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The optimal decision is obtained for venture capitals to invest startups and for governments to provide investment incentives based on
the option game model.

Public summary

m This work constructs an option game model of government and venture capital institutions based on both tax incentives
and risk subsidies.

m The impact of uncertainty on optimal risk investment decisions and policies is measured.

m The differences in the roles of the two investment incentive policies in different uncertainty intervals are obtained, which
provides theoretical support for investment decision-making and incentive policy formulation.
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Abstract: Venture capital is crucial innovation capital. A venture capital option game model is constructed to obtain an in-
centive strategy that drives venture capital to actively allocate resources to support innovation based on risk subsidies and
tax incentives. Moreover, the implementation effect of venture capital incentive policies under the value-uncertain condi-
tion of the entrepreneurial enterprise is studied. The results illustrate that when the uncertainty of the value of the entre-
preneurial enterprise is less than the threshold, the tax preference policy is more effective in accelerating the investment
decision-making of venture capital institutions. In contrast, the two policies have identical effects. When the uncertainty of
the value of the entrepreneurial enterprise is less than the threshold, the risk subsidy policy has a better effect on increas-
ing the investment scale of venture capital institutions, while the two policies have the same effect.

Keywords: option game; venture capital; risk subsidy; tax preference; uncertainty
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1 Introduction risky assets is vague and uncertain. Dai et al.”! stated that the
choice of investment depends on multiple interrelated vari-
ables and that the feasibility of the project is affected by risk
factors. Wang and Qie" revealed that price volatility, the gov-
ernment subsidy coefficient, and the proportion of income
transfer between enterprises in the supply chain all have an
impact on the investment threshold.

The current has not reached a conclusion. Some scholars
believe that incentive policies boost investment institutions
for technological innovation”*'’. Sendstad and Chrono-
poulos” stated that a shrinking subsidy reduces investment
motivation. Huang et al.! pointed out that a tax exemption
policy can help directly lower the investment threshold, and
lower unit operating costs and significantly expand the optim-
al investment scale. Zhou and Pan""! stated that financial sub-
sidies would soar transaction costs in two major ways, where-
as the increase in transaction costs due to tax reductions and

Venture capital converges innovative elements through mar-
ket forces and is an essential channel for developing early-
stage entrepreneurial enterprise equity financing. To drive
venture capital to focus on early-stage entrepreneurial enter-
prises and alleviate the inefficient allocation of innovative re-
sources caused by uncertain risks, a series of policies have
been issued to provide venture capital institutions with direct
risk subsidies or indirect tax preferences!’ to internalizing
their externalities™. Although certain results have been
achieved, the effect has not reached expectations. Venture
capital investment in our country is insufficient for seed and
start-up ventures™ ", whereas the development of innovative
enterprises in the seed and start-up stages is a new, sustain-
able driving forces for the country’s innovation and develop-
ment. Therefore, it is urgent to reveal the mechanism by that
the value uncertainty risk of entrepreneurial enterprises af-

fects the decision-making of venture capital institutions after exemptions are relatively small. Agénor, Neanidis"" and Lin,
the implementation of incentive policies for venture capital Luan™ found that public capital or government subsidies
and to provide optimization and selection strategies for in-  have a significant positive impact on innovation. Chen et al."
centive policies based on this. found that government subsidies are an effective way to pro-
Investors’ investment decision-making is deeply influ- mote innovation and the effectiveness of subsidies is mainly
enced by the uncertainty of entrepreneurial enterprise value reflected in their scale. However, some studies show that fin-
and investment incentive policies’” , which has been con- ancial subsidies and tax incentives negatively affect invest-
firmed by the academic circles and the industry. Huang et al.!” ment institutes for technological innovation. Alperovych et
indicated that the flow of project funds is usually uncertain, al.l'? stated that private venture capital is more efficient than
and it is difficult for investors to accurately estimate the value government venture capital. Jung and Feng!'* investigated the
of the project, which creates obstacles to investment decision- government’s subsidy design problem for firms’ green tech-
making. Wang and Qian' showed that many non-probabilist- nology development in an evolving industry. If the govern-
ic factors affect the financial market, and the rate of return on ment only considers the environmental benefits of techno-
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logy and its costs, the subsidy policy may be detrimental to
the environment. Redonda et al."” found that tax incentives
are costly, often ineffective, and cause side effects.

In terms of optimization of investment incentive policies,
Zhao and Chen™ established an optimal subsidy principal-
agent model to discuss the optimal subsidy level from the per-
spective of maximizing the net benefits of the policy, that im-
proving investor preferences and eliminating information
asymmetry will help reduce subsidy costs. Zhao and Guan™"
built a dynamic simulation model of technological innovation
based on social science computing experimental methods, and
explored the impact of different policy tools and their com-
binations on corporate environmental technology innovation
behavior by simulating the process of corporate environment-
al technology innovation under different environmental
policy scenarios. Xu and Meng"* based on mandatory emis-
sion reduction, economic performance, and environmental
performance have been taken into account to build an evolu-
tionary game model.

