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ABSTRACT 

The primary objective of this study was to evaluate the economic feasibility of 

introducing fish culture into irrigated cotton production on farms in central Arizona. The 

representative farm adopted in this study was a cotton farm described in Arizona Field 

Crop Budgets. 1994-95. The only adjustment necessary for the farmer to make was to 

keep water in the ditches during the growing season for fish. Water as a production 

variable for fish production was thus calculated only for the additional quantity required. 

Analysis of these production systems was accomplished by budgeting procedures 

and statistical analysis. The economic-engineering (synthetic firm technique) was 

employed to develop the input-output coeflBcients necessary for analysis. Five fish 

densities and eight ditch capacities were tested. The production function was estimated 

using input and yield data. Three fiinctional forms (linear, quadratic and Cobb-Douglas) 

were examined to determine how well they estimated the production system. 

Using budget analysis, a fish stocking density of 6 fish/m^ and a ditch capacity of 

2,925 m^ appear to provide the optimal production scenario, if the percentage of fish 

reaching harvestable size is improved fi'om 66 percent to at least 80 percent. This density 

has been proven to require minimum production costs and to provide the most efiBcient 

use of resources. It has also been shown to be the most efiScient stocking density fi'om a 

biological viewpoint (D'Silva and Maughan, 1996). However, production fiinctions 
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estimated in this study indicate that profits can be increased through additional use of feed. 

At any ditch capacity, a density of 6 fish/m' provides the optimal economic results. 

Finally, this study has shown that raising tilapia in pulsed flow culture systems on 

cotton &rms in central Arizona is economically feasible at a stocking density of 6 fish/m^. 

This optimum fish production scenario would increase the net income for a typical 

irrigated cotton &rm by an insignificant amount, namely 7 percent. Studies to improve the 

percentage of fish reaching marketable size at this density are critical. Increasing the initial 

size of the fingerlings could improve the percentage of fish reaching marketable size and 

eventually increase economic returns. 



15 

I. INTRODUCTION 

1.1. Background 

Water conservation has always been an important issue in the arid southwest of the 

United States, particularly in Arizona where agriculture accounts for about eighty-five 

percent of the state's total water consumption (Wilson, 1992). Irrigated crops use 

enormous quantities of water. For example, the production of 1 kg of fiber fi-om irrigated 

cotton requires about 1,700 L of water. The production of 1 kg of grain-fed meat 

requires between 4,200 to 8,300 L of water. A com crop that yields 1 kg of grain 

consumes and transpires about 646.15 L of water during the growing season (Riley et al., 

1992). 

In Arizona at least three factors have increased, and will continue to increase, the 

economic scarcity of water for agricultural uses: declining water tables, increasing energy 

prices, and the competition of other sectors of the economy for a limited water supply 

(ADWR, 1988). According to Bush and Martin (1986), many farmers in central Arizona 

have been forced out of production due to a lack of water or because of the high cost of 

pumping underground water. In response to this perceived water shortage, the Central 

Arizona Project (CAP) was authorized in 1968 and began in 1995 to bring Colorado River 
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water to Arizona. However, the price of CAP water was $58 per acre-foot in 1992; too 

expensive for agricultural purposes. Therefore, the delivery of CAP water was not the 

solution to the fanners' economic problems (Bush and Martin, 1986). Wilson (1992) 

found that the continued improvement of on-farm water utilization would be necessary if 

agriculture in Arizona was to remain competitive. 

1.2. Problem Statement 

In central Arizona most systems used to irrigate crops involve flood furrow 

irrigation, with water delivered to the fields in concrete-lined ditches at a constant rate of 

flow (ADWR, 1988). More than 70 percent of these farms are supplied with water 

through distribution ditches' that belong to irrigation districts. There are 20 irrigation 

districts in Maricopa and Pinal counties serving irrigated agriculture (Arizona Agricultural 

Statistics, 1996). A 1996 Arizona Agricultural Statistics Services census showed that of 

these twenty districts, thirteen utilize a blend of ground water^ and surface water delivered 

by CAP. Farmers must request water fi^om the irrigation district at least 24 hours in 

advance. This service is provided by the irrigation district from 7 a.m. to 3 p.m.; and, the 

district charges SI00 dollars for any service outside of those hours (Akhand, 1992). 

Typically, the eflBciency of flood irrigation systems is only 40 to 60 percent^ (Schwab et 

' The district's water sources are 5% underground water and 95% surface water. Slack, D. C. Agricultural 
& Bio-systems Engineering, University of Arizona, (Personal interview, 1995). 
^ Underground water pumped from wells which the district leases from farmers on a long-term basis. 
^ Irrigation efficiency is defined as the ratio of water required for plant growth and development to the 
amount of water applied (Schwab et al., 1996, p 277). 
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al., 1996, p. 302). Generally, water is allowed to flow throughout the field, and excess 

water is collected in a waste ditch or tail pond at the field's end (Figure 1-1). However, 

fish grown in effluent water run the risk of bioaccumulation of metals and pesticides (Little 

and Muir, 1987, and Budhabhatti, 1991) 

In 1986, the Arizona Department of Water Resources (ADWR) recommended that 

&rmers adopt one of two techniques in an effort to improve irrigation efficiency. The 

techniques recommended were; 1) drip irrigation into current graded fiirrows and 2) the 

laser leveling of conventionally sloped fields into flat or nearly flat surfaces. Such 

improvements, however, require significant capital investment and more intensive 

management. A farmer with limited resources caimot make these changes without 

increasing debt and fiirther risking an already marginal profit (Wilson., 1992). 

This study will investigate the economic feasibility of introducing aquaculture into 

traditional Arming systems in Arizona, creating an alternative farming system that will 

increase the water use efficiency of irrigation systems currently in operation. This 
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Figure 1.1. Surface methods of applying irrigation water to field crops. 

Source: Schwab et al., 1996, p 296. 
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alternative system combines aquaculture with irrigated crop production (D'Silva and 

Maughan, 1995, and Olsen, 1996). The potential of this system arises from using existing 

structures (such as canals and raceways) for fish culture fitcilities. If these &cilities were 

used to raise fish and to deliver irrigation water to the crops, then net &rm income could 

be increased with little additional water consumption (D'Silva and Maughan, 1996). 

Although the integration of aquaculture and agriculture ferming systems has been 

widely practiced for many years in parts of Southeast Asia (Mumyak and Mumyak, 1990 

and Gupta et al, 1992), few attempts have been made at integration in the United States. 

In the U.S., practically all cultured fish are produced in fiudlities devoted solely to fish 

production, mostly in the humid, southeastern parts of the country. Such aquaculture 

systems, however, can not be profitable in arid environments because of the higher relative 

cost of water and high evaporation rate. Aquaculture combined with the production of 

irrigated crops might, however, be adaptable to the arid southwest. 

Olsen (1994) found that when water was shared by a fish farmer and a cotton 

farmer in Arizona,, both farmers experienced a reduction in their water cost. The cotton 

^rrner bought the water fi-om the fish former for less than the cost of pumping ground 

water (Olsen, 1994). The fish farmer benefited from both the extra income and a 

reduction in the cost faced if he treated the effluent and discharged it into public waters, 

according to the regulations of the Federal Clean Water Act of 1992 (Fitzsimmons and 
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Salser, 1995). Thus, the integration of these two activities shows promise as a means to 

maintain water quality. 

Raising fish in irrigation waters can also decrease the quantity of fertilizers needed 

for the crops, further lowering production costs. Water that has been used to raise fish 

can provide nutrients which are present as a result of the metabolic processes of the fish 

(D'Silva and Maughan, 1994). D'Silva and Maughan (1994) conducted a study in 

Arizona, on the multiple use of irrigation water, which integrated fish culture and the 

production of ornamental trees. Water quality was analyzed at three places; (1) the well 

outlet, (2) the ditch outlets fi'om the fish culture areas, and (3) a site located at a point 

beyond where the water passed the trees. There were significant differences in 

anmionium-nitrate (NH4NO3) and dissolved solids levels among the three locations. The 

NH4NO3 level was 0.2 mg/L at the well outlet, 2.74 mg/L at the ditch outlets, and 2.03 

mg/L at the end of the fiirrow, at the point where the water had passed the trees. There 

were statistically significant differences between the growth, height, and stem basal area of 

mesquite trees irrigated with well water and those irrigated with water used to raise red 

tilapia (hybrid Oreochromis mossambicus x O. urolepis homorumV Tree seedlings 

irrigated with water in which fish had been cultured reached marketable size (old juvenile 

or young plant stage) at the end of six months. On the other hand, tree seedlings irrigated 

with well water were still classified as young juvenile plants at the end of six months; they 

required an additional six months to become old juveniles. 
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D'SQva and Maughan (1994) explained these significant differences in the growth 

of the tree seedlings on the basis of the findings of Hass et al., (1974) and Wallace et al., 

(1978). Both determined that the utilization of nitrogen by desert plants, like the 

mesquite, is usually dependent upon the concentrations of ammonium (NH4) and nitrate 

(N03) available in the soil. Due to low NH4 and NO3 concentrations in the desert 

environment the roots of desert trees, such as mesquite trees, are efficient in utilizing NH4. 

Fish effluent provided nutrients such as NH4NO3 and trees raised with the nitrogen 

enriched water grew faster. 

Earlier research has addressed the question of which fish species might be 

appropriate to aquaculture within irrigation systems, and the question of where in an 

irrigation system, aquaculture might best be conducted (Budhabhatti and Maughan, 1993). 

D'Silva (1993) demonstrated that it is possible to grow tilapia but probably not channel 

catfish in pulsed flow culture systems^. D'Silva found statistically significant dififerences 

between the survival of channel catfish and tilapia. Channel catfish had a higher mortality 

rate (87.6 percent) than tilapia (11.5 percent). The increased mortality of catfish resulted 

fi-om disease outbreaks related to poor water quality, such as low dissolved o^Q^gen (DO) 

and high ammonia concentrations. Tae researchers concluded that while channel catfish 

can not be an acceptable species for use in a pulsed-flow ditch system, tilapia can be 

* Pulsed-flow irrigation systems, commonly known as conveyance ditches, contain flowing water only 
intermittently (D'Silva, 1993). 
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considered adaptable to this type of irrigation system. 

D'Silva and Maughan (1996) determined the optimum density of red tilapia in a 

pulsed-flow culture system where water was replaced every 12 to 18 days. Density of 9 

tilapia/m^ gave the highest production among five densities (1, 3, 6, 9 and 12 fish/ m^). 

The water fi-om this fish culture operation was then used to irrigate cotton crops. The 

authors found that the use of water fi-om the fish culture operation to irrigate the cotton 

crops could benefit the former. Each 1,000 m of ditch could potentially produce up to 

1,400 kg of tilapia during a 112 day growing season. 

1.3. Need and Justification for the Stuify 

The biological feasibility of raising fish in irrigation systems has been demonstrated 

through a considerable body of research, as indicated earlier in this chapter. However, 

little work has been done on the economic feasibility of such production. One determinant 

of such economic feasibility would be the level of technical expertise held by Arizona 

aquaculturalists. A study by Rivard (1988) found that 80 percent of aquaculturalists in the 

state had some college education, with 68 percent possessing at least a bachelor's degree. 

Their most acute educational needs were found to lie in the areas of water quality 

management and production methods. 
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Research on aquacultural production methods in Arizona was initiated by 

Budhabhatti and Maughan (1993) and D'Silva and Maughan (1994) on the culturing of 

fish in constantly flowing and pulsed-flow irrigation ditches. In pulsed-flow systems, 

water was used to irrigate ornamental trees (mesquite) for sale to the nursery industry. 

D'Silva (1993) developed a simple budget for raising 20 fish/m^ in a 100 m ditch, and 

found that this operation generated a net return of $4.3 2/m^ of ditch. The total cost was 

$7.24 W of ditch, and $2.08/kg of fish harvested. These results were based on an 

estimated teed conversion ratio of 1; 1.80, at a survival rate of 87 percent. 

A study by Garland (1996) reviewed the histoiy of aquaculture in Arizona and 

explored the comparative advantages of integrating aquaculture into an existing Arizona 

farming system. Three irrigation systems were investigated in that study: (1) /« situ ditch 

(existing carry ditch), (2) modified ditch, and (3) pond. The latter two irrigation systems 

do not commonly exist on Arizona's farms. Garland's cost and refjm analysis of these 

three systems was based on a density of 3.17 kg/m^ in the existing carry ditch, 1.21 kg/m^ 

in the modified ditch, and 0.70 kg/m^ in the pond. The first irrigation structure, a 2,414 m 

ditch system, produced negative returns. The latter two irrigation systems provided a low 

internal rate of return. These results were based on a 140 day fish growing season, and a 

10 percent mortality rate. Further discussion of this results will be found later in this 

study. Chapter 4. 
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However, there has been no truly comprehensive study done on the economic 

feasibility of introducing aquaculture into traditional farming systems. The status of 

integrating aquaculture with agriculture in Arizona is similar to the status of pond-based 

commercial catfish raising in the early 1970s in the southeastern of the United States. In 

the 1970's growers knew that catfish cultivation was possible, but they did not know how 

to best organize their production resources and thus maximize their profits. For instance, 

the growers were unsure which pond size and what fish density would maximize their 

profit. Foster (1972) demonstrated that a 8 ha pond provides the economically optimum 

size for conmiercial catfish production. This size pond has become the industry standard. 

Further progress in the introduction of aquaculture into traditional fanning systems 

will not take place until studies similar to those done by Foster in the catfish industry are 

done in this field, demonstrating that integrated farming systems can be profitable and 

yield reasonable returns. 

Towards that end, this study addresses the issue of the economic feasibility of fish 

cultivation in existing irrigation systems. The study will attempt to identify basic 

production standards and the relationships between output and input requirements 

necessary to make cultivation profitable. 
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1.4. Objectives 

The main objective of this study is to evaluate the economic feasibility of 

introducing fish culture into irrigated cotton production on farms in central Arizona. The 

specific objectives of this study are to: 

1. Analyze the economic performance of different farm situations or produrtion scenarios 

with differing ditch capacities^ and stocking densities. This analysis will involve various 

input costs and output prices in: 

a) provide a comparison of the profitability of different production scenarios and 

b) determine, through a price sensitivity analysis, the effects of the fluctuation of 

several major inputs and output on the annual total costs and net income. 

2. Identify the most appropriate expression of relevant inputs and fiinaional form for 

analyzing variation in yields for tilapia raised in pulsed flow culture in central Arizona. 

3. Establish the input-output relationship or production function for tilapia raised in 

pulsed flow culture in central Arizona, and 

4. Test economic optimization of input use. 

The objectives of this study will be achieved primarily by using the findings of 

 ̂ The term ditch capacities (volumes) will be used for different ditch length. 
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D'Silva and Maughan's (1994, 1995 and 1996) published studies. They focused on the 

biological feasibility of raising tilapia in a pulsed-flow irrigation system in Arizona. 
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II. THEORETICAL AND METHODOLOGICAL 

CONSIDERATIONS 

2.1. Conceptual Modelf Marginal Analysis 

The conceptual framework for the design of the study and the analysis of the 

resulting data is developed over the following pages. The goals for this chapter are: (1) to 

identify significant questions that arise in the incorporation of aquaculture into existing 

irrigation systems; (2) to develop answers to those questions, based on relevant economic 

theory and (3) to investigate how these economic theories might apply to profitable 

management of a farming system that integrates agriculture and aquaculture. 

The main objective of this study as previously stated, is to evaluate the economic 

feasibility of introducing fish culture into irrigated cotton production on farms in Arizona. 

An additional objective is the optimal allocation of inputs to the production of fish. 

The focus of this study is the evaluation of the introduction of a fish operation into 

cotton production as it presently exists. Cotton production will not be analyzed. The 
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model selected for this analysis is static partial equilibrium theory of a single product firm. 

The adapted model for this evaluation is the factor-product model of production economic 

theory. 

The production fimction, sometimes termed the factor-product relationship or 

input-output relationship, expresses the physical or bio-technical relationship between 

outputs and inputs (Heady and Dillon, 1961). It can be expressed algebraically in simple 

terms as; 

Y=/(X,/X2) (2.1) 

where 

Y = output 

Xi = variable input 

X2 = fixed input 

By definition, all production processes use both fixed and variable inputs. Given a 

set production period, variable inputs are factors of production, the levels of which can 

increase or decrease during that period, as opposed to fixed inputs, or those factors whose 

levels cannot (or will not) change during the production period. An example of a variable 

input is labor; that of a fixed input is land. To simplify notation, reference to fixed inputs 
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will be minimal. Therefore, the production function will be represented as the relationship 

between a single variable input and the output of a single product as follows: 

The relationship between the variable input (X) and the output (Y), with other 

factors remaining constant, is classically illustrated in Figure 2-1. These relationships are 

total product (TP), average product (AP), and marginal product (MP). The shape of the 

production function curve demonstrates what happens to total output, TP, as increasing 

amounts of variable input, X, are added to the fixed input. TP is zero when input is zero, 

and increases at an increasing rate as the first few units of input are added. It continues to 

increase, at higher input levels, but at a decreasing rate. Finally, an input level is reached 

at which TP begins to decrease. 

The average product (AP) curve shows the amount of output produced per unit of 

variable input. Mathematically, AP is the ratio of output to input; 

Y=/(X) (2.2) 

AP=/(X)/X (2.3) 

The AP curve can have diSering shapes, depending on how output varies as a result of the 

combination of variable and fixed inputs. AP is a measure of the physical efi5ciency of the 
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variable input. AP is not the result of using the variable input alone, but a combination of 

variable and fixed inputs; production is impossible if no variable input is added to fixed 

inputs. As more and more of the variable input is added to the fixed inputs, the efiSciency 

of the variable input increases until it reaches a maximum, and then begins to decrease. 

When AP is at maximum, the return per unit of variable input, or the physical eflBciency 

with which variable input is used, is at maximum. 

