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Fish is one of the critical sources for people to obtain animal protein. About 3.1 billion people worldwide rely
on fish for 20% of their daily protein intake, and even more, than 70% of some coastal communities rely on
fish (Sustainable Seafood 101 - Sustainable Fisheries UW, 2021). Therefore, the fish consumption is an
important indicator to judge people's health. Fish consumption is the intersection of the fish supply equation
and the fish demand equation. However, the quantity and price variables in equations affect each other which
are not independent. Therefore, this article adopts simultancous equation model to deal with the correlation
between the price and quantity of endogenous variables. And this article chooses four exogenous variables:
the ex-factory price index of industrial producers, sea surface temperature, the price of eggs and per capita
GDP to construct the supply equation and the demand equation. After using systemfit() function in R to
estimate supply equation and demand equation based on the data from 2003 to 2017, the data from 2018 is

used to verify the accuracy of the model.

1 INTRODUCTION
1.1  Why Is It Important?

The consumed fish intersects market demand and
supply (Ye, 1999). According to OECD-FAO
Agricultural Outlook 2015-2024, the protein intake by
fish increases over time in the least developed
countries, developed countries, and developing
countries. The proportion of protein consumed by fish
in developing countries has increased rapidly (OECD-
FAO, 2015), which means that with the economic
growth of some developing countries such as China,
people are paying more attention to a healthy diet,
which has also contributed to the increase in the
consumption of global fishery products in the past few
decades. The body needs 20 kinds of amino acids to
maintain body health and normal functions, of which
the body can produce about 11 types. The other nine
amino acids, the so-called "essential" amino acids,
must enter the human body through our diet. And, fish
meat can provide these nine essential amino acids, in
addition to its omega-3 fatty acids, minerals, and
vitamins through its protein (Heffernan, 2021).
"According to the Dietary Reference Intake report for
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macronutrients, a sedentary adult should consume 0.8
grams of protein per kilogram of body weight, or 0.36
grams per pound. That means that the average
sedentary man should eat about 56 grams of protein
per day, and the average woman should eat 46 grams"
(https://www.sclhealth.org/blog/2019/07/how-much-
protein-is-simply-too-much/, 2021). Combined with
the protein content of fish, 100 grams of cooked food
for most types of fish and shellfish can provide
approximately 15-25 grams of protein (Heffernan,
2021). The protein content of fish means that fish is
rich in amino acids and high in protein. At the same
time, compared with other meats, fish has less fat
content, which shows that fish is a healthier source of
protein. It is precise because fish has so many nutrients
that it serves as an essential source of animal protein,
accounting for 17% of the world's meat consumption.
At the same time, about 3.1 billion people rely on fish
for 20% of their daily protein intake, and more than
70% of some coastal communities rely on fish
(Sustainable Seafood 101 - Sustainable Fisheries UW,
2021).
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1.2 How Is It Changing?

According to FAO's HISTORICAL
CONSUMPTION AND FUTURE DEMAND FOR
FISH AND FISHERY PRODUCTS, the world
average per capita fish consumption has shown an
upward trend from 1965 to 1995. Especially in Asia,
fish consumption and consumption growth rate are
higher than in other continents (Ye, 1999). Many
factors affect fish consumption, but they can be
classified based on the relationship between supply
and demand. For example, factors affecting supply
include price, weather, production costs, government
policies, etc. (Hu, Pan, Zhang, Tao, 2020). Factors
affecting the market include income, substitutes and
complementary products, and product quality (Hu,
Pan, Han, Lin, Tao, 2020).

1.3 Objectives

Since fish meat is essential for human protein intake,
fish consumption is a crucial indicator of people's
protein intake or health. The main goal of this article
is to find appropriate exogenous variables to establish
a supply equation model that conforms to the laws of
the market based on the relevant data from 2003 to
2017 in China to predict the future consumption of fish
in China to provide essential data for people's protein
intake.

2 METHODOLOGY

2.1 Data Source

The data in this article comes from Chinese national
data, our world data, and statist. Among them, the ex-
factory price index of industrial producers
(1985=100), the current value of the market price of
eggs (ordinary fresh eggs) (yuan/kg), hairtail (0.5-1)
(Kg), the current value of the market price (yuan/kg)
and the per capita GDP (yuan) come from Chinese
national data. Fish and Seafood supply quantity
(kg/capita/yr) comes from our world data. Annual
anomalies in global ocean surface temperature from
1880 to 2020, based on temperature departure (in
degrees Celsius), comes from Statista.

2.2 Supply and Demand Function
1) Demand Function: A demand function is

defined by p = f(x)where p measures the unit price
and x measures the number of units of the commodity
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in question and is generally characterized as a
decreasing function of x; that is, p = f(x) decreases
as x increases. Since both x and p assume only
nonnegative values, the demand curve is that part of
the graph of f(x) that lies in the first quadrant
(figure.1) (Pettinger, 2021).

