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This study evaluates the asymmetric impact of international oil price uncertainty on

firms’ investment in China using a sample of listed renewable energy firms over the

period 2000–2017 based on the fixed effect model. The empirical results show that

the coefficient of oil price uncertainty on corporate investment is significantly negative,

and it significantly affects corporate investment efficiency. Further, it reveals that from

the total sample, no matter whether the oil price rises or falls, or the oil price is higher

or lower, there is no asymmetry. However, after grouping companies according to the

average investment opportunity, we found that for companies with better investment

opportunities, the effect of oil price uncertainty on investment is asymmetric, since the

coefficient of the interaction term between high oil prices and oil price uncertainty is

significant positive. It also shows that increasing oil price uncertainty will reduce the

investment efficiency of companies with poor investment opportunities, and the results

of regression using inefficient investment as the explanatory variable also confirm this.

Sale capital ratio, firm size, firm age, and administrative expense ratio are also vital

factors in determining renewable energy firms’ investment. This study has important

policy implications for both government and enterprise.

Keywords: asymmetric effect, renewable energy, oil price uncertainty, investment, investment inefficiency

INTRODUCTION

In recent years, in order to solve its energy shortage problem and relieve the pressure of
environmental pollution, the renewable energy sector in China was strongly encouraged by the
government, and several supporting measures and regulatory guidelines have been introduced. In
addition, the public’s environmental demands have also prompted local governments to implement
stricter environmental regulations, thereby encouraging companies to increase green investment
(Liao and Shi, 2018). Correspondingly, China’s investment in the renewable energy sector has
increased significantly, from 3 billion USD in 2004 to more than 115.4 billion USD in 2015.
However, the total amount of investment in this sector shrank by 32% to USD 78.3 billion in 2016,
with the solar market in particular decelerating sharply1. From a global point of view, the growth
of new investment in renewable energy went through a period of fast growth from 2004 until 2010,

1Bloomberg New Energy Finance, Global Trends in Renewable Energy Investment 2017.
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and then it became volatile (as shown in Figure 1). At the same
time, there is evidence that the development of China’s renewable
energy industry has encountered some problems. The study of
Liu (2013) indicates that the recent sharp hike in China’s wind
power capacity may be attributed to overinvestment. Zhang et al.
(2016) points out that the whole sector was exposed to high
risks caused by rapid expansion, and confirms the existence
of overinvestment in China’s renewable energy sector. Zeng
et al. (2017) reveals that the investment efficiency of Chinese
new energy companies is relatively low. Therefore, determining
which factors affect the investment of China’s renewable energy
companies, and thinking about how to increase firms’ investment
efficiency, has become a topic worthy of discussion.

There is no doubt that investment is related to the healthy
development of companies. Studies have shown that external
shocks, such as oil price shocks, have an increasingly important
impact on corporate investment, including the investment
behavior of energy companies (Bernanke, 1983; Pindyck, 1991;
Elder and Serletis, 2010; Wang et al., 2017; Cao et al., 2019).
Statistics show that during the period of the rapid development
of China’s renewable energy industry, international crude oil
prices have experienced significant fluctuations. China is the
world’s largest oil importer with a dependence on oil imports
of up to 70%, and the uncertainty of oil prices significantly
affects the Chinese economy (Cheng et al., 2019). Even if
the government adopts price control and other measures, it
cannot eliminate the negative impact of oil price uncertainty on
economic development (Shi and Sun, 2017). Taking the close
relationship between renewable energy and fossil energy into
consideration, oil price uncertainty, as one of the representative
external shocks, may have a significant impact on the investment
of Chinese renewable energy companies.

Compared to enterprises in other industries, the effect of oil
price uncertainty on renewable energy enterprise’s investment
may be more complicated. In theory, the impact of oil price
volatility on the investment of renewable energy companies is
mainly in two aspects. One is that the uncertainty of oil prices
means that the input cost of an enterprise is uncertain. Since oil

FIGURE 1 | Global statistics new energy investment by sector, 2004-2016, $BN (Source: UN Environment, Bloomberg New Energy Finance).

can be used as one of the raw materials for renewable energy
companies, uncertainty in oil prices can affect costs and benefits,
which improves the company’s business risks and default risks,
and ultimately changes the investment behavior. Second, the
uncertainty of oil prices can lead to uncertainty in demand
for renewable energy products due to the partial substitution
relationship between fossil energy and renewable electricity. And
from this perspective, it may also bring some other changes
for the companies, such as inefficient corporate investment
behavior. If the uncertainty increases when oil prices are high,
this means that risks and opportunities coexist for renewabke
energy companies. In this case, different companies may have
different attitudes toward investment, which may lead to changes
in investment efficiency. Therefore, it requires more detailed
research to discuss the response of renewable energy firms’
investment to the changes of oil price uncertainty, especially
considering the possible asymmetry. However, as far as we know,
few articles have investigated this issue.

In this paper, we focus on the renewable energy industry in
China and discuss the asymmetric influences of international
oil price uncertainty on the investment of listed firms in
this industry. We will mainly analyze the possible asymmetric
impacts of oil price uncertainty on corporate investment.
The article compares the impact of oil price uncertainty on
investment when oil prices rise or fall, and when oil prices
are high or low. It also investigates the different responses
of companies with different investment opportunities to oil
prices uncertainty. Finally, we analyzed the impact of oil price
volatility on corporate inefficient investment. Our empirical
results contributes to the growing body of literature by providing
evidence that oil price uncertainty has an asymmetric impact on
corporate investment of renewable energy firms and rise in oil
price volatility will increase the possibility of over-investment.

