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44 Standard Linear Models

Six different equanons wene tested using a standard log-log, static linear mode! (see Theil 1978,
Johnston 1954). Imitially the entire data set (January 1987 1o August 1959} was used to estimate
varous coefhcients, On a second run a restricted data set {January 1987 w Ocwober 1988) was
used in order to solated any price-guantity reélationships before the pPrice crash during 1983 The
results are Presented in Table 11.

As discussed in secuan 1, demand studies for fisheries products have created a debate among
ECONomMists with respect 1o the degree 10 which price or quantity is considered exogenous (Burton
1992). Conventional empirical demand systems normally take pricés to be exoffenous and use
price, togethér wath income and substiute effects, to determing the quantties demanded. Implicit
in this approach, described as "quantity-dependent”, 1s the assUmption that suPply is perfectly
elastic in the reQion of ihe prices beind considered and that 1he pricg a supplier is willing to accept
for a Qiven quantity 5 determined outside the market by cost factors sush as Production and
transport. An alternative approach, termed "price-dependent”; arises when supply is inélastic and
the Quantity demanded is constrained. At the ndividual consumer or supplier level the "quantity-
dependent” approach is applied, provided the individual consumers 2nd supphers are Price takers.
However, at the market level, if supply is inelaste, prices will alter until the quantity demanded 1S
efual 1o the quantity supplied This leads to Quantity being considered as BExo@enous

The two approaches outlined above are the two extremes of a continuum in which the de@rze 10
which either price gor guantity is exogenous varies. Burton (1992} has shown that demand for wet
fi5h 1in Great Bntzin is modelled more convincingly using the "price-dependent™ approach. Given
that wirtually all of the wet fish supplied to the U i market is from capture fisheries with catch
Auotas and that there is little {eeway for storage of the given product form it is Perhaps unsurprising
that quantity is exogenous at a market |evel. However. the structure of the world shrimp market
1§ Quite different, with aQuaculture production and cold stora@e facilties introducing considerable
flexibility to the supply. h

The twa extremes were therefore tested by using *quantity dependent” specifications in the first
three equatons end “price-dependent” specifications in the second three equations.

The elastivity estimates from the "price-dependent” equatons were inconsistent with both the
qualitative dara analysis undertaken in the previous section and with garlier studies. The &stimated
demand elasticrties were all very small, and in many cases the income elashicity was negative,
suggesting shrimp to be an inferior good. These results were considered unreliable, and the "price
dependent” models were thersefore dropped from the analysis

The two s8ts of "quantity -dependeni” specifications Qave generally similar resulis, but those Using
the restricted data zet {Table 10, equations 10, 11 & 12} were cgnsidered to be more reliable
beczuse of the much better fits aobtained. These are discussed further,

The price lasticities all have plausible signs, except for the Own-price estmate for small shrimp
{0 971 in EQuation 12. Large shrimp are found 10 be highly elastic with respect to own price {-2.18)
and medium shrimp relatively inelastic {-0,.73] with respect to own price Cross-price elasticities
indicate that small shrimp are complements to both large and medium size categories with respect
to the price of large and medium sized shrimp IEQuations 11 and 12}, but gubsttutes with respect
o the price of gmall shrimp lefuations 10 and 11} Medium sized shrimp are indicated as

substinutes for [arge shrimp with respect o both medium and large shrimp prices {equations 19 and
11}

Whilg in most cases the estimates of elasticitigs are consistent with the qualitative dermand analysis
in gection 4.3.1, the inconsistent own-Rrice astmate for small shrimp together with the gonflicting
Cross-price elasticity estimates between small $hrimp and other $izes, made it unrealistic to use
these estimated elasucities wo predict impacts on shrimp fisheres, Rather, we examine the results
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of an alternative methad of analysis in the next section -

Table 10 Sumrnary of Results From the Standard Linear Models
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4.5 Generalised Choice Model

This anatysis is based on a generalised choice model originally developed by McFadden (1974}, in
his analysis of transportaton slternatives, and adopted by Wang and Keflogg (1984] in their study
of the lobster market in the USA. The modet consists of an aggregate demand equation and a set
of chaice equatians for the three size categories of shnmp.

As discussed in section 4 3, this study aims 1o determine the overall relationship between price and
guantity of different size categories of shrimp, and determing the demand for imported shrimp in
each of the different size categories. The standard tog-log, static linear modet used in the pravious
section does nat have the flaxibility to satisty both these aims, but the generalised chaice model,
with distinct size choice components allows estimawes 10 be made. In effect, the consumer
behaviour modelled when considering mports is that of the US importers and wholesalers.

The generalized choice model was chosen specifically for this task becsuse of its suitable
conceptual structure. The general choice model assumes that & consumer (trader} decides on 2
level of shrimp consumption based on shrimp prices, prices of other goods and income. The
cansumer (trader) then choases different amounts of different sizes so as to maximise his or her
utility. This conceptual structure agress weell with the U5 shrirmp market structure fram a traders
point of view as described in section 4.3. Obviously an individual consumer will not make chaices
in the manner described above when purchasing sheimp, but when consurmers are aggregated and
an average behaviour deterrmined then the general choice modsl cancept is appropnate Underlying
the assumption about the suitability of the general choice model 15 the assympton that the
behaviour of traders 15 a good approximation to the average consumer behaviour. As discussed in
section 4.3 .2 the more <kilful a trader is the truer this assumption will be

The aggregate companent of the general choice model specifies total quantity of imports intg the

U5A as a function of disposable income, US shrimp prices, total quantity of domestic shrimp
landings and seasonal factors:

In Qe = A, 4+ AlnY + AjnP + Ajn{loom + ADh

Where: dimp = total quantity of LS shrimp imports,
ie., O = X, {impares),

Onom = tatal quanuty of S domestic shrimp landings,
ie, O = I {domaestic landings),

