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Abstract – The 2020 U.S. College Mathematics Modeling Contest E questions follow the original model and remain 

in the environment-related category. In this paper, we discuss the model construction, proposal and analysis of 

influencing factors based on the detailed understanding of the topic and the environmental Kuznets curve and 

multiple linear regression. The article discusses the process of thinking about reducing plastic waste and addressing 

the imbalances in distribution across countries, as well as the factors that influence the setting of globalization goals, 

in order to provide solutions for subsequent participants and to advance the cause of sustainable development. 

Keywords – Plastic Waste, Environmental Kuznets Curve, Multiple Linear Regression, Principle of Differential 

Maximization. 

I. INTRODUCTION 

The American Mathematical Modeling Competition for Undergraduates is a thoroughly public competition 

sponsored by the American Mathematics and its Applications Consortium and is the most influential 

mathematical modeling competition in the world. The competition is divided into two types, MCM 

(Mathematical Contest in Modeling) and ICM (Interdisciplinary Contest in Modeling), which cover many fields 

such as environment, economics, security, medicine, etc [1]. The participants are required to use computer 

technology, mathematical knowledge and other related theories to analyze the topic, model building, problem 

solving, conclusion verification, etc., and finally form a high-level English problem solving paper. 

With the continuous development of society, more and more scholars have begun to pay attention to 

environmental issues, and in 1999 Haojie Wang pointed out that only considering unilateral claims to the 

environment without reasonable and effective protection will inevitably lead to the gradual depletion of 

resources and continuous environmental degradation [2]. In 2005, Hongbin Wang stressed that economic 

globalization is fundamentally conducive to environmentally sustainable development, but under certain 

conditions and in certain aspects it may have some negative effects on environmental protection and sustainable 

development [3]. In 2012 Linlin Yang noted that the amount of human-generated plastic waste in the oceans has 

increased hundreds of times, which will pose a serious threat to marine ecosystems [4]. It is estimated that 12,000 

to 24,000 tons of plastic waste is consumed by fish in the North Pacific Ocean each year. In 2018, Shuyan Yang 

et al. discussed international actions to prevent waste plastic pollution, calling on countries to construct policy 

systems for plastic reduction and resourceization according to national conditions, and to develop action plans to 

prevent waste plastic pollution [5]. 

Since the ICM was included in the competition, an environmental topic has been included in almost every 

year's US competition, from a discussion of environmental factors that may affect the expansion of zebra 

mussels in 2001, to a study of the Great Pacific Ocean Garbage Patch in 2010, to a discussion of plastic 

production in this year's Drowning in Plastic, all related to environmental issues [6]. 
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II. RECAPITULATION OF THE TOPIC OF THE COMPETITION 

A. Review of the Subject 

Since the 1950s, plastic production has grown exponentially due to the diversity of its uses, such as food 

packaging, consumer goods, medical devices and construction. While there are significant benefits, the negative 

impacts associated with increased plastic production are concerning. On the one hand, plastic products are not 

easy to decompose and difficult to handle, and only about 9% of plastic is recycled, which has serious 

consequences for the environment [7]; on the other hand, the creation of new materials has a negative impact 

while helping people to escape the social and economic constraints caused by the scarcity of natural resources. 

A Time magazine article noted that because of the war, “plastics have been turned to new uses and the 

adaptability of plastics demonstrated all over again.” With the international community's attention to 

environmental protection and ecological sustainable development, environmental problems caused by materials 

and products are increasingly prominent. The use time of plastic products is far shorter than the time needed to 

relieve the pressure of plastic waste properly. It is predicted that, according to the current situation, by 2050, the 

plastic content in the ocean will far exceed that of fish. 

So far, the effects of plastics on marine life have been studied, but the effects on human health are not fully 

understood. As a result, the 2020 America's race E question states that contestants need to develop a plan to 

significantly reduce the waste of single-use plastic products. The specific requirements are as follows. 

(1) Develop a model to estimate the maximum levels of single-use or disposable plastic product waste that can 

safely be mitigated without further environmental damage. 

(2) Discuss to what extent plastic waste can be reduced to reach an environmentally safe level. 

(3) Using model and discussion, set a target for the minimal achievable level of global waste of single-use or 

disposable plastic products and discuss the impacts for achieving such levels. 

(4) While this is a global problem, the causes and effects are not equally distributed across nations or regions. 