The marginal product (MP) curve shows the change in output resulting fi-om a one 

unit increment in variable input, measuring the amount that total output increases or 

decreases as input increases by one additional unit. Geometrically, MP represents the 

slope of the TP or the first derivative of the production function, and is defined as 

MP = £//(X)/f/X 

MP=/'(X) (2.4) 

MP is similar to AP in that neither is constant for a classical production function, but 

varies with the amount of input used. The shape of the MP curve depends on the shape of 

the TP curve. When total output (TP) is increasing at an increasing rate, MP is also 

increasing. When TP is increasing at a decreasing rate, MP is decreasing but positive. 

When TP reaches a maximum, MP is zero. When TP decreases, MP is negative. This 

relationship is shown in Figure 2-1. 
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The classical production function, or the shape of TP, AP, and MP, is consistent 

with the law of diminishing returns, which describes the relationship between output and 

variable input when other inputs remain constant. The law can be stated as follows: 

In the production process, and for all biological processes, when a variable 

input factor is increased and all other factors remain fixed, production first 

increases at an increasing rate, then at a decreasing rate, then reaches a 

maximum andfinally declines (Doll and Orazem, 1978, p35). 

The law of diminishing returns is an empirical statement about reality, a statement 

concerning physical relationships that have been observed to hold true in the real world. It 

explains, for instance, why the application of too much fertilizer to fields can actually 

decrease a farmer's yield. It must be noted that the law of diminishing returns applies only 

when the methods of production do not change as changes are made in the amount of 

variable input. Likewise, it has reference only to the changing proportions of an input, and 

does not apply when the type of input itself is varied. 

The relationships among TP, AP, and MP define three stages of production. Stage 

I occurs over that range of input quantities for which MP is greater than AP. AP is 

increasing throughout Stage I, indicating that the efiSciency of the variable input is 

increasing. 
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Stage n occurs over that range of input quantities for which MP is decreasing and 

is less than AP, but greater than zero. The physical efficiency of the variable input reaches 

a maximum at the beginning of Stage II. On the other hand, the efficiency of the fixed 

input is greatest at the end of Stage II, because the number of units of the fixed inputs is 

constant. Therefore, the output per unit of fixed input must be largest when total output 

fi-om the production process is at a maximum. Stages I and II are bordered by the point 

where AP is at a maximum; that is, when; 

Stage in occurs over that range of input quantities where MP is negative. Stage 

m occurs when excessive quantities of the variable input are combined with the fixed 

input, and total output begins to decrease. This relationship can be demonstrated as 

follows; 

JAP/f/X = 0 (2.5) 

MP = ^/(XAP)/</X (2.6) 

Applying the product rule for differentiation, we obtain 

MP = AP + Xt/AP/f/x (2.7) 

Assuming the second-order condition (</^AP/</X^ < 0) is satisfied, we find that 
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d A P / d X > 0 = > M P > A P  (2.8) 

d A P / d X  =  0 = > M P  =  A P  (2.9) 

£/AP/tCC<0=>MP<AP (2.10) 

The second stage is important because the most profitable use of the variable input 

lies in this stage. It is rational for the farmer to keep increasing input where total product 

(TP) is increasing at an increasing rate (stage I of production function), or where average 

product (AP) increases with increasing input. In this stage, TP reaches an inflection point, 

at maximum MP a point, at which it changes fi'om increasing at an increasing rate to 

increasing at a decreasing rate. It is not profitable to perform an increase of inputs that 

would decrease TP (stage m of the production fiinction) where MP becomes negative. 

Consequently, there is only one region for rational decision making under the production 

function. That region is between the maximum of AP and the maximum of TP, or the 

point where MP and AP are equal and the point where MP is zero. MP equals zero at two 

points, at the origin and at the point where TP is at maximum. 

d T P / d X  =  M P  =  0  (2.11) 

To insure that TP is at maximum when MP equal zero, the second derivative is applied 

where TP is concave: 
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(^T?ldi^ = dMPIdK^O (2.12) 

From equation (2.12) then, 

(f^MPI(D^<Q (2.13) 

Farmers typically have limited fiinds to spend on variable inputs. Their goal is to 

increase revenue by maximizing farm profits. To do this, farmers must find the most 

profitable operation for the enterprise, which can be accomplished either by minimizing 

production costs or finding the most profitable levels of output. Either method will yield 

the same results. In his search for profit, the &rm manager is faced with questions of the 

following type: How much of each variable input should be used to maximize profits? 

Should an enterprise be operated at peak technical efficiency or does economic analysis 

suggest a different solution? Using the production function as a starting point, and 

working under the assumption that prices are known with certainty, these questions can be 

answered through an analysis of the second stage of the production function. 

The production function is vital to the computation of profit in that it defines the 

relationship between input and revenue, or between output and cost, when prices for input 

and output have been determined. Total revenue (TR) is equal to the price of each unit of 

output, times the quantity. Similarly, total costs (TC) can be computed for various input 

amounts by multiplying the quantity of the input by its price. Total revenue minus total 
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costs determines profit, often called net returns or net revenue. Maximum profits fi-om an 

enterprise do not necessarily occur where output is at a maximum (Figure 2-2). 

Therefore, the goal of maximum yield per unit of fixed input, such as pounds of milk per 

cow, is not compatible with the goal of maximum profit per unit of fixed input. Technical 

efiGciency of production decreases in Stage n of the production fiinction. Inputs added 

beyond the maximum profit point cost more than their return. Thus, the goal of maximum 

yields, while perhaps admirable, is not consistent with profit maximization. 

By considering profit as a direct fiinction of input, the optimum amount of input 

can be determined. The profit fiinction can be defined as 

7C=/(X)PY-XPX (2.14) 

where 

7C = profit 

PY = price of the output 

Px = price of the variable input 

The optimal amount of input occurs where profit is at its 

order condition can be satisfied for maximization of profit if the 

profit fiinction equals zero. 

maximum. The first-

first derivative of the 
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d - K l d X = ? ^ d f O ( ) l d X V x  =  0 .  (2.15) 

As Py is constant, the change in TR is equal to the change in output, d^, multiplied by the 

unit price, Py. The ratio dY / dX is the marginal product of X. The slope of TR is Py 

(MP), the value of the output increment resulting from the use of an additional unit of 

input. This quantity, Py (MP), is called the value of marginal product, VMP 

When profits are maximized, VMP must equal Px- By definition, the change in variable 

cost and total cost are identical and Px is a constant in pure competition. The slope of TC 

is thus seen to be Px, and the increment to total cost caused by using an additional unit of 

input is equal to the cost of the unit of input. The farmer will keep adding variable inputs 

to the production process as long as his additional revenue exceeds his additional cost. At 

the point, where added returns equal added costs, the optimum is reached. 

With only the first-order condition, VMP can be equal to Px at more than one 

point, and the first-order condition can be satisfied at more than one level of input (X) 

(Figure 2-3). An additional condition is needed to single out one alternative for this 

reason. 

VMP = Px (2.16) 

(2.17) 
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cFizld^^ = dVMPIdX<Q (2.18) 

from equations (2.16 and 2.17) then 

c^%ld'K^ = dWMPIdX-dm:idlL (2.19) 

dWMPIdX<dMCIdX. (2.20) 

Thus, a second-order condition for maximum profit is required, which means that the 

profit function must be concave to the origin. Therefore, there is no possibility of 

producing the same amount of product with fewer inputs, and no possibility of producing 

more product with the same amount of inputs. This condition is met in Stage n in 

production fiinction analysis. 

2.2. Budgeting and Hypothetical Test Procedures 

Given knowledge of technical production relationships and appropriate price data, 

the most profitable level of production can be determined by using marginal analysis, as 

discussed above. Production Sanction has multiple uses. It can be used to compute 

physical input/output ratios to assist in management decisions. It also can be applied to 

the creation of a budget to estimate optimal resource input. However, available 

production relationship data are limited, necessitating the selection of research 
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approaches, synthetic firm budgeting (economic-engineering) and statistical techniques, 

that utilize currently available data to approximate the marginal analysis. 

Tilapia production in the ditch irrigation system can be divided into several 

separate and distinct components; the size of production systems or ditch capacities, fish 

densities, feeding, and labor. The relevant input and output coefBcients are then 

determined to obtain total cost and returns: Thus, tilapia production in a ditch irrigation 

system is adaptable to analysis through economic engineering and hypothetical tests. 

2.2.1. Synthetic Finn Budgeting Method (Economic-Engineering Approach) 

A synthetic firm budgeting or economic-engineering approach consists of estimates 

of the cost and returns expected, both for those currently being produced (traditional 

fiuming systems) and others (fish Arming systems) that are feasible. Budget analysis 

yields the best approximation possible given a limited set of data (Boutwell and McCoy, 

1977). This approach has been used to determine a level of input that will maximize 

profits. 

Synthetic firm budgeting is the planning tool most commonly used by researchers 

when sufBcient data for mathematical programming model are not available. S>'nthetic 

firm budgeting can be used to deal with a number of questions: (1) What level of output 

should be chosen? (2) Upon what level ofinput use should the farm budget be based? (3) 
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How should inputs that last for more than one season be handled? (4) Are there potential 

economies and diseconomies of size for the enterprise? and (5) How can we deal with 

uncertainties with respect to prices and output levels? (Debertin, 1986). 

The method of economic evaluation presented in this study is a special case of 

budget analysis, called partial budget analysis. Partial budget analysis does not apply 

directly to the overall farm organization, but considers only the economic effects of certain 

specific changes within the present structure of operations. For example, a farmer might 

be offered several options to improve net farm income, but none of these options would 

change the overall nature of the fanning operation. Rather, all would be minor changes, 

and economic evaluation would be made via partial budget analysis to determine whether 

or not their implementation would be profitable. 

Partial budget analysis is an efScient approach for organizing, evaluating, and 

presenting economic information related to a production situation. It provides a basis for 

comparing alternative production methods, practices, and farm sizes, and can also be used 

to decide which alternative is most profitable within the limits of the methodology and the 

available data. Partial budget analysis has been used in this study to determine appropriate 

ditch lengths and stocking densities for fish production integrated with the traditional 

farming system. The employment of partial budget analysis to derive the estimated costs 

and returns associated with each farm situation will determine the most economically 
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efficient combination of resources attainable from the alternatives specified, according to 

the available data. However, if an effective budget analysis is to be performed, the data 

used for this analysis must reflect the most efficient use of physical resources possible in 

each farm situation. There are three approaches that could be used to supply such data; 

(1) an experimental approach, in which the physical manipulation of concrete variables (in 

this case variables involved in tilapia production) is performed, and empirical data are 

collected (Table 2.1); (2) a synthetic firm or economic-engineering approach, which 

employs "the best available estimates of input-output coefficients and relevant prices" 

(Madden, 1967, p. 130^, as determined by experts in the field, and (3) a combination of 

the two. A synthetic firm or economic-engineering approach was used in this study. 

Here, annual variable, fixed and total costs were itemized and summarized. These 

costs were calculated per kilogram of harvested fish. Annual fixed costs were calculated 

by depreciating each item over its estimated usefiil life. Next, returns above variable costs 

and returns to management and risk were determined. Returns above variable costs are 

the differences between total income and variable costs. If positive, these returns 

represent the funds available to pay for equipment and capital management services, plus 

profits. Returns to management and risk are the returns remaining after charges for 

variable and fixed costs have been extracted. Returns to management and risk (net 

income) represent the purest level of profits after all resources have been allocated. 
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Table 2.1. A summary of the biological data for tilapia experiments done at the 
University Arizona, Marana Agricultural Center, Marana, 
Arizona, 1993. 

ITEM 1 fish / 3 fish / m  ̂ 6 fish / 9 fish / m  ̂ 12 fish / m  ̂

Initial Length (nun) 138.8 138.8 138.8 138.8 138.8 

Initial Weight (g) 57.4 57.4 57.4 57.4 57,4 

Average Harvest 
Length (mm) 256.3 239.1 234.6 231.3 214.9 

Average Harvest 
Weight (g) 341.1 280.4 270.8 252.3 212.1 

PHS® 
(%) 100.00 68.6 65.70 50.70 30.20 

FCR' 1.7 1.9 1.5 1.9 1.8 

DO* (mg/L) 2.5 - 6.8 2.5-6.8 2.5 - 6.8 2.5-6.8 2.5-6.8 

Temperature ("C) 21.5 - 35.6 21.5 - 35.6 21.5 - 35.6 21.5 - 35.6 21.5 - 35.6 

PH 7.5 - 8.2 7.5-8.2 7.5 - 7.9 7.5-8.2 7.5 - 7.9 

Ammonia (mg/L) 0.5 - 4.6 0.5-4.6 0.5-4.6 0.5 - 4.6 0.5-4.6 

Mortality Rate (%) 24.80 24.80 24.80 24.80 24.80 

Sources: D' Silva and Maughan, 1996. Journal of the World Aquaculture Society 27(1): 126-129. 
Fish were stocked on May 24 and harvKted on September 12, 1993 (112 days). 

 ̂PHS is the percent of harvestable-sized fish at different densities 

 ̂FCR or Feed Conversion Ratio is defined as the ratio of the quantity of feed given to the fish divided by 
the weight of the fish at harvesting time. 

 ̂DO or Dissolved Oxygen is the amount of oxygen in the water under partial pressure of the gas in the 
atmosphere in contact with the water. 
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Each component of annual operating costs is important in determining the potential of 

reducing costs per unit and the achievement of economies of size. These returns were 

calculated per kilogram of fish harvested in the present analysis. Benefit cost ratios were 

then calculated for each production scenario in order to find any ratios greater than one. 

The optimal production scenario will be that in which fish are produced at the highest 

possible return per kilogram of harvested tilapia and with the highest benefit cost ratio^. 

While partial budget analysis can provide some insights, there are still other 

important economic indicators to be considered in budget analysis. Those indicators 

applicable to aquaculture are; (1) rate of return on annual fixed cost (RRF); (2) rate of 

return on annual variable cost (RRV); (3) rate of return on annual total cost (RRT); (4) 

input eflBciency; (5) break-even market prices for food-size fish in the various farm 

situations, determined by dividing the total cost of fish production by the total quantity 

produced; (6) break-even production, determined by dividing the total cost of fish 

production by the unit price of harvested fish; and (7) contribution, a technique proposed 

by Berge (1979) in which fixed and variable costs are distinguished throughout the 

analysis, using two key values; (a) the degree of contribution, or contribution as a 

percentage of the net income; and (b) the security profit, or the percentage that profit can 

decrease before the farm begins to run at a loss. 

 ̂This ratio must be greater than one. 
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Sensitivity analyses of varying economic conditions with respect to the production 

parameters have been performed, providing estimates of how base case results change in 

response to exogenous factors. These analyses were performed by varying each key 

economic factor, such as prices of significant inputs and prices of the fish, while holding ail 

other factors constant. The impacts of the factor change on the base results are then 

compared. 

2.2.2. Economic Optima 

A production economist would argue that, for a producer in a competitive market 

to maximize profit, the case to be chosen is that in which 

Marginal cost (MC) = Marginal Revenue (MR) = Product Price (PY) 

In using budget analysis, however, we cannot be sure that we have determined the 

optimum level of input. Budget analysis involves the comparison of discrete cases, each 

case defined by a different set of input levels and a resulting output. Under synthetic firm 

budgeting or economic-engineering analysis, the determination of a unique solution is 

uncertain. 

It is important to establish the input-output relationship or production function 

analysis for fish raised in pulsed flow culture systems, so the farmer can successfiilly 
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minimize costs while maximizing output in order to survive in the competitive 

marketplace. In this study, an attempt is made to estimate the effects of variations in the 

factors of production, such as fish stocking density or feed and labor, on the economic 

optimization of input use for introducing tilapia culture into cotton production. 

The most appropriate functional form must be specified to represent the input-

output relationship. The three functional forms examined here are linear, quadratic and 

Cobb-Douglas (Table 2.2). 

Table 2.2. General specification of Linear, Quadratic and Cobb-Douglas production 
functions. 

LINEAR Y = a + biXi + b2X2+... +b„X. 

QUADRATIC Y = a + biXi + bzXi^ + ... + b„X„ + b„X„^ 

COBB-DOUGLAS Ln Y = a + biLnXi + ... + bnLnXo 

The linear model assumes constant marginal products and hence no diminishing 

returns to input use. The quadratic form can simulate both increasing and decreasing 

returns, but utilizes extra degrees of fi'eedom, which could be costly for small sample 

sizes. The Cobb-Douglas form, which assumes constant elasticity of input use, is often 
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selected as the appropriate form in agricultural studies because of its convenient 

properties. Under Cobb-Douglas, responsiveness of output to changes in units of input 

(elasticity of production) are equal to production coefiBcients, and hence easily 

determined. Economy of scale can be measured by summing the production coefiBcients. 

Increasing, constant, or decreasing returns to input use can be described using the Cobb-

Douglas form (Beattie and Taylor, 1993). 

Regression analysis was used to measure the goodness of fit of the model to the 

data that can be obtained fi-om the coefiQcient of determination (R^) and the F-value. The 

coefiBcient of determination, ranging from 0 to 1.0, indicates the presence of variation in 

output explained by variables included in the model. The F-value shows the significance 

of the model's independent variables in explaining variation. Signs of coefficients should 

be as anticipated and explanatory variables statistically significant as shown by the t-test. 
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III. DESCRIPTION OF THE PRODUCTION MODEL 

3.1. Introduction 

A basic assumption for this analysis is that fish production is an auxiliary enterprise 

complementing row crop production on an existing farm. The typical central Arizona 

farm that could benefit fi'om the introduction of tilapia culture in the pulsed flow culture 

systems consists of a parcel of land generally square in appearance (Wade et al., 1995). 

Each farm consists of approximately 405 ha, served by three field ditches. Each ditch is 

3,170 m in length'". 