¥ = disposable personal income,
P = weighted price of shrimp ., P = ZPX,
01 . seasonal dummy, 1 for the closed season in the shrimp fishery and

O for others,

Q = guantity demanded of size category i,

P = price of size categaory i

X = market share of size category i, 1., X, = Q/0,
A'g = parameters o be astimated

NE size categories {i} are large = L; medium = M, small = §

The second part of the model consists of the shrimp size choce component The market share ratio
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of two shrimp sizes is specified as a function of disposable income, the prices of the three shrimp
sizes and seasonal variables:

I (XX b = Bismue + BownanPL F BuwnanlnPy + BugpaslnPs + Cognauln¥ + ComnauD1

o (XX = Bigasas + BooananInFi + Bugamaln Py + BpguasinPs + Coranaln¥ + CmnsDy

Where- Z X =1, and B and C are parameters to be estimated

The warious elasticities are derived easily {Wang and Kellopg 1984, quoting Chern and Just
1980, 1284} using the symmetry of the model.

Elasticity of the market share of the varigus size categories {i} wWith respect to the price of a
particular size category j (Eyl can be derived as fallows:

Exgyy = Bixsnu™ * X + HBpginy - Buaunayb * Kl
Eae = TBosaont™ = Baana ™ ¥ X + 1Bgann™) ™ Xid

Exy = ['qumij * X - ':'B:mnp*i . ¥

The aggregate elasticny of demand with respect to the price of a particular size cawegory | LEj) is
derived as foliows:

E = (A,/P] * UEP*"X"Eg)l + {X P

Where. A, = the coefficient of P in the aggregate demand eguation {Equation 1), and
P = the mean price of aggregate and individual size categories respectively

The demand elasticities of size category | with respect to the price of awn and ather size carégories
{j] are the conventional own and cross-price elasticities, and are derived as follows:

U, = F + Ey

The results of the model are given in Table 11a. In the aggregate demand equatian (1) the ncome
variable was not significant and drapped from the final eguation The price variable {PALL) has the
expected sign but is not significant [se = Q.83 The domestic supply variable {TQDOM} is
significart (p = 0.06) but has an unexpected sign The overall performance of the equation s
indicates an sdjusted R of 048 The independent wvariables in the smazllflarge (2] and the
medievm/{large (3] choice equatons displayed the expected signs and were all significant excepr for
the medium price vanables. The adjusted R%is 0.19 for the small/large choice equation {2) and 0 37
for the medium/large equation {3},

The resubis of the model indicate that aggregate demand for shnmp in the US market is price
ingtastic {-0.771. This finding is consistent with previous studies for shrimp in the US market {Bell
15786, Rackowe 1983, and Yang 1982) which are discussed in section 3. Theé income variable was
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dropped fram the equation. however Sarlisr estimates sug@est that the incoma elasticity of démand
for shrimp. in the US market, is unitary {3.99, Yang 7992} or glastic (Bell 1976, Rackows 1983

and Houston 1550},

Tabie 11a Regression Results From the Generalised Choice Madel
B DEPENDENT |
!EQUATI'DN YARIABLE COMSTANT NY |mPALL | INPL| InPR& | In PS III‘I DOMESTIC ™ RzZ | ADJ R2
|1 In QIMP 10,5 nfs| 077 016 | -0.54 | 053 0.4%
u} Q Q.38 002 1]
se 1.46 0.85 006 | 011
2 LGE:TN 0.09 nis 102| 053 072 .04 0.4 0,10
o] Q.77 004 | 018 oz 0.31
So .29 047 | 038| 028 | 004
| T ML -85 1.05 172 001 | 074 a2 039 0.a7
£ 007 | 068 00s | 0og | 005 o.03
58 508 | 0.57 | 074 | a9 | 04985 006

Using mean values of the sample, the aggregate demand elasticity was estimated from the choice
equations (2} and (3], the results of which are Presentaed in Table 11b The results sugdgdest that a
given percentags change in the price of any Particular size will Qive nise to a smaller change in
quantity demanded than the same percentage change in averall Price. This 1s as expected. and
consistent with the theory that afgregate demand elasticity, with respect to chanpes in the price
of an individual size category, 15 less elastic than with respect to changes in overall price. Singe the
Prices of individual size catefories are a component of overall price. the summation of the price
elasticities for the three size categorigs (-0.04 + -0 63 + -0.13 = -0 70} is equal to the Price
elasticity with respect to overall priceé The aggregate demand elasticity derived in this manner is
melastc at -0, 70.

Table 11b Aggregate Demand Elasticity with Respect to Price of Different Size Categares.
PRICE (SMALL} PRICE {MECHUM) PRICE (LARGE) FRICE (wTD)
0.04 -0 53 -0.13 -0.70
i0.20} e {062 {0.21)

Table 11¢ presents the own and cross-price elasticiues denved from the generaiised chuice model.
Own price elasuciues for all the size Categories of shrimp have the correct Signs Estimates for
small. medium and larg@e shrimp are -0 22, -0.34 and -1.15 respectively. This implies that demand
for both small and medium sized shrimp are inelastic with respect o own Price, whereas demand
for large shnmp is elastic with respect to own price. By way of example, the esumates indicate that
a 1 percent increase in the prce of small shrimp will lead to a 0.22 percent drop in demand for
small shhimp Alternatively, a 1 percent inCrease in the Price of large shrimp will lead 1o a more than
propartionate drop of 1 15 percent in the demand for large shrimp
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Table T1¢ : Own-price gnd Cross-price Elasticities
" QUANTITY FRICE (SMaALL} FRICE [(MEDILIBY FRICE {LARGE]
“ SIZE 1SmMaALL) (0,22 -0 38 -0.04
{0271 0.34) i 3g)
SIZE (MEDIUR) 073 -0.34 0.16
. {0.65} 0.69) .71}
SIZE (LARGE} .41 0.06 -1.156
{Q 25) {0.30} .31}

The estimates presented in Table T1c indicate that small and medium sized shrimg are
complements. The cross-price elasticity of demand for small shrimp with respect 1 the price of
medium sized shnmp 15 -0.38, the implication being that a 1 percent increase in the price of
medium sized shrimp would lead to a .38 percent decraase in the demand for Small shrimp. Large
and medium sized shrimp are wenufied as substitutes. For exampig, a 1 perceént increase in the
price of medium sized shrimp would lead to a Q.06 percent increase in the demand for large shrimp.

