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ABSTRACT

Aquaculture is a relatively new industry particularly in the Pacific region.
As with any new industry, not much research has been done on the optimal farm
size, structure, minimum operation scale and operating strategies. For this
paper, farm size refers to the land area used to culture sea animals, farm
structure refers to the production phases carried out in a farm, minimum
operation scale refers to the number of tanks or ponds necessary for economic
profit and operating strategy refers to the make-or-buy decision on the
intermediate products and stocking-harvesting scheduling.

Almost all aquacultured animals go through four stages of growth in a life
cycle after being hatched: nauplii, postlarval, juvenile and adult. The
corresponding operation phases are maturation, hatchery, nursery and growout.
An aquafarm may operate any combination of operation phases if markets exist
for all stage animals. If no markets exist for intermediate-stage animals, an
aquafarm whose target is to produce adult animals would have to operate all
operation phases.

This study attempts to determine optimal aquafarm size, structure and
operating strategy using a nonlinear programming technique. The theoretical
nonlinear programming models are developed by incorporating all operation
phases under two assumed market conditions: (1) markets for all stage animals

exist, this production system is referred to as the open system; (2) only markets



for adult animals exist, and this production system is referred to as the closed
system.

To analyze the economies of size on shrimp production in Hawaii,
hypothesized shrimp farms based on Hawaii’s production experience are
designed. Optimal farm size, structure and operating strategies are derived.
Results indicate that, for Hawaii, hatchery operation is the most profitable
operation, followed by maturation, nursery and growout in descending order
based on profitability, for the open system. On-farm production of broodstocks
from productive female spawners is economically preferable. Under the closed
system, small farms are not economically feasible. Medium size farms in the
closed system should adopt a biweekly stocking schedule while large farms
should stock growout ponds weekly.

With different assumptions on output prices, the minimum operation

scales for each of the four production phases are also derived.
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CHAPTER 1
INTRODUCTION AND OBJECTIVES OF STUDY
1.1 INTRODUCTION "

Most seafood is high in protein content and generally delicious to people’s
taste. The rising protein needs of an 'expanding world population will not be met
by traditional capture fisheries. Aquaculture has drawn increasing attention in
recent years in both developed and developing countries. It is potentially an
important contﬁbutor to world food production. Large-scale aquafarms are
operating in many parts of the world, some of the leading countries are the
United States, Japan, Brazil, Panama, Ecuador, and China (Shaftel and Wilson,
1990). Research activity in several areas of aquaculture technology has also
increased rapidly in recent years. Most research activities, however, have been
focused on-biological and environmental complexities of rearing technologies and
on growth and population estimation techniques (see, for example, Gibson and
Wang, 1979; Simon, 1982; Wyban and Sweeney, 1989; Samocha and Lawrence,
1992). The literature related to aquacultural management and economics is
limited.

Aquacultural scientists and administrators have identified managerial and
economic problems as most pressing when assessing actual aquaculture
applications (Pollnac et al., 1982). Allen et al. (1984) have identified two types of
managerial and economic problems in the analysis of any industry, including

aquaculture: (1) problems related to efficiency in production and (2) those related



to the distribution of the product. The efficiency problem can be summarized in
five questions: What to produce? How to produce? How much to produce?
Where to buy inputs and sell products? When to buy inputs and sell products.
The distribution problem has two facets: (1) the question of how the product is
allocated among consumers and (2) the question of how producers are rewarded.

The efficiency problem of aquaculture enterprises can be divided into four
decision making problems:

(1) Species selection. Which species to culture in an aquafarm is the first
decision faced by farm managers. This decision is primarily based on
technological feasibility, supply of seed, market demand and profitability.

(2) Make-or-buy decision on intermediate products. Almost all
aquacultured animals have four stages of growth during one life cycle, i.e.,egg,
post larval, juvenile and adult. The corresponding operation for these growth
stages are maturation, hatchery, nursery and growout. Each operation needs a
special set of facilities and special technology. Therefore, aquacultural
production is characterized as a multi-component production. If there are
markets for all the intermediate products and the final product, an aquafarm may
carry out any combination of the operations and the farm may be considered as a

1

multiproduct farm*. Which production phase should a farm undertake is a

major decision for determining farm sizes. Once the production phases are

1 An aquafarm produces several species is another example of multiproduct
aquafarm.



3

selected, the make-or-buy decision for the intermediate products is also made. A
farm may select one or more of the production phases according to technological
feasibility, supply of the intermediate products, and farmers’ attitudes toward risk
and economic feasibility.

(3) Production schedule. Since market prices and growth rates vary with
seasons, optimal scheduling of production operations should take advantage of
these variations. For example, shrimp prices tend to increase during the
Christmas time (Hochman et al., 1990), if harvesting can be scheduled at that
time, higher profits are possible. Scheduling could also help the distribution of
labor and equipment usage over time, thereby resulting in potential cost savings.
As an example, consider stocking and harvesting activities which are highly labor
and equipment intensive, if stocking and harvesting of the growout ponds are
scheduled at different calendar dates, say, one pond per week, then labor and
equipment use will be more evenly distributed each week, reducing the possible
use of short-term help at peak labor demand periods. Good scheduling can also
take advantage of the variations in growth rate of different species during
different seasons. For instance, more temperature sensitive species may be
stocked in summer while less temperature sensitive ones may be stocked in
winter.

(4) Farm size and structure determination. This decision is mainly based
on efficiency of production. Efficiency is generally measured by the cost per unit

of output. If economies of joint production exists, farms may produce multiple
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products. If economies of size exists, farmers may want to extend their farm size
to increase production efficiency.

Research activities on managerial problems have been concentrated on
production schedules for growout stage animals. Clark (1976) described and
developed optimal control models for fishery management. Talpaz and Tsur
(1982) constructed a selective harvesting model using optimal control and applied
this model to fresh water pond fish. Their two major findings were: (a) inter-
season selective harvesting (thinning), in addition to batch harvesting, is beneficial
and (b) the practice of running water through ponds as water replacement is
recommended. Bjorndal (1988) theoretically analyzed the optimal harvesting time
for farmed fish and derived the optimal harvesting time for salmon and turbot as
examples. Hochman et al. (1990) used a Markovian dynamic programming
approach solving harvesting schedule for maricultured shrimps. In their model,
market price and shrimp weight were treated as random variables. They applied
this model to analyze the economics of the round-pond technology developed at
the Oceanic Institute in Hawaii. Results indicated that between three and four
growout cycles of P. vennamei should be arranged in a year under various
conditions if harvesting follows an all-in all-out style. Shaftel and Wilson (1990)
used a mixed-integer linear programming approach to derive the optimal
harvesting rate for maricultured shrimp. They derived an optimal harvesting
schedule of three full growout cycles a year for maricultured shrimp, with different

harvesting rates starting from the ninth week of stocking. Applied Analysis, Inc.



(1990) did a comparative financial analysis on shrimp growout under four
different production scenarios including single and double crops of P.

chinensis and mixed production of P. chinensis and P. vannamei. It reported that
the double-crop production of 7. chinensis may be profitable.

Aquaculture production has emerged as a potentially new industry. Like
any new industry, not much is known about the desirable operational and
investment levels. In the case of multiproduct production, economies of joint
production might exist. Baumol et al. (1982) have defined the joint economies of
production as economies of scope. Any decision on farm size has to incorporate
all the production phases simultaneously since some production phases may
become profitable if the products are produced jointly. Economies of scale may
change due to the existence of economies of scope. No literature has been found

on the decision of farm size incorporating all production phases simultaneously.

1.2 OBJECTIVES
This study concentrates on two aspects: 1. economies of size analysis; 2.
size and structure determination. The economies of size analysis will address the
following specific questions:
1) How large must a farm be to achieve the most efficient operation
(to capture most of the economies of size)?
2) Are larger farms always more efficient than small and medium size

farms?



(3)  Is multi-product production more efficient than single product
production?

(4)  What are the future trends in size distribution of aquafarms?

The two hypothesis for economies of size analysis are: (1) there exists
economies of scope between phases of aquacultural production; (2) there exists
economies of size in aquacultural production.

The farm size and structure determination aspect will address the decision
of make-or-buy of the farm efficiency problem. In this decision, the following
questions will be addressed: (1) What operations should the farm underiake? (2)
What is the optimal size of each operation phase selected, i.e. how many tanks or
ponds? (3) What are the optimal quantities of intermediate products purchased or
produced? (4) What quantity of the final product should be produced?

Both aspects are under the assumption that cultured species and harvesting
schedules are given.

The specific objectives of this study are:

1. To develop a model which incorporates all phases of aquacultural
production simultaneously in order to determine optimal farm
structure, size, and make-or-buy strategies.

2. To apply the model in objective 1 to a multi-component shrimp
mariculture system in Hawaii to determine optimal farm

structure, farm size and make-buy strategies.



3. To analyze technical economies of size and economies of scope in

aquacultural production.

1.3 ORGANIZATION OF THE STUDY

The proposed research is organized into 5 chapters including the
introduction. Chapter 2 reviews the literature which deals with the history of
economies of size studies, and the size and scale measures for single and multi-
product farms. This review provides a basic theoretical background for the
economies of size analysis.

Chapter 3 describes two general aquacultural production systems (open
system and closed system) and the theoretical framework for conducting
economies of size and scope analysis for such production systems. In the latter
part of this chapter, the mathematical models for determining optimal aquafarm
size and structure are described.

Chapter 4 depicts the process of building models for shrimp production
systems in Hawaii. The shrimp production systems are cases of the general
aquacultural production systems described in chapter 3.

In chapter 5, the results of modeling on shrimp production systems in
Hawaii are presented. Included in this chapter are the conclusions of this study

and some suggestions for further research in this area.



CHAPTER II

LITERATURE REVIEW

2.1 ECONOMIES OF SIZE STUDIES
2.1.1 History of economies of size studies

Farm economies of size studies have long been the concerns of agricultural
economists. In 1956, Olson summarized the objectives of farm size studies up to
that time as being: (1) to explain existing patterns of farm size, (2) to determine
historical trends in farm size, (3) to describe differences in farm size among
regions and among farms within regions, (4) to determine the size of farm
necessary to provide minimum levels of living, (5) to learn the effect of farm size
on financial stability, (6) to measure the effect of size on labor productivity, (7) to
find the effect of various technological developments on farm size, (8) to describe
the characteristics of particular farm size groups, and (9) to determine the
optimum size of farm under various conditions.

The objectives of farm size studies have not changed much since then.
Many studies have continued to examine economies of size issues. Carter and
Dean (1961) estimated cost-size relationships for farms in a highly commercialized
cash crop area of California. Martin and Hill (1962) analyzed the cost-size
relationships for central Arizona dairies. Moore (1965) studied the cost
economics associated with farm size for farms producing field crops for sale in

Fresno, California. French (1977) provided a comprehensive review of studies on



economies of size and productive efficiency up to 1974. Matulich et al. (1977)
analyzed the cost-size relationships of large-scale dairies in California with
emphasis on waste management. In 1983, a workshop on size economies was held
at Purdue University, sponsored by NCR-III (Farm Financial Management
Committee), the Farm Foundation, the U.S. Department of Agriculture, and the
Center for Agricultural and Rural Development. Papers presented at this
workshop provided an updated new analytical and empirical techniques useful in
measuring size economies (Chambers, 1984; Eidman, 1984). Stefanou and
Madden (1988) discussed a number of recent theoretical and empirical issues
related to economies of size measurement. Castle (1989) reviewed much of the
literature on size economies with the intent of showing that many other factors
are important in characterizing industry costs. Hallam (1991) reviewed past
economies of size studies and provided some empirical evidence. By summarizing
the past studies, he concluded that crop farms, in the United States, producing
multi-output seem to have a cost function that has a sagging "L"shape with the
right turn at fairly low output levels. This cost function implies that farm size in
crop production would be rather constant and that the number of farms should
remain fairly stable. By reviewing the studies on livestock farms, Hallam (1991)
found out that the livestock industry seem to imply declining cost and potential
for farm expansion.

Most empirical work in the last 40 years have identified few instances of

size economies for agricultural production farms at levels much above those of the
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average farm. However, this finding is not compatible with the fact that there has
been a gradual growth in farm size and a large decline in the number of
producers occurring in the United States. Hallam pointed out that the changes in
agricultural structure may be due to a variety of other factors in addition to size
economies. These other factors may be external economies, technical change,
improvements in managerial techniques and information systems, differences in
values and goals among farms, and opportunity costs outside the agricultural

sector.

2.1.2 Size and scale measures for singic product farms

Economies of size is a general term used to measure the change in unit
costs associated with a change in output. Economies of scale are special cases of
economies of size. Economies of scale are usually defined in terms of the relative
increase in output resulting from a proportional increase in all inputs on a ray
through the origin. Economies of size measure the relationship between total cost
and output along the expansion path, given input prices and cost minimizationHxt
every level of output.

Economies of size are generally measured by the elasticity of size which is

defined as (Chambers, 1984; Hallam, 1991):

g C¥, W _ac
c,Y MC

ac

Wh ere C’Y- Ff
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C(Y,w) is total cost, Y is output, and w is a vector of input prices.

Typically a farm is said to exhibit increasing returns to size if as the level
of output grows, average cost declines, E> 1!, It exhibits decreasing returns to
size if average cost increases as the level of output grows, E<1,and constant
returns if there is no change in average cost as the level of output changes, E=0.

Economies of scale are generally defined with the production function.
Assume the production function is given by:

Y=1(X,,X,,...,X)= fX)
where X is the vector of inputs X,,X,,...,X,. Let f has the usual neoclassical
properties of quasiconcavity, strict positive monotonicity, and twice continuous

differentiability in X. The elasticity of scale is implicitly defined by:

_31nf(AX) | 4.
e=—Fnr— |1

This expression shows how output changes as input are exchanged in fixed
proportions. Return to scale is said to be increasing if € is greater than one,

decreasing if € is less than one and constant if € is equal to one.

''To see this, let C(Y,w) be the cost function with single output Y and input price
w. The average cost is defined as:

c(Yy,w)
Y

A farm is sHxd to exhibit increasing return to size if

dAC _ 1,dc(Y,w) C(Y,w) _ McC-AC
dy Y dy Y Y

This leads to E>1 since AC>MC.

AC =

<0
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The elasticity of size and the elasticity of scale are the same at all points
along the expansion path, i.e., cost minimization points. For this reason,
economies of size and economies of scale are often used interchangeably when
farms are seeking cost minimization.

Although economies of size are directly related to the elasticity of cost with
respect to output, and the cost function seems a natural candidate for the
estimation of economies of size, some researcher prefer using the profit function
to measure size economies if a farm’s goal is profit maximization (for example,
Madden, 1967; Chambers, 1984). For a profit function, returns to scale is defined

as:

-on
oY X; w; Ow;
e-X oX, R B

p
_ Y wiX;__ cost

pY revenue

This follows directly from the definition of economies of scale and the use of
Hotelling’s lemma to define X and Y. Economies of scale are simply measured
by the ratio of cost to revenue and will be less than or equal to one for profit
maximizing farms.

Classical production economic theory states that for single product
production under competition, the condition for profit maximization is the price of

the product equaling the marginal cost of production. If price of the product
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(marginal cost) is above the average cost, the farm will experience economic
profit. Otherwise, the farm will operate either at no profit or at a loss.
Therefore, farms seeking positive economic profit should operate at size
elasticities less than one, i.e., their farm size should be large enough to capture

all the possible economies of size.

2.1.3 Size and scale measures for multi-product farms

Ray average cost For multiproduct production, the cost concepts are

different. The multiproduct cost function is a surface, it possesses no natural
scaler quantity over which cost may be "averaged". For quantitative analysis,
Baumol, Panzar and Willig (1982) defined ray average cost as:

RAC = C(ty°)/t
where y° is the unit bundle for a particular mixture of outputs --- the arbitrary
bundle assigned the value 1 --- and t is the number of units in the bundle Y=tY°.

RAC can also be expressed as:

RAC(Y)-_(’;_(_Y)_

DY,
i=1

where Y is the output vector, Y={Y,,Y,,...,Y,} and assuming that outputs are
measured in same units.
Ray average cost is said to be increasing (decreasing) at Y if RAC (tY) is

an increasing (decreasing) function of the scalar t, at t=1.
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Multiproduct economies of scale The measure of multiproduct returns to
scale offers an indication of the efficiency of the scale of production for the
existing product mix and level of resource abundance.

The degree of scale economies defined over the entire product set,

N={l,...,n}, at Y, is given by Baumol, Panzar and Willig (1982)

__Cm . cm
WO Fvem Trem

i-1

aC(Y)
h C(V=—"21
where ) oY,

Returns to scale are said to be increasing, constant or decreasing as Sy(Y) is
greater than, equal to, or less than unity, respectively.

Comparing the multiproduct degree of scale economies and the single
product size elasticity, it can be seen that the multiproduct degree of scale
economies is the same as multiproduct degree of size economies. Therefore Sy
can be used to measure multiproduct economies of size. Economies of size is said
to be increasing if S is greater than one, decreasing if Sy is less than one, and
constant if Sy is equal to one.

To illustrate the scale economies of a specific product for multiproduct
production, Baumol, Panzar and Willig (1982) defined product-specific returns to
scale. In order to derive scale economies, they define incremental cost of a
specific product as:

IC(Y) = C(Y) - C(Yw)
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where Yy is a vector with zero component in place of Y; and components equal
to those of Y for the remaining products. The average incremental cost of
product i is then naturally defined as AIC(Y) = IC(Y)/Y;. Product-specific
economies of scale measure the change in cost through variations in the output of
one product while holding the quantities of other products constant. It follows
that the degree of scale economies specific to product i at output vector Y is

given by Baumol et al. (1982) as:

Icy) Al
S(H-—t—=—t
Ye, &€

3,

Returns to the scale of product iat Y are said to be increasing, decreasing
or constant as S,(Y) is greater than, less than, or equal to unity, respectively.

If a production set N is divided into two disjoint subsets, T and N-T, then
the multiproduct degree of scale economies can be expressed by those specific to
the subsets T and N-T.

e Srr(l-a)Sy 7
NoacHIc, . IC

- EjET YJ'CJ'
T

ijeN YiCi

where «
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Economies of scope The phenomenon of cost savings resulted from

simultaneous production of several different products in a single firm, rather than
each produced by its own specialized firm, was first defined by Panzar and Willig
(1975) as economies of scope.

Let N = {1,...,n} denote the set of products under study with respective
quantities Y=(Y,,...,Y,). Let Y, denote the n vector whose elements are equal to
those of Y for ieScN and O for i¢S. The function C(Y,) denotes the minimum
total cost of producing only the products in the subset S, in the quantities
indicated by the vector Y.

Let T = {T,,...,T,} denote a nontrivial partition of ScN. That is, yT; = S,
TNT; = e fori #j, T; # 0,and k>1. There are economies of scope at Y, with

respect to the partition T if

k
Y C(X¥p)>C(Y)

i-1
There are diseconomies of scope if the inequality is reversed.

For the two product case, economies of scope means C(y;,0) + C(0,y,) >
Cly1y2)-

Baumol et al. (1982) listed two major sources of economies of scope: (1)
public inputs; (2) allocated fixed inputs. Public inputs are those which can be
used by one production process without reducing the amount available for other
processes. While exact public inputs are rare, quasipublic inputs are those which
can be shared by two or more production processes without complete congestion.

The use of a truck for shrimp maturation and growout operations is an example
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of a quasipublic good. Use of a truck does not typically occur at the same time
for the two production phases. Baumol et al. (1982) have demonstrated that the
presence of a public input is a sufficient condition for the existence of economies
of scope. Allocated fixed inputs e.g., buildings, gate guards. are those inputs
which are shared by the processes and utilized to produce several different
outputs.

Gorman (1985) further developed the concept of economies of scope and
derived the necessary and sufficient condition for the existence of scope
economies.

Let C; and C; respectively denote the first and cross derivatives of the cost
function with respect to output Y; and Y;. The cost function shows weak cost
complementarity on Y(x) if C;<0 on Y(x) whenever i#], with‘strict inequality on a
subset of Y(x) having nonzero measure, where x is the bounded quantity of Y.

Cost complementarity means that increasing the level of one output never
raise the marginal cost of any other output, and lowers the marHxnal cost of the
other output throughout a significantly large subset of the output space.

A sufficient condition for overall economies of scope at a point x over the

EY -

product set N is
XXx;

for all ieS and jeT whenever S and T are different elements of any nontrivial

partition of N.
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In summary, past studies indicate that: economies of scope might exist in

the following situations:

1. There exists shared fixed cost, but no cost complementarity between
products;

2. There exists cost complementarity between products, but no shared
fixed cost;

3. There exists both shared fixed cost and cost complementarity;

4. There exists shared fixed cost and cost discomplementarity, but the
savings for the shared fixed cost is greater than the increases in cost
due to cost discomplementarity.

Shared fixed cost arises from the existence of allocated fixed inputs, while

cost complementarity stems from the ekistence of public inputs.

Condition 4 can be proven by the definition of economies of scope. Let
product set N be partitioned into subsets S and T, SUT=N. Economies of scope
at x exists if

CS) + C(T) -C(SuT) >0

Dividing cost into fixed cost (FC) and variable cost (VC), the above
expression can be written as:

EC(S)+FC(T)-FC(S uT)+VC(S)+VC(T)-VC(S uT) >0
Rearranging the above expression:
FC(S)+FC(T)-FC(S uT) > VC(SuUT)-VC(S)-VC(T)

The left hand side of the inequality sign represents the saving on shared fixed cost
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if it is greater than zero, while the right hand side shows the increase in cost due
to joint production. Economies of scope still exist if the above condition holds
despite cost discomplementarity.

Baumol et al. (1982) demonstrated that economies of scope is a necessary
and sufficient condition for the existence of multiproduct firms in perfectly
competitive markets.

In describing the relationship between economies of scope and
multiproduct economies of scale, Baumol et al. (1982) defined the concept of the
degree of economies of scope at Y relative to the product set T as:

SC(Y) = [C(Yp)+C(Ynp)-C(NV/C(Y)

Thus, the degree of scope economies measures the relative savings in cost that
would result from producing several products in a single firm rather than
splintering them into product lines T and N-T. There are economies
(diseconomies) of scope at Y if SC{(Y) is greater (less) than 0. If SC; (Y) is
equal to O, then the production of T and N-T are independent.