There are established steps in an economic analysis using both partial budget 

analysis and statistical analysis. The first step in partial budget analysis is to carefully plan 

the changes needed in the existing farm situation. Next, the additional costs and receipts 

associated with these changes are computed. Finally, the net change in return, the 

difference between receipts and costs, is used to make a decision on whether or not to 

implement the proposed modifications. 

The synthetic firm or economic-engineering approach is utilized in this study in 

Slack, D. C. Agricultural & Bio-systems Engineering, University of Arizona, (Personal interview, 
1995). 
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estimating costs and receipts. Using this approach, a researcher develops budgets for a 

hypothetical firm, basing these budgets on the best possible estimates of input-output 

coefScients and prices possible. This approach has proven to be suitable for the analysis 

of newly developing industries, where firms often exhibit extraordinary variations in size, 

level of management, and level of implemented technology. Synthetic firm analysis has 

been used in previous studies on the econornic feasibility of producing and processing 

farm-raised catfish in the southeastern United States (Keenum and Waldrop, 1988). Here, 

I use it to analyze fish production at differing ditch capacities and at differing stocking 

densities. 

The first step in statistical analysis is to estimate the input-output coefBcients fi'om 

the synthetic budgets. Next, these coeflBcients will be used for fiirther investigation 

through statistical analysis to reveal the relationship among the production variables, as 

explained in the previous chapter. 

Relevant explanatory variables to be used as regressors in statistical analysis are 

initially identified, and the expected signs of coeflBcients specified. Second, determinations 

are made on how variables should be measured and on the specification of appropriate 

fiinctional forms for the completed model. Data are then utilized to fit the model and 

coeflBcients of variables are estimated and statisticaUy analyzed. Finally, results are 

interpreted and conclusions and implications offered. 
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3.2. Data Sources 

The shortcomings of synthetic-firm analysis include the possibility that some costs 

and prices can be overlooked, and that researchers can overestimate the level of 

technology attainable (Madden, 1967). I have dealt with these potential problems by 

seeking the advice of professional research staff at The University of Arizona's Wildlife 

and Fisheries Science Department and Environmental Research Laboratory (ERL) to 

adjust and estimate the data. Staff members in these departments have adjusted data on 

fish production in the southeastern United States to Arizona conditions. In addition I have 

used selected published and unpublished studies on fish production in pulsed-flow ditch 

irrigation system done at the Marana Agricultural Center and Maricopa Agricultural 

Center (MAC) of the University of Arizona, as sources of technical production data. 

Furthermore, other data are based on Arizona field crop budgets prepared by the 

University of Arizona College of Agriculture Cooperative Extension Service (Wade et al., 

1995). 

J.J. The Integrated Agriculture / Aquaculture Farming System 

Physically, aquaculture can be integrated into an irrigated cotton farm by utilizing 

the existing field ditch, referred to as the pulsed-flow ditch irrigation system. The typical 

central Arizona farms analyzed in this study are assumed to be cotton farms. Cotton 
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accounted for about 75 percent of Arizona irrigated farmland in 1995, and about seventy 

percent of Arizona's cotton acreage is located in central Arizona, the primary agricultural 

region of the state (Arizona Agricultural Statistics Service, 1996). The cotton farms of 

this study are assumed to utilize the sloping furrow irrigation method employed on more 

than 50 percent of the cotton farms (Arizona Agricultural Statistics Service, 1996). 

3.3.1. Water Source and Irrigation Schedule 

Water is assumed to have its source in the irrigation districts serving central 

Arizona, from which 70 percent of Arizona farms receive their water". The irrigation 

districts, in turn, draw most of their water from the Central Arizona Project (CAP), 

though a small amount is available from local wells'^. It was assumed in this study that all 

irrigation water had been drawn from the irrigation districts. In preparation for planting, 

pre-irrigation for cotton takes place in mid-March. Normal irrigation begins in May and 

continues until the end of August (Wade et al., 1995). The total length of the aquaculture 

growing season is thus assumed to be from May to August, a period of a 120 days. The 

only adjustment that farmers need to make concerning water for fish production is to keep 

irrigation water in the ditches during periods of fish production. 

" Slack, D. C. Agricultural & Bio-systems Engineering, University of Arizona, (Personal interview, 
1995). 

The major irrigation districts in central Arizona use a mix of sur&ce water obtained from CAP and 
groundwater pumped from wells, which the districts lease from farmers on a long-term basis. 
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Water as a production variable was calculated only for the additional quantity required to 

replace that lost by evaporation during the fish production season. The equations used to 

calculate the additional water required is based on data on evaporation rates from open 

water surfaces in Arizona (Cooley, 1970) (See appendix A, Tables 1-9) 

Estimation of evaporation consists of three steps; 

1. The average monthly evaporation for the period of the fish growing season 

in the ditch irrigation system. May to August, was determined. In addition, 

the maximum expected evaporation values, 0.15 m, were selected because 

these values reflect the possible range of seepage losses from water storage 

facilities and ditches. 

2. The adjustment factor for the location in question, central Arizona, was 

determined. The adjustment factor equaled one in that location. 

3. The results of step one were multiplied by those of step two, to obtain the 

estimated value of evaporation in Central Arizona during the fish growing 

season 

The total maximum evaporation expected from the ditch irrigation system in central 

Arizona during May to August is approximately 0.0036 mV m^ ditch. 
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One important aspect of water quantity is the scheduling of irrigation during the 

season. It is assumed that irrigation needs will determine the movement of water, and that 

the frequency of water exchange will play a large role in establishing the density of fish 

that can be cultured. In previous studies tilapia were cultured at high densities (70, 50,30, 

20, and 10 fish/m^) in a ditch irrigation system where water was exchanged daily, as it is 

for ornamental trees (D'Silva and Maughan, 1995). However, when water was exchanged 

every 10-12 days, as it is in cotton cultivation, tilapia were cultured at the lower densities 

of 1, 3, 6, 9, and 12 fish/m^ (D'Silva and Maughan, 1996). According to Wade et al. 

(1995), farmers in central Arizona irrigate their cotton about every 10 days, or twelve 

times from April to August. 

3.3.2. Water Quality for Aquaculture 

Water quality is defined by multiple parameters; those most important for fish 

production are temperature, DO, and pH level. Tilapia has shown high tolerance to 

widely varying conditions for each of these parameters, (Balarin and Hatton, 1979.). 

Temperature is of primary importance. Tilapia are able to survive adverse 

conditions, and are frequently found in habitats where no other species could exist. 

Tilapia tolerate water temperatures from 8" - 40* C (46.40'-104" F), but have a preference 

for the higher temperatures, with an optimal growth temperature of 2T - 30*C (80" - 86' 

F), Table 3.1. Evidence from four years (1990-94) of water quality assessment for the 
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Table 3.1. A summary of the water quality requirements for tilapia production. 

FACTOR TILAPIA' 

Temperature range °C (°F) 8 - 40(46.4-104.0) 

Optimal level 27 - 30 (80.6 - 86.0) 

Lethal oxygen limit (mg/L) 1 - 3  

Optimal level 5 - 1 5  

pH tolerance range 4 - 1 1  

Optimal level 6 - 9  

Sources: Balarin, J. D. and Hatton, J. 1979. Ttlapia: A Guide to Their Biology & Culture in Africa. 
University of Stirling, Scotland. 

Table 3.2. Water quality data for CAP water from May to August.^ 

Parameters 

Months 

May June July August 

Average for the 

Season 

Average Water Temperature 

"C 

op 

24.33 27.17 29.83 29.33 

75.80 80.90 85.70 84.80 

27.67 

81.80 

Average Dissolved Oxygen (mg/L) 8.5 9.23 8J 7.90 8.53 

Average pH 8.63 8.47 8.33 8.43 8.47 

I. May to August are the moalhi when tilapU are to be cuttmed in the irrigatioo lystens. 
Source: Arizona Department oif EnvotaaaentaJ Quality, 1986. 
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CAP, obtained from the Arizona Department of Environmental Quality (ADEQ, 1996; 

Table 3.2), shows that irrigation district water can be expected to meet this standard from 

approximately mid-May to the end of August. 

The second parameter to be considered is DO, which research has determined to 

be the primary constraint limiting the density of fish that can be cultured (Balarin and 

Hatton, 1979). Surfece water, such as the district irrigation water, is a 100 percent 

saturated with DO under normal conditions. The volume of DO in water at any given 

time is dependent upon; (1) the temperature of the water, (2) the partial pressure of the 

gas in the atmosphere in contact with the water, and (3) the concentration of dissolved 

salts (salinity) in the water. D'Silva and Maughan (1996) found that DO levels ranged 

from 2.S to 6.8 mg/L when they studied the optimum density of red tilapia in pulsed-flow 

culture system. Tilapia's comparatively low oxygen demand is one factor enabling them 

to occupy extreme environments, for they can survive at DO levels between 2-3 mg/L; 

however, the optimum range, is 5-15 mg/L, Table 3.1 (Balarin and Hatton, 1979.). 

A third parameter of water quality, one which will require careful monitoring, is 

pH, a measure of the concentration of hydrogen ions (IT) in the water. Low pH water is 

caused by the presence of strong acids, such as sulfuric acid, in the environment, and can 

be neutralized by adding agricultural lime. The pH can also vary with weather conditions 
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and the time of day. Surface water supporting a large amount of plant or phytoplankton 

activity will have a high pH level while photosynthesis is taking place during the day, as 

that process removes carbon dioxide (COj) which neutralizes IT in the system. During 

the evenings or when the weather is overcast, more CO2 is produced than used, and pH 

drops. Ammonia, a toxic metabolic by-product of fish culture, also lowers pH, and in the 

southeastern U.S. is the next most important limiting &ctor after DO. However, because 

the water in irrigation systems is replaced on average every 10 days, ammonia 

accumulation is not assumed to be a problem at the densities of fish cultured. Estimates of 

pH levels for central Arizona irrigation district water vary between 8.33 and 8.63, (Table 

3.2), and lie within the optimal levels for tilapia production, 6-9; tilapia can tolerate pH 

levels fi'om 4-11, (Table 3.2). 

3.33. The Pulsed-Flow Ditch Irrigation System, Cotton-Tilapia Model 

In this study, I will use farm situations with eight different ditch capacities 

(Appendix A Table 9) and five different stocking densities (1, 3, 6, 9 and 12 fish/m^) of 

tilapia. Through these various production systems, the economic potential of introducing 

fish culture into traditional fanning systems can be investigated. I will determine an 

economically optimum production system through this process. A conceptual model in 

which output is characterized as a function of inputs is proposed. The number of possible 

variables included in the model is restricted to those believed to be of greatest importance 
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under economic theory, given our knowledge of tilapia production. 

A general description of the ditch irrigation system model is: 

Yt = f (Xi.X2 . X 3 ,X4,/X,) 

where; 

Y = yield (kg) of marketable tilapia, 

Xi = Ditch capacity devoted to growing fish (8 different ditch 

capacities) 

X2 = quantity of fingerlings stocked per cubic m (1, 3, 6, 9 or 

12 fish /w?). 

Xi = quantity (kg) of 32% crude protein tilapia feed offered, 

X4 = quantity (person-hours) of labor allocated, and 

Xb = fixed inputs. 

3.3.3.1. Yield (Y) 

Yield is defined as the quantity of marketable tilapia harvested, at an average of 

200 g/fish, the minimum size required by the nuirket (D'Silva and Maughan, 1996). The 

percentage of harvestable fish (more than 200 g) varied fi-om 30 to 100 percent, or 100, 

69, 66, 51 and 30 percent at stocking densities of 1, 3, 6, 9 and 12 fish/m^, respectively 

(Table 2.1). D'Silva and Maughan's 1996 study achieved this weight in a pulsed-flow 
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ditch irrigation system in 112 days. However, a fingerling of 57,4 g is needed to achieve 

this harvest weight. Overall, survival rate at harvest is 76 percent of the original stocking 

rate. A mortality rate of 24 percent is based on results from studies on growth and 

production done by D'Silva and Maughan (1996) at the University of Arizona. 

3.3.3.2. Ditch Capacity (Xj) 

In regard to the irrigation system, there is no construction or investment cost for 

building the ditches because they are already in place on the farm, with or without fish 

culture. This irrigation system consists of hypothetical farms, each of 405 ha. Three 

3,170 m field ditches, each with a cross-section of 0.92 m^ pass through each farm,. The 

total capacity of each field ditch is 2,925 m^ (Figure 3-1 and Appendix A, Table 9). Eight 

different parts of the field ditch will be used to raise fish. These parts have capacities of 

366, 731, 1,097, 1,463, 1,828, 2,194, 2,559, and 2,925 m^, respectively. It is expected 

that output will increase with ditch capacity. It is also expected that production variables 

(inputs) will increase with increased ditch length, but at differing rates, due to the differing 

feed conversions and labor requirements involved in each farm situation. 
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Control Structure (turnout) 

District Caml 

Field Ditch 

^ L 
\ X 0.40W 

U. -assn 

Distribution Ditch Field Ditch Cross-Section 

Figure 3-1; Schematic plan of the pulsed-flow ditch irrigation system, tiiapia model. 
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3.3.3.3. Fingerlings Stocked (X  ̂

The number of fish stocked is assumed to be an important variable affecting 

production. Lower stocking densities might underutilized ditch capacity; higher stocking 

densities can result in slow growth, due to the overcrowding fish experience as they reach 

marketable size. The stocking densities were 1, 3, 6, 9 and 12 fish/m^ in this study. These 

densities are derived fi'om research done at the University of Arizona Marana Agricultural 

Center by D'Silva and Maughan (1996). Tiiapia fingerlings are assumed to have initial 

lengths of 138.8 mm and weights of 57.4 g. This size is required under the model's 

assumption of a harvest weight of at least 200 g and a culture period of 112 days. Tiiapia 

fingerlings are assumed to be stocked in May and harvested in August. However, the 

actual period available for culture may be somewhat longer. 

3.3.3.4. FeediXs) 

A major determinant of production is the quantity of feed offered to the fish. Feed 

is defined as the quantity of pelleted floating diet provided to the fish during one 

production period. It is assumed that fish are fed all they can consume of this 32 percent 
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protein floating diet, for thirty minutes, twice a day. The feed conversion ratio (FCR) " is 

drawn from D'Silva and Maughan's study (1996) (Table 2.1). 

3.3.3.5. Labor (X4) 

Farm labor is divided into that of the owner or manager and that of the hired 

laborer(s). These personnel are assumed to have little aquacultural experience. The farm 

manager or owner is assumed to dedicate only a marginal amount of his time to the 

management of the aquaculture enterprise. He performs such tasks as purchasing feed, 

equipment and fingerlings, and arranging the sale of the fish. The hired laborer, spends the 

majority of his time in the field, performing feeding, regular water quality monitoring, 

maintenance, and other miscellaneous labor activities for the fish on a daily basis. The 

quantity of labor is assumed to be that which will furnish sufBcient manpower to satisfy 

these routine requirements. It is expected that feeding is the activity that will require the 

most time, and that increases of labor in this area will be positively correlated with 

increases in production. It is also expected that an increase in the amount of labor 

devoted to water quality monitoring Avill be associated with greater production. Estimates 

of person-hours of labor required in each farm situation are based on labor estimates 

developed by the United States Economic Research Service for fish production in the 

Feed conversion ratio is defined as the ratio of the quantity of feed given to the fish divided by the 
weight of the fish at harvesting time. 
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southeastern United States. Additional labor will be required for harvesting, and labor 

hours will increase 35 percent as ditch length increases by 100 percent". The value of the 

operator's labor was based on the amount that could be earned if the operator's labor 

were performed oflF the farm. The rate of $5.00 .%• is consistent with wages for 

agricultural employment in 1995 in Arizona (Wade, et al., 1995). 

3.3.3.6. Fixed Inputs (X  ̂

Some of the equipment important for fish production, for example water test kits 

(with a useful life-span of at least 10 years), seines, dip nets, baskets (with use-lives of 3 

years) and screens (with use-lives of 5 years), are not available on a typical farm and, will 

therefore, require purchase. A fish hauling tank, an oxygen-m (with a use-life of 10 years) 

and one demand feeder per 137.16 m of ditch (142.65 m^ ditch capacity) will also be 

necessary at each farm, along with a license for fish production, at $100.00 per farm. 

Straight-line depreciation was used to estimate annual fixed costs, as that is the method 

employed by the University of Arizona College of Agriculture Cooperative Extension 

Service, fi"om whom I drew my data on cotton production. Depreciation costs are 

computed by subtracting salvage value fi'om total new costs and dividing by assumed 

years of life. Funds for capital investments are assumed to be borrowed capital and/or 

This percentage has been developed during the present investigation, on the basis of research conducted 
on the economics of aquaculture in the southern U.S and the advice of aquacultural experts in Arizona. 
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opportunity interest on equity capital. The interest rate on capital investments is 8 percent 

according to the previous source. The estimated interest on capital investments is shown 

in Appendix A, Table 1-8. There is no construction or investment cost for building the 

ditches for fish culture, because they already exist on the &rm for crop production. 
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IV. BUDGET RESULTS AND DISCUSSION 

4.1. Introduction 

The purpose of this chapter is to present the results of the economic analysis of the 

data relevant to the objectives of the study. A synthetic-firm budgeting or economic-

engineering approach has been used to determine the most profitable farm operation. 

Results fi-om this study will provide information necessary to determine the relative 

profitability of introducing the production of a species of fish, tilapia, into traditional 

cotton farming systems. The attractiveness of an integrated aquaculture-agriculture 

farming system depends, on its economic benefits. In providing a comparison of the 

profitability of production at diSering fish densities in ditches of differing capacities, this 

study should prove useful not only to farmers but also to economists and policy makers. 

4.2. Fonnulation of Technical Unit CoefTicients 

Other assumptions are required by the synthetic farm systems in addition to those 

established by the theoretical fi-amework. These assumptions are: (1) Each farm situation 

is considered to have the same production level of cotton crops, regardless of the length of 
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ditch utilized in fish production, or the fish stocking density; (2) The farmer is assumed to 

be the owner and manager of the farm; and (3) Ditch construction and water supply 

systems will not be included as costs in the budget analysis, as both are assumed to be 

already in existence under the traditional cotton production system. 

