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Based on the dynamic characteristics of enterprises’ competition and cooperation, this paper introduces the idea of ecology and
synergy and constructs a dynamic coevolution model of financing allocation efficiency and financing niche based on improved
Lotka-Volterramodel.The parameters in themodel are difficult to be given by the least squaremethod and themaximum likelihood
estimation method; the accelerated genetic algorithm is proposed to solve the parameters in the dynamic coevolution model,
which makes the parameter estimation more accurate and reasonable. Finally, the data of new energy vehicle listed companies in
China from 2009 to 2017 are given to validate the proposed model, and the dynamic process of coevolution of new energy vehicle
enterprises, capital allocation efficiency, and financing niche is described. The results show that the minimum financing niche
breadth of industry and market determines the location of the equilibrium point. With capital allocation efficiency as the core,
adjusting the financing niche through financing market, industrial policy, enterprise development, and other factors will help to
improve the coevolution balance between industrial capital allocation efficiency and financing niche and promote the coordinated
development of strategic emerging industries.

1. Introduction

According to the theory of ecology, natural ecosystem is a
dynamic equilibrium system formed by the interaction of
organisms, other organisms, and their environment. Enter-
prise is equivalent to biology and industry is equivalent
to the biology community. Financing market is the carrier
of its survival and development, providing the necessary
funds, information, and energy for the development and
reproduction of enterprises and industries. Enterprises and
industries, as well as their environment, are closely linked and
interact with each other. Therefore, the financing ecosystem
can be considered as a complex ecosystem consisting of enter-
prises interacting with their competitors, complementary
enterprises, and their environment in the form of capital flow,
information flow, and energy flow. Financing niche is the
position and function of an organism in financing ecosystem
and its advantages and disadvantages in financing. It reflects
not only the relationship between the organism and other

organisms, but also the interaction between the organism and
its environment.

Enterprises can only occupy a part of the financing
ecological resources space in a certain period of time, that
is, the financing niche of enterprises. Some foreign scholars
believe that industrial policy is an external factor affecting
the financing constraints and financing modes of emerging
enterprises [1–3], while venture capital from the market is
more able to distinguish the hidden value of emerging enter-
prises and provide more efficient financial support [4–6].
Therefore, the market-led financial system is more conducive
to the growth of emerging industries with high R&D density,
high capital density, and high risks [7–9]. Chinese scholars
pay attention to the important role of government behavior
and macropolicies in the financing of emerging industries
[10, 11]. The key to the innovation growth of emerging
enterprises is their industrial institutional environment. It is
the key to cultivate the institutional environment of emerging
industries to attach importance to the fundamental role
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Table 1: Financing niche evaluation index system.

Niche Index Specific Explanation

Market Financing Niche

Economic Development Level Per Capita GDP
Economic Financialization Degree Total Financial Relevance Ratio
Contribution of Financial System Ratio of Social Financing Scale to GDP

Social Financing Structure Share Financing Ratio

Industrial Financing Niche

Industrial Growth Ability Gross Industrial Output Growth Rate

Market Share Industrial Sales Output/National
Industrial Sales Output

R&D Investment Degree R&D Input Cost/Gross Industrial Output

Financial Support Financial Investment/Gross Industrial
Output

Enterprise’s Financing
Niche

Short-term Liquidity Liquidity Ratio
Long-term Solvency Asset-liability Ratio

Growth Ability Increase Rate of Business Revenue
Expansion Ability Gross Asset Growth Rate

Operational Management Ability Total Asset Turnover Rate
Earning Capacity Net Interest Rate on Sales

Fund Investment in R&D R&D Expenses/Operating Revenue

Human Resources Investment in R&D Number of Scientific Research
Technicians/Total Number of Employees

Financial Support Government Subsidy/Operating Revenue

played by the market mechanism and maintain the balance
between government and market forces.

Throughout the research results at home and abroad,
there are many studies on the connotation, characteristics
of financing ecology, the measurement of capital alloca-
tion efficiency, and its influencing factors [12–15], but few
studies on the coevolution of financing niche and capital
allocation efficiency. Therefore, this paper introduces the
idea of niche and constructs financing ecosystem. Based
on the improved Lotka-Volterra model [16], it studies the
coevolutionmechanism between financing niches and capital
allocation efficiencies of emerging enterprises, which is con-
ducive to revealing the deep-seated problems in the process
of coordinated development of industrial capital allocation,
and puts forward a new perspective on how to promote
the coevolution of industrial capital allocation. It can also
provide more profound theoretical interpretation and more
sufficient empirical evidence for the relevant research of
strategic emerging industries in China.

