vietnam is used to illustrate some of the issueslied.
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Ex Post Economic Impact Assessment of Accelerated®&B
and Innovation Adoption

Introduction

Since the pioneering study by Schultz (1953), gsmeasment of the economic impact
of agricultural R&D has become a sizeable indusifier a concerted search, (Alston
et. al., 2000) assembled 292 published impact sissed studies reporting a total of
1,886 individual estimates for a comprehensive raetysis of all the available
evidence on estimated rates of return to agricailt&D.

Findings from these studies that estimated retirmsvestment in agricultural R&D
are typically quite high, often almost unbelievabty is one of the reasons for
ongoing resourcing of what is quite an arcane gid-fFor instance, typical rates of
return reported in Alston et. al. (2000) were ia tange of 40—60 percent per year.
Not surprisingly, such results are seized uporhkyaigricultural science industry as
objective evidence that funding should at leagnatained, and preferably
increased.

Despite the solid weight of evidence, debate coetimover the validity of at least
some of these findings. In particular, it has basyued that some estimates of large
returns to agricultural R&D might be inflated dwequirks in the methods used to
assess the economic impacts. For instance, itdes tbmmon practice to assume,
sometimes explicitly but more often implicitly, ththe state of technology in the
counterfactual “without R&D” scenario is static.particular, there is often no
recognition in the counterfactual scenario of thegibility of adoption of a substitute
innovation for that developed by the agricultur&ORrproject or program being
evaluated. If the agricultural R&D being evaluakted! not been undertaken, but the
same innovation, or an equivalent substitute, dicbime available subsequently, then
the true R&D benefits will be overestimated by asmy in the counterfactual
scenario that productivity will never improve. lese circumstances, the real impact
of funding a specific agricultural R&D project whle to bring forward in time the
realisation of economic benefits, rather than toegate benefits that would never be
realised in the absence of the R&D funding. Thisgilaility has been recognised in a
number of recent economic impact studies. An esxmple cited by Maredia et. al.
(2000) was a study by Martinez and Sain (1983),rmatk recent examples include
Morris, Dubin and Pokhrel, (1994), Ryan (1998) &fach Bueren (2004).

The purpose of this paper is to note that the mbgmghich an innovation might
become available under the counterfactual scemallivary from one case to
another, and that the appropriate analytical methage will depend on which
possibility is most likely to occur. Hence, the Keycorrect treatment of this
methodological issue in economic impact assessstedies is explicit and precise
specification of the counterfactual scenario.

Ex post economic impact assessment

Details of the conceptual framework, as well astyfpes of information needed, and
the method of analysis for ex post evaluation ofcadfural R&D using the economic
surplus approach are clearly spelt out in Alstoortdh, and Pardey (1995), and will
not be repeated here. In essence, ex post estin@titbe economic impacts of any
R&D project involves quantifying the economic outwes of the “with R&D”



scenario, as well as those of the counterfactuahtut R&D” scenario, and then
taking the difference between them. Hence, thédtep in any assessment of the
economic impacts of a R&D project is to specifytbtitese scenarios.

In this paper, it will be assumed that the key atutg the R&D being evaluated is a
process innovation that improves productivity, andaves input costs, because this
is the most common source of beneficial impactsfegricultural R&D. Rational

and fully informed primary producers will only adgquch a process innovation if it
reduces their unit cost of production, so the cqueace of innovation adoption is a
downward shift of the supply curve relative toptssition in the counterfactual
scenario, hereafter referred to as the countedastipply curve.

For a truly ex-posimpact assessment, the “with R&D” scenario candeeified in a
relatively straightforward way so long as the outes are more or less observable.
While some impacts may need to be predicted wheretis a short time lag between
the completion of the research, the main probleparsitioning changes over time in
observed outcomes between those attributable fissthh of the innovation, and
those due to other exogenous causes.

Prior to the time of first adoption of the innowatj the “with R&D” and the “without
R&D” supply curves will be coincident, but subsenigthe “with R&D” supply
curve will shift downward relative to the “withoR&D” supply curve. Moreover, the
broad array of factors that determine the positibboth supply curves will rarely, if
ever, be static. As Alston, Norton, and Pardey §1931) note, one quite common
reason why the counterfactual supply curve miglit sp over time is deceasing
productivity due to increasing resistance in weedsts, and diseases to current
methods of control. More generally, productivityyrdecline, and the counterfactual
supply curve might shift up due to depreciatiothi@ stock of knowledge, and/or to
the deteriorating quality of natural resources #ratinputs to agricultural production.

