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Abstract: The aim of this research is to study the status of fish farming production in Kafr El Sheikh over time and
study input costs and determine optimum production level and farm size and compare with the current production
level and production unit size, the study used secondary data analysis and adopted a field survey approach covering
sixty fish farms in the four main aquaculture governorates conducted in 2020. The study revealed that the fish feed
cost, hired labor and irrigation represent a large percentage of 75.4%, 10.3% and 6%. Respectively, of the total variable
costs, other important variable costs such as fish seed represents 3.2%, followed by pond maintenance 3% and the
incidental costs 2%, of the total variable costs, the result indicated that fish farmers do not achieve the optimal
production level, which amounts to 4.445 tons/feddan/year, the study recommend that we should work to enable
farmers to achieve optimal yield that achieves efficiency, through increasing average size of cultivated areas, the
optimal culture area identified in current study is 1.16 feddan.
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1. Introduction:

Fish is one of the favorite meals of the Egyptians,
so the Egyptian government focused on developing
fish farming as a source of income and to achieve
economic returns in addition to creating job
opportunities for workers in the sector, fish is an
important source of animal protein needed for
nutrition because it contains phosphorous, as every
100 grams of fish contains 230-240 mg of
phosphorous, as well as fish meat is characterized by
containing calcium, magnesium, iodine and vitamins,
and fish is the main source of fatty acids that are very
necessary for the health of the skin, heart and bones
(12)

Fish production is one of the important sectors in
the Egyptian national economy, as the value of fish
production in Egypt amounted to about 62.9 billion
pounds, with the value of requirements for this
production amounting to about 27.3 billion pounds,
representing about 43.4% of the value of fish
production during the year 2020 P, The policies
adopted by the state have helped to encourage the
development of the sector and a noticeable increase in
fish production during the last two decades. Fish
production has increased from 889 thousand tons in
2005 to 2.011 million tons in 2020. According to
fisheries statistics, the main reason for the increase in
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fish production is the increase in the production of fish
farms, while the fisheries' production increased from
349, 5 thousand tons to 419 thousand tons during the
same period, the increase in fish farming production
contributed to the increase in the average annual per
capita share of locally produced fish from 12.6 kg per
person per year in 2005 to 19.7 kg per capita per year
in 2020 ©,

Kafr El-Sheikh governorate is considered one of
the governorates where fish farms are widespread due
to its geographical location near the Mediterranean
Sea, the presence of Lake Burullus in it and the
availability of water needed for farming from Lake
Burullus and drains, as well as seawater, The spread of
fish farms there is due to the owners of fishing crafts
having experience in fishing that helped them work in
the activity ®, Fisheries statistics indicate the
development of fish farming production in the
governorate from 223 thousand tons in 2005 to 693
thousand tons in 2020, representing about 43.5% of the
total fish farming production at the level of the
Republic ©. The owners of fish farms work to provide
all production inputs during the farming season, and
they raise three types of fish (tilapia, mullet, and

catfish), which are preferred by the Egyptian consumer
©
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Problem:

The research problem is summarized in the high
costs of production inputs from feed, labor wages and
fuel, and the producers’ failure to reach the optimum
production level and the optimum farm area at which
it is achieved to reduce production costs per unit of the
product to the least possible extent to maximize the
profitability of the producers and the sustainability of
the activity, where the study of production costs,
which has indicative and economic applications of
agricultural policy, which can lead to an increase in
fish production if fish farmers are directed to produce
according to the optimal rates and use the optimal
areas of the production unit.

Objective:

The main objective of the research is to estimate
the production costs function, determine the optimal
level of production, and determine the optimal area for
the production unit. This is achieved through the
following sub-objectives:

1. Studying developments in local fish production in
Egypt, and fish production from fish farms in
Egypt and Kafr El-Sheikh Governorate.

2. A study of the development of domestic
consumption, average per capita share of fish, and
the relative importance of fish self-sufficiency in
Egypt during the period (2005-2020).

3. The relative importance and estimation of the
variable and fixed costs of fish farms in the study
sample.

4. Estimating the cost function and determining the
optimal size of production and area for the fish
farm and comparing it with the size and the area
actually exploited in the study sample in Kafr El-
Sheikh governorate.

2. Method and data sources:

In achieving its goals, the research relied on the
use of the descriptive analysis method, which is
concerned with explaining and presenting various
theoretical aspects, describing data and linking them
logically, and extracting important indicators through
the use of simple statistical methods such as
percentages and arithmetic averages, in addition to
using the quantitative analysis method using some
statistical methods. The occasion that serves the
objectives of the study.