2. Variable Design

2.1. Financing Niche. The financing ecosystem is an ecosys-
tem composed of the interaction of microlevel enterprise,
industry mesolevel, and financing market macrolevel. The
financing niche is the position, function, and role of an
individual in the financing ecosystem, which is divided into
an enterprise financing niche, industry financing niche, and
market financing niche. Enterprise financing niche can be
understood as a comprehensive level of resource ecology,
technology ecology, and system ecology owned by enterprises

in the process of capital financing. Industrial financing niche
is a comprehensive level of industrial growth capacity, market
share, industrial R&D investment, and financial support.
Market financing niche includes economic development
level, economic level, the degree of financialization, the
contribution of the financial system, and the structure of
social financing.

According to relevant literatures [17, 18], a financing niche
evaluation index system was constructed as Table 1 following
the principles of systematisms, operability, effectiveness, and
comparability.

Financing niche is composed of many indicators, which
are generally realized by the integrated method of weighted
summation. Projection pursuit model was first proposed
by Friedman et al. in 1974 [19]. It is an effective method
for exploratory data analysis to process and analyze high-
dimensional data. It is an effectivemethod to avoid subjective
interference of artificial empowerment and make the results
more reasonable and realistic. It has been widely used in
various fields of the comprehensive evaluation. Projection
pursuit model was introduced to measure financing niche.

To eliminate the influence of different indicators on the
results, the initial data are preprocessed, and the specific
formula is shown as the following.

𝑥𝑖𝑗 =
{{{{{{{{{{{{{

𝑥0𝑖𝑗 −min𝑖 {𝑥0𝑖𝑗}
max𝑖 {𝑥0𝑖𝑗} −min𝑖 {𝑥0𝑖𝑗} , income indicator

max𝑖 {𝑥0𝑖𝑗} − 𝑥0𝑖𝑗
max𝑖 {𝑥0𝑖𝑗} −min𝑖 {𝑥0𝑖𝑗} , cost indicator

(1)
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In (1), 𝑥0𝑖𝑗 denotes the initial value of the 𝑗th indicator of the𝑖th enterprise; max𝑖{𝑥0𝑖𝑗} and min𝑖{𝑥0𝑖𝑗} denote, respectively,
the maximum and minimum values of the 𝑗th indicator; 𝑥𝑖𝑗
denotes the standardized value of the 𝑗th indicator of the𝑖th enterprise. The standardized data reflects the satisfaction
degree of the index. The closer it approaches 1, the more
satisfied it is. The financing niche of the 𝑖th sample can be
expressed as the following.

𝑍𝑖 = 𝑝∑
𝑗=1

𝑎𝑗𝑥𝑖𝑗 (𝑖 = 1, 2, ⋅ ⋅ ⋅ , 𝑛) (2)

In (2), 𝑍𝑖 denotes the financing niche of the 𝑖th enterprise;𝑎𝑗(0 ≤ 𝑎𝑗 ≤ 1) is the corresponding weight to the 𝑗th
standardized indicator, which satisfies ∑𝑝𝑗=1 𝑎2𝑗 = 1; 𝑛 is
the number of enterprises; 𝑝 is the number of indicators.
The optimal weight vector can be obtained by solving the
following programming formulas:

max 𝑄 (𝑎)
= 𝑛∑
𝑖=1

𝑛∑
𝑘=1

(𝑅 − 𝑟𝑖𝑘) 𝑓 (𝑅 − 𝑟𝑖𝑘)

⋅ √ 1𝑛 − 1
𝑛∑
𝑖=1

(𝑍𝑖 − 1𝑛
𝑛∑
𝑖=1

𝑍𝑖)2

𝑠.𝑡. 𝑝∑
𝑗=1

𝑎2𝑖𝑗 = 1

(3)

In (3), 𝑄(𝑎) denotes the project function; 𝑅 denotes the
radius of density-window width, which is usually given as𝛼√(1/(𝑛 − 1))∑𝑛𝑖=1(𝑍𝑖 − (1/𝑛)∑𝑛𝑖=1 𝑍𝑖)2(0 < 𝛼 < 0.1); 𝑟𝑖𝑘 =‖𝑍𝑖 − 𝑍𝑘‖ (𝑖, 𝑘 = 1, 2, ⋅ ⋅ ⋅ , 𝑛) denotes the distance between
financing niches 𝑍𝑖 and 𝑍𝑘. It is required that the average
number of projection points included in the window is not
too small, and it will not increase too much with n. If𝑅 ≥ 𝑟𝑖𝑘, 𝑓(𝑅 − 𝑟𝑖𝑘) = 1; otherwise, 𝑓(𝑅 − 𝑟𝑖𝑘) = 0.
It is obviously a nonlinear complex optimization problem.
Simulated annealing algorithm was employed to solve this
problem in the paper.