The existing literature has laid the theoretical foundation
for this study. Simultaneously, two points are noteworthy.
First, in the study of incentive policy optimization, the de-
cision-making behavior of the motivated party™ *** and risk
control® are fully considered. Second, among many incent-
ive policies that encourage innovation, tax incentives and risk
subsidies have always been the two most common and effect-
ive innovation policies used by governments in various coun-
tries. Tax breaks reduce government income, and risk sub-
sidies increase government expenditure. These two policies
are significantly different for governments, and it is neces-
sary to conduct a comparative analysis of these two policies.
However, there is a lack of in-depth discussion on the effect
of the implementation of incentive policies to promote ven-
ture capital, especially the difference in the role of tax incent-
ives and risk subsidies for venture capital, and which has fun-
damental theoretical and practical significance for the precise
implementation of policies to stimulate the vitality of innovat-
ive capital. Based on the above analysis, this study focuses on
how the uncertainty of the value of entrepreneurial enterprise
affects the investment behavior of venture capital institutions
and the optimal choice of government incentive behavior, and
from the perspective of the investment timing and scale of
venture capital institutions, discusses the different effects
between risk subsidies and tax incentives.

2 Construction of optimal decision mod-
el of venture capital and government
incentive based on option game

Since the government formulates investment incentive
policies to promote venture capital to support innovative and
entrepreneurial enterprises. In this activity, venture capital in-
stitutions face uncertain investment risks, and policies must
be precise and effective. Meanwhile, suppose the game rela-
tionship between venture capital and policymakers is not con-
sidered. In that case venture capital decisions do not consider
the reduced investment costs due to incentive policies and
may miss the investment opportunities, and the intensity of
government investment is relatively arbitrary, which reduces
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the efficiency of resource allocation. The option game theory
can only be applied to solve decision uncertainty and parti-
cipant game problems. Therefore, we analyzes venture capit-
al decisions and policy incentives.

This section discusses the equilibrium state of the game
between venture capital institutions and the government
under the two major incentive policies of risk subsidies and
tax incentives for venture capital institutions and obtains the
analytical solution of the optimal decision-making between
venture capital institutions and the government when the
game reaches the equilibrium state. It lays the foundation for
the relationship between the uncertainty of entrepreneurial en-
terprise value, the optimal investment decisions of venture
capital, and the optimal investment incentive policies in the
following sections.

2.1 Basic assumptions

To study the optimal investment decisions of venture capital
institutions and investment incentive policies, it is necessary
to clarify the options game process between venture capital
institutions and the government. The following basic assump-
tions were made:

The venture capital institutions and the government are in
line with the rational person’s assumption. The optimal in-
vestment decisions and optimal risk subsidies and tax incent-
ives are the results of the non-cooperative game between ven-
ture capital institutions and the government, which take the
principle of maximizing their objective functions to make de-
cisions independently in turn. Among them, this study exam-
ines incentive methods for compensating the risk of venture
capital institutions in the risk subsidy policy and the incent-
ive methods for deducting the taxable income of venture cap-
ital institutions in the preferential tax policy.

Taxation is the economic foundation of government ma-
chinery, and is the economic manifestation of a country’s ex-
istence®”; therefore, it is assumed that taxation is an integral
part of the government’s objective function.

Venture capital institutions only make equity investments.
Assuming that the equity investment of venture capital insti-
tutions accounts for the proportion of equity investment in the
entire project as p, then the equity value of venture capital in-
stitutions is p times the equity value of the entire project, in
which p € (0, 1).

Assuming that time is continuous, f € (0,+c0), both ven-
ture capital institutions and the government can only observe
the uncertain capital flow of entrepreneurial enterprises and
make decisions accordingly. Capital flow x obeys geometric
Brownian motion™, where dx, = ux,dt+ox,dW,, x,> 0,dW,
is the Wiener process increment, y is the drift rate, and o is
the volatility rate, o represents the uncertainty in the value of
the entrepreneurial enterprise.

When the venture capital institution invests J in the entre-
preneurial enterprise selected, it obtains the capital flow
(1 =71)x,7(I), where T € (0, 1) is the income tax rate of the ven-
ture capital institution. Assuming that the projects invested by
venture capital institutions have a scale, according to existing
research, if the scale is too large, it is likely to enter the
returns-to-scale diminishing stage. n(/) reflects the law of

returns-to-scale diminishing and n(l) = m“”. Then, the
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project value is

VD= E| [T =mxae | = 0 o 2
(D

where r € R, is the risk-free rate of return and r > u. The ven-
ture capital institution chooses to invest when it observed that
the project capital flow x reaches the investment threshold x;
for the first time, and the investment timing of the venture
capital institution is

t;=inf{t>0|V, > V(x;,1,)}.

AR

2

According to the development law of entrepreneurial enter-
prises, the lower the investment threshold, the earlier the in-
vestment timing. To simplify the mathematical expression,
the following analysis is based on investment threshold x; in-
stead of investment timing ¢,.