2) Supply Function: A supply function defined
by p = f(x) with p and x as before is generally
characterized as an increasing function of x; that is,
p = f(x) increases as x increases. Since both x and
p assume only nonnegative values, the supply curve
is that part of the graph of f(x) that lies in the first
quadrant (figure.1) (Economic Models, 2021)..

p
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Figure 1: Example of a supply curve (in blue) and a demand
curve (in red). The point of intersection corresponds to
market equilibrium.

2.3 Simultaneous Equations Models

1)  Introduction to Simultaneous Equations Models:
A simultaneous equation model is a statistical model
in a set of simultaneous linear equations. They differ
from regular regression models because there are two
or more dependent variables (Pettinger, 2021).
Because the concurrent equation model can solve the
endogenous relationship between variables. For
example, the variable price is both an explained
variable and an explanatory variable to express
quantity. The same is true for the number of variables.
So, I choose the simultaneous equation model to solve
the supply and demand equation.

2) Variable Selection of Price of Fish: This
article uses the price of hairtail to replace the price of
fish because data on fish prices in China has not been
found. The production of hairtail is relatively large,
and it is distributed in China's Yellow Sea, East China
Sea, Bohai Sea, and even the South China Sea.

3) Variable Selection of Supply Function:
Supply refers to the quantity of a good that the
producer plans to sell in the market. The pool will be
determined by price, the number of suppliers, the
state of technology, government subsidies, weather
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conditions, and the availability of workers to produce
the good (Hu, Pan, Zhang, Tao, 2020). Based on this
reminder of factors affecting supply, first, I chose the
ex-factory price index of industrial producers to
estimate the cost of raw materials. The increase in the
ex-factory price index of industrial producers means
an increase in the cost of the enterprise, so this will
lead to a decrease in the production of the enterprise,
which will naturally lead to a reduction in supply.
Secondly, I chose sea level temperature as the second
variable that affects supply because the problem
which I am exploring is to predict the consumption of
fish in China. The response of fish to changes in water
temperature is enormous. If the temperature exceeds
or falls below the optimum temperature for the fish, it
will cause the death of the fish and thus reduce the
yield. Therefore, the supply function can be expressed
as follows:

Supply: Q = a; + a,P + a3 PF + a,ST + €

Table 1: The explanation of variables in supply function.

Variables Explanation
Q Per capita fish consumption
P The price of hairtail
PF The ex-factory price index of industrial
producers
ST Sea surface temperatur

4) Variable Selection of Demand function:
The demand for a good depends on several factors,
such as the price of the sound, perceived quality,
advertising, income, the confidence of consumers,
and changes in taste and fashion (Yobero, 2016).
Based on such a reminder of factors that affect
demand, I plan to choose residents' per capita
disposable income as the first variable of the demand
equation, but because China only began to investigate
residents' per capita disposable income in 2013. So, I
chose GDP per capita as the variable that affects
demand. Secondly, I chose eggs as a substitute for
fish. Because eggs and fish are both important sources
of protein for humans. Therefore, the price of eggs is
used as the second variable that affects demand. Thus,
the demand function can be expressed as follows:

Demand: Q = 1 + [,P + (3PS + B4DI + €4

Table 2: The explanation of variables in demand function.

Variables Explanation
Q Per capita fish consumption
P The price of hairtail
PS The price of eggs
DI Per capita GDP
5) The Reduced-Form  Equation: The

reduced-form equations express the endogenous
variables as a function of the exogenous variables,
where P and Q are exogenous variables and PS,
DI,ST,and PF are exogenous variables.

P = 11 + 7T12PS + 7T13D1 + 7T14PF + 7'[155T + 121

Q =Tl + 7T22P5 + TT23D1 + 1I24PF + T[ZSST
+ vy

2.4 Identification

Because the reduced-form equation has 8 parameters
equal to the structural equation's parameters, this
simultaneous equation system is just recognized.

2.5 Two-stage Least Squares
Estimation

1) The Process of Two-Stage Least Squares
Estimation: Because the endogenous variable is
related to the error term in the supply and demand
equation, the least square method cannot estimate the
parameters here. Instead, choose to use Two-Stage
Least Squares Estimation. The first step is to apply
the least-squares method to the reduced-form
equation of the endogenous variable Y; as the
explanatory variable to obtain its estimated valueY,.
The second step is to substitute the estimated value
Y,. into the right side of the estimated structural
equation to replace the endogenous variable Y; as the
explanatory variable, and then apply the least square
method again to obtain the estimated value of the
structural parameter.

2) Correlation of Exogenous Variable: The
use condition of Two-Stage Least Squares Estimation
is that there is no serious multicollinearity between
exogenous variables. So, the correlation between
exogenous variables needs to be tested.

3 ASSUMPTION

1. Assume that people all over China do not have
serious prejudice against hairtail.
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2.Assume that per capita GDP is even people’s
disposable income.