The rest of the paper is structured as follows: in Section
Literature Review, we give a review of relevant literature; Section
Empirical Model Specification introduces the methods used
in the empirical studies; in Section Data and Variables, we
gives an introduction to sample selection, variable definition,
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and statistical description.; Section Empirical Results reports
the empirical regression results; and finally, Section Conclusion
summarizes and concludes.

LITERATURE REVIEW

Investment Under Uncertainty
Many articles have analyzed the influence of uncertainty on
corporate investment. Theoretically, there are several channels
through which uncertainty may affect firms’ investment. Based
on the waiting value of real options, Dixit and Pindyck (1994)
indicate that uncertainty will reduce the level of corporate
investment if investment is irreversible. Appelbaum and Katz
(1986) prove that under the uncertain circumstances, enterprises
with high risk-aversion tend to reduce input and output, and
points our that there is a negative correlation between corporate
investment and uncertainty under the combined effects of
investment irrevocability, financing constraints and risk aversion.
But controversially, Abel (1983) emphasizes that risk may
constitute an incentive to invest if the ability of firms to adapt
after uncertainty is resolved, which implies a positive correlation
between uncertainty and investment.

Empirically, numerous studies have examined whether
investments respond to changes in uncertainty. Much attention
has been given to macro uncertainty, such as volatility of stock
market returns, interest rates and inflation. There are also many
articles that study the correlation between capital investment
and uncertainty using industry or firm-level data, but most of
the research focus on the manufacturing industry, and there are
lots of unresovled issues related to the uncertainty–investment
relationship. Among these, Bloom et al. (2007) suggests that
uncertainty can reduce firms’ investment in response to shocks
to sales, and argues that the company will become more
cautious when the uncertainty of a company’s stock returns is
greater. Rashid (2011) report that high uncertainty significantly
reduce firms’ capital investment expenditures by testing the
idiosyncratic and financial market uncertainty on the investment
decisions of manufacturing firms. Baum et al. (2008) examine
the uncertainty-investment relationship for U.S. firms, and
concludes that investment responds negatively to firm-specific
and CAPM-based uncertainty, whereas the uncertainty driven
by S&P 500 index returns has a positive effect on firm-
level investment. Beaudry et al. (2001) examine the impact of
macroeconomic uncertainty on investment expenditure using
the firm-level data from the UK, and maintain that inflation
uncertainty has a negative and significant impact on investment.
Baum et al. (2010) investigate the effect of uncertainty on
corporate investment directly and the indirect effect via cash flow,
it reveals that the impact of market uncertainty through cash flow
on investment is negative. Gulen and Ion (2016) investigate the
effect of economic policy uncertainty on corporate investment
using the US data.

A few recent studies have begun to focus on the influence of
uncertainty on the investment decision of Chinese companies.
For instance, Xie (2009) examines how fluctuates in the volatility
of daily stock returns affect corporate investment in China.
The results indicate a negative effect, and it still holds even

after controlling corporate investment opportunities and fund
availability. Using data from listed companies in China, Xu
et al. (2010) find a negative connection between total firm
uncertainty and investment, Wang et al. (2014) shows that
companies tend to reduce their investment expenditures when
facing high economic policy uncertainty, Wang et al. (2014)
indicate that the impact of policy and market uncertainty on
corporate R&D expenditures is also negative. Taking external
economic factors and managerial behavior into consideration,
Wang et al. (2016a) studies the same issues and highlights
the time-varying interaction between inflation uncertainty and
managerial overconfidence, it concludes that overconfidence in
management can exacerbate the reinforcing effect of low inflation
uncertainty on overinvestment.

Investment Under Oil Price Uncertainty
With the increasing importance of natural resources in economic
development, more and more scholars are paying attention to
the impact of natural resources price volatility on coporate
investment. Several empirical articles have studied the influence
of oil price volatility on investment, and have reached a relatively
consistent conclusion, that is, the former has a significant
negative impact on investment. However, most of previous
studies are limited to developed countries. Recently, focusing
on the volatility of international oil prices, Elder and Serletis
(2010) argue that this kind of uncertaity has had a statistically
significant negative influence on several measures of investment,
durables consumption and aggregate output in the United States.
Henriques and Sadorsky (2011) investigate the effect of oil price
uncertainty on firms’ strategic investment in the USA and show
that there exists a U shaped relationship between them. Using
error correction techniques and data from US manufacturing
companies, Yoon and Ratti (2011) find that higher energy
price uncertainty reduces the positive effect of sales growth on
investment. Kellogg (2014) estimate the impact of changes in
uncertainty of future oil prices on investment, and discover that
a surge in expected volatility of the future oil price reduce firms’
drilling activity. Wang et al. (2017) investigate the influence
of international oil price volatility on corporate investment
expenditures in China. Lee et al. (2011) analyzes the effect of
real oil price shocks on corporate investment from both direct
and indirect impacts, and the results show that oil price shocks
have a greater inhibitory effect on corporate investment for firms
with high stock price volatility. Using firm-level data from 54
countries, the recent study of Phan et al. (2019) explores this
effect again, and also reveals a negative impact of oil price
uncertaity on investment.