Alternatively, the counterfactual supply curve nsaft down over time, albeit more
slowly than the “with R&D” supply curve, becauseiéreasing productivity for
reasons other than adoption of the innovation.rAlievely, even in the “without
R&D” scenario, the innovation may become availabid be adopted at a later date.
This possibility will be discussed in more detailtihe next section.

Trying to take account of all of these possibiitighen envisioning how the
counterfactual supply curve would have shifted diree in the absence of the
specific research project or program being evatijaten present a conceptual
challenge for analysts undertaking impact assedsstigdies. Since the “without
R&D” scenario is hypothetical by definition, spagifg it is necessarily subjective,
and consequently more problematic than the “witiCR&cenario. Nevertheless,
specification of a counterfactual scenario shoadlixey part of any ex post
economic impact assessment study. It should ber@afdrom the best available
information, and the necessarily subjective undeghassumptions should be made
explicit.

This is often not the case in practice. As Alstdarton, and Pardey (1995) point out,
while the comparative static approach should compauations with and without
research, the fact that time—subscripted dataftee ased for the comparison can
result in “before and after” research scenarioadpebmpared instead of “without and
with” research scenarios. As a result, it is natammon for there to be no explicit
consideration of the counterfactual scenario, ané ftacit assumption to be made in



the impact assessment study that the counterfaztipply curve does not shift over
time.

The state of technology in the counterfactual scena

When specifying the “without R&D” scenario in econic impact assessment studies
of agricultural R&D, the possibility of changesttee counterfactual state of
technology are often overlooked. As a result th#heut R&D” scenario is
synonymous with a “without innovation” scenario.

However, in many cases, it is implausible to asstimeno substitute innovation
would have been developed if the particular R&Djgrbbeing assessed had not
taken place. As the Centre for International Ecoeer(CIE 1997) pointed out, the
counterfactual state of technology during the mkvithen benefits of the R&D project
are being realised will not necessarily be the sasninat prevailing before the
research commenced. In fact, it is more likely thaty potential sources of
technological change, including spill-ins of equérd technology from other regions,
substitute research outputs from other organissitiand endogenous farmer
experimentation, will shift the counterfactual slypgurve (Alston and Pardey 2001).
Consequently, as Maredia et. al. (2000, p10) ribrge errors, usually
overestimates, are possible from a lack of rigahinking about the "with" and
especially, the "without" situation.”

Clearly, alternative sources of equivalent techggltw the research outputs being
assessed should be considered when specifyingthezrfactual scenario. For
instance, the innovation or a close substitute at@ady exist elsewhere. In the
absence of the assessed R&D, eventually this sutesthnovation would become
available for adoption in the country where the acls are being assessed. In other
words, the research impacts might simply “spill-eXogenously from other research
programs without any further research by the agendynding body being
evaluated, and at little or no opportunity costeAtatively, the most likely
counterfactual might be that someone else would &md/or carry out other R&D
that would generate the same, or an equivalenvatian, albeit at a later date.

Either way, the impact of the research being evatlaan be conceived of as
shortening the time lag to adoption, and thus limmdorward in time the realisation
of the consequential economic benefits. In thogdiss that have recognised the
above possibilities, the most common approach bas b specify a counterfactual
scenario in which innovation adoption is some laljgansformation of adoption in
the “with R&D” scenario. Thus, an innovation diffas profile is embedded in the
counterfactual scenario as well as in the “with R&Denario. According to Maredia
et. al. (2000, p10), for such cases, the major@hgé is to estimate the timing of the
without-research adoption curve, but this overloaksther issue that does not seem
to have been widely recognised.

While guesstimating the time lag from realisatiéreconomic benefits for the “with
R&D” scenario to that for the “without R&D” scenaris unquestionably difficult,
another issue which seems to have received lesdiati is the treatment of costs in
the counterfactual scenario. The appropriate treatrof costs should depend on
which of the above two alternative scenarios fanges to the counterfactual state of
technology is applicable.

So long as the substitute innovation would havetmecavailable exogenously at
some future date, and at no cost to the relevanitoes, the sole or principal benefit
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of the particular R&D project being evaluated v the earlier realisation of the
benefits from innovation adoption (Ryan and Gar2é@3). In other words, if the
innovation would in any case spill-in spontaneowlgome time in the future, the
only thing that the assessed R&D achieves is tblerearlier adoption of the process
innovation. The difference between the researclefitsrealised at observed or
predicted rates, and a counterfactual scenariaggfdd benefit realisation, is an
appropriate measure of this benefit for the paldicR&D project. Hence, there is no
need to include any costs in the counterfactualaie.

