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Improving the supply chain resilience of the mineral resources industry is crucial for ensuring national economic security in
China. Based on the supply and demand data of China’s mineral resources industry from 2002 to 2018, this study adopts system
dynamics model to simulate the supply chain resilience of the mineral resources industry, the mining industry, and the smelting
and processing industry under the scenario of steady economic development and the scenario of supply chain crisis. From the
simulation results, the reserves of the mineral resources industry and the smelting and processing industry under the two
scenarios are nearly the same, indicating that they are weakly affected by the foreign market, and both have strong resilience. The
mining industry has a high dependence on imports and a lack of supply chain resilience. Under the condition of steady economic
development, the output of the mining industry needs to develop at a low speed to reduce production capacity. More attention
should be paid to the high level of import dependence and insufficient supply chain resilience of the mining industry. In the stable
international trade situation, reserves of important minerals should be increased to alleviate the resource shortage during the

supply chain crisis.

1. Introduction

The mineral resources industry provides basic material and
energy security for human beings, and supports the pros-
perity and development of the world economy and society.
China is a major producer and consumer of mineral re-
sources in the world, and has an important influence on the
world mining market. In the long run, China’s demand for
mineral resources will remain at a high level. However, in
recent years, factors such as the continuous recurrence of the
COVID-19, the slowdown of global economic growth and
geopolitical conflicts have increased the uncertainty of the
development of the global mineral resources industry, and
the supply of China’s mineral resources industry has also
been affected. Therefore, it is particularly important to
improve the supply chain resilience and ensure the timely
supply of mineral resources [1].

Reserve is a basic strategy for building supply chain
resilience, which can solve the unexpected events of supply
interruption or surge in demand [2]. Mineral resources

reserves can cope with economic, political, and natural
emergencies, ensure steady economic development, and
prevent the interruption of mineral resources supply. China
also pays more and more attention to mineral resources
reserve. In the mineral resources planning, China has for-
mulated the mineral resources reserve system in detail,
which lays a good foundation for improving the supply chain
resilience of the mineral resources industry. However, it is
rarely considered in the relevant literature to study the
supply chain resilience of mineral resources industry
through the change of reserves. We should further study the
supply chain resilience on the basis of establishing a model to
analyze mineral resources reserves.

Based on the availability of data and the comprehen-
siveness of the analysis, the data of the mineral resources
industry from 2002 to 2018 are used, and a system dynamics
model (SD: system dynamics) is employed to simulate the
interrelationship of import, supply, and reserve of mineral
resources industry, mining industry, and smelting and
processing industry.
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The following are the two main contributions of this
study: (1) In terms of research content, on the basis of the
simulation of reserves, the supply chain resilience of mineral
resources industry, mining industry, and smelting and
processing industry is compared and analyzed, so that the
analysis of supply chain resilience of the mineral resources
industry is more comprehensive. (2) In terms of research
perspective, the mineral resource reserves are closely related
to supply chain resilience. Through the simulation of the
reserve scale, the analysis of the supply chain resilience can
better serve the management of the mineral resource in-
dustry supply chain.

2. Survey on Related Work

The mineral resources industry is an industrial system
consisting of economic activities related to the mineral re-
sources mining, smelting, and processing. The supply chain
resilience of the mineral resources industry refers to the
ability of the downstream industry to recover its original
state when the upstream suppliers face emergencies in the
mineral resources industry.

Recent research that focused on supply chain resilience
and mineral resource reserves are as follows:

First is research on supply chain resilience, which is
often associated with supply chain risk management [3]
and supply inventory management [4]. The research
contents mainly include: the measurement of supply
chain resilience [5], the scale of supply chain resilience
[6], and more results focus on the analysis of driving
factors of supply chain resilience [7, 8]. The research on
certain industrial supply chain resilience has mainly
focused on improving the resilience of the industrial
supply chain [9] and the analysis of influencing factors
[10]. There are few research results on the supply chain
resilience of the mineral resources industry. The main
results in this area include the mineral economic im-
plications related to the supply chain and the supply
chain resilience [11], and an assessment model for oil
and gas supply chain resilience [12]. In studies on the
supply chain resilience of the mineral resources in-
dustry, more emphasis has been placed on improving
the resilience under various risks.