2.2. Capital Allocation Efficiency. The capital allocation effi-
ciency of enterprises is to optimize and effectively allocate
all kinds of funds raised by enterprises to produce the
optimal product quantity combination and obtain the highest
revenue. Domestic and foreign scholars mainly employed
parameter estimationmethods and nonparameter estimation
methods to measure capital allocation efficiency. Data envel-
opment analysis is a nonparametric estimation method in
efficiency measurement theory, which needs only relevant
input-output indicators. According to the selection principle
of input-output indicators, combined with cluster analysis
and correlation analysis of initial financial indicators, the
input-output indicators of capital allocation efficiency are

finally determined reasonably and scientifically. According
to the channels to raise funds for enterprises, the amount of
endogenous financing, debt financing, and equity financing
can be regarded as input indicators (sources of funds).
Among them, the amount of endogenous financing is the sum
of surplus reserve and undistributed profit, the amount of
debt financing is the sum of short-term borrowing and long-
term borrowing, and the amount of equity financing is the
sum of paid-in capital (equity), capital reserve, and newly
issued capital. Revenue and net profit are taken as output
indicators.

Traditional DEA models cannot sort efficient decision
making units. And capital allocation is a complex process,
which cannot ignore the slacks of inputs and outputs. But
traditional super-DEAmodels are radial.Therefore, based on
the nonradial orientation of inputs in the process of capital
allocation, the paper chooses the nonradial super-SBM DEA
model to evaluate capital allocation efficiencies. To facilitate
comparison, super-SBM DEA model is used to calculate
capital allocation inefficiency of the enterprise by using the
most possible improvement value of each input and output
as denominator [20].This model solves the sorting problem
among all the efficient units. The specific model is shown as
the following.

min 𝜃 = (1/𝑚)∑𝑚𝑖=1 𝑥𝑖/𝑥𝑖𝑜(1/𝑠) ∑𝑠𝑟=1 𝑦𝑟/𝑦𝑟𝑜
𝑠.𝑡. 𝑥 ≥ 𝑛∑

𝑗=1,𝑗 ̸=𝑜

𝜆𝑗𝑥𝑗
𝑦 ≤ 𝑛∑
𝑗=1,𝑗 ̸=𝑜

𝜆𝑗𝑦𝑗
𝑥 ≥ 𝑥𝑜 = 𝑋𝜆 + 𝑠−
𝑦 ≤ 𝑦𝑜 = 𝑌𝜆 − 𝑠+
𝜆𝑗, 𝑦 ≥ 0, 𝑖 = 1, 2, . . . , 𝑚; 𝑟 = 1, 2, . . . , 𝑠; 𝑗
= 1, 2, . . . , 𝑛.

(4)

In (4), 𝜃 denotes the super-SBM efficiency score of the
decision making unit with the input vector 𝑥𝑜 ∈ 𝑅𝑚 and
output vector 𝑦𝑜 ∈ 𝑅𝑠. The slack vector 𝑠− ∈ 𝑅𝑚 indicates
the input excess. The slack vector 𝑠+ ∈ 𝑅𝑠 indicates the
output shortfall. The input and output matrices are denoted
as 𝑋 = (𝑥1, 𝑥2, ⋅ ⋅ ⋅ , 𝑥𝑛) = (𝑥𝑖𝑗)𝑚×𝑛 and 𝑌 = (𝑦1, 𝑦2, ⋅ ⋅ ⋅ , 𝑦𝑛) =(𝑦𝑖𝑗)𝑠×𝑛, respectively. 𝜆𝑗 is a nonnegative number in R and𝜆 ∈ 𝑅𝑛 is the vector with the 𝑗th component 𝜆𝑗. (𝑥, 𝑦)
is from the production probability set which spanned by(𝑥𝑗, 𝑦𝑗)(𝑗 = 1, 2, ⋅ ⋅ ⋅ , 𝑛) excluding (𝑥𝑜, 𝑦𝑜). 𝑚 is the number
of input indicators; 𝑠 is the number of output indicators; 𝑛 is
the number of decision making units.

3. Coevolutionary Model

3.1. Financing Ecosystem. Similar to natural ecosystems, there
are also coevolutionary relationships among enterprises,
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Figure 1: Financing ecosystem structure.

industries, and external financing environments in financing
ecosystem. Financing ecosystem is a complex ecosystem
involving three levels: microenterprise, medium-industry,
and macrofinancing market. The microlevel of enterprises
includes core enterprises, competitive enterprises, and com-
plementary enterprises; the mesolevel of industry involves
the environment of industrial development and policy sup-
port; and the macrolevel of financing market involves eco-
nomic development, financial support, financing scale, and
structure. The financing market of the strategic emerging
industry is changing with time. The interaction between
enterprises, industry, and market financing ecology in the
financing process involves chaotic and complex interactions
such as information flow, credit flow, and capital flow.