The influence of international crude oil price uncertainty on
the investment behavior of energy enterprises should be more
special and complex, but few articles discuss this issue. It’s worth
noting that Mohn and Misund (2009) and Cao et al. (2019)
have done some exploration in this area. The previous study
used panel data from 15 oil and gas companies, and the latter
study used data from Chinese renewable energy companies,
both of which examined the impact of oil price uncertainty
on investment. Unfortunately, the possible asymmetry in the
relationship has not been addressed.
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Investment Behavior of Renewable Energy
Firms
Although few scholars have analyzed the effect of international
oil price uncertainty on renewable energy companies’ investment,
there are many articles that have discussed the investment issues
of renewable energy companies. For example, Wustenhagen and
Menichetti (2012) propose a conceptual framework for renewable
energy investment and reveales that risk, return, and policy
all affect firms’ current investment levels. Liu (2013) points
out the overinvestment problem in wind power capacityand
explores the factors that may affect companies’ overinvestment
Zhang et al. (2016) test the overinvestment hypothesis based
on mainstream finance methodology and shows that renewable
energy companies do have over-investment issues in China.
Zeng et al. (2017) evaluates the investment efficiency of Chinese
new energy companies using a four-stage semi-parametric DEA
analysis framework, and finds that such companies have low
investment efficiency. It states that the investment efficiency
of Chinese new energy companies is affected by global and
domestic macroeconomic conditions and characteristic variables
of enterprises.

In summary, there are still some shortcomings in the research
field of how does oil price uncertainty influence the investment
of renewable energy enterprises. In particular, few scholars have
conducted in-depth research on the possible asymmetry in the
relationship. To make up for this gap, this is exactly what this
article is trying to do.

EMPIRICAL MODEL SPECIFICATION

Benchmark Model
Given that a large amount of literature uses the Q investment
model, we also use this model to test the effect of oil price
volatility on corporate investment. Under standard neoclassical
assumptions about firm behavior, the Q investment model can be
represented as the following formula:

(I/K)t = α + βQt + εt (1)

in which, It stands for firm’s gross long-term investment, Kt

represents the book value of the company’s fixed capital stock,
Qt means the marginal q, and εt is a random error term. In
empirical specifications, Equation (1) is usually augmented with
other explanatory variables, and it has fixed effects for cross
section and time. According to the studies of Baum et al. (2010),
Henriques and Sadorsky (2011), Yoon and Ratti (2011) and Khan
et al. (2017), the empirical model of this article is set as follows:

(I/K)i,t = α + γVoilt−1 + β1 TQi,t−1 + β2(CF/K)i,t−1

+ β3(S/K)i,t + δZi, t + µi + θt + εi,t (2)

(I/K)i,t represents the investment-capital ratio, which is obtained
by dividing the current investment by the fixed capital at the
beginning of the period. Voil is the volatility of international oil
prices. (CF/K) stands for cash flow scaled by the beginning-of-
period capital stock, which indicates the possible role of liquidity.
S/K means the firm’s sale dividing by capital stock, and Z stands

for the control variable vector. µi and θt stand for the firm-
specific and time-specific fixed effects. In line with the research
of other works (Chen et al., 2011; Jiang et al., 2011; McLean et al.,
2012; Wang et al., 2016b), we add Tobin Q as a proxy variable for
investment opportunities to the regression equation.

Asymmetry Analysis Model
Considering that there may be asymmetry in the impact of
oil prices uncertainty, we further added an interaction term to
the equation.

The first is to compare and analyze the different effects of
oil price uncertainty when oil prices rise and fall. Therefore,
we construct a dummy variable for oil price rise, Doilpov, and
the interaction term is Voil × Doilpov. In addition to affecting
investment spending, the uncertainty of oil prices may also affect
corporate investment efficiency, we also include the interaction
term Q and oil volatility (TQ × Voil)t−1, into the empirical
model. Correspondingly, the extended models are set as:

(I/K)i,t = α + γVoilt−1 + θ1
(

Voil× Doilpov
)

t−1
+ β

1
TQi,t−1

+ β2(CF/K)i,t−1+ β3(S/K)i,t + δZi, t + µi + θt + εi,t

(3)

The second is to introduce another dummy variable, highoil,
which measures whether the oil price is at a relatively high level,
then the interaction term becomes to TQ× highoil. Based on the
daily oil price data, we chose the median value of oil prices,
$75 per barrel, as the dividing line, and generate the dummy
variable. Thus, highoil equals to 1 if Brent oil price is >75,
otherwise it equals to 0. The empirical model is further extended
as follows:

(I/K)i,t = α + γVoilt−1 + ρ1 (Voil× TQi)t−1

+ ρ2
(

Voil× highoil
)

t−1
+ ρ3λ2

(

Voil× TQi× highoil
)

t−1

+ β1 TQi,t−1 + β2(CF/K)i,t−1+ β3(S/K)i,t + δZi,t

+ µi + θt + εi,t (4)

Finally, in order to further analyze the possible asymmetry in
the impact of the uncertainty of oil prices, we divided the
companies into two groups, that is, firms with good investment
opportunities and firms with bad investment opportunities, and
then conducted a comparative analysis of the two samples.

Inefficient Investment Analysis Model
In order to verify the effect of oil price uncertainty, we further
analyze its impact on the inefficient investment of enterprises.
The empirical model to identify its influence on inefficiency
investment is set as:

Ineff_invi,t = α + γVoilt−1 + α1(CF/K)i,t−1 + α2ROAi,t

+ δZi,t + µi + θt + εi,t (5)

Ineffinvi,t stands for the inefficient investments, ROA is the return
of total assets. The fixed effect model is implemented to estimate
Equation (5).
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Finally, we examine the impact of oil price uncertainty on
corporate over-investment. The explanatory variables in the
model are replaced by dummy variable, Over_Inv, which is equal
to 1 if the enterprise is overinvested, otherwise it is equal to 0.
Logit regression is used to estimate the following equation.