The ¢ross-pnce estimates betvween small and large sizes, with respect to pPrice. are Somgwhat
comtradictory. With respect to 2 1 percent increase in the price of emall shrimp there would be a
{J.41 percent increase in demand for large shrimpP, suggestng thai small and large shrimp are
substituies. However with respect 1o a 1 percent increase in the price of large shimp, the resuhs
imply a .04 percent decrease in demand for smalt shrimp. The -0.04 percent changde mplies that
lzrge shrimp have a neglgible effect on the demand for srmall 'of shrimP and vice versa.

Presented in Table 11d are the market share elasticities. These elasticities raprasent a measurg of
the response of the market shares of the three size categorigs of shrimp given a 1 percent change
In the price of an individual size cateQory. For example, an increase in the price of medium sized
shrimp would induce a 0.34 percent decrease i the market share of small shrimp and a 0 19
percent increase in the market share of large shrimp

Table 11d Elasticity of Market Share
MARKET SHARE | PRICE (SKALLY PRICE (MEDILIM) FRICE ILARGE!
SIZE {SMalLL} -018 -0.24 -0.00
10.23) {0.21) {0.41)
SIZE (MEDHUA) -0.2 0.2 o7z
{(.25) {0.323) (0.49)
5I1ZE {LARGE! 0 B4 019 -1 02
(017 0.2 (0.33}
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4.6 Demand Elasticity Estimates fraom Disaggregated Madels

In the preceding two sections. three modeis were used in an attempt o estimate elasticities These
wwere the standard log-log static hinear model, in "guantity dependent™ and "price dependant” mode.,
and the generalised choice model,

Ag already¥ noted in section 4.4, neither of the sets of results from the standand log-log static Lingar
medel agreed well with the Qualitative analysis presented in secticn 4.3, although the results of the
"guantity dependent” {or frice exogenous) specification appeared much more plausible than those
of the-"price dependent™ specification.

For the 9eneralised choice model presented in section 4.5, the estmated elasticiues appear
substantially more plausible. most of the own and cross price elasticities hawve both the Si@n and
appraximate magnitude magnitude expected from the qualitative analysis. The own-Price slasticity
of demand for the individual size categorfes 1s estimated to be nslastic for small and medium
shrimp at -0.22 and -0.34 respectively, and elastic at -1.15 for large shrimp. Also, medium and
large shrimg are indicated to be substitutas.,

However, there do remain several inconsistencies, The cross-price elasticities between medium and
small Shrimp 5uggest that they are complements. Howeaver, the qualitative analysis présented in
section 4.3 gives no indicgtion that this should be the case. If anything, it suggests that it 1S more
likely that medivm and small shrimp arg weak substitutes The two cross-price €lasticity estimates
betwseen small and |arge shrimp are contradictory, with one esumate estimate suggesting these two
categortes are strong substitutes, while the other sugQests there is very little interaction hetween
them. The latter estimate s much more plausibizs.

It should be noted. however. that any interpretation of these estimates must bear in mind their low
precision. All the estimated parameters, other than the own-price elasticity for large shaimp, have
large standard errgrs

There are several Possible reasons for the low precision obtained. Particular Problams ara the
assumptions fequired to extrapolate the size distribution of the NIMFS mports sample to all US
imports. the assumptions required to determing an average price far each size catefory given the
complets tack of dats on which countries of arimin are suppiying which species of shrimp within
cach 5ze caegory, and the exclusion from the analysis. due to lack of data, of other factors
identified as potentially relevant {see sections 4.2 and 4.3). In particular. the role that trader
Preference for certain Couniries of onigin plays is poorly understood.

In conclusion, while most of the actuzal estimates of elasticities of demand obtained are plausible.
in view of their low precision and restricted applicablity, it would appear unrealistic to use themn
in further quantitative analvsis of the possible effects of changes in the world supply of medium-
sized shrimp. The real elasticitias of inwerest for such an analysis measure the effect on price of
changes N gopply, rather than the effect On quantity demanded of changes in price, as have baen
estimated here In Principle. the gne set of elasticities ¢an be derived from the ather, but the nature
of the transformation between the two is such that it requires rather precise estimares of
elasticities of demand
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Implications of Increased Aquaculture Production
for Shrimp Fisheries

A% part of the overall project the price-quantity refationships identified in the disaggregated analysis
were to be used as a direct input intg the bio-econamiz model. Within the model, the dynamics of
the fishery would be drven by the variatons in price of the different size categories of shrmp,
resulung from preojected ncreases in shrimp producuon from aguaculwre. In gther words the
dynamics of the fishery could be observed under different scenarios depending on the output of
medium sized shrimp from aguaculture The price of large, medium and small size categaries of
shrimp will vary according to the own and cross-price elasucny esumates that were 1o be
determined above. In conjunction with a bwlogical sub-model and specific fleet operations, this
information was then to have been used to identify any changes n the profitatulivy of diffgrent
capture fishery operations resulting from increased aquaculture production

As discussedin section 4 B, the severe data limitations prevented elasticities baing determined with
encugh certainty to warrant their use in guantifying the mpacts of the predicied increased
aquagulture production on shrimp production from both aguaculture and capture fisheries.