Second is research on mineral resource reserves. The
US and Japan were the first to establish mineral re-
source reserves [13]. The research content of mineral
resources reserve mainly covers the mineral resource
reserve management [14] and the reserve scale [15].
Calculations of the reserve scale of mineral resources
focus on different kinds of ores. The optimal reserves of
oil and gas [16] and copper ore [17] are calculated
through the actual reserves and the demand for mineral
products.

The list of classifications of the literature is addressed in
Table 1, which are extracted based on supply chain resilience
and mineral resource reserves. In general, research results on
supply chain resilience, supply chain resilience of mineral
resources industry, and mineral resources reserves are

abundant, but there are not enough results to further analyze
supply chain resilience through the scale of mineral re-
sources reserves. The existing studies tend to analyze the
reserves and supply chain resilience of a certain type of
minerals and rarely focus on the overall and the industrial
heterogeneity of mineral resources industry. By simulating
the supply chain resilience of mineral resources industry,
mining industry, and smelting and processing industry, the
results can provide a scientific basis for the sustainable
development of China’s mineral resources industry, and also
provide a more accurate basis for the formulation of supply
and reserve policies of mineral resources industry.

3. Problem Description

Mineral resources reserves can reduce the possibility of
interruption of mineral resources supply chain, but large-
scale reserves cannot be equated with strong supply chain
resilience. In order to solve this problem, we use system
dynamics model to establish supply, demand, and reserve
system, and explore the supply chain resilience of mineral
resources industry by analyzing reserves.

3.1. System Analysis and Data Sources. The supply chain
resilience of China’s mineral resources industry is studied
using system dynamics (SD) model. The supply chain and
demand chain of mineral resources industry are closely
related to mineral resources reserves, so it is necessary to
construct three subsystems to simulate the relationship
among them, focusing on imports, supply, and reserves, and
then analyzing the supply chain resilience. From a macro
perspective, the supply of the mineral resources industry
includes imports and domestic supply. The demand includes
exports and domestic demand. The reserves are regulated
according to supply and demand (Figure 1). For imports, set
two scenarios: steady economic development and supply
chain crisis. When the upstream import industry changes,
the supply chain recovery capacity is further analyzed
according to the changes of mineral resources industry
supply and reserve.

Since the data of mineral resources industry is more
comprehensive after 2002, the output value, total input,
import, and export from 2002 to 2018 are used for model
analysis. The output value is used to represent the domestic
supply and the total input is used to represent the domestic
demand. The total output value data is from the “China
Industrial Statistical Yearbook.” For the year with missing
data, we refer to the sales output value. The total input,
import, and export are mainly from the input-output table
from 2002 to 2017 published by the National Bureau of
statistics. For years with missing data, use the GDP growth
rate to estimate the demand growth rate, and use the mineral
resource industry import and export growth rate to estimate
the import and export volume.

Based on the available mineral resources industry-re-
lated information and the National Mineral Resources Plan
(2021-2025), the time boundary of the model simulation is
set as 2002-2035. Due to the limitation of data, the
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TaBLE 1: Survey of supply chain resilience and mineral resource reserves.
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FIGURE 1: Relationship between supply chain, demand chain, and reserve of mineral resources industry.

simulation history period is 2002-2018, and the model
forecast period is 2019-2035. The simulation time step is set
to 1 year. The spatial boundary of the model is 30 provinces
of China (excluding Hong Kong, Macao, Taiwan, and
Tibet).

