
Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0009 

55 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Research on Asteroid Mining based on Global Efficiency and 
Distribution Model and Gray Prediction Method 

Xiang Wang, Yingying Lan, Xiaoxuan He* 
South China Normal University, School of Economics and Management, Guangzhou, 

Guangdong, 510631, China 

Abstract 
In this paper, aiming at the asteroid mining system, it is very meaningful to discuss how 
to distribute these space resources fairly on a global scale. First of all, this paper 
constructs the efficiency allocation model (EODM), which only considers the incentive 
effect. At the same time, in order to verify whether our fair distribution model (EDM) can 
make the world more fair, we establish the global equity model (GEM), evaluate the two 
models, and verify them by calculating the equity share of the two models. Then through 
the establishment of the three dimensions, there are 3-4 indicators to quantify. These 10 
indicators are included. Through the score of these 10 indicators, the proportion of each 
country in the allocation can be calculated. To simplify the calculation, we assume that 
only 10 countries in the world participate in the distribution system. According to the 
collected data, the grey prediction and time series prediction methods are used to 
predict the situation of these 10 countries in 2030, and then calculate the impact of 
asteroid mining on distribution. In the next step, we will measure the distributed impact 
of asteroid mining by the asteroid resources that can be allocated to countries, and use 
the global equity model to measure the fair scores of EODM and EDM, and verify that our 
optimized redistribution model can promote global equity.  
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1. Introduction 

Success in asteroid mining could make you Earth’s first billionaire? As the global village’s 
population grows and resources are depleted [1], we are facing serious sustainability issues, 
and for some countries there is a serious risk of resource depletion. However, beyond the Earth, 
500,000 asteroids have unlimited potential due to their rich mineral resources. Because of the 
high value asteroids possess, scholars in the field of aerospace in various countries are eagerly 
studying the feasibility of asteroid mining and the impact it could have on us. 
How much will you make if you successfully mining the asteroid? Recently, available data 
estimates that Ryugu, which is 95400 km far from Earth [2], could bring in nearly 30 billion 
dollars in profits. For the considerable value that the asteroid will bring to us, the country may 
not obey to the UN’s Outer Space Treaty of 1967. Since that, we build up an allocation system 
to value the influence of asteroid mining and find a way to solve the problem we may face in the 
future. 

2. Efficiency-Only Distribution Model (EODM) 

The efficiency-only distribution model assumes that only aerospace technological factors affect 
the viability of asteroid mining and the distribution of space resources [3-5], so here we 
consider only indicators related to the level of technology, and we select three main indicators 
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for each country: the number of rocket launched per year, the cumulative number of satellite 
launched, and the ratio of technological investment to its GDP. 

2.1. Detailed Indices 
RCK: Number of rocket launches per year the number of rockets launched per year is an 
indicator of a country’s level of space technology development for that year. The higher the 
number of rocket launches per year [6], the higher the level of space technology of the country, 
which may be more likely to undertake asteroid mining missions and therefore should be more 
encouraged. 
SATE: Cumulative number of satellites launched Similarly, the cumulative number of satellites 
launched by a country can also measure the level of development of its space technology. The 
higher the cumulative number of satellites launched, the higher the level of development of its 
space technology, and the rationale for encouraging a higher level is the same as for RCK. 
EXPT: Technology investment as a percentage of GDP. Technology investment here refers to a 
country’s budget in space, and we use the ratio of technology investment to GDP to measure a 
country’s technological development and the importance it places on space. The higher the ratio 
of technology investment to GDP of a country, the more the country invests in space technology 
and the more importance it attaches to space compared to other countries. Therefore, the more 
feasible it is for them to undertake asteroid mining, the more worthy the incentive of the 
benefits [7]. 

2.2. Entropy Weight Method 
Entropy weight method is an objective and comprehensive evaluation method. According to the 
explanation of the basic principles of information theory, information is a measure of the degree 
of order of the system, and entropy is a measure of the degree of disorder of the system; 
according to the definition of information entropy, for a certain indicator, the entropy value can 
be used to determine the discrete degree of a certain indicator, and the smaller the value of its 
information entropy, the greater the discrete degree of the indicator, the greater the influence 
(i.e., weight) of the indicator on the comprehensive evaluation, and if all the values of a certain 
indicator are equal, the indicator does not work in the comprehensive evaluation. 
Step1: Data Normalization: 
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Step3: Calculate the entropy weight: 
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Step4: Calculate the sample’s score: 
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Eventually, the weights of three comprehensive indicators can be calculated by the entropy 
weight method: technology, sustainability and livelihood. 
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3. Equitable Distribution Model(EDM) 

The benefits that asteroid mining can bring include not only economic benefits, but also 
environmental benefits, such as reducing greenhouse gas emissions from Earth mining. 
Therefore, we consider giving certain incentives to countries with high technology levels while 
assisting countries with weaker economies and weaker environmental situations, and with 
these issues in mind, we construct the following two sub-models for the allocation. 