In terms of the degree of scope economies, multiproduct degree of scale

economies can be expressed as

@81 +(1-a YSy (D)
1-5C, (V)

The above expression shows that multiproduct degree of scale economies

5,)

increases with the increase of economies of scope.
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The same proof has been given by Mintz (1981) where he decomposed

economies of scope into weak economies of scope and incremental economies of

scope.

DT
Sy-—l———
1-Y" §/+S,
J
ac aC
where aj-a—Yij / ; ?Y;Y]
5. CaD+CE)-Cc)
! cw)

is the incremental economies of scope,

Y ar))-cm
J

W

is the weak economies of scope, and

¥;-0.0,...,0, ¥,, 0,...,0)

b J,
0
Y-, ¥, 5 0, X, Y).

J+1r cemadn

2.1.4 Multiproduct cost functions

Unlike the single product cost function, the multiproduct cost function
should have the following properties as pointed out by Baumol et al. (1982).

1. It should be a proper cost function--one consistent with minimization of
the outlay on inputs, at constant input prices, subject to the technological

feasibility of the outputs’ production with the aid of the input quantities used. It
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is well known that in order to qualify as a proper cost function, C(Y,w) must be
nonnegative and nondecreasing, concave, and linearly homogeneous in input
prices w. Further, C(Y,w) must be nondecreasing in its outputs.

2. For purposes of an analysis of a multiproduct industry, the cost function
should yield a reasonable cost figure for output vectors that involve zero outputs
of some goods. This means that if the firm does not produce some of the
industry’s output, the cost function is still valid.

3. The functional form of C(Y,w) should not in itself, prejudge the
presence or absence of any of the cost properties that play an important role in
the analysis of the firm. Rather, the functional form should be consistent with
either satisfaction or violation of any such property such that the data set and not
the mere choice of functional form will determine the substantive findings. In
other words, the cost function should be consistent with both economies and
diseconomies of scope, with both cost subadditivity’> and cost superadditivity, and

it should not prejudge the shape of the RAC curves, the shapes of the AIC curves,

2 A cost function C(Y) is subadditive at Y if for any and all quantities of outputs
Y, ....Yy, Y; = Y, j=1,....k,such that

k
Y,-Y
j=1

J
and

k
cm < ¥
j-1

The cost function C(Y) is superadditive at Y if the inequality sign is reversed.
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and the crucial properties of the trans-ray cross sections. This desideratum is
referred to as substantive flexibility.

4. For the sake of empirical practicality, the cost function should not
require estimation of the values of an excessive number of parameters.

5. The cost function should be a flexible functional form, that is, a form
that imposes no restrictions on the values of the first and second partial
derivatives.

Baumol et al. (1982) have proposed three promising cost functional forms
for the multiproduct case. They are

1. The Hybrid Translog Function

Yi-1

]

InC(Y,W) =ag+Y a lnw+Y 8 [
7 %
+_;_2': ; v lnw Inw,
Yo-1_YP-1
+1E DI - I
27T

1[
+E E pu(Inw)l
>

]

Y,?-1]
)

where  ¥,=Y; 8u=8,

For this cost function to be linearly homogeneous in input prices, the following

restrictions should be imposed:

Z a i=1a z Yij'o, E p,'k'o
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2. The Quadratic Cost Function

CEW)-F + Y a¥e Y T ayy,
i i J

where F20 and g;=a;.

3. The Constant Elasticity of Substitution (CES) Cost Function

cEw)-F+[Y a ¥l
where  a, b, p>0 F20.

2.1.5 Techniques used for economies of size analysis

The techniques used for economies of size analysis can be divided into two
major groups: synthetic-normative methods (ex ante) and descriptive-positive (ex
post) methods. The synthetic-normative methods include budgeting and economic
engineering approach. While the descriptive-positive methods generally include
estimation of production functions, cost functions, profit functions, and survivor
analysis. As Eidman (1984) pointed out, the synthetic-normative approaches are
more useful to analyze the effect of proposed or expected changes in technology,
institutions, or government programs. This approach can trace the impact of
potential and proposed changes in a few variables on the input, outputs, and other
factors which are important in analyzing the effect on the cost of production by

size of farm. The major disadvantage of the synthetic-normative technique, as
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pointed out by Hallam (1991), is that these methods are not directly tied to

industry behavior. However, he argued that the force of technology will
eventually move the industry in the direction predicted by the optimizing
normative models used. The descriptive-positive methods usually use the
empirical data from surveys, these methods are more closely tied to actual
industry behavior than normative ones. However, these methods typically invoke
the assumption of similar technologies between farms, or the assumption that
farms are aligned along a long-run cost curve with optimal fixed inputs for given
size. The major disadvantage of descriptive-positive methods is the lack of

variation in output for farms employing similar technologies.

2.1.6 Techniques used for economies of size analysis in aquacultural production
Aquafarms tend to specialize in one phase of the whole production
process. There are many studies on the technological feasibility and profitability
of independent maturation, hatchery, nursery, and growout operations for shrimp
production (For example, Parker et al., 1974; Chamberlain and Lawrence, 1981;
Simon, 1982; Wyban et al., 1988). A large number of previous studies on farm
size concentrated on budget analysis and on only one production phase. Platon
(1978) analyzed a hatchery facility for P. monodon in Philippines and concluded
that it is profitable if farm size is at least 5 two-metric ton tanks. Adams et al.

(1980) developed a bio-engineering-economic model to produce budget, cash

flows and sensitivity analysis for a commercial penaeid shrimp growout system.
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An operation consisting of twenty-four 2.5-acre ponds was found to capture most
economies of size in his analysis. Johns et al. (1981a) conducted a budget analysis
of a commercial maturation operation for P.stylirostris, based on a given farm size
(12-foot diameter tanks) and concluded that it is profitable if a 12 months
operation is assumed, it is not profitable if 7 months operation is assumed. Johns
et al. (1981b) examined a hatchery facility varying in size from 5 ten-metric ton
tanks to 60 ten-metric ton tanks. Results show that commercial hatcheries, using
10-metric ton tanks, could be profitable above and including 20 tanks for those
operation only six months annually and above and including 10 tanks for those
operating 12 months annually. Shigekawa and Logan (1986) developed a systems
model to estimate costs of production of various sizes of hatchery production of
sturgeon. They reported that sturgeon hatchery production is profitable even in
small sizes but profitability will increase with increases in farm size, stocking
density and percentage to sell at different stages of growth. Leung and Rowland
(1989) developed an electronic spreadsheet model to conduct financial analysis for
maricultured shrimps. Their model provides the linkage among the four
operations of shrimp production. This model can be used to simulate the farm
operations under various sizes but does not give optimal solutions.

No literature was found to study the economic feasibility and size of farm
if all operation phases are incorporated simultaneously. In other words, no

studies have been found to derive the decision of make-or-buy.
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2.2 MAKE-OR-BUY DECISION

The make-or-buy terminology is coming from industrial manufacturing
where the production of a machine goes through several process stages. The
principles of multiple stage production would also apply to aquaculture. The
importance of the make-or-buy decision is evidenced by the fact that all
aquafarms at the time of designing the farm or during their operations will
probably have to make such a decision. The choice of whether to produce an
intermediate product internally or purchase it on the outside can be applied to a
wide variety of decisions - for intermediate products needed for the production of
final product for sale, a new building, new equipment, and the like. Thus, they
are often major determinants of profitability and can be significant to the financial
health of a farm.

Not only is the make-or-buy decision important to the farm, but it is also a
very sensitive and complex process. One of the reasons it is so complicated is that
there are a host of factors which must be taken into consideration when making
this decision. These factors include financial (quantitative) and nonfinancial
(qualitative) considerations. Gambino (1980) listed these factors:

Financial
Cost
Investment

Refurn on Investment
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Nonfinancial
Production capacity
Employment stability
Quality control
Production expertise
Dependability of supply
Procurement lead time
Multiple sources
Technological obsolescence

In order to identify the factors affecting the make-or-buy decision,
Gambino (1980) surveyed 350 industrial firms in the United States and Canada.
His findings indicated that the factors which were considered very or extremely
important by participants in descending order were: cost, return on investment,
investment, dependability of supply, manufacturing capacity, manufacturing
expertise, and quality control.

The quantitative method used to direct the make-or-buy decision are
usually the present value technique (Mock and Miller, 1970; Lee, Jr. and D.W.
Dobler, 1977, Gambino, 1980). In this method, the incremental difference
between the expected variable costs to make vs. buy and the incremental
difference between the expected investment to make vs. buy are calculated. The
difference between costs are regarded as cash inflows, if positive, in the period in

which they occur, while the difference between investments are regarded as cash
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outflows, if positive. The farm will favor "make" if the present value is positive,
"buy"decision will be preferred if the present value is negative. Direct
comparison between the total costs of make and buy are also used for short term
decisions (see, for example, Gross, 1966; Gambino, 1980).

The direct cost comparison method in the short run and present value
technique in the long run are all based on given quantities and under the same
conditions. For farm size design, these methods may not be appropriate because

of the inflexibility.



29
CHAPTER IIT

THEORETICAL FRAMEWORK

3.1 AQUACULTURAL PRODUCTION SYSTEMS

Almost all aquacultural products are produced in multiple stages, with an
intermediate product at each intermediate stage. According to the availability of
markets for intermediate products, aquacultural production can be divided into
open systems and closed systems. An open system refers to the system that all
products, including intermediate products, can be purchased or sold from/to
outside the system. A closed system refers to the system that no intermediate
products can be traded, only final product can be sold outside the system. In a
closed system, an aquafarm has to produce its own intermediate products.

The open system is shown in Figure 3.1, and a closed system is shown in
Figure 3.2. In an open system, each sub-system (stage) has two incoming
channels: receiving seeds from previous stage production or purchasing seed from
market; and two outgoing channels: keep the intermediate product for the next
stage of production or selling them to other farms. For this system, production
can be considered as multiproduct production. Economies of scope is
hypothesized to exist between some stages. In the case of shrimp production,
economies of scope might exist between maturation and hatchery operation
because of the similarity of technology (indoors, tank culture, heated water,
adjacent stages) used. The two operations may have public input, they may share

the same office, reservoir, heater and water pump, even share the production
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31

——— Y11 disposed

Stage 1 Y1
lY12
Stage 2 Y2

> Y21 disposed

lY22

Stage m-1  Ym-1|— v 1 disposed

lYm-1,2

Stagem Ym

Ym

Market m

l?
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manager. Economies of scope might occur between nursery and growout
operations since these two operations employ similar technology (outdoors, pond
culture, unheated sea water, adjacent stages). Economies of size also might exist.
The simplest example is the unit cost decreases on a water pump when larger
pumps are used, with the increase of farm sizes. The cost function for an open
system is multiproduct in nature.

For a closed system, if economies of size exists, the farmer may produce
more intermediate product than needed, with extras being disposed. In this case,
production levels of the intermediate products are necessarily tied with the
production level of the final output. The cost function then is also a multiproduct

cost function.

3.2 ECONOMIES OF SCOPE ANALYSIS

To test the hypothesis that there exist economies of scope in aquacultural
production, multiproduct cost functions need to be estimated. Baumol et al.
(1982) argued that multiproduct cost function should yield a reasonable cost
figure for qutput vectors that involve zero outputs of some goods. To interpret
their argurﬁent, consider a cost function for two products, Y, and Y,. Assuming
that the multiproduct cost function is in the following form:
C(Y,Yy) = C(Y,)) + C(Yy) + C(Y,Yy
where C(Y,,Y,) = multiproduct cost function;

C(Y,) = cost function for producing Y, independently;



C(Y,) = cost function for producing Y, independently and

C(Y,Y,) = cost effect of jointly producing Y, and Y,

If Y,=0 (or Y,=0), then C(Y,Y,) = C(Yy (or C(Y,,Y, = C(Y).

The above equation shows that the cost of joint production is the sum of
costs for every product produced independently, plus the cost effect of joint

production. Thus, the cost effect of joint production is a signal or indicator for
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the existence of economies of scope. The joint effect C(Y,;Y,) can be written as:

nh

aC(Y,,Yy)
C(Y, Y- f f e 5Y2 dY,dy,

where

SCHY) o
aY Y,

indicates that there exists cost complementarity between product Y, and Y,, and

)
3Y, Y,

indicates the existence of cost discomplementarity.

If the analysis is for the short-run, the existence of shared fixed costs
should be studied. This requires individual cost functions, when Y, and Y, are
produced independently, to be estimated. The average fixed cost of

independently producing a given amount of output (Y, or Y,) and the fixed cost
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of jointly producing the same amount of output (Y, or Y,) are compared. Then,
economies of scope can be determined if any one of the following is true:
) there exists no shared fixed cost, but cost complementarity;
(2)  there exists no cost complementarity, but shared fixed cost;
?3) there exist both shared fixed cost and cost complementarity; and
(4)  there exists shared fixed cost and cost discomplementarity, but the savings
on shared fixed cost covers cost discomplementarity.
This study will concentrate on the long-run planning of aquafarms. In the
long-run, all costs are variable costs. Therefore, cross derivative of multiproduct
cost function itself will indicate whether cost complementarity exists or not. The

presence of cost complementarity suggests the existence of economies of scope.

3.3 ECONOMIES OF SIZE ANALYSIS

To determine whether economies of size exist in aquacultural production
entails examination of the long-run average cost (LRAC) concept. Using the
synthetic normative approach, there are two ways to estimate LRAC:

(1) Derive LRAC from short-run average cost (SRAC) curve.

Most studies surveyed in the classic work by Madden (1967) used linear
programming techniques to determine economies of size. This approach has
frequently been applied, e.g., the study of U.S. field crop farming by Miller,

Rodewald, and McElroy (1981).
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assumed independent production processes. If the production of multiproducts is
joint, then it is likely that the cost function may be nonlinear. In this case,
nonlinear programming is more appropriate.

Based on Madden’s (1967) analysis, linear or nonlinear programming
models can be designed to study whole farm with multiple products by
determining the least cost mix of products required to produce a specified level of
gross income. For each specific farm size, the short-run average cost (SRAC)
curve is estimated by computing the minimum cost solution at each of many
specified gross income levels; these solutions correspond to varying degrees of
utilization of a given farm’s situation. The long-run average cost curve can then
be derived by constructing the envelope curve based on minimum average costs
for alternative level of revenues (see Fig. 3.3).

The linear or nonlinear programming problem can be written as follows:

Min = C(TY)

S.T.
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where C(TY) is a multiproduct cost function;
Y is a vector of output Y={Y,, Y,, ...,Y,};
T is a vector of production cycles T={T; T, ...,T};
a; = technical input-output coefficients;
b,=resource constraint levels;
P, = price of the j¢h product;
; = production cycle of the jth product;
G= a specified level of gross income.

If the cost function is linear, the problem is linear programming problem, it
is nonlinear programming problem if the cost function is nonlinear.

It can be seen from Figure 3.3 that the vertical axis, cost:revenue ratio, is
the multiproduct degree of economies of scale or economies of size. The long-run
average cost (LRAC) curve under the $1.0 line indicates that there is decreasing
economies of scale. Farms operating at decreasing economies of scale will gain
positive economic profit.

(2) Derive LRAC curve directly from the long-run cost function.

The long-run cost function can be estimated by budgeting methods. First,
the time horizon for the analysis is determined, say, 20 years of production.
Second, a different product mix is selected. Third, the total cost for each
experiment is calculated using the budgeting method. Fourth, by regressing the
total cost on output levels, the multiproduct cost function can be estimated. Once

the cost function is derived from regression, applying linear programming or
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nonlinear programming to find the minimum cost product mix, for each given
revenue level can be performed. The cost:revenue ratio for each given revenue is
a point on the long-run average cost curve.

The linear/nonlinear programming problem for the open system is to

select the production levels such that:

Min C(TY)
S.T.
s Ti¥in
b PATY-—)+P,T.Y,=G
j-1 el
Y20 vj

where R,,; = survival rate for the j+1¢ stage of production and other variables
are defined as before.

Since C(Y) is a long-run cost function, it includes all costs but the cost of
seed for each production stage. The seed cost is included in the revenue
constraint where P(T;Y;,,/R;,;) has to be spent to buy seeds for the j+ 1z stage
if the jeh product is not produced or Y;=0.

Similarly, the linear/nonlinear programming problem for each closed

system is to select the production levels such that:
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Min C(TY)

S.T.
P,T.Y,~G

Y2 Yj‘l
J; Rj+l

szO, Y20, j-12,., n-1

all variables are defined as before.

3.4 DETERMINATION OF FARM SIZE AND STRUCTURE

To determine farm size and structure, the following assumptions are made:

1. The model is for designing long-run aquaculture production systems;
2. The objective of the farm is profit maximization;
3. Land is the only constraint. Thus, the model is seeking to maximize

optimal operational scale when no land constraint is added and optimizing
farm structure when the land constraint is added;

4, The optimal operating schedule is known, i.e., the number of cycles of
each operation is known for a given time horizon;

5. Markets for all the intermediate products and the final product are
competitive, therefore the prices are exogenously given.

6. Biological parameters for every stage of growth are known.
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The model will be selecting the optimal production levels for each stage of
operation. For a given tank or pond size, the production levels will be easily
converted to the number of tanks or ponds.

The purpose of this model is to select the optimal farm structure, size
and derive the make-or-buy quantity, given a multiproduct cost function. From
the analytical results of the model, the effects of economies of scope on farm
structure and size can be analyzed. For specifying the model, the following
notations are used:

P, = the price of the ith stage product;

Y, = the quantity of the ith stage product after mortality;

Y,, = the amount of the ith stage product put into market;

Y,, = the amount of the ith stage product kept for next stage of growth;

K; = amount of the ith stage product purchased from market for the i+ 1A stage
of growth;

R, = the survival rate of the animal during the ith stage operation;

T, = the number of cycles for given period of time;

Let N={1,...,n} be the set of products under study with respective quantities

TY={T,Y,,...,T,Y,};

C(TY) be the cost of producing these products;

a, = land required to produce per unit of the izk product;

A = total land availability; and

7 = the profit of the farm.
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From Fig. 3.1, the following relationships can be identified:

Y, =Y, + Y, (A)

Yo + K = (Vi + Yin /Ry =Yi/Riyy ®)
For an open system, the model selects the production level for each phase Y;, the
amount to sell, Y;;, the amount to keep, Y,,, and the amount to purchase, K, such

that

n-1

Max n=Y P(TY,-T,

i+l
i-1

~-C(1Y)

Ki + YiZ(Ti_ T;d) +P nTnYn

S.T.

(OEARTLD APY.
R,

i+1

Y, +K~ i=12,., n-1

Y a(Y,+¥,)<A

i=1

Y20, i-12,.n j-12.

Substituting (A) and (B) into the above model, the open system can be written as:

n-1 T .Y
Max m=Y P(TY--1iL+P YT,
i=-1 Ri+1
-C(TY)
S.T.
n
Y aYs<d
i-1
Y20, ¥,20

i=1, 2, ..., n-1.



In this model, selling occurs whenever Y; > Y,,,, purchasing occurs whenever
Y;<Y,;,;. The two models for the open system are identical.

For the closed system, the model is to select Y, such that

n-1 T Y
Max =w=Y P(TY- '; L+P YT,
i-1 i+l

-C(1TY)

s.t.

n
E aY,<A
ic1

T.
Yiz i+l

Rl'+l

Y20, Y,>0

Yi+1

i-1, 2, ..., n-1.

These models are typical nonlinear programming models since the
multiproduct cost function is generally nonlinear in nature. Some analytical
results are derived by applying the Kuhn-Tucker theorem for a maximization
problem.

For the open system, the Lagrangian function for this maximization

problem is:

n-1 T Y n
L-g Pi(I}I/,—‘—*I;Ll)+PnYnTn—C(7‘Y)+A(A -Y aY)

i+l i=1

42
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To ensure the existence of a saddle-point, it is necessary and
sufficient that the following conditions hold:

oL P,T; _aCc(Iy) T.<0

—-P'T}_
oy, "' R, ~or, !

P_.T,
Yi'ai'yi(PiTi— i-11;  dC(TY) T)=0 (i=1,..n-1)
oY, R, ) ¢

o _pp Furln_3aH,
oy, " R o, "

aL PnaT, 8C(TY)
Y =y (P.T - -
n aY n( nn aYn

n n

T)-0

n
i-A—z: aY>0
-1

oA
oL =

A= aA(A-Y"aY)-0
oA ¢ Z; o

Y20, 120, P,-0.

To derive the maximum farm size which gives the highest profit, the land
constraint has to be assigned a large number to make this constraint non-binding.
In this case, A=0. Rearranging the above equations and assuming that all
products are produced, i.e. Y;>0,i=1,...,n.

Puy, 2C(TY)
aY.

i

&
p Pn1, 30T
n

R oy,

n n
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where P, ,/R; and P_,/R, are the per unit costs of the preceding stage product
(per unit seed cost), dC(TY)/ dY; and dC(TY)/ dY, are the marginal costs of
production excluding the marginal cost of seed. These conditions indicate that at
the optimal production level, price of the ith product equals the marginal cost of
producing the product. For competitive market, the price is always given, the
farm will produce the ith product only if the marginal cost of producing the
product is low enough to be equal to its price.

From the first-order necessary condition and second-order sufficient
condition for profit maximization with no constraints, it can be proved that the
marginal cost of the ik product has to be greater than or equal to zero and the
second-order partial derivative of the cost function with respect to the ith product
has to be positive (the Hessian matrix is negative definite), if an optimal solution
exist. To prove this, assume a profit maximization farm where two products Y,

and Y, are produced. The profit function is:

n=PY,+P,Y,-C(Y,,Y,)

where P, and P, are the prices of Y, and Y,, respectively, and C(Y,,Y,) is the

multiproduct cost function.
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To see the effect of economies of scope on farm size, assume that a farm
produces two products, Y, and Y,. Let
Y,', Y, represent independent production of Y, and Y,;
Y,', Y, represent joint production of Y, and Y,.

According to the first order condition for optimization, independent

production of Y, and Y, are optimized if the following conditions hold:
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where Yil‘ is optimal independent production level, i=12.

For joint production of Y, and Y,, if cost complementarity exists which
leads to economies of scope, then
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The marginal cost of joint production evaluated at the optimal independent

production level becomes:
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The above equations indicate that the marginal cost of joint production, evaluated
at the optimal independent production level, is less than the marginal cost of
independent production evaluated at the same point.