Over_Invit = α + γVoilt−1 + ρ(Voil× highoil)t−1

+ β(CF/K)i, t−1 + εi,t (6)

DATA AND VARIABLES

Sample Selection
The information from Sina finance (http://finance.sina.com.cn/)
are used to collect the renewable energy listed firms of China,
similar to the methods of Broadstock et al. (2012), Zhang et al.
(2016), and Cao et al. (2019). A total of 113 firms in solar, wind
and biomass sectors that listed during the period from 1990 to
2017 are identified. The data used in the empirical analysis part
is the unbalanced panel from 2000 to 2017. All the financial
data used was collected from the RESSET financial research
database (www.resset.cn).

Variable Definition
(1) Oil price uncertainty

The uncertainty of oil price is usually measured by two methods.
One is the standard deviation of daily return of oil prices, and
the other is the GARCH model. Following Sadorsky (2008) and

Henriques and Sadorsky (2011), the annual oil price volatility
(Voilt) can be measured as:

Voilt =

√

√

√

√

1

N − 1

N
∑

t=1

(rt − E(rt))
2 (7)

where rt is the daily return of international oil price (rt = 100 ×
ln(Pt/Pt−1), Pt is the daily oil price, N is the number of trading
days in the year. Brent crude oil prices from the U.S Energy
Information Agency are used in this paper.

Following Hamilton (2003), Sadorsky (2006), and Yoon and
Ratti (2011), oil price uncertainty can be calculated using the
GARCH (1, 1) model as shown blow:

rt = α +

m
∑

i=1

βirt−i + et (8)

σt = ρ + γ e2t−1 + δσ 2
t−1 (9)

According to the Akaike’s Information Criterion (AIC), we begin
with the fifth lag. the daily crude oil returns’ volatilities in
a particular year are estimated firstly, and then obtain their
arithmetic mean, Hoilt , as the indicator of international oil price
annual uncertainty.

The daily Brent crude oil prices and daily crude oil return
volatility are plotted in Figure 2. It shows that before 2005 and
from 2008 to 2009, the volatility of oil prices was higher. While,
during 2010–2014, oil prices were higher, but their volatility was
relatively low. After entering the low oil price stage in 2015, the
uncertainty of oil prices increased.

In the empirical analysis part, we mainly uses the volatility
calculated by the first method as a measure of oil price

FIGURE 2 | The price and volatility of international crude oil.
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uncertainty, and the volatility calculated by the GARCH model
is used for robustness test.

(2) Dependent variable

The investment expenditures (I) used in this paper is measured as
cash outflow for purchase of new fixed assets and other long-term
assets minus any net cash recovered from the disposal of fixed
assets as shown in the cash flow statement. Investment dividing
by fixed assets at the beginning of the year, I/K, are used as the
dependent variable.

We plot the annual average of the investment capital ratio
(I/K) across sample firms in Figure 3. It shows that investment
was booming during the period from 2000 to 2002, and it has
shown obvious up and down fluctuations since 2003. Since 2014,
the investment ratio has shown a clear upward trend. At the same
time, international oil prices have begun to enter a low price and
a small fluctuation range as shown in Figure 1.

In addition to the investment capital ratio (I/K), we also use
inefficiency investment indicators as explanatory variables. In
order to build this variable, we construct an expected investment
model based on Biddle et al. (2009) and Gomariz and Ballesta
(2014). The expected investment model is written as:

(I/K)it = ρ0 + ρ1sale_growthit−1 + ǫit (10)

where sales_growtht−1 is the growth rate of sales in the previous
year. This model is estimated for each year, and a positive
(negative) residual indicates over- (under-) investment. We
define the variable inefficiency investment (Ineff_inv) as the
absolute value of the residual, which stands for the departure
from the normal investment level. If the residual of the above
regression is greater than zero, it can be considered that the
enterprise has excessive investment in that year according to
(Wang et al., 2016a). Therefore, we define the dummy variable
of over-investment (Over_Inv) based on whether the residual is

greater than zero or less than or equal to zero. Over_Inv is equal
to 1 if ǫit is greater than zero, otherwise it equals to 0.

(3) Control variables

The control variables include cash flow capital ratio (CF/K),
Tobin’s Q (TQ), sale’s capital ratio (S/K), leverage (lev.), firm
size (size), administrative expense ratio (Adm., scaled by sales,),
firm age (age), returns on total assets (ROA), State-owned
shareholding ratio (stateshrp), and the shareholding ratio of the
largest shareholder (owncon1).

Capital stock (K) is equal to the book value of fixed assets
net of depreciation, Cash flow (CF) is calculated as the sum of
the depreciation of fixed assets plus the operating profit before
payments of tax, interest and preference dividends, which is
consistent with Bond and Meghir (1994). Tobin’s Q (TQ) is
defined as the ratio of firms’ total market value to total assets. The
construction of these variables are similar to that of Chen et al.
(2013) and Zhang et al. (2016).

The median value of Tobin’s Q based on the average value
of each enterprise in all years is used to distinguish whether a
company has good investment opportunities or bad investment
opportunities. That is, a company will be assigned to the group
with good investment opportunities if the company’s annual
average for Tobin Q is greater than the median above, otherwise
it is divided into the group with poor investment opportunities.

Descriptive Statistics
Thestatistics of main variables are summarized in Table 1. The
continuous variables, I/K, CF/K, Sale/K, TQ, are winsorized at
the 1st and 99th percentiles before they are used in the empirical
analysis. It shows that the mean of firms’ investment capital ratio
is 0.5902, and the maximum and minimum values are 7.5618 and
0.0112 respectively. The average value of Tobin’s Q is >1, which
is 2.1367. The average value of the sales capital ratio is 7.0404,
also very high. The average asset-liability ratio of the company is
48.81%. From the average value, management expenses account

FIGURE 3 | Trend of corporate investment (annual average scaled by capital stock, I/K).
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TABLE 1 | Descriptive statistics on the main variables.