However, the information coliected in sections 2, 3 and 4 make possible a gqualitative assessment
of the likely impacts on shnimp capture fisheries and aguaculture due 1o the predicted noerease n
dquaculture producton

Sectian 5.1 reviews published predictions of incregses in aguaculture production, Based on these
predicuons a qualitative disCussion of possible price moverments 15 presented.

This gqualitatve approach is also used o describe possible impacts on shrirnp production methods,
revenue and emplayment {sections 3 4, 5.5 and 5.6 respectively) in light of the preduction casts
of both capture fisheries and aquaculture descrined in section 5 3. o

5.1 Future Praduction Scenarias

Future production will depend on imeracuons between demand and supply factors, A% shown in
section 4, the demand curve for shrimp will depend upon the prices of related goods {both
complements and substitutes), cansumer incomes and preferences. The supply factors hehind the
supply curve include available technology and methods, input costs, shrimp stocks and government
reguiation. For a given set of supply factors, the supply curve shows the guantives of shrimp
producers would be willing ar able ta supply st each concewvahble price. Similarly, the demand curve
shows the guantities consumers wish 1o purchase at each conceivable price for 3 given set of
daemand factors. An equilibrium 15 obtained whean the quantity demanded is equzl to the quantity
supplied for a given price. At any particular point in time, the market may not be in equilibrium, but
market forces act towards equilibnum guantity and price. The time required for the market to return
to an equilibnum is crucial 1n deciding whetner the market analysis treats the market as in
equilibrium ar non-equilibrivm.

The future production estimates by Yang (1392) and Infofish (1991) given below treat the market
as in equilibrium and use various sets of supply and demand factors within simple econometric
models to forecast future production The qualitative approach used by Csavas (1988} to predict
production by A58 15 quite different,

Csavas (1988) makes a rough and ready estimate based on the historical aguaculture groduction
trend of Taiwan, taking nto account the various species, area available for development,
technolegy constraints and the partcular stage of the industry in other Asian countries i terms of
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their position in the Production cycle Csavas (1988) argues that historgal productions trends
should be considered in the context of the typieal product life cycle’™. Having dentfied shrimp
culture in A5id as having reached the second phase. characterised by exponential growth, between
1883 and 1985, Csavas (1988] predicted the onset of the third phase which is characterised by
falling prices and decelerating drawth. Given these qualitative considerations, Csavas (1988)
estimated that total production from aquaculture m Asia will reach 800,000 metric tannes by the
year 2000, based on a 9.2 percent average annual growth rate fram 1985, If Asia’s 80% market
share of aQuaculture production 1s maintained, this would place a totzl of approximatsly 1,000,000
metric tonnes cultured shrimp on the world market by AD 2000.

Infoftsh {1981} predicted that demand for shrimp would increase at a maximum annual rite of
2.5% between 1989 and AD 2000 based on World Bank published projections for human
population and per ¢apita in¢ome growih rates and assumed a future income elasticity equal to
unity This estimate places a maximum of 2,817,800 metric tonnes of shrimp on the world market
by the vear AD 2000. Given that Infofish {1991} also state that the quantity of shrimp landed by
fisheries is unlikely to excesd significamtly tha current world total of between 1,400,000 and
1,700,000 metric onnes, production from aguaculture will be approximately 1,200,000 metric
wannas in AD 2000,

Both Csavas {1988} and Infofish (1991} acknowledge the current and possible future constrants
on shrimp aguaculture production (discussed in section 2.2 2 2] when predicting future production
fevels Yang (1982), however, makes Iittle mention of these factors when modelling total Shrimp
supply and demand

Yang (1922} considered marine catches and aquacuiture production SeParatelv. The madel
considerad shrimp supply from cadture fisharies to be z function of the production in the pPrevious
vear, Costs of producrion, real shrimp prices in the cureent and Previous vear, real interest ratas and
a ume trend to account for factors such as technological change and poliution. ShrimpP supply from
aquaculture production was defined as a function of production and price in the Previous Year and
costs of production The function describing quantity dermanded used per capita consumptian, per
capita consurmption inCome, the current real price of shrimp and the current real price of a shrimp
substitutg {other fish 10 the U 5. and besf in Japan). Saveral of these variables were dropped from
the model before predictions were made, largely due to insignificant coefficients. However,
Production cost for the capture fishery {primarily fusl gostl was droPped as the cosfficient,
aithough significant, had an unexpescted sign. The time trend variable was alsa dropped with ng
exptanation. Supply and demand projections were based on Warld Bank forecasts for exogenous
vartables such as interest rate, population size and Per capita income. whereas trend values were
used for the other independent variables, The World Bank forecast for the rates of growth of GNP
in Japan, the U § and the rest of the world that Yang used can now be Seen as overly optimistic.
Projections from the model indicated 3 13.6 percent annual growth rate for cultured shrimp
production and a 2.6 pegreent annual increase in shrimp landings. Apphed to Penaeid spacies. these
Projecuons pace a total of 2,976,867 " metnc tonnes of tropical shrimp SPecies on the world
markets by AD 2000, with aguaculture production aceounting for 73 percent of the total at
2,174,290 metric tonnes. Appled to the heads-on figures for 1988 quotad by Infofish {1891 =5
total of approximately 5,227,000 metric tonnes would produced and consumed, with agquaculture
accounting for 55% {2.874,000 metric tonnesl.