2.2 Construction of decision models for venture capital
and government incentives

The game process between venture capital institutions and the
government is illustrated in Fig. 1. At time 0, the government
first gives a signal of incentive decisions; venture capital in-
stitutions act accordingly and make investment decisions at
time 1 based on the government’s decision signal at time 0,
after which the government observes the effect of the incent-
ives. The adjusted optimal investment incentive policy will be
given at time 2 according to the investment decision of the
venture capital institution made; the venture capital institu-
tion then adjusts according to the government’s policy at time
2 and will obtain the optimal investment decision under the
equilibrium state at time 3. After rounds of adjustments from
0 to 3, the optimal investment decision of venture capital in-
stitutions and the government’s optimal investment incentive
policies will only be related to the entrepreneurial enterprise
selected itself, and will no longer be affected by the decision
of the other party.

Based on the above analysis, the following section con-
structs optimal decision-making models for venture capital
and its incentive policies from the perspective of risk sub-
sidies (Scenario 1) and taxation (Scenario 2).

2.2.1 Scenario 1: Decision-making model for venture capit-
al and its government risk subsidy incentives

Implementing risk subsidy for venture capital is a commonly

used incentive policy. In order to obtain the optimal decision
for venture capital institutions and government under the
game, this study takes the risk subsidy policy for venture cap-
ital institutions as a representative, and based on the option
game theory, we construct a decision-making model for ven-
ture capital and its government risk subsidy incentives, ana-
lyze the optimal investment decision of venture capital insti-
tutions for enterprises selected under uncertain conditions and
the government’s optimal subsidy policy for venture capital
institutions.

Venture capital institution objective function: It is com-
posed of the difference between its equity value return and in-
vestment cost. The equity value return is p times the equity
value of the entire project. The venture capital institution con-
ducts equity investment for the venture enterprise, and the
level of funding provided is /,, and the government’s risk sub-
sidy s directly reduces the investment cost of venture capital
institutions. Its investment cost is (/, — s). The objective func-
tion of venture capital institutions is

F(xy,8)= sup E*[e"™ (oV,(x,,1)—(,—s))].

x5 2x0.15>0

A3)

The project value is assumed to be V,(x,,I,)=(1-1)
n(l) L. According to the research of Lukas and Thiergart™,
e

the following equation holds

B
E"(e™) = (i—) : (4)

2 2r
where B, = f(c9)=05- (ﬂ—o.5) + 205 e Sub-
o? o? o’
stituting it into the objective function of venture capital insti-
tutions, and sorting out the equations, then,

F(xy,5)= sup

X52x0,1520

B
(ﬁ) (p(l YY) Py s). 5)
X, r—u

Government objective function: The government’s ob-
jective function is composed of the difference between the tax
brought by the value of the entrepreneurial enterprise and the
risk subsidy provided for the venture capital institution. The
projected tax is paid together by the venture enterprise and the
venture capital institution. The government’s objective func-
tion is

venture capital institution:

According to initial incentive poli-
cies, make investment decision at
firsttime, confirm initial investm-

enttime and level

venture capital institution:
According to the optimal incenti-
ve policies, repeat the steps of ti-
me1l to obtain the optimal invest-
ment time and level

Government:
According to cash flow
of entrepreneurial ente-

rprises give initial ince-
ntive policies

>t

Government:

According to initial inve-
stment time and level,
give optimal incentive
policies

Fig. 1. Game flow chart between venture capital institutions and government options.
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Bi
G(x,) = sup(ﬁnlsxs - s)(ﬁ) . (6)

>0 X

2.2.2 Scenario 2: Decision-making model for venture capit-
al and its government tax preference

Among the many factors that influence investment decisions,
taxation is an important factor for investors to consider.

At T, the moment of tax payment, the capital flow of in-
novation projects is constant x;, the taxable income of the en-

. L X .
tire project is m(I)——, and the taxable income of venture
r—u

capital institutions is pn(l)i. In terms of tax incentives,
the taxable income of Ventu};e capital institutions deduced by
ratio is v = epn([)i, where € € (0,1) is the deduction ratio.
Compared to no fax incentives, the amount of tax paid by
venture capital institutions is 7v.

The objective function of venture capital institutions: It
is composed of the difference between its equity value in-
come and the investment cost. And its equity value income is
p times the equity value of the entire project. The venture
capital institution invests in equity investment in the entre-
preneurial enterprise, and the level of funds provided by the
venture capital institution is I,, if the taxable income v is de-
ducted proportionally, then the less amount of tax paid is 7v,
which directly reduces the investment cost of the venture cap-
ital institution, then its investment cost is (/, — 7v). The object-
ive function of the venture capital institutions is

F(x,,v)= sup E°[e"™ (oV,(x,,1,)—1,+7V)].