Conversely, where some other organisation would neé&nance equivalent R&D in
order to develop the same or an equivalent subssiitmovation, the impact of the
R&D being evaluated would be to bring forward imé BOTH the costs of the R&D
and the economic benefits of adoption of the intiona

The logically consistent way to do so is to firgésify both a “without innovation”
scenario and a “with innovation” scenario. Thedaihcludes the R&D costs of
development of the innovation, while the formermsoe does not. Estimates of the
annual economic outcomes of each scenario carbéhgunantified, and the difference
between them is a measure of net economic befi@ftsinnovation development

and adoption. It is also the time profile of ecomooutcomes for the “with R&D”
scenario. The time profile of economic outcomediier“without R&D” scenario is
simply the same annual values of both costs andfiteilagged by the assumed delay
before some other organisation carries out thessacg R&D.

An example — The impact assessment of mud crab hatry technology in
Vietnam

An economic impact study of an ACIAR funded projentthe development and
uptake of a mud crab hatchery innovation in Vietnamsed below to illustrate how
the method advocated above can be applied.

Until recently, all mud crab aquaculture operation¥ietnam relied on crab seed
collected from the wild to stock farm ponds. Howeg\hkis source of seed is finite,

and Allan and Fiedler (2004) expressed concerridihder expansion of mud crab
aquaculture will need an alternative source of By@gs the maximum sustainable
yield from wild stocks has been reached. Potegtiatitchery-reared mud crablets are
an alternative source of seed, and are the obgolusion to this supply constraint if
the potential for expansion of mud crab aquaculigite be realised.

The lack of reliable hatchery technology for praituc of juveniles to stock ponds,
and the need to improve pond yield, had been ifietfpreviously as two of the most
important constraints to further development ofitidustry. The perceived need for
reliable hatchery technology was based on a biblafthe traditional supply of wild
caught crab seed would:

- shrink because of the loss of mangrove forests

- not be sustainable due to over-exploitation of wilab stocks

- not be sufficient to support expanded productioméet increased

demand.

Starting in 1995, ACIAR funded projects designedéoelop technology for hatchery
and nursery production of mud crab, and to identifys to increase pond
productivity in the grow-out phase. When the ACIARded projects commenced,
there was no known financially viable method fangucing commercial quantities of
mud crab seed. Consequently, exogenous spillfidtmam of this innovation



without further R&D was not a plausible possibilitythe foreseeable future. Even
less likely is the possibility that mud crab farsyesr operators of hatcheries for other
aguaculture species, could overcome these impedtsrbgririal and error within any
meaningful time frame. Hence, new scientific kna¥ge had to be acquired to enable
consistent spawning and hatching of good-qualityde and increased survival of
larvae to crab stage.

While no successful method for commercial scalelety production of mud crab
seed existed at the time when these ACIAR progmtsmenced, its feasibility had
been demonstrated in experiments. Moreover, hat¢behnology did exist for other
aguaculture species of crustaceans, such as stamdghe need to develop such an
innovation for mud crab aquaculture had been resegnFurthermore, significant
research into the feasibility of larval rearingnofid crabs had taken place before the
inception of the ACIAR mud crab projects. Therefaotevas assumed that
development of the commercial scale mud crab hatdeehnology would have been
funded by another organisation had ACIAR not funttedassessed projects, but that
the development of the innovation, and its adoptieould have been delayed by
three years.

The “without innovation” scenario

This scenario is predicated on the assumptioncttadt farmers would continue to rely
indefinitely on the traditional supply of wild-caligcrablets to stock their ponds in
the absence of the innovation. As discussed allbgesustainable supply of mud crab
seed from the wild is limited, and thus extremelglastic. As demand grows in the
future, prices for crab seed would increase, thecelnstraining future development
and expansion of mud crab aquaculture in Vietnam.

Currently, wild-caught crab seed is purchased mdor semi-intensive and intensive
grow-out of mud crabs, and only infrequently forrmextensive operations. There
are no statistics for the area of semi-intensiwaiatensive culture of mud crabs, and
the 11,839 ha recorded for culture of blue swimaret mud crabs in Vietnam in
2004 clearly underestimates the actual area bgrdfisant margin.

