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Abstract 

The paper analyses trade between the most developed economies of the world. The analysis is based on the previously proposed 

model of international trade. This model of international trade is based on the theory of general economic equilibrium. The 

demand for goods in this model is built on the import of goods by each of the countries participating in the trade. The structure of 

supply of goods in this model is determined by the structure of exports of each country. It is proved that in such a model, given a 

certain structure of supply and demand, there exists a so-called ideal equilibrium state in which the trade balance of each country 

is zero. Under certain conditions on the structure of supply and demand, there is an equilibrium state in which each country have 

a strictly positive trade balance. Among the equilibrium states under a certain structure of supply and demand, there are some that 

differ from the ones described above. Such states are characterized by the fact that there is an inequitable distribution of income 

between the participants in the trade. Such states are called degenerate. In this paper, based on the previously proposed model of 

international trade, an analysis of the dynamics of international trade of 8 of the world's most developed economies is made. It is 

shown that trade between these countries was not in a state of economic equilibrium. The found relative equilibrium price vector 

turned out to be very degenerate, which indicates the unequal exchange of goods on the market of the 8 studied countries. An 

analysis of the dynamics of supply to the market of the world's most developed economies showed an increase in China's share. 

The same applies to the share of demand. 
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1. Introduction 

This article is a continuation of works [1-7], in which a 

model of international trade is proposed and a mathematical 

method of its research is developed. This became possible 

thanks to a new approach to the description of the economy 

proposed in [2]. The article [1] provides an analysis of the 

international trade of the G20 countries. In it, we introduce the 

concept of the ideal state of equilibrium in world trade. As a 

rule, the world trade is not being in an ideal state of 

equilibrium, it deviates from it. The deviation can be due to 

both the state of each of the economies and the tariff 

restrictions that each of the countries implements to protect 

against the flow of goods from the outside. This state of 

equilibrium is usually violated through a monopoly in the 

supply of a certain type of goods, oligopoly and cartel 
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agreements. The result of the so-called chaotic tariff war 

could be a shift in the world economy towards a state of 

recession. The actual equilibrium state can be significantly 

different from the ideal equilibrium state. The study of such 

equilibrium states is an urgent problem in order to prevent the 

negative development of international trade. 

Section 2 contains a general formulation of the problem. 

Section 3 shows that the trade between the world's most 

developed economies was not in a state of economic 

equilibrium. The relative equilibrium price vector turned out 

to be highly degenerate. Section 4 presents the dynamics of 

changes in market share of the 8 most developed economies of 

the world. The problem of restructuring international trade on 

fair principles that would ensure sustainable development is 

discussed in the articles [8-13]. 

2. Model Formulation and Statement of 

the Problem 

This paper is an application of the economy description 

concept elaborated in [2] to model the international trade 

between M  countries. 

Every set of goods we describe by a vector 1= ( , , ),nx x x  

where ix  is a quantity of units of the i -th goods, ie  is a 

unit of its measurement, i ix e  is the natural quantity of the 

goods. If ip  is a unit price for the goods ,ie = 1, ,i n  then 

1= ( , , )np p p  is the price vector corresponding to the 

vector of goods 1( , , ).ne e  The price of goods vector 

1= ( , , )nx x x  is 
=1

, = .

n

i i

i

p x p x  The set of possible 

goods in the considered period of the economy system 

operation is denoted by .S  We assume S  is a convex 

subset of the set .nR  As for what follows only the property of 

convexity is important, we assume, without loss of generality, 

that S  is a certain n -dimensional parallelepiped that can 

coincide with .nR  Thus, we assume that in the economy 

system the set of possible goods S  is a convex subset of the 

non-negative orthant nR  of n -dimensional arithmetic space 

,nR  the set of possible prices is a certain cone ,nK  

contained in \{0},nR  and that can coincide with \{0}.nR  

Definition 1. A set n nK R   is called a nonnegative cone 

if together with a point nu K  the point tu  belongs to the 

set nK  for every real > 0.t  

Here and further, \{0}nR  is a cone formed from the 

nonnegative orthant nR  by ejection of the null vector 

{0} = {0, ,0}.  Further, the cone \{0}nR  is denoted by 

.nR  

Suppose M  countries exchange by n  types of goods. Let 
s
kji  be the quantity of import units for s -th goods from j -th 