3.1. Sub-model 1: Economic Benefit Distribution Model 
In this model, we combine efficiency and equity considerations to allocate the economic 
benefits from asteroid mining. The indicators we consider include national space technology 
level, which represents efficiency, and equity-related livelihood indicators. The livelihood 
indicators include unemployment rate, Engel coefficient, extreme poverty population ratio and 
labor income share (GDP) of each country, and the indicators related to space technology level 
are the same as the basic allocation model, so they are not repeated here. The livelihood-related 
indicators are mainly introduced below. 
UR: the unemployment rate. 

UP
UR

LP
                                                                            (5) 

 
The unemployment rate measures the overall standard of living in that country.If a country has 
a higher unemployment rate, it means that their overall standard of living is lower, and the 
higher the percentage that needs to be allocated to that country when equity is considered. 
EG: the Engel coefficient. 
The Engel coefficient is the proportion of household consumption spent on food. The higher the 
Engel coefficient, the lower the overall standard of living in this country. The higher the 
percentage that needs to be allocated to this country when equity is considered. 
PR: the proportion of the population living in poverty. 
The population living in poverty means the population living on less than 1.90 dollars per day. 
The higher the percentage of people living in poverty, the lower the overall standard of living 
in that country. The higher the percentage that needs to be allocated to this country with equity 
factors. 
LI: labor income as a share of GDP. 
LI is the ratio of the sum of the income of all workers in the country to the GDP. The lower the 
share of labor income in GDP, the higher the proportion of wealth flowing to capital owners, 
then the lower the overall standard of living in the country, then the higher the proportion that 
needs to be distributed when considering equity. 

3.2. Sub-model 2: Environmental Benefit Distribution Model 
The indicators we consider include equity-related environmental indicators, which include the 
ratio of mineral rents to GDP for each country, the number of metric tons of CO2 emissions, and 
the per capita emissions of methane. The indicators we used are detailed below. 
EMCO2: emissions per capita of carbon dioxide.  
EMCH4: emissions per capita of methane. 
The environmental impact of the development of asteroid mining can be seen in both the 
increased greenhouse gas emissions to our current environment (from rocket or other 
spacecraft launches) and the possible reduction of greenhouse gas emissions due to the 
development of more clean energy sources. Given that carbon dioxide and methane are the 
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dominant greenhouse gases, we use emissions per capita of carbon dioxide and methane from 
each country to measure the environmental pollution of each country. 
MRG: mineral rent as a percentage of GDP. 
 

 
MR VS CS

MRG
GDP GDP


                                                               (6) 

 
where VS is the value of production for a stock of minerals at world prices, TC is the total cost 
of production for a stock of minerals at world prices. 
MRG refers to mineral rent as a percentage of GDP, MR refers to mineral rent, which is measured 
by the difference between the production value of mineral stocks at international prices and 
their total cost of production, while VS is the production value of mineral stocks and CS is the 
total cost of production of mineral stocks. Minerals included in the calculation here include tin, 
gold, lead, zinc, iron, copper, nickel, bauxite and phosphate nodules. 

3.3. EWM and AHP to Build Equitable Distribution Model 
The weights of sub-model 1 and sub-model 2 were determined by the Entropy Weight Method 
(EWM) and the Analytic Hierarchy Process. Where sub-model 1 uses both Entropy Weight 
Method and Analytic Hierarchy Process, we first determine the weights of each indicator to two 
dimensions (aerospace technology dimension and livelihood dimension, respectively) by 
Entropy Weight Method, followed by Analytic Hierarchy Process to determine the weights of 
the two dimensions to the allocation. Sub-model 2, on the other hand, directly uses the Entropy 
Weighting Method to determine the weights of each indicator to the environmental dimension, 
and the environmental dimension is directly used as the only basis for assigning environmental 
benefits. Since we will describe the steps of the EWM in detail later, here we mainly explain the 
Analytic Hierarchy Process (AHP). 
 