Let production levels for the joint production level increase a small amount
from those levels found for optimal independent production. Compare profits
obtained from joint production with profits from the optimal independent

production, the farm profit change can be written as:

n?-al =P (Y] +VY)+P(¥; +VY;)
-CY{ vy Y, +vr))
-pY] -PY; +C(¥{ Ir{-¥])

+C(Y, 15=Y))

Using the Taylor expansion equation, ignore the higher powered items, and

evaluate at the optimal independent production levels:
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and the items in curly braces are positive. The above analysis indicates that by
increasing the joint production level, with cost complementarity, farm profits will

increase. Therefore, farmers tend to expand their farms if they are seeking profit

maximization.
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CHAPTER 1V

FARM SIZE AND STRUCTURE FOR SHRIMP PRODUCTION

4.1 MODELING PROCEDURES

The previous chapter describes models for general aquacultural production
systems. To apply thses models to a shrimp production system in Hawaii is the
second objective of this study. To accomplish this objective, the main task will be
to estimate cost functions. Since there are only four shrimp farms under
operation in Hawaii, and the technology involved in these farms vary from
extensive to intensive, a representative cost relationship between operation phases
cannot be identified from these existing farms.

Rather than estimating or identifying a particular cost relationship between
operation phases for shrimp production in Hawaii, a large number of hypothetical
farms are designed. Production operations of these hypothetical farms are then
simulated for a number of years and annual production costs for each farm are
calculated. Cost functions are derived from the calculated costs. This method of
constructing cost functions is referred to as the synthetic-normative method. Costs
of production differ with different cultured species, production scheduling,
production technology and market conditions. Each of these items can be a
separate research topic, but assumed as given in this study. To calculate
preduction costs, input resources are assigned for each of the hypothetical farms

according to Hawaii’s current shrimp production practices.
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Once the cost functions are derived, model optimization can proceed using
models for shrimp production under the two market conditions (open and closed
systems) for alternative farm sizes to determine optimal farm structures. The
long-run cost function can then be constructed by plotting the cost:revenue ratio
against farm size. The long-run cost function should depict evidence of economies
of size.

Economies of scope can be examined by taking derivatives of the cost
function, with respect to the joint operations. Other economic analysis such as the
minimum size scenario can also be conducted by using these cost functions.

Procedures for modeling the shrimp production systems in Hawaii is
outlined in Figure 4.1. The following sections describe of the modeling

procedures for shrimp production in Hawaii.

4.2 DESCRIPTION OF SHRIMP PRODUCTION
4.2.1 Biological characteristics

A shrimp life cycle generally includes four stages: nauplii, larval, juvenile
and adult. Shrimp mariculture is the production of marine shrimp under
controlled environments for profit. According to the stages of growth, shrimp
mariculture consists of four main phases - maturation, larval rearing, nursery and
growout. The first two phases are generally referred to as seed production and
the last two are generally called shrimp production. Maturation encompasses all

of the activities involved in producing nauplii, including broodstock maturation,
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mating, spawning, and nauplii hatching. Hatchery activities include the culture of
shrimp from nauplii to postlarval and the production of algae and artemia as food
for the larvae. The nursery phase in shrimp culture invelves the husbandry of
postlarval shrimp from the time they leave the hatchery tanks until they are
transferred to the growout ponds. Growout phase includes all of the activities

involved in rearing shrimp from juvenile to market size.

4.2.2 Production technology

Shrimp culture technology is usually categorized by the level of resources
and management committed to the process.

There are four culture technologies existing in the practice of shrimp
growout (Wyban and Sweeney, 1991; Weidner and Rosenberry, 1992): extensive,
semi-intensive, intensive and super-intensive. The extensive culture system is
characterized by large pond size, low stocking densities, little or no supplementary
feeding, little or no water exchange, and no aeration. Natural pond productivity is
the major food source, productivity is sometimes enhanced by fertilization with
manure or chemicals. Stocking density is 1 to 5 animals per square meter;
production is usually less than 2 metric tons per hectare per year.

The semi-intensive system involves the use of supplementary feed,
fertilization, water exchange, an increased stocking density, and aeration

capability. Pond size is substantially reduced and the level of pond management
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activity is increased. Stocking density is 5 to 15 post-larvae per square meter,
production levels are from 3 to 15 metric tons per hectare per year.

The intensive system incorporates compounded feeds, high feeding and
stocking rates, and substantial water exchange with routine aeration. A small
pond increases management control. Using stocking densities greater than 20
animals per square meter, 15 to 60 metric tons can be produced per hectare per
year.

The super intensive system takes even greater control of the environment
and can produce yields of 10 to 100 metric tons per hectare per year. Thailand
has many super-intensive shrimp farms. In the United States, this production
strategy is still under experiment.

Shrimp farms in the United States are located in Hawaii, South Carolina,
Texas, and, to a lesser extent, Puerto Rico. Most of the shrimp farms use semi-
intensive technology. The first research on the intensive pond culture of shrimp
was conducted by Parker et al. (1974), and both P. vannamei and P. stylirostris
were reported to be the potential species for such culture. Paul et al. (1987)
conducted a study on the intensive tank and pond culture of P. vannamei in South
Carolina, they concluded that there was a good potential for intensive pond
culture of P. vannamei in South Carolina and other areas of the continental
United States.

An economic analysis performed in 1985 by the Oceanic Institute (OI)

indicated that the extensive and semi-intensive technology of shrimp farming in
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the United States was not profitable (Wyban et al., 1987). As Wyban et al. (1988)

pointed out "United States shrimp aquaculture will have to be intensive to
compete in a global market. Land, labor, and material expenses create nigh fixed
costs which can only be offset by high revenues." Oceanic Institute has developed
an intensive round pond production system specifically designed to capitalize on
the tremendous U.S. and world market for shrimp in Hawaii’s unique socio-
economic and climatic setting. Studies on this round pond system have shown
that this system has a commercial potential (Wyban et al., 1988; Wyban and
Sweeney, 1989). This intensive round pond system has been accepted by several
shrimp farms on the Islands of Hawaii, Maui and Kauai.

The analysis in this study is based on OI’s intensive round pond system

with some modifications.

4.2.3 Species

There are about 52 species of commercial Peneus shrimp existing in the
world. They are mainly located in areas where water temperature is above 20°C.
33 of the 52 species are located in the Pacific and Indian Oceans. Currently,
there are 19 species of salt water shrimp can be, or potentially can be,
maricultured (Zheng 1985). The world leading species of cultured shrimps are P.
monodon, P. chinensis and P. vannamei. P. monodon is a major species cultured
in Taiwan and Philippines. P. chinensis is cultured on the west coast of Korea and

in China. P. vannamei is the predominant shrimp culture species in the U.S.
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P. vannamei is native to the Pacific coast of Mexico, Central, and South
America, an area where ocean water temperatures generally remains above 20°C
throughout the year. Compared with other white shrimps, it has the following
advantages: 1. this species is relatively easy to culture, it is tolerant of the range of
environmental conditions encountered in culture; 2. it is more disease resistant; 3.
it is one of the fastest-growing shrimps in culture; 4. it is preferred by the majority
of the U.S. market. The U.S. Marine Shrimp Farming Program decided that this
species had the greatest potential for commercial success in the United States.

P. vannamei is the major species cultured in Hawaii. Amorient Aquafarm,
the largest shrimp farm in Hawaii, operates about 60 ha of earthen ponds
extensively, with annual production of around 150,000 kg.

This study uses P. vannamei as the cultured species, all the assumptions on

culture technology are for rearing P. vannamei.

4.3 ASSUMPTIONS ON SHRIMP PRODUCTION
4.3.1.Assumptions on maturation operation

It has been proven that large-scale commercial maturation production of
Penaeid shrimp is technically and economically feasible (Simon, 1982;
Chamberlain, et al., 1981; Johns et al., 1981a; Wyban and Sweeney, 1991).
Kawahigashi (1992) conducted a survey on commercial maturation technologies in
the western hemisphere, of the 21 respondents the maturation facility sizes ranged

from 3 tanks to 100 tanks and production area ranged from 36 to 1,640 square
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meters. Individual maturation tank sizes ranged from 10.5 m? in bottom area to
50 m?. Spawn sizes from wild-caught spawners ranged from 55,000 to 150,000
nauplii per spawn. Spawns from pond-reared animals ranged from 22,000 to
100,000 naupliis per spawn.

The Oceanic Institute constructed a maturation facility for commercial-
scale production of P. vannamei nauplii in 1987. The facility consists of three
wooden maturation tanks with 4.3 m in diameter and 8,500 liters in water volume.
Each maturation tank holds 80 broodstocks with a male:female sex ratio of about
1.3:1 (45 males, 35 females). Male shrimps weigh 40 grams or more while female
shrimps weigh at least 48 grams. The broodstocks are fed four times a day with
alternate feedings of frozen squid and bloodworm. The daily feeding rates of
bloodworm and squid are 9% and 16.7% of tank biomass, respectively.

The female mortality rate in the maturation tanks was 33 percent and the
male mortality rate was 15 percent. Since one of the major factors affecting
nauplii production is genetics, OI has been producing its own broodstocks from
the nauplii who were produced from productive female broodstocks. Production
of nauplii for each female was recorded and the unproductive female broodstocks
were culled every three months. According to OI’s experience, the total
broodstock replacement every three months can be roughly calculated by the
following rule:

Total number of broodstocks replaced each tank=total number of females

in tank (35) x female mortality rate (1/3) + remaining number of
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females/2 (quantity being culled) + total number of males in tank (45) x

males mortality rate (15%).

OI's experience has proven that the mating rate of broodstocks is affected
by the environment of maturation tanks, therefore each maturation tank is housed
in a separate room to limit the foot traffic and other human activities. Water is
supplied from a in-house reservoir where well water is heated to 27°C. The three
maturation tanks require three 1-kw quartz immersion heaters. Each maturation
tank has a 1" airline in which two 2" aquarium airstones are connected to supply
air into the tank.

Spawning takes place in spawning tanks. The spawning tanks at OI are
fiberglass tanks with water capacity of 200 liters. Three spawning tanks are
needed for each maturation tank according to OI’s design.

Oceanic Institute conducted an experiment in 1991 to test the genetic
aspect of nauplii production (Wyban and Sweeney, 1991). The results showed
that the offsprings of productive female broodstocks produced 55,555 naupliis per
spawn, 2.1 times as high as the control shrimp which produced 26,087 naupliis per
spawn. The spawning rate of the offsprings from the productive females was
0.053 spawns per female per day while the control shrimp gave a spawning rate of
0.03 per female per day. This study assumes the higher spawning rate and
productivity as experienced by OI.

For P. vannamei, it takes about 16 hours to hatch from egg to nauplii,

nauplii can be harvested everyday, given that the number of spawning tanks
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should be doubled. This study assumes 7 harvests per week but 5 harvests per

week is also examined in a sensitivity analysis. Production length is assumed to
be 12 months.

Broodstock animals are reared in earthen ponds at a density of about five
animals per square meter. The mortality rate is about 50% in three months. The
broodstocks were fed with commercial diet at 2% of body weight per day.

It is assumed that broodstocks can be purchased at $40 each if the farm do
not produce its own broodstock and nauplii is assumed to cost $1 per 1,000
animals (Johns et al., 1981a, Weidner and Rosenberry, 1992).

The maturation facility in this study adopts the design of Oceanic Institute
and all the production parameters are the same as OI’s.

The building housing the maturation tanks is assumed to be a single-
topped building with ceiling to floor distance of 12 feet. The tank arrangement

and dimensions are shown in Figure 4.2.

4.3.2.Assumptions on hatchery operation

Current shrimp farm operation have demonstrated that rearing from
nauplii to postlarval is technically and economically feasible.

There are approximately 4,700 penaeid shrimp hatcheries in the world,
with most of them located in Asia (Wilkenfeld, 1992). Hatchery sizes are usually
divided into three categories according to the water capacity. Total hatchery tank

volume less than 50 metric tons is classified as small or backyard hatchery.
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Medium size hatchery has total tank volume of 50 to 500 metric tons, and large
hatchery has more than 500 metric tons of tank volume. Of the 4,700 shrimp
hatcheries in the world, 50 percent are of the small type while other 50 percent
are divided almost equally between medium and large facilities (Wilkenfeld,
1992).

Sizes of larval rearing tanks range from 2 metric tons in water volume to
33 metric tons. Stocking densities range from 75 to 115 naupliis per liter of water.

A number of studies have demonstrated that independent hatcheries are
profitable if the farm sizes are not too small. Johns et al. (1981b) conducted a
budget analysis on penaeid shrimp hatchery facilities for farm sizes ranging from 5
ten-metric ton tanks to 60 ten-metric ton tanks. Budgets were calculated under
both 6 months operating strategy and 12 months operating strategy. They
concluded that commercial hatcheries could be profitable when the farm size is 20
tanks or more under 6 months operation or 10 tanks or more under 12 months
operation. Platon (1978) analyzed a hatchery facility for P. monodon in
Philippines and concluded that it is profitable even for small scale commercial
hatchery. The lower bound of farm sizes, he concluded, is 5 two-metric ton tanks.
Amorient Aquafarm, Ltd. in Hawaii runs a hatchery facility consisting of a 62
metric ton larval rearing tank, 53 algae cylinders of which half are 300 liter and
half are 200 liter in water volume. Amorient produces 62 tons of larvae and 13
tons of algae. The production cost was estimated to be $8 per 1,000 larvae

(Wilkenfeld, 1992).
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The prices of post larval in the world range from $3.63/1,000 in Ecuador

and $35/1,000 in Spain in 1992. The sale price of post larval in Hawaii was

estimated to be $12/1,000 while in South Carolina was $9/1,000 (Wilkenfeld,

1992). This study uses $9/1,000 as the assumed post larval price.

This study adopts Oceanic Institute’s hatchery production parameters
except the larval rearing tanks. Oceanic Institute currently operating a hatchery
system consisting of 4 one-metric ton larval rearing tanks (LRT). The operation
is for the purpose of research rather than commercial use. This study uses a 5-
metric-ton tank as the basic hatchery unit.

Under the OI’s format of the hatchery operation, the detail production
parameters are as follows:
¢)) larval rearing tank volume at stocking is 3,250 liters of water;

(2)  stocking density is 75 naupliis per liter of water;

(3)  survival rate is 56 percent from nauplii to postlarval 5;

“4) it takes 16 days to hatch from N5 to PLS5, followed by 3 days down time;

o) naupliis are fed with artemia and Chaetoceros gracilis;

(6)  water in LRT and artemia hatching tanks are heated to keep a
temperature of 27°C, while larval culture room is air conditioned to keep a
temperature of 23+1°C;

@) the size of artemia hatching tank is assumed to be 1 metric ton in water

volume and the size of algae culture cylinder is 220 liters;
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(8) operation is year-round with all-in, all-out stc;c]dng/harvesﬁng strategy.

The number of artemia tanks needed is calculated by the following
formula:

R=AT

where A=L/S;

L=H(D,x1,000)x0.5(V,-V,)/D,;
R is the number of artemia tanks required; A is the number of artemia tanks
harvested per day; T is the turnover rate of the artemia tanks; L is the number of
liters of artemia harvested per day; S is the artemia harvest tank size in liters; H
is the number of hatchery tanks; D, is the initial volume of water in the hatchery
tank; and V, is the final volume of water in the hatchery tank. The number of
algae culture cylinders is calculated by similar method.

The reservoir capacity is recommended to be one third of the total LRT
water volume. The building housing the hatchery facilities is assumed to be the
same as that housing maturation tanks. The arrangement of hatchery tanks and

other facilities are presented in Figure 4.3.

4.3.3.Assumptions on nursery operation

The process of producing juveniles is commonly referred to as the nursery
phase in shrimp culture. Extensive culture systems typically lack the nursery
phase, growout ponds are stocked directly with post larvae. The use of nursery

ponds is more common with semi-intensive to super-intensive culture systems.
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Samocha and Lawrence (1992) listed several advantages of using a nursery phase
over a single phase production system: (1) Nursery ponds provide improved
control of stock inventory, predator and competition control, crop predictability,
facility usage efficiency, and feed usage; (2) nursery phase produces larger and
healthier juveniles and this will result in the increase of the survival rate in the
growout phase; (3) use of nursery ponds reduces the amount of culture time in
growout ponds, thus allowing more production cycles per year from a given
growout pond; (4) nursery ponds can also serve as seed-holding areas during
periods of shortages due to seasonal postlarval scarcity; (5) reducing culture time
in growout ponds decreases the probability of reduced substrate quality and
increases the contribution of pond natural productivity to the nutritional
requirements of shrimp leading to reduced feed cost. Literature on nursery pond
management for P. vannamei showed that nursery pond size ranged from 0.034 ha
to 5 ha, stocking density ranged from 150 to 7,800 PLs/m?, growth period ranged
from 30 to 60 days with harvesting weight ranged from 0.25 g to 2.10 g, survival
rate ranged from 60 percent to 95 percent (Samocha and Lawrence, 1992). Pond
shapes vary from place to place, the most common shapes are rectangle and
round.

At Oceanic Institute, most of the time, in the past few years, the nursery
phase was done in 28 m? circular concrete flat bottom tanks. Sometimes the
nursery was conducted in a 340 m® round pond which was equipped with central

drain and paddle-wheel. The stocking density at OI ranged from 800 to 1,200
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postlarvae/m? (Wyban and Sweeney, 1991). This nursery facility was built for

research purposes. For a commercial scale operation, Wyban et al. (1988)

suggested 0.1 ha round ponds with stocking density of 1,000 PL’s/m?.

This study adopts the nursery format suggested by Wyban et al. (1988),
except that the pond size is 0.08 ha instead of 0.1 ha. This smaller pond size
guarantees stocking 4 0.2-ha growout ponds without much space wasted.
Specifically, the following assumptions are made for the nursery system in this
study:
¢)) nursery pond size is assumed to be 0.08 ha in area, 1 meter in depth, round

in shape;

2) stocking density is assumed to be 1,000 PLs/m?;

3) survival rate is assumed to be 85 percent from PLS to 1 g animal;

)] length of nursery phase is assumed to be 5 weeks, followed by one week
down time;

&) feed is provided at a rate starting at 100 percent of shrimp biomass per
day, this rate is gradually reduced over time, reaching about 10 percent by
the time the shrimp reach 1 g weight;

©6) each pond is equipped with two 1-hp paddle-wheels to provide aeration;

) sale price of juveniles is assumed to be $20/1,000;

(8)  nursery produciion is year round, with 8.57 cycles a year.

The assumed nursery pond arrangement is shown in Figure 4.4.
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4.3.4.Assumptions on growout operation

The majority of the world’s cultured marine shrimp production is done in
earthen ponds that typicaily vary in size from 0.2 to 30 hectares depending on the
cultivation methods. Pond size in extensive culture is usually larger than 10
hectares, that in semi-intensive culture is between 5 to 10 hectares and intensive
culture uses pond less than 5 hectares in size.

Most of the shrimp growout ponds are rectangular or square in shape.
Round ponds for intensive shrimp culture were first used by Shigueno (1975) for
culture of P. japonicus. Oceanic Institute constructed a 0.034-ha experimental
round pond and a 0.2-ha commercial scale round pond in 1986, by modifying the
Shigueno system. The 0.2 hectare of pond size was determined by considering a
variety of engineering problems and economic issues (Wyban and Sweeney, 1991).
Between 1987 and 1990, OI has conducted 22 production trials in the two round
ponds. The production for the 0.034-ha round pond was estimated to be 47,600
kg/ha/year, as compared with 44,960 kg/ha/year for the 0.2-ha pond. Both pond
were harvested three crops per year. The smaller production in the 0.2-ha pond
may be due to the lower temperature and smaller juvenile size as compared with
those for the 0.034-ha pond (Wyban and Sweeney, 1991). Wyban and Sweeney
(1991) claimed that they still believe that 0.2 ha is the ideal size for a commercial
shrimp growout pond after four years of use. This study uses the 0.2-ha round

pond as the growout pond in the designed production system.
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The Oceanic Institute employed stocking densities from 45 shrimp/m® to
150 shrimp/m? in its production trials. The stocking density of 75 shrimp/m2
gave the highest average crop value which was $480,000/ha/year. This study uses
75 shrimp/m? as the stocking density in the growout phase. The three production
trials conducted in 1988 using the 0.2-ha round pond gave an average survival rate
of 90 percent, and this rate is assumed in the growout phase of this study.

Hochman et al. (1990) used a Stochastic Sequential Decision Model to
derive the optimal harvesting time under random price, random weight and
random revenue. Their results indicated a variation of harvesting time with
seasons and with different assumptions of random revenue, random price and
random weight. However, shrimp should be harvested at 15 weeks from stocking
regardless the randomness. Tian et al. (1992) used von Bertalanffy and Gompertz
growth equation to derive the optimal harvesting time. They concluded that the
optimal harvesting time in summer and fall is around 160 days from hatching and
180 days for spring winter. The harvesting weight for both seasons is around 23
grams. Both of the above studies used the data from OI’s production trials. This
study uses 23 gram as the harvesting weight in the hypothesized farms.

All the production parameters in the growout phase of this study adopts
those used in OI’s production trials, specifically, the following assumptions are
made:

(1)  growout pond size is assumed to be 0.2 ha in area, 1 meter in depth,

round in shape.
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stocking density is assumed to be 75 shrimp/m?.

survival rate is assumed to be 90 percent from 1g juvenile to 23 g of food
shrimp.

length of growout phase is assumed to be 3.5 months, followed by one
week down time.

feed is provided at a rate starting at 10 percent of shrimp biomass per day,
this rate is gradually reduced over time, declining to about 3 percent per
day by the time the shrimp are harvested (23 g).

each pond is equipped with four 1-hp paddle-wheels to provide aeration.
sale price of food shrimp is assumed to be $10/kg.

growout production is year round, with 3.24 cycles a year.

The assumed growout pond arrangement is presented in Figure 4.5.

4.4 ESTIMATION OF COST FUNCTIONS

4.4.1 Description of the hypothetical farm

A shrimp life cycle includes egg, postlarval, juvenile and adult. The

corresponding operation phases are maturation, hatchery, nursery and growout.