The research also relied on secondary data from
the publications of the Public Authority for Fisheries
Development at the Ministry of Agriculture and Land
Reclamation, in addition to many research and
scientific studies related to the subject of the study.
The research relied on the primary data collected
through questionnaires specially prepared to obtain
fish farm data in the sample selected for the study
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during fish farming for the year 2020, consisting of 60
farms, a random sample of fish farm owners in Kafr
El-Sheikh Governorate. These field data were
collected to obtain cross-sectional data for fish farms
in the governorate. The data were collected and
analyzed using the SPSS statistical analysis program.
The study sample reflected that fish farmers farm three
main types of fish, at the forefront of which is (tilapia
of the Nile), which constitutes the bulk of the
production of fish farm owners, followed by (the
family of mullet and catfish), and, the sample showed
that the owners of fish farms buy the fish production
requirements during The season of fish fry, fodder,
fuel, labor and other requirements during the fish
farming season, which extends from 6 to 8 months,
depending on the size of the fish fry and the target
marketing volume of fish farming.

3. Results and discussion

First: The development of fish production in Egypt
and Kafr El-Sheikh Governorate:

1- The development of local fish production in

Egypt:

Table No. (1) shows that the average domestic
fish production, during the period (2005-2020),
amounted to about 1,440 thousand tons, and it was
found that the average domestic fish production in
Egypt increased from what it was in 2005, at a rate of
about 161.9%.

By estimating the time trend equation, the
average local fish production, shown in equation No.
(1), in Table (2), that production is increasing by a
statistically significant annual amount, amounting to
about 78.6 thousand tons annually at a significant level
of 0.01, with a change rate of about 5.46%, from the
average Total production, The value of the coefficient
of determination (R?) indicates that about 97% of the
changes occurring in production are due to variables
reflected by time, which in its content expresses the
production, price and marketing policies during the
study period, and the value of (F) shows the
significance of the function at the level of significance
0.01.

2- The development of fish farming production in

Egypt:

Table No. (1) indicates that the average quantity
of fish farming during the study period amounted to
about 1070.3 thousand tons, and it was found that the
average production of fish farming in Egypt increased
from what it was in 2005 with a rate of about 198.2%.

The equation of the time trend of the average fish
production from fish farming in Egypt in equation no.
(2), in Table No. (2), indicates an increase in the
average fish production from fish farming by a
statistically significant annual rate of about 77.7
thousand tons annually at a significant level of 0.01,
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with an annual rate of change It reached about 7.26% farming production are due to variables reflected by
of the average production of fish farms in Egypt, and time, and the value of (F) shows a significant function
the value of the coefficient of determination (R?) at the level of significance 0.01.

shows that about 98% of the changes occurring in fish

Table (1): Evolution of fish production and consumption and production of Kafr El-Sheikh Governorate and
pebleaPixa(ZhaFqaationsthk therion 10054200 0y hPpoediectoon dnshsansugmpsjon and the average per capita
share of fish in Egypt during the period (2005-2020)
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2018 1935 1561 700 2233 23 86.65 80.29 44.84
2019 2039 1642 768 2510 25 81.23 80.53 46.77
2020 2011 1592 693 2282 22 88.08 79.2 43.53
Average 1439.9 1070.3 517.6 1697.6 19.9 84.8 72.6 48.6
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Source: Ministry of Agriculture and Land Reclamation, General Authority for Fisheries Development, Fisheries Statistics
Yearbook. Miscellaneous numbers.
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3- The development of fish farming production in
Kafr El-Sheikh Governorate:

Table No. (1) Shows that the average production
of fish from fish farming in Kafr El-Sheikh
governorate during the study period amounted to about
517.6 thousand tons, and it was found that the average
production from fish farming in Kafr EI-Sheikh
governorate increased by about 232.1% than it was in
2005.

By estimating the equation of the time trend,
equation No. (3) In Table No. (2) shows that the
production of fish produced from fish farming in Kafr
El-Sheikh governorate is increasing by an annual
statistically significant amount, amounting to about
35.2 thousand tons annually at a significant level of
0.01, with an annual change rate of about 6.81 % of
the average production of fish farming in the
governorate, and the value of the coefficient of
determination (R?) indicates that about 94% of the
changes occurring in fish production from fish farming
in the governorate of Kafr El-Sheikh, are due to
variables reflected by time, and the value of (F) shows
a significant function at the level of significance 0.01.
It is noted that the annual rate of change in fish
production from fish farming in Kafr EIl-Sheikh
governorate is lower than the change in fish production
from fish farming at the level of the Republic.

4- The development of local consumption of fish
in Egypt:

Table No. (1) Shows that the average local
consumption of fish during the period (2005-2020),
amounted to about 1693.6 thousand tons, and that the
average local consumption of fish in Egypt increased
by about 153.7% compared to its level in 2005.