22X,y >0

The project value is assumed to be V,(x,,1,) = (1 —7)n(]) . ,
r—u
then,

B
F(x),v) = sup (ﬁ) (p(l —‘r)7T(I)r)_C—V'u -1, +‘rv). @)

Xy 2x0,0y20 v

The government’s objective function: It is composed of
the difference between the tax brought by the project value
and the tax incentives that make venture capital institutions
pay less tax. The government’s objective function is

®)

v>0 - v

B
G (x,) = sup (;ﬂlvx‘, - TV) (ﬁ) .
u
2.3 Optimal decision analysis of venture capital and gov-
ernment incentives

According to the analysis of venture capital and its govern-
ment’s risk subsidy incentive decision-making model and
venture capital and its government’s tax incentive decision-
making model, to obtain the optimal decision on the venture
capital institution investment and its government’s incentives
in the equilibrium state, based on the risk subsidy and tax
policy respectively. The conclusions are presented in Theor-
ems 2.1 and 2.2, respectively.

Theorem 2.1. According to Scenario 1, under the risk sub-
sidy policy, the optimal investment threshold and investment

84

scale of venture capital institutions in the equilibrium state are

r—p (@B-D2%-y+ [P +4E1-0B]) |

P e IR BT
7K (L), else;
p(1-1)\B -1
)
2 —h+ Y2 +4EB,(1-1) NI, I
48, - 1) ’ R
A l .
I'= ﬁl_l’ XA>XU,T<BI+1,
1-71
0 Xo—1, X, < Xo-
r—p
(10)

where £ =8, +7—1, y =(t(1 +B,)— (2B, - 1).

Proof. In the analysis of the game process between ven-
ture capital institutions and the government, we assume that
the risk subsidy provided by the government is s, construct
the objective function of venture capital institutions, and use
the optimization method to maximize the objective function
to solve the optimal investment decision of venture capital in-
stitutions at this time. Solving the first-order partial derivat-
ives of venture capital institutions’ objective functions forx;
and I,, the first-order conditions for maximizing them can be
obtained as follows,

p(l-1 1

— x, =1,
r—p (I,+1y

p(l_T) I B

;= s).

X, =

r—u I;+1 Bi—1
Solving this equation system, the investment threshold %,, and
investment scale /;, of venture capital institutions at time 1 are
obtained:

. { max (x,, A), 48, (B, —1)s< 1;
R, =
1 Xo, else;
1+ 1-48(B, - Ds
Sy
) 28— T
Ils=
1-7
\/p—xu—l, X, < Xo}
r—u
where for the simplified result, let
2
—u (28, -1+ T=4B,(B, -1
_ K il P (B~ D)s . The government’s
p(1-1) 261

goal is to maximize its objective function. Given the invest-
ment timing and investment scale of venture capital institu-
tions, solving the first-order optimal conditions of the func-
tion can obtain the government’s optimal risk subsidy amount
at time 2. The first-order derivative of the government object-
ive function to s and the first-order condition for maximizing

2B,s B
I+DQB-HI-1)

the government objective function is

T 1

I-t B/
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The second-order condition is 7> ——. By classifying 28—y =261 =1)B, £ [y? +4E(1 - 7)B)] .
and discussing the relationship between capital flow x, and §o= 8B8.(6, — 1)¢&* T >/31 +1’
the investment threshold x, and solving the equation, the op- 0, else;
timal government risk subsidy level s* at time 2 is obtained
as, where for the simplified result, let &=8,+7-1,¢ =
B V¥ p(l-1) (@(1+6) = DG~ D). . ' . .
0, (—) < Xo3 Substituting the optimal risk subsidy s* into the investment
§ = B '2_ 1_ L\ r=H - 2 scale f,, and investment threshold %,, of the venture capital in-
min{S,;, S}, ( B ) <P d-7 Xo <( B ) ; stitution, the optimal investment threshold f; and investment
S, else: 2= rTH pi-l scale & of the venture capital institution can be obtained in
where, the equilibrium state, that is, the proof is obtained.
> Theorem 2.2. According to Scenario 2, under the preferen-
1_(2 B-D 1@ Xo—2B + 1) tial tax policy, the optimal investment threshold and the in-
S, = F—H i vestment scale of venture capital institutions in the equilibri-
‘ 4B, (B - 1) um state are:
2
(2B, - 1)2¢,+ \/4¢§ —47E B, + 20,27 = 2, T [ T - 4E b T+ 4¢3]) |
4= p=7) 46, -1 ¢, ’T>,Bl+1’ (1n
TH (L) , else;
p(1-0)\B,—1
26+ \/ A2 — 47, B 420,27 20, [P T —E T 4 A7) where For the simplified i result, let
: rop (28-1+ T=2B B =Dty
4B -1, . =) 26-D ) . The govern-
A *y > Xo, T2 m; ment objective is to maximize result. Given the investment
L= | | timing and investment scale of venture capital institutions,
— X, > Xy TS ——; solving the first-order optimal conditions of the function can
Bi—1 Bi+1 obtain the government’s optimal tax preference ratio at time
pl Txo 1 X <X 2. The first-order derivative of the government objective
r—u ’ ' ’ function is calculated, and the first-order condition for max-

(12)

where &, = (B+7-1),¢, = B+7-D2B—-1),¢, =B+ (1 - Dr.