There are also competition, driving, guiding mechanism,
and feedback mechanisms in the financing ecosystem. As
the core mechanism in the financing ecosystem, competi-
tion mechanism determines the evolutionary path among
enterprises, which is mainly manifested in natural selec-
tion, competition, and cooperation, as well as self-adaptive
coordination. Driving mechanism is that the collection
of driving forces formed by the gradual improvement of
industrial development and financing market plays a role in
the competition mechanism of the financing ecosystem and
provides relevant feedback information. The guiding mecha-
nism is provided by the government, enterprises, and market
demand, directly determines the competitive environment
of the financing ecosystem, and provides relevant feedback
information. The feedback mechanism is responsible for
liaising with the main bodies of the internal mechanism of
the financing ecosystem, exchanging feedback information
with competition, driving and guiding mechanisms, and
producing positive and negative regulatory effects.

The interaction among four operationmechanisms in the
financing ecosystem promotes the horizontal and vertical
coupling and system integration of funds, information, and
energy during enterprises, their industries, and external
financing environment, then promotes the ecological alloca-
tion of enterprises’ funds, and finally forms a stable financing
ecosystem, as shown in Figure 1.

3.2. Coevolution Model of Capital Allocation Efficiency and
Financing Niche. Lotka-Volterra model was proposed by
American ecologist Lotka (1925) and Italian mathematician
Volterra (1926), to describe the dynamic process of popula-
tion size growth in the natural ecosystem when two species
compete synergistically [16].

𝑑𝑁1𝑑𝑡 = 𝑟1𝑁1 (𝐾1 − 𝑁1 − 𝑎12𝑁2𝐾1 )
𝑑𝑁2𝑑𝑡 = 𝑟2𝑁2 (𝐾2 − 𝑁2 − 𝑎21𝑁1𝐾2 )

(5)

In (5), 𝑁1 and 𝑁2 represent the populations of two species,
respectively. 𝐾 and 𝑟 denote, respectively, the environmental
capacity and growth rate of the species population. And both
are greater than 0, respectively, indicating the interaction
effect of the two species. Both 𝑎12 and 𝑎21 are positive. The
greater value means the stronger competition.

In recent years, Lotka-Volterra model has been widely
applied in other fields, such as industrial system coupling
association research [21], industrial cluster coevolution [22],
and collaborative evolution process between competing
enterprises [23]. However, most existing researches have
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discussed, respectively, the predatory competition relation-
ship, the inhibition competition relationship, and the mutu-
ally beneficial symbiotic relationship between industrial or
enterprise populations in Lotka-Volterra model, but these
relationships often exist simultaneously in the ecosystem in
reality, rather than being single or independent. Therefore,
it is necessary to consider these relationships simultaneously
in Lotka-Volterra model. In addition, enterprise’s capital
allocation is also affected by the coevolutionary dynamics of
financing market pull, ecological pressure, industrial policy
thrust, and enterprise endogenous financing drivers.

To this end, according to the financing ecosystem
structure, enterprise’s capital allocation efficiency, multilevel
financing niche, and their coevolution are integrated into
a unified research framework. Through optimizing and
improving the improved Lotka-Volterra model, we con-
structed a coevolution model of capital allocation efficiency
and financing niche for strategic emerging industries, as
shown in (6).

𝑧𝑀 = 𝑎𝑀𝑧𝑀(1 − 𝑏𝑀𝑧𝑀 + 𝜂𝑀𝐼𝑧𝐼 + 𝑛∑
𝑖=1

𝜂𝑀𝐸𝑖𝑧𝐸𝑖)
𝑧𝐼 = 𝑎𝐼𝑧𝐼(1 − 𝑏𝐼𝑧𝐼 + 𝜂𝐼𝑀𝑧𝑀 + 𝑛∑

𝑖=1

𝜂𝐼𝐸𝑖𝑧𝐸𝑖)
𝑧𝐸1 = 𝑎𝐸1𝑧𝐸1 (1 − 𝑏𝐸1𝑧𝐸1 + 𝜂𝐸1𝑀𝑧𝑀 + 𝜂𝐸1𝐼𝑧𝐼

+ 𝑛∑
𝑖=2

𝜂𝐸1𝐸𝑖𝑧𝐸𝑖)
⋅ ⋅ ⋅
𝑧𝐸𝑛 = 𝑎𝐸𝑛𝑧𝐸𝑛 (1 − 𝑏𝐸𝑛𝑧𝐸𝑛 + 𝜂𝐸𝑛𝑀𝑧𝑀 + 𝜂𝐸𝑛𝐼𝑧𝐼

+ 𝑛−1∑
𝑖=1

𝜂𝐸𝑛𝐸𝑖𝑧𝐸𝑖)
𝜃1 = 𝑎1𝜃1 (1 − 𝑏1𝜃1 + 𝜂𝜃1𝑀𝑧𝑀 + 𝜂𝜃1𝐼𝑧𝐼 + 𝜂𝜃1𝐸1𝑧𝐸1)
⋅ ⋅ ⋅
𝜃𝑛 = 𝑎𝑛𝜃𝑛 (1 − 𝑏𝑛𝜃𝑛 + 𝜂𝜃𝑛𝑀𝑧𝑀 + 𝜂𝜃𝑛𝐼𝑧𝐼 + 𝜂𝜃𝑛𝐸𝑛𝑧𝐸𝑛)