Given that food shrimp market is already existing, if there are markets for egg,

postlarval and juvenile, a shrimp farm can carry out any combination of the

operation phases. Thus, shrimp production is characterized as a sequential, multi-

stage, multi-product production  If there are no markets for the intermediate
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products, a shrimp farm with growout ponds has to produce its own intermediate
products, and thus it should operate all the production phases.

Since real world data for all the operations in one farm is very limited,
hypothetical shrimp farms with different operation combinations have been
designed. The hypothetical farms were designed under two market conditions: 1.
assume all markets are existing, the intermediate products are available anytime
when they are needed. 2. only adult shrimp market is existing, farms with
growout operation have to produce their own intermediate products. Farms
under the first assumption are assumed to be able to produce any combination of
the operating phases and this production system is called open system, while farms
under the second assumption have to carry out all the operation phases and this
system is called closed system.

Under the open system, production scheduling is not necessary since seeds
or intermediate products are available anytime. If a shrimp farm owns 10
growout ponds, the farm can stock the ponds anytime, with any stocking plan. For
example, the farm can stock 2 ponds every month or all at once. This study
assumes that labor requirements are the same for any stocking plan.

Since there are four operation phases, the total number of production

combinations for the open system is:

n = Cy+Ca+Ca+Cy = 15



73

where ci stands for the number of combinations if i of the n phases are

operated, i=1,2,3,4 and n=4.

Under each production combination, there may be different farms
operating at different scales. For example, a shrimp farm produces nauplii,
juvenile and food shrimp with 5 maturation tanks, 10 nursery ponds and 15
growout ponds, while another farm produces the same products with 15
maturation tanks, 15 nursery ponds and 20 growout ponds. 20 hypothetical farms
for each production combination have been designed for combinations with two
operating phases and above. To analyze the economies of scope between
operating phases, fairly large number of farms for each production combination
should be selected. 20 farms for each production combination is assumed to be
large enough to reveal information on economies of scope between phases of
operation. Independent maturation operations have been designed to operate
from 10 maturation tanks to 200 tanks. Farms that produce postlarvae have been
designed to operate from 5 hatchery tanks to 150 tanks. Farms for nursery
operations goes from 3 to 60 ponds with 3 ponds incremental, that for growout
operations range from 4 to 60 ponds with 4 ponds incremental.

The assumed basic farm production units for the designed experiments are
listed in Table 4.1.

Input for the farms can be classified as public inputs and phase-

independent inputs. Public inputs are those which can be used by one phase of



Table 4.1 Basic production units used for farm designs

Maturation Hatchery Nursery Growout

Random # of # of # of # of
number tanks tanks ponds ponds
0 20 15 3 6

1 40 30 9 12

2 60 45 15 18

3 80 60 21 24

4 100 75 27 30

5 120 90 33 36

6 140 105 39 42

7 160 120 45 48

8 180 135 51 54

9 200 150 60 60
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production without reducing the amount available for other phases. Phase-
independent inputs are those which are used for one phase only. Examples of
public inputs are some facilities, salaried personnel, and laborers, such as trucks,
tractors, water pumps, production managers and so on. Phase-independent inputs
include maturation tanks, hatchery tanks, nursery ponds, growout ponds and so on.

On the other hand, inputs can be classified into cycle dependent inputs and
cycle independent inputs. Cycle dependent inputs include energy, feed, labor.
Cycle independent inputs include facilities such as tanks, ponds, tractors and so
on.

The major facilities for shrimp production are maturation tarks, spawning
tanks, hatchery tanks, nursery ponds, growout ponds, traciors, trucks, water pumps,
blowers, heaters, paddle wheels, buildings, reservoirs, and garage. The typical
farm organization is assumed to consist of a general manager, a business manager,
several indoor production managers who are responsible for the production of
nauplii and postlarval, several outdoor production managers who are in charge of
the production of juveniles and food shrimp, a maintenance manager who takes
care of the maintenance of the facilities, one secretary and several bookkeepers to
take care office work. Laborers include tank management crews, pond
management crews, maintenance crews, harvesting crews, marketing crews and
securities. The assumed farm organization and the chain of command is

presented in Figure 4.6.



Principal

Business Technical Mai%tenance Secretary
manager manager manager
| I
l | I l
Bookkeeper| | Marketing Indoor Outdoor Security Maintenance
p crew manager manager crew crew
Nursery
Maturation | crew
crew
Growout
Hatchery |_| crew
crew
Harvesting
crew

Figure 4.6 Assumed shrimp farm organization
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The following assumptions for the facilities are made:

Rlowers can be shared by maturation and hatchery stages.

Water heaters can be shared by maturation and hatchery stages.
Maturation tanks and hatchery tanks can be arranged in the same building.
Tractors can be shared by nursery and growout stages.

Trucks can be shared by all the stages.

Office equipment can be shared by all the stages.

The following assumptions are made about the salaried personnel and the

One general manager can manage a fairly large farm.

One business manager can handle a fairly large farm.

Indoor production managers can take care of both maturation and hatchery
stages.

Out door manager can take care of nursery and growout stages.
Maintenance manager can take care of the facilities for all the stages.
Tanks management crew can work on both maturation and hatchery stages.
Pond management crew can work on both nursery and growout stages.
Maintenance crew can take care of the facilities for all the stages.
Harvesting crews are needed for growout stage only since the harvesting is
usually done at night time.

Marketing crew will be responsible for all the stages.

Secretaries work on all the stages.
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12.  Bookkeeper work on all the stages.

13.  Security crew will take care of all the stages.

After studying the shrimp farm practice at Amorient Aquafarms in Hawaii
and the experimental experience at Oceanic Institute in Hawaii, a set of rules
(input assignment rules) for assigning facilities and labors to the assumed farms
were designed. The input assignment rules are presented in Appendix A, and the
inputs needed for each of the assumed farms are listed in Appendix B.

Unlike the open system where the intermediate products are assumed to
be available anytime they are needed, the closed system needs careful scheduling.
Cost-saving is possible if the production is well scheduled.

Three production schedules were designed for the closed system: 1.
growout ponds are stocked every week; 2. growout ponds are stocked every two
weeks, and 3. growout ponds are stocked every 8 weeks.

Since shrimp production is a sequential process, and each stage takes
different amount of time, it is possible that one set of equipment at one stage will
serve several stockings. For example, the nursery phase for P. vannamei takes
about one month while growout takes about four months, one set of nursery
ponds can serve four stockings for growout, with one month interval. For the
closed system, the amount of intermediate products has to be constrained to

guarantee the production of the next stage production.
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4.4.2 Cost functions

As stated earlier, inputs for shrimp production are divided into two
categories: public inputs and phase-independent inputs. Public inputs are the
inputs that can be shared, within a range, by all the production stages. Production
managers, business managers, trucks and tractors are examples of the public
inputs. Stage-independent inputs are the inputs that can be used for only one
phase of production. Maturation tanks, hatchery tanks, nursery ponds and
growout ponds are examples of this type of inputs.

Costs are classified into three groups: capital costs, labor costs and
operating costs. Capital costs consist mainly of depreciation of production
facilities. Labor costs are primarily composed of wages of salaried personnel and
hourly-paid workers. Operating costs consist of energy costs and feed costs.
Capital costs and labor costs arise when using public inputs, while operating costs
occur when using phase-independent inputs.

A total of 305 hypothetical farms were chosen with various production
combinations. The costs of each farm operation were simulated for 20 years,
assuming a constant annual inflation rate of 6 percent and each production phase
operates at its maximum number of cycles possible. The simulation was
performed with an Electronic Spreadsheet model developed by Leung and
Rowland (1987). The designed experiments and the averaged annual capital,

labor and operating costs are listed in Appendix C.



The cost function is estimated using the Ordinary Least Square (OLS)
procedure and it is presented below:
C = 123.49 +25.7710M +13.0270H +30.3750N +78.0360G
6.11) (61.33) (23.38) (21.61) (58.33)

-0.0085M?  -0.0094H%  -0.0994N?
(-3.61) (-2.33) (-3.57)

-0.1005G>  -0.0096MH -0.0542NG
(-4.03) (-4.17) (-2.82)

R*=0.9965

Where C is total annual cost of production, in $1000’s, M is the number of
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maturation tanks, H is the number of hatchery tanks, N is the number of nursery

ponds, G is the number of growout ponds, R? is the coefficient of determination

and numbers in parenthesis are t-statistics.
The capital cost function was estimated to be:

C. = 35.8140 +5.9768M  +3.0964H  +6.0632N  +6.9669G

(20.67) (150.47) (59.81) (45.91) (54.45)
-0.0014M?  -0.0023H®> -0.0130N?  -0.0097G?
(-5.88) (-5.78) (-4.77) (-3.95)

R%=0.9991

Where C, is capital cost and other variables are defined as in the total cost

function.



The labor cost function was estimated to be:

C, = 96.823 +7.270TM  +7.2764H  +11.8150N +12.3440G
(14.13) (51.01) (38.50) (24.77) (27.20)
-0.0047M>  -0.0046H>  -0.0607N>  -0.0619G
(-5.93) (-3.38) (-6.43) (-7.31)

-0.0088MH -0.0561NG
(-11.24) (-8.60)
R?=0.9931
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where C, is labor cost and other variables are as defined in the total cost function.

The operating cost function was estimated to be:

C, = 10.324 +12.0860M +2.2566H +11.1970N +57.34G
(0.83) (138.19) (20.57) (36.85) (202.71)

R?=0.9950
where C, is operating cost and other variables are as defined in the total cost
function.

Close examination of the total cost function, yields the following
observations:
1. The total cost function shows that total cost increases at a decreasing raie.
This can be seen from the second partial derivative of total cost with respect to
each operation:
&°C/ aM?=-0.0085
&°C/ 9H*=-0.0094
&°C/ aN*=-0.0994

C/ 8G*=-0.1005



82

2. There are economies of scope between maturation and hatchery as well as
between nursery and growout. These can be seen from the following cost
complementarities:

Cost complementarity between maturation and hatchery operations:
dC?% dM3JH =-0.0096

Cost complementarity between nursery and growout operations:
9C%/ INSG =-0.0542

When estimating the cost functions, the interactive effects between
maturation and nursery, maturation and growout, hatchery and nursery, hatchery
and growout were estimated and they turned out to be insignificant. This
indicates that there is no cost complimentarity between in-door productions
(maturation, hatchery) and out-door productions (nursery, growout).

Since cost complementarities exist between maturation and hatchery as
well as between nursery and growout and cost complimentarity is a sufficient
condition for the existence of economies of scope, the economies of scope in the
hypothetical shrimp farms can be concluded.

The capital cost function shows no economies of scope between operations,
this indicates that the economies of scope are not due to the joint use of facilities.

The labor cost function shows the existence of economies of scope,
indicating that the economies of scopes in the total cost function are due to the

joint use of salaried personnel and laborers.
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The operating cost shows no economies of scope and the intercept is not
significantly different from zero, indicating that there is no common cost for the

stage-independent inputs.

4.5 MODELS FOR DETERMINING SHRIMP FARM SIZE AND STRUCTURES
4.5.1.0pen system

Let

A=total land area available for production in hectares;
D,=hatchery tank stocking density, nauplii/liter (75);

D,=nursery pond stocking density, postlarvae/m? (1,000);
D,=growout pond stocking density, juvenile/m? (75);

L,=length broodstocks are culled in months (3);

L,=length of hatchery phase including downtime in months (0.63);
L,=length of nursery phase including downtime in months (1.4);
L,=length of growout phase including downtime in months (3.73);
M, =nauplii spawned per female per spawn (55,555)

P, =price of nauplii in $/1,000 (1);

P, =price of postlarval in $/1,000 (9);

P, =price of juvenile in $/1,000 (20);

P,=price of adult shrimp in $/kg (10);

P, =price of broodstock in $/broodstock (40);

Q,=number of female spawners per maturation tank (35);



Q,=number of male spawners per maturation tank (45);
R,=survival rate of hatchery phase (0.56);
R;=survival rate of nursery phase (0.85);

R,=survival rate of growout phase (0.9);

S;=nursery pond area in hectares (0.08);

S,=growout pond area in hectares (0.2);
T,=maturation season in months (12);

T,=hatchery season in months (12);

T;=nursery season in months (12);

T,=growout season in months (12);

U,=number of spawns per female per month (1.59);
V,=hatchery tank volume at stocking in litters (3250);

W,=food shrimp weight upon harvest in grams (23);

Y,=the amount of nauplii produced per tank per year, in numbers;
Y,=the amount of nauplii stocked per hatchery tank per year, in numbers;
Y,=the amount of postlarvae stocked per nursery pond per year, in number;

Y,=the amount of juvenile stocked per growout pond per year, in numbers

Z=farm profit;

Numbers in parentheses are the assumed parameters for the designed farms and
are used as starting points in the primary nonlinear programming models.

The annual production of maturation phase can be calculated:

Y,=U,Q,T,M,=1.59%35x12x55,555=37.1 millions;
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The annual stocking of nauplii per hatchery tank is:
Y,=V,D,T,/L,=3250x75x12/0.63=4.6 millions;

The annual stocking of postlarvae per nursery pond is:
Y;=3;%10,000xD;xT5/L;=0.08x10,000x1,000x12/1.4=6.9millions;
The annual stocking of juvenile per growout pond is:
Y,=8,x10,000xD,xT,/L,=0.2x10,000x75x12/3.73=0.48 millions;

The model for the open system is to determine the optimal number of
maturation tanks M, hatchery tanks H, nursery ponds N and growout ponds G
such that
Max Z=(P,/1000)(MY,-HY,) +(P,/1000)(HY,R,

-NY,)+(P;/1000)(NY,R,-GY ) +P,(W,/1000)(GY R,
-D,.(Q;M/3+(Q,M-Q,xM/3)/2+0.15Q,M)2T,/L,
-D,P,(Q;M/3+(Q,M-Q,;M/3)/2+0.15Q,M)2T,/L,)

-(123.49+25.7710M +13.0270H+30.3750N +78.0360G

-0.0085M?-0.0094H2-0.0994N2-0.1005G>

-0.0096MH-0.0542MN)1000; (1)
S.T.

0.029182M+0.006871H+0.135N+0.322G< A (2)
where D, is a dummy variable whose value is

D, = {1 if M>0AND H>0 AND N>0AND G>0
0 otherwise

D, is another dummy variable whose value is

D,= {O if M>0AND H>0 AND N>0AND G>0
1 otherwise
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Equation (1) is the objective function, and equation (2) is the land constraint.
In the objective function, the item (Q,M/3)+(Q,M-Q,M/3)/2+0.15Q,M)2T,/L; is
the number of broodstocks needed per year. (Q,M/3) indicates the number of
female broodstocks needed due to mortality (three-month mortality rate is 1/3);
(Q;M-Q;M/3)/2 indicates the female broodstocks needed due to culling (one half
of the remaining females will be culled after three months); 0.15Q,M is the male
broodstocks needed due to mortality; 2T,/L, indicates that the broodstocks
stocked in broodstock rearing ponds should be twice as many as the broodstocks
needed in the maturation tanks, because of the mortality rate in the ponds (1/2)
and the total number of replacement (culling) is T,/L, (12/3=4 times a year).

Dummy variables are introduced to identify the situation that if a farm
operates all four phases, the broodstocks are taken from the growout phase. This
type of farm can produce its own broodstocks from productive female broodstock
offsprings and does not require purchasing broodstocks from outside at $40 a
piece.

The occupation of land area for one maturation tank, one hatchery tank,
one nursery pond and one growout pond is calculated according to the assumed
arrangement of each production phase and the calculation methods are presented

in Appendix D.
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4.5.2.Closed system

In a closed system, the maturation, hatchery and nursery phases are used to
support the final growout phase since by assumption intermediate products are
not available. It is likely that the intermediate phases are operated only when
they are needed. For example, if a farm plans to have three growout runs with all
ponds stocked at the same time and harvested at the same time, then the farm
may operate the maturation phase only three times to produce enough nauplii for
the three times hatchery, then three times nursery. The intermediate phases
would be idle when they are not needed but require only capital costs (no labor
and operating costs). Therefore, labor and operating costs were combined as
variable costs in the closed system. The variable cost functions are derived based
on one production cycle. Several functional forms including quadratic were used
in estimating the variable cost functions and the linear functions are the most
plausible:

C,n=0.3653 +0.0494M

(164.78)
R%=0.9993

C,,=6.3216 +0.4534H
(87.19)
R?=0.9963

C,,=22.6640 +2.0046N
(55.68)
R%2=0.9942
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C,,=61.1774 +19.8060G

(223.77)
R?=0.9997
where C, is the per cycle variable cost of maturation phase; C, is the same cost
of hatchery phase, C,, is the same cost of nursery phase and C,, is the same cost
of growout phase, and numbers in parenthesis are t-statistics.

Since the operation length is different for each phase, one set of facilities
of an intermediate phase may support more stockings of the succeeding phases.
For example, nursery phase usually takes about 6 weeks and the growout phase
usually takes about 16 weeks, it is possible that one set of nursery facility would
support 2 stockings of growout ponds at 8 weeks apart. Therefore, cost savings

are possible if the growout stockings are carefully scheduled. This study examines

three growout stocking schedules for the closed system:

1. Growout ponds are stocked weekly;

If growout ponds are stocked weekly, it needs at least 16 ponds to ensure
weekly harvesting. The growout ponds thus can be divided into 16 groups, each
group is stocked at the same time. If a farm has 32 growout ponds, then each
group may have two ponds, the farm may stock two ponds every week and also
harvest two ponds weekly. Nursery ponds, hatchery tanks and maturation tanks
have to be harvested weekly to provide seeds for its succeeding phase. When a
growout pond is stocked, it needs juvenile from the nursery phase, therefore,

nursery ponds must be harvested at the same time when the growout pond is
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stocked. There must be at least 6 groups of nursery ponds to ensure weekly
harvesting of juvenile to stock the growout ponds. Weekly harvesting of nursery
ponds implies that the nursery ponds need to be stocked every week as well. This
requires that the hatchery tanks need to be harvested and stocked as frequently.
There should be at least 3 groups of hatchery tanks to guarantee weekly
harvesting of postlarvae for the nursery phase. By the same reasoning, the
maturation tank needs to be operated once a week. The production schedule is
presented in Figure 4.7.

For ease of management, the production schedule was designed to meet

the following conditions:

1. Each group of hatchery tanks serves two specific groups of nursery ponds.
2. Each group of nursery ponds serves two or three specific groups of growout
ponds.

The relationship between the groups of tanks and ponds is presented in the
flow chart in Figure 4.8.

It can be seen, from Figure 4.8, that the group numbers of nursery ponds
the ith group of hatchery tanks serves equal to i+3n,n=0and 1. For example,
the second group of hatchery tanks serves the second and the fifth group of
nursery ponds. By the same token, the group numbers of growout ponds the ith
group of nursery ponds serves equals to i+6n, n=0,1,2. For example, the second
group of nursery ponds serves the second, the eighth and the fourteenth group of

growout ponds.
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Figure 4.7 Closed system production schedule — growout ponds are stocked every week
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The model for the closed system with a weekly growout stocking schedule
determines the optimal number of growout ponds such that
Max Z=P,(W,/1000)(Gy (R,

-(Q;M/3+(Q,M-Q,M/3)/2+0.15Q,M)2T,/L,)

-35.8140 + 5.9768M + 3.0964H + 6.0632N + 6.9669G

-0.0014M? - 0.0023H? - 0.0130N? - 0.0097G?

-1,000(0.3653 + 0.0494M)t

-1,000(6.3216 + 0.4534H)t

-1,000(22.6640 + 2.0046N)t

-1,000(61.1774 + 19.8060G)t 0))

S.T. 0.029182M+0.006871H+0.135N+0.322G< A (2)

ysNR;/6 > y,G/(16R,) 3
Y.HR,/3 > y;N/(6R,) (4)
y;M > y,H/(3R,3) )
G216 ©
N2x6 Q)
H2>3 ®
M>1 ®

where

y;=(U,/30)Q;M, =0.053x35x%55,555=103,055 is the number of nauplii produced

per tank per cycle (per day);
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y,=V,D,=3250x75=243,750is the number of postlarvaec produced per tank per

cycle;
y,;=10,0008,D,=10,000x0.08x1,000=800,000 is the number of juvenile produced
per pond per cycle;
y,=10,000S,D,=10,000x0.2x75=150,000 is the number of food shrimp produced
per pond per cycle;
t is the number of growout cycles and other variables are as defined in the open
system.
Equation (1) is the objective function, equation (2) is the land constraint,
equations (3) to (5) are the seed constraints which ensure enough intermediate
products for the final growout; equation (6) to (9) are the cycle constraints which
guarantee the weekly stocking of growout ponds.

As in the open system, the item (Q,M/3+(Q,M-Q,M/3)/2+0.15Q,M)

x2T,/L,) is the number of food shrimp used as broodstocks.

2. Growout ponds are stocked biweekly;

If growout ponds are stocked biweekly, at least 8 ponds are needed to
ensure biweekly harvesting. The growout ponds thus can be divided into 8 groups
based on the stocking time (each group is stocked at the same time). As in the
weekly stocking situation, nursery ponds, hatchery tanks and maturation tanks
have to be harvested every other week to provide seeds for their succeeding

phase. There must be at least 3 groups of nursery ponds to provide juveniles for
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biweekly stocking of the growout ponds. Two groups of hatchery tanks are

needed to guarantee biweekly supply of postlarvae. The maturation tanks need to
be operated every other week to provide naupliis for the hatchery phase. The
production schedule is presented in Figure 4.9.

For ease of management, the production schedule was designed such that
each group of nursery ponds serves two or three specific groups of growout ponds.
Group 1 nursery ponds serve the first, the fourth and the seventh group of
growout ponds; Group 2 nursery ponds serve the second, the fifth and the eighth
group of growout ponds; and Group 3 nursery ponds serve the third and the sixth
group of growout ponds.

For economic and scheduling reasons, both groups of hatchery tanks serve
the three groups of nursery ponds without specific group assignment.