3.2. Model Assumptions. Based on the analysis of the rela-
tionship between supply, demand, and reserves of the
mineral resources industry, and in order to facilitate the
analysis of supply chain resilience by simulating the mineral
resources reserve situation, the model needs to be simplified
by making the following assumptions.

(1) Considering the comparability and availability of
data, the import and output value of the mineral
resources industry can adequately represent the
supply of the mineral resources industry.

Furthermore, the reserve amount can effectively
measure the overall reserve of the mineral resources
industry.

(2) The initial year of the model is 2002, and the mineral
resources is reserved according to the goal of meeting
the demand of three months

(3) The amount of mineral resources reserve is mainly
influenced by the amount of supply and demand,
when the two are basically balanced, no reserve is
made; when the amount of supply is much larger
than the amount of demand, reserve is made; when
the amount of supply is much smaller than the
amount of reserve, the reserve bank is released.

3.3. Model Construction. An SD model is used to simulate
the reserve scale in the next 20 years according to the



historical data, and the supply chain resilience of mineral
resources industry is analyzed by setting two scenarios:
steady economic development and supply chain crisis. Due
to the wide variety of minerals and the large difference in
reserves and prices of mineral resources, the reserve amount
is selected to describe the reserve of mineral resources. The
total demand and total supply of mineral resources industry
are both measured by price. Total demand includes domestic
demand and export, and total supply includes output and
import.

Based on the relationship between the supply, demand,
and reserves of the mineral resources industry, VENSIM
PLE software was used to construct an SD model of the
mineral resources industry supply chain resilience. The
specific flow diagram is shown in Figure 2.

3.4. Model Structure. The system flow diagram contains
three subsystems (the mineral resources industry supply
chain subsystem, demand chain subsystem, and reserve
subsystem), with a total of 19 variables. 5 are horizontal
variables (import value, output value, export value, domestic
demand value, and reserve value); 5 are rate variables(import
value added, output value added, export value added, do-
mestic demand value added and stock in amount); and the
other 9 are auxiliary variables. By constructing three sub-
systems and establishing the relationship among them, we
can better simulate the relationship among import, supply
chain and reserve of mineral resources industry, laying the
foundation for accurate analysis of supply chain resilience.

3.4.1. Mineral Resources Industry Supply Chain Subsystem

(1) Supply value
The supply of mineral resources industry is described
by the supply value, and the annual supply value is
calculated by the import value in the current year
and the total output value in the current year.

St= StImp+stOut> (1)

where S, is the supply value of the mineral resources
industry.in the current year, Stimp .is the import value
of the mineral resources industry in the current year,
and S,y is the total output value of the mineral
resources industry in the current year.

(2) Imports value
StImp: S(t—l)Imp+StImpadd’ (2)

where S(_j)i, is the import value of the mineral
resources industry in the previous year, and S ,044
is the increase in the import value of the mineral
resources industry in the current year compared with
the previous year.

(3) Import value added

StImpadd= StImp * Vimp» (3)
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where vy, is the growth rate of import value of the
mineral resources industry. The growth rates for the
years 2012-2018 were the actual growth rates. The
growth rate under different scenarios will be adopted
in 2019-2035.

(4) Total output value
StOut: S(t—l)Out"'StOutadd’ (4)

where S ;_1)0, is the total output value of the mineral
resources industry in the previous year and S;g 1,44 1S
the increase in the total output value of the mineral
resources industry in the current year compared with
the previous year.

(5) Output value added
Stoutadd= Stout * Yours (5)

where v, is the growth rate of output value of the
mineral resources industry. The growth rates for the
years 2012-2018 were the actual growth rates.