Discuss the equity issues that arise from the global crisis and intended solutions. 

(5) Write a two-page memo to the ICM describing a realistic global target minimum achievable level of global 

single-use or disposable plastic product waste, any circumstances that may accelerate or hinder the 

achievement of target. 

B. Problem Solving Ideas 

First, we will use the Environmental Kuznets curve to discuss the impact of family economic factors based on 

the static assumptions of technological progress and environmental investment. Subsequently, simplify the 

model and consider the level of energy consumption. 

Then, from the four aspects of industry impact, the availability of alternatives to plastics, household 

environment and national and regional policies to find effective ways and influencing factors to reduce plastic 

waste, open up a new way for environmental protection. 

Next, we use the principle of differential maximization to build a multivariate linear regression model based 

on the analysis of various methods and influence factors to obtain the lowest level of waste. 
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Subsequently, in the context of uneven economic development and resource allocation, countries were 

simplified into two categories: developed and lagging countries. Through comparative analysis, 

recommendations are made for cooperation, upgrading, research, education, etc. 

Finally, the above-mentioned influencing factors are considered together to arrive at the overall objective and 

the factors that facilitate and hinder its achievement. 

 

Fig. 1. Analytical process. 

First, we will use the Environmental Kuznets curve to discuss the impact of family economic factors based on 

the static assumptions of technological progress and environmental investment. Subsequently, simplify the 

model and consider the level of energy consumption. 

Then, from the four aspects of industry impact, the availability of alternatives to plastics, household 

environment and national and regional policies to find effective ways and influencing factors to reduce plastic 

waste, open up a new way for environmental protection. 

Next, we use the principle of differential maximization to build a multivariate linear regression model based 

on the analysis of various methods and influence factors to obtain the lowest level of waste. 

Subsequently, in the context of uneven economic development and resource allocation, countries were 

simplified into two categories: developed and lagging countries. Through comparative analysis, recommenda-    

-tions are made for cooperation, upgrading, research, education, etc. 

Finally, the above-mentioned influencing factors are considered together to arrive at the overall objective and 

the factors that facilitate and hinder its achievement. 
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III. MODEL BUILDING 

A. Estimated Maximum Usage 

In modeling the maximum use of single-use plastic products, we identified household economy and energy 

consumption levels as the main influencing factors for single-use pollution. When a disposable pollutant is 

emitted at a rate that almost reaches the environment's own purification capacity, we consider it to have reached 

its maximum emissions without damaging the environment. Therefore, the following hypotheses and 

explorations were made. 

First, we assume that household economy and energy consumption have the same share of impact on one-

time pollution. Second, we assume that the atmospheric environment of the study area can be approximated as a 

closed cylinder, and its contaminated environment can be approximated as a closed circular cylinder. Finally, 

we assume that the annual emissions of pollutants are continuously equal from the beginning of the year to the 

end of the year. 

Subsequently, we started to build the model using year t as an example. 

(1) The household economic level affects the generation of disposable household waste. 

Emission formula for household waste per capita 

𝐸𝑡 = 𝐴𝑡 ∗ 𝑃𝑡                                                              (1) 

Where 𝐸𝑡  is the per capita emission of single-use household waste, 𝐴𝑡 is the emission factor and 𝑃𝑡is the use 

of single-use plastic household goods. 

Using the environmental Kuznets curve, we assume on the basis of the hypothesis that the per capita 

emissions of single-use pollutants in the study area 𝐸𝑡 are related to the household economic level y, 

𝐸𝑡  = 𝛽0y – 𝛽1𝑦
2              (2) 

Assume that the incremental volume of single-use household waste is 

∆F = −aF +𝛽0 (1 − 
𝑎

2
) 𝑦𝑁𝑡 − 𝛽1 (1 − 

𝑎

2
) 𝑦2𝑁𝑡                                                                                                    (3) 

Where 𝑁𝑡 is the total population of the study area and F is the pollutant stock, for equation (3), we 

approximate it to a ternary linear equation 

z = 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3             (4) 

The coefficients of the equations can be derived by obtaining an estimate of the coefficients of the linear 

equations, 

𝛽0 = 
2𝑏2

2+𝑏1
, 𝛽1 = 

−2𝑏3

2+𝑏1
             (5) 

by the curve equation 𝐸𝑡  = 𝛽0y − 𝛽1𝑦
2

, 
Finally, the coordinates of the curve inflection point is (

𝛽0

2𝛽1
, 
𝛽0

2

4𝛽1
).