The model for the closed system with biweekly growout stocking schedule
determines the optimal number of growout ponds such that
Max Z=P,(W,/1000)(Gy,tR,

-(Q,M/3+(Q1M-Q,M/3)/2+0.15Q,M)2T,/L))

-35.8140 + 5.9768M + 3.0964H + 6.0632N + 6.9669G

-0.0014M? - 0.0023H? - 0.0130N? - 0.0097G>

-1,000(0.3653 + 0.0494M)t

-1,000(6.3216 + 0.4534H)t

-1,000(22.6640 + 2.0046N)t

-1,000(61.1774 + 19.8060G)t 1)
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S.T.0.029182M + 0.006871H + 0.135N + 0.322G < A ()]
y:NR,/3 > y,G/(8R,) 3)
y2HR; 2 y;N/(3R;) @
y;M > y,H/R, ®)
G=>38 ©
N>3 @)
H>2 ®
M=>1 &)

All variables are defined as before and the indications of the equations are as the

close system with weekly stocking.

3. Growout ponds are stocked every 8 weeks

This schedule is designed to examine the feasibility of small farms with
fewer stockings per year. Since at least two nursery cycles (1.4 months each) can
be conducted during one growout cycle (3.7 months), one group of nursery ponds
can support two stockings in 3.7 months with 1.85 month (about 8 weeks) apart.
Under this production schedule, one group of hatchery tanks is needed to provide
postlarvae once every 8 weeks, and one group of maturation tanks is needed to
produce nauplii in 8 weeks interval. The production schedule is presented in
Figure 4.10.

The model for the closed system with every 8 week growout stocking

schedule is to determine the optimal number of growout ponds such that
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Figure 4.10 Closed system production schedule — growout ponds are stocked every 8 weeks
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Max Z=P,(W,/1000)(Gy,tR,
-(QM/3+(Q,M-Q,M/3)/2+0.15Q,M)2T,/L,)
-35.8140 + 5.9768M + 3.0964H + 6.0632N + 6.9669G
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All variables are defined as before and the indications of the equations are as the

close system with weekly stocking.
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CHAPTER V

RESULTS AND DISCUSSIONS

5.1 SHRIMP FARM SIZE AND STRUCTURES
S.1.1 Farm sizes for open system

To analyze the economies of shrimp production in Hawaii, the
hypothesized long-run cost curves were derived by conducting optimization on the
models described in Chapter IV. When conducting the optimization, the

following boundaries were imposed to the decision variables:

H,_ =100
N,..=150
G, =150

where M H

max> Hmaxs Nimax and G, are the maximum number of maturation tanks,
hatchery tanks, nursery ponds and growout ponds, respectively.

The boundaries were imposed based on the following two reasons:

(1) farmer’s management ability and market demand. 100 maturation
tanks under the open system would produce 3,710 miliions of nauplii a year and
could provide seeds for 807 5-ton hatchery tanks for a year-round production. 100
hatchery tanks would produce 460 millions of postlarvae and support 67 0.08-ha
intensive nurse ponds. 150 nursery ponds would require about 20 hectare of land

and would produce 1,035 millions of juvenile and support 2,156 0.2-ha intensive

growout ponds. 150 growout ponds would occupy 48 hectare of land space and
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produce 1.49 million kilograms of adult shrimp a year. These maximum
production levels are aiready beyond the current U.S. shrimp production levels.
Based on the 1991 U.S. adult shrimp production level which was 1,000 metric tons
(Weidner and Rosenberry, 1992), and assuming that the average adult shrimp
weight is 23 grams and the survival rates are as those experienced by Oceanic
Institute, it is estimated that the total juvenile needed for 1991 U.S. shrimp
production is 48.3 million, the total postlarvae requirement is 56.8 million and the
total nauplii demand is 101 million.

(2) validity of the cost function. As Baumol et al. (1982) point out, the
cost function should be nondecreasing in its output. Since the total cost function
for the open system is in quadratic form, it is valid only to the facility levels where
the total cost starts decreasing. To derive these marginal levels for each phase,
solve for M, H, N, and G from the following equations (partial derivative of the

total cost function):

oC(M,H,N,G) 0
oM

oc(M,H, N, G) 0
OH

oC(M,H, N, G) 0

ON
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0C(M, H,N, G)
oG

where C(M,H,N,G) = 123.49+25.7710M+13.0270H+30.3750N +78.0360G
-0.0085M2-0.0054H?-0.0994N?-0.1005G?
-0.0096MH-0.0542NG

is the total cost function for the open system.

The marginal levels are:

M_=1520

H =692

N_=153

G,,=388

where M, is the marginal level of maturation operation in number of tanks; H,, is

the marginal level of hatchery operation in number of tanks; N is the marginal

level of nursery operation in number of ponds and G, is the marginal level of

growout operation in number of ponds.

The boundary level chosen for each production phase is less than its
marginal level. Combinations of these boundary levels were simulated to derive
total costs and the results proved that the cost function was valid within the
boundary levels.

The profit maximization results for M_,, =H,_,, =100 is listed in Table 5.1.

The results indicate that hatchery operation is the most profitable operation,



Table 5.1. Optimization results for the open system ——
maturation and hatchery operations
are bounded to 100 tanks

Land # of # of # of # of Total Total Total cost
Area maturation hatchery nursery  growout revenue cost profit revenue
(ha) tanks tanks ponds ponds $1,000%s $1,000s $1,000%s ratio

1 0 100 2 0 2,573.14 1,980.13 593.01 0.77

2 29 100 1 1 3,631.56 2,688.35 943.21 0.74

3 63 100 1 1 4,891.06 3,505.43 1,385.64 0.72

4 98 100 1 1 6,187.61 4,326.09 1,861.53 0.70

5 100 100 8 1 7,077.70 5,010.34 2,067.36 0.71

6 100 100 15 1 7,893.70 5,638.59 2,255.12 0.71

7 100 100 22 1 8,709.70 6,257.09 2,452.61 0.72

8 100 100 30 1 9,642.27 6,952.03 2,690.24 0.72

9 100 100 37 1 10,458.27 7,549.67 2,908.60 0.72

10 100 100 45 1 11,390.84 8,220.76 3,170.08 0.72
11 100 100 52 1 12,206.84 8,797.53 3,409.32 0.72
12 100 100 59 1 13,022.84 9,364.55 3,658.29 0.72
13 100 100 67 1 13,955.41 10,000.66 3,954.75 0.72
14 100 100 75 1 14,887.98 10,624.04 4,263.94 0.71
15 100 100 82 1 15,703.98 11,159.07 4,544.91 0.71
16 100 100 90 1 16,636.55 11,758.61 4,877.94 0.71
17 100 100 97 1 17,452.55 12,272.77 5,179.78 0.70
18 100 100 104 1 18,268.55 12,777.19 5,491.36 0.70
19 100 100 112 1 19,201.13 13,341.74 5,859.39 0.69
20 100 100 119 1 20,017.13 13,825.30 6,191.83 0.69

4]}
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followed by maturation and nursery operations. Growout is the least profitable
operation among the four. It is economically feasible for a farm to produce its
own broodstocks rather than buying them from outside, and this is indicated by
the one growout pond in the optimization results whenever the maturation
operation is existing. Large scale growout operations other than broodstock
production was not recommended by the optimization results, even with land size
equals to 20 hectares.

Indications of possible economies of size for the above case are exhibited
in Figure 5.1. Instead of revenues on the horizontal axis as in the conventional
economies of size studies (Madden, 1967), farm size in terms of area is used since
farm sizes and revenues are positively and linearly correlated. The cost curve is a
average long-run cost curve. It can be seen that if maturation and hatchery tanks
are constrained to 100, it is economically efficient either to operate at the
maximum level of maturation and hatchery production or to operate a large scale
nursery operation along with the maximum maturation and hatchery production
levels, the farm size should be either at 4 hectares or more than 20 hectares. This
indicates that farms with limited land areas should operate maturation and
hatchery phases. Farms with large land areas should first operate maturation and
hatchery phases, when these two operations reach the maximum production levels,

farms should consider operating a large scale of nursery phase with more than 100
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Figure 5.1 Economies of size for shrimp farming under the open system
—— maturation and hatchery operations
are bounded to 100 tanks
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nursery ponds. Nursery operations with less than 100 ponds are not as efficient as
small farms with only maturation and hatchery operations and large scale nursery
operations.

The average long-run cost curve in Figure 5.1 shows a dip at farm size of 4
hectares, this indicates that the average cost of maturation and hatchery
operations drops at a fairly fast rate with farm size. When maturation and
hatchery operations reach their maximum levels, the farmer would start to
undertake nursery operations. The upward-sloping portion of the average long-
run cost curve after 4 hectares is an indication that small-scale nursery operations
are not as efficient as larger scale operations. When farm size reaches 9 hectares
where there are 22 nursery ponds in operation, the average long-run cost curve
starts downward sloping, indicating economies of size in nursery operation. To
examine the production strategy on outdoor operations only, the production level
of maturation and hatchery were constrained to be zero. This is the case that
farms are interested in only nursery and growout phases. The optimization results
are listed in Table 5.2 and the economies of size is shown in Figure 5.2. The
results indicate that a farm may be able to carry out only a nursery phase. It is
profitable for nursery production if farm size is 1 hectare and above. The larger
the farm size, the more efficient the farm is. The optimal farm size is beyond 20
hectares. The optimization results for growout only are presented in Table 5.3
and graphical indications of possible economies of size are shown in Figure 5.3.

This is to examine the case that a farmer may be interested in only a growout



Table 5.2 Optimization results for the open system ——
maturation and hatchery operations

are bounded to 0 tanks

Land # of # of # of # of Total Total Total cost
Area maturation  hatchery nursery  growout revenue cost profit revenue
(ha) tanks tanks ponds ponds $1,000’s  $1,000’s  $1,000s ratio

1 0 0 8 0 932.57 853.84 78.73 0.92

2 0 0 15 0 1,748.57  1,482.47 266.10 0.85

3 0 0 22 0 2,564.57  2,101.36 463.22 0.82

4 0 0 30 0 3497.14  2,796.73 700.41 0.80

5 0 0 37 0 431314  3,394.75 91840 0.79

6 0 0 45 0 524571  4,06627 1,179.44 0.78

7 0 0 52 0 606171 4,643.41  1,418.30 0.77

8 0 0 59 0 687771 521082  1,666.89 0.76

9 0 0 67 0 781029 584736  1,962.92 0.75

10 0 0 74 0 862629 6,393.90  2,232.38 0.74
11 0 0 82 0 955888 700659  2,552.28 0.73
12 0 0 89 0 10,258.28  7457.76  2,800.52 0.73
13 0 0 97 0 11,30742  §8121.10  3,186.32 0.72
14 0 0 103 0 12,006.85 855439  3,452.47 0.71
15 0 0 111 0 12,939.42  9,120.96  3,818.46 0.70
16 0 0 118 0 13,75542  9,606.29  4,149.13 0.70
17 0 0 126 0 14,688.00 10,149.01 4,538.99 0.69
18 0 0 133 0 15,504.00 10,613.46  4,890.54 0.68
19 0 0 141 0 16,436.57 11,132.34  5,304.23 0.68
20 0 0 148 0 1725257 11,57592  5,676.65 0.67
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Figure 5.2 Economies of size for shrimp farming under the open system
—— maturation and hatchery operations
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Table 5.3 Optimization results for the open system
— — growout operation only

Land # of # of # of # of Total Total Total cost
Area maturation  hatchery nursery  growout  revenue cost profit revenue
(ha) tanks tanks ponds ponds $1,000’s  $1,000s  $1,000%s ratio

1 0 0 0 3 302.11 385.88 (83.77) 1.28

2 0 0 0 6 604.22 646.47 (42.25) 1.07

3 0 0 0 9 906.32 905.25 1.07 1.00

4 0 0 0 12 1,20843  1,162.21 46.22 0.96

5 0 0 0 15 1,510.54  1,417.37 93.17 0.94

6 0 0 0 18  1,812.65  1,670.73 141.92 0.92

7 0 0 0 22 221546  2,005.72 209.74 0.91

8 0 0 0 25 251757  2,254.85 262.72 0.90

9 0 0 0 28 2,819.68  2,502.18 317.50 0.89

10 0 0 0 31 3,121.78 2,747.70 374.09 0.88
11 0 0 0 34 342389  2991.40 432.49 0.87
12 0 0 0 37  3,726.00  3,233.31 492.70 0.87
13 0 0 0 40  4,028.11  3,473.40 554.71 0.86
14 0 0 0 43 433022  3,711.68 618.53 0.86
15 0 0 0 46  4,632.32  3,948.16 684.16 0.85
16 0 0 0 49 493443  4,182.83 751.60 0.85
17 0 0 0 53 533724  4,49291 844.33 0.84
18 0 0 0 56  5,639.35  4,723.36 915.99 0.84
19 0 0 0 59 594146  4,952.00 989.46 0.83
20 0 0 0 62  6,243.57 5,178.84  1,064.73 0.83
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operation. The results indicate that a growout operation is not profitable until
farm size reaches 3 hectares or the number of growout ponds is 9. The optimal
farm size is around 20 hectares as the economies of size evidence indicated in

Figure 5.3.

5.1.2 Farm sizes for a closed system

The optimization results under weekly growout stocking are presented in
Table 5.4,and the economies of size is shown in Figure 5.4. Table 5.4 indicates
that farms with 16 ponds under this production schedule is not profitable. Farms
become profitable if their sizes are 21 ponds and above. Figure 5.4 shows that
farms with 150 ponds would capture most of the economies of size.

The optimization results under the biweekly growout stocking schedule are
presented in Table 5.5 and the economies of size information is shown in Figure
5.5. The results indicate that farms with 18 growout ponds or less are not
profitable. Farms become profitable if farm size reaches 19 ponds. Farms with
70 growout ponds would capture most of the economies of size.

Comparing the profitability of the above two scheduled production, it can
be seen that it is more profitable to operate farms less than 32 ponds under
biweekly stocking than weekly stocking. For example, at 32 ponds, the net profit
of biweekly stocking was estimated to be $349,470, while that for weekly stocking
was $287,300. Farms with more than 32 ponds should adopt the weekly stocking

strategy since the profitability is reversed when farm sizes are larger. For



Table 5.4 Optimization results for the closed system —~ growout ponds are stocked weekly

Numbers per group Total number (round up)
#of Total Total Total Total #of #of # of #of #of #of CG/R
Growout Revenue cost Profit Land  Maturation Hatchery  Nursery Maturation Hatchery Nursery  Ratio
Ponds $1000's $1000's $1000's ha tanks tanks ponds tanks tanks ponds
10 923.6 1,208.1 (284.5) 4.56 13.93 5.86 0.14 14 18 6 1.31
11 1,016.0 1,274.5 (258.5) 4.88 13.93 5.86 0.15 14 18 6 125
12 1,108.4 1,340.9 (2325) 521 13.93 5.86 0.17 14 18 6 1.21
13 1,200.7 1,407.2 (206.5) 5.53 13.93 5.86 0.18 14 18 6 1.17
14 1,293.1 1,473.6 (180.5) 5.85 13.93 5.86 0.19 14 18 6 1.14
15 1,385.5 1,540.0 (154.5) 6.17 13.93 5.86 021 14 18 6 11
16 1,477.8 1,606.4 (128.5) 6.49 13.93 5.86 022 14 18 6 1.09
17 1,570.2 1,672.7 (102.6) 6.82 13.93 5.86 023 14 18 6 1.07
18 1,662.5 1,739.1 (76.6) 7.14 13.93 5.86 0.25 14 18 6 1.05
19 1,754.9 1,805.5 (50.6) 746 13.93 5.86 0.26 14 18 6 1.03
20 1,847.3 1,871.9 (24.6) 7.78 13.93 5.86 0.28 14 18 6 1.01
21 1,939.6 1,938.2 14 8.10 13.93 5.86 029 14 18 6 1.00
22 2,032.0 2,004.6 274 8.43 13.93 5.86 0.30 14 18 6 0.99
23 2,1244 20710 53.4 875 13.93 5.86 032 14 18 6 097
24 2,216.7 2,1374 79.4 9.07 13.93 5.86 0.33 14 18 6 0.96
25 2,309.1 2,203.7 1053 9.39 13.93 5.86 0.34 14 18 6 0.95
26 2,401.5 2,270.1 1313 9.71 13.93 5.86 0.36 14 18 6 0.95
27 2,493.8 2,336.5 157.3 10.04 13.93 5.86 037 14 18 6 0.94
28 2,586.2 2,402.9 183.3 10.36 13.93 5.86 0.39 14 18 6 0.93
29 2,678.5 2,469.2 209.3 10.68 13.93 5.86 0.40 14 18 6 0.92
30 2,770.9 2,535.6 2353 11.00 1393 5.86 041 14 18 6 092
31 2,863.3 2,602.0 2613 11.32 13.93 5.86 0.43 14 18 6 091
3R 2,955.6 2,668.4 287.3 11.65 13.93 5.86 0.44 14 18 6 0.90
33 3,048.0 2,734.7 3133 11.97 13.93 586 0.45 14 18 6 0.90
34 3,140.4 2,801.1 339.2 12.29 13.93 5.86 0.47 14 18 6 0.89
35 3,232.7 2,867.5 3652 12.61 13.93 5.86 0.48 14 18 6 0.89
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Table 5.4 (continued) Optimization results for the closed system - — growout ponds are stocked weekly

Numbers per group Total number (round up)
#of Total Total Total Total # of #of #of #of #of #of CR
Growout Revenue cost Profit Land Maturation Hatchery  Nursery Maturation Hatchery Nursery  Ratio
Ponds $1000’s $1000’s $1000’s ha tanks tanks ponds tanks tanks ponds

48 4,433.4 3,7304 703.1 16.80 13.93 5.86 0.66 14 18 6 0.84

60 5,541.8 4,526.9 1,014.9  20.66 13.93 5.86 0.83 14 18 6 0.82

76 6,984.6 58229 1,161.7  27.16 27.86 11.72 1.05 28 36 12 0.83

92 8,455.1 6,884.9 1,5702 3231 27.86 11.72 127 28 36 12 0.81
108 9,925.5 7,946.9 1,9786 3746 27.86 11.72 1.49 28 36 12 0.80
124 11,396.0 9,008.9 2,387.1 4261 27.86 11.72 1.71 28 36 12 0.79
140 12,866.4 10,070.9 27955 4176 27.86 11.72 1.93 28 36 12 0.78
156 14,265.0 11,364.0 2,901.0 5426 41.79 17.58 2.15 42 54 18 0.80
172 15,728.1 12,426.0 3,302.1 59.41 41.79 17.58 237 42 54 18 0.79
188 17,1912 13,4880 37032  64.56 41.79 17.58 2.59 42 54 18 0.78
204 18,654.3 14,550.0 41043  69.71 41.79 17.58 2.81 42 54 18 0.78
220 20,016.1 15,840.2 41759 7621 55.71 23.44 3.03 56 2 24 0.79
236 21,4718 16,902.2 4,569.6  81.36 55.71 23.44 325 56 72 24 0.79
252 22,9275 17,9642 4,963.3 86.51 55.71 2344 347 56 72 24 0.78
268 24,3832 19,026.2 53570 9166 5571 234 3.69 56 72 24 0.78
284 25,8389 20,088.2 5,750.7 9682 55.71 23.44 3.9 56 72 24 0.78
300 27,1565 21,3754 5,781.1 10331 69.64 29.30 4.14 70 90 30 0.79
316 28,604.8 22,4374 6,167.5  108.46 69.64 29.30 4.36 70 2% 30 0.78
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Table 5.5 Optimization results for the closed system —— growout ponds are stocked biweekly

Numbers per group Total number (round up)
# of Total Total Total Total # of # of # of # of # of # of C/R
Growout Revenue cost Profit Land Maturation Hatchery Nursery Maturation Hatchery Nursery  Ratio
Ponds  $1000’s  $1000s  $1000’s ha tanks tanks ponds tanks tanks ponds
10 92364 1,14590 (222.27) 4.12 13.93 5.86 0.28 14 12 3 124
11 1,016.00 1,212.28 (196.28) 4.44 13.93 5.86 0.30 14 12 3 119
12 1,108.36 1,278.65 (170.29) 4.76 13.93 5.86 0.33 14 12 3 115
13 1,200.73 1,34503  (144.30) 5.08 13.93 5.86 0.36 14 12 3 112
14 1,293.09 141140 (118.32) 5.40 13.93 5.86 0.39 14 12 3 109
15 1,38545 1,477.78 (92.33) 5.73 13.93 5.86 0.41 14 12 3 107
16 1,47782 1,544.15 (66.34) 6.05 1393 5.86 0.44 14 12 3 104
17 1,570.18 1,610.53 (40.35) 6.37 13.93 5.86 0.47 14 12 3 103
18 1,662.54 1,676.91 (14.36) 6.69 13.93 5.86 0.50 14 12 3 101
19 1,75491 1,743.28 11.63 7.01 13.93 5.86 0.52 14 12 3 099
20 184727 1,809.66 37.61 7.34 13.93 5.86 0.55 14 12 3 098
21 1939.63 1,876.03 63.60 7.66 13.93 5.86 0.58 14 12 3 097
22 2,032.00 194241 89.59 7.98 1393 5.86 0.61 14 12 3 096
23 2,124.36  2,008.78 115.58 8.30 13.93 5.86 0.63 14 12 3 095
24 2216.72  2,075.16 141.57 8.62 13.93 5.86 0.66 14 12 3 094
25 2,309.09 2,141.53 167.56 8.95 13.93 5.86 0.69 14 12 3 093
26 2,401.45 2,207.91 193.54 9.27 13.93 5.86 0.72 14 12 3 092
27 2,493.81 2,274.28 219.53 9.59 13.93 5.86 0.74 14 12 3 091
28  2,586.18  2,340.66 245.52 9.91 13.93 5.86 0.77 14 12 3 091
29 2,678.54 2,407.03 271.51 10.23 13.93 5.86 0.80 14 12 3 090
30 2,77091 2,47341  297.50 10.56 13.93 586 0.83 14 12 3 089
31 286327 2,539.78  323.48 10.88 1393 5.86 0.85 14 12 3 089
32 2955.63 2,606.16  349.47 11.20 1393 5.86 0.88 14 12 3 088
33 3,04257 2,732.49 310.07 11.83 18.57 781 0.91 19 16 4 090
34 3,134.77 2,798.87 33590 12.15 18.57 7381 0.94 19 16 4 089
35 3,226.97 286524  361.72 12.47 18.57 7.81 0.97 19 16 4 0.89
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Table 5.5 (continued) Optimization results for the closed system — — growout ponds are stocked biweekly

Numbers per group

Total number (round up)

# of Total Total Total Total # of # of # of # of # of # of C/R
Growout Revenue cost Profit Land Maturation Hatchery Nursery Maturation Hatchery Nursery Ratio
Ponds  $1000’s  $1000's  $1000's ha tanks tanks ponds tanks tanks ponds

40 3,676.12 3,310.49 365.63 14.67 27.86 11.72 1.10 28 24 6 0.90

48 4,411.35 3,841.50 569.85 17.25 27.86 11.72 1.32 28 24 6 0.87

56 5,146.57 4,372.50 774.07 19.82 27.86 11.72 1.54 28 24 6 0.38s

64 5,881.80 4,903.50 978.30 22.40 27.86 11.72 1.76 28 24 6 0.83

72 6,617.02 5,434.50 1,182.52 24,98 27.86 11.72 1.99 28 24 6 0.82

80 7,31541 6,13742 1,177.99 28.45 41.79 17.58 2.21 42 36 9 084

88 8,046.95 6,668.42 1,378.53 31.02 41.79 17.58 243 42 36 9 0.83

9 8,778.49 7,199.42 1,579.07 33.60 41.79 17.58 2.65 42 36 9 0.82

104 9,510.03 7,730.42 1,779.61 36.18 41.79 17.58 2.87 42 36 9 081

112 10,190.00 8,431.92 1,758.08 39.65 5571 23.44 3.09 56 48 12 0.83

120 10,917.86 8,962.92 1,954.94 42,22 55.71 23.44 331 56 48 12 0.82

128 11,645.71 9,493.92 2,151.79 44.80 55.71 23.44 3.53 56 48 12 0.82

136 12,373.57 10,024.92  2,348.65 47.38 55.71 23.44 3.75 56 48 12 081

144 13,101.43 10,555.93 2,545.50 49.95 55.71 23.44 3.97 56 48 12 0.81

152 13,759.29 11,256.00 2,503.30 53.42 69.64 29.30 4.19 70 60 15 0.82

160 14,483.47 11,787.00 2,696.47 56.00 69.64 29.30 441 70 60 15 0.81

STI
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example, at 33 ponds, weekly stocking strategy would produce $313,300 in profit,

while biweekly stocking would create a profii of $310,070, less than that of the
weekly stocking strategy.