3.4.2. Mineral Resources Industry Demand Chain Subsystem

(1) Demand value

The demand of the mineral resources industry is
described by the demand value, and the annual
demand value is calculated by the export value in the
current year and the domestic demand value in the
current year.

th DtExp+DtDem’ (6)
where D, is the demand value for the mineral re-
sources industry in the current year, Dy, is the
export value of the mineral resources industry in the
current year, and Dip.,, is the domestic demand
value of the mineral resources industry in the current

year.
(2) Export value

DtExp: D(t—l)Exp +DtExpadd’ (7)

where D _)py, is the export value of the mineral
resources industry in the previous year and D g, .44
is the increase in the export value of the mineral
resources industry in the current year compared with
the previous year.

(3) Export value added
DtExpadd: DtExp " VExp> (8)

where Vg, is the growth rate of export value of the
mineral resources industry. The growth rates for the
years 2012-2018 were the actual growth rates.

(4) Domestic demand value

DtDem= D(t—l)Dem+DtDemadd’ 9)
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FIGURE 2: Flow chart of supply chain resilience system of mineral resources industry.
where D _j)pep, is the domestic demand value of the S—(1+a)D, 0<a<v,
mineral resources industry in the previous year and
csoure Y P Y R =10, B<v, <a, (12)
D\pemadd 1S the increase in domestic demand value of
the mineral resources industry in the current year S—(1+pB)D, v, <B<0,

compared with the previous year.
(5) Demand value added

DtDemadd: DtDem * VDem> (10)

where vy, is the growth rate of demand value of
the mineral resources industry. The growth rates
for the years 2012-2018 were the actual growth
rates.

3.4.3. Mineral Resources Industry Reserve Subsystem

(1) Fluctuation range of supply and demand

The fluctuation range of supply and demand indi-
cates the degree to which the supply deviates from
the demand. The greater the value, the more un-
balanced between supply and demand. When it
exceeds a certain range, it is necessary to rely on
reserves to adjust, so as to stabilize the market price
and the balance between supply and demand. The
calculation formula of fluctuation range of supply
and demand is as follows:
(St_Dt)

VtzT. (11)
t

(2) Stock in amount

When the supply and demand are basically the
same, there is no need to reserve or release mineral
resources. When the supply is greater than the
demand, it is necessary to reserve. When the supply
is less than the demand, release of reserves is
required.

where R, is the reserve value of mineral resource.
When f<v,<a, that is, the fluctuation range of
supply and demand is small, and mineral resources
are not reserved or released. When 0 < a <v,, that is,
the fluctuation range of supply and demand is
greater than the upper limit, the supply is greater
than the demand, and mineral resources reserve is
required. When v, <f<0, that is, the fluctuation
range of supply and demand is less than the lower
limit, the supply is less than the demand, and mineral
resources reserve need to be released to meet de-
mand. In this study, a was set as 5% and f3 as —5%.

(3) Reserve value

M,=M,_,+R,, (13)
t t—1 t

where M, is the reserve value of the mineral re-
sources industry and M,_, is the reserve value of the
mineral resources industry in the previous year.

An initial value is needed for the reserve value of mineral
resource. With reference to the mineral resource reserve
target of some countries, Japan has a reserve target of two
months’ domestic demand for some rare and other metals.
In the US, the reserve target is three months’ domestic
demand. The initial value of mineral resource reserves in
China was set as three months’ domestic demand in the first
year.

4. Results and Discussion

4.1. Scenarios Setting. Under the two scenarios of steady
economic development and supply chain crisis, the import



and reserve of mineral resources industry before 2035 are
predicted according to the historical data from 2002 to 2018.
If the supply chain can cope with extreme situations, there
will be no significant impact on reserves, indicating that the
supply chain of mineral resources industry is resilient. In
order to analyze the industrial heterogeneity, that is, the
difference in supply chain resilience between mining in-
dustry and smelting and processing industry, the flow chart
shown in Figure 1 is also used for simulation.