4.3. Budgeting Results and Analysis 

Conventional budgeting procedures are not applicable to the introduction of fish 

culture into traditional farming systems in Arizona, since the fish enterprise requires 

specialized inputs on which historical price and cost data are not available. The prices and 

costs used (Appendix A, Tables 1-8 ) were synthesized on the advice of aquacultural 

experts for the year 1995. 

Budgeting procedures were used for this study, to estimate and compare the 

revenues and costs associated with each farm situation, in order to determine optimum 

combinations of ditch capacity and fish density. Estimates of the input of resources and 

the output of products were synthesized fi-om selected previous studies and fi-om the 

recommendations of professionals in the field. 

4.3.1. Annual Cost Results 

Annual costs for each production scenario were based on input requirements and 
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prices; these costs are presented in Appendix A, Tables 1-8. Proper interpretation of this 

data can only be made in consideration of the total framework of the analysis. The 

developed costs are directly related to the dimension of the ditch (Appendix A, Table 9), 

and the fish density defined for each farm situation. Caution must be applied in the 

extrapolation of this data to different situations. 

Costs were summarized into annua! fixed, variable, and total costs (Appendbc A, 

Table 10). These costs were further calculated per kilogram of fish produced (Appendix 

A, Table 11). An examination of each of these factors is essential to: (1) determine the 

profitability of the various &rm situations; (2) facilitate comparisons among &rms; (3) 

describe the most efficient &rm situation; (4) discover potential reductions in costs per 

unit, so that economy-of-size benefits can be achieved, and (5) provide a basis for policy 

decisions relating to crop-fish &rming systems. The optimum production system will be 

the one in which fish are produced at the lowest possible cost and highest profit. 

4.3.1.1. Annual Fixed Costs 

Depreciation on all equipment was calculated by the straight-line method as 

previously mentioned. Repairs and maintenance were computed from estimates of 

average repairs for the life of the equipment as a percentage of the purchase price. 
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Estimates of life span, repair and maintenance costs, and fuel consumption were adopted 

from published materials. A summary of the fixed cost coefBcients for equipment in each 

farm situation is presented in Appendix A, Tables 1-8. Estimated annual fixed costs per 

kilogram of fish produced are illustrated for each &rm situation in Figure 4.1. 

The lowest fixed costs per kilogram of harvested tilapia was S0.32 and $0.35 for 

farm situations of 9 and 6 fish/ m' in ditches with capacity of 2,925 m^ (Appendbc A, 

Tables 11). The highest annual fixed cost per kilogram of harvested tilapia was found in a 

farm situation of 1 fish/m' in a 366 m^ capacity ditch (Appendix A, Tables 11). 

4.3.1.2. Annual Variable Costs 

Lowest variable costs per kilogram of harvested tilapia were SI.73, produced in all 

farm situations of 1 fish/m^ (Figure 4.2 and Appendbc A, Tables 11. The highest annual 

variable cost per kilogram of harvested tilapia, $5.26, was found in all farm situations with 

a density of 12 fish/m^ (Appendbc A, Tables 11). 

4.3.1.3. Annual Total Costs 

The lowest total cost per kilogram of harvested tilapia was $0.38; found in farm 

situations of 6 fish/m^, at ditch capacity of 2,925 m^ (Figure 4.3 and Appendbc A, Tables 

11). The highest annual total cost per kilogram of harvested tilapia, $7.18, was found in a 



/ FC/ka 1 fish/cubic mstor 

FC/kg 3 fish/cubic rater 

FC/ko 12 (Mh/oubtc malar 

FC/kg 6 fish/cubic rater 

FC/kg 9 fish/cubic rater 

nGURE4.1: Estimated annual fixed cost per kilogram of harvested tilapia, 
Arizona, 1995. 
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Fbh Dcnrityte' 

FIGURE 4.2; Estimated amiual variable cost per kilogram of harvested tilapia, 
Arizona, 1995. 
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$7.18, was found in a fann situation of 1 fish /m^, at a ditch capacity of 366 (Figure 4.3 

and ^pendix A, Tables 11). Overall, the lowest annual fixed, variable, and total costs per 

kilogram of harvested tilapia weic Tuuiid in &rms with 6 fish/m^ and ditch capacity of 

2,925 m^ (Appendix A, Tables 11). 

4.3.2. Profit 

A product price must be selected to calculate profit to the "tilapia for food" 

production system,. Conventional price specifications for budgeting are derived from 

historical data, using either the actual prices of former periods, which the fiiture is 

assumed to resemble, or fiiture prices as projected from historical trends (Fellow, 1960, 

pp. 26-30). However, no published price data are available for tilapia raised in Arizona, 

and the assumption of any one price would be arbitrary. Returns were calculated for a 

tilapia price of $3.50/kg to assess the profitability of the farm situations studied. This 

price corresponds to oral quotations obtained from farmers and aquacultural experts. 

Two measurements of profit, returns above variable cost and returns to management and 

risk, were used. 

Returns were summarized into income above cash expenses (annual variable cost) 

and returns to management and risk (net income). The former is equal to total revenue, 

minus cash expenses or variable costs; the latter consists of returns above cash expenses. 
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Dkck Capdtjr 

FIGURE 4.3; Estimated amiual total cost per kilogram of harvested tilapia, 
Arizona, 1995. 
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minus other expenses. Returns above variable costs are significant for farmers who own 

their resources and borrow no capital other than that necessary for annual operating 

expenses, while net income represents the income after variable and fixed costs are 

reduced. Returns to management and risk are significant too, as many farmers do not 

directly pay the cost of management services. Returns were analyzed into: (1) returns 

above variable costs per &rm situation (Appendix A, Table 12), (2) returns to 

management and risk per farm situation, or net income (Appendix A, Table 12), and (3) 

returns per kilogram of harvested tilapia income (Appendix A, Table 13). The last returns 

were calculated for both returns above variable costs and returns to management and risk, 

or net income (Appendix A, Table 13). Thus, comparisons can be made among the 

various production systems, the optimum production system being the one in which fish 

are produced at the highest possible return. 

Highest returns for both criteria, returns above variable costs and returns to 

management and risk were $2,840.75 and $2,024.32, respectively, and were found in a 

farm situation of 6 fish/m^, at a ditch capacity of 2,924.72 m^ (Appendix A, Table 12). 

The highest fish density, 12 fish/m^, was associated, by all return measurements, with 

decreased profits. Returns above variable costs and returns to management and risk, or 

net income, had negative values in all farms with densities of 12 fish/m^ (Appendbc A 

Table 12). 
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and $1.21, were found in farm situations of 1 and 6 fish/m^, respectively, at ail ditch 

capacities (Appendix A, Table 13 and Figure 4.4). The highest returns to management 

and risk per kilogram of harvested tilapia, $ 0.86, were found in a farm situation of 6 

fish/m', at a ditch capacity of 2,925 m^ (Appendix A, Table 13 and Figure 4.5). A fish 

density of 6 fish/m^ thus proved to be the most profitable in terms of the amount of fish 

harvested at different ditch capacities under the profit criterion. 

The lowest returns above variable cost and returns to management and risk (net 

income) were found in farm situations of 12 fish/m', at all ditch capacities (Appendix A, 

Table 12). All farm situations with a density of 12 fish/m" presented negative returns 

above variable costs per kilogram of harvested tilapia (Appendix. A, Table 13). The 

negative returns to management and risk per kilogram, were also found in all farm 

situations with a density of 12 fish/m^ (Appendbc. A, Table 13). 

In conclusion, a farm situation of 2,925 m^, with 6 fish/m^, presented the highest 

annual return above variable costs and net income, as well as provided the highest annual 

return above variable costs and net income per kilogram of tilapia harvested. Using this 

optimum fish production scenario will increase net income by 2 percent or $ 6,073 on a 

typical irrigated cotton farm, which is 405 ha, in central Arizona. 

Garland's (1996), budget analysis showed raising tilapia in pulsed flow ditch was 

not economically feasible. It presented a negative return for total annual production costs. 
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FIGURE 4.4: Estimated annual returns above variable cost per kilogram 
of harvested tilapia, Arizona, 1995. 
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Ditch Capacity (I, Q. m, IV, V, VI, VII &V111) and Fiih Deniity (1,3,6,9 & 12 Fuh/m' -5 

FIGURE 4.5: Estimated net income per kilogram of harvested tilapia, 
Arizona, 1995 
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These results contrasted with my study due to his assumptions: (1) The length of ditch 

dedicated for aquaculture was determined by the length needed to create a water surface 

of 0.41 ha. (2) The initial fish stocking density was 3.17 kg/m^. (3) The initial weight of 

fingerlings was 68 g. (4) The fish growing season was 140 days with 10 percent morality 

rate. (5) Seventy percent of the fish reached the marketable size at harvest. And (6) 

Labor costs amounted to 21 percent of total variable cost. 

Using the (julsed flow ditch systems to raise tilapia in my research was based on 

data obtained fi-om a study done by D'Silva and Maughan (1996). The assumptions in this 

study were: (1) The length of ditch dedicated for aquaculture was determined by the 

length needed to create a water surface of 405 ha, which is typical for a cotton farm as 

represented by Arizona Field Crop Budgets (1995). (2) The Initial fish stocking density 

was 1, 3, 6, 9 and 12 fish/m^. (3) The initial weight of fingerlings was 57.4 g. (4) The fish 

growing season was 112 days with 24.80 percent morality rate. (5) The percentage of fish 

reaching marketable size at harvest time were 100, 68.60, 65.70, 50.70 and 30.20 for 

stocking densities of 1, 3, 6, 9 and 12 fish/m^, respectively. And (6) Labor costs 

amounted to 3 percent of total variable cost. My assumptions differ fi-om Garland's 

(1996) in two important ways. First my stocking densities are considerably less than his 

(approximetly 44 fish/m^) based on work by D'Silva and Maughan (1994, 1995, 1996). 

Second his estimate of labor costs 21 percent far exceed any reasonable level. My 

estimates of labor costs are based on estimates of labor costs throughout the industry. 
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4.33. Benefit/Cost Ratio 

Benefit cost ratios were calculated for budgets in each production scenario. 

Stocking fish at a density of 6 fish/m^ produced the highest benefit/cost ratios, all greater 

than one with the exception of a farm situation with a 366 m' ditch capacity. A density of 

12 fish/m' yielded unfavorable benefit cost ratios of less than one. The highest benefit 

cost ratio, 1.33, was found at a 6 fish/m^ stocking density and a 2,925 m' ditch capacity 

(Figure 4.6 and Appendcc. A, Table 14). 

4.3.4. Rate of Return 

One important indicator of farm performance is the rate of return on various costs. 

The higher the value of the rate of return, the better the farm is seen to perform. Rates of 

return on the following costs were used in this study; 

A) Rate of return on annual fixed cost (RRF), obtained by dividing net income by total 

fixed costs. The highest RRF value found in this study, 248 percent, appeared in a farm 

situation with a density of 6 fish/m^ and a ditch capacity of 2,925 m^ (Table 4.1). 

B) Rate of return on annual variable cost (RRV), obtained by dividing net income by total 

variable cost. The highest RRV value, 38-40 percent, was found at a ditch capacity of 

2,925 m', at stocking densities of one and 6 fish/m3 (Table 4.1). 



79 

Fish stocking Deniity /m' 

FIGURE 4.6: Estimated benefit cost ratio/kg of harvested tilapia, Arizona, 1995. 
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C) Rate of return on annual total cost (RRT), obtained by dividing net income by 

total cost. The highest RRT value here was 33 percent, found in a farm 

situation with a density of 6 fish/m^ and, once again, a ditch capacity of 2,925 

m^ (Table 4.1). 

A fish density of 6 fish/m^ and a ditch capacity of 2,925 m^ demonstrated the 

highest rate of returns in each criterion, RRF, RRV and RRT. A stocking density of 

6 fish/m^ is also recommended by D'Silva and Maughan (1995,1996) based on biological 

criteria. 

4.3.5. The Results of the EfTiciency of Production 

4.3.5.1. Input Productivity 

EfBciency of production or input productivity can be expressed as the ability of a 

unit of a major input such as feed, fingerlings, water, or labor to produce fish at its 

maximum capacity. The ratios obtained are partial indicators of input productivity. 

Results among all farm situations showed no significant differences in productivity 

of inputs, feed and fingerlings, in situations with the same fish density, but differing ditch 

capacities. At all ditch capacities, the 1 fish/m^ density presented the highest cost 

eflBciency or input productivity of feed and fingerlings. However, the lowest feed and 

fingerlings cost efiBciencies were at 12 fish/m^ at all ditch capacities. In addition, the 

highest ditch capacity efiBciency, 0.87, was found in farm situations of 9 fish/m^, at all 

ditch capacities. For labor, the highest efficiency was 61.16, and was found at density of 6 

fish/m^, at all ditch capacities (Table 4.2) 



Table 4.1. Rate of return on annual cost for tilapia raised in pulsed flow irrigation 
ditch systems, Arizona, 1995 Arizona, 1995. 

Ditch Capacity Fish Density RRF RRV RRT 

m' #/ni^ 

366.00 1 (0.67) (2.14) (0.51) 

366.00 3 (0.65) (0.89) (0.38) 

366.00 6 (0.30) (0.23) (0.13) 

366.00 9 (0.74) (0.39) (0.25) 

366.00 12 (1.72) (0.79) (0.54) 

731.00 1 (0.35) (0.55) (0.21) 

731.00 3 (0.30) (0.21) (0.12) 

731.00 6 0.39 0.15 0.11 

731.00 9 (0.47) (0.12) (0.10) 

731.00 12 (2.44) (0.56) (0.46) 

1097.00 1 (0.07) (0.07) (0.04) 

1097.00 3 (0.003) (0.001) (0.001) 

1097.00 6 0.99 0.26 0.21 

1097.00 9 (0.25) (0.05) (0.04) 

1097.00 12 (3.07) (0.49) (0.42) 

1462.00 1 (0.01) (0.01) (0.01) 

1462.00 3 0.06 0.03 0.02 

1462.00 6 1.11 0.28 0.22 

1462.00 9 (0.21) (0.04) (0.03) 

1462.00 12 (3.20) (0.48) (0.42) 



Table 4.1. Rate of return on annual cost for tilapia raised in pulsed flow irrigation 
ditch systems, Arizona, 1995 - continued. 

Ditch Capacity Fish Density RRF RRV RRT 

m' #/ni' 

1828.00 I 0.23 0.19 O. l l  

1828.00 3 0.32 0.19 0.11 

1828.00 6 1.63 0.33 0.27 

1828.00 9 (0.02) (0.00) (0.00) 

1828.00 12 (3.74) (0.45) (0.40) 

2194.00 I 0.24 0.20 0.11 

2194.00 3 0.32 0.12 0.09 

2194.00 6 1.64 0.33 0.27 

2194.00 9 (0.01) (0.00) (0.00) 

2194.00 12 (3.75) (0.45) (0.40) 

2559.00 1 0.43 0.31 0.18 

2559.00 3 0.53 0.16 0.12 

2559.00 6 2.05 0.35 0.30 

2559.00 9 0.14 0.02 0.02 

2559.00 12 (4.18) (0.44) (0.40) 

2925.00 1 0.63 0.40 0.24 

2925.00 3 0.74 0.20 0.16 

2925.00 6 2.48 0.38 0.33 

2925.00 9 0.30 0.03 0.03 

2925.00 12 (4.62) (0.42) (0.39) 



Table 4.2: Input productivity for the major variable inputs for tilapia 
raised in pulsed flow culture systems, Arizona, 1995. 
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Fish Feed Fingerlings Ditch Capacity Labor 

Density Efliciency, Efliciency, Efficiency, Efliciency, 

#/m' kg/kg kg/fish kg/m^ kg/hr 

1 0.59 0.26 0.26 30.48 

3 0.36 0.14 0.43 44.61 

6 0.44 0.13 0.80 61.08 

9 0.27 0.10 0.87 55.79 

12 0.17 0.05 0.58 39.25 

43.6. Break - Even Prices and Break - Even Production 

Break-even prices and levels of production are those prices and quantities of 

production at which there is no profit and no loss. An estimate of the break-even prices 

and levels of production must consider all of the costs and the assumed yields. This 

measurement is important in determining which levels of production cannot repay the cost 

of production. A ^rmer would need either to sell at a higher than market price, or to 
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produce more to cover the cost of production break even. In this study, the following 

results were found: 

• Break - Even Prices (BEP) are defined as the total cost divided by the total 

quantity produced. All farm situations with fish densities of 12 fish/m^ had 

BEPs higher than the market price, $3.50. At a density of 6 fish/m', all farm 

situations produced BEPs lower than the market price, with the exception of 

those with ditch capacities of 366 m^. For example, a farmer who adopted a 

production system of 1 fish/m^ raised in a ditch of 366 m^ would have to sell 

his yield at $7.18/kg of fish to cover his total annual costs. However, a farmer 

raising 6 fish/m^ in a 2,925m^ ditch could sell his yield at a price well below the 

maiicet price, $2.64, and still be able to pay for his annual total costs (Table 

4.3). 

• Break-Even Production (BEPD) is defined as the total cost divided by the unit 

price of the output. All &rm situations with a ditch capacity of 366 m^ have 

BEPD higher than the quantity produced under current operation, as do most 

farm situations with fish densities of 12 fish/m^. At 6 fish/m^, at all ditch 

capacities BEPDs were lower than the quantity produced under current 

operation. The one exception was that with a 366 m^ ditch capacity, which 
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Table 4.3; Break-even price and Break-even production for tilapia raised in pulsed flow 
culture systems, Arizona, 1995. 