The optimization results under every 8 weeks growout stocking strategy are
presented in Table 5.6 and indications of economies of size are presented in
Figure 5.6. The results indicate that it is generally not profitable under this
production strategy, though the economies of size can be captured around 10

ponds but the profits are negative even up to 40 ponds.

5.2 MINIMUM FARM OPERATION SCALE SCENARIOS
5.2.1 Minimum farm operation scale with fixed output prices

Farm operation scale refers to the number of tanks or ponds in a farm, and
minimum farm operation scale refers to the minimum number of tanks or ponds
necessary for a farm to make a positive net return.

One of the questions a farmer may ask at the aquafarm planning stage is:
What is the minimum farm operation scale necessary for positive net returns or
profits? To address this question, each operation phase was simulated under the
situation that the specific phase was operated independently and the output price
was given as described in chapter 4 (i.e., nauplii: $1 per 1,000; postlarval: $9 per
1,000; juvenile: $20 per 1,000 and adult shrimp: $10 per kg). The seeds for this
phase was assumed to be purchased from other farms, i.e.,the operation was

under the open system.



Table 5.6 Optimization results for the closed system —— growout ponds are stocked every 8 weeks

Numbers per group

Total number (round up)

# of Total Total Total  Total #of #of # of # of # of #of C/R
Growout Revenue cost Profit ~ Land Maturation Hatchery Nursery = Maturation Hatchery Nursery  Ratio
Ponds $1000’s  $1000’s  $1000’s ha tanks tanks ponds tanks tanks ponds

2 184.73 564.36 —379.63 123 13.93 5.86 0.44 14 6 1 3.06

4 36945  697.11 -327.65 1.87 13.93 5.86 0.88 14 6 1 1.89

6 55142 95334 -—40192 3.10 27.86 11.72 1.32 28 12 2 1.73

8 73522 1,086.09 -350.87 3.75 27.86 11.72 1.76 28 12 2 1.48
10 91443 1,341.61 —427.18 4.97 41.79 17.58 2.21 42 18 3 1.47
12 1,097.31 1,47436 -37705 5.62 41.79 17.58 265 42 18 3 1.34
14 1,273.75 1,729.15 -45540  6.85 55.71 2344 3.09 56 24 4 1.36
16 1,455.71 1,861.90 —406.19 749 55.71 2344 3.53 56 24 4 1.28
18 1,637.68 1,994.65 -35697 8.14 5571 2344 397 56 24 4 1.22
20 1,810.43 2,248.72 —43829  9.36 69.64 29.30 4.41 70 30 5 1.24
22 1,991.48 2,38147 -390.00 10.01 69.64 29.30 4.85 70 30 5 1.20
24 2,161.47 2,634.82 -—-47335 11.24 83.57 35.16 5.29 84 36 6 1.22
26 2,341.59 2,767.57 —425.98 11.88 83.57 35.16 5.74 84 36 6 1.18
28 2,508.82 3,020.20 -511.38 13.11 97.50 41.03 6.18 98 42 7 1.20
30 2,688.02 3,15295 -—464.93 13.75 97.50 41.03 6.62 98 42 7 1.17
32 2,854.59 3,38897 —534.37 14.92 109.11 46.89 7.06 110 47 8 1.19
34 3,033.01 3,521.72 -—-488.71 15.56 109.11 46.89 750 110 47 8 1.16
36 3,211.42 3,654.47 -443.05 1620  109.11 46.89 7.94 110 47 8 1.14
38 3,37233 390576 53342 1743 123.04 52.75 8.38 124 53 9 1.16
40 3,549.82 4,038.51 -—488.68 18.08 123.04 52.75 8.82 124 53 9 1.14

811
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Two production scenarios were analyzed for the maturation phase: (1)
nauplii were produced in 5 cycles per week; (2) nauplii were produced in 7 cycles
per week. The 5-cycle per week production was based on the assumption that no
production occurred on weekends. The simulation results for the maturation
phase are presented in Tables 5.7 and 5.8. The results show that an independent
maturation operation with 5 cycles per week is generally not profitable. With 7
cycles per week, farms may have positive profit if they operate independently with
57 tanks or more.

Table 5.9 shows the simulation results for the hatchery operation. As
shown, it is profitable to operate 21 hatchery tanks or more as an independent
operation. Simulation results for an independent nursery operation are presented
in Table 5.10. Nursery operations should have at least 5 ponds to become
profitable if operated independently.

The minimum number of growout ponds required to make positive profits
is presented in Tables 5.11 It can be concluded from the table that an

independent growout operation is profitable when 9 or more ponds are in

operation.

5.2.2Minimum farm operation scale with varying output prices
Shrimp product prices tend to flucturate with changing market conditions.
To examine change in minimum farm operation scale with change in output price,

independent operations of each production phase were simulated with a set of



121

Table 5.7 Profitability analysis of independent
maturation operation, 5 cycles/week

# of Total Total Total
maturation revenue cost profit
tanks $1,000s  $1,000’s $1,000’s

1 26.50 158.88 —132.38

5 132.50 300.27 -167.77
10 265.00 476.62 -211.62
20 530.00 828.06 —298.06
100 2649.97 3578.56 —928.59
200 5299.95 6864.25 —1564.30

Table 5.8 Profitability analysis of independent
maturation operation, 7 cycles/week

# of Total Total Total
maturation revenue cost profit
tanks $1,000s  $1,000’s $1,000’s

10 371.00 476.62  —105.62

20 741.00 828.06 —87.06
30 1112.99 1177.80 —-64.81
40 1483.99 1525.85 -41.86
50 1854.98 1872.20 —-17.22

57 2114.68 2113.64 1.04
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Table 5.9 Profitability analysis of independent
hatchery operation

# of Total Total Total
hatchery revenue cost profit
tanks $1,000’s $1,000’s $1,000’s
10 234.00 299.25 —-65.25
20 468.00 473.12 -5.12
21 491.40 490.41 0.99

Table 5.10 Profitability analysis cf independent

nursery operation
# of Total Total Total
nursery revenue cost profit
ponds $1,000’s $1,000’s $1,000’s
1 116.57 215.48 —-98.91
2 233.14 307.27 -74.13
3 349.71 398.86 —49.15
4 466.29 490.26 -23.97
5 582.86 581.45 1.41




Table 5.11 Profitability analysis of independent
growout operation

# of Total Total Total
growout revenue cost profit

ponds $1,000’s $1,000’s $1,000’s

1 100.70 211.16  —110.46

5 503.51 559.81 —-56.30

6 604.22 646.47 —42.25

7 704.92 732.93 -28.01

8 805.62 819.19 -13.57

9 906.32 905.25 1.07

123
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output prices. The simulations for independent maturation operation was
performed with nauplii prices varying from $1.00 per 1,000 naupliis to $2.10 per
1,000 naupliis. In simulating the maturation operation, broodstocks were
assumed to be purchased at $40 each as described in chapter 4. The simulation
results are presented in Table 5.12.

As shown in Table 5.12, when the nauplii price increases from $1.00 per
1,000 to $1.30 per 1,000, an increase of 30 percent, the minimum number of
maturation tanks reduces from 57 to 10 tanks, a decrease of 470 percent. A
further increase in nauplii price results in a slower decline in the minimum
number of maturation tanks. When the nauplii price rises to $1.80 per 1,000, the
minimum number of maturation tanks becomes stable at about 3 to 4 tanks. This
stability may be due to the fixed cost in nauplii production. The above results
suggest that the maturation operation may become profitable even at a smaller
scale (3 to 4 tanks) if the nauplii price is around $2.00 per 1,000.

Independent hatchery operations were simulated with varying nauplii and
postlarval prices and the minimum number of hatchery tanks are exhibited in
Table 5.13. It can be seen from the table that the minimum number of hatchery
tanks is more sensitive to the nauplii price when the postlarval price is low.
When the postlarval price reaches $12.00 per 1,000, the minimum number of
hatchery tanks becomes relatively stable with the increase in nauplii price. This
phenomena indicates that farm revenue increases faster than costs, since the cost

of nauplii is only part of the production costs. When the postlarval price is low,
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Table 5.12 Minimum independent maturation operation scales

Priceof @ Minimum Total Total Net Nauplii
nauplii number of revenue cost profit  Production
$/1,000  of tanks $1,000  $1,000 $1,000 (million)

1.0 57 2,114.68 2,113.64 1.04 2,114.68
1.1 23 938.62 933.16 5.46 853.29
1.2 14 623.27 617.40 5.87 519.39
1.3 10 482.30 476.62 5.68 371.00
1.4 8 415.52 406.13 9.39 296.80
1.5 7 389.55 370.86 18.69 259.70
1.6 6 356.16 335.57 20.59 222.60
1.7 5 315.35 300.27 15.08 185.50
1.8 4 267.12 264.95 2.17 148.40
1.9 4 281.96 264.95 17.01 148.40
2.0 4 296.80 264.95 31.85 148.40
2.1 3 233.73 229.64 4.09 111.30




126

Table 5.13 Minimum independent hatchery operation scales (number of hatchery tanks)

Price of Price of nauplii (3/1,000)
PL

$/1,000 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
9.0 21 23 25 27 30 34 38 43 50 59 7
9.5 18 19 20 22 23 25 28 31 34 39 45
10.0 15 16 17 18 19 20 22 24 26 28 32
10.5 13 14 14 15 16 17 18 19 21 22 24
11.0 12 12 13 13 14 15 15 16 17 18 20
11.5 11 11 11 12 12 13 13 14 15 16 16
12.0 10 10 10 11 11 11 12 12 13 14 14
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Table 5.12 Minimum independent maturation operation scales

Priccof  Minimum Total Total Net Nauplii
nauplii  number of revenue cost profit Production
$/1,000  of tanks $1,000 $1,000  $1,000 (million)

1.0 57 2,114.68 2,113.64 1.04 2,114.68
1.1 23 938.62 933.16 5.46 853.29
1.2 14 623.27 617.40 5.87 519.39
1.3 10 482.30 476.62 5.68 371.00
1.4 8 415.52 406.13 9.39 296.80
1.5 7 389.55 370.86 18.69 259.70
1.6 6 356.16 335.57 20.59 222.60
1.7 5 315.35 300.27 15.08 185.50
1.8 4 267.12 264.95 2.17 148.40
1.9 4 281.96 264.95 17.01 148.40
2.0 4 296.80 264.95 31.85 148.40
2.1 3 233.73 229.64 4.09 111.30
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Table 5.14 Minimum independent nursery 'oberation scales (number of nursery ponds)

Price of Price of postlarval (3/1,000)
juvenile
$/1,000 9.0 9.5 10.0 10.5 11.0 11.5 12.0
20.0 5 6 7 9 11 15 21
20.5 S 6 6 7 9 11 15
21.0 S 5 6 6 8 9 12
21.5 4 5 5 6 7 8 10
22.0 4 4 5 5 6 7 8
23.0 3 4 4 4 5 5 6

Table 5.15 Minimum independent growout operation scales (number of growout ponds)

Price of Price of juvenile (8/1,000)
shrimp
$/kg 20.0 20.5 21.0 215 22.0 23.0

10.0
10.5
11.0
12.0
13.0
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This study develops a theoretical nonlinear programming model for
deriving cost functions for aquacultural production. Procedures for conducting
economies of size and economies of scope analysis are discussed. Instead of the
conventional assumption of cost minimization when deriving short-run cost
functions, this study assumes profit maximization and derives the long-run cost
functions. To analyze whether economies of size exist or not, this study uses the
profit function approach which is appropriate for the profit maximization
assumption.

To study economies of size and scope in shrimp farming in Hawaii,
hypothesized shrimp farms based on Hawaii’s production experience are designed.
Optimal farm size, structure and operating strategies are derived by conducting
economies of size analysis.

For the open system, which assumes markets for intermediate products and
the final product are existing and production scheduling is not necessary, the total
cost function indicates that there are economies of scope between maturation and
hatchery operations, as well as between nursery and growout operation. The
economies of scope are mainly due to the joint use of laborers and salaried
personnel.

Optimization results show that, in Hawaii, hatchery operation is the most
profitable operation, followed by maturation, nursery and growout in descending
order based on profitability. Farmers at the planning stage should first consider

hatchery and maturation operations in terms of profitability and the efficiency is
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gained from larger operations. Farmers should produce their own broodstocks
on-farm, for the maturation phase from the productive female spawners, since it is
more profitable than purchasing the broodstocks from outside. If farmers could
not operate maturation and hatchery operations, then nursery operations would be
the next choice. Growout operations are the last choice in terms of profitability.

Economies of size analysis suggests that farms with limited land area
should operate maturation and hatchery phases. Farms with large land areas
should first operate maturation and hatchery phases, when these two operations
reach the maximum production levels, farms should consider operating a large
scale nursery with more than 100 nursery ponds. Nursery operations with less
than 100 ponds are not as profitable as small farms with only maturation and
hatchery operations. Growout operations are generally not as profitable as other
operations, even when the farm size reaches 20 hectares or 62 growout ponds.

If nauplii price is $1.00 per 1,000, the minimum number of tanks for
generating positive economic profit, for independent maturation operation with 7
harvesting cycles per week is 57. If nauplii can be produced only on § days a
week, the maturation operation is not profitable. However, if nauplii price is
around $2.00 per 1,000,the minimum number of maturation tanks becomes 3 or
4, indicating that small maturation farm are feasible if nauplii price is high.

The minimum number of hatchery tanks necessary for positive economic
profit is 21 if postlarval price is $9.00 per 1,000 and nauplii price is $1.00 per

1,000. Nauplii price plays an important role in determining the minimum
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independent hatchery operation scales when postlarval price is low. Minimum
independent hatchery operation scale becomes less sensitive to nauplii price when
postlarval price is high.

For the independent nursery operation, 5 ponds are required to produce
economic profit with the price combination of $20.00 per 1,000 juveniles and $9.00
per 1,000 postlarvae. The minimum independent nursery operation scales vary
with juvenile and postlarval prices. With higher juvenile prices, the influence of
postlarval price on the minimum nursery operation scale diminishes.

9 ponds are the minimum requirement for independnet growout operations
given that adult shrimp costs $10.00 per kg and juveniles are purchased at $20.00
per 1,000. Juvenile price has little effect on the minimum independent growout
operation scales.

For the closed system, small farms are not economically feasible. A farm
with a weekly stocking schedule is not profitable until its size increases to 21
growout ponds. With a biweekly stocking schedule, the minimum number of
ponds necessary to ensure positive profit is 18 growout ponds. Farms with every 8
week stocking schedules are generally not economically feasible.

Medium size farms (18-32 ponds) in the closed system should adopt a
biweekly stocking schedule while large farms (more than 32 ponds) should stock

growout ponds every week.
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Farms with 150 growout ponds under weekly stocking schedule would
capture most of the economies of size. While under biweekly stocking schedule,
70 growout ponds would capture most of the economies of size.

The possible contribution of this study to the field of aquacultural
economics rests in the theoretical models and modeling procedures developed.
The models are in general form and may be applied to any aquacultural species.
The models incorporate all the operating phases in aquacultural production and
are useful to farmers and investors in terms of designing their aquafarms and
analyzing profitability of existing farms. The synthetic engineering method for
constructing cost functions when real world data are not available may be useful.

The case study on shrimp production was based on shrimp production
practices in Hawaii and the results of analysis may be of useful to Hawaii farmers
to design their aquafarms, production schedule, or to evaluate their farm
operations.

The major weakness of this study is the assumptions involving input
allocation for the case study. Since real-world data on shrimp farm operations in
one region is limited, the case study on shrimp production in Hawaii involved
many assumptions of input allocation. The use of inputs (facilities, salaried
personnel, labor, etc.) differs from farm to farm, the assumed input allocation for
the hypothétical farms may be different from a specific existing farm. Also the

cost functions derived based on the assigned inputs may not represent the cost
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structure of a specific existing farm. However, input allocation in the case study

can serve as a guideline for farmers in designing their farms.

5.4 SUGGESTIONS FOR FURTHER RESEARCH

The share of U.S. shrimp production in the Western Hemisphere is less
than 1 percent. However the U.S. is the leading consumer of shrimp in the
region. There are only 4 hatcheries and 20 shrimp farms in the nation (Weidner
and Rosenberry, 1992). It is difficult to obtain real world production data for all
the 4 operation phases to derive a real world cost function. Especially difficult is
obtaining production data for farms with all 4 operation phases. Most of the
economic analysis and size studies in this field is based on designed farms. The
results of analysis based on the designed data may be useful only for the region
where the farms are designed for. When applying the results of one study to
another region, the optimal results may not be optimal for that region since the
natural and human resource endowments may be different.

The theoretical model in this study is a general one which can be applied
to any type of aquafarm. This research on shrimp farm size and structure analysis
is based on Hawaii’s social and economic environment. The specified production
parameters are mainly based on experimental trials conducted at the Oceanic
Institute. The results are meaningful only in Hawaii. To apply the theoretical
model to another region, production data should be collected or designed for the

region under study.
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Further understanding of the economies between production phases and
operation scales requires a more sophisticated study with cost data coming from
real world. Since aquacultural production practice are similar worldwide, actual
world production data may be collected from other countries where aquaculture
plays a more prominent role in a country’s economy. Data from countries such as
China, Indonesia, Thailand and Ecuador could be considered for further

investigation.
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APPENDIX A

INPUT ALLOCATION ASSUMPTIONS:

Number of trucks (cost:$12,000/unit):

1 truck every 30 of maturation and hatchery tanks total; 1 truck every 10 of
nursery and growout ponds total.

Tractors (cost:$25,000/unit):

Only nursery and growout operations need tractors for shrimp feeding and

grass cutting. 1 tractor is needed every 30 of nursery and growout ponds
total.

Backhoe (cost:$30,000/unit):

Backhoe is used for nursery and growout operations for ditch maintenance.
The number of backhoe required per nursery pond is half the amount
required per growout pond. In terms of growout pond, a backhoe is
needed only if the number of ponds is over 60.

General manager (salary:$3,500/month):

There is one general manager (principal) to manage the overall farm
activities if the total number of tanks or ponds is 10 or less (no other
managers needed). If the total number of tanks and ponds is over 10,
one general manager is needed to supervise business manager, technical
manager and maintenance managers.

Business Manager (salary:$3,500/month):

No business manager is needed when the total number of tanks or ponds is
10 or less. There is one business manager to take care of sales and
accounting activities if the total number of tanks and ponds is over 10.
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Technical manager (salary:$3,500/month):
No technical manager is needed when the total number of tanks and ponds
is 10 or less. There is one technical manager to manage overall production
activities if the total number of tanks and ponds is over 10.

Maintenance manager (salary: $3,500/month):

There is one maintenance manager to arrange machinery maintenance and
engineering activities if the total number of tanks and ponds is over 10.

Indoor manager (wage rate: $12/hour):
The indoor managers take care of the production activities of maturation

and hatchery. 1 manager is required every 24 of maturation and hatchery
tanks total.

Outdoor manager (wage rate: $12/hour):

The outdoor managers take care of the production activities of nursery and
growout. 1 manager is needed every 40 of nursery and growout ponds total.

Secretary (wage rate: $10/hour):

There is one secretary to take care of office activities if the total number of
tanks and ponds is over 30.

Bookkeeper (wage rate: $10/hour):

1 bookkeeper is required every 60 of any combination of tanks and ponds.

Marketing crew (wage rate: $8/hour):

For maturation and hatchery, 1 marketing crew every 30 of maturation and
hatchery tanks total. For nursery and growout, the number of marketing
crew needed per nursery pond is half of that needed per growout pond. 1
marketing crew every (N/2+G)=15.
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Maintenance crew (wage rate: $8/hour):
1 maintenance crew every 60 of maturation and hatchery tanks total. 1
maintenance crew every 30 of nursery and growout ponds total.

Tank management crew (wage rate: $8/hour):
2 for first 6 of maturation and hatchery tanks total, and 1 additional every
6 maturation and hatchery tanks total.

Pond management crew (wage rate: $8/hour):
Since one additional worker is needed every 9 nursery ponds while one
additional worker is needed every 9 growout ponds. In terms of pond
management, one nursery pond is equivalent to 3/4 growout pond. 2 pond
management crews are needed for the first 9 growout ponds or
(3N/4+G)=9, and 1 additional every (3N/4+G)=9.