Table 1. The weight of the indicators 

EDM 

Sub-model 1 

Liveihoood(0.75) 

UR 0.0681 
EG 0.069575 
PR 0112325 
LI 0.413325 

Technology(0.25) 
RCK 0.081675 

SATE 0.219525 
EXPT 0.0354 

Sub-model 2 Sustainability 
MRG 0.4407 

EMCO2 0.3431 
EMCH4 0.2162 

4. Global Equity Model(GEM) 

This model has three main dimensions which include sustainability, space technology, and 
livelihoods. We use GEM to evaluate whether the adjustment of the distribution models will 
reduce the gap between countries. In our definition of the equity model, we consider equity to 
be the redistributive adjustment based on each country’s situation on the basis of the initial 
distribution (EODM), so as to reduce the gap between countries. Therefore, GEM including a 
series of standard deviation indicators for its three dimensions to measure the degree of global 
equity. 
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4.1. Detailed Indices 
The differences in the indicators between countries are expressed as the standard deviation of 
each indicator. The dimensions involved in our equity model include Technology Gap (TECHG), 
Sustainability Gap (STG) and Livelihood Gap (LHG). Those indicators are all calculated in the 
same way. our calculation of these indicators as follows. 
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Where Index refers to those indicators of TECHG, STG and LHG, X refers to those indicators of 
TECH, ST and LH. 
 

 Index { , , }TECHG STG LHG                                                         (8) 

 
{ , , }X TECH ST LH                                                                  (9) 

4.2. Weights of Indicators 
The coefficient of Variation method assigns a weight to each evaluation indicator based on the 
degree of variation between the current value and the target value of each indicator. When the 
variation between the current value and the target value of each indicator is large, it means that 
the indicator is more difficult to achieve the target value and should be assigned a higher weight, 
and vice versa, a lower weight should be assigned. 
Step1 Data standardization: 
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Step2 Calculate the mean and standard deviation of each indicator: 
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Step3 The variation coeffient and weight: 
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Step4 Calculated weight index results are as follows. 
 

1 2 3 Equity W TECH W STG W LHG                                               (15) 

 
Table 2. The architecture of The weight of Indicators 

GEM 

Liveihoood (0.32921627) 

UR 0.07700425 

EG 0.11852535 

PR 0.1082224 

LI 0.12564911 

Technology (0.24138252) 

RCK 0.05288299 

SATE 0.08014391 

EXPT 0.10935563 

Sustainability (0.42940110) 

MRG 0.09179207 

EMCO2 0.09204423 

EMCH4 0.14538007 

4.3. Construct Global Equity Model by EWM 
Assume that there are only 10 countries in the world, and we use data from these countries (US, 
UK, Japan, Switzerland, Germany, China, India, Indonesia, Brazil, Russia) to construct our equity 
model using the entropy weighting method. With the scores of this equity model, we can clearly 
see which state is more equitable. The specific model construction steps are as follows. 
First, we construct the values of the indicators into a matrix. The rows of the matrix represent 
the values of each indicator within the same year, and the columns of the matrix represent the 
values of indicators corresponding to different years under the same indicator. 
Next, in order to make our indicator values unit independent, we normalized the values of each 
indicator to obtain the following normalized matrix. 
The values of each indicator in the normalized matrix are controlled within a certain range to 
ensure that we have a total score of 100 for each sample. So the formula for calculating the total 
score for each country is as follows. 

5. Future Scenarios for Asteroid Mining 

5.1. Forecasting Methodology by Gray System Prediction 
The sample data we found were small and incomplete, but required predictions over a period 
of up to ten years. This is coupled with the fact that the pattern of change of certain indicator 
values is an uncertain system. In the case of using small sample data to predict medium and 
long term data, both regression analysis prediction and neural network prediction are not very 
effective. Therefore, a combination of a gray forecasting model and a time series forecasting 
method is considered to forecast 10 indicator values for each country in 2030, complementing 
each other to obtain more accurate forecasting data. 
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Figure 1. Japan Unemployment Rate                      Figure 2. US Unemployment Rate 

5.2. Forecasting Methodology by Time Series Prediction 
The basic principle of the time series forecasting method is to recognize the continuity of the 
development of things on the one hand, and to use the past time series data for statistical 
analysis to infer the development trend of things; on the other hand, to fully take into account 
the randomness due to the influence of chance factors. In order to eliminate the impact 
generated by random fluctuations, statistical analysis is performed using historical data, and 
finally the data is appropriately processed for trend forecasting. 