By estimating the equation of the time trend of
the development of domestic consumption, equation
No. (4) In Table No. (2) shows that the average
domestic consumption increased by a statistically
significant increase by an annual rate of about 90.5
thousand tons annually at a significant level of 0.01,
with an annual change rate of about 5.33% of the
average domestic consumption of fish, and it was
found that the increase is large compared to the
increase in total production during the study period,
and the value of the coefficient of determination (R?)
indicates that about 95% of the changes in the average
local consumption of fish in Egypt are due to variables
reflected by time, as the value of (F) The significance
of the function at the level of significance of 0.01.

5- Development of per capita share of fish in
Egypt:

Table No. (1) Indicates that the average per
capita consumption of fish during the study period
amounted to about 19.9 kilograms, and the average per
capita consumption of fish increased from what it was
in 2005 at a rate of about 124.2%.
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By estimating the time trend equation for the
average per capita share of fish, equation No. (5), in
Table (2), shows that the average per capita share was
increasing by a statistically significant annual amount
of about 0.544 g annually at a significant level of 0.01,
with an annual change rate of about 2.73%, From the
average per capita share during the study period, and
the value of the coefficient of determination (R?)
shows that about 84% of the changes in the average
per capita share of fish are due to variables reflected
by time, as the value of (F) The significance of the
function at the level of significance of 0.01, and it
became clear that the average per capita consumption
of fish increased at a rate of 2.73% despite the annual
increase in Population averaged 2.3% during the study
period @,

6- The relative importance of fish self-sufficiency
in Egypt:

The local production of fish is the main component
of supply and available for consumption, and by
studying the self-sufficiency in the Republic and
shown in Table No. (1), it became clear that self-
sufficiency ranged from a minimum of about 79.84%
in 2007 to a maximum of about 89.52% in 2009, then
the self-sufficiency rate decreased to about 85.32% as
an average for the years (2018-2020 It also shows the
relative importance of fish production from fish
farming in Egypt to total production, ranging between
a minimum of about 60.69 percent in 2005 and a
maximum of about 80.53% in 2019, which shows that
fish farming in Egypt is increasing during the study
period. While the relative importance of fish farming
in Kafr El-Sheikh governorate to the total agricultural
production of the Republic ranged between a
minimum of about 41.26% in 2005 and a maximum of
about 54.58% in 2013, then the percentages ranged
between increase and decrease until it reached about
48.6% as an average for the years (2015). -2020),
meaning that Kafr  El-Sheikh  contributes
approximately 50% of the production of fish farms in
Egypt.

Second: The relative importance of production
costs in a sample of fish farms in Kafr El-Sheikh
Governorate:

Table No. (3) shows the relative importance of
the average variable and fixed costs to the total costs
per feddan in the study sample in Kafr El-Sheikh
Governorate, where it was found that the average total
variable costs per feddan amounted to about 47.87
thousand pounds, representing about 75.5% of the
total costs per feddan, which amounted to about 63.4
thousand pounds, One of the most important items of
variable costs was the costs of industrial feed, which
amounted to about 36 thousand pounds, representing
about 75.2%, 56.8% of the total variable and total
costs, respectively, and thus came in first place. The
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high cost of feed is due to the fact that a large part of
the feed ingredients used in the manufacture of feed
are imported from abroad.

Table No. (3): The relative importance of the
average fixed and variable costs to the total costs
per feddan in the study sample in 2020

. % of total
. value in .
cost items variable
pounds
costs
Fry cost 1532 3.2
Industrial feed costs 36000 75.2
Technical and
4930 10.3
regular labor costs
Irrigation costs 2918 6.1
Maintenance of
equipment, ponds 1485 3.1
and fishing nets
Petty cash 1005 2.1
Total variable costs 47870 100
% OF total costs 75.5 -
Total Fixed Costs (*) 15530 -
% of total costs 24.5 -
Total costs 63400 -

(*)- It is represented in the rental value of the feddan
and the depreciation premium for equipment,
machinery and buildings.

Source: Compiled and calculated from: 2020 study
questionnaire data.

Followed by the costs of technical and ordinary
labor, with a value of about 4.93 thousand pounds,
representing about 10.3% of the total variable costs.
As for other variable cost items, which are irrigation
costs, equipment maintenance costs, basins and fishing
nets, and petty cash, they amounted to about 2,913,
1,485, 1,005 thousand pounds, representing and to
6.1%, 3.1%, 2.1% of the total variable costs,
respectively.

Table No. (3) Also shows that the average fixed
costs per feddan in the study sample, which includes
the depreciation premium for facilities and equipment
and the rental value amounted to about 15.53 thousand
pounds, representing about 24.5% of the total costs of
a feddan of fish farms.

Third: The economies of scale for a sample of fish
farms in Kafr El-Sheikh Governorate:
1- Standard model estimation:

The research relied on the cubic formula of the
cost function, which takes the form of the letter (U),
based on the economic theory. The cost function takes
the following cubic form (12;

TC = Bo+ BiQ — B2Q? + B3Q* + U
Where:
Tc = total cost of production
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Q1 = Quantity of output (tons)

U =random variable that reflects the effect of
other related variables that did not enter the model
directly and that are difficult to quantify.