Harvesting crew (wage rate: $8/hour):
Harvesting crews are needed for growout only since harvesting should be
done at night time. There is no harvesting crew needed under 6 growout
ponds and 1 crew needed from 7 to 12 ponds. 2 harvesting crews are
needed from 13 to 60 ponds.

Security (wage rate: $8/hour):

2 securities are needed if there is nursery or growout operation, and none
for maturation and haichery operaiion.

Water heater (cost: $2,500 for three 1-kw heaters):

3 1-kw quartz immersion heaters for three maturation tanks or three
hatchery tanks.
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Blower (cost, $): 303.6987+150.5952HP)
- Size needed for maturation:
Blower power

#_of tank (HP)
<=9 0.2
< =48 1/3
<=70 172
<=90 1

< =120 2

< =160 2.5
< =200 3

Size needed for hatchery:
HP=0.1949-+0.001143H>

The size of blower is determined by the following:

Two air stones each maturation tank and one for each spawning tank.
Each air-stone requires 0.06 CFM air, the total air needed for maturation
can be calculated as:
Total air flow (CFM)=(2xnumber of maturation tank+number of
spawning tank)x0.06 (CFM)

Two air-stones per hatchery tank, each air-stone requires 4 1/min air.
1 airs-tone per algae cylinder, requires 5 1/min

1 airs-tone per algae carboy, 4 I/min

2 airs-tones per artemia tank, 9 /min.

Total air flow (I/min) = 2x4x # of Hatchery tank+5x # of
cylinder+4xalgae carboy+2x9x # of artemia tank

Blower sizes are selected based on the air flow requirement.
Blower sizes and prices are selected from AREA (Aquaculture

Research/Environmental  Associates,Inc.), Catalog and Applications Source
Book.

Office building: ($70/ft%)
300 ft? per three salary employees (general manager, business manager,

technical manager, maintenance manager, secretary and bookkeeper).
There are two rest-rooms with 50 ft* each.



Warehouse ($50/ft%):

Warehouse is used to store feed and tools.
Minimum size is 750 ft2, 250 f added every 10 growout ponds.

Garage ($40/ft2):

200 ft? per vehicle (trucks, tractors, backhoe etc.).
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APPENDIX B
INPUT ALLOCATION FOR THE HYPOTHETICAL FARMS

#of #of #of #of #of #of #of # of #of #of #of #of #of #of #of #of #of #of #of #of
Exp. Mat. Hat. Nur. Grow. Truck Tractor.  Gen.  Busin. Tech. Maint. Indoor Outdoor Secret. BKper. Market. Maint. Tank. Pond Harv. Security.

No. Tanks Tanks Ponds Ponds Manager. Manager. Manager. Manager. Manager. Manager. CrEW  Crew  crew  crew  crew
1 160 15 33 54 15 3 1 1 1 1 8 3 1 5 11 6 31 10 2 2
2 80 30 27 36 11 3 1 1 1 1 5 2 1 3 8 5 20 8 2 2
3 200 135 45 12 18 2 1 1 1 1 14 2 1 7 15 8 57 7 1 2
4 60 30 6 5 1 1 1 1 1 4 1 1 2 4 3 16 3 0 2
5 80 45 9 12 8 1 1 1 1 1 6 1 1 3 7 4 22 4 1 2
6 60 120 33 42 14 3 1 1 1 1 8 2 1 5 10 6 3 9 2 2
7 80 105 48 13 2 1 1 1 1 8 2 1 5 11 6 2 8 2 2
8 60 105 60 13 3 1 1 1 1 7 2 1 4 10 6 29 8 2 2
9 120 60 27 30 12 2 1 1 1 1 8 2 1 4 9 5 31 7 2 2
10 20 15 27 30 8 2 1 1 1 1 2 2 1 2 ] 3 7 7 2 2
11 120 90 21 36 13 2 1 1 1 1 9 2 1 5 10 6 36 7 2 2
12 40 75 9 42 10 2 1 1 1 1 5 2 1 3 7 4 21 7 2 2
13 20 150 54 12 13 3 1 1 1 1 8 2 1 4 9 6 30 7 1 2
14 60 30 21 24 8 2 1 1 1 1 4 2 1 3 6 4 16 6 2 2
15 60 105 15 4?2 12 2 1 1 1 1 7 2 1 4 10 5 29 7 2 2
16 120 90 33 60 17 4 1 1 1 1 9 3 1 6 12 8 36 11 2 2
17 120 90 39 6 12 2 1 1 1 1 9 2 1 5 9 6 36 5 0 2
18 40 15 33 12 2 1 1 1 1 3 2 1 2 4 3 1 6 1 2
19 40 60 15 6 1 ! 1 1 1 S 1 1 3 5 3 18 3 0 2
20 120 30 27 24 11 2 1 1 1 1 7 2 1 4 8 5 26 6 2 2
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# of
Pond Harv. Security.

crew

#of #of #of #of

# of

#of #of #of

# of

# of
Maint.

#of
Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

# of
Busin.

#of #of #Hof #of #of #of
Hat.

#of
No. Tanks Tanks

Market. Maint. Tank.

Indoor OQutdoor Secret. BKper.

Gen.

Nur. Grow. Truck Tractor.

Ponds Ponds

Mat.

Exp.

crew

crew crew

crew

43

10
11

1
12
10
14

10
11

150

120

100
160
200
180
140

21

48

22
23
24
25
26
27

56

13

17
10

150

27

3
15
33
15
33
39

15
135
105

31

22
25

20
20

120

28

20

o

11

120

42
47

10
12
13
14
11

11
12
14
14
12

12
16
15
18
13

27

105

140

3

56
57
48
29

150 39

180

33

27
21

0
105

160

35

36
37

15
2
41

ot

21

11

11

10

15
11
10

45

200
180
140

27
27

39

35

141



# of #of #of #of #Hof #of #of
Maint. Tank.

# of
Indoor Outdoor Secret. BKper.

#of

#of

# of

# of #of
Maint.

#of #of #of #of #of # of
Gen. Busin.

#of

Mat.

No. Tanks Tanks Ponds Ponds

Pond Harv. Security.

Market.
crew

Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

Nur. Grow. Truck Tractor.

Hat.

Exp.

Crew  crew

crew

crew

13
11
11
11

11
12

15
12
13
12
10
10
10

135
105

120

41

46
37

160
140
160
100

42
36
24

75

43

38
33

10

45

25
28
25

120

47

16
49

24

45

49

11

12

12
13

105 12
150

180

11

31

24

120

52

46
31

10

12

10

105

160
160
160
200

24

54

31

11
14

48
48

15

45
16

12

11

56
57

24

45

ra

46
28

12

12

14

42

180

59

24

120
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#of #of #of #of #of #of #of #of #of
Indoor Outdoor Secret. BKper.

# of

# of

#of #of
Maint.

# of

Gen.
Manager. Manager. Manager. Manager. Manager. Manager.

#of #of #of #of
Grow. Truck Tractor.

#of

#of

Tank. Pond Harv. Security.

Market. Maint.

Tech.

Busin.

Nur.
Ponds Ponds

Mat.  Hat.

Exp.

crew crew crew crew

crew

No. Tanks Tanks

18
1

vy

12

100

61

27

62
63

18
35

v

24

21

100
200

20

12

13

19

51

v

18
18

15
15

65

1

66
67
68
69
70
71

28

160

11

12
14
12
13
12

48

45

35

11

36

33
45

200

11

48

18

yy)

39

100

11

48
12
48
a2
a2

45

15
21

73
74

11

14
13
11

45

120

18

39
39
15
39
27

76
71
78
79

28
21

10
13
12
15

18
42

160

vy

120
180
160

31

28

10

s

42

39
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#of
Pond Harv. Security.

crew

#of #of #of #of #of #of #of
Market.

Indoor Outdoor Secret. BKper.

#of #of #of
Maint.

# of

Tech.
Manager. Manager. Manager. Manager. Manager. Manager,

# of #of

#of #of #Hof #of #of
Hat.

# of

Mat.

No. Tanks Tanks

Maint. Tank.

Busin.

Gen.

Nur. Grow, Truck Tractor.

Ponds Ponds

Exp.

crew

crew crew

crew

19
19
24

21 24

105

81

12

10

16
12

33 36

21

135

83

(@]

45

85

86
87

14
11

27

75

11
16

42

39

12

19
11

10

105

89

o~

24

21

16
14
21

4

91

10

33
21

75
120

24

93
94

21

vy

120

15
135
105

95
96
97
98

11

24

10

48
42

45

19
16
11

vy

13

39
27

12

v

14

99

100

36

33

15
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#of

# of
Pond Harv Security.

#of #of #of #of #of #of
Indoor Outdoor Secret. BKper. Market. Maint.

#of #of

#of

# of

Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

#of
Busin.

# of
Gen.

#of #of #of #of #of
Grow. Truck Tractor.

# of

Mat.

Maint. Tank.

Nur.

No. Tanks Tanks Ponds Ponds

Hat.

Exp.

crew crew crew Ccrew

crew

28
27

100

20

180

101
102
103
104

105

135

41

10

36

150

31

5
45

100
140

106

32

107

14
35

15

108
109

140

20

15

110
111

12
36
33
35
23
41

100 105
100

112

113
114

120

vy

100
180

40
140

115
116
117
118

10

13
47

10

12

10

135

10

150

135

119
120

31

145



#of

Pond Harv. Security.
crew

#of

#of
Crew

#of
Tank.
crew
11
11
11
18
31

#of
Crew

Maint.

#of
Market.
crew

#of #of #of

#of
Indoor OQutdoor Secret. BKper.

#of

Maint.

# of
Tech.

#of

Busin.

#of

Gen.
Manager. Manager. Manager. Manager. Manager. Manager.

#of

#of

# of
Grow. Truck Tractor.

#of
Nur.
33
15
45
15

# of
No. Tanks Tanks Ponds Ponds
45

Hat.

#of
Mat.
100
20
100
180
100
180
120

Exp.
121
122
123
124
125
126

7
128

18
31

v

45

129
13

21
18
15
15
35
11
28
28

11

10

15
39
21
21
45
39
39
39
15
27

100

40
160
160

200

131
132

33
134
135
136
137
138
139
140

11

Ll




#of #of #of #of
Tank. Pond Harv. Security.

# of

#of

#of #of #of

#of

# of # of
Maint.

Tech.

# of
Busin.

#of #of #of #of #of #of

# of

Mat.

No. Tanks Tanks Ponds Ponds

Maint.

Market.

Indoor Outdoor Secret. BKper.

Gen.
Manager. Manager. Manager. Manager. Manager. Manager.

Nur. Grow. Truck Tractor.

Hat.

Exp.

crew crew crew crew

crew

31

18
24
18

180
140

141

25

142

40
120

143

21

10

144

145

40
120

21

146

35
21

147

vy

36
42
12

120

148

21

120 0

149

28
11
11

160

150
151

)

152

21

10

120

11

42

154

48
18
42

155
156
157
158
159

160

21

0

160

28
15

11

vy

36
42

20

180

31

11

147



#of #of #of #of #of #Hof #of #Hof #of
Tank.

#of

# of
Maint.

#of

Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

# of
Busin.

#of
Gen.

#of #of #of #of #of
Hat.

#of
No. Tanks Tanks

Pond Harv. Security.

crew

Market. Maint.

Indoor Outdoor Secret. BKper.

Nur. Grow. Truck Tractor.

Ponds Ponds

Mat.

Exp.

crew

crew crew

crew

14

161

15
21

0

162

163

164

26

27

150

51

15
120

165
166
167
168
169
170
171

21

45

45

26
24

150
135
120

21

33
45

2

v

26

10
10

150

19

[}

173
174

L}

16
26

39

10

45

150

175

11

176
177
178
179

26

39
39

150

15

24

11

148



#of #of #of #of #of #of #of #of #of
Indoor Outdoor Secret. BKper. Pond Harv. Security.

# of

#of

#of # of
Maiat.

Busin.

#of
Gen.

# of

#of #of

# of

# of

# of

Mat.

No. Tanks Tanks

Tank.

Market. Maint.
crew

Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

Grow. Truck Tractor.

Nur.
Ponds Ponds

Hat.

Exp.

Crew crew crew

crew

26
24
24

11
1n

150
135
135

181
182

183
184
185
186
187
188
189

(3]

11
21

v,

24
18
12

120

14
16

75

>

15
120

21

18
48
18
24

26

10

150

190
191
192
193

194

24
16
16

19

12
48

105

195
196
197
198
199

200

15
45

gl

16
14
11

18
12
36

75

149



#of #of #of #of
Pond Harv. Security.

#of #of #of #of #of

# of

#of

Maint.

#of #of #of #of #of #of #of # of
Hat. Gen. Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

# of
No. Tanks Tanks

Mat.

Market. Maint. Tank.

crew

Indoor Outdoor Secret. BKper.

Busin.

Grow. Truck Tractor.

Nur.
Ponds Ponds

Exp.

crew crew crew

Crew

27

201
202
203
204

205

24

10

27

15
33
21

11

10

207
208
209

36

18

51

24

33

21

213

11

24 10

12

R}

33
27

216

10

11

48
48

33

218
219

10

51

10

27

150



#of

#of
Pond Harv. Security.

#of

#of
Tank.

# of

#of

Market. Maint.

#of #of

# of

#of
Indoor Outdoor Secret. BKper.

# of
Maint.

# of
Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

#of

Busin.

#of #of

#of
Grow. Truck Tractor.

#of #of #of
Nur.

Hat.

#of

Mat.

No. Tanks Tanks Ponds Ponds

Gen.

Exp.

Crew crew  crew  Crew

crew

10
20

221
222
223
224

40

10

11

225
226
227

60

70

13
15
16
18
20
21

(82}

228
229
230
231
232
233
234
235
236
237
238
239

240

100
110
120

L)

23

vy

130
140

25

36

36
36

18
18

12
24

151



# of

#of
Pond Harv. Sccurity.

#of #of #of #of #of #of #Hof
Market. Maint. Tank.

#of

# of

#of #of #of #of # of #of # of # of
Nur. Busin. Maint.
No. Tanks Tanks Ponds Ponds

#of

Indoor Outdoor Secret. BKper.

Tech.

Manager. Manager. Manager. Manager. Manager. Manager.

Hat. Grow. Truck Tractor. Gen.

Mat.

Exp.

crew crew crew crew

crew

21

25

241
242
243
244
245
246
247
248
249

15
21

10
10
50

11

27
51
45

v

40

L 2]

10

o~

45

33
45

40
50

250
251
252
253

10

39

30

10

255

20

257

10

39
39

50

259

260

51

45
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#of #of #of #of
Tank. Pond Harv, Security.

#of

#of

# of

#of #of #of

#of #of #of
Tech.  Maint.
Manager. Manager. Manager. Manager. Manager. Manager.

#of
Gen.

# of

#of

#of

#of

#of #of
Mat.  Hat.
Tanks

No. Tanks

Market. Maiat.
crew

Indoor Outdoor Secret. BKper.

Busin.

Grow. Truck Tractor.

Nur.
Ponds Ponds

Exp.

crew crew crew

crew

51

10
45

261
262
263

27

10
10

15
39

15
20

265

39
21

267
268
269
270
271
272
273
274
275
276
277
278
279

280

45
35
10
50
45
45
15

27

o8

10

27

11

18

o

25

27

vy

10

153



#of #of #of #of

# of

#of #of #of # of
Maint.

# of

# of

Maint.

# of

Tech.
Manager. Manager. Manager. Manager. Manager. Manager.

# of
Busin.

#of
Gen.

#of #of #of

#of

Nur.
Ponds Ponds

# of

Hat.

# of

Mat.

No. Tanks Tanks

Tank. Pond Harv. Seccurity.

Market.

Indoor Outdoor Secret. BKper.

Grow. Truck Tractor.

Exp.

crew crew crew crew

crew

281

18

283

284

10
35

vy
o~

286
287

i

27

24

288

289

25

36

20
10
15

36

291
292
293
294
295
296
297
298
299

0

36

45

36

35

45

10
35
35

36
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#of #of #of #of #of #of #of #of #of  #of #of #of #of #of #of #of #of #Hof #of #of
Exp. Mat. Hat. Nur. Grow. Truck Tractor. Gen.  Busin. Tech. Maint. Indoor Outdoor Secret. BKper. Market. Maint. Tank. Pond Harv. Security.

No. Tanks Tanks Ponds Ponds Manager. Manager. Manager. Manager. Manager. Manager. Crew  Crew  Crew  Crew  crew

301 0 0 27 27 6 2 1 1 1 1 0 2 1 1 3 2 0 2 2
302 0 0 3 18 3 1 0 1 1 G 0 1 0 1 2 1 0 2 2
303 0 0 27 57 9 3 1 1 1 1 0 3 1 2 5 3 0 10 2 2
304 0 0 9 27 6 2 1 1 1 1 3 1 1 2 4 3 1 2 2
305 0 0 9 60 7 3 1 1 1 1 0 2 1 2 5 3 0 2 2

Meaning of abbreviations:
Exp. = experiment

# = number

Mat. = maturation
Hat. = hatchery

Nur. = nursery

Grow. = growout
Gen. = general

Busin. = business
Tech. = technical
Maint. = maintenance
Secret. = secretary
BKper. = bookkeeper
Market. = marketing
Harv. = harvesting
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APPENDIX C