Ditch Capacity Fish Density Break-Even Break-Even 

#/m^ Price Production 

366.00 1 7.18 192.72 

366.00 3 5.60 254.25 

366.00 6 4.03 338.49 

366.00 9 4.69 424.84 

366.00 12 7.65 464.17 

731.00 1 4.45 238.87 

731.00 3 3.99 361.93 

731.00 6 3.16 530.42 

731.00 9 3.88 703.10 

731.00 12 6.44 781.74 

1097.00 1 3.63 291.91 

1097.00 3 3.50 476.92 

1097.00 6 2.90 730.05 

1097.00 9 3.64 989.52 

1097.00 12 6.08 1,106.87 

1462.00 1 3.52 377.57 

1462.00 3 3.44 624.24 

1462.00 6 2.86 961.74 

1462.00 9 3.61 1,307.70 

1462.00 12 6.03 1,464.16 
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Table 4.3: Break-even price and Break-even production for tilapia raised in pulsed flow 
culture systems, Arizona, 1995.- continued. 

Ditch Capacity Fish Density Break-Even Break-Even 

m #/ni' Price Production 

1828.00 1 3.17 424.56 

1828.00 3 3.23 732.91 

1828.00 6 2.75 1,154.78 

1828.00 9 3.51 1,587.24 

1828.00 12 5.88 1,782.82 

2194.00 1 3.16 508.15 

2194.00 3 3.23 878.16 

2194.00 6 2.75 1,384.41 

2194.00 9 3.50 1,903.35 

2194.00 12 5.87 2,138.04 

2559.00 1 2.97 556.74 

2559.00 3 3.11 988.41 

2559.00 6 2.69 1,579.04 

2559.00 9 3.45 2,184.48 

2559.00 12 5.79 2,458.28 

2925.00 1 2.81 603.74 

2925.00 3 3.02 1,097.09 

2925.00 6 2.64 1,772.09 

2925.00 9 3.40 2,464.03 

2925.00 12 5.72 2,776.95 
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had BEPDs higher than that yield. A farmer raising fish in a ditch of 2,925 m^ 

with stocking density of 6 fish/m' could produce a harvest of 578.38 kg, 

smaller than his current level of production and still remain able to pay his total 

annual costs. A former who chose to adopt a production system of 1 fish/m^, 

raised in a ditch with a capacity of366 m^, would need to produce at a level 

much higher than his current production, 98.84 kg, to cover his total annual 

costs (Table 4.3). 

4.3.7. Contribution Results 

Two k^ values firom the budget results were used to measure the value of 

contribution. These values were first proposed as a method of budget analysis by Berge 

(1979). Fixed costs are distinguished from variable costs throughout the analysis in 

Berge's method. These values are important in assisting the manager in determining how 

far his net income or profit can decrease before the farm begins to operate at a loss. The 

values used are; 

A) Degree of Contribution (DC), or return above variable cost in percentage of the gross 

returns, is calculated using the following formula: 

DC = (Returns above variable cost X 100)JGross Returns 

The highest DC found was 51 percent in farm situations with a fish density of 1 

fish/m^, at all ditch capacities (Table 4.4). 
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B) Security Profit (SP), the percentage that net income or profit can decrease before the 

farm begins to run at a loss, is calculated as follows: 

SP= Net Income X 100 / Gross Returns 

The highest SP, 25 percent, was found in a farm situation with a ditch capacity of 

2,925 m^, at a density of 6 fish/m^ (Table 4.5). 

Table 4.4; The degree of contribution for tilapia raised in pulsed flow irrigation ditch 
systems, Arizona, 1995. 

Fish Density Degree of Contribution 

Percent 

1 51 

3 32 

6 35 

9 12 

12 -50 

4.3.8. Sensitivity Analysis Of Varying Economic Conditions 

The combination of economic conditions that constitutes the base simulation of this 

study were discussed earlier in this chapter. These factors are in fact, a static 

description of a given situation. Further testing of the results of this budgeting analysis 

is 



Table 4.5: The security profit results for tilapia raised in pulsed flow irrigation 
ditch system, Arizona, 1995. 

Ditch Capacity Fish Density Security Profit 

#lm' Percent 

366.00 1 -105 

366.00 3 -60 

366.00 6 -15 

366.00 9 -34 

366.00 12 -119 

731.00 1 -27 

731.00 3 -14 

731.00 6 10 

731.00 9 -11 

731.00 12 -84 

1097.00 1 -4 

1097.00 3 0 

1097.00 6 17 

1097.00 9 -4 

1097.00 12 -74 

1462.00 1 -I 

1462.00 3 2 

1462.00 6 18 

1462.00 9 -3 

1462.00 12 -72 



Table 4.5: The security profit results for tilapia raised in pulsed flow irrigation 
ditch system, Arizona, 1995. - continued. 

Ditch Capacity Fish Density Security Profit 

m #/m' Percent 

1828.00 I 10 

1828.00 3 8 

1828.00 6 21 

1828.00 9 0 

1828.00 12 -68 

2194.00 1 10 

2194.00 3 8 

2194.00 6 21 

2194.00 9 0 

2194.00 12 -68 

2559.00 1 15 

2559.00 3 11 

2559.00 6 23 

2559.00 9 2 

2559.00 12 -65 

2925.00 1 20 

2925.00 3 14 

2925.00 6 25 

2925.00 9 3 

2925.00 12 -63 
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required, since the integration of tilapia production into cotton farming systems involves a 

degree of uncertainty and a variety of unexplored economic choices. This testing can be 

done by using sensitivity analysis. Sensitivity analysis is a procedure used to evaluate how 

the base results change in response to exogenous factors, and is performed by varying 

each key economic factor while holding all other factors constant. The impacts of the 

changes on the base simulation results are then compared. Such testing can allow a 

decision maker or farmer to examine the potential consequences of errors in projecting 

production or prices before irrevocable commitments are made. Considering previous 

studies on sensitivity analysis Variables used for sensitivity analysis were calculated as 

follows: 

1. Feed and fingerling prices, reduced and increased by 10 and 20 percent of the 

initial price employed in the study. 

2. The fish unit market price, reduced and increased by 10 and 20 percent of the 

initial price employed in the study. 

3. The annual total costs and total cost per kilogram of harvested tilapia recalculated 

after each price level change. 

The net income and net income per kilogram of harvested tilapia was recalculated 

after each price level change. 
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4.3.8.1. Cost Sensitivity 

At an average, feed and fingeriing costs comprise 66 percent of total annual costs 

for all farm situations (Appendix A, Table 15). The number of fingerlings and quantity of 

feed used is a determining factor in the initial stocking rate. Sensitivity analysis was 

therefore performed, in order to determine the effect of selected changes in these two 

variables. 

The price of feed was set at $0.40/kg and the price of fingerlings at $0.20 each for 

the purpose of analysis. Further analysis was done at prices 10 and 20 percent above and 

below these base prices to measure the sensitivity of production costs and net returns to 

changes in the prices of these inputs (Appendix A, Table 16-A & B and Table 17-A & B). 

Generally, when prices of other inputs are constant, each 10 percent change in feed prices 

resulted in a 2 percent change in total cost per kilogram of harvested tilapia (Table 4.6-A). 

A corresponding change in fingeriing prices resulted on average in a 7 percent change in 

total cost per kilogram of harvested tilapia (Table 4.6-A). Changes of this magnitude tend 

to verify the significance of feed and fingeriing costs. Data in Tables 4.6- B and 4.7-B 

show the effects of variation in feed and fingeriing costs expressed as change in net 

income per kilogram of harvested tilapia. For example, a 10 percent reduction in feed and 

fingeriing costs increased net income per kilogram of harvested tilapia by 20 and 22 

percent, respectively. In fact, net income changed from negative to positive at the same 
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Stocking densities as a result of this 10 percent reduction in feed and fingerlings costs. 

The influence of these two inputs on total costs and net income must be considered in any 

attempts to increase efBciency of production and reduce costs as well as maximize profit. 

Table 4.6-a; Annual total cost per kilogram of tilapia raised in irrigation pulsed flow 
ditch system at differing feed prices, Arizona, 1995. 

Fish TC/kg TC/kg TC/kg TC/kg TC/kg 

Density S0.40/kg S0.32/kg S0.36/kg S0.44/kg $0.48/kg 

#W Base Price -20% -10% +10% +20% 

1 3.86 3.72 3.79 3.94 4.00 

3 1.21 1.16 1.19 1.24 1.27 

6 0.50 0.47 0.49 0.51 0.52 

9 0.41 0.39 0.40 0.42 0.43 

12 0.52 0.31 0.51 0.52 0.53 
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Table 4.6-b; Annual net income per kilogram of tilapia raised in pulsed flow 
irrigation ditch system at differing feed prices, Arizona, 199S. 

Fish Density Nl/ks M/ke Nl/kg Nl/kg Nl/kg 

#/m^ S0.40/ks $0J2/ke $0.36/kg S0.44/ke S0.48/kg 

Base Price -20% -10% +10% +20% 

I (0.36) (0.22) (0.29) (0.43) (0.50) 

3 (0.05) 0.01 (0.02) (0.07) (0-10) 

6 0.09 0.11 O.IO 0.08 0.07 

9 (0.02) (0.01) (0.01) (0.03) (0.04) 

12 (0.22) (0.21) (0.22) (0.23) (0.24) 

Table 4.7-a: Annual total cost per kilogram of tilapia raised in pulsed flow 
irrigation ditch system at differing fingerling prices, Arizona, 1995. 

Fish Density TC/kg TC/kg TC/kg TC/kg TC/kg 

S0.20 each S0.16 each S0.18 each $0.22 each S0.24 each 

Base Price -20% -10% +20% +10% 

I 3.86 3.70 3.78 3.94 4.02 

3 1.21 1.12 1.17 1.26 1.31 

6 0.50 0.44 0.47 0.52 0.55 

9 0.41 0.36 0.39 0.44 0.46 

12 0.52 0.44 0.48 0.55 0.59 
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Table 4.7-b: Annual net income per kilogram of tilapia raised in pulsed flow 
irrigation ditch system at differing fingerling prices, Arizona, 1995. 

Fish Density Nl/kg Nl/ke Nl/kg Nl/kg Nl/ke 

Ulm^ S0.20 each S0.16 each S0.18 each $0.22 each $0.24 each 

Base Price -20% -10% +10% +20% 

1 (0.36) (0.13) (0.28) (0.44) (0.52) 

3 (0.05) 0.07 0.002 (0.10) (0.14) 

6 0.09 0.15 0.11 0.06 0.04 

9 (0.02) 0.03 0.001 (0.05) (0.07) 

12 (0.22) (0.15) (0.19) (0.26) (0.30) 

4.3.8.2. Sensitivity of Output price 

Sensitivity analysis was also performed by varying of fish prices to levels of 10 and 

20 percent above and below the base price, $3.50 (Appendix A, Table 18). This scenario 

examined changes in net income per kilogram of harvested tilapia in response to an 

exogenous increase in tilapia prices. Results are presented in Table 4.9. Concern here 

focused on the extent the net income increased or decreased. 
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Each 10 percent change of tilapia prices resulted on average in a $0.04 change in 

net income per kilogram of harvested tilapia, 30 percent (Table 4.8). These changes in net 

returns are important, particularly where they result in a negative net farm income. For 

instance, in all farm situations with ditch capacities lower than 2,559 m^, at all densities 

except 6 fish/m^, net income changed from negative to positive as a result of 10 percent 

reduction of a market price. 

Table 4.8; Annual net income per kilogram of tilapia raised in pulsed flow 
irrigation ditch system at differing fish prices, Arizona, 1995. 

Fish Nl/ks Nl/kg Nl/ks Nl/kg Nl/kg 

Density $3.S0/kg S2.80/kg $3.15/k S3.85/kg S4.2/kg 

Ulm' Base Price (20»/. less) (10% less) (10% more) (20% more) 

1 (0.36) (1.06) (0.71) (0.01) 0.34 

3 (0.05) (0.28) (0.16) 0.07 0.19 

6 0.09 (0.03) 0.03 0.15 0.20 

9 (0.02) (0.10) (0.06) 0.02 0.05 

12 (0.22) (0.27) (0.25) (0.19) (0.17) 
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V. STATISTICAL RESULTS AND DISCUSSION 

5.1. Framework of the Statistical Analysis 

Once again, the primary objective of this study was to analyze the economic 

feasibility of integrating agriculture with aquaculture farming in Arizona. In addition, an 

attempt was made to use statistical techniques to explain the relationship among differing 

production factors, and to discover which of them significantly affect the economic 

feasibility of introducing the raising of tilapia in irrigation ditches into the cotton 

production system in Arizona. These production factors are; 

1. Eight ditch capacities (Di - Dg) 

2. Five fish stocking densities (Fi - Fs) 

3. Quantity of feed offered 

4. Labor hours allocated 

Data on fish production under differing farm situations are summarized in 

Appendix B-Table 1. D'Silva and Maughan (1996) tested fish densities of 1, 3, 6, 9, and 

12 fish/m^ for biological feasibility. These results showed that fish raised at densities of 3, 

6, and 9 fish/m^ grew at the same rate. However, these fish weighed less than fish raised 
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at a density of 1 fish/m^, and significantly more than those raised at 12 fish/m^. Therefore, 

there is an inverse correlation between fish density and harvest weight. Increasing density 

above 9 fish/m^ resulted in sharp decreases in average length, weight, and percentage of 

harvestable sized fish. These results are probably due to the low water quality at high fish 

densities. 

5.2. The Results of the Statistical Models 

The relationships of alternative representations of explanatory variables to output 

were tested. Estimated coefBcients, expected signs, standard errors, and significance are 

reported in linear, quadratic and Cobb-Douglas statistical model summaries for yield in 

different farm situations, as explained in Chapter 2 and shown in Appendix B - Tables I, 2 

and 3. 

5.2.1. Linear Functional Form 

The linear functional form was estimated to indicate significant constant marginal 

product relationships between the explanatory variables and output or yield (Appendix B, 

Table 1). Three linear equations with alternative variables were examined in Table 5.1. 

Variables reported in Equation One were found to be most appropriate and are discussed 

below. 
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Table S. 1: Linear model summaries of alternative inputs, yield for tilapia 
production in pulsed flow culture systems, Arizona, 1995. 

INPUTS EXPECTED ESTIMATE STANDARD 

SIGN ERROR 

EQUATION I 
Intercept 127.75 189.17 

R' = 0.80 X, + 0.24 0.11» 
X2 + n.s. 
X3 + 0.17 0.05» 

EOUAJTON2 
Intercept -171.39 144.40 

If = 0.87 X2 + n.s. 
Xj + n.s. 
X4 + 57.08 10.87* 

EQUATIONS 

B^ = 0.99 
Intercept 67.64 75.33 

B^ = 0.99 X, + -1.15 0.10* 
X2 + n.s. 
Xj + -0.27 0.04* 
X4 + 185.66 13.37* 

* Significant at the O.OS level. 

Y = Yield in kilograms per cubic meter of ditch. 

Xi = Ditch capacity in cubic meter. 

X2 = Fingerlings stocked per cubic meter of ditch 

X3 = Feed in kilograms per cubic meter of ditch. 

X4 = Labor in hours per cubic meter of ditch. 
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Although the second equation had a coefiBcient of determination of 0.87, only one 

variable was statistically significant, labor (X4). Fish density and feed (X2 and X3) were 

not significant. The significant positive coefBcient for labor (X4) indicated that, holding 

other inputs constant, each additional hour of labor per farm situation was associated with 

more than 57 kg of increased yield. 

The third linear equation included variables for ditch capacity, fish density, feed 

and labor (Xi, X2 ,X3 and X4). All independent variables in that equation were significant 

except fish density (X2). However, three of four signs were unexpected. The equation 

had an value of 0.99, and thus predicted increasing production for increasing labor 

(X4), and decreasing production for increasing fish density, ditch capacity, and feed. 

Selected representative variables included in the linear equation were ditch 

capacity (Xi), fingerlings stocked per cubic m (X2), and feed offered (X3), Table 5.2. The 

equation is significant, with an equaling 0.80. All variables were significant (P<0.05) 

with coefBcients of the expected sign, with the exception of fingerlings stocked per cubic 

m (X2), which was negative. 

CoeflBcients in the linear form are marginal products of the variables. For every 

additional kg of feed offered to fish, other inputs held constant, yield would increase by 

0.17 kg in each farm situation. Likewise, the equation indicated that 



Table 5.2: Estimated production function (linear) for tilapia production in 
pulsed flow culture systems, Arizona, 1995. 

Inputs X, Xj X3 

Intercept = 127.75 

Prod. Coefficient. 0.24* n.s. 0.17* 

t-value 2.15 3.70 

Standard Error 0.11 0.05 

Significant level 0.038 0.0007 

F-value = 47.08 

= 0.80 

* Significant at the O.OS level. 

Y = Yield in kilograms per cubic meter of ditch. 

Xi = Ditch capacity in cubic meter. 

X2 = Fingerlings stocked per cubic meter of ditch, 

X3 = Feed in kilograms per cubic meter of ditch. 
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for an additional cubic m of ditch capacity per &rm situation, other inputs held constant, 

yield would increase by 0.24 kg per farm situation. However, fingerlings stocked per 

cubic m (X2) was not significant in explaining output variation. This variable also has an 

unexpected negative coefiBcient which indicated that increased fish density was associated 

with lower production. This result could be due to the inverse correlation between fish 

density and harvested weight. The percentage of harvestable fish (more than 200 g) varied 

fi-om 30 to 100 percent, or 100, 68.6, 65.7, 50.7 and 30.2 percent at stocking densities of 

1, 3, 6, 9 and 12 fish/m', respectively. Table 2.1. 

Collinearity existed between labor (X4) and other production variables. This 

significant correlation, shown in Appendix B, Table 1, indicated that increased fish density 

was associated with increased labor. Labor was directly related to ditch capacity, fish 

density, and feed, but other than that labor did not significantly increase or decrease yields 

directly. Labor was a complementary input. As ditch capacity increases, more labor will 

be expended to clean and maintain the ditch. Change in fish density QCa) means labor (X4) 

must also change. As fish density increases more labor is needed to monitor the fish and 

the quality of the water. Feeding the fish will also require more labor. 