Given the inconsistencies in the method used by Yang {1992), and the ralatively similar Predictions
obtained by Csavas (1388) and Infofish {1991} using quite different methods. it appears leditimate
1o state that aquaculture Production s fikely to produce between 1,000,000 and 1,200,000 metnic

In germral thara are foul basic Phasas in tha & product Nfe-cyele o Jrowth curve of a Gommadity: gevel9gment.
Frowth. maturity and decine (Qouglas 13987, Koutsolannis 18827,

Eased on inital quantitles of 504,400 matrit tannes | 13830 and 590 100 metrie tonnee {1997 for marie landi g
and afuatulturt production respettively [Sec Table 71
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tonnes of shriimp by the year AD 2000. This translates as an averaQe annual rate of increase of
approximately 4 5% to 8% between 1988 and AD 2000 and results in approximately 930,000 ta
1,100,000 metric tonnes of Penaed species being produced and consumed on the woarld market
by AD 2000

As shown by the review of the tropical shrimp fisheries (Chapter 3.1.1.), it seems unlikely that
significant increases in production will emanate from marine tandings. This is confirmed by the
Infofish {19891 statement that wild resources are almost fully explaited and no new Qrounds are
avalahle. Taken in conjunction with predicted aquaculture production trends, the best estimates
far the total world shrimp market Rlace hetween 2,700,000 and 3,000,000 metric twnnes of
shrimp on the warld market, with tropical aguaculture production making up appraximately 40%
and Penaeid species accounting far nearly all of that share.

There is a relatively greater degres of uncertainty over the likely upper limit of aQuaculture
froduction in AD 2000 compared ta capture fisheries. due 10 the manufacterind nature of shrimp
farmung Future levels of farmed shrimp production and investment in the aQuaculture industry
could increase dramatically if there were a breakthrough in farming methods which significantly
lowered production costs or nsk. These development activities are exPected to include the
continuation of ongaing research into other species suitable for aquaculture production. disease
control, hatchery methods, reduction of post harvest |osses and Increased use of by catches
Perhaps equally possiie is the point that aguaculture {evels wilt only maintain current levels, or
even decrease, f, for instance, the prévalence of diseass increases and environmental regulation
imits the use of drugs due to water pollution concerns. Environmental reguiation over concerns
redarding the eutraphication caused by shrimp farms may also have a negative impPact on future
production tevels. Many of these concerns aver disease and environmental regulations wili increase
in importance as the shartage of suitable areas for aguaculture {35 discussed in section 2.2 2 2
becomes more acute

Redardless of these uncertainues i the technalogical and environmental fields, the growth of
aduaculture will slow considerably unless profit margins widen back towards the levels of the mid
1980's. Given the price trends described earhier, 1t 15 clear that profit marging can 9nly be widened
by decreasing production costs linfofish, 1891).

Table 13 presents three Scenarios which are based on esfimates for future pProduction from
aquaculture as discussed in Chapter 3.2, Total aQuaculture production forecasts are made for AD
2000 with annual and totsl percentade increases endicated.

Table 13 Aquaculture Production Scenarios
TOTAL ANMNUIAL TOTAL
PRODUCTION INCREASE INCREASE
(AD 20000
SCENARIO 1 200,000 MT t.65 % 16 %
SCEMARIO 2 1.000.000 MT 4.2 % 45 %
SCEMARIO 3 2,174,290 MT 13.6 % 215 %
52 Price Implications for the Individual.Size Categories of Shrimp

As discussed in section 5 1, the most plausible futyre production stenarios place approximately
1,000,000 MT of adquacutture produced shrimp on the international market by 2000AD.
representing a 45% increase from the 1992 level of approximataly 700,000 MT.
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It 15 INterestng 1o note that between January 1984 and December 19232, while aquaculture
progduction increased over three fold worldwide. the price of Ecuadorian whites in the 31-35/1b size
categery showed no clear trend, $tarting and fimshing at US$11/kg. This is supnamed by figures
for guantity and value of exparts from Ecuador from 1980 1o 1988 which show that Ecuadorian
shrimp exports increased in volume from 9.500 MT to 51,400 MT {primarily due 10 increased
aquaculture production] while the value of these exports increased from US$ §6.5 million to US$
248.3 million, increases of 440% and 424% respectively {all figures fram Infafish International).

Similarly, the price of US Gulf shvimp {primarily from capture fisheries) in the 31-35Ab size Category
also showed no trend, varying around US559/kg.

Itis clear from the figures quoted above that, averagded over the period 1880 to 1992, the supply
curve far size 31-35/1p shrimp in the LS market 15 essentially flat, with very different quantities
being supplied at the same price. Unfortunately. little infarmation can be extracted regarcing the
demand curve, exceRt 10 say that demand must have increasad during the period and that the
higher the own-price elasucity, the smaller the increass in demand required to hold prices lavel. A
small increase in demand could easily be explained by the increase in US population and per capita
income over the period 18980 wo 1992

The European markgt has behaved in a similar fashion to the US market over the same time periad.
with india brown shrimp in the 41-60/b size varying around US$6/kg with ng discernable trend,

The price of Indian white shrimp in the 2 1-25/lb size has varied around U5$24/kg in the Japanese
market from 1984 to 1992, However. the picture for price of shrimp in US$'s in the US, European
and Japanese markets described ahove differs markedly from that for the Yen in the Japanese
markset over the same Period The price of Indongsian white shrimp in the 26-30/th size dropped
linearly from levels around 3000 Yen/kg in 1984 to 1500 Yen/kg in 1988. Since 1988, the price
has rermsined around the 1500 Yen/kg mark. Yen prices for Phillipine black tiger in the 25-304/kg
size have changed in @ similar fashion. [t is not clear whether this different pattern for Yen prices
15 due [0 exchande rate movements or reflects a drop in prices due to increased supply.