country into k -th country and 
s

s kjp i  its value, where 

=1= { }n
s sp p  is a price vector. Also, let 

s
kje  be a quantity of 

export units for s -th goods from the k -th country into the 

j -th one and 
s

s kjp e  is its value. Having these entities, let us 

introduce the demand 
1 ,

=1, =1|| || ,n M
sk s kc  and supply matrices 

1 ,
=1, =1|| || ,n M

sk s kb  

1 1

=1 =1

= , = , = 1, , = 1, ,

M M
s s

sk kj sk kj

j j

c i b e s n k M   (1) 

and the supply vector 1 1
=1= { } ,n

s s   where 

1 1

=1 , =1

= = , = 1, .

M M
s

s sk kj

k k j

b e s n          (2) 

The income of the k -th country from its export is 

1

=1 =1 =1

( ) = = .

n M n
s

k s sk kj s

s j s

D p p b e p   (3) 

The conditions for the economy equilibrium is 

1 1

1=1 , =1

=1

( )
= , = 1, .

M M
sk

sk kj sn
k k j

sk s

s

D p
c e s n

c p

 


(4) 

As the statistical data are given in the cost form, it is 

convenient to rewrite the set of inequalities (4) in the cost 

form too 

=1

=1

, = 1, ,

M
k

sk sn
k

sk

s

D
c s n

c




       (5) 

where 
1 1

=1 =1

= , = , = .

M n
s

sk s sk s s s k s kj

j s

c p c p D p e    We call 

the vector =1= { } , =1, ,n
k sk sc c k M  the demand vector of the 

k -th country and the vector =1= { } , =1, ,n
k sk sb b k M  the 

supply vector of the k -th country. 

Definition 2. We say the exchange by n  types of goods in 

cost form between M countries is at the equilibrium state if 

the set of inequalities (5) are true. The price vector 
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1= { , , }np p p  under which the set of inequalities (5) are 

true is called the equilibrium price vector. 

In what follows, we will use the denotations from [1]. So, 

we put 
=1

= , = 1, , = 1,

M
s

s kj sk

j

p e b s n k M  and introduce the 

property vector of the k -th country =1= { } , =1, .n
k sk sb b k n  

In these denotations the equilibrium state is written as 

=1

=1

, = 1, ,

M
k

sk sn
k

sk

s

D
c s n

c




         (6) 

where 
=1 =1

= , = .

M n

s sk k sk

k s

b D b    As the set of inequalities 

(6) may be not satisfied by the price vector 1= { , , },np p p  

we introduce the relative price vector 0 0
0 1= { , , },np p p  to 

provide the equilibrium in the exchange model 

0

0=1

=1

( )
, = 1, ,

M
k

sk sn
k

s sk

s

D p
c s n

p c




           (7) 

where 
0

0

=1 =1

= , ( ) = .

M n

s sk k s sk

k s

b D p p b    It is evident that if 

the relative equilibrium price vector 0 0
0 1= { , , },np p p  

satisfying the set of inequalities (7) is such that 
0 = 1, = 1, ,ip i n  then the price vector 1= { , , },np p p  is an 

equilibrium price vector. Introduced relative equilibrium 

vector 0 0
0 1= { , , }np p p  characterizes the deviation of the 

exchange model from the equilibrium state. 

What means that the exchange of n  types of goods in the 

cost form between M  countries is in an equilibrium state 

and why it is important to investigate the equilibrium states? 

First, let us note that if for every country export-import 

balance is equal zero, then the relative equilibrium vector 
0 0

0 1= { , , }np p p  is such that 0 = 1, = 1, ,ip i n  and the price 

vector 1= { , , },np p p  is an equilibrium price vector, 

moreover, the set of inequalities (7) becomes the set of 

equalities. This case is ideal one in the reality. We describe the 

factors that can violate the ideal equilibrium in the exchange 

model. In the exchange model, there exist equilibrium states 

differing from this ideal case. As every country seeks to 

protect its economy from goods flow from outside, it 

establishes the customs-tariffs. This leads to the violation of 

zero export-import balances between the countries. Another 

factor influencing the violation of zero export-import balance 

is the state in which the country needs more import than 

export due to the internal state of economy and vice versa 

when the country needs more export than import. Such 

deviations in the export-import balance can lead to the 

equilibrium states that are far from the ideal equilibrium state. 