The forecast period (2019-2035) in the model needed to
be set up for four indicators: growth rate of imports, of
exports, of output, and of domestic demand (Table 2). Under
the scenario of steady development of the global economy,
the mineral resources industry would have an import growth
rate of 5.15% and an export growth rate of 4.54% after 2018,
based on the growth rate of imports and exports in the last
four to five years, excluding years with large fluctuating
growth rates. According to a forecast of China’s demand for
major mineral resources by Wen et al. [18], the average
annual growth rate of domestic demand for the mineral
resources industry between 2019 and 2035 will be approx-
imately 6.79%. The output growth rate was mainly deter-
mined based on China’s GDP growth rate. The real GDP
growth rates were used for 2019, 2020, and 2021 (6.1%, 2.3%,
and 8.1%, respectively). From 2021 to 2035, this value is
replaced by China’s potential economic growth rate: 7.29%
in 2021-2025, 6.97% in 2026-2030, and 6.49% in 2031-2035.

There is significant overcapacity in the mining industry,
therefore, output growth rate should be reduced. According
to the growth rate of output value in recent years, it is set to
dissolve the overcapacity at the rate of —0.0714% for five
consecutive years. In order to prevent the continuous growth
of production capacity, half of the average growth rate
1.875% is taken as the future development according to the
growth rate of output value in recent 10 years. According to
the growth rate of import value and export value in recent
years, it is determined that after 2018, the growth rate of
import is 7.43%, of exports is 3.44%, and of demand is 6.97%.

The supply and demand of smelting and processing
industry accounts for about 70% of the mineral resources
industry. The growth rates of imports, exports, output, and
domestic demand of smelting and processing industry were
determined in the same method as for the mineral resources
industry. The import growth rate is 5.7%, export growth rate
is 4.78%, and the domestic demand and output growth rates
are the same as those for the mineral resources industry.

Due to the changeable international situation, it is as-
sumed that there will be a supply chain crisis in 2025 and the
import will be blocked. Referring to the existing research
results [19], the decrease after a large impact is set at 50%,
and the import will recover in the next year. Other pa-
rameters are consistent with the steady economic
development.

4.2. Simulation Results. Figure 3 shows the import, supply,
and reserve of mineral resources industry from 2002 to 2018.
The import and supply show an overall rise. The import
account for a relatively small proportion of the supply in
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mineral resources industry and smelting and processing
industry, so the fluctuation in import will not have a great
impact on supply. The import accounts for a very large
proportion of the supply in mining industry. The stability of
import will directly affect the stability of the supply chain of
mining industry. The reserve is the cumulative value over the
years. There has been overcapacity in the mineral resources
industry and the smelting and processing industry since
2011. The supply of mining industry accounts for a relatively
small proportion in the mineral resources industry, but the
overcapacity is more serious.

According to the set parameters, under the condition of
steady economic development and supply chain crisis sce-
narios (Table 3), the reserve of mineral resources industry
and smelting and processing industry are the same, indi-
cating that the supply chain crisis has basically no impact on
the reserve. The supply chains of mineral resources industry
and smelting and processing industry exhibit strong
resilience.

By contrast, the mining industry needs to adopt a low-
speed growth due to its large overcapacity. According to the
set parameters, under the steady economic development
scenario, with the implementation of a de-capacity policy,
the reserve continues to decrease, which can meet China’s
demand for more than three months. Under the supply
chain crisis scenario, the release of reserves would accelerate,
and it is necessary to improve the growth rate of supply to
meet China’s demand.

4.3. Sensitivity Analysis. Sensitivity analysis is presented in a
simulation. In the process, you can observe the sensitivity of
A varijable to B variable. In general, A can only be a constant.
In this study, since the constants in the model are not the
main variables, different time steps are used to analyze the
sensitivity. In addition to the 1-year time step in the sim-
ulation, the simulation with 0.5-year and 0.25-year time
steps are added. The sensitivity analysis of mineral resources
industry, mining industry, and smelting and processing
industry under different scenarios has little difference, so
take the mineral resources industry under the supply chain
crisis scenario as a representative to analyze the simulation
results of imports and reserves under different time steps
(Figure 4).