Regarding the US market, it is clear that the demand curve has shifted to a certsin extent.
reflecting a change in consumaear behaviour and increased Per capita consempiion. The importance
placed on brand reco9nition and marketing by 1S shnmp traders discussed in section 2 reflects the
realisation that US market prices will only be mantained if consumer behaviour can be modified and
per capita consumplion increasad. The description of the US and European (ong run trends shows
that it is not possible, with present data, to Predict where per capita consumption will plateau in
githar market [ is nol clear whether per Capita consumption in the US and European markets will
ever apProach the levels currently abserved in the Japanese markei. At present there are few
indications of the extent to which U35 consumer behaviour can be further modified and therefore
there i§ uncertainty over how mueh mare medium shamp can be absorbed by tha US market hefore
a dechne in the price of medium shrimp ccurs

It is possible that the emergence of markets for shrmp in ather countries. iIncluding the prmary
countries of origin, will absorb the extra production and US market pnces will remain relatively
lewvel.

Summarising the above Points. the available long run data sugyests that between 1980 and 1592,
the increasad world wids supply of aquaculture shrimp has had [itthe impact on the levels of prices
in the US.

The description of the US market and qualitstive demand analysis based on the WMFS data
suggested that, due to the large differences in price paid for the lar@e and medium Size categorics
and the different market segments they occupy, 1tis likely that the effect of a chande in quantity
supphed i one category will have only a small effect an the price of the other catagary. or no
eftect at all over the magnitude of the changes abserved in the NMFS data. The medium and small

MRAG SHAIMP REFCRY - ECONOMICS SECTION MRAG



Fage 63

gizr categories may interact more strangly due ta the more similar market segrnents they ocoupy.
The MMFS data suQQests it is highly unhkely that there will be any large interaction hetween the
large and small size categories

5.3 Cost of Production

This section calculates estimates of the different ranges of production costs associated with the
different methads of production in both the capture and cuiture sectors The values indicated show
the relative costs of production which arg used to give an mdicaﬁlon of the likely changes in
production methods resulting from the possibie price changes which are discussed i Chapter 4.8,

531 Capture Fishery

The cost of operations in the capture fishery depends on varous factors pertaining to the type of
vessel and |evel of fishing operaticn involved. The cost estimates presented in Table 6 are
calculated from a number of case studies from ditferent fishenes in an attempt to illustrate the
differences batween 1¥Res of operation and location of the fishery, Thres catedaries are considersad;
artisanal. semi-industrial and industrial.

Table 14 : Cost of Production far Different Types of Fishing Opérations.
CATEGORY DESCRIPTION TOTAL LANDINGS | PRODUCTION
COsT (KE] COST [5/KGI
" ARTISANAL:
MADAGASCAR YVALAKIRA STATIC 30,31/
IFAC 1983 TRAP
SEM.
INDUSTREAL
WoODEN DHOW. £33.000 11.950 $2 76MKG
KLWAIT STERN TRAWL WITH
{EL MUSA 1987| | INBQARD ENGIME.
INDUSTRIAL,
5163000 27.800 $5.84/KG
KLUWWAIT STEEL HuLL. LARGE
(EL-MUEA 19871 INBOARD ENGIMES.
|| $32126 | 4505 $a.91/a
17-38 m STEEL
TaMzaMiA HULL. 2590-822 Hp
Fag 1920 ENGINES, DOUBLE
RIGGED. 8112500 13.500 $8.33/KG
I
DOUELE-RIGHED
MEXIC D TRAWL. 300 Hp
{ANON 18380] INBOARD ENGINES.

Source - El Musa HBS?L FAD (1989); FAQ {199Q); Ancn. {1880).

The total costs recorded in Table 15 represent both fixed and variable costs associated with the
vessel operations aver a 12 month period. Landings represent the total weight of shrimp (head on}
caudht during the same 12 month penod.
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It must be noted that accurate cost and earrmings data 1s notoriously difficult to obtain and therefore
the nomunal values presented should be regarded as representative rather than definitive.
Nevertheless the values do indicate clear production cost differentials between the different
categaries, with the industnal vessel oPerations supporting the highest production cost per kilogram
of shrimp.

5 3.2 Aquaculture

The cost of production depends upon the type of operation Generally speaking theY are
characterised as extensive, Sermu-intensive and intensive, As production systerns Decome more
intensive the stocking densities incr2ase, production area 15 reduced. technalogy becomes more
saphistcated and camizl costs are raised. The desired outcome from this type of farm
intensification iz a mpber preduction per unit area.

Extensive farms need little management and shrimp may be stocked with other herbivorous fish
Low levels of technolagy are wsed and shrmp are usually harvested with cast-nets or bamboo
raps

Pond size: Up 1o 1040 hectaros.

Water axehangs: 5 - 10 % pPar day, Provided by udal fiowa.

Stocking density: 2 25,000 juverlee per hectars,

Construciion coste Low. L'sa low |y impPodndimants.

Oparatiflg costa: Low OQrganic ar gormmersial fertilizers may ba yeed 10 encourage naturel Progutivivy
in ponds.

Fraductian: 50 - BO0 kg per haciare per Year.

Froducton sost- $1.00 - 53,00 per kg (Ive weight]

Semi-intensive farms introduce a nursery phase where wild or katchery produced juveniles are
stacked at bigh densities in nursery ponds until they reach a 5iz€ where the¥Y can be stocked at
lower densities in @rowout ponds. The leve! of technology is fairly sophisticated and good pond
management is neCessary The Shrimp are harvested by draining the pond through a net

Pond sizer Betweaan & - 25 hactares.

Wates exehanga: 19 - 20 % per day, aided kby rmechanioal Pumgs,

Stocking densiry: Batwaan Z5,000 - 200006 |uveniles par hactara.