For the purpose of projecting future productiomirsemi-intensive and intensive
aquaculture, it was assumed that this form of nrabl culture covered 947 ha (8% of
11,839 ha.) of ponds in 2003. Because of the caingtg effect of limited supply of
crab seed, this area is predicted to grow at anamate of only 3%. The average of
yield from semi-intensive ponds (700 g/ha) andrisiee ponds (1120 g/ha) was
assumed to be 910 g/ha. Conversely, the area@igixe mud crab aquaculture was
assumed to not use any crab seed, and to grow pebyear from a base of 9,708 ha
yielding 350 g/ha.

As far as could be determined, there are no studigse demand for mud crabs. It is
known that there are large potential markets im@hand that supply in other
exporting countries also is projected to expanctréfore, it was assumed that the
export demand is highly elastic, and will ensuiag tin the long run, prices will be
more or less independent of production in Vietn@incourse, prices inevitably will
fluctuate, but on average they are likely to rentdise to current levels of about
VND70 million per tonne in real terms.



The “with innovation” scenario

The innovation in question is a commercial-scalel mab hatchery technology for
Scylla paramamosain. By the time of completion of the ACIAR projectstiae end of
June 2003, this innovation was ready and avaiffabvladoption.

For potential benefits from this innovation to lealised, mud crab aquaculture farms
must adopt the practice of purchasing hatcheryeckarab seed rather than relying on
the supply of crablets from the wild stock of mudlxs. They will do so if hatchery-
reared crab seed is cheaper than wild-caught se#draf grow-out productivity is
greater.

Hatchery-reared crab seed is best suited to sdemsive and intensive mud crab
aquaculture, while relying on wild-caught crab seedtock grow-out ponds
constrains stocking, survival and growth ratesinkzties of productivity of grow-out
of hatchery-reared crab seed as compared to wilghtaseed in pond culture in
Vietnam were based on anecdotal evidence collelttegdg a visit to Vietnam in
2005 to study the development of mud crab aquaeultu

The following budget (Table 1) for grow-out of maichbs in semi-intensive and
intensive ponds is based on conservative assunspiiaciuding that hatchery seed is
more expensive than wild-caught seed, even thduglptice differential is likely to
turn round over time. Also, it was assumed thatlpotivity gains from stocking with
hatchery-reared crab seed are limited to incressmking rate (by 25%), and higher
survival rates (45% rather than 40%). For both sesiof seed, it was assumed that
final crab live weight is the same, and that omlg trops per year are feasible.

Table 1. Budget for semi-intensive and intensive gw out of mud crabs in
Vietnam, assuming two crops per year

Semi-intensive monoculture Intensive monoculture
Hatchery seed Wild seed Hatchery seed Wild seed
Stocking rate (ficrablet) 1.6 2.0 1.0 1.25
Price of seed (VND/crablet) 650 400 650 400
Survival rate (%) 45 40 45 40
Number of crabs harvested/ha/crop 2,813 2,000 4,500 3,200
Production (kg/ha/crop) 984 700 1,575 1,120
Revenue (VND/ha/crop) 68,906,250 49,000,000 110,280 78,400,000
Cost of seed (VND/ha/crop) 4,062,500 2,000,000 @ 00 3,200,000
Cost of feed (VND/ha/crop) 13,331,250 10,125,000 ,32@,000 16,200,000
Cost of marketing (2%) 1,378,125 980,000 2,205,000 | 1,568,000
Interest on operating expenditure 1,877,188 1,3m,5 | 3,003,500 2,096,800
Variable costs (VND/ha/crop) 20,649,063 14,415,500/ 33,038,500 23,064,800
Number of crops /year 2 2 2 2
Fixed costs (VND/halyear) 69,169,000 69,169,000 HB,400 110,670,400
Total cost (VND/halyear) 110,467,125 98,000,000 1747,400 156,800,000
Total revenue (VND/ha/year) 137,812,500 98,000,000/ 220,500,000 156,800,000
Profit (VND/halyear) 27,345,375 0 43,752,600 0
Average cost (VND/kg) 56,110 70,000 56,110 70,000
% Reduction in average cost (K) 20% 20%

Source: Data collected by Economic Research Assscia



In the budget in Table 1, the fixed costs per hhegbar year were imputed by
assuming that farmers using wild-caught seed juesikbeven if they grow two crops
of crabs per year. The budget clearly demonstthtepotential for greater
profitability when farmers stock their ponds withtthery-reared crab seed rather
than wild caught seed. It also indicates that cost reductions attributable to uptake
of the mud crab hatchery technology could be at|28%, even if there are no
realised benefits from higher growth rates. Thesecanservative estimates because
the potential for higher growth rates of hatchezgred crab seed were ignored in
estimating potential benefits from uptake of theowation.