The quality of such equilibrium states can be very different. 

The main aim is to investigate these equilibrium states. The 

deformation of the ideal equilibrium state in the exchange 

model that can arise may also lead to the recession in the 

world economy. The above established arguments are very 

important to investigate these deformed equilibrium states. 

3. International Trade of the 8 Countries 

In this chapter we investigate the trade of 8 

countriesbetween themselves. Our analysis is based on 

statistical data presented in [3, 4]. It is convenient to number 

them as:1. Canada, 2. China, 3. Germany, 4. France, 5. the 

United Kingdom,6. Italy7. Japan, 8. The United States. 

These countries trade goods among themselves: 1. Animal, 

2. Vegetable, 3. FoodProd, 4. Minerals, 5. Fuels, 6. Chemicals, 

7. PlastiRub, 8. HidesSkin, 9. Wood, 10. TextCloth, 11. 

Footwear, 12. StoneGlas, 13. Metals, 14. MachElec, 15. 

Transport, 16. Miscellan. 

During 2020 - 2022, trade relations between 8 countries 

were in non equilibrium states. The equilibrium state existed 

in each of the studied years. Each of these equilibrium states 

was far from ideal equilibrium. Each of the equilibrium states 

turned out to be highly degenerate. The degeneracy 

multiplicity was equal 15. An important concept of a 

generalized equilibrium price vector is introduced defined as a 

solution to a degenerate system of equations with real 

consumption. Using the concept of a generalized equilibrium 

vector, a recession level parameter is introduced. This 

parameter is a characteristic of the stability for the 

international exchange currency. The greater its value, the 

weaker the international exchange currency. 

4. Partial Analysis of the International 

Trade of 8 Countries 

Below we presentan analysis in the form of diagrams of the 

parts of the demand and supply of the k-th country for the 

goods exchanged by the 8 countries. The same analysis is 

given in the form of diagrams of the supply and demand parts 

8 countries for the k-th type of goods. Our analysis is based on 

statistical data [14, 15]. 

Figures 1-3 show the export parts of each of the 8 countries. 

Below wegive an analysis of the supplyshares to the common 

market of the 8 most developed countries. In 2020, the share of 

China in the common market of goods exchanged by 8 countries 

is 0.28, the United States is 0.169, and Germany is 0.16. Already 

in 2021, the share of China's supply of goods is 0.291, while the 

supply of goods by the United States decreases to 0.165, and 

Japan decreases to 0.095. It should be noted that the share of 
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Canada increased to 0.108. The trend is almost maintained in 

2021. It is true that the share of China is becoming a little smaller 

and is 0.281, but the share of the USA is slightly increasing and is 

0.176, and the share of Canada is also increasing and is 0.123. 

Note the decrease in the share of Germany, which is 0.155, and 

the share of Japan, which is 0.085. 

The general conclusion is that there is a significant increase 

in China's presence on the market of 8 countries at the expense 

of such leading economies as the United States, Japan, and 

Germany. 

Figures 4-6 show the dynamics of imports on the market of 

8 countries. 

 

Figure 1. The part of supply of goods by the k-th country for goods of 

the eight. 2020. 

1. Canada: 0.10, 2. China: 0.28, 3. Germany: 0.16, 4. France: 0.06, 5. 

The United Kingdom: 0.04, 6. Italy: 0.06, 7. Japan: 0.1, 8. The 

United States: 0.169. 

 

Figure 2. The part of supply of goods by the k-th country for goods of 

the eight. 2021. 

1. Canada: 0.108, 2. China: 0.291, 3. Germany: 0.16, 4. France: 

0.066, 5. The United Kingdom: 0.044, 6. Italy: 0.067, 7. Japan: 0.095, 

8. The United States: 0.165. 

 

Figure 3. The part of supply of goods by the k-th country for goods of 

the eight. 2022. 

1. Canada: 0.123, 2. China: 0.281,3. Germany: 0.155, 4. France: 

0.066, 5. The United Kingdom: 0.044, 6. Italy: 0.067, 7. Japan: 0.085, 

8. The United States: 0.176. 

 

Figure 4. The part of demand of goods by the k-th country for goods 

of the eight. 2020. 