(6)

In (6),𝑀, 𝐼, and 𝐸𝑖 denote, respectively, the market, industry,
and the 𝑖th enterprise, and 𝑧,𝜃,𝑎 and 𝑏 denote, respectively, the
financing niche, capital allocation efficiency, corresponding
multiplication coefficients, and self-limiting parameter at
time t. If 𝑎 > 0, the whole system is in an evolutionary
state; if 𝑎 < 0, the whole system is in a degenerate state.𝜂𝑖𝑗 denotes the influence coefficient of financing niche i on
financing niche j. If 0 < 𝜂𝑖𝑗 < 1(or 𝜂𝑖𝑗 > 1), it shows that
the financing value of financing niche i to financing niche j
is lower (or higher) than that of financing niche j by itself.
The greater the coefficient, the more obvious the synergistic
effect. If 𝜂𝑖𝑗 < 0, it shows that financing niche i is not

conducive to the promotion of financing niche j and plays
a restraining role. n is the number of enterprises. If 𝜂𝐸𝑖𝐸𝑗 >0 and 𝜂𝐸𝑗𝐸𝑖 > 0, there is a win-win relationship between
enterprises 𝐸𝑖 and 𝐸𝑗. If 𝜂𝐸𝑖𝐸𝑗 > 0 and 𝜂𝐸𝑗𝐸𝑖 < 0, there is
a win-win complementary competitive relationship between
enterprises 𝐸𝑖 and 𝐸𝑗. If 𝜂𝐸𝑖𝐸𝑗 < 0 and 𝜂𝐸𝑗𝐸𝑖 < 0, there is a
lose-lose competitive relationship between enterprises𝐸𝑖 and𝐸𝑗. 𝜂𝑖(𝑖 = 𝑀, 𝐼, 𝐸1, ⋅ ⋅ ⋅ , 𝐸5) denotes the influence of financing
niche occupied by market, industry, or enterprise on capital
allocation efficiency. 𝜂𝑖𝑗 < 0 shows that the financing niche
plays a synergistic role. Otherwise, it plays a restraining
role.

When the growth of financing niche and capital allocation
efficiency reaches equilibrium, we have

𝑎𝑀𝑧𝑀(1 − 𝑏𝑀𝑧𝑀 + 𝜂𝑀𝐼𝑧𝐼 + 𝑛∑
𝑖=1

𝜂𝑀𝐸𝑖𝑧𝐸𝑖) = 0
𝑎𝐼𝑧𝐼(1 − 𝑏𝐼𝑧𝐼 + 𝜂𝐼𝑀𝑧𝑀 + 𝑛∑

𝑖=1

𝜂𝐼𝐸𝑖𝑧𝐸𝑖) = 0
𝑎𝐸1𝑧𝐸1 (1 − 𝑏𝐸1𝑧𝐸1 + 𝜂𝐸1𝑀𝑧𝑀 + 𝜂𝐸1𝐼𝑧𝐼 + 𝑛∑

𝑖=2

𝜂𝐸1𝐸𝑖𝑧𝐸𝑖)
= 0

. . .
𝑎𝐸𝑛𝑧𝐸𝑛 (1 − 𝑏𝐸𝑛𝑧𝐸𝑛 + 𝜂𝐸𝑛𝑀𝑧𝑀 + 𝜂𝐸𝑛𝐼𝑧𝐼 + 𝑛−1∑

𝑖=1

𝜂𝐸𝑛𝐸𝑖𝑧𝐸𝑖)
= 0

𝑎1𝜃1 (1 − 𝑏1𝜃1 + 𝜂𝜃1𝑀𝑧𝑀 + 𝜂𝜃1𝐼𝑧𝐼 + 𝜂𝜃1𝐸1𝑧𝐸1) = 0
⋅ ⋅ ⋅
𝑎𝑛𝜃𝑛 (1 − 𝑏𝑛𝜃𝑛 + 𝜂𝜃𝑛𝑀𝑧𝑀 + 𝜂𝜃𝑛𝐼𝑧𝐼 + 𝜂𝜃𝑛𝐸𝑛𝑧𝐸𝑛) = 0

(7)

We can obtain multiple equilibrium points of the coevo-
lution model by solving (7). Only when market, indus-
try, and enterprise financing niche and their capital allo-
cation efficiency meet certain conditions, capital alloca-
tion efficiency and financing ecosystem of strategic emerg-
ing industries will evolve towards a stable structural state(𝑧𝑒𝑀, 𝑧𝑒𝐼, 𝑧𝑒𝐸1 , ⋅ ⋅ ⋅ , 𝑧𝑒𝐸𝑛 , 𝜃𝑒1, ⋅ ⋅ ⋅ , 𝜃𝑒𝑛) (equilibrium point).