It can be seen that the sensitivity of the reserve is greater
than that of the import. In addition, the sensitivity of output,
export, domestic demand, and other variables is similar to
that of import, and the sensitivity is low. It shows that the
system is insensitive to most parameter changes, the model
has good stability, and can well simulate the actual system.

4.4. Analysis of Results. According to the simulation results
of import, supply, and reserve of the mineral resources
industry, the supply of mineral resources industry and
smelting and processing industry is weakly affected by
import, whereas the supply of the mining industry is greatly
influenced. After 2009, the reserves of the mineral resources
increased. The reserve has far exceeded the target of three
months’ domestic demand, with production overcapacity. In
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TABLE 2: Parameters under steady economic development and supply chain crisis from 2019 to 2035.

GR import: 5.15%. GR export: 4.54%. GR demand: 6.79%. GR output: 6.1% in

Mineral resources industry 2019, 2.3% in 2020, 8.1% in 2021, 7.29% in 2022-2025, 6.97% in 2026-2030,
6.49% in 2031-2035.

GR import: 7.43%. GR export: 3.44%. GR demand: 6.79%. GR output: —0.0714%

in 2019-2021, 1.875% in 2022-2035.

GR import: 5.70%. GR export: 4.78%. GR demand: 6.79%. GR output: 6.1% in

Smelting and processing industry 2019, 2.3% in 2020, 8.1% in 2021, 7.29% in 2022-2025, 6.97% in 2026-2030,
6.49% in 2031-2035.

Mineral resources industry, mining industry, and GR import: 2025: —50%, other years are consistent with S1. GR export: consistent
smelting and processing industry with S1. GR demand: consistent with S1. GR output: consistent with S1.

S1 Mining industry

S2

Note. GR represents the growth rate, S1 represents the scenario 1 (steady economic development), and S2 represents the scenario 2 (supply chain crisis).

40,000
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£ &
& 5000 2
N pand — 5000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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- import of smelting and —e— supply of smelting and -4 supply of smelting and —e— reserves of smelting and
processing industry processing industry processing industry processing industry
FiGure 3: Changes in import, supply, and demand of mineral resources industry from 2002 to 2018.
TaBLE 3: Model results of mineral resources industrial reserve system (trillion yuan).
¥ Import Reserves
ear
S1: M S2: M SI: E S2: E S1: S S2: S S1 and S2: M S1: E S2: E S1 and 82: S
2019 4.53 4.53 3.24 3.24 1.37 1.37 35.79 21.82 21.82 13.2
2020 4.76 4.76 3.48 3.48 1.45 1.45 38.26 23.19 23.19 13.2
2021 5.01 5.01 3.74 3.74 1.53 1.53 38.26 241 241 13.2
2022 5.26 5.26 4.01 4.01 1.61 1.61 38.26 24.56 24.56 13.2
2023 5.54 5.54 4.31 4.31 1.71 1.71 38.26 24.56 24.56 13.2
2024 5.82 5.82 4.63 4.63 1.8 1.8 38.26 24.17 24.17 13.2
2025 6.12 291 4.98 2.32 0.9 0.9 38.26 23.63 23.63 13.2
2026 6.44 6.12 5.35 4.98 1.91 1.91 38.26 22.93 20.27 13.2
2027 6.77 6.44 5.74 5.35 2.02 2.02 38.26 22.06 19.03 13.2
2028 712 6.77 6.17 5.74 213 213 38.26 21.01 17.58 13.2
2029 7.48 712 6.63 6.17 2.25 2.25 38.26 19.76 15.91 13.2
2030 7.87 7.48 7.12 6.63 2.38 2.38 38.26 18.31 14 13.2
2031 8.27 7.87 7.65 712 2.52 2.52 38.26 16.64 11.84 13.2
2032 8.7 8.27 8.22 7.65 2.66 2.66 38.26 14.73 9.4 13.2
2033 9.15 8.7 8.83 8.22 2.81 2.81 38.26 12.57 6.68 13.2
2034 9.62 9.15 9.48 8.83 2.97 2.97 38.26 10.14 3.64 13.2
2035 10.11 9.62 10.19 9.49 3.14 3.14 38.26 7.43 0.27 13.2