Proof. Similarly, by solving the first-order partial derivat-
ives of the venture capital institutions' objective functions for
x, and 1,, the first-order condition for maximizing them can be
obtained as,

p(l-7) 1
X, =1,
r—u (I,+1)
pd-7) I B

X, = I, —71v).
r—u I,+1 ,81—1( )

By solving this equation system, the optimal investment
threshold %, and investment scale /,, of venture capital insti-
tutions can be obtained as,

. { max (x,, B), 48,8, —-Dtv<l;
X, =
: Xo, else;
1+ 4/1-48,(8, - D1v
s v > Xos
. 26, -1) o
I, =
1-71
p—x,— 1, X, < Xo}
r—u

8-5

imizing government objective function is obtained as
2B,v 1 1
I+He@B-DI-1) 1-1 B

o 1 o

The second-order condition is 7> T By classifying
and discussing the relationship between capital flow x, and
the investment threshold x,, and solving the equation, the op-

timal government tax preference at time 2 is obtained as,

0. (L) <p(1—T)xU;
. Bi—1 r—p
vi=y 28,-1\ pd-1) B\
min{v,;,v,,}, (2(,31—1)) < pay x0<(’31_1) ;
Vias esle;
(13)
where,
1—(2([31—1) 1/Mx0—2ﬁ1+1)
— r—ﬂ
V= 46,3 - 1) :
25v¢v - l//vaz + lpv \/[lll‘,zT4 - 46\'¢\'Tz + 4¢v2] > 1 .
ba= 8B(8— g, CTAT
0, T< .
Bi—1
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To simplify the result, let &, =(B+7-1), ¥, =(B+7-1)-
2B-1), ¢, =B+ (T —1Dr.

By substituting the optimal tax preference v* into the in-
vestment scale /!, and investment threshold %, of venture
capital institutions, and in equilibrium state, the optimal in-
vestment threshold /* and investment scale & of venture cap-
ital institutions can be obtained.

3 The effect of the value uncertainty of
the enterprise on the optimal decision-
making of venture capital and govern-
ment incentives

In Section 2, the analytical solutions for the optimal de-
cisions of venture capital institutions and the government are
obtained when the options game between the two reaches an
equilibrium state. Based on this optimal solution, this section
will further reveal the influence of the value uncertainty of
entrepreneurial enterprises on the optimal decision-making of
venture capital institutions and government incentives under
risk subsidy and tax policies.

3.1 The effect of the value uncertainty and incentive
policies on the optimal investment timing of venture
capital institutions

Based on the analytical formula for the optimal investment
threshold of venture capital institutions under the equilibrium
state of the two investment incentive policies obtained above,
the further analysis aims to reveal the relationship between
the uncertainty of enterprise value and the investment timing
of venture capital institutions under the two investment in-
centive policies, compare the investment opportunities of ven-
ture capital institutions under the two investment incentive
policies, and explore the comparison of the implementation
effects of the two investment incentive policies in terms of ac-
celerating the investment process of venture capital institu-
tions. The research conclusions are presented in Theorems
3.1 and 3.2, respectively.

Theorem 3.1. When the government adopts risk subsidy
policies and preferential tax policies, the investment threshold
X,, X, of venture capital institutions increases with an in-
crease in the value uncertainty of the entrepreneurial enter-
prise; that is, the uncertainty of the entrepreneurial enterprise
value delays the investment timing of venture capital institu-
tions.

The theorem shows that the greater the uncertainty of the
enterprise value, the greater the enterprise’s risk, Venture cap-
ital institutions need to conduct more data review and discus-
sion before investing, and the investment attitude will be
more prudent, which will be reflected in delayed investment.

Proof. First discuss the relationship between uncertainty
and 8.

LB

r+u(=0.5 +my)
\/Zrm +(—0.5 +mu)? '
0, and let r = 4. By assuming that r > p, 6—' >0, the
m

o2’ Om

Let
aB,

then let

m

larger m is, the bigger B,, or the smaller o is, the larger §,.
Second, we discuss the relationship between uncertainty

and the investment threshold X,. When 7 >

1
B+1
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(28, — 126~y [y + 4&(1 —1)B] ]

£,=—F
T p(1-1) 4B, -1)¢

h, =

p .1 [(2;3, 12—y + [P+ 4E0 - 0p] )
r—u ' (1-7) 4B, -1)¢ '
We obtain the partial derivative of &, to 8,. The positive and
negative conditions of the partial derivative cannot be ob-
tained using the analytical formula of the partial derivative, as
well as the relationship between uncertainty o> and the invest-
ment threshold X,. Therefore, Mathematica software is used to
obtain all extreme values of the partial derivative under the

condition of <7< 1 and B, > 1 to determine the posit-

. .] . . . .
ive and negative results of partial derivatives. Its maximum

Oh
value is close to —2.2148696508 x 10'°; thus B_BI is always

1

negative. That is, the bigger 3, is, the smaller &, = Lfc.\., the

smaller o is, the smaller %,.