Variable Description Obs. Mean SD. Min Max

I/K Investment capital (fixed assets) ratio 1114 0.5902 0.9451 0.0112 7.5618

TQ Tobin’s Q, the ratio of the market value to replacement cost 974 2.1367 1.0808 0.8873 6.6339

CF/K Cash flows scaled by fixed assets 1114 −0.9846 2.6252 −21.027 2.3284

Sale/K Sales capital ratio 1115 4.5554 7.0404 0.1838 56.994

Sale_ growth The growth rate of sales 1137 0.1722 0.3368 −1.9043 3.2188

Lev Leverage rate, total debt to total assets ratio 1137 0.4881 0.2122 0.0395 2.8409

Size Natural logarithm of total assets 1137 22.016 1.3423 18.9111 26.337

Adm. The administrative expense ratio, administrative expenses as a percentage of sales 1135 0.0879 0.0800 0.0019 1.6678

ROA Net profit divide the average value of total assets 1137 4.4237 7.8495 −56.048 87.736

Owncon1 Proportion of the first largest shareholder (%) 1110 0.3649 0.1766 0.0362 0.962

Stateshrp Shareholding ratio of state-owned shares 1110 10.949 21.587 0.0000 97.873

Ineff_inv Inefficiency investment: the absolute value of a deviation from normal investment level 920 0.4586 0.6709 0.0002 6.4001

Over_inv Dummy variable, =1 if deviation from normal investment level is positive, otherwise = 0 920 0.2837 0.4510 0 1

TABLE 2 | The impact of oil price volatility on investment.

(0) (1) (2)

OLS Fixed effect DPD (SYS-GMM)

Variables Coeff. Sd. Coeff. Sd. Coeff. Sd.

(I/K)t−1 - - - - 0.3586*** (0.1068)

Voil t−1 −0.3905* (0.2298) −0.4470* (0.2719) −0.5771** (0.2479)

TQit−1 0.1297*** (0.0357) 0.1187*** (0.0430) 0.2105** (0.1007)

(CF/K)it−1 −0.0320** (0.0160) −0.0198 (0.0164) 0.0464 (0.0333)

(Sale/K) it 0.0379** (0.0151) 0.0457*** (0.0151) 0.0833*** (0.0262)

(Sale/K) it−1 0.0037 (0.0117) 0.0026 (0.0105) −0.0210 (0.0257)

Ln(Brent)t−1 −0.2334 (0.9925) −0.1868 (0.4179) −0.4311 (0.3017)

Lev it−1 −0.1617 (0.1079) −0.4556*** (0.1614) 0.0618 (0.1872)

Age it −0.0169*** (0.0059) −0.0371 (0.0703) −0.0131** (0.0065)

Size it 0.0760** (0.0373) 0.1239** (0.0589) 0.1240*** (0.0461)

Adm it −0.1212 (0.2340) 0.6147** (0.2588) −0.1056 (0.2311)

Owncon1it −0.0119 (0.2159) 0.1575 (0.3252) −0.2262 (0.2271)

Stateshrpit −0.0007 (0.0014) 0.0018 (0.0012) −0.0001 −0.001

Year dummies Yes Yes Yes

Obs. 774 774 765

NO. of firms 103 103 103

R2_adj. 0.213 0.222

Sargan P 0.146

AR1 P 0.0141

AR2 P 0.125

The independent variable is I/K, Pool OLS, Fixed effect and system-GMM methods are used are used in model 0,1, and 2, respectively; Robust standard errors in parentheses, ***p <

0.01, **p < 0.05, *p < 0.1.

for 8% of sales, the lowest is 0.19%. The mean of Ineff_inv
is 0.4586. In samples with inefficient investment observations,
about 28% of enterprises have over-investment.

EMPIRICAL RESULTS

Impact of Oil Uncertainty on Investment
The benchmark regression results are shown in Table 2.
Models (0) to model (2) are the results of regression using

three methods: pooled ordinary least squares method,
fixed effect regression, and dynamic panel system-GMM.
As shown in Table 2, no matter which model is used,
the results obtained indicate that increasing oil price
uncertainty will significantly reduce renewable firms’
investment, and this result is consistent with previous
studies. And the coefficients of investment opportunities
(TQ), Sales ratio (Sale/K), firm size (Size) are all significantly
positive in the three models. We also add the natural
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logarithm of Brent oil price variable, Lnbrent, into the
regression equation and find that it has no significant effect
on investment.

Asymmetric Effect of Oil Uncertainty on
Investment
(1) Possible asymmetry tests when oil prices rise or fall

In order to verify whether there is a possible asymmetric
effect, the dummy variable of whether the price of oil has
risen, Dpovoil (= 1 when the oil price rises, otherwise it =

0), is introduced here. The empirical results are shown in
Table 3 below.

Based on the benchmark regression, in model (3), the
interaction term between the dummy variable of whether oil price
rise and oil price volatility, (Voil∗Dpovoil)t−1, is added. It can

TABLE 3 | The asymmetric effect of oil price uncertainty on investment (Oil price rise or fall).