1. Canada: 0.088, 2. China: 0.152, 3. Germany: 0.122, 4. France: 

0.074, 5. The United Kingdom: 0.086, 6. Italy: 0.052, 7. Japan: 0.088, 

8. The United States: 0.335. 

 

Figure 5. The part of demand of goods by the k-th country for goods 

of the eight. 2021. 
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1. Canada: 0.089, 2. China: 0.158, 3. Germany: 0.1209, 4. France: 

0.0737, 5. The United Kingdom: 0.0771, 6. Italy: 0.054, 7. Japan: 

0.084, 8. The United States: 0.3409. 

 

Figure 6. The part of demand of goods by the k-th country for goods 

of the eight. 2022. 

1. Canada: 0.093, 2. China: 0.137, 3. Germany: 0.122, 4. France: 

0.074, 5. The United Kingdom: 0.085, 6. Italy: 0.056, 7. Japan: 0.079, 

8. The United States: 0.348. 

 

Figure 7. The part of demand for the k-th type of goods by all 8 

country. 2020. 

1. Animal: 0.015 2. Vegetable: 0.021 3. FoodProd: 0.030 4. Minerals: 

0.005 5. Fuels: 0.040, 6. Chemicals: 0.112, 7. PlastiRub: 0.047, 8. 

HidesSkin: 0.007, 9. Wood: 0.024, 10. TextCloth: 0.047, 11. 

Footwear: 0.010, 12. StoneGlas: 0.036, 13. Metals: 0.055, 14. 

MachElec: 0.304, 15. Transport: 0.128, 16. Miscellan: 0.1108. 

 

Figure 8. The part of demand for the k-th type of goods by all 8 

country. 2021. 

1. Animal: 0.014 2. Vegetable: 0.023 3. FoodProd: 0.029 4. Minerals: 

0.006 5. Fuels: 0.058, 6. Chemicals: 0.111, 7. PlastiRub: 0.049, 8. 

HidesSkin: 0.007, 9. Wood: 0.026, 10. TextCloth: 0.034, 11. 

Footwear: 0.011, 12. StoneGlas: 0.035, 13. Metals: 0.062,14. 

MachElec: 0.299, 15. Transport: 0.119, 16. Miscellan: 0.110. 

 

Figure 9. The part of demand for the k-th type of goods by all 8 

country. 2022. 

1. Animal: 0.013 2. Vegetable: 0.023 3. FoodProd: 0.028 4. Minerals: 

0.005 5. Fuels: 0.086, 6. Chemicals: 0.117, 7. PlastiRub: 0.046, 8. 

HidesSkin: 0.007, 9. Wood: 0.024, 10. TextCloth: 0.032, 11. 

Footwear: 0.011, 12. StoneGlas: 0.033, 13. Metals: 0.063,14. 

MachElec: 0.286, 15. Transport: 0.114, 16. Miscellan: 0.103. 

 

Figure 10. The part of supply of the k-th type of goods by all 8 

country. 2020. 

1. Animal: 0.016 2. Vegetable: 0.024 3. FoodProd: 0.031 4. Minerals: 

0.005 5. Fuels: 0.042,6. Chemicals: 0.102, 7. PlastiRub: 0.048, 8. 

HidesSkin: 0.007, 9. Wood: 0.025, 10. TextCloth: 0.051, 11. 

Footwear: 0.010, 12. StoneGlas: 0.039, 13. Metals: 0.057,14. 

MachElec: 0.283, 15. Transport: 0.141, 16. Miscellan: 0.111. 
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Figure 11. The part of supply of the k-th type of goods by all 8 

country. 2021. 

1. Animal: 0.015, 2. Vegetable: 0.024, 3. FoodProd: 0.030, 4. 

Minerals: 0.005, 5. Fuels: 0.05,6. Chemicals: 0.099, 7. PlastiRub: 

0.05, 8. HidesSkin: 0.008, 9. Wood: 0.027,10. TextCloth: 0.041, 11. 

Footwear: 0.012, 12. StoneGlas: 0.036, 13. Metals: 0.066,14. 

MachElec: 0.279, 15. Transport: 0.132, 16. Miscellan: 0.113. 

 

Figure 12. The part of supply of the k-th type of goods by all 8 

country. 2022. 

1. Animal: 0.014, 2. Vegetable: 0.024, 3. FoodProd: 0.029, 4. 

Minerals: 0.005, 5. Fuels: 0.084,6. Chemicals: 0.103, 7. PlastiRub: 

0.047, 8. HidesSkin: 0.008, 9. Wood: 0.026,10. TextCloth: 0.039, 11. 