1 - B
When 1<——, X, = . ( B ) , 20 =
28 Bi+1 pl-7)\p -1 B,
1 r—p . . .
—-—————— is always negative, and the bigger ¢, the
B~ 1y p(1-1) Yo nee s

smaller §,, the larger X,.

In summary, regardless of the uncertainty, the investment
threshold %, shows an increasing trend along with the in-
crease in uncertainty; that is, the uncertainty of the venture
enterprise project value delays the investment timing of ven-
ture capital institutions.

Finally, the proof of the relationship between uncertainty
and investment threshold X, is the same as above and will not
be repeated here.

Theorem 3.2. When the value uncertainty of the entrepren-
eurial enterprise is less than threshold [/, that is

1
o< f (— - 1), the preferential tax policy is more effective
T

than the risk subsidy policy in accelerating investment timing.
When the uncertainty is greater than threshold I, that is,

1 . . . ..
oz f-- 1), the two investment incentive policies have
T

the same effect in accelerating the investment timing.

The theorem shows that when the uncertainty of the enter-
prise value is less than threshold 7, the value of the entrepren-
eurial enterprise is relatively stable, and it is usually in the
late stage of development of the start-up enterprise, which
means that the actual value of the project is already good *-".
Since the degree of tax reduction depends on the tax reduc-
tion rate and the project value, the expected tax reduction at
this time is likely to be greater than the one-time subsidy.
Therefore, under the tax incentive policy, the optimal invest-
ment threshold for venture capital institutions is lowered,
thereby accelerating investment timing. When uncertainty is
greater than threshold 7, the underpaid taxable income 7v and
the risk subsidy s have almost the same effect on reducing the
investment cost of venture capital institutions, so the incent-
ive effect of the two policies in accelerating investment is the
same.

DOI: 10.52396/JUSTC-2022-0011
JUSTC, 2022, 52(8): 8


https://doi.org/10.52396/JUSTC-2022-0011

Zzsrg "

Yan et al.

Proof. To compare the two investment thresholds under the

A

risk subsidy and tax preferential policies, let h; =%, —%,.

pd=-D, _ (2B - D25 -y + [y +4£(1

1
When 7> ——,

Bi+1

2

(2B, - 1)2¢,+ \/4¢3 —47Ep, + 2007 = 20, T[T — 4E,4, 7 + 497

—)B] )
r— i I Y

Mathematica software was used to obtain all the extremum
(28, = D2 —y+ [y? +46(1 - 1)p]
4 (.Bl - l)f
um value is close to 2.0000001218209085. Then the analytic-
al expression in the first parenthesis is always positive, so
only by comparing the difference between the expressions in

the two parentheses do we obtain the size relationship
between the investment thresholds under the two policies.

(28 -D2—y+ [y +4£(1-1)B] 26, - 1D2¢,

which is and the minim-

h =

G- DE AB—Do,
4 — 49, + 2000 20,7 [T — AT 4]
4 (ﬁl - 1) ¢v '

According to the analytical formula, it is impossible to
judge the positive and negative conditions of m,, so using
Mathematica software, to find the minimum value of m, un-

der the conditions of <1< 1andp, > 1, and found that

Bi+1

the minimum value of m, is close to 0.44133845908684277,
which is greater than zero. In other words, &; > 0, %, > %,.

Regardless of the uncertainty o of the entrepreneurial en-
terprise value, the investment threshold x, under the risk sub-
sidy policy is higher than x, under the preferential tax policy,
indicating that the preferential tax policy is more effective
than the risk subsidy policy in accelerating investment timing.

1 r—H ( B
Bi+1’ p(l-)\Bi—1
gardless of how much uncertainty o of entrepreneurial enter-
prise value is, the investment thresholds under the two prefer-
ential policies are equal. At this time, the two preferential
policies have the same effect on accelerating investment
timing.

When 7 <

2
X=X ) , at this time, re-

3.2 The effect of the value uncertainty and incentive
policies on the optimal investment scale of venture
capital institutions

This section reveals the relationship between the uncertainty
of entrepreneurial enterprise value and the investment scale of
venture capital institutions under the two investment incent-
ive policies by comparing the implementation effects of the
two investment incentive policies. The research conclusions
are as follows: Theorems 3.3 and 3.4.

Theorem 3.3. When the government adopts risk subsidy
policies or preferential tax policies, if the venture capital
institution does not invest immediately, that is &, > x,, £, > xo,
its investment scale 1., [, increased with the increasing of the
uncertainty of the entrepreneurial enterprise value, that is, the
value uncertainty of entrepreneurial enterprise at this time in-

8-7

4(ﬂ1 - 1)¢v

creased the investment scale of the venture capital institution;
if the venture capital institution chooses to invest immedi-
ately, that is %, < x,, %, < X,, its investment scale I, 1 is not
affected by the uncertainty, that is, the uncertainty of the en-
trepreneurial enterprise value does not affect the investment
scale of the entrepreneurial enterprise investment institution
at this time.