Semi-intensive and intensive mud crab farms wesarasd to be the sole potential
adopters of the purchase of hatchery-reared cebisdieu of wild-caught seed.
Again, this form of crab culture was assumed toec®47 ha in 2003, but was
projected to grow at a much higher rate of 15%year, in part due to the higher
profitability of buying hatchery seed, and in pagtause the price of wild seed will
be held down by the availability of a competitiveiyced substitute. Conversely,
compared to the counterfactual “without innovatigoénario, the area of extensive
crab aquaculture is projected to grow more slowl$% per year from a base of
9,708 ha yielding 350 g/ha, as at least some eixensab farmers will upgrade to
more-intensive production. Overall, the total aséarab farms is projected to grow to
35,886 ha by 2024, as compared to 28,808 ha fdmiitleout innovation” scenario.

For adopting farmers, the average yield from sen@risive ponds and intensive
ponds was assumed to be 1280 g/ha, reflectingiginehproductivity of hatchery
seed. Due to the large profits to be earned, anlopti the purchase of hatchery seed
is projected to grow by 10% per year of the totaljoiction from semi-intensive and
intensive grow-out ponds until a ceiling of 80%esched. It was assumed that the
remaining 20% will continue to purchase wild-cauggéd.

The “with R&D” scenario for Vietham

As already noted, the principal output of the twGIAR-funded projects was a fully
developed and commercial-scale mud crab hatchemntdogy forScylla
paramamosain. Support from the national government in Vietnarmalded the key
collaborator in Vietnam to work with hatcheriesamoption of the innovation. For
potential benefits from this innovation to be reedl, two necessary and
interdependent conditions need to be met. Firggstors need to establish mud crab
hatcheries that can supply seed to mud crab fare@napetitive prices. Second,
farmers need to purchase hatchery-reared crahirsgeeference to wild-caught
crablets.

To date, 14 mud crab hatcheries are known to haga bstablished. Government
support has been important in the early stage wéldpment. The national
government made a significant investment to upgthderiginal experimental
hatchery so that it could produce commercial quiastof seed. The government also
built another commercialised government hatchefdn Lieu Province in the lower
Mekong Delta. However, it was the Hai Phong prosihgovernment that provided
some key infrastructure support to establish ttet iommercial-scale hatchery, and
produced a trial batch of seed crablets in 2008uber of hatcheries produced
significant numbers of crab seed in 2004, includiageral private shrimp hatcheries
that have adopted the mud crab hatchery techna@lndyare either converting existing
facilities to produce crablets or building extrgaeity. Details of 2004 production



and estimated production at full capacity for thedexisting hatcheries are detailed
in Table 2.

Table 2. Hatchery capacity and production of cralseed in Vietnam in 2004

Location | Hatchery 2004 Production Ownership
Red River Delta

Hai Phong 300,000 1,000,000 PPT

Nam Dinh 20,000 500,000 100% private

Ninh Binh 25,000 500,000 100% private
North Central Coast

Thanh Hoa 300,000 PPT

Ha Tinh 0 300,000 PPT

Quang Tri 0 700,000 PPT

TT Hue 520,000 700,000 100% private
South Central Coast

Khanh Hoa RIA3 350,000 1,000,000 PPT

Khanh Hoa Family 400,000 1,000,000 100% private
Mekong River Delta

Tra Vinh 200,000 Not known

Bac Lieu RIA2 1,500,000 PPT

Ca Mau

Kien Giang

Can Tho na na PPT
Total 1,815,000 7,500,000

» PPT = commercialised government
Source: Nguyen Co Thach (pers. comm.)

Initial outcomes were modest. Fewer than 2 miltoablets were produced in 2004.
Sales of hatchery-reared seed to mud crab aqueediums were reportedly even
less, due mainly to the low level of awarenessvaflability and potential
profitability of using this source of crab seedisTlow level of output can be
attributed to production constraints during thetstig@ phase of a new technology
rather than to a lack of demand by mud crab farms.