5.3. Impacts of Asteroid Mining on Global Equity 
Asteroid mining brings enormous economic and environmental benefits, but in the absence of 
intervention it inevitably leads to a greater wealth gap, as countries with high levels of 
technology will capture all the profits. In the previous analysis, we presented two scenarios on 
the distribution of asteroid mining, and here we will discuss the impacts of these two 
distribution scenarios on sustainability, space technology, and livelihoods, and evaluate these 
two scenarios in a global equity model to calculate the impact of asteroid mining on global 
equity under different conditions, and then compare the more equity-promoting scenario as 
the future vision of asteroid mining. 
(A) The impact of asteroid mining 
First of all, each kilogram of platinum mined on Earth produces 40,000 kilograms of carbon 
dioxide, while one kilogram of platinum mined from an asteroid will release about 150 
kilograms of carbon dioxide into the Earth’s atmosphere. But at the economic scale of a large 
asteroid mining operation, the amount of CO2 released per kilogram of platinum mined could 
be reduced from 150 kg to 60 kg. Thus, one kilogram of platinum mined from an asteroid would 
reduce the Earth’s carbon dioxide emissions by about 39,940 kilograms. 
Asteroid mining requires a lot of space technology from countries, but if the resources in it can 
be exploited there can be huge benefits. This can motivate countries to develop space 
technology. In addition, with the increasing frequency of asteroid mining, countries will have 
more and more practical activities about spaceflight, which will also promote the further 
development of space technology. 
Analyzing the past literature, we suggest that the increase in income of the population due to 
asteroid mining has a significant negative impact on the Engel coefficient of each country to the 
extent that it decreases by 2.4 percent per 158 dollars increase in income of the population. At 
the same time, after analyzing the world economic experience over a long period of time, we 
believe that every 1 percentage point change in the economic growth rate will lead to a 0.33 
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percentage point inverse change in the unemployment rate. Both the decrease in Engel 
coefficient and the inverse change in unemployment rate reflect the improvement of people’s 
livelihood. 
(B) The impact of Asteroid Mining on Global Equity 
As stated earlier, humans are able to achieve profitability from asteroid mining in 2030. 
However, to measure the impact of asteroids on global equity, we first calculated the equity 
score in 2030 without the impact of asteroid mining. We then used the Efficiency-Only 
Distribution Model (EODM) to allocate the various types of benefits from asteroid mining and 
evaluated the equity score of the results of this allocation. Our results show that the equity score 
in 2030 without the impact of asteroid mining is 60.8, while the presence of asteroid mining 
and the use of EODM only scores 38.5. This tells us that the large gains from asteroid mining 
will exacerbate global inequity. 
For this reason, we changed the conditions for asteroid mining that we used the Equitable 
Distribution Model to distribute the benefits, and the results show that the equity score of the 
Equitable Distribution Model improved by almost 10 points compared to using the basic 
distribution model, which indicates that the second distribution method is more beneficial for 
the purpose of promoting equity. However, this score is still lower than that of the no asteroid 
mining scenario, which indicates that the impact of the huge benefits from asteroid mining is 
huge and more efforts are needed to promote global equity. 

5.4. A Vision of the Future of Asteroid Mining 
Asteroids are the common property of people around the globe, and we believe that all benefits 
from asteroids should be shared by humans. However, because of the high technical 
requirements of asteroid mining, the asteroid mining sector could be given the right to contract 
for asteroid mining, but not to own a particular asteroid. A portion of the benefits from mining 
asteroids would be used to encourage the continued development of the asteroid mining sector, 
and a significant portion would be used to promote the vision of global equity. 

6. Conclusion 

With the development of space technology, asteroid mining is becoming more and more 
possible and profitable. As the earth's resources are limited and non-renewable, the realization 
of asteroid mining may be the beginning of human space navigation. However, there is no clear 
division of sovereignty in the universe, and space resources are the common resources of the 
world. Firstly, we construct the efficiency allocation model (EODM) which only considers the 
incentive effect, and the redistribution model based on EODM. On the basis of the efficiency 
distribution model, we define fairness as the redistribution adjustment based on the national 
conditions of each country, in order to narrow the gap between countries. The unique efficiency 
allocation model (EODM) only considers technology. EDM takes into account three aspects: 
space technology, sustainability and living conditions. For each dimension, we have 3-4 
indicators to quantify. These 10 indicators are included. Through the score of these 10 
indicators, the proportion of each country in the allocation can be calculated. To simplify the 
calculation, we assume that only 10 countries in the world participate in the distribution system. 
We assume that asteroid mining will be possible from 2030. According to the collected data, the 
grey prediction and time series prediction methods are used to predict the situation of these 10 
countries in 2030, and then calculate the impact of asteroid mining on distribution. In the next 
step, we will measure the distributed impact of asteroid mining by the asteroid resources that 
can be allocated to countries, and use the global equity model to measure the fair scores of 
EODM and EDM, and verify that our optimized redistribution model can promote global equity. 
On that basis, we discussed policy recommendations to promote global equity through the 



Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0009 

63 

Frontiers in Economics and Management 

ISSN: 2692-7608 

distributed impact of asteroid mining. In order to verify the robustness of the equity model, we 
apply the equity model to European and American groups and East Asian groups, and test the 
standard deviation of the two groups. Last but not least, we analyzed the advantages and 
disadvantages of our model.  
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