Footwear: 0.012, 12. StoneGlas: 0.036, 13. Metals: 0.067,14. 

MachElec: 0.265, 15. Transport: 0.119, 16. Miscellan: 0.114. 

The share of China's imports from the remaining 7 countries in 

2020 is 0.152, the share of the United States is 0.335, and the 

share of Germany is 0.122. In 2021, we see an increase in the 

share of China's imports to 0.158, but there is a drop in the share 

of US imports to 0.3409 and a decrease in the share of Germany 

to 0.1209. In 2021, the share of China's imports increases to 

0.158, the US maintains the same share as in the previous year. It 

should be noted that the shares of imports byFrance, Great 

Britain and Italy are higher than the shares of exports. 

In 2022, the situation changes dramatically, the share of 

China's imports drops sharply to 0.137, while the share of the 

United States rises sharply to 0.348. The share of Germany's 

imports is also increasing, which is 0.122. 

The main conclusion is that 2022 is a turning point for China's 

imports from the rest of the world's most developed countries. 

The dynamics of changes in the shares of demand for goods 

exchanged by the most developed countries of the world are 

presented below. Its characteristic feature is the growth in 

demand for energy products, chemical products and metal 

products, which indicates the growth of production during the 

years under review. The share of demand for engineering and 

transport products is falling. A drop in the share of demand for 

food products is observed. 

2020. 

3. FoodProd: 0.030 

5. Fuels: 0.040, 

6. Chemicals: 0.112, 

7. PlastiRub: 0.047, 

10. TextCloth: 0.047, 

12. StoneGlas: 0.036, 

13. Metals: 0.055, 

14. MachElec: 0.304, 

15. Transport: 0.128, 

16. Miscellan: 0.1108. 

2021. 

3. FoodProd: 0.029 

5. Fuels: 0.058, 

6. Chemicals: 0.111, 

7. PlastiRub: 0.049, 

10. TextCloth: 0.034, 

12. StoneGlas: 0.035, 

13. Metals: 0.062, 

14. MachElec: 0.299, 

15. Transport: 0.119, 

16. Miscellan: 0.110. 

2022. 

3. FoodProd: 0.028, 

5. Fuels: 0.086, 

6. Chemicals: 0.117, 

7. PlastiRub: 0.046, 

10. TextCloth: 0.032, 

12. StoneGlas: 0.033, 

13. Metals: 0.063, 

14. MachElec: 0.286, 

15. Transport: 0.114, 

16. Miscellan: 0.103. 

The dynamics of supply shares in the market of the 8 most 

developed economies of the world are presented below. There is 

a decrease in the share of food products, an increase in the share 

of the supply of energy carriers, and an increase in the supply of 

metal products. There is a drop in the supply share of electrical 

engineering, and the share of transportation is decreasing. 

2020. 

3. FoodProd: 0.031, 

5. Fuels: 0.042, 
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6. Chemicals: 0.102, 

7. PlastiRub: 0.048, 

10. TextCloth: 0.051, 

12. StoneGlas: 0.039, 

13. Metals: 0.057, 

14. MachElec: 0.283, 

15. Transport: 0.141, 

16. Miscellan: 0.111. 

2021. 

3. FoodProd: 0.030, 

5. Fuels: 0.05, 

6. Chemicals: 0.099, 

7. PlastiRub: 0.05, 

10. TextCloth: 0.041, 

12. StoneGlas: 0.036, 

13. Metals: 0.066, 

14. MachElec: 0.279, 

15. Transport: 0.132, 

16. Miscellan: 0.113. 

2022 

3. FoodProd: 0.029, 

5. Fuels: 0.084, 

6. Chemicals: 0.103, 

7. PlastiRub: 0.047, 

10. TextCloth: 0.039, 

12. StoneGlas: 0.036, 

13. Metals: 0.067, 

14. MachElec: 0.265, 

15. Transport: 0.119, 

16. Miscellan: 0.114. 

5. Conclusions 

The work presents the analysis of international trade of the 

8 most developed economies of the world. It is shown that the 

trade between them was not in a state of economic equilibrium. 

The relative equilibrium price vector turned out to be highly 

degenerate. A detailed analysis of the market shares occupied 

by each country is given. 
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governors from 19 countries and the European 
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