Note. S1 represents the scenario 1, S2 represents the scenario 2, M represents the mineral resources industry, E represents the mining industry, and S
represents the smelting and processing industry. The reserves of mineral resources industry and smelting and processing industry are the same under scenario
1 and scenario 2.
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FIGURE 4: Sensitivity analysis of mineral resources industry under supply chain crisis.

2016, China’s Ministry of Land and Resources and various
provinces have gradually implemented policies to resolve the
problem of overcapacity in the mineral resources industry. It
is estimated that by 2035, the supply and demand of the
mineral resources industry will basically be balanced, and
the reserve of mineral resources will remain unchanged.
Owing to the continuous growth of demand, the reserve will
be able to meet the demand for more than three months, but
the ratio of reserve to demand will decline year by year. If the
economy continues to develop steadily, after 2035, it will be
necessary to increase the supply by increasing the output or
import to ensure the ratio of reserve to demand does not
continue to decline.

In recent years, China’s economy has developed rapidly,
the output value of mineral resources is relatively stable, and
the fluctuations are within a reasonable range. Imports will
be mainly affected by foreign economic and political situ-
ations in China. Assuming there is a large shock (set as a 50%
decline) to the import in a given year (set as 2025), our
analysis indicates the results of the reserve under the two
scenarios are basically the same. The reason is that from 2002
to 2018, the import accounted for a relatively small pro-
portion of the supply, ranging from 9% to 16%. The sudden
decline in import basically has no impact on the supply and
reserve of the mineral resources industry in China. The
supply chain of the mineral resources industry has strong
resilience. In real life, there are substantial differences be-
tween mineral species in China. Only a small amount of
mineral resources, such as lead-zinc ore, can be self-suffi-
cient, and about 2/3 of the strategic minerals have more than
70% dependence on foreign countries. Overall, there is a
contradiction between the large demand for imported
mineral products and the strong resilience of mineral re-
sources industry in China, which needs to be analyzed at
different industry.

From the perspective of the mining industry, from 2002
to 2018, the reserve was much larger than demand. Com-
pared with the mineral resources industry, the problem of
overcapacity is more serious in mining industry. Although
the output value has shown negative growth in recent years,
the problem of overcapacity has not been completely solved.
In the steady economic development scenario, in order to
resolve the problem of overcapacity, first maintain the
negative growth trend, and then set the future growth rate

according to the slight rise. The results of the model show
that the reserve in amount continues to decrease after 2018.
From 2023, it is mainly the release of reserves. By 2035, the
proportion of reserves in the demand will be 43.65%, which
can meet the basic demand. Although there is overcapacity
under the steady economic development, there are great
differences among different minerals. For example, there are
long-term shortages of domestic supplies of crude oil,
natural gas, coal, iron ore, and copper concentrate. In 2019,
these minerals accounted for approximately 85% of China’s
total imports of minerals.

When the import of mining industry is greatly impacted
and decreases by 50%, the supply decreases significantly,
indicating that the supply chain resilience is insufficient.
From the perspective of reserve, after the impact, by 2035,
the reserve would account for 23.79% of the demand, which
is less than the three months’ domestic demand target. It
would be necessary to increase the output or import. The
lack of supply chain resilience in mining industry is due to
the large share of import in the supply, between 18.02%-
40.19%, and shows a continuous growth trend. The larger the
proportion of import in the supply, the higher the degree of
control by the foreign market and the weaker the supply
chain resilience. In the period of global economic stability,
more strategic minerals should be stockpiled to meet do-
mestic demand for mineral products during supply chain
crises.