Total sample Low TQ High TQ

Variables (3) (4) (5) (6) (3a) (4a) (3b) (4b)

Voil t−1 −0.3038* −0.3518 −0.3966* −0.2995 −0.1269 0.1230 −0.9244** −1.7570**

(0.1670) (0.2268) (0.2118) (0.2083) (0.1553) (0.2434) (0.4236) (0.7109)

(Voil *Dpovoil)t−1 0.0358 −0.1304 0.0079 −0.0365 −0.0062 −0.6521*

(0.0594) (0.1154) (0.0561) (0.1398) (0.1195) (0.3538)

(Voil *TQ)t−1 −0.0252 −0.0312 −0.1272** 0.0188

(0.0378) (0.0371) (0.0526) (0.0687)

(Voil *TQ* Dpovoil)t−1 0.0546 0.0207 0.1200*

(0.0343) (0.0452) (0.0671)

(Voil *Dnetpovoil)t−1 0.0398 −0.0802

(0.0660) (0.1325)

(Voil *TQ*Dnetpovoil)t−1 0.0372

(0.0325)

TQit−1 0.1187*** 0.1245 0.1187*** 0.1670** 0.1477** 0.4094*** 0.1164* −0.0050

(0.0430) (0.0771) (0.0430) (0.0693) (0.0715) (0.1508) (0.0663) (0.1246)

(CF/K)it−1 −0.0198 −0.0169 −0.0198 −0.0190 −0.0187 −0.0170 −0.0186 −0.0121

(0.0164) (0.0159) (0.0164) (0.0161) (0.0116) (0.0118) (0.0212) (0.0202)

(Sale/K) it 0.0457*** 0.0464*** 0.0457*** 0.0461*** 0.0452* 0.0463* 0.0496** 0.0513**

(0.0151) (0.0152) (0.0151) (0.0151) (0.0231) (0.0238) (0.0212) (0.0214)

(Sale/K) it−1 0.0026 0.0009 0.0026 0.0013 0.0140 0.0133 0.0004 −0.0003

(0.0105) (0.0112) (0.0105) (0.0109) (0.0172) (0.0162) (0.0159) (0.0173)

Ln(Brent)t−1 −0.3491 −0.5408 −0.5118 −0.4613 −0.1541 −0.0563 −1.2723* −2.6786**

(0.2852) (0.3503) (0.3649) (0.3560) (0.2499) (0.3479) (0.7174) (1.1062)

Lev it−1 −0.4556*** −0.4544*** −0.4556*** −0.4618*** −0.5569** −0.5572** −0.3593 −0.3779*

(0.1614) (0.1591) (0.1614) (0.1640) (0.2572) (0.2418) (0.2255) (0.2176)

Age it 0.0056 0.0071 0.0112 0.0062 −0.0010 −0.0102 0.0418 0.0808

(0.0177) (0.0185) (0.0212) (0.0201) (0.0141) (0.0158) (0.0452) (0.0522)

Size it 0.1239** 0.1328** 0.1239** 0.1312** 0.1088 0.1143* 0.1978* 0.2227*

(0.0589) (0.0572) (0.0589) (0.0576) (0.0652) (0.0619) (0.1136) (0.1118)

Adm it 0.6147** 0.6696** 0.6147** 0.6472** 0.6134* 0.6614** 0.8583 0.9506

(0.2588) (0.2827) (0.2588) (0.2752) (0.3140) (0.3124) (0.7053) (0.7210)

Owncon1it 0.1575 0.0812 0.1575 0.1135 0.0450 0.0133 0.5626 0.2590

(0.3252) (0.3031) (0.3252) (0.3164) (0.2546) (0.2409) (0.8498) (0.7469)

Stateshrpit 0.0018 0.0016 0.0018 0.0017 0.0003 0.0002 0.0052* 0.0055*

(0.0012) (0.0012) (0.0012) (0.0012) (0.0013) (0.0012) (0.0031) (0.0031)

Year dummies Yes Yes Yes Yes Yes Yes Yes Yes

Obs.

NO. of firms 103

R2_adj. 0.222 0.229 0.222 0.224 0.191 0.198 0.229 0.245

The independent variable is I/K, fixed effect regression method is used; Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1. The net oil price increase are defined

as NetP+

oil,t = Max (0, Poil,t − max(Poil,t−1,Poil,t−2,Poil,t− 3)).
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be found that the uncertainty of oil prices still has a significant
negative impact on investment, but the coefficient of the
interaction term (Voil∗Dpovoil)t−1, is not significant, indicating
that there is no significant asymmetry in this effect when oil prices
rise or fall.

In model (4), we further add the interaction term of oil
price volatility and Tobin Q, (Voil∗TQ)t−1, and the interaction
term of high oil price dummy variable, Tobin Q and oil price
uncertainty (Voil∗TQ∗Dpovoil)t−1, in the regression. Although
the coefficients for (Voil∗Dpovoil)t−1 and (Voil∗TQ)t−1 are
negative, they are not significant. The coefficients and statistical
significance of other variables are all consistent with the results of
model (1).

In models (5) and (6), we used a net oil price change indicator
to measure the rise or fall in oil prices. That is, we compare the
current oil price with the price of the past 3 years, if the current
oil price is higher than the highest oil price in the past 3 years, it is
defined as the net increase in oil price, corresponding net oil price
increase dummy variable, Dnetpovoil, is equal to 1, otherwise it
equals to zero. The results of these two regressions are basically
consistent with models (3) and (4), again indicating that in the
entire sample, here is no asymmetry in the impact of oil price
uncertainty on investment when prices rise or fall.

In the right four columns of Table 3, we further consider
another possible asymmetry, that is, different companies may
have different investment behaviors when they face uncertainties

TABLE 4 | The asymmetric effect of oil price uncertainty on investment (High or low oil prices).