ANNUAL OPERATING, LABOR AND CAPITAL COSTS
FOR THE HYPOTHETICAL FARMS

#of #of #of #of Operating Labor Capital

Exp. Mat. Hat. Nur. Grow. cost cost cost
No. Tanks Tanks Ponds Ponds  ($1,000) ($1,000)  ($1,000)
1 160 15 33 54 541186  1,930.66  1,541.69
2 80 30 27 36 3,406.41  1,391.21 986.25
3 200 135 45 12 3,904.14  2,559.65  1,878.48
4 60 30 9 6  1,242.63 927.11 590.37
5 80 45 9 12 1,834.83  1,225.22 782.06
6 60 120 33 42  3,764.92  1,84548  1,179.26
7 80 105 9 48  4,063.42 178433  1,166.07
8 60 105 3 60 445713 1,702.43  1,107.32
9 120 60 27 30 3,586.90 1,713.35  1,250.31
10 20 15 27 30  2,309.39 872.51 566.31
11 120 90 21 36 3,933.13  1,904.45  1,334.99
12 40 75 9 42  3,17228  1,360.63 824.70
13 20 150 54 12 1,879.59  1,743.92 948.66
14 60 30 21 24 240111  1,144.42 764.39
15 60 105 15 42 3,53844 165875  1,046.94
16 120 90 3 60 545474  2,174.17  1,557.12
17 120 90 39 6 2,421.63 1,799.62  1,242.92
18 40 15 33 12 1,577.41 909.64 595.23
19 40 60 15 6 1,157.88  1,083.26 590.41
20 120 30 27 24 4912.06 1,730.82  1,328.81
21 100 150 3 0 161453 1,775.59  1,069.80
22 160 120 3 0 226033 1917.55 1,327.40
23 200 30 9 0 257556 1,671.85  1,338.17
24 180 150 51 0 3,076.80 2,48539  1,761.48
25 140 15 39 0 2,162.04 1,477.48 1,116.14
26 40 135 15 0 970.50  1,462.19 746.83
27 20 105 33 0 87791  1,277.64 647.63
28 20 120 15 0 699.32  1,238.33 592.08
29 20 90 33 0 831.60  1,201.20 606.52
30 120 90 39 0 207114 1,766.86  1,202.16
31 140 105 27 0 2,23483  1,858.58  1,292.99
32 200 75 60 0 323299 222659  1,717.69
33 180 150 39 0 293138 2422.06 1,700.47
34 200 135 60 0 337352  2,537.81 1,877.89
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000) ($1,000)  ($1,000)
35 160 120 27 0 250553  2,049.68  1,445.93
36 60 105 21 0 121896  1,416.32 812.31
37 20 60 21 0 633.32 935.84 461.96
38 200 45 60 0 316546  2,084.63 1,638.21
39 180 60 27 0 259.75 1,803.98  1,395.75
40 140 60 27 0 212007 1,612.88  1,170.86
41 120 135 0 60 5,186.68  2,171.99  1,489.40
42 160 105 0 30 3,872.60 2,031.12  1,448.20
43 140 75 0 42 428752 1,843.30 1,338.80
44 160 60 0 36 413838  1,834.56  1,371.08
45 100 90 0 24 280355 1,558.28  1,034.11
46 20 120 0 48  3,271.64  1,508.05 810.50
47 40 120 0 36 2,84026  1,490.58 853.38
48 20 120 0 18  1,557.60  1,260.17 623.60
49 40 45 0 24 197121 979.52 573.18
50 180 105 0 12 311353  1,991.81  1,450.18
51 60 150 0 60 449275 1,90445  1,188.87
52 120 60 0 24 2959.04 1,514.60  1,065.18
53 160 105 0 6 251629 1,873.87 1,301.42
54 160 15 0 24 334232 1,514.60 1,170.37
55 160 15 0 48 470586  1,704.61  1,321.13
56 200 60 0 48 528772  2,163.25  1,667.07
57 40 45 0 24 1,971.21 979.52 573.18
58 80 90 0 30 2,883.57 1,523.34 958.76
59 180 90 0 42 478124  2,165.44  1,601.07
60 40 120 0 24 215487  1,416.32 774.70
61 100 0 9 12 2,02295  1,105.10 756.90
62 60 0 27 30  2,736.46 992.63 733.75
63 100 0 21 24 2,83094  1,242.70 894.40
64 200 0 51 60  6,414.59 2,213.48  1,839.09
65 20 0 15 18  1,464.84 600.60 375.06
66 60 0 15 18 193571 846.30 602.10
67 160 0 3 6 2317.64 128419  1,027.88
63 40 0 45 48  3,756.21  1,164.07 835.09
69 200 0 33 36 4,82749  1,935.02  1,591.23
70 40 0 45 48  3,756.21 1,164.07 835.09
71 100 0 39 42 406754 1,490.58  1,106.94
72 40 0 45 48  3,756.21  1,164.07 835.09
73 80 0 9 12 1,775.31 957.68 642.48
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000) ($1,000)  ($1,000)
74 120 0 45 48  4,699.09 1,639.09  1,285.04
75 100 0 39 42 4,067.54  1,490.58  1,106.94
76 40 0 39 42  3,348.68  1,081.08 767.43
77 160 0 15 18  3,14845 1,468.74  1,168.01
78 120 0 39 42  4,29148  1,556.10  1,217.38
79 180 0 27 30 4,173.13 1,713.35  1,409.77
80 160 0 39 42 478543  1,801.80  1,444.60
81 0 105 21 24 1,80448  1,264.54 611.48
82 0 105 51 60  4,259.56  1,678.40 994.61
83 0 135 33 36 2,743.64  1,569.20 826.81
84 0 45 21 48  3,091.13 990.44 601.14
85 0 45 27 30 2,127.96 916.19 519.47
86 0 15 21 24 1,661.86 663.94 371.08
87 0 75 27 30 2,195.50  1,161.89 599.76
88 0 60 39 42 298632 1,179.36 702.71
89 0 105 60 54  4,006.72 1,678.40  1,003.05
90 0 60 21 24 1,749.71 931.48 490.18
91 0 90 3 6 586.97 874.69 366.19
92 0 75 33 36 2,603.11  1,236.14 667.42
93 0 120 21 24 1,888.42  1,308.22 649.65
94 0 120 3 6 657.24  1,065.79 446.28
95 0 15 3 6 430.68 394.21 165.26
96 0 135 45 48  3,579.87  1,737.37 970.94
97 0 105 39 42 3,10i.08  1,512.42 824.02
98 0 90 27 30 2,21854  1,205.57 637.96
99 0 60 60 54 3,891.96  1,345.34 881.75
100 0 15 33 36 2,469.85 826.64 507.15
101 100 60 0 0 1,348.74  1,081.08 790.71
102 20 135 0 0 568.95  1,059.24 536.81
103 180 60 0 0 229056  1,490.58  1,238.86
104 60 150 0 0 1,064.69  1,348.62 802.00
105 80 90 0 0 1,169.54  1,157.52 756.48
106 100 75 0 0 137132 1,179.36 828.95
107 140 45 0 0 1,797.74  1,228.50 976.93
108 60 15 0 0 761.84 573.30 436.41
109 140 60 0 0 1,819.87 1,326.78  1,015.23
110 20 15 0 0 295.16 338.52 215.52
111 20 45 0 0 360.89 551.46 297.95
112 100 105 0 0  1,440.68  1,348.62 909.08
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000)  ($1,000)  ($1,000)
113 100 90 0 0 141719 1,250.34 870.90
114 80 120 0 0 1,239.81  1,326.78 836.58
115 100 30 0 0 128211 939.12 711.07
116 180 60 0 0 229056 1,490.58  1,238.86
117 40 30 0 0 563.17 573.30 371.56
118 140 135 0 0 200581 1,714.44  1,216.17
119 80 150 0 0 1,311.89  1,468.74 915.83
120 40 135 0 0 79291  1,179.36 648.82
121 40 0 33 0 878.28 748.02 463.40
122 40 0 60 0 1,148.42 872.51 593.53
123 60 0 15 0 899.83 741.47 480.95
124 100 0 45 0 1,719.82  1,220.86 862.17
125 60 0 15 0 899.83 741.47 480.95
126 20 0 9 0 356.25 416.05 216.98
127 100 0 45 0 1,719.82  1,220.86 862.17
128 180 0 3 0 221390 1,387.93  1,100.17
129 100 0 45 0 1,719.82  1,220.86 862.17
130 180 0 15 0 233650 1,462.19  1,158.98
131 120 0 39 0 1,817.05  1,253.62 942.45
132 100 0 21 0 146739  1,083.26 740.55
133 80 0 21 0 1,219.75 935.84 625.32
134 80 0 45 0 1,472.18  1,100.74 748.57
135 200 0 39 0 283568 1,717.72  1,393.58
136 40 0 39 0 928.17 778.60 491.68
137 60 0 27 0 1,022.43 772.04 539.40
138 160 0 39 0 2365.00 1,499.32  1,170.49
139 160 0 15 0 211257 1,336.61  1,046.86
140 60 0 27 0 1,022.43 772.04 539.40
141 180 0 0 18  3,19478  1,484.03  1,189.31
142 140 0 0 24 3,074.59  1,290.74  1,000.57
143 40 0 0 18 1,534.02 637.73 401.20
144 120 0 0 60  4,869.09 1,391.21  1,110.14
145 40 0 0 6 855.86 541.63 326.37
146 120 0 0 30 3,155.06 1,201.20 925.55
147 200 0 0 6 2,763.38  1,508.05  1,229.08
148 120 0 0 36 3,512.78  1,244.88 965.98
149 120 0 0 42  3,863.26  1,308.22  1,005.67
150 160 0 0 12 2,643.18 1,314.77  1,040.88
151 60 0 0 54  3,822.64 983.89 739.06
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000)  ($1,000)  ($1,000)
152 60 0 0 42 3,144.48 931.48 666.98
153 120 0 0 60 4,869.09 1,391.21 1,110.14
154 60 0 0 42 3,144.48 931.48 666.98
155 20 0 0 48  3,001.27 765.49 473.15
156 120 0 0 18  2,476.90  1,140.05 851.97
157 160 0 0 42 435722  1,553.92  1,232.89
158 80 0 0 6 1,327.16 831.01 553.91
159 20 0 0 36  2,323.12 622.44 400.26
160 180 0 0 42  4581.15  1,65220  1,343.00
161 0 75 21 0 431.58 914.00 376.31
162 0 30 15 0 246.83 550.37 220.43
163 0 30 21 0 319.54 580.94 253.86
164 0 150 27 0 646.86  1,323.50 602.96
165 0 15 51 0 623.46 699.97 369.70
166 0 120 45 0 77731  1,286.38 617.42
167 0 30 45 0 571.97 745.84 377.49
168 0 150 3 0 401.66  1,218.67 485.69
169 0 135 9 0 426.69  1,164.07 475.14
170 0 120 33 0 654.71  1,223.04 558.98
171 0 150 45 0 84939  1,488.40 698.30
172 0 105 51 0 826.07 1,273.27 610.10
173 0 15 51 0 623.46 699.97 369.70
174 0 90 39 0 63433  1,089.82 507.60
175 0 150 45 0 849.39  1,488.40 698.30
176 0 60 60 0 786.14 970.79 528.82
177 0 15 27 0 348.21 504.50 240.24
178 0 150 39 0 776.68  1,455.64 668.14
179 0 15 39 0 478.03 609.34 306.68
180 0 135 51 0 89725  1,442.53 690.99
181 0 150 0 60  3,774.73  1,593.23 835.01
182 0 135 0 60  3,749.87  1,516.79 796.86
183 0 135 0 30 2,035.84  1,299.48 611.45
184 0 45 0 24 1,500.10 717.44 334.34
185 0 120 0 18  1,31045  1,140.05 496.78
186 0 75 0 12 889.48 861.59 340.98
187 0 90 0 30 1,918.34  1,010.10 490.26
188 0 15 0 60  3,476.08 774.23 477.20
189 0 120 0 18 1,31045  1,140.05 496.78
190 0 150 0 48  3,096.57  1,562.65 762.93
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000) ($1,000)  ($1,000)
191 0 135 0 18 1,357.68  1,238.33 537.87
192 0 90 0 24 1,590.68 979.52 452.01
193 0 90 0 60  3,632.38  1,227.41 675.67
194 0 30 0 60  3,497.30 850.67 515.83
195 0 105 0 12 958.84  1,025.39 420.30
196 0 15 0 48  2,797.92 743.65 405.12
197 0 72 0 30 1,890.75 911.82 444.41
198 0 90 0 18  1,240.19 948.95 416.68
199 0 75 0 12 889.43 861.55 340.98
200 0 60 0 36  2,207.62 868.14 451.32
201 0 0 27 30 2,014.90 561.29 379.66
202 0 0 3 24 1,411.98 335.24 214.78
203 0 0 27 54  3,406.69 748.02 538.61
204 0 0 9 30  1,819.59 467.38 289.11
205 0 0 9 60  3,539.04 684.68 482.09
206 0 0 15 30 1,892.30 500.14 319.95
207 0 0 33 60  3,814.29 852.85 606.28
208 0 0 21 36  2,292.68 583.13 384.15
209 0 0 51 18 1,589.17 641.00 429.64
210 0 0 51 6 903.78 561.29 350.15
211 0 0 3 24 1,411.98 335.24 214.78
212 0 0 33 30 2,094.34 632.27 415.74
213 0 0 21 54 3,333.98 715.26 507.77
214 0 0 51 24 1,939.66 693.42 464.97
215 0 0 33 12 1,058.96 478.30 294.93
216 0 0 27 6 658.58 414.96 231.62
217 0 0 25 36  2,355.99 632.27 411.83
218 0 0 33 48  3,128.91 748.02 529.09
219 0 0 51 48  3,308.62 831.01 620.17
220 0 0 27 60  3,734.35 778.60 571.01
221 10 0 0 0 139.38 169.26 98.42
222 20 0 0 0 251.36 212.94 155.91
223 30 0 0 0 363.35 267.54 212.06
224 40 0 0 0 498.14 360.36 271.68
225 50 0 0 0 610.27 436.80 327.38
226 60 0 0 0 722.24 458.64 384.59
227 70 0 0 0 857.03 573.30 443.81
228 80 0 0 0 969.44 649.74 499.23
229 90 0 0 0 1,081.41 671.58 554.57
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000) ($1,000)  ($1,000)
230 100 0 0 0 1,217.09 769.86 612.83
231 110 0 0 0 1,329.06 813.54 668.07
232 120 0 0 0 1,441.02 835.38 723.27
233 130 0 0 0 1,576.26 939.12 782.21
234 140 0 0 0 1,68822 982.80 837.35
235 150 0 0 0 1,800.19  1,037.40 892.47
236 160 0 0 0 193498  1,081.08 950.87
237 170 0 0 0 2,046.94 1,157.52  1,005.93
238 180 0 0 0 2,15891 1,179.36 1,060.98
239 190 G 0 0 229369 125034  1,119.76
240 200 0 0 0 240566  1,326.78 1,174.78
241 0 5 0 0 34.11 147.42 60.94
242 0 10 0 0 41.04 169.26 74.07
243 0 15 0 0 48.01 191.10 87.88
244 0 20 0 0 55.04 212.94 100.80
245 0 25 0 0 62.11 267.54 113.67
246 0 30 0 0 69.24 267.54 126.51
247 0 35 0 0 99.23 338.52 143.08
248 0 40 0 0 106.46 360.36 155.89
249 0 45 0 0 113.74 382.20 168.67
250 0 50 0 0 121.06 436.80 181.45
251 0 55 0 0 128.44 458.64 195.85
252 0 60 0 0 135.87 458.64 208.61
253 0 65 0 0 166.16 551.46 225.11
254 0 70 0 0 173.69 573.30 237.86
255 0 75 0 0 181.27 627.90 250.60
256 0 80 0 0 188.90 649.74 263.33
257 0 85 0 0 196.58 671.58 276.07
258 0 90 0 0 204.31 671.58 288.80
259 0 95 0 0 234.91 715.26 304.46
260 0 100 0 0 242,74 769.86 317.19
261 0 105 0 0 250.63 791.70 329.91
262 0 110 0 0 258.56 813.54 342.64
263 0 115 0 0 266.54 835.38 355.36
264 0 120 0 0 274.58 835.38 368.08
265 0 125 0 0 305.48 917.28 384.55
266 0 130 0 0 313.62 939.12 397.27
267 0 135 0 0 321.80 960.96 409.99
268 0 140 0 0 330.04 982.80 422.71
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#of #of #of #of Operating Labor Capital
Exp. Mat. Hat. Nur. Grow. cost cost cost

No. Tanks Tanks Ponds Ponds  ($1,000)  ($1,000) ($1,000)
269 0 145 0 0 33832 1,037.40 435.42
270 0 150 0 0 346.66  1,037.40 448.14
271 0 0 3 0 55.67 208.57 60.69
272 ¢ 0 6 0 80.61 208.57 74.30
273 0 0 9 0 105.56 230.41 88.29
274 0 0 12 0 153.32 260.99 106.48
275 0 0 15 0 178.27 282.83 121.14
276 0 0 18 0 203.21 282.83 134.76
277 0 0 21 0 250.98 313.40 151.31
278 0 0 24 0 275.92 313.40 165.30
279 0 0 27 0 300.87 313.40 179.59
280 0 0 30 0 325.81 343.98 193.20
281 0 0 33 0 380.81 414.96 216.49
282 0 0 36 0 405.75 414.96 230.11
283 0 0 39 0 430.69 445.54 244.40
284 0 0 42 0 478.46 478.30 261.32
285 0 0 45 0 503.40 478.30 274.94
286 0 0 48 0 528.35 508.87 288.55
287 0 0 51 0 576.12 508.87 309.05
288 0 0 54 0 601.06 508.87 322.66
289 0 0 57 0 626.00 539.45 336.28
290 0 0 60 0 650.95 539.45 349.89
291 0 0 0 4 249.17 208.57 71.56
292 0 0 0 8 467.61 23041 93.52
293 0 0 0 12 708.88 260.99 119.25
294 0 0 0 16 927.33 304.67 145.20
295 0 0 0 20  1,145.77 33524 167.54
296 0 0 0 24 1,387.04 33524 192.07
297 0 0 0 28 1,605.48 365.82 219.52
298 0 0 0 32 1,853.98 436.80 249.97
299 0 0 0 36  2,072.42 436.80 271.57
300 0 0 0 40  2,290.87 467.38 297.52
301 0 0 0 44  2,532.14 500.14 322.06
302 0 0 0 48  2,750.58 552.55 343.65
303 0 0 0 52 2,991.85 552.55 374.17
304 0 0 0 56 3,210.29 583.13 395.77
305 0 0 0 60  3,428.74 583.13 417.37

Meaning of abbreviations follows Appendix B.
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APPENDIX D

CALCULATIONS OF FARM LAND REQUIREMENT
Let
M = number of maturation tanks;
H = number of hatchery tanks;
N = number of nursery ponds;
G = number of growout ponds;
Volume of maturation tank = 8500 liters (14 ft. in diameter, 2.5 ft. in depth);
Volume of hatchery tank = 5000 liters (10 ft. in diameter, 2 ft. in depth);
Area of nursery pond = 0.08 ha, 1m in depth;

Area of growout pond = 0.2 ha, 1 m in depth.

LAND AREA FOR MATURATION OPERATION

Assumptions (see figure 4.2):

Building width = 29 ft.;

10 ft. around the building for loading or for path;

2 ft. between tanks and between tanks and reservoir;

Maturation tank diameter = 14 ft.;

Maturation tank water volume = 8,500 liters;

Reservoir water volume = 1/3 of total maturation tank volume;
Reservoir depth = 2.8 ft.;

1 cubic foot = 28.32 liters.
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Total land area needed for maturation operation (A,) = land area for
maturation tanks (A, (including outside of building area for loading and
path) + land area for reservoir (A, (including outside area) -+ land area
for storage and office (A, (including outside area) + broodstock rearing
pond area {A_ ).

Land area for maturation tank (including outside):

A, = 18x49xM =882M
Land area for reservoir:
In order to calculate land area needed for the reservoir, the diameter of
reservoir need to be calculated and it is derived from the following
relations:
A__ = 3.14D’mr/4
Vor = A
A, =V, /h,
= V_M/3/28.32/2.8 (ft.%)
D, = SQRT(4A /3.14)=SQRT(4x8500M/3/28.32/2.8/3.14)
= SQRT(45.52M)=6.75xSQRT(M) (ft.)
where D, = diameter of maturation reservoir, ft.;

V__ = volume of maturation reservoir, liters;

mr

h,, = height of maturation reservoir, ft.;

V_ = volume of maturation tank, liters;

m

SQRT is square root function.
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Land area for reservoir (including outside):
A,, = (4+D, )x49=[4+6.75xSQRT(M)]x49=196+330.75xSQRT(M) (ft.)
Land area for storage and office (including outside):
Assuming that 1 feet in building length is needed for storage and office for
every maturation tank, the land needed can be calculated as follows (given
building width is 29 ft.):
A, = 1x49M (ft.)
Total building area for maturation (Amb) (including outside loading and path
area):
A_, =882M+196+330.75xSQRT(M)+49M (ft.2)
=0.0087M +0.0031SQRT(M)+0.0018 (ha)

(1 ft.2=0.000009293 ha)

After simulating 200 tanks, the following equation is derived:
A_,=0.008702M RZ2=0.9999

Broodstock pond area:

Assumptions:

Stocking density = 5 animals/m?;

Number of broodstocks per maturation tank = 80;

Broodstocks are culled every three months, there are four culls per year, total
broodstocks needed per year are: 4x80 = 320 animals;

Assuming two times as many broodstocks in pond as they are acturally needed
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because of mortality, then number of broodstocks in pond is: 2x320 = 640

animals;

Pond water area needed per maturation tank = 640/5 = 128 m* = 0.0128 ha.;

Land area for broodstock rearing pond for every maturation tank:

A, = 1.6 x water area = 1.6x0.0128 = 0.020438 ha;

Total land area for maturation operation:

A, = 0.008702 + 0.02048 = 0.029182 ha.

LAND AREA FOR HATCHERY OPERATION

Assumptions (see figure 4.3):

Building width = 29 ft.;

10 ft. around the building for loading or for path;

2 ft. between tanks and between tanks and reservoir;
Hatchery tank diameter = 10 ft.;

Hatchery tank water volume = 5,000 liters;

Reservoir water volume = 1/3 of total hatchery tank volume;
Reservoir depth = 2.8 {t.;

1 cubic foot = 28.32 liters.
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Total land area needed for hatchery operation (A,;) = land area for hatchery

tanks (A,) (including outside area for loading and path) + land area for
reservoir (A,,) (including outside area) + land area for storage and office
(A, (including outside area).
Land area for hatchery tanks (including outside):
A, = 14x49H = 686H (ft.%)
Land area for reservoir:
In order to calculate area needed for the reservoir, the diameter of
reservoir need to be calculated and it is derived from the following
relations:
A, =3.14D% /4
Vie=Apdhe
Ap= Vp/hy,
= V,H/3/28.32/2.8 (ft.?)
D,, = SQRT(#A /3.14)=SQRT(4x5000H/3/28.32/2.8/3.14)
=SQRT(26.77H)=5.17xSQRT(H) (ft.)
where D,, = diameter of hatchery reservoir, fi.;
V,, = volume of hatchery reservoir, liters;
h,, = height of hatchery reservoir, ft.;
V, = volume of hatchery tank, liters.
Land area for hatchery reservoir (including outside):

A, = (4+D)x49=[4+5.17xSQRT(H)]x49=196+253.55xSQRT(H) (ft.)
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Building area for storage and office (including outside):
Assuming that 1 feet in building length is needed for storage and office for
every hatchery tank, the land needed can be calculated as follows (given
building width is 29 ft.):
A,, = 1x49xH (ft.)
Total building area for hatchery operation:
A, =686xH+196+253.55xSQRT(H)+49xH (ft.2)
=0.0068H+0.0024SQRT(M)+0.0018 (ha)
(1 f2=9.000009293 ha)
After simulating 200 tanks, the following equation is derived:

A,=0.006871H R?=0.9999

LAND AREA FOR NURSERY OPERATION
Assumptions:

Nursery pond area = 0.08 ha;

Pond depth = 1m = 3.281 ft.;

Ditch width = 10 ft.;

Radius of nursery pond r = SQRT(4x800/3.14)x3.281/2 = 52.37 ft.;
According to the assumed nursery pond arrangement, nursery land area can be
divided into 6 equilateral triangles and two equal right triangles as

indicated in Figure D.1.

The length of one side of the equilateral triangle = (r+5)/cos30° = 66.24 ft.;
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Ditch 1o-j

Nursery or growout ponds

Ditch 10°

Figure D.1 Geometric presentation of land area occupied by
one nursery/growout pond
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Area of one equilateral triangle = [66.24x(52.37+5))/2 = 1,900.09 ft.2;

Area of 6 equilateral triangles = 6x1,900.09 = 11,400.57ft.%;

One side of the right triangle = 66.24xsin60° = 57.34 ft.;

The length of other side of the right triangle = 57.34xtg30° = 33.1ft.;

Area of one right triangle = 33.1x57.34/2=949.1 ft.2;

2 of the right triangles = 2x949.1 = 1,898.2ft.%;

Distance between ditch and the triangles = 15-(66.24-52.37) = 1.13 ft.;

Area between ditch and the triangles = 1.13x(2r+10) = 129.66 ft.%;

Ditch area = 10x(2r+10) = 10x(2x52.37+10) = 1,147.4ft.%;

Total land area for one nursery pond A =11,400.57+1,898.2+129.66+1147.4

=14,575.83ft> = 0.135 ha.

LAND AREA FOR GROWOUT OPERATION

Assumptions:

The pond arrangement is the same as that of nursery as shown in Figure D.1.
Growout pond area = 0.2 ha;

Pond depth = Im = 3.281 ft.;

Ditch width = 10 ft.;

Radius of growout pond r = SQRT(4x2000/3.14)x3.281/2 = 82.8ft.;

Growout land area can be divided into 6 equilateral triangles and two equal right

triangles.
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The length of one side of the equilateral triangle = (r+5)/cos30° = 101.39 ft.;

Area of one equilateral triangle = [101.39x(82.8+5)]/2 = 4,451.02ft.%;

Area of 6 equilateral triangles = 6x4,451.02 = 20,706.13 ft.%;

One side of the right triangle = 101.39xsin60° = 87.8 ft.;

The length of other side of the right triangle = 87.8xtg30° = 50.69 ft.;

Area of one right triangle = 87.8x50.69/2 = 2,225.29ft.%;

2 of the right triangles = 2x2,225.29 = 4450.58 ft.2;

Distance between ditch and the triangles = 15-(87.8-82.8)=10ft.;

Area between ditch and the triangles = 10x(2r+10)=1,756 ft.

Ditch area = 10x(2r+10) = 10x(2x82.8+10) = 1,756 ft.>

Total land area for one growout pond A,=20,706.13+4,450.29+1,756+1756
=34,668.421t.2 = 0.322 ha.

The land constraint can then be expressed as following:

0.029182M+0.006€71H+0.135N+0.322G+0.009293 < A

where A is total farm land available.
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