Economic theory suggests that eventually, total product decreases with increased 

input use. However, the constant marginal products exhibited in linear fijnctions run 

counter to biological principles and the law of diminishing returns as explained earlier in 
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chapter four. In biological systems output should eventually decrease with increasing 

inpiit as limiting conditions are reached. A quadratic analysis was also required for this 

study. 

5.2.2. Quadratic Functional Form 

The quadratic functional form was estimated to indicate significant curvilinear 

relationships between the explanatory variables and output or yield (Appendbc B, Table 2). 

Four quadratic equations, with alternative specifications, were examined in Table 5.3. 

Variables reported in Equation Three were found to be most appropriate, and are 

discussed below. 

Equations one and four had a coefiBcient of determination of 0.99, and equation 

two had a coefiBcient of determination of 0.94. Some independent variables included in 

these equations were not significant (P > 0.05), for example, ditch capacity and feed in 

equation one and four. In addition, feed, ditch capacity and their square form in equation 

two were not significant, as well as the square form of labor in all equations (P> 0.05). A 

possible reason for this is that the ditch capacity variable can have a positive linear 

relationship vith respect to the yield. Fish stocking density demonstrated a relatively high 

standard error in all equations, a possible reason being multicollinearity between the fish 

stocking density and labor. For example, the drop of one variable fi'om the equation will 

affect the 
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Table S.3; Quadratic model summaries of alternative inputs, yield for 
tilapia production in pulsed flow culture systems, Arizona, 199S. 

INPUTS EXPECTED 
SIGN 

ESTIMATE STA>IDARD 
ERROR 

EQUATION 1 

= 0.99 

Intcfoqit 
X, 
X,' 
X, 
X,' 
Xi 
X,' 
X. 
X,' 

-156.16 
ILS 

0.0001 
91.73 
-7.61 

OS. 

0.00002 
45.67 
1J6 

52.26 

0.00003* 
13.55' 
O.SO* 

0.000002* 
12.66* 
0.18* 

EOUATION2 

= 0.94 

Intercept 
X, 
X.' 
Xi 
X,' 
X, 
X,' 

-294.20 
OS 

197.00 
-17.09 

0.27 

210.41 

52J0* 
2.92* 
0.09* 

EQUATIONS 

R? = 0.98 

EQUATION 4 

= 0.99 

Intercept 
X, 
X,' 
X, 
X,' 
X, 
X,' 

Intercept 
X, 
X,' 
X, 
X,' 
X4 
X4' 

-162.71 
144.47 
-11.73 

0.20 
-0.00002 

OS 

1.09 

-0J3 
ILI 

-0.0002 
as 

-0,00002 
52.86 
1.85 

97 J1 
26.80* 
1.67* 
0.06* 

0.0001* 

0.23* 

53.76 

0.00004* 

0.00004* 
25.45* 
0J5» 

* Significant at the 0.05 level. 

Y = Yield in kilograms per cubic meter of ditch. 

X] = Ditch capacity in cubic meter. 

X2. Fingerlings stocked per cubic meter of ditch. 

X3 = Feed in kilograms per cubic meter of ditch. 

X4 = Labor in hours per cubic meter of ditch. 



Table 5.4: Estimated production function (quadratic) for tilapia 
production in pulsed flow culture systems, Arizona, 1995. 

Inputs X, X2^ Xj xs* X4 X4^ 

Intercept = -162.71 

Prod. Coefficient. 144.47 -11.73 0.20 -0.00002 n.s. 1.09 

t-value 5.39« -7.02* 3.18* -4.26* 4.84» 

Standard Error 26.80 1.67 0.06 0.23 

0.00001 

Significant level 0.00001 0.00003 0.00001 0.00 

0.00005 

F-value = 292.07 

= 0.98 

* Significant at the O.OS level. 

Y = Yield in kilograms per cubic meter of ditch. 

X2 = Fingeiiings stocked per cubic meter of ditch. 

X3 = Feed in kilograms per cubic meter of ditch. 

X4 = Labor in hours per cubic meter of ditch. 
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coefiBcients of fish stocking density and labor. The fish stocking density coefiScient rises 

by 200 percent, and the labor coefiBcient drops by 300 percent, in equations one, two and 

four. Change in the coefficient signs for fish density (X2), feed (X3) and labor (X4) 

indicated decreasing returns to scale. 

The coefficient of determination for equations three was 0.89. Only one 

independent variable, X4 Oabor), was not significant (P > 0.05), (Table 5.4). Change in 

the coefficient sign for fish stocking density (X2) and feed offered PC3) indicated 

decreasing returns. Decreasing returns mean that as quantities of these inputs increase the 

yield will increase up to certain point then yield will decrease as excessive quantities of 

these input added. Labor's squared term was significant with no change in its sign, 

indicating increasing returns. 

5.2.3. Cobb- Douglas Functional Form 

The Cobb-Douglas (C-D) fiinctional form was selected to estimate the diminishing 

returns to inputs which could not be properly estimated fi"om fixed marginal products. 

The Cobb-Douglas (C-D) model with all alternative specifications of variables is examined 

in Appendbc B, Table 3. Individual equations for each variable showed the following 

results: 

1. The ditch capacity coefficient exhibited a constant return to scale. Hence, a doubling 
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of the ditch capacity would result in a doubling of output or fish yield. Con.stant 

returns to scale are a characteristic of the linear form of the relationship between 

dependent and independent variables. 

2. The fish density coeflBcient indicated a decreasing return to scale. Therefore, a 10 

percent increase in fish density would result in only a 4.40 percent increase in fish 

production. 

3. The feed coeflBcient indicated a decreasing return to scale. Thus, a 10 percent increase 

in feed oflfered to the fish would result in a 7.20 percent increase in yield. 

4. The labor coeflBcient showed an increasing return to scale. An increase of 10 percent 

for labor hours allocated to fish production would increase yield by 11 percent. 

Three Cobb-Douglas (C-D) equations with alternative specifications are examined 

in Table 5,5. Variables in Equation One are found to be most appropriate and are 

discussed below. Although all equations present coeflBcients of determination of 0.94, no 

independent variables included in these equations were significant, with the exception of 

labor (X4), at (P > 0.05). Ditch capacity, fish stocking density and feed were not 

significant in explaining output variation. A possible reason was multicollinearity between 

variables. The first equation had a statistically significant value of 0.94 (Table 5.6), 

indicating that inputs in the equation explained 94 percent of the variation in output. The 
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Table 5.5: Cobb-Douglas model summaries of alternative inputs, yield for 
tilapia production in pulsed flow culture systems, Arizona, 1995. 

INPUTS EXPECTED ESTIMATE STANDARD 
SIGN ERROR 

EQUATION 1 Inteicq)t 4.16 2.11 
X, + ILS. 

If - 0.94 X2 + n.s. 
Xj + n.s. 
x« + 1.08 0.43* 

EOUATION2 Intercept 3.10 1.24 
X2 + n.s. 

if « 0.94 X3 + n.s. 
X4 + 0.90 0.31* 

EQUATIONS Intercept -3.99 1.91 
X, + n.s. 

If - 0.94 X3 + n.s. 
X4 + 1.06 0.41* 

* Significant at the O.OS leveL 

Y = Yield in kilograms per cubic meter of ditch. 

Xi = Ditch capacity in cubic meter. 

X2 = Fingerlings stocked per cubic meter of ditch. 

X3 = Feed in kilogram per cubic meter of ditch. 

X4 = Labor in hours per cubic meter of ditch. 



Table 5.6; Estimated production function (Cobb-Douglas) for tilapia 
production in pulsed flow culture systems, Arizona, 1995. 

Inputs X, X3 X4 

Intercept = 3.99 

Prod. Coefficient. n.s n.s 1.06* 

t-value -0.87 1.50 2.58 

Standard Error 0.30 0.13 0.41 

Significant level 0.39 0.14 0.01 

F-value = 178.76 

= 0.94 

* Significant at the 0.05 level. 

Y = Yield in kilograms per cubic meter of ditch. 

Xi = Ditch capacity in cubic meters. 

X3 = Feed in kilograms per cubic meter of ditch. 

X4 = Labor in hours per cubic meter of ditch. 
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sum of the C-D function coefiBcients in Equation One was 0.92, indicating decreasing 

returns to scale. Hence, a 10 percent increase in inputs would result in a 9.2 percent 

increase in output. 

5.3. Economic Optima 

A production function can be used to determine if inputs are being used at their 

optimum levels. Examples of such a determination can be shown using variables such as 

ditch capacity, fish stocking density, feed offered, and input and output prices. 

A simple demonstration which showed that added benefits or value of the marginal 

product (VMP) exceeded added costs or input price was used to show the potential for 

increased profits to the farmer. The estimated representative model was a quadratic 

production function (Table 5.7): 

Y = -294.20 -K).04Xi + 0.0001 Xi^ + 197.00X2 - 17.09 X2^ + 0.27 X3 - 0.00001 Xa^ 

Therefore, using the model, with a feed price of $0.40/kg, benefits and costs can be 

compared by calculating the partial derivatives with respect to X3, to determine the 

marginal product of X3. 



I l l  

VMPx3 = (0.0.27)($3.50) = price of X3 

$0.95 > $0.40 

The functional form indicates added benefit fi'om feeding exceeds added cost. 

Farmers can increase profits by offering more feed as long as the value of benefits fi-om 

additional feed exceeds costs. This analysis can be used to determine at what price 

additional feed would no longer benefit the farmer. Feed prices at $ 0.95/kg would 

optimize returns under present conditions. Thus, the production coefBcients estimated in 

this study indicate that profits can be increased through additional use of feed. 

Using a similar analysis for fish stocking density, where its value is $0.20. 

dr/dx2 = MPX2 = 223.32 - 36.72 Xj 

The first-order condition for maximum profit is 

VMPx2 = PY MPX2 = PX2 =0 

$3.50 (223.32 - 36.72 X2) = $0.20 

Solving for X2, this study was restricted by biologically feasible stocking fish densities (1, 

3, 6, 9 and 12 fish/m^), we get 

X2 = 6.08014. 

Using the above VMPxz equation and substituting X2 with its value 
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$3.50 [223.32 - (36.72 )(6.08014)] = $0.20 

$0.20 = $0.20 

Production function analyses were examined utilizing the last estimated model to 

test the other biologically feasible stocking fish densities (1, 3, 6, 9 and 12 fish/m^). 

Stocking densities of 1 and 3 fish/m^ were shown to under-utilize production resources, 

forming Stage I of the production function, that range of input quantities for which MP is 

greater than AP. AP is increasing throughout Stage I, indicating that the efficiency of the 

variable input is increasing. At this stage, it is rational for the farmer to keep increasing 

input, since total product (TP) is increasing at an increasing rate. With the application of 

the prices for input and output, VMP was found to be greater than the price of fingeriings 

as shown below. 

$3.50 [223.32 - (36.72 )(1)] = $0.20 

$653.10 >$0.20 

$3.50 [223.32 - (36.72 )(3)] = $0.20 

$396.06 > $0.20 

The model was also tested for stocking densities of 9 and 12 fish per cubic m. At 

these densities a negative value of MP was produced, thus exhibiting Stage m of the 

production function, that stage occurring when excessive quantities of the variable input 

are combined with the fixed input, and total output begins to decrease. At this stiige, it is 
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not profitable to perform an increase of inputs that would decrease TP. By the application 

of the prices for input and output, VMP was found to be lower than the price of 

fingerlings as shown below. 

$3.50 [223.32 - (36.72 )(9)] = $0.20 

$-375.06 < $0.20 

$3.50 [223.32 - (36.72 )(12)] = $0.20 

$-760.62 < $0.20 

Stage n of the production function, that point at which MP equals AP, was found 

to occur at a stocking density of 6 fish/m'. This second stage is important, as the most 

profitable use of the variable inputs lies in this stage, the point at which the physical 

efiBciency of the variable input and the efiBciency of the fixed input reach a maximum. This 

is the region for rational decision making under the production fiinction. Also, with the 

application of the prices for input and output, VMP was found to equal the price of 

fingerlings, and profits were maximized at this fish stocking density, as shown earlier. 

Therefore, production fiinctions showed the eflfects of each production variable on 

output. Stocking densities less than 6 fish/m' resulted in a significant positive difference 

between VMP and the price of fingerlings (VMP > Pxi)- However, stocking densities of 

more than 6 fish/m^ resulted in a significant negative difference between VMP and the 

price of fingerlings (VMP < P X2). 
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Table 5.7: Selected representative production function model (quadratic) for tilapia 
production in pulsed flow culture systems, Arizona, 1995. 

Inputs X, X,» X, Xs X3* 

Intercept = -294.20 

Prod. Coefllcient. n.s a.s 197.(X)» 0.27» n.s 

17.09* 

t-value 3.77 -5.85 2.91 

Standard Error 52.30 2.92 0.09 

Significant level 0.00002 0.00001 0.01 

F-value = 92.55 

= 0.94 

* Significant at the O.OS level. 

Y = Yield in kilograms per cubic m of ditch. 

Xi = Ditch capacity in cubic ms. 

X2 = Fingeriings stocked per cubic m of ditch. 

X3 = Feed in kilograms per cubic m of ditch. 



115 

VI. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE RESEARCH 

6.1. Summary 

This study explored and investigated the economic feasibility of introducing fish 

culture into traditional farming systems. Since farmers face increasing costs for irrigation 

water, multiple uses of water will increase farmers' income. A basic assumption of this 

study was that fish production is an auxiliary enterprise which complements row crop 

production. 

The fish used in this study, tilapia, have proven to be biologically suitable for 

irrigation ditch culture (pulsed-flow culture system). To determine the most economically 

efiBcient production system, production scenarios for this study included five fish stocking 

densities and eight different ditch capacities. Fish stocidng densities are derived fi'om 

research done at the University of Arizona Marana Agricultural Center by D'Silva and 

Maughan (1996). Tilapia fingerlings had initial lengths of 138.8 mm and weights of 

57.4 g. This size is required under the model's assumption of a harvest weight of 200 g, 

with a culture period of 112 days. 
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The synthetic finn budgeting (economic engineering) procedure was utilized for 

partial budget analysis and statistical analysis. Annual cost and return values were 

developed for the different production scenarios for the period of May to August (the fish 

growing season). The representative farm adopted in this study is a cotton farm described 

in Arizona Field Crop Budgets (1995). The representative farm has an area of 405 ha 

irrigated with three ditches with total a length of 9,510 m. It is assumed that all water is 

received fi'om irrigation districts. The only adjustment for the farmer to make is to keep 

water in the ditches at all times. Water as a production variable for fish production was 

thus calculated only for the additional quantity required. There is no additional investment 

cost for ditch construction, as they already exist and are used to irrigate the cotton crop. 

Benefit cost ratios, efBciency of input-output, break-even prices and quantities, 

contribution to production cost and profit, and sensitivity analysis were estimated for each 

production system. The input-output coefficient relationships, or production function 

analysis, was estimated using statistical techniques. These coefficients were calculated for 

fish raised in pulsed flow culture systems to evaluate the effect of variation in the factors 

of production on the economic optimization of input use. 

The three production function forms examined were linear, quadratic and Cobb-

Douglas. A measure of the goodness of fit of the model to the data was obtained, as well 

as the coefficient of determination (R^), the F-value and the t-values. Economic optima 
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were calculated to estimate the production flmction by comparing the added benefits of 

input use to the added cost. 

6.1.1. Summary of the Results of Budget Analysis 

The costs and returns estimated for tilapia raised in an irrigation ditch system in 

central Arizona showed meager economic performance for lower fish stocking densities. 

Estimated annual costs decreased significantly on a per kilogram basis of harvested fish as 

ditch capacity increased and as fish stocking densities increased up to 9 fish/m^ , when 

they began to increase again. Annual total costs per kilogram of harvested tilapia ranged 

fi-om $7.18/kg at a stocking density of 1 fish/m' and 366 m^ of ditch capacity to $0.38/kg 

at 9 fish/m^ and 2,925 m^ of ditch capacity. There is an inverse relationship between ditch 

capacity and fixed cost. As ditch capacity increases, fixed costs per kilogram of harvested 

fish decrease. 

While ditch capacity has no significant effect on the variable cost, the effect of fish 

density on the variable cost is readily apparent. For instance, I kg of fish had a variable 

cost of $0. 34 at a stocking density of 9 fish/m^, and $1.73 at a density of 1 fish/m^. 

Ultimately, the lowest total cost per kilogram of fish was at stocking densities of 

nine and 12 fish/m', and ditch capacities of 2,559 m^ and 2,925 m^. A fish stocking 
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density of 1 fish/m^ and a ditch capacity of366 demonstrated the highest total cost per 

kilogram of fish harvested. 

The highest profits under both criteria, return above variable income and return to 

management and risk, were found at a fish density of 6 fish/m^ and a ditch capacity of 

2,925 m^. Lowest net income was also found at this ditch capacity, at a fish stocking 

density of 12 fish/m^. 

The results obtained for the cost and the profit analysis can be summarized by 

saying that fish stocking density of 6 fish/m^ provided maximum profits, and 12 fish/m^ 

stocking density minimized costs. These contradictory results are due to the fact that at 

stocking densities of 12 fish/m^ only 30 percent of the fish had attained the marketable size 

(200 g or more) at harvest time, while 66 percent of the fish at a stocking density of 6 

fish/m^ reached that size. Since minimum costs can be obtained at the highest fish 

stocking density, increasing harvestable yields at this density might improve profits. 

Another criterion of budget analysis is the rate of return. The highest rate of 

return was found at a fish stocking density of 6 fish/m', in a 2,925 m^ capacity ditch. 