Total sample Low TQ High TQ

Variables (7) (8) (7a) (8a) (7b) (8b)

Voil t−1 −0.4082* −0.4101* −0.1499* 0.1183 −0.9063 −1.1729*

(0.2243) (0.2228) (0.0865) (0.1568) (0.6796) (0.6556)

(Voil *highoil)t−1 0.1931 −0.0262 0.1733 0.0629 0.7720* 0.0907

(0.2706) (0.2811) (0.3254) (0.2950) (0.3899) (0.6526)

(Voil *TQ)t−1 0.0143 −0.1307** 0.1131

(0.0512) (0.0562) (0.0848)

(Voil *TQ* highoil)t−1 0.0775 −0.0031 0.1805*

(0.0492) (0.0571) (0.0905)

TQit−1 0.1187*** 0.0387 0.1477** 0.4406*** 0.1164* −0.2564

(0.0430) (0.1265) (0.0715) (0.1398) (0.0663) (0.2186)

(CF/K)it−1 −0.0198 −0.0159 −0.0187 −0.0178 −0.0186 −0.0075

(0.0164) (0.0154) (0.0116) (0.0119) (0.0212) (0.0194)

(Sale/K) it 0.0457*** 0.0468*** 0.0452* 0.0462* 0.0496** 0.0496**

(0.0151) (0.0152) (0.0231) (0.0238) (0.0212) (0.0203)

(Sale/K) it−1 0.0026 0.0008 0.0140 0.0144 0.0004 0.0015

(0.0105) (0.0112) (0.0172) (0.0168) (0.0159) (0.0165)

Ln(Brent)t−1 0.0373 0.2684 −0.0690 0.1892 −1.3393 −0.4940

(0.7360) (0.7488) (0.8321) (0.8183) (1.0880) (1.6083)

Lev it−1 −0.4556*** −0.4441*** −0.5569** −0.5589** −0.3593 −0.3778

(0.1614) (0.1659) (0.2572) (0.2456) (0.2255) (0.2383)

Age it −0.0101 −0.0213 −0.0045 −0.0184 0.0445 0.0088

(0.0291) (0.0288) (0.0337) (0.0327) (0.0350) (0.0532)

Size it 0.1239** 0.1309** 0.1088 0.1122* 0.1978* 0.2030*

(0.0589) (0.0582) (0.0652) (0.0622) (0.1136) (0.1211)

Adm it 0.6147** 0.6071** 0.6134* 0.6510** 0.8583 0.8631

(0.2588) (0.2625) (0.3140) (0.3082) (0.7053) (0.7153)

Owncon1it 0.1575 0.1106 0.0450 0.0163 0.5626 0.2175

(0.3252) (0.3128) (0.2546) (0.2516) (0.8498) (0.7713)

Stateshrpit 0.0018 0.0016 0.0003 0.0003 0.0052* 0.0059*

(0.0012) (0.0012) (0.0013) (0.0012) (0.0031) (0.0030)

Year dummies Yes Yes Yes Yes Yes Yes

Obs. 774 774 440 440 334 334

NO. of firms 103 103 47 47 56 56

R2_adj. 0.222 0.230 0.191 0.197 0.229 0.256

The independent variable is I/K, fixed effect regression method was used; Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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in oil prices. Based on the average TobinQ value of each company
during the observation period, we divide the total sample into
two sub-samples: companies with poor investment opportunities
and companies with good investment opportunities. The division
criterion is whether the average TQ of the enterprise is less than
or greater than the median value of firms’ average annual TQ.
Based on these two subsamples, we performed the regression
again, according to the design of Equation 3. The results of
companies with poor investment opportunities are shown in
models (3a) and (4a), and the results of companies with better
investment opportunities are shown in models (3b) and (4b).
The results show that among renewable energy companies with
poor investment opportunities, the coefficient of the variable
(Voil∗TQ)t−1 is significantly negative, and other variables related
to oil prices uncertainty are not significant, which indicates
that increasing of oil prices uncertainty will not directly
reduce the company’s investment, but will indirectly reduce the
company’s investment by reducing the investment-investment
opportunity sensitivity coefficient. However, this indirect impact
does not exist in renewable energy companies with better
investment opportunities.

The regression results of (3b) and (4b) further show
that the coefficients of Voil t−1 and (Voil∗Dpovoil)t−1 are
significantly negative, and the coefficient of the interaction
terms (Voil∗TQ∗Dpovoil)t−1, is significantly positive. It reveals
that the oil price volatility has a significant inhibitory effect
on the investment of renewable energy companies with better
investment opportunities, and this effect is more obvious when
the oil price rises, but if the oil price volatility increases when
the oil price rises, it will also increase corporate investment-
investment opportunities sensitivity coefficient, which means
that it can promote enterprises to improve investment efficiency
to a certain extent. In addition, the results of several control
variables also differ in the two subsamples, for example, in
the sub-sample with better investment opportunities, the oil
price level variable, lnbrent, has a significant negative impact
on investment, and the state-owned shareholding proportion
coefficient is significantly positive, but in the other sub-sample,
both coefficients are not significant. However, the debt ratio,
levt−1, has a significant negative impact on the investment of
companies with poor investment opportunities.

(2) Possible asymmetric tests when oil prices are higher or lower

The data description of the oil price and oil price volatility in
Figure 2 shows that when the oil prices are at a high level or a
low level, the volatilities are different. We then analyze whether
there is a third type of asymmetry, that is, whether the impact
of oil price volatility on corporate investment when oil prices are
higher is different from the effect when oil prices are lower. The
results are given in Table 4.