Conetrsgtion cosus: Batween §15,000 - 4 20.000 per hectara

Operatind costs: High. Shamp ieeds are usad 0 gugment naturel foed i ponde, fuel ard MAINTanENE.
in resded for the pumping gParetions. and Pande heva t0 be renguated betwaen
croaps,

Production 500 - 5.000 kg par hacters Par yeer,

Production cogt §3.00 - 5500 par kp lliva welghil

Intansive farming requiras a high [evel of management apd constant monitoring of the ponds The
tevel of techinolody is bigh and sophisticated harvesting techniques are used

Fond si2a: Betwean ¢ 1 - © hecrares.

Warer exchonga: A0 % or mare per dey, gided by mechanicel pumps,

Stoching density: tAard than 200,000 Juveniles ped hactars.

Construation cosTs: Batween 525400 - $100,000 par hactara.

Operaund costs. Vary high. Heavy feading ig neceesary ragether with waste rernoval and aesation of

pends Fuel end mantenance is needad for the pumping cperations, and pands hewve
[9 be eleaned batween hervasts.

Froduction: &.000 - 10,000 kg per hactare par year

Froduction apst: 568.00 - £7.00 par kg [liwe weightl.

The data above indicates the relative production costs, Oiving ranges which may vary according
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to location. The data were compiled from varnous rePorts pPublished 10 Asian Shrime News and
world Shrirmp Farring {1290-1292),

Aquaculture production costs are highly sensitive to feed costs. which 1n the Philippines and
Yhaland acoount for 0% of tatal costs but up 10 708 in China The evolution of feed production
technolegy, and the resulting price and qualty. is an impPortant factor in the profitability of
aguaculture.

Depanding on the leval of production ¢osts. the specias drown. the growing season and market
prices, the aptimum size to which shamp should be grown to in order 10 maximise economic
returns can be calculated. Infofish (13991} state that using the best currently available techmdues
in eath of the producing countries, peak econome performance is obtained by producing black tiger
shrirnp with a count of 21-25/b in Asia and 31-40/lb in northern China. In Latin Amenca, peak
economic performance s obtaned by growing white shiimp o a count between 26-30 and 41-
EQ/Ib The optimum size is dependent on seed avalahility, which, when low, lgads 10 the shrimp
beind kept n ponds for an increased time, allowing them 1t reach larger sizes, typically 21725
countsflb. It should be noted that the economically Qptimum size class determingd for black tiger
production in South Asia would be classed &5 larg@e under the Present classification. Asia currently
supplies 65% of total warld shrimp, with 45% of the world suppiy of cultured shrimp being black
tiger. It seems possible therefore that in the near future aguaculture production will flace hath
medium and largle sized shrimp on the world market.

h4 Implicaticns for Methods of Shrimp Production

Assuming static froduction costs, any reduction in the sales price of medium sized shrimp will force
aquaculture production methads to Switch away fram the intensive farming methods, with
production costs between USS 5.00 and 4 7.00, towards the semi-intensive methods with [owear
production costs.

For capture fisheres, the implications are not 50 evident. due T0 the fact that production costs can
vary according to operations and mocation of fishery. Furthermore these producers ofter obtain
revenues from different sizes of shrimp as well as other manne fish species. One possibility may
be a move towargs the Specific targeting of targer size cateQories of shrimp via a change in fishing
techniques (gears! or the implementation of regulatory management measures such as Closed
5ga50ns O areas

5.5 Revenue Implicaticns for Shrimp Producing Sector

Given that the imPact of increases in Quantty supPliad of one size cateBory on the price of other
size catedories could not be quantified. it is only possible 10 make Qeneralisauons based on the
gualitative assessment of the US market The descnption of main markets in secton 2 suggests
that different factors are imPortant 11 the price Quantity relatonship in differem markets, with the
Japanesa market perhaps being the most different main market from tha US market. Therefore,
since revenug wnplications for the shrimp producing sector depend to 2 certain extent on
adgdgredated world wide demand for the different size cateQories. any comments bagsed on US
rmarket gtructure Can only be applied hesitantly to any one country of origin. Furthermors, 35
identified for tha case of Mexican and Ecuadorian imporis 1@ the US, the grder in which source
countries are preferred by importers to a given market, and haw closely ted to that specific market
a country of origin is, has sernous iMpPhcations for Price and gquantty movements. For instance,
virtually all of South and Central American production enters the US and Canadian markets.
regardiess of the relative prices in other markets.

Based on the qualitative assessment of the US market structure, f the increasing supply of medium
sized shrimp does ¢ause the price of medium sized shrimp 1o decling, the following comments can
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be made A decrease in the price of medivm shrimp will lead to a reduction in demand for small
shrimip and thus lead 1o lgwer Brices and quantity demanded for small shrimp Similarly, although
the effect will be smaller, the price and quantity demanded of largs strimp will also decline. These
changes will result in loss of revenue for the Production of small and 1arge shrimi, and, due to the
nefastic nature of demand for medium shrimp and current sypply levels, will also cause a lpss of
rewenle it the medium Size category. Thus any reduction in price caused by increasing aquaculture
production will reduce total revenues for the shrimp producing sector

Another interesting possibiity is that the supply structure may shift increasingly towards an
oligopoly as revenues decline, either by design or by free market compstition putting producers
with higher costs of production out of busingss. The nature of the shrimp ndustry 1s such that
individual shrimp fisherman or farmers face a perfectly slastic {horizontal) demand curve. As price
takers their ndividual production cannat influence Prices and increased revenues can only be
obitained by increasing catches or farm output landfor reducing costs). However. the demand curve
exhibited by the market 15 usuzlly downward sloping. where a raduction in Quantity supplied implics
a higher umit price {and vice wversal. Thus, for price taking producers, although an individual
producer may increase profits by ncreasing production, if all producers were to do so than
reverues could increase or decrease, depending on the whether the price elasticity for that good
is greater or 1ess than one. This will not oceur to the same extent if a producer is 2 dominant
supplier to the market and has the ability to behave as a pPrice maker A larger market share will
ncrease any chance of successful price setting. Given the structure of shrimp producers. and
market shares held by both capture and farmed shrimpP Producers, it seems Unltkely that one
iedividual producer (countryt will have sufficient influence an the world price. Collectively
however, praducers in the Eazstern hemisphere account for over 80 per cent of total culture
production {China: Indonesta and Thailand account for 57 per cent) For 3 market where ‘all
suppiers are price takers. control of revenue is only possible if Producers co-operate in cantrofling
quantivies supplied 10 the markets. Moves in this direction may occur if the rate of increase in
apparent consumption slows and real prices fall