3.3. Solving Parameters. It is often difficult to obtain sat-
isfactory solutions for differential equations in coevolution
models by using common parametric solving methods, and
the maximum likelihood method needs to know the exact
distribution of parameters in advance. An accelerated genetic
algorithm has the characteristics of strong applicability,
robust global optimization, less computation, and high accu-
racy.Therefore, the accelerated genetic algorithmwas applied
to estimate the parameters in the coevolution model. The
specific model is shown as the following.
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𝑓1
= min∑(Δ𝑧𝑀 − 𝑎𝑀𝑧𝑀(1
− 𝑏𝑀𝑧𝑀 + 𝜂𝑀𝐼𝑧𝐼 + 𝑛∑

𝑖=1

𝜂𝑀𝐸𝑖𝑧𝐸𝑖))2

𝑓2
= min∑(Δ𝑧𝐼 − 𝑎𝐼𝑧𝐼(1
− 𝑏𝐼𝑧𝐼 + 𝜂𝐼𝑀𝑧𝑀 + 𝑛∑

𝑖=1

𝜂𝐼𝐸𝑖𝑧𝐸𝑖))2

𝑓3
= min∑(Δ𝑧𝐸1 − 𝑎𝐸1𝑧𝐸1 (1
− 𝑏𝐸1𝑧𝐸1 + 𝜂𝐸1𝑀𝑧𝑀 + 𝜂𝐸1𝐼𝑧𝐼 + 𝑛∑

𝑖=2

𝜂𝐸1𝐸𝑖𝑧𝐸𝑖))2

⋅ ⋅ ⋅
𝑓𝑛+2

= min∑(Δ𝑧𝐸𝑛 − 𝑎𝐸𝑛𝑧𝐸𝑛 (1
− 𝑏𝐸𝑛𝑧𝐸𝑛 + 𝜂𝐸𝑛𝑀𝑧𝑀 + 𝜂𝐸𝑛𝐼𝑧𝐼 + 𝑛−1∑

𝑖=1

𝜂𝐸𝑛𝐸𝑖𝑧𝐸𝑖))2

𝑓𝑛+3
= min∑(Δ𝜃1 − 𝑎1𝜃1 (1
− 𝑏1𝜃1 + 𝜂𝜃1𝑀𝑧𝑀 + 𝜂𝜃1𝐼𝑧𝐼 + 𝜂𝜃1𝐸1𝑧𝐸1))2

⋅ ⋅ ⋅
𝑓2𝑛+2

= min∑(Δ𝜃𝑛 − 𝑎𝑛𝜃𝑛 (1
− 𝑏𝑛𝜃𝑛 + 𝜂𝜃𝑛𝑀𝑧𝑀 + 𝜂𝜃𝑛𝐼𝑧𝐼 + 𝜂𝜃𝑛𝐸𝑛𝑧𝐸𝑛))2

(8)

The initial ranges of parameters 𝑎, 𝑏, and 𝜂 are [−2, 2],[−5, 5], and [−2, 2], respectively. According to the optimiza-
tion performance of the genetic algorithm operator, the
variable change space of the excellent individuals generated
by the first two evolutionary iterations is used as the new
range. The algorithm enters the discretization and coding
of the variable initial range, so as to accelerate the cycle
until the optimization criterion function value of the optimal
individuals is less than a certain set value or the algorithm
runs to a predetermined number of accelerated cycles. The

best individual in the population or an excellent individual is
designated as the result of the accelerated genetic algorithm.

4. Case Study

4.1. Data Resource. In view of the availability of data, this
paper chooses 2009-2017 as the research period and new
energy vehicle listed companies as the initial sample. To
validate the coevolution model, the top five new energy
vehicle listed companies are selected as case sample. They
are BYD company (𝐸1), SAIC Group (𝐸2), Chery Automo-
bile Corporation Limited (𝐸3), Anhui Jianghuai Automobile
Corporation Limited (𝐸4), and JianglingMotors Corporation
Limited (𝐸5). All data related to enterprises are drawn
from iFinD and CSMAR database. The data of industry
and financing market are drawn from Industrial Statistics
Yearbook, Economic Network Statistics Yearbook, Science
and Technology Statistics Yearbook, and Statistics Yearbook
in China from 2009 to 2017. Variables related to prices are
reduced through the price index in 2009.