Farmers using a fish stocking density of 6 fish/m^ and a ditch capacity of 2,925 m^ could 

sell their fish at a price ($2.64) well below the market price of $3.50, and still cover their 

annual total costs. In addition, under current operation systems, they could face the risk 



119 

of lower yield up to 578 kg and still meet their annual total costs 

Feed and fingerlings accounted for 19 and 47 percent of total costs respectively, 

with most other components accounting for four percent or less of total costs. In general, 

a 10 percent change in the price of feed ceteris paribus, resulted in a $0.03 change in total 

cost per kilogram of output, and a 10 percent change in the price of fingerling resulted in 

$0.04 change in total cost per kilogram of output. However, a 10 percent change in the 

product price resulted in a $0.12 change in net income or profit per kilogram of output. 

An analysis of the efiBciency of the inputs used demonstrated that the highest 

productivity for feed and fingerlings was at lower fish stocking densities. An explanation 

might be that since the fish were less crowded at these densities, they experienced better 

water quality and therefore lower feed conversion ratios. The highest value for water 

eflBciency, however, appeared at a stocking density of 9 fish/m^, which suggests that farm 

situations stocked at lower densities under-utilized water, while those above 9 fish/m^ 

caused low water quality. Labor exhibited the highest eflSciency at 6 fish/m^. Lower fish 

densities can result in an ine£5cient use of labor hours, while more intense use of labor is 

required at higher densities. Although only 66 and 51 percent of the fish at stocking 

densities of 6 and 9 fish/m^ reached harvestable size, these densities, however, attained the 

highest yield. Therefore, the farmer working with a density of 6 fish/m' in a 2,925 m^ 

ditch can accommodate a drop in net income of 25 percent before he begins to operate at 

a loss. 
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6.1.2. Summaiy of the Results of Statistical Analysis 

A production function analysis of tilapia output in Arizona has never before been 

undertaken. The application of a production function analysis to tilapia production in 

irrigation ditches demonstrated the possible outcomes of improved economic efficiency. 

Multiple regression analysis was used to find the model best able to explain or predict the 

value of the yield, based on ditch capacity, fish density, feed, and labor predictors. Input 

variables were predetermined based on economic theory and knowledge of tilapia 

production in Arizona. Alternative forms of relevant variables were also examined for 

inclusion in the model. The appropriate functional form was specified and statistically 

tested (P = 0.05). 

6.1.2.1. Linear, Quadratic and Cobb-Douglas Models 

Three forms of production function were tested; linear, quadratic and Cobb-

Douglas (C-D). The most appropriate linear model was determined to include these 

production variables; Ditch capacity (Xi), fish stocking density (X2), and feed ofifered 

(X3). The model is highly significant, with an equaling 0.80. All variables were 

significant (P < 0.05), with coefficients of the expected sign, with the exception of the 

number of fingerlings stocked per cubic m (X2), which was negative. 
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The quadratic model was used to indicate significant curvilinear relationships 

between the explanatory variables and output. The coefficient of determination for the 

most appropriate quadratic model was 0.89. Only one explanatory variable, X4 Gabor), 

was not significant (P > 0.05). Change in the coefficient sign for fish stocking density 

(X2), and feed offered (X3), indicated decreasing returns to scale. Labor's squared term 

was significant with no change in its sign, indicating increasing returns to scale. 

The C-D functional form was finally used to estimate the diminishing returns to 

inputs to be expected which could not be properly estimated fi'om fixed marginal products. 

The selected model included these production variables; ditch capacity (Xi), feed (X3), 

and labor(X4). This model had a statistically significant value of 0.94, indicating that 

inputs in the model explained ninety-four percent of the variation in output. The F value 

was also significant. The sum of the C-D function coefficients in this model was 0.92, 

indicating decreasing returns to scale. Hence, a 10 percent increase in inputs would result 

in a 9.2 percent increase in output. 

6.1.2.2. Economic Optima 

Economic optimization of input use was tested using input-output prices. The 
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value of the marginal product was compared to input price. Added benefits or value of 

marginal product (VMP) exceeding added cost or input price was used to show the 

potential for increased profits to the &rmer. A comparison is made using the following 

quadratic production function model; 

Y = -294.20 +0.04X1 + 0.00005 Xi^ + 197.00X2 - 17.09 + 0.27 X3 - 0.00 Xa^ 

The functional forms indicate added benefit fi'om feeding exceeds added cost. 

Farmers can increase profits by offering more feed as long as the value of benefits fi-om 

additional feed exceeds costs (feed price is $0.40). This analysis was also used to 

determine at what price additional feed would no longer benefit the fanner. Feed prices at 

$0.95 /kg would optimize returns under present conditions (the highest feed price that can 

be accepted by the farmers). Thus, the production coefficients estimated in this study 

indicate that profits can be increased through additional use of feed. 

A similar analysis was used for fish stocking density, where its value is $0.20. 

Obviously, at a stocking density of 6 fish/m^, with the application of the price for input and 

output, VMP was found to equal the price of fingeriings. Profit was maximized at this fish 

stocking density as well (Stage n of the production function). Stage n is the region for 

rational decision making under the production function, as the most profitable use of the 

variable inputs lies in this stage. 
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Production function analyses were examined to test the other biologically feasible 

fish stocking densities (1, 3, 9 and 12 fish/m^). With the application of the prices for input 

and output, VMP was found to be greater than the price of fingerlings at stocking 

densities of one and 3 fish/m^. This result indicated that the eflBciency of the variable input 

was increasing (Stage I of the production function). At this stage, it is rational for the 

farmer to keep increasing input, since total product (TP) is increasing at an increasing rate. 

Conversely, for stocking densities of 9 and 12 fish/m^, VMP was found to be lower than 

price of fingerlings (Stage m of the production function). This stage occurs when 

excessive quantities of the variable input are combined with the fixed input, and total 

output begins to decrease. At this stage it is not profitable to increase of inputs so as to 

decrease TP. 

<L2. CONCLUSIONS 

Stocking density has a significant effect on the costs and profits of production. 

Raising tilapia in the irrigation ditch system in cotton farms in central Arizona was found 

to be feasible at a stocking density of 6 fish/m^ at a 366 m^ ditch capacity. 

Fish stocking densities of six and 9 fish/m^, and a ditch capacity of 2,925 m^, 

appear to provide the optimal production scenario, if the percentage of fish reaching 

harvestable size can be improved to at least eighty percent. This density has been proven 
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to require minimum production costs and to provide the most efficient use of resources. 

Production functions estimated in this study indicate that profits can be increased 

through additional use of feed. Furthermore, production fiinctions showed the effects of 

each variable at stocking densities lower than 6 fish/m^, as opposed to stocking those 

greater than 6 fish/m^. Stocking densities less than 6 fish/m^ resulted in a significant 

positive difference between VMP and the price of fingerlings (VMP > Pxi)- However, 

stocking densities of more than 6 fish/m^ resulted in a significant negative difference 

between VMP and price of fingerlings (VMP < Px2)-

The implication of the findings of this study are that a density of 6 fish/m^, using all 

the ditch capacity, provides the optimal economic results. Using this optimum fish 

production scenario would increase the net income by only 7 percent or $ 6,073, which is 

an insignificant amount on a typical irrigated cotton fiirm, which is 405 ha, in central 

Arizona. Studies to improve the percentage of fish reaching maricetable size at this density 

are critical. Increasing the initial size of the fingerlings could improve the percentage of 

fish reaching marketable size'^. 

Finally, carefijl interpretation of the results requires consideration of the specific 

nature of the data used to develop the budget and the production relationship, as well as 

the marginal aiuilysis. This study presents a means of analyzing the production of tilapia 

There was an unpublished study done in 199S by Dr. Aecio D'Silva using tilapia fingerlings with an 
initial weight of 139 g and initial lengths of I6S mm stodced at 6 Gsb/va?. The study showed that 98.5 
percent of the fish reached marketable size in 100 d  ̂with 85.8 percent survival at harvest These 
results compare with a 66 percent marketable size and a 24.8 percent monali  ̂rate for optimum 
production scenario in this study. 
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raised in pulsed flow culture systems in order to assess its economic feasibility and optimal 

levels of input use. Although this study focused on tilapia raised in the pulsed flow culture 

systems, the method could be applied to other aquacultural situations integrated with 

agricultural farming systems. 

6.3. Recommendations For Future Research 

In terms of future research there are several areas that require additional 

investigation. A more complete understanding of tilapia production in pulsed flow culture 

systems will assist farm managers and agricultural policy makers in guiding the integration 

of fish production and the traditional crop system. Pulsed flow culture systems integrated 

two production processes by sharing a single input, such integration is a possibility for 

central Arizona cotton farmers. A shared factor can result in lower production costs than 

those required when the two crops are produced separately. Moreover, when enough 

information has been obtained, it can be used to provide fish farmers with a predictive tool 

for economic planning and management. 

Other types of irrigated farms exist in Arizona, and could be adapted to integrated 

fish production. For instance, the active produce industry located near Yuma utilizes a 

warmer climate and winter irrigation. Farms containing alfalfa fields, which require more 

fi-equent irrigation and have a longer irrigation season, could also be considered for further 
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studies. An important consideration, noted by D'Silva and Maughan (1995), was that, the 

common practice of aerial spraying can have detrimental effects on fish growth. In 

addition, a fiutning system where the water is pumped around the farm would benefit fi-om 

use of a pond, which would serve for both aquaculture and irrigation. The variety of 

different irrigation techniques and schedules, make it imperative that the principle of future 

research should be to gain an understanding of fish densities and growth under varying 

irrigation systems. 

Since fingerling costs account for more than 47 percent of total variable costs, 

another fixture area of study should be the economic feasibility of the farmer supplying his 

own fingerlings. Significant cost reductions could be realized. Although such adjustments 

seem reasonable, it was beyond the scope of this study to investigate such a possibility. 



Appendix A 

Results of The economic'engmeering or synthetic firm technique 
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m im mm l« Ma IM MM tM MM tM MM 
M im mm l« «a IM «M IM MM tM MM 

J 
J
 m m mm IM Ma IM IMM IM IMM tM IMM 

Mmtrni « im MM IM MM IM MM IM MM XM MM 
M \m «« SM <M SM CM SM «M SM CM 

baa n tm txa IM oa tm iia im na IM tsa 
hMM M bMMM AS «a aa na na 
ICmLyOBDOQRS m4i SBa SBM nsa saa 
rouLAMCMLaons Mttr? tMr auM Msn WZM 
wracoA •an 4J1 »a -tan 4at'N 
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A - Table 4: Eitealcd AMHI Mfct for THapte Pradoctiaa !• Infgited PiriMti-Flow CMtsre SjitcM (l,464m^ 
Arizoaa, 1995. 

1 !»*/•> IMf «> CM# •• aiM/ •* 

o««v^ Mr C^mr^ CwaVte 

Hiiti mm 

Ui nu atAM ASI mist ima «ttis mtm *mn Ma aita 

vuuaueam 

ut mm «at« tm.m fai« mui tmm tmm mmm msM 

•4* m« mm nn« me mM MU tan (ssn Ma 

K4.ai.Al9M ut 4JB u> IS la iS IS «ja UI CJ9 la 

Ul urn ut MM • N «SIT ti« 4Sn it* «« 

lit Ml t79 1« tit M CTT s« CT* sa CTT 

g r . a« mzz me tBO »a 

lw*L»*W t« IM n9i TO 9ru tits *a 1X94 na a4i •If* 

MS tsiiii MM 9Mltt Mvn 

MDOM ABOVt VAtUaU oom mm ma tAH ma •hmr? 

FOBDCORS 

tmm !• mm tfli t« ma l« 3W4i tm mm 

(W« mm m mm lii t« «« tM im mm 

««r«i^ba mm tM mm !• «« IM «« IM «M im mm 

1^ mm mm !• mm ia» im ma Ui aia im mm 

Wmi»m mm «M nm «« nM 4m a« 4M Bit 4« nm 

•M* mm Ui «M tm 4M xm Ui Ui 4M IM *m 

nm M OS tm lUi im OS aa im na 

Ml • 1 runt !• m ltl« m» tBfl use mn 

rouLmiDoam cng me «nts mts cne 

rOULAKMDAL eeCB rat« tmm mcM 45N** SOI A 

iTBCng -'n mn wa -Mtl •3MiO 
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A - Taye 5: Estiwte* AmmI BedgH tor TOapla ProdacdoB le Ipilgeted Pebed-Fknr Cnlbue Syrtems (1,902m*). 
AriiiMa.l99& 

amt 1 IH*/ SM/B* •M/ •* an*/ 

eM«vM> QM CMWVM* CfllwVte CMWVM* 

VVHM u* 4M4t Mnu mn mut umm SMtfi IMtB 19MM IMTM ms 

rAiuaueocTS 

- - , , ua mM mm MIM MBM MMM nMM MHIM »M MMM 4MXM 

»*««« Mt mm tnm IMS mM aui MIA M«M OMO tM«M Tn«t 

M. <&*•««• us IM lU MM tm MM im US Ut KM XM 

sw Ul as Ul «s IIM J I M  ItM »« UM 

tl« YM ut YM 7M t£1 TM t«T TM i«y 

— - -J-- nn tm mn au« Mia 

leWlAwW SM CM Ma la M« OS «zo Mtt MM IS» nm 

MVMMCMC •SM jmm nun Mn-« nmm 

MXMABOnVAUABLKCOm BUS mm rmm MUK •»T1 

FDSDOOCtS 

tmm IM MM IM MM tM MM IM MM IM MM 

mm IM «• IM MM IM MM IM MM IM MM 

Wava^M MM IM «• IM MM IM «• IM MM IM MM 

IMMB MM »M MM IM MM tm MM IM MM IM MM 

1 

J
 «M «M n« 4M ttM 4M «• 4M nm 4M nm 

MM IM CM IM Ui tM «M >M tm IM CM 

B.M HM XM n» IM OS tM US IM a» in na 

tiSJT tMJT 1«JT IMJT IICJT 

roCAL VOCD oocts PUT <njT «njT m57 mji 

KULAMaULODnS Man ann Mm cacB 

mntootM i%n IMM Mlffl •Mil •2SMM 
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A-Table 6: FiHimfrJ Anaoal Biidftt for TUayta Pri>4»ctio« hi Irrifato< PwhfJ-FVwr Caltnre Syitewa (IJttm'), 
Ariiaaa, 1995. 
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A - TaHe 7: Ertlmeted Aanual Budget ter TUspla ProdeetioB IB Irrlfsted Pal*d-Fliiw Calbire Systems (Z,559m*), 
Aritooa, 1995. 

nm • •* aiMf •> nm • 

QMi* CMIwVte €«««*• OiM CitfwtrtfM (M 
a iitiî  

u* ovn tmm itm mxM at* Twa Bita TSIM IMtM mo 
rAMMUOORt 

Oi zaca SOM IWM tmn lamM VMM zaaM mtM ama •MM 1 I •4i tmi» 4mu atB» MH MtM OMM «i4a tMSM acso taca 
talOLAlM* no 4M ao 4M an 4M no «M ao 4M 

SM im nv lilt Its MM aa MM MM ;ca MM 
lt« •M U0 IfS ItB •J9 iia •J) lie tM lie 

L, T -> n sin ma au> ma Ma 
SM tci OM MM na tm aa t«M na MM 

reKVe^Ow ltM9 <mM an* TMM 1 1 1
 IKUI ana Msa fXIM •MttB 

nB)OOR3 
IM mm IM 3MM i« MM tM MM IM MM 

lor MM tM MM IM MM t« MM IM MM IM MM 

r 1 r MM tm «M IM MM IM MM IM MM tM MM 
mm tm MM IM •IM Ut MM IM MM SM MM 

ta4Mm mm im MM )M MM SM MM SM MM SM MM 
nm im •« IM CM Mi fM IM «M IM CM 
nm IM IfM IM NM IM na IM l«M IM na 

taMI W C«M MUl MS M22 MS 
FOCAL VD9S QO>S IMM •MM nua iwa tMC i i MS M*4I MfC MSM tats 
mnteotM BL9 4I1M MTIM ma •Mua 
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A - Table 8: Fj<1watfJ Aaanal for Tllafia PnrfMdioB tai Irrifated PwlifJ-PVwr Coitiire Syitaas (Z,92Sm'), 
AifaoHi, 199S. 

am 1 tM«s* »fM/ an*/ 

emmV^ GmrnVmrn Mr 

kwalMMfS 

l» -niM mil oaa «OM amtf mmm mmm wt« mmm 

iruuauaDm 

ta aaa msm iMta RMM tiam Mmm S1«« BEXM "mtm 

1
 

I M* OK-T* SWTI VMII MSM wmm mmm mmm a«si mmm mtv 

tn oe 437 oe 49? nm 457 am 417 am 4ST 

im oc «• o« «• mm •IM mm nm mm nn 

in n» an tur am tisr am tiv am itn am 
^ , ma mm mm Min itm 

im itM am MB •MO mm mac om aim mm am 

MV.^<W amm wmm »• mtm mmm 

MDoaAMviVAUMUoam .nmm MOTS mm-M mmm •VMS 

FB^DOOCIS 

wmm IM mm ta mm im mm tm mm im MM 

mm im mm i« mm im urn im mm im BB 

f
 

1
 

ff
 

mm im mm i« mm im mm im mm tm «B 

III na mm tm mm t« mm tm mm tm mm tm mm 

Mminmi mm im mm l« mm tm mm tm mm \m mm 

tak« »m 4m IM 4M Mm 4m 4M tm 4« tm 

nm tm S« »m tm »• SB l« SB 

ma ma ma ma 2B wn 

rOCAL FBB OOVIS IU4I MO M41 >1441 nft4i 

wmfcAi—Mimm ao« ntt mmm wot il frwB 

ISTMOOa •mma «TB amn mtn •tmo 



A - TABLE 9: The length and capacity of typical pulsed flow culture systemss in 
Arizona with the amount of water evaporated fit)m this 
irrigation system. 