 

(2) The energy consumption dimension affects the generation of disposable industrial waste.
 

Industrial waste emission formula, 
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𝐼𝑡  = 𝐶𝑡*𝑄𝑡               (6) 

Where
 
𝐼𝑡  is the emission of single-use industrial waste, 𝐶𝑡  is the emission factor and

 
𝑄𝑡  is the use of single-

use industrial products. 

The value of 
 
𝐼𝑡  can be derived from the database statistics of the factories in the study area. 

Therefore, the maximum amount of single-use plastic products should be,  

W = 𝐸𝑡  + 𝐼𝑡  = 
𝛽0

2

4𝛽1
 + 𝐼𝑡              (7) 

B. Estimated Minimum Level 

On the basis of the maximum use estimation model, we build the model using the principle of differential best 

value to obtain the lowest possible level of global waste for single-use plastic products. 

Establishment of formula, 

Y = y𝑁𝑡 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + … + 𝛽𝑛𝑥𝑛  + 𝜇𝑖  (i = 1, …, n)         (8) 

Y = y𝑁𝑡 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +…+ 𝛽𝑛𝑥𝑛  + 𝜇𝑖  (i = 1,…, n) 

GDP per year Y = y𝑁𝑡 = GDP 

Then 

 

𝑌1 =  𝛽0 +  𝛽1𝑥11 + 𝛽2𝑥21 +⋯+  𝛽𝑛𝑥𝑛1

𝑌2 =  𝛽0 +  𝛽1𝑥21 + 𝛽2𝑥22 +⋯+  𝛽𝑛𝑥𝑛2

    ⋮ 
𝑌𝑛 =  𝛽0 +  𝛽1𝑥𝑛1 + 𝛽2𝑥𝑛2 +⋯+  𝛽𝑛𝑥𝑛𝑛

            (9) 

From E (Y │ x) = x𝛽 we can get  

Y = x𝛽 + 𝜇            (10) 

Based on the maximum use estimation model we derive the minimum level of global waste that can be 

achieved by single-use plastic products, 

min z = −2F + 
1

2
𝛽0 (2 − a) − 

1

2
𝛽1  (2 − a) = − 2F + 

1

2
 (2 − 𝑎) 

𝑦  −𝜇

𝑥
  (y − 1)     (11) 

C. Issues of Equitable Distribution 

Countries around the world have different levels of economic development, resource distribution and 

industrial energy cleanliness. For this purpose, a simple division of the world's countries was made, broadly into 

economically developed countries, represented by the United Kingdom, and economically relatively backward 

countries, represented by the Republic of Madagascar, with the assumption that the concentration of a pollutant 

in the study area is related only to distance from the source and not to depth. 

Then, we can get 

F = S
𝜋𝐷

3(𝑅−𝑟)
 (𝑅3 − 3R𝑟2 +  2𝑟3) = S

𝜋𝐷

3𝐿
 (𝑅3 − 3R𝑟2 + 2𝑟3)                 (12) 

Where S is the concentration of contaminants in the region, D is the average water depth of the approximate 

ring cylinder, r is its inner radius and R is its outer radius. 
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IV. PRESENTATION OF RECOMMENDATION 

A. Reduce Plastic Waste to Achieve Environmental Safety 

1. Industrial Impact 

In the industrial impact dimension, we focus on the choice of raw materials and the recycling of single-use 

plastic waste (producer responsibility). In terms of the choice of raw materials, we list the change in color of 

Sprite bottles. The Coca-Cola Company announced on its website that it will change the color of its plastic 

bottles, thereby increasing the likelihood of recycling. The move will probably cost the beverage giant 3,100 

tons less plastic to produce. By 2020, Coca-Cola's use of new plastics will not exceed 23,000 tons [9]. 

In the context of producer responsibility, we point to the relevance of enhanced producer responsibility. It can 

not only increase the control of the whole process of production and use of plastic products, but also the 

company's product logo can be reversed incentives to reduce unnecessary waste. 

2. Availability of Plastic Alternatives 

The widespread use of disposable plastic products has not only brought convenience to people's lives, but also 

caused pollution to the environment. In order to reduce environmental damage, we find information and conduct 

comparative analyses to find new alternatives to single-use plastic products. By comparing three new materials: 

composites made of wood fibers and spider silk, PP synthetic paper, and plastics made of sugar and carbon 

dioxide, we believe that their versatility, environmental friendliness and high availability will make them widely 

used as plastic substitutes in the future [10-12]. 