From the perspective of smelting and processing in-
dustry, it is basically consistent with the change trend of
mineral resources industry. The total supply of the smelting
and processing industry accounts for more than 70% of the
mineral resources industry and continues to grow, which has
a great impact on the change trend of mineral resources
industry. Under the two scenarios of steady economic de-
velopment and supply chain crisis, the reserve of the
smelting and processing industry has not changed, and the
supply chain has strong resilient.

Analysis of imports of the mining industry and smelting
and processing industry reveals that China’s imports of
mineral resources are mainly in the mining industry, and
growth of imports is accelerating. The ratio of import of
mining industry to smelting and processing industry in-
creased from 0.68 in 2002 to 2.33 in 2018. For the following
reasons: first, although China is rich in mineral resources,
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some minerals are of low grade and difficult to mine. As the
demand for mineral products continues to grow, the do-
mestic output cannot meet the demand. Secondly, the
process from discovery to mining of mineral resources is
complex. The mining cost is high, so it is better to import
high-grade raw ore directly. Finally, with the continuous
improvement of smelting and processing technology in
China, the cost can be saved by importing raw ore and
domestic processing. This also explains the lack of supply
chain resilience in the mining industry, while the supply
chain resilience in the mineral resources industry is strong
and less affected by the impact of emergencies. It is notable
that the mining industry is an upstream industry of the
smelting and processing industry. The lack of supply chain
resilience in the former will affect the supply chain resilience
of the latter. In order to ensure the supply chain security of
China’s mineral resources industry, it is necessary to
stockpile important mineral products in time.

5. Conclusions and Managerial Insights

Based on the SD model, this paper analyzes the supply chain
resilience of the mineral resources industry, mining in-
dustry, and smelting and processing industry. The research
content is more comprehensive. In addition, by simulating
the changes of import, supply, and reserve of mineral re-
sources industry under the scenario of steady economic
development and the scenario of supply chain crisis, and
then analyzing the supply chain resilience, the research
perspective is more novel, which can better serve the supply
chain management of mineral resources industry.

The results of this research and managerial insights are as
follows:

(1) The supply of smelting and processing industry
accounts for more than 70% of the mineral resources
industry. Under the two scenarios of steady eco-
nomic development and supply chain crisis, the
reserves of the two industries have basically not
changed, and the supply chains have strong
resilience.

(2) The mining industry is highly dependent on imports.
During a supply chain crisis, the sharp decline of
import will continuously reduce the reserves of the
mining industry. It is necessary to continuously
make up for the shortage of supply by increasing
import or output after the crisis. Supply chain
resilience is insufficient.

(3) From the relationship between the mining industry
and the smelting and processing industry, the import
mode of mineral resources industry has changed
from directly importing a large number of mineral
products after smelting and processing to mainly
importing raw ores for deep processing in China.
Although the results show that the supply chain
resilience of the smelting and processing industry is
strong, its upstream industry is dominated by the
mining industry. The lack of supply chain resilience
of the mining industry will affect the supply chain

resilience of the smelting and processing and the
mineral resources industry.

The managerial insights are as follows: in China’s
mineral resources reserve, the resource reserves of mining
industry should be given priority attention, and the reserve
of raw ores should be appropriately increased to reduce the
dependence of mining industry on imports during the
supply chain crisis. In order to ensure supply chain security
and improve supply chain resilience, the scale of strategic
mineral resources reserves should be appropriately in-
creased. For mineral species with high import dependence,
the import from one country will be changed to multi-
country import to weaken resource monopoly and price
monopoly.

The main limitation of the study is simulation analysis of
important mineral reserves and supply chain resilience. For
future studies, it is suggested to use SD model to accurately
simulate the reserves and supply chain resilience of many
important minerals. It is better to use exact algorithms such
as Lagrange relaxation and meta-heuristic algorithms [4, 20].
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