The theorem shows that if the venture capital institution
does not invest immediately, the increase in the uncertainty of
the institution’s value will increase its optimal investment
scale. This is because an increase in value uncertainty im-
plies an increase in the likelihood that the value will increase.
At this time, increasing the scale of investment can better en-
sure the capital demand for the enterprise, ensure the increase
in the enterprise value, and then achieve the optimal income
goal of the venture capital institution. Therefore, the venture
capital institution will increase the investment scale on the
premise of a prudent attitude. If a venture capital institution
chooses to invest immediately, its investment decision is only
related to the current project capital flow and has nothing to
do with other quantities. Therefore, the investment scale of
the venture capital institution is not affected by the uncer-
tainty of the entrepreneurial enterprise value.

Proof. First discuss the relationship between uncertainty

and the investment scale ..
1

When X, > x,, 7>

B+
;RN HAB A -T)
o 4B -1) '

By using Mathematica software to obtain the partial deriv-
ative I, to 3, it is impossible to judge whether the partial de-
rivative is positive or negative according to the analytical for-
mula. Therefore, using Mathematica software to find the max-
imum value of the partial derivative under the condition of

<71< 1 and B, > 1, which is always less than zero, and

its maximum value is close to —7.261526967643237 x 10717;
that is, the smaller o7 is, the larger 3,, the smaller I.

1 A .
When %, > x,, < ——, [, = ——; that is, the smaller
Bi+1 Bi—1
o? the larger B, and the smaller /. When
R . -7 . . .
X <x, I, = {[p X, — 1, at this time there is no relation-

ship between investment scale and uncertainty.

In summary, when £, > x,, venture capital institutions will
not invest immediately, and their investment scale I, in-
creases with an increase in uncertainty. At this time, the un-
certainty of the venture enterprise project value increases the
investment scale of venture capital institutions; when £, < x,,
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venture capital institutions will choose to invest immediately,
and the investment scale /, has nothing to do with uncertainty,
that is, the uncertainty of the venture enterprise project value
at this time does not affect the investment scale of the ven-
ture capital institution.

Second, the proof of the relationship between uncertainty
and investment scale /, is the same as above, and will not re-
peat the discussion.

Theorem 3.4. When venture capital institutions do not in-
vest immediately, that is, X, > x,, £, > x,, investment de-
cisions are affected by investment incentive policies. When

1
the uncertainty is less than threshold 7, that is o> < f~'| — — 1|,

-
the risk subsidy policy is more effective than the preferential
tax policy in increasing the investment scale of venture capit-
al institutions. When the uncertainty is greater than threshold

. 1 . . .
I, that is 0'2>f"(——1), the two investment incentive
T

policies have the same effect in increasing the investment
scale of venture capital institutions.

The theorem shows that if the venture capital institution
does not invest immediately, the investment scale is affected
by the incentive policy, and the impact of different incentive
policies is controlled by the uncertainty of the project. Spe-
cifically, when the uncertainty is small, it can be seen from
Theorem 3.2 that the investment threshold under the risk sub-
sidy policy is high, which means a more cautious project
qualification review"", which can guarantee a higher probab-
ility of project benefits®?, then venture capital institutions are
willing to give higher investment scale. When uncertainty is
relatively large, the risk subsidy and preferential tax policies
have the same effect in accelerating investment timing, and
the corresponding incentive effect in increasing the invest-
ment scale is also the same.

Proof. In order to compare the two investment scales
under the risk subsidy and tax preferential policies, let
hy=1,-1,.

When X, > x,, X, > Xy, 7>

Bl
poo Xy NEAAB Ao 2
4B -1 4B -De,
\/4¢‘,2 —47E,0,+ 20,27 = 20, T \[Y, 2T — 4£,0, 70 + 4472
4B -Dg, '

From Theorem 3.1, it can be seen that m, is always posit-
ive, h, >0, I. > I.. In other words, regardless of the value of
project uncertainty o, the investment scale I, under the risk
subsidy policy is higher than [, under the preferential tax
policy, indicating that the risk subsidy policy is more effect-
ive than the preferential tax policy in increasing the invest-
ment scale of venture capital institutions.

When %, > x,, X, > x,, T<

Bi+1

When X, < x,, X, < X,
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I 1-
I, = o il

s v

Xo — 1$
r—u

at this time &, =0, it shows that in this case, no matter how
much the uncertainty o of the project is, the investment scale
under the two preferential policies will always be the same.
At this time, in terms of increasing the investment scale of
venture capital institutions, the two preferential policies have
the same effect.

4 Numerical simulation

Section 3 describes the relationship between the optimal in-
vestment decisions of venture capital institutions and the un-
certainty of entrepreneurial enterprises’ value in the govern-
ment’s optimal investment incentive policy through mathem-
atical proof and analysis. On this basis, this section further in-
terprets the conclusions of Section 3 through numerical simu-
lations. Numerical simulations are performed according to the
numerically determined parameters commonly found in exist-
ing studies (e.g., Lukas and Thiergart™, Wong"’, Danielova
and Sarkar®). This study takes r=0.08, u=0.04,
7=0.35, x, =0.06, p =0.3.