At a stocking rate of 8,000 crablets per ha, es@ohgales of 1.6 million crablets
would have been sufficient to stock about 200 hpooids, and total output in 2004
from hatchery-reared seed would have been about Z@@al production in that year
was 10,000 t, according to Ministry of Fisheriestistics. When all of these 14
hatcheries are operating at full current capatliy,supply of hatchery seed should
substitute for most of the supply of wild-caughtdeurrently purchased by semi-
intensive and intensive mud crab farms.

Further expansion of hatchery capacity will dependjrowing demand from mud
crab farmers. However, the rapid expansion in dapatprivate shrimp hatcheries
suggests that the current capacity of mud crathkeates will grow in a similar
manner, so long as growth in demand for hatcheayeecrab seed matches the
impressive expansion in demand for shrimp seed. M@#04) notes that there are
now more than 5,000 shrimp hatcheries, mostly pgiganall-scale enterprises, and
that annual shrimp larvae production in 2004 exedezb billion shrimp seed.

Besides, only a relatively small part of total autwill be produced from hatchery-
reared seed for many years. Although it is possh@deimproved extensive mud crab
farms might benefit from purchasing small quarsit hatchery-reared crab seed
rather than wild seed to top-up stocking ratesais assumed in this impact
assessment study that all extensive crab farmdirsomtinue to rely exclusively on
wild-caught crab seed.



The “without R&D” scenario for Vietham

This without R&D scenario covers the economic omtes for Vietham if ACIAR
had not funded the two projects. It is necessasfyothetical, because it is the
counterfactual scenario to what has in fact hapgpene

As noted above, no successful method for commescelke hatchery production of
mud crab seed existed at the time when the ACIATepts began. While the
development of larval rearing of mud crablets haerbdemonstrated in experiments
before the start of these projects, the rate drabiity of survival from eggs to
crablets fell far short of the levels necessarycfammercial operations. Hatchery
technology did exist for other aquaculture speofesustaceans, such as shrimp, but
real resources still had to be committed by soméomevelop a financially viable
hatchery technology for production of mud crab s&edk. Specifically, R&D was
necessary to identify the critical success fadimg®omote consistent spawning and
hatching of good-quality larvae, and how to overemaveral bottlenecks in hatchery
and nursery culture techniques to ensure consiagtehincreased survival of larvae to
crab stage.

Nevertheless, the need to develop such an innavhtd been recognised for many
years. Significant research into the feasibilityaof/al rearing of mud crabs had taken
place before the inception of the ACIAR mud crabjgeets, and the expertise and
resources required to independently develop suchrenvation existed in a number
of countries.

The most likely “without R&D” scenario for this inapt assessment study is that
some other organisation would subsequently havaefdithe R&D needed to yield a
comparable innovation. Other aid donors were waykmVietnam on mud crab
aquaculture but, in the absence of funding fronsehsources, it is quite conceivable
that the Viethamese Government would have fundea#tessary R&D. In any case,
it is almost certain that this process innovatiauld become available for adoption
in Vietnam sooner or later.

Therefore, it was assumed in this scenario thagldewment of the innovation would
have been funded by another organisation had AGi&Hunded the two assessed
projects, but that the development of the innovatand its adoption, would be
delayed by 3 years. In particular, note that, beedhe necessary R&D to develop the
mud crab hatchery innovation was assumed to hase imerely delayed under this
scenario, the required expenditure of real reseunogst be included in the time
profile of costs and benefits, even though lagged pears. In other wordall of the
estimated costs and benefits for the “with R&D"rsmeo first need to be lagged by 3
years, and then included in this scenario. It fefidhat the benefits of the ACIAR-
funded projects that developed the mud crab hatdieehnology include both the
future R&D costs avoided, as well as the earliatisation of innovation adoption
benefits.
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Estimates of net annual innovation and research pject benefits

Estimates of projected area and production from oratl aquaculture under a
“without innovation” scenario and a “with innovatibscenario plus assumptions
about supply and demand elasticities and innovatidaced supply shifts outlined
above were used to calculate annual benefits, iD Mom uptake of the mud crab
hatchery innovation in Vietham. The total nominalue of annual innovation
benefits was estimated to be VND757,624 millionisTéstimate does not include the
costs of the development and uptake of the mudlwa&dhery technology innovation
in Vietnam.