Length Capacity Evaporation Rate" 

m 

396 366 1 

792 731 3 

1189 1097 4 

1585 1462 6 

1981 1828 7 

2377 2194 9 

2774 2559 10 

3170 2925 11 

The evaporation rate calculated for the fish growing season (May to August). 



A - TABLE 10; Estimated fixed, variable and total costs for dififerent farm 
situations, Arizona, 1995. 

Cottare SyitcM Capadty 

(«") 

FfahDewityCW/B') Flxetf Co«t(S) Variable Coit(S) ToUlCo>t($) 

3M 1 313 142 <75 

SU 3 313 377 •90 

346 4 313 <72 11S5 

iSt 9 513 974 I4«7 

34* 12 513 1112 1423 

731 1 513 323 •34 

731 3 513 734 1247 

731 4 513 1344 ISS4 

731 9 513 194t 1441 

731 12 513 2223 1734 

1097 1 533 496 lOS 

1097 533 1134 1449 

1097 4 533 2020 2555 

1097 9 533 2931 3443 

1097 12 533 3339 M74 

14<3 <73 449 1321 

1443 S 473 1312 2I4S 

1443 4 (73 M93 1344 

1442 9 *73 3904 4577 

1442 12 €73 4431 1123 

lt2S 1 474 •10 I4«4 

m i 474 100 1545 

m 4 474 1346 4042 

lt2t 9 474 4100 1555 

ict 12 474 5344 <240 

2194 1 M 972 1779 

2194 3 •M 234i 1074 

2194 4 904 4039 4S4S 

2194 9 t04 3B34 <442 

2194 12 904 44n 74«3 

29)9 1 tl4 1133 1949 

2359 3 tl4 24*5 >459 

2359 4 114 4713 1527 

2339 9 tl4 403 7444 

2339 12 •14 TT90 •<04 

2R3 1 914 1397 1113 

2913 3 914 3023 1040 

2923 4 914 5304 <302 

2923 9 914 7«0t K34 

2923 12 914 •903 9719 
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A - TABLE 11: Estimated fixed, variable and total costs per kilogram of tilapia 
harvested in different farm situations, Arizona, 1995. 

CaHore Sjntcw 

Capmdty(m*) 

FM Deadly (Wh*) YfeU(kc) Filed Coat (S/kc) VuUleCoiC(S/kc) Total C<Mt(S/kc) 

3M 1 M S.4< 1-71 7.U 

346 } 139 i.oi 0.79 IS7 

Mtf t 2M 0J9 OJt 0.67 

SM 9 317 Olll 034 0J3 

366 12 312 020 Oi44 a«4 

Tit I Itt 2.71 1.71 4.43 

711 S lit 0J4 0.79 133 

711 tf m 0.13 039 03) 

711 f 04 ao9 034 034 

711 12 423 aio 044 1.17 

10»7 1 312 IJO 1.71 1.0 

1097 3 47C 0J7 079 1.17 

lorr 4 •1 QilO Q30 MO 

lorr f 931 Q.0< 034 040 

iorr 12 07 &07 044 03t 

1462 1 S7< 1.79 1.71 133 

IU2 S «3S 0J3 079 1.13 

1442 t 1175 QilO 030 04t 

t462 f IU7 OOtf 034 040 

t462 12 949 ao7 044 030 

lt2t 1 469 1.44 1.71 3-17 

1131 1 794 QJi 079 l.Ot 

ItlS t I4«9 &0I 039 04< 

itzt 9 13*4 Ql050 034 039 

tea 12 lOiZ 0.03 044 049 

21M I 30 Ml 1.71 ).1< 

2194 3 931 ooi 079 1.09 

219« « 17<1 ao« 039 0.44 

2194 9 1901 aos 034 039 

2194 12 1274 003 044 049 

2959 t «37 1  ̂ 1.71 2.97 

2959 S 1112 0J4 079 1.04 

2359 t 2037 ao7 039 043 

2359 9 221t 0.M 034 03« 

2359 12 t4i< OiOS 044 049 

2923 1 73t 1.0» 1.71 2.11 

2923 S 1271 0l21 1.79 l.Ot 

2923 < 2)30 OiOO 039 044 

2923 9 2313 004 034 039 

2923 12 109 004 .440 041 

Note; all zero values are less than 0.4. 



A- TABLE 12; Evaluation of ferm performance at $3.5/kg of harvested tilapia, 
using the returns to management and risk criterion (NI), Arizona, 
1995. 

CiJi. i l j i i i iB i r i f i r t ly  

(-̂  

n*D*liyfWii*) RiMra AWw VmWMb CM (S) NX [BOW (S) 

SM 1 147 -344 

344 3 179 •134 

S44 4 137 .136 

544 9 IS3 .37t 

344 12 '349 «1 

m 1 334 .179 

m s 359 •133 

m 4 7IJ an 

m 9 170 •343 

731 12 'irr •1230 

lOfT t MO .34 

1W7 1 3M •1 

1097 4 10(3 330 

1097 9 199 .|3tf 

1097 12 .1109 .t«44 

1442 1 444 .7 

1442 3 712 39 

1442 4 1420 747 

1442 9 333 •Ul 

1442 12 .1471 .2131 

ICt 1 03 157 

ICS } •0 114 

ICI 4 1773 1100 

ict 9 44S 'to 

let 12 •1949 •2324 

1194 1 999 193 

21M 3 1949 242 

1194 4 1131 1323 

1194 9 7«i -9 

1194 12 •ait •3024 

2SJ9 1 1144 352 

2SS9 3 IM 432 

1939 4 MM 1C71 

2359 9 911 117 

1339 12 •23r7 .3401 

923 1 1332 314 

2923 S 1414 <07 

2923 4 2»4I 1024 

2923 9 lOM 24« 

2923 12 -2937 •3773 



A - TABLE 13: Estimated annual returns per kilogram of tilapia raised in 
pulsed flow culture systems. Arizona, 1995. 

Calbure Syiteei 
Capacity (m^ 

Wmmm liiiiVCgî  NctlMweS/kc 

3M 1.7t 'Uas 

S4i 1.1) 

SM < Ut -osn 

S4t 9 a43 -1.195 

J6S 12 1.79 -4.17« 

731 1 I.Tt -01995 

7Jl S 1.15 -0L4ai 

ni 4 1.21 0J41 

731 9 Oi4) -0J«5 

731 12 1.73 -19*4 

torr 1 1.71 •0.t2t 

lOfT ) 1.15 •01005 

1097 4 IJJ a«oi 

1097 9 tt.45 -ai45 

1097 12 1.79 •XMl 

14<3 1 I.Tt -0.019 

14<2 S 1.15 OiOil 

14«2 ( 1.21 OiC5< 

IU2 9 0.45 -0.111 

1442 12 1.79 •Z995 

int t 1.7t 0554 

ita I 1.15 0i0270 

isa 4 IJl a749 

ict 9 0l45 •01007 

ins 12 1.79 •2J9tf 

2194 1 I.Tt &545 

2194 S 1.15 0279 

2194 ( IJI 0791 

2194 9 0l45 •0L004 

2194 12 1.79 •1392 

2919 1 I.Tt 0459 

2959 S 1.15 OIM 

2999 4 IJl Otis 

2599 9 C45 0095 

2999 12 1.79 .1307 

2929 1 I.Tt 007 

2929 i 1.15 0471 

2929 4 IM OMl 

2929 9 0.45 0090 

2929 12 1.79 •1340 
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A - Table 14. Estimated benefit cost ratio of tilapia raised in pulsed flow 
culture systems, Arizona, 1995. 

Culture 

Systems 

Capacity 

m' 

Fish 

Density 

(#W) 

Total Cost (S) Gross Revenue (S) Benefit Cost Ratio (S) 

366.00 

366.00 

366.00 

366.00 

366.00 

1 

3 

6 

9 

12 

674.51 

889.87 

1,184.72 

1,486.95 

1,624.59 

328.59 

555.89 

1,028.33 

1,109.01 

743.24 

0.49 

0.62 

0.87 

0.75 

0.46 

731.00 

731.00 

731.00 

731.00 

731.00 

1 

3 

6 

9 

12 

836.06 

1,266.77 

1,856.47 

2,460.83 

2,736.10 

657.17 

1,111.78 

2,056.66 

2,218.02 

1,486.49 

0.79 

0.88 

1.11 

0.90 

0.54 

1097.00 

1097.00 

1097.00 

1097,00 

1097.00 

1 

3 

6 

9 

12 

1,021.67 

1,669.21 

2,555.16 

3,463.33 

3,874.04 

985.76 

1,667.68 

3,084.99 

3,327.02 

2,229.73 

0.96 

1.00 

1.21 

0.96 

0.58 

1462.00 

1462.00 

1462.00 

1462.00 

1462.00 

1 

3 

6 

9 

12 

1,321.48 

2,184.85 

3,366.10 

4,576.97 

5,124.57 

1,314.34 

2,223.57 

4,113.32 

4,436.03 

2,972.97 

0.99 

1.02 

1.22 

0.97 

0.58 
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A - Table 14. Estimated benefit cost ratio of tilapia raised in pulsed flow 
culture systems, Arizona, 1995.- Continued. 

Culture 

Systems 

Capacity 

m' 

Fish Density 

Total Cost (S) Gross Revenue (S) Benefit Cost Ratio (S) 

1828.00 

1828.00 

1828.00 

1828.00 

1828.00 

1 

3 

6 

9 

12 

1,485.98 

2,565.17 

4,041.73 

5,555.35 

6,239.86 

1,642.93 

2,779.46 

5,141.65 

5,545..04 

3,716.21 

1.11 

1.08 

1.27 

1.00 

0.60 

2194.00 

2194.00 

2194.00 

2194.00 

2194.00 

1 

3 

6 

9 

12 

1,778.53 

3,073.56 

4,845.43 

6,661.74 

7,483.15 

1,971.51 

3,335.35 

6,169.98 

6,654.05 

4,459.46 

1.11 

1.09 

1.27 

1.00 

0.60 

2559.00 

2559.00 

2559.00 

2559.00 

2559.00 

1 

3 

6 

9 

12 

1,948.59 

3,459.44 

5,526.62 

7,645.68 

8,604.00 

2,300.10 

3,891.24 

7,198.31 

7,763.06 

5,202.70 

1.18 

1.12 

1.30 

1.02 

0.60 

2925.00 

2925.00 

2925.00 

2925.00 

2925.00 

1 

3 

6 

9 

12 

2,113.08 

3,839.82 

6,202.33 

8,624.11 

9,719.33 

2,628.69 

4,447.14 

8,226.64 

8,872.06 

5,945.94 

1.24 

1.16 

1.33 

1.03 

0.61 
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A - TABLE IS: Estimated percentages of major input in relation to their 
production cost for tilapia raised in pulsed flow culture systems, 
Arizona, 199S 

CH* Sym* C1»«H7 (el riiktaiiircW) r«atfw%«rTMlCM w % «rTMi CM( 

m 11% 

Mi 3 ISH 23% 

Mt * 13% 37% 

MC 9 lOM 44% 

S«i 12 34% 

731 1 13% 19% 

731 3 19H 33% 

731 t 19H 47% 

7J1 9 IfH 34% 

731 12 IIH M% 

1097 1 im 21% 

t097 3 2M 39% 

1097 t 21% 31% 

1097 9 21% 37% 

1097 12 12% «% 

140 t 19% Z2% 

I4C2 3 21% 40% 

1442 < 21% 32% 

14C 9 21% 3«% 

I4G 13 J2% #9% 

tCi 1 21% 23% 

m 3 2«% 43% 

im t 2Z% 54% 

ita 9 22% 39% 

it» 12 12% 70% 

2194 1 21% 23% 

2194 3 34% 43% 

2194 € 22% 34% 

2194 9 21% 39% 

2194 12 11% 70% 

2339 1 23% 2M 

2359 3 1«% 44% 

2339 4 21% 3M 

3339 9 21% M% 

2S39 12 11% 71% 

ms 1 M% 2fl% 

2923 3 29% 4M 

2923 < 23% 37% 

1923 9 22% <1% 

2923 12 11% 73% 

TdM 19% 47% 
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A - TABLE 16-A: Input Sensitivity Results: Annual total cost per Idlogiam at 
differing feed prices, for tilapia raised in pulsed flow culture systems, 
Arizona, 1995. 

Cnitore Syitew 

Cap^(ai') 

Fbh Density 

cmrn^ 

TOkcSC44Aica*% 

mmm) 

TOh«4«^4Mi«(3t% 

Pffto) 

TOk»4aj«ligat% 

IM) 

TC/k»4a-nAic(2«% 

tan) 

m I 7 7 7 7 

i44 3 2 2 

1 

2 

{ 

2 

I 

2 

1 

3St 9 1 1 1 I 1 

3U 12 1 1 1 1 1 

731 1 5 5 4 4 4 

731 3 1 1 I 1 1 

731 4 1 t I 1 1 

731 9 0 0 0 0 

731 12 1 1 1 1 1 

1097 1 4 4 4 4 3 

1097 3 1 1 I t 1 

1097 6 0 1 0 0 0 

1097 9 0 0 0 0 0 

1097 12 I 1 I t 0 

IM2 1 4 4 4 3 3 

1442 3 1 1 1 1 t 

14<2 4 0 0 0 0 0 

IM2 9 0 • 0 9 0 

1442 12 I 1 1 0 0 

tea 1 3 3 3 s 3 

ICC 3 I 1 1 1 1 

ICS 6 0 0 0 0 0 

ICS 9 « 0 « 0 0 

IQI 12 0 I 0 0 9 

im 1 3 3 3 } 3 

2194 3 1 I 1 t 1 

2194 6 0 0 0 0 

21M 9 0 0 0 0 0 

2194 12 0 t 0 0 0 

2359 1 3 3 3 3 3 

2559 3 I 1 I 1 

2559 4 0 0 0 0 0 

2559 9 « 0 0 0 0 

2559 12 Q 0 0 0 

2925 1 3 3 3 1 3 

2929 3 1 I 1 1 1 

2925 < 0 9 0 0 0 

2925 9 0 9 0 0 0 

2925 12 0 9 0 0 0 

Note: all zero vdues are less than 0.4. 
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A - TABLE 16-B: Input Sensitivily Results: annual net income per kilogram at different feed 
prices, for tilapia raised in pulsed culture systems, Arizona, 1995. 

CaHwc SjvtoM FUi Density Nl/hcSa.44/hc(l*̂  NI/kc4«J«kca«% Nl/hff4tJ2A((3t% 

m 

M< 

at 
iu 

731 

7J1 

731 

711 

731 

1097 

1097 

1097 

1097 

1097 

I4a 

14S2 

14(3 

1462 

1462 

tf2S 

ICt 

ICS 

lt2t 

ICt 

2194 

2194 

2194 

2194 

2194 

23)9 

2359 

2339 

1339 

2339 

2923 

2923 

2923 

2923 

2923 

Note; all zero values are less than 0.4. 
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A - TABLE 17-A: Input Sensitivity Results; Annual total cost per kilogram at diffeiing fingerling 
prices, for tilapia raised in pulsed flow culture systems, aiizona, 1995. 

CaHore STBtcan FfaliDcBdty TOhc SlL24teik (2*% TOk»J«aVaik TOfcfrSej^** (iw TOkt4a.lMKft 

CWm*) 
•«•) PriBi) (2«Kbn) 

34« 1 7 7 7 7 7 

s 2 2 2 2 2 

34t < 1 1 1 1 

M 9 I 1 0 0 

344 12 1 1 1 1 

711 1 3 3 4 4 4 

731 S 1 1 1 1 

711 < I 1 1 1 0 

7J1 9 0 0 0 0 

731 12 I 1 1 1 0 

1097 1 4 4 4 3 

1097 i 1 1 1 1 ( 

1097 f 1 1 0 0 0 

1097 9 0 0 0 0 

1097 12 1 1 1 0 0 

t4G 1 4 4 J s 

1442 S 1 1 t 1 1 

1442 < 1 1 0 0 0 

1443 9 0 0 0 0 

1442 12 1 1 1 0 0 

lt» 1 3 s 3 3 3 

itsa 

itit 

1 

t 

I 

1 

t 

0 

I 

0 

1 

0 

I 

0 

it» 9 0 0 0 0 

itit 12 1 1 0 0 0 

2194 1 S s 3 3 s 

2194 S 1 t I t 1 

2194 1 0 0 0 0 

2194 9 0 0 0 

2194 12 1 > 9 0 0 

2339 I I s s s s 

2339 1 1 I 1 1 I 

2399 « I 0 0 0 0 

2399 9 0 0 0 0 

2399 12 t 1 0 0 0 

2933 1 i 3 3 3 s 

2923 S 1 1 1 1 1 

2913 < 0 0 0 0 0 

2923 9 0 0 0 0 0 

29X3 12 1 1 0 0 0 

Note: all zero values are less than 0.4. 
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A - TABLE 17-B: Input Sensitivity Results: Annual net income per kilogram at differing fingerling 
prices, for tilapia raised in pulsed flow culture systems, Arizona, 199S. 

CaHvaSyaanH rwiDwur Nl/IHMHf—»(M% WMW wi/lii n imwrnkmrnm 
PrtBi) 

NlArM-lViWfe (lt% 

IM) 

NlA»4«.ICtaKk (2«% 

bn) 

Mtf •3J3 •3.77 'IM -3.00 -3J2 
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A - TABLE 18: Output Sensitivity Results: Annual net income per kilogram at differing fish prices, for 
tilapia raised in pulsed flow culture systems, Arizona, 1995. 
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B - Table 1: Estimated linear models for producing tilapia for food in pulsed flow culture systems 
Arizona, 1995., 
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B-Table 2: Estimated quadratic models for produciogtilapiafbr food in pulsed flow culture systco]s« Arizoaa, 1995. 
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Table3. EMhniled Cobb-Douglai (C-D) modeb for produciiigtilapu for food in pulsed flow culture systems. Arizona, 199S. 
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