3. Household Environment 

The use of disposable plastic products is closely related to the home environment, so we analyzed the home 

environment into three dimensions: family income, family education, and family structure to determine their 

impact on the use of disposable plastic products. 

 

Fig. 1. Impact factors related to the family environment. 
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4. National and Regional Policies 

With the rise of the takeaway and courier industry, the chances of single-use plastic items making an 

appearance in our daily lives are increasing. Their continued development has had a negative impact on the 

environment while providing us with convenience. Therefore, it is imperative that national and regional policies 

are in place to restrict single-use plastic products. We focus on the analysis of the EU plastic restriction policy, 

discussing its positive implications in terms of energy conservation, environmental protection and 

environmental awareness, and draw recommendations from this. 

 

Fig. 3. Some recommendations. 

B. Targeted Recommendations in the Context of Uneven Distribution among Countries 

Through the analysis of the economically developed countries represented by the United Kingdom and the 

economically backward countries represented by Madagascar, we find that the economically developed 

countries have a strong capacity and experience in pollution control, while the economically backward countries 

have yet to improve their pollution control. Therefore, we suggest that each country form a cooperative 

relationship, especially between the economically developed countries and the economically backward 

countries, to promote the sharing of resources, accelerate industrial upgrading, so that the economic 

development model from black to green development. In addition to this, environmental education that changes 

people's lifestyles and consumer attitudes is also crucial. 

V. INFLUENCE FACTORS 

On a global scale, the geographical location, level of economic development, national policies, resource 

allocation and other aspects of each country are different, and the residents of each country have different 

understanding and handling of single-use plastics. If we want to arrive at a minimum achievable level of global 

single-use plastic waste, we must consider the impact of all factors in combination. Through the discussion of 

the above model, we set global targets. 

Economically advanced countries take the lead in upgrading the plastics industry, speeding up the 

development of plastic alternatives and changing production patterns. When they achieve certain results, they 

should follow the principle of sharing resources and results, and implement one-to-one support policies for 

economically backward countries to help them solve the problem of single-use plastic pollution, so as to achieve 

an environmentally friendly society on a global scale. 
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Of course, in the process, we will encounter both favorable conditions to advance our goals and unfavorable 

conditions to hinder us. To this end, we have discussed the classification of favourable and unfavourable factors. 

A. Favourable Factors 

1. Environmental Monitoring 

Environmental monitoring allows for statistics on the state of environmental pollution in the region, which 

allows for targeted spot checks of local enterprises, reinforces producer responsibility and enables enterprises to 

accelerate industrial upgrading to meet environmental protection standards. 

2. Public Awareness 

Public awareness can use the media's opinion-led role to strengthen the publicity of environmental protection 

laws and regulations, and enhance residents' environmental literacy. 

3. Import and Export Trade 

Appropriate import and export trade can contribute to the development of maritime transport and the 

purification of the marine environment. 

B. Disadvantages 

1. Technical Issues 

At present, clean materials that can replace plastic are not widely used in various countries, and single-use 

plastic pollution cannot be addressed at the source. 

2. Heavy Workload 

Plastic pollution is a long-standing problem, and the accumulation of plastic waste has led to an exponential 

growth. The overload makes plastic pollution a problem that cannot be solved overnight. 

3. Low Evaluation Effort 

For institutional reasons, the long-term fragmentation of ecological restoration and conservation management 

systems in some countries among different industry authorities, inadequate top-level design such as consent 

planning, and weak basic systems and capacities such as overall monitoring and assessment will undoubtedly 

hamper the achievement of global goals. 

VI. CONCLUSION 

In recent years, most of the U.S. college math modeling competitions have included environment-related 

questions, and it is important to know how to solve environment-related questions. This paper discusses the 

problem solving process of the 2020 American E competition through environmental Kuznets curves and 

multivariate linear regression, and introduces the model and suggestions, hoping to help people preparing for the 

competition deepen their understanding of environmental problems and deepen their thinking about the 

competition. In addition, as the so-called “green water and green mountains are gold and silver mountains”, we 

hope that through this article more people will understand the relevant ideas to solve environmental problems, 

and contribute to the cause of environmental protection. 
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