The conventional time horizon for the analysisha €conomic impacts of ACIAR-
funded projects is 30 years, and benefit—cost nmeagar the mud crab projects were
calculated for the 30 years from the start of tteget in 1995. In this case, the
benefit of the ACIAR-funded project is simply targ forward in time both the costs
and benefits from development and uptake of anvation. Hence, a slightly longer
time frame is justified for the “without R&D” scena so that the same number of
years of benefits are assessed for both the “WitR&D” and “with R&D” scenarios.
Consequently, benefit—cost measures were calculated“with R&D” scenario from
1995 to 2024, and a “without R&D” scenario from 836 2007. In both cases, real
values in 2004 Australian dollars were convertedresent values using a discount
rate of 5%.

Estimates of the annual net benefits from the t@AR-funded mud crab R&D
projects are provided in Table 3. Real net anmuavation benefits in 2004
Australian dollars in column 3 are lagged by 3 gaarcolumn 4 to provide a profile
of annual net economic benefits for the “without[®R&cenario. These annual values
of net innovation benefits and lagged net innovaebenefits in these two columns are
discounted, and the discounted net benefit flol@ssaown in columns 5 and 6
respectively. Column 5 is the estimate of the disted annual net benefits for the
“with ACIAR funded R&D” scenario, and column 6 iset corresponding estimate for
the “without ACIAR funded R&D” scenario. The valugscolumn 7 are the
discounted net annual economic benefit from theARCprojects calculated by

taking the difference between columns 5 and 6.
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Table 3: Annual net benefits to Vietnam of ACIAR-funded mud crab projects

Lagged Discounted Discounted lagged | Discounted

Year Year Net annual net annual net annual net annual net annuaACIAR
no. innovation innovation innovation innovation benefits project benefits in

benefits in benefits in benefits in in A$'000 A$'000

A$'000 (real) A$'000 (real) A$'000
1 1995 -458 -677 -677
2 1996 —886 —1,246 -1,246
3 1997 —768 -1,030 -1,030
4 1998 -398 —458 -507 -584 77
5 1999 -59 —886 -72 -1,077 1,005
6 2000 -72 —768 -83 —-889 806
7 2001 -69 -398 -76 -438 362
8 2002 -68 -59 -71 -62 -9
9 2003 -6 -72 -6 -72 66
10 2004 53 -69 50 —66 116
11 2005 130 —68 118 -62 179
12 2006 235 -6 203 -5 208
13 2007 362 53 298 43 254
14 2008 521 130 408 102 307
15 2009 720 235 537 175 362
16 2010 967 362 687 257 430
17 2011 1,271 521 860 353 507
18 2012 1,495 720 964 464 500
19 2013 1,757 967 1,079 593 485
20 2014 2,063 1,271 1,206 743 463
21 2015 2,419 1,495 1,347 833 515
22 2016 2,834 1,757 1,503 932 571
23 2017 3,315 2,063 1,674 1,042 632
24 2018 3,875 2,419 1,864 1,164 700
25 2019 4,523 2,834 2,072 1,298 774
26 2020 5,276 3,315 2,302 1,446 855
27 2021 6,148 3,875 2,554 1,610 945
28 2022 7,157 4,523 2,832 1,790 1,042
29 2023 8,326 5,276 3,138 1,988 1,149
30 2024 9,677 6,148 3,474 2,207 1,267
31 2025 7,157 2,447 —2,447
32 2026 8,326 2,711 -2,711
33 2027 9,677 3,001 -3,001
T OT A L |60340 60,340 25,402 21,943 3,459
NPV over 30 years to 2024 25,402 13,785 11,617
NPV to time of assessment -3,601 -3,250 -351

Compared to results from many other impact assegsstigdies of economic returns
to R&D, the values in Table 3 are quite modest.r@v@0-year time frame, the net
present value of benefits to the ACIAR project2@94 Australian dollars was $3.46
million. At the time of assessment in 2005, disdedrreal costs still exceeded
realised discounted real benefits by A$351,000,afidal positive outcome will
depend on continued uptake of the innovation inné&m. The benefit—cost ratio of
the ACIAR projects is only 1.9, and the correspagdnternal rate of return is 16%.

Like all research projects, net returns in theyepelrs are negative because project
costs are incurred at the outset. However, poditarefits in the years 1998 to 2002
are not due to benefits from uptake of results ftbase projects, but to the assumed
cost savings of avoided R&D by some other orgaimsat
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One key reason for these modest outcomes is thenpsien that some other
organisation would have developed the mud crathkagdechnology 3 years later if
ACIAR had not funded projects. If this either neliappened, or did not happen for
many years, then the benefit from the ACIAR thesgeots would be much greater.
For instance, if the “without R&D” scenario was tiae innovation was never
developed, the net present value of R&D is estithtieoe A$25.40 million rather
than A$3.46 million. The difference between disdedmet annual innovation
benefits, and discounted net annual ACIAR R&D bisgf illustrated in Figure 1.