4.2. Results. According to the measures of financing niche
and capital allocation efficiencies, the intermediate difference
betweenmarket, industry, and enterprise financing niche and
its capital allocation efficiencies is substituted into (8) of an
accelerated genetic algorithm to obtain the estimated values𝑎, �̂�, and 𝜂𝑖𝑗 of model parameters.

From Table 2, it is shown that the growth rate 𝑎 of
each financing niche except for 𝐸3 is greater than 0, which
indicates that the financing niches of market, industry,
and these four enterprises have developed. Especially in
recent years, the government has invested heavily in the
new energy vehicle industry, continuously optimizing the
financing environment. Besides, new energy vehicle enter-
prises have continuously improved their technical level. It is
obviously known that market financing niche and industrial
financing niche are a win-win relationship since 𝜂𝐼𝑀 > 1
and 0 < 𝜂𝑀𝐼 < 1. With the rapid development of new
energy vehicle industry, the financing market is constantly
improving, which shows the coevolutionary relationship. We
can see 𝜂𝐸1𝐸2 < −1 and 𝜂𝐸3𝐸1 < −1 from Table 2. It shows that
enterprises𝐸1 and𝐸2 are lose-lose relationship.The influence
of competition between them is fierce. Under the limited
financing resources, enterprises𝐸1 and𝐸2 compete with each
other in the space of survival and development and eventually
evolve toward a stable structure. 𝜂𝐸3𝐸1 < −1 and −1 < 𝜂𝐸1𝐸3 <0 show that the competitiveness between financing niches
of enterprises 𝐸1 to 𝐸3 is not equal. The competitiveness
between financing niches of the enterprise 𝐸1 to 𝐸3 is intense,
while the influence of financing niche of 𝐸3 is weak to 𝐸1,
but it still belongs to a competitive coexistence relationship.0 < 𝜂𝐸4𝐸1 < 1 and 0 < 𝜂𝐸1𝐸4 < 1 show that enterprises𝐸1 and 𝐸4 are win-win relationship. The improvement to
financing niches of enterprises𝐸1 and𝐸4 promotes each other
and shows a mutually beneficial symbiotic relationship.−1 <𝜂𝐸5𝐸2 < 0 and 0 < 𝜂𝐸2𝐸5 < 1 show that financing niches
of enterprises 𝐸2 and 𝐸5 are win-win complementary com-
petitive relationship. The improvement of financing niche of
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Table 2: Estimated value of parameters.

Variables 𝑎 �̂� 𝜂𝑖𝑀 𝜂𝑖𝐼 𝜂𝑖𝐸1 𝜂𝑖𝐸2 𝜂𝑖𝐸3 𝜂𝑖𝐸4 𝜂𝑖𝐸5𝑧𝑀 0.0738 2.8564 - 0.7033 0.6396 0.4133 -0.2263 0.2886 -0.1789𝑧𝐼 0.1327 2.4702 1.0942 - 0.4635 0.2216 0.3301 -0.3964 0.2653𝑧𝐸1 0.1123 1.8237 0.5361 0.3224 - -1.1514 -0.3117 0.2137 0.2271𝑧𝐸2 0.0974 1.4343 0.4877 0.6622 -1.1129 - 0.3326 -0.5637 0.4497𝑧𝐸3 -0.0578 -3.9844 0.5571 0.8374 -1.1471 -0.8183 - 1.0277 1.3166𝑧𝐸4 0.0571 2.1839 1.0420 0.7443 0.5324 -0.4151 -0.6567 - 0.3569𝑧𝐸5 0.0728 2.5234 0.7321 0.5577 0.8777 -0.6291 -0.1717 -0.5426 -𝜃1 0.0924 1.7013 -0.6468 0.3358 0.6652 - - - -𝜃2 0.0873 1.9164 0.4754 0.6763 - 0.7434 - - -𝜃3 0.0938 1.7452 0.1429 0.2505 - - 0.4211 - -𝜃4 0.0908 2.3954 0.2599 0.3211 - - - 0.4086 -𝜃5 0.0803 2.5753 0.6719 0.5268 - - - - 0.7720
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Figure 2: Coevolutionary chart of financing niche and capital
allocation efficiency.

enterprise 𝐸5 inhibits financing niche of enterprise 𝐸2 and
shows a competitive relationship, while financing niche of
enterprise 𝐸2 has a cooperative relationship with that of 𝐸5.
From 𝜂𝜃𝑖𝑀, 𝜂𝜃𝑖𝐼, 𝜂𝜃𝑖𝐸𝑖 (𝑖 = 1, 2, ⋅ ⋅ ⋅ , 5), the improvement of
market, industry, and enterprise’s financing niches except for
enterprise𝐸1 will help to improve capital allocation efficiency.
This is mainly because with the improvement of financing
market and industrial policy, the competitive advantage of
enterprise𝐸1 will gradually weaken, thus inhibiting its capital
allocation efficiency.