It is worth noting that g is the square of the
output and ¢* is the cube of the output and is
functionally related to the variable Q, but the
relationship is non-linear. Such a model satisfies the
assumption that there is no multicollinearity between
the independent variables, since the model is non-
linear in terms of the variables.

The cost function has been estimated for fish farms and

the linear formula was used in estimating the model,

and it was as follows:

TC=1509.93+36193.98Q -7680.37Q* + 863.76Q3
(3.22) ** (-2.23)* (2.56) **

Adjusted R? = 0.94 F= (342.5) ** D.W=1.78

Given the reliance of the study on cross-
sectional data, it is expected that there is a problem of
the instability of heteroscedasticity, as well as the
problem of autocorrelation that we observe through
the value of D.W, which requires addressing this
problem, and it was addressed during the analysis.

After conducting statistical tests on the
model, the t-test shows that the parameters (b1, ba, b3)
were significant and reliable in estimating the
relationship between the total cost and the independent
variables. By comparing the calculated F for the
estimated function, which was 342.5, with the tabular
F value, it was found that the model is highly
significant, which reflects the importance of the
variables included in the function on the one hand and
the realism of the function on the other. Whereas, the
value of the adjusted coefficient of determination R?
was 0.94 in the function, which reflects the quality of
the fit of the regression line, and it is clear from it that
94% of the changes in total costs are due to production,
while 6% of the changes in total costs were the result
of other factors that were not included in the model.
While the standard tests included the problem of
autocorrelation of the random variable by adopting the
Durbin-Watson test because it is suitable for testing
the existence of the autocorrelation of the first degree,
which showed the absence of the autocorrelation
problem as its D.W value was about 1.78, which
confirms the absence of this problem (%,

2- Determining the optimal size of
production and area for the fish farm:

In order to be able to study the economics of
the optimal scale for the production of fish farms in
question, we must know the equation of the long-term
average cost LR ATC, as all production costs are
considered variable in the long term, and the
distinction between fixed costs and variable costs in
the long term fades .

naturesciencej@gmail.com




Nature and Science 2022, 20(12)

httg://www.sciencegub.net/natureNSJ

The average total cost equation was derived
from the total cost equation by dividing the latter by
the output after excluding the fixed limit because it
reflects the fixed costs. The equation of the average
total costs for fish farms was as follows: -

LR ATC =36193.98 — 7680.37Q + 863.76Q>

In order to determine the optimal level of
production, which is determined when the average
total cost in the long run reaches the lowest point ),
by applying the necessary condition for minimizing
the function, this is done by taking the first derivative
of the above function and setting it equal to zero, and
then solving the equation in relation to Q as follows:-
D ATC/d q=—7680.37 +1727.52q =0
1727.52q = 7680.37

q =7680.37/1727.52

Q =4.445 ton / feddan
It is clear that the optimal amount of production that
minimizes costs and maximizes profit is 4.445 tons per
feddan, and the optimal area can be determined by
entering the area into the cost function estimation as
follows (D;
TC =Bo + B1Q - B2Q2 + B3Q3 + B4 A2 - BSQA
Where:
q A= the area in the volume of production
A?= the square of the area
The function was estimated and was as follows:-
TC=2962.72 +37850.22Q - 8086.86Q*+914.67Q+
14.24A-109.44AQ (3.34) ** (-2.33)* (2.66) **
0.55) (-0.98)

Adjusted R?=0.94 F=(207.3)** D.W =181
Taking the derivative with respect to A, the result is:
28.48A -109.44Q =0
Since q is our information, then

28.48A =109.44Q

A =28.48/109.44Q

A=0.2602Q
The result is that the optimum area with low
production costs is 1,156 feddan.

By finding the optimal size of production and
the optimal area, we find the actual area and actual
production of the sample farms through the size of the
farmed area as well as the production, and the
following table shows the area and the optimal and
actual production quantity. Table No. (4) Shows that
to obtain the optimal size, the areas of fish farms must
be expanded in Kafr Sheikh Governorate.

Table No. (4): The area and the optimum and
actual production quantity for fish farms

statement optimization Actual
Area 1.156 1
Production 4.445 3.118

Source: Compiled and calculated from study
questionnaire data 2020.
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Recommendations:

1- Ensure availability of good quality fish feeds to
producers at subsidized prices that are suitable for
cultured fish species.

2- Provide extension service to farmers through
organizing seminars during the Field Days for fish
farmers in order to guide them about the recent fish
farming methods as well as the best way to improve
the economic efficiency of fish production.

3- Enabling farmers to achieve the optimum farm size
that achieves efficiency by increasing the size of
cultivated areas towards the optimal areas reached by
the research.
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