3. Assume that there is no large-scale outbreak of
infectious diseases (such as the outbreak of Covid19).

4 RESULT

4.1 The Result of Correlation of
Exogenous Variable

Test the correlation between exogenous variables
using the cor() function in R, as shown in figure 2
below. As aresult, it can be found that there is a certain
correlation between exogenous variables, but the
severity of multiple gong xian x cannot be clearly
defined. Therefore, it cannot be judged whether there
is serious multicollinearity between them.
> #Check the correlation of the exogenous valuables
> Exogenous_Value <- Database_Fish[ , c("pf","ps","di","st")]
> cor(Exogenous_Value,method="pearson")

pf ps di st
pf 1.0000000 ©.8420014 0.6407243 -0.7948199
ps ©.8420014 1.0000000 ©.8359415 -0.7579879

di  ©0.6407243 ©0.8359415 1.0000000 -0.6903567
st -0.7948199 -0.7579879 -0.6903567 1.0000000

Figure 2: The result of the correlation of exogenous variable
by using cor() inr.

4.2 Estimated Supply and Demand
Function

According to the result of the systemfit() function
in r (Figure 3). The estimated parameters of structural
equations of supply and demand function can be
determined. The estimated supply function is

Q = 24.748772945 + 0.648236619P
— 0.000467179PF
+ —6.362028375ST

and the estimated demand function is
Q = 22.304304122 + —0.310007465P

+ 0.365297703PS
+ 0.000363223DI
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25LS estimates for 'eql' (equation 1)
Model Formula: q ~ p + pf + st
Instruments: ~pf + di + st + ps

Estimate Std. Error t value Pr(=Itl)
(Intercept) 24.748772945 6.243212819 3.96411 0.0022184 *+

P 0.648236619 ©.049906916 12.98891 5.1337e-08 ***
pf -0.000467179 ©0.013403531 -0.03485 ©0.9728199
st -6.362028375 3.390095367 -1.87665 ©.0873288

Signif. codes: @ ****’ 9.001 '**’ 0.01 **' 90.05 ‘. 0.1 * " 1

Residual standard error: ©.841635 on 11 degrees of freedom
Number of observations: 15 Degrees of Freedom: 11

SSR: 7.791837 MSE: @.788349 Root MSE: @.841635

Multiple R-Squared: ©.972265 Adjusted R-Squared: 0.964701

25LS estimates for 'eq2' (equation 2)
Model Formula: q ~ p + ps + di
Instruments: ~pf + di + st + ps

Estimate Std. Error t value Pr{zItl)
(Intercept) 22.304304122 1.705409125 13.@7857 4.7799%-08 ***
p -0.310007465 ©.350595556 -0.88423  0.395487
ps ©.365297703 ©.177197802 2.06153 0.063698
di 0.000363223 0.000130625 2.78065 0.017383 *

Signif. codes: @ ****’ 0.001 ‘**’ 0.01 “*’ 0.05 ‘.’ 0.1 * * 1
Residual standard error: ©.576496 on 11 degrees of freedom
Number of observations: 15 Degrees of Freedom: 11

SSR: 3.655823 MSE: @.332348 Root MSE: 0.576496
Multiple R-Squared: ©.986987 Adjusted R-Squared: 0.983438

Figure 3: The estimated parameters of structural equations
of supply and demand function.

4.3 Verification

Bring the values of the four variables of PT, PS, DI,
and ST in 2018 into the estimated supply equation and
demand equation, and get the estimated supply
equation:

Q = 20.2406741474 + 0.648236619P
and the estimated demand equation
Q =49.79757141783484099 — 0.310007465P

The graph of the two equations can be shown in
figure 4.
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Figure 4: The estimated supply equation and demand
equation for 2018.
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Combining these two equations can then get the
predicted value of the price P,

49.79757141783484099 — 0.310007465P
= 20.2406741474
+ 0.648236619P
P =30.8449

Then substitute the predicted value into the
estimated supply equation to get the predicted value of
the fish consumption Q,

0 = 20.2406741474 + 0.648236619 = 30.8449
= 40.2354678367931

Compared with the actual value of the price P =
27.3467,

|P - P

ERR = ~ 0.1134136707

Therefore, the relative error of the model is about
11.3%.

5 CONCLUSION

In general, the simultaneous equation model used in
this article can get a rougher supply equation and
demand equation. I think three reasons affect the
accuracy of the model: The first reason is that the
Pearson correlation coefficient obtained in the
previous correlation test of exogenous variables is
significant, which shows that the correlation between
exogenous variables is very high. It may affect the
accuracy of the model. The second reason is that [ used
per capita GDP instead of the more real per capita
disposable income. This approach has significantly
improved the judgment of the people's economic level,
which will shift the demand equation. The third is that
I used the price of hairtail to replace the price of fish,
but hairtail is not a very accurate replacement for the
cost of fish. Because hairtail is not so popular in every
part of China, people in the mainland may reduce their
consumption of hairtail because of its fishy smell.

In addition, the more severe problem is that the
method in this article can only get the estimated supply
equation and demand equation. But if you want to use
this estimated equation to predict fish consumption in
China, you need to predict the values of four
exogenous variables (ST, DI, SF, and PS). This is
more difficult than getting the estimated supply and
demand equation.
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