4.1 The influence of the value uncertainty on the optim-
al investment timing of venture capital institutions.

To intuitively describe the laws revealed by Theorems 3.1 and
3.2, we explore the relationship between the optimal invest-
ment threshold of venture capital institutions and the uncer-
tainty o of the entrepreneurial enterprise value, and follow
the optimal investment threshold of venture capital institu-
tions under the risk subsidy policy and preferential tax policy.
the changes in project uncertainty are plotted in a line chart
for comparison in Fig. 2. The solid line represents the optim-
al investment threshold for venture capital institutions under
the preferential tax policy, and the dotted line represents the
optimal investment threshold for venture capital institutions
under the risk subsidy policy.

As shown in Fig. 2, with an increase in project uncertainty
o’, the investment threshold x under the two policies in-
creases, indicating that the uncertainty of the project value of
entrepreneurial enterprises has delayed the investment timing
of venture capital institutions to a certain extent.

At this time 7 =0.35, within the range of o2 € (0,0.08),

1
which satisfies o < f"(—— 1), regardless of the value of
T

project uncertainty o, the investment threshold under the risk
subsidy policy is significantly higher than that under the pref-
erential tax policy. This indicates that preferential tax policies
are more effective when accelerating investment timing than
risk subsidy policies.

Within the range o’ €(0.08,0.3), which satisfies with

1
o> f (— - 1), the optimal investment thresholds under the
T

risk subsidy and preferential tax policies are equal. At this
time, the two policies have the same effect on accelerating in-
vestment timing.

DOI: 10.52396/JUSTC-2022-0011
JUSTC, 2022, 52(8): 8


https://doi.org/10.52396/JUSTC-2022-0011

Zzsrg "

4.2 The influence of the value uncertainty on the optim-
al investment scale of venture capital institutions

To intuitively describe the laws revealed by Theorem 3.3 and
Theorem 3.4, changes in the optimal investment scale of ven-
ture capital institutions along with project uncertainty o
under the risk subsidy policy and the preferential tax policy
are drawn in a line chart for comparison, as shown in Fig. 3.
The solid line represents the optimal investment scale of ven-
ture capital institutions under the preferential tax policy, and
the dotted line represents the optimal investment scale of ven-
ture capital institutions under the risk subsidy policy.

As shown in Fig. 3, as project uncertainty ¢ increases, the
scale of investment J under the two policies increases, indic-
ating that project uncertainty increases the investment scale of
venture capital institutions to a certain extent.

At this time, T =0.35, within the range of o € (0,0.08),

1
which satisfies o> < f"(——l), regardless of the extent to
T

which the project uncertainty o~ is the investment scale under
the risk subsidy policy is significantly higher than that under
the preferential tax policy, indicating that the risk subsidy
policy is more effective in promoting venture capital institu-
tions to increase their investment scale.
Within  the range o €(0.08,0.3),

which satisfies

1 . .
o= f! (— - 1), the optimal investment scales under the two
T

investment incentive policies are equal. At this time, the two
policies have the same effect in promoting venture capital in-
stitutions to increase their investment scales.

5 Conclusions

This study finds that uncertainty in the value of entrepren-
eurial enterprises delays the investment timing of venture cap-
ital institutions. When the uncertainty of the value of the in-
vested enterprise is small, the preferential tax policy is more
effective than the risk subsidy policy in accelerating the in-
vestment timing; otherwise, the two investment incentive
policies have the same effect. In terms of increasing the in-
vestment scale of venture capital institutions, if venture capit-
al institutions do not invest immediately, the uncertainty of
the venture enterprise project will increase the investment
scale of venture capital institutions. If the venture capital in-

2.5
(s
— ()|
2
1.5
X
1
______ -
//J
05—
0
0 0.05 0.08 0.1 0.15 0.2 0.25 0.3
2
o

Fig. 2. The optimal investment threshold and project uncertainty of ven-
ture capital institutions.
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Fig. 3. The optimal investment scale and project uncertainty of venture
capital institutions.

0.2 0.25 0.3

stitution chooses to invest immediately, its investment scale
will not be affected by the value of the venture capital. If ven-
ture capital institutions do not invest immediately when the
uncertainty of the project is less than the threshold, the risk
subsidy policy is more effective than the preferential tax
policy in increasing the investment scale of venture capital in-
stitutions; otherwise, the two investment incentives have the
same effect. Therefore, risk subsidies and tax incentives for
venture capital have advantages in terms of the timing and
scale of promoting venture capital into the innovation market.
In practical application, when there are tax reductions or risk
subsidy policies, the venture capital institutions determine the
investment timing and scale according to the uncertainty
value of the investment project and the intensity of the incent-
ive policies. Policymakers can formulate incentive policies
based on the risks of innovation and entrepreneurship and the
intensity of the incentives they want to achieve.
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