Substituting these estimated values of parameters in
Table 2 into (5), we can obtain the simulation diagram of the
coevolution between financing niche and capital allocation
efficiency, as shown in Figure 2. In Figure 2, the first figure
is about market and industrial financing niches, the second
figure is about enterprises’ financing niches, and the last is
about capital allocation efficiencies of all enterprises. The
equilibrium points are, respectively, 𝑧𝑒𝑀 = 1.0246, 𝑧𝑒𝐼 =

0.9450, 𝑧𝑒𝐸1 = 0.7571, 𝑧𝑒𝐸2 = 0.8678, 𝑧𝑒𝐸3 = 0.4133, 𝑧𝑒𝐸5 =1.4642, 𝜃𝑒1 = 1.0246, 𝜃𝑒2 = 0.9450, 𝜃𝑒3 = 0.9610, 𝜃𝑒4 = 0.9714,
and 𝜃𝑒5 = 1.1731. At this point, capital allocation efficiencies
of 𝐸1 and 𝐸5 are efficient, and other companies have higher
capital allocation efficiencies, greater than 0.94.

Through simulation and comparative analysis, it is easily
found that industrial financing niche first reaches a stable
state, followed by market financing niche, and finally enter-
prise financing niches and then capital allocation efficiencies.
The equilibrium point is mainly determined by theminimum
of the breadths of market and industrial financing niches
(the maximum of financing niche), which indicates that
when the niche breadth of market or industry financing is
small, the whole financing ecosystem will be in an inefficient
coevolutionary equilibrium state. When the innovation of
the market mechanism is continuously strengthened and the
industrial policy is adjusted appropriately, new driving forces
for development will be formed, thus evolving towards a new
stable structure with the higher level.

5. Conclusions

By introducing the idea of niche, this paper designs the
financing ecosystem and constructs a multilevel financing
niche including financing market, industry, and enterprise.
Based on the synergistic theory, the improved Lotka-Volterra
model, the relationship among enterprises, industries, and
their external financing markets is simultaneously incorpo-
rated into the proposed coevolution model of capital alloca-
tion efficiency and financing ecology of strategic emerging
enterprises. The model reflects the synergistic competition
coefficient among enterprises through different influence
coefficients and explores and reveals the coevolution mech-
anism of multilevel financing niche and capital allocation
efficiency. According to the data of five new energy vehicle
listed companies in 2009-2017, we interpret and verify the
linkage effect of the coevolution between financing ecology
and capital allocation efficiency of emerging enterprises. The
results show that the improvement of financing niche in
financing market will help to promote financing niches of
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industry and enterprise. And the improvement of industrial
financing niche will also contribute to financing niches of
financing market and enterprises. The financing market has
the greatest impact on the industrial financing niche. The
improvement of financing niches of market, industry, and
enterprises will help to promote capital allocation efficiencies
of enterprises. There exist competition and cooperation
among the five enterprises. Each financing niche and capital
allocation efficiency will eventually evolve toward a stable
equilibrium point. The equilibrium point of the coevolution-
ary model depends on the minimum of the financing niche
breadth of financing market and industry.

According to the ecological evolutionary characteristics
reflected in the coevolutionary process of financing ecol-
ogy and capital allocation efficiency of strategic emerging
enterprises, the following countermeasures are proposed.
Firstly, enterprises should cultivate their own niche by prac-
ticing internal strength and optimize endogenous financial
communication capacity and capital allocation efficiency
through dynamic evolutionary regulation of niche in financ-
ing ecosystem. Secondly, the government should formulate
effectively industrial policies, optimize the financing market
and industrial financing niche, shore up weak spots of
financing niche, give play to the decisive role of market in
resource allocation, and coordinate the synergistic evolution
direction of the whole system.

Finally, combining with the dynamic adjustment effect
on financing niches of strategic emerging enterprises, we
should take enterprise development as the core and financing
ecosystem optimization as support. And we should enhance
the synergetic coevolution driven by capital dynamics, mar-
ket pull, government thrust, and ecological pressure, in
order to achieve a dynamic equilibrium of the operation
of entire financing ecosystem, and advance the coevolution
between capital allocation efficiency and financing ecology,
and promote the healthy and sustainable development of
strategic emerging industries.

Data Availability

All data of enterprises are drawn from iFinD and CSMAR
database. The data related to industry and financing market
are drawn from Industrial Statistics Yearbook, EconomicNet-
work Statistics Yearbook, Science and Technology Statistics
Yearbook, and Statistics Yearbook inChina from2009 to 2017.
Variables related to prices are reduced through the price index
in 2009.
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