5.6 Implications far Employment Within the Sectar

Falling market prices. together wath stationary ar rising production costs, imply that profit margins
are lkely to narrow The overall effect is likel¥ to be a reduction in the empPloyment opportunities
within the sector. One hypothesis is that the marginal producers or aperataes will be the first to be
affected By the economic constraints on the fishery. On the other hand, it may be the ubiquitous -
intermediary'® who is the first affected by the falling prices as producers and retailers attermpt to
retain the dwindling profit margins. As described in section 2, this elmination of intermediaries has
already started in the US market. leading 1o uncertainties over prices and less security of supply

The change in employment patterns may be used as an indicator, identifving other possible changes
within the sector. The precise effects on employment, in terms of the magnitude of change and
specific sectors that will be affected, wil be dependent on the pature of the individual fisheries.

A reduction in fleet size and an increase in individual catches |eading to a decrease 1n cost per unit
of production may occur Alternatively, 85 profit marging decrease fishing effort may be increased,
which hinders resource management This is already being seen inthe U S

o Mackating chains in developing countries are gften Felatvely long . Invalving rumerays intarmediaries, althavgh

this depends very much on the lecation of Production of the degras to which the preducer eourauans are vertically
intagrated
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CONCLUSIONS AND RECOMMENDATIONS

6.1 Overall Conclusions From the Study

The pnncipal &im af this study of production and markets was w predict haw increased aQuacuiture
production would impact an the revenues of koth the Shrimp aquaculture and capture fishery
sectors, This aim has been met at least quantitatively, however it has praved very difficult o abtain
duantitative estimates of own- and cross-price elasticities between the various size categories. This
15 due to the fact that for all of the main markets for shrimpP world wide, conSumption data
disaggredated by size seem only to be avaidable an public record for a imited semple of imports t
the US. A quantitatve demand analysis of this sample data was carmed gut, and plausible price
elastcilie® were abtaned. However, the price elasucity esumates were of 0o iow a precision o
transform intQ elasticities descriting the affect of changing supply levels on price.

The informatian callected an the US marker that was used t© determing model specification for the
Quantitative demand analysis did allow gualitative estimates of the imPact on the Ehrimp production
sector of predicted levels of increased aguaculture production. This gualitative analysis indicated
that unless there 15 a shift in the rate of chanbe of consumer behaviour n the LS, increased
aquaculture production will have limited affect on the revenues of Shnmp producers. If therg 15 a
shift in the US, then an increased supply of medium sized Shrimp will result in a drop in price for
medium Sized shrimp and an accompanying reduction in oth quantity demanded and price of the
large and small %ize Categories. The result would be a reduction in revenues for both the
aquaculture and capture fishery shnmp producing sectars Reductions in revenues waould result in
a shift from intensive 1o semi-intensive aguaculture progduction.

6.2 Recommendations

Based on these conclusions. the main recommendaton of this Study ig that the management
stratedes for tropcal shrimp resources must explicitly take into account the international market
forces which affect them.

There s a need for the identification and caliectian, of key skrirnp market data on an internatianal
level. Shnmp of all size categories are internationally traded commodines The widely dispersed
shrimp producers breferring to shamp produsing countres, and encompassing operators in both the
capture and aQuaculture sectorst are therefore exposed to malor uncertainties from both the
resource and the markets As a resull 3 producer will denerally réquire data related to four major
variables. On a national scale. infarmation pertaiming to the shrimp resource and the investment
{labour and eapitall asscciated with the resaurce exploitation ar production™ 13 reguired On an
international Bvel, information concerning the different markets 15 required togdether with the
position of Competitors.

The wmtiatian af an information service specifically dealing with key shrimp market information
would generate a statistical database which could be used for the permanent and obiective
evaluation of the international shrimp market 10 terms of supply and demand analyses. This system
would allow member states or individuals to eompare their own gctivity with that of other
producers. contributing to market transparency and allowing adjustments to be made 0 response

Wiih respact 2o shnmp aquacultyre,
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to changes in supply and demand. In tarms of shrimp resource management, this sYstem would
gllows for the clearer formulanon of policy directed at the sector

With respect 1o the specific data reQuirements for disaggregated demand anafyses, the following
recommendations are drawn from the demand analyses documented 11 Chapter 4 and indicate the
type and level of data disaggregation which would, tagether with existing data identified in Chapter
4.2, facilitate further work in this area.

1 A record of the total quantity of imports entering the different markets with explicit
reference to the Quantity of each size catefory (sizé composition!, species and country of
origin

2 A record of inventories held in each market, with explicit reference to the size compaosition,

country of ongin and species.
3 A record of dormestic catches with expliet reference t0 size and species composition,

Apart from the requirement of robust own and cross-price elasticity estimates which would issue
from a comprehensive demand analysis, the Provision of realistic advice t0 resourGe manaders and
policy makers is also dependent upon the accuracy of biolofical and economic data from the
fishery. The effectivenass of shrimp ressurce management or sectoral planning would be assisted
by such a multi-disciplinary approach.
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Annex 1 FAQ Map of the Major Fishing Areas
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