Figure 1. Discounted net annual innovation and pragct benefits of ACIAR-
funded research on mud crab hatchery technology
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The sensitivity of key estimates of economic impdotthe assumed length of the lag
to innovation development under the counterfacsaahario is tabulated below.

Table 4: Sensitivity to the assumed length of thej to innovation development of
key measures of economic impacts.

Assumed project start date for Net present value Benefit—costinternal rate of
counterfactual scenario ratio return
1998 A$3.46 million 1.92 16%
2001 A$6.45 million 2.71 16%
Never A$25.4 million 7.74 16%

Conversely, if the mud crab hatchery technology ddeebdy been developed
elsewhere, and would have spontaneously spilledViigtnam at no cost, then there
would be no avoided R&D costs to count as a bené#CIAR funding. As the
present value of these avoided cost was estimated $3.256 million, the NPV of
ACIAR funding for a counterfactual that includedspaneous spill in of a substitute
hatchery innovation would be only A$0.20 millioneite, the counterfactual
scenario specified in this study was neither thetraonservative, not the least
conservative assumption that could be made abeutdie of technology in the
counterfactual scenario.
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Summary

In ex post economic impact assessment studies,tsoese the most plausible
counterfactual “without R&D” scenario is that a §aminnovation, or an equivalent
substitute, subsequently would have became availttiie agricultural R&D being
evaluated had not been undertaken. In these citenges, it is now widely
recognised that the principal impact of fundingadfic agricultural R&D project

will be to bring forward in time the realisation @onomic benefits, rather than to
generate benefits that would never be realisedarabsence of the R&D funding. It is
less widely recognised that for such cases, mortant when specifying the
counterfactual scenario for the analyst to condidev the substitute innovation is
most likely to become available.

One possibility is that the innovation, or a clsséstitute, may already exist
elsewhere, and eventually will “spill-in” exogentuwithout any further research or
expenditure by the research agency or funding lbedyg evaluated. Alternatively,
the same, or an equivalent innovation, might omlgdme available after another
agency has subsequently carried out the same uoradent research, albeit at a later
date. Which of the above two alternative scenasiakeemed to be more plausible
does have important implications for the treatnwrosts in the counterfactual
scenario. Hence, the key to correct treatmentisfrifethodological issue in economic
impact assessment studies is explicit and prepiseification of the counterfactual
scenario.

If the innovation would spill-in spontaneously atrge time in the future, the only
thing that the assessed R&D achieves is to enablieradoption of the process
innovation, and earlier realisation of the consetjakbenefits. Hence, there is no
need to include any research costs in the coucteghbscenario. Conversely, where
some other organisation would need to finance edgi R&D in order to develop
the same or an equivalent substitute innovatianijrtipact of the R&D being
evaluated would be to bring forward in time BOTI¢ ttosts of the R&D and the
economic benefits of adopting the innovation.

The latter situation was judged to be the moregkde counterfactual supply curve in
an economic impact assessment study of an ACIARddrproject on the
development and uptake of a mud crab hatchery etimvin Vietnam. To ensure
consistent treatment of costs, both a “without iratmn” scenario and a “with
innovation” scenario were specified first, and vilte R&D costs of innovation
development included in the latter scenario. Anmeainomic outcomes for each
scenario were quantified, and the difference betvibem used as a measure of
annual net economic benefits from innovation dgwalent and adoption, as well as a
time profile of economic outcomes for the “with R&Bcenario. The time profile of
economic outcomes for the “without R&D” scenarioswabtained simply by lagging
the same annual values of both costs and bengfitsrée years.

Given this specification of the counterfactual so@m the net present value of the
ACIAR projects was estimated to be A$3.46 millidre benefit—cost ratio was 1.9,
and the corresponding internal rate of return wa%.JHowever, relative to a
“without innovation” scenario, the net present eaftom development and uptake of
the mud crab hatchery innovation was estimatec ta$25.4 million. Alternatively,

if the innovation would spontaneously spill in, #&imated NPV was only A$0.20
million. This illustrates the potential for underaver estimation of returns to
research if the counterfactual scenario is notexhy specified.
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