In model (7), it shows the coefficient of oil price volatility
is still significantly negative, however, the interaction term
between the oil prices uncertainty and whether the price is
higher (Voil∗highoil)t−1, is not significant. Consistent withModel
4 in Table 3, two other interaction terms (Voil∗TQ)t−1 and
(Voil∗TQ∗highoil)t−1 are added here, but they are also not
significant, indicating that when the oil price is high or low in the

entire sample, there is no asymmetry in the impact of oil price
uncertainty on corporate investment.

Here, the entire sample is also divided into two groups of
companies with poor investment opportunities and companies
with better investment opportunities. We find that the oil price
volatility has a significant negative impact on the investment of
companies with poor investment opportunities in model (7a),
with a coefficient of −0.1499, by comparison. The results of
model (8a) show that an increase in oil price volatility will
reduce the investment efficiency of such enterprises because
the coefficient of (Voil∗TQ)t−1 is significantly negative, Which
is−0.1307.

In the enterprise with better investment opportunities, the
coefficient of the variable (Voil∗highoil)t−1 in the model (8a)
is significantly positive, indicating that the enterprise will
increase investment when the oil price is high. After adding the
variables (Voil∗TQ)t−1 and (Voil∗TQ∗highoil)t−1 to the model
(8b), the coefficient of variable (Voil∗highoil)t−1 is no longer
significant, but at this time the variable (Voil∗TQ∗highoil)t−1 is
significantly positive. The results indicate that there is asymmetry

TABLE 5 | The impact of oil price uncertainty on inefficiency investment.

Variables (9) (10) (11) (12)

Voil t−1 0.1158** −0.0281 0.0063 0.1143**

(0.0552) (0.0906) (0.0347) (0.0462)

(Voil *Dpovoil)t−1 0.1321*** 0.1534***

(0.0488) (0.0458)

(Voil *highoil)t−1 0.1143*** 0.2826***

(0.0388) (0.0827)

(Voil *Dpovoil*highoil)t−1 −0.2634***

(0.0844)

(CF/K)it−1 −0.0097 −0.0097 −0.0097 −0.0097

(0.0122) (0.0122) (0.0122) (0.0122)

Ln(Brent)t−1 0.3229*** 0.1370 - -

(0.1097) (0.1598) - -

Lev it−1 −0.1671 −0.1671 −0.1671 −0.1671

(0.1244) (0.1244) (0.1244) (0.1244)

ROA it−1 0.0014 0.0014 0.0014 0.0014

(0.0040) (0.0040) (0.0040) (0.0040)

Size it −0.0032 −0.0032 −0.0032 −0.0032

(0.0484) (0.0484) (0.0484) (0.0484)

Age it −0.0337*** −0.0049 −0.0245* 0.0015

(0.0123) (0.0129) (0.0133) (0.0118)

Owncon1it −0.4739 −0.4739 −0.4739 −0.4739

(0.3973) (0.3973) (0.3973) (0.3973)

Stateshrpit −0.0008 −0.0008 −0.0008 −0.0008

(0.0012) (0.0012) (0.0012) (0.0012)

Year dummies Yes Yes Yes Yes

Obs. 896 896 896 896

No. of firms 110 110 110 110

R2_adj. 0.107 0.107 0.107 0.107

The independent variable is Ineff_Inv, fixed effect regression method was used; Robust

standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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in the impact of oil price uncertainty in companies with better
investment opportunities, and the main reason is that if oil price
volatility increases when oil prices are high, such companies will
increase investment efficiency.

Impact of Oil Price Uncertainty on
Inefficiency Investment
The above empirical results show that When oil prices rise,
and when oil prices are at a high level, oil price uncertainty
can improve corporate investment efficiency, but it mainly
exists in enterprises with better investment opportunities;
oil price volatility will reduce the investment efficiency of
enterprises with poor investment opportunities. In order to
verify these results, we replace the explanatory variables with
inefficiency investments (Ineff_Inv), and further analyze the
impact of oil price uncertainty on corporate investment.
Table 5 reports the results obtained from the fixed-effect
regression model.

It shows that oil price uncertainty has significant positive
impact on firms’ inefficiency investment in model (9), however,
after considering the possible asymmetry in model (10), we
find that coefficient of the interaction term between the
dummy variable of positive oil price growth and oil price
volatility (Voil∗Dpovoil)t−1, is significantly positive, indicating

the increase in oil price uncertainty will increase the company’s
inefficient investment level when oil prices are rising. The
interaction term in model (11) is replaced by (Voil∗highoil)t−1,
and its coefficient is also significantly positive, which is 0.1143.
The results of these two regressions show that the uncertainty of
oil prices has an asymmetric effect on the inefficient investment
behavior of renewable energy companies. In model (12), we
simultaneously add the two interaction terms of oil price
uncertainty and rising oil price, oil price uncertainty and higher
oil price to the regression equation, the result remains essentially
the same.

In Table 6, we further adjust the explanatory variable to a
dummy variable, Over_Inv, that is, whether the company has
overinvestment, and the panel logit regression method is used.
The explanatory variables in models (13)–(15) in Table 6 are
completely consistent with the variables in models (10)–(12) in
Table 5. The empirical results here show that, compared with
the decline in oil prices, the increase in the uncertainty of crude
oil prices when the oil price rises will significantly reduce the
possibility of increasing overinvestment, but it also means that
the probability of underinvestment will increase. Similarly, the
increase in crude oil price uncertainty when oil prices are higher
than when oil prices are lower will also significantly reduce the
likelihood of companies overinvesting.

TABLE 6 | The impact of oil price uncertainty on over-investment.

Total sample Low TQ High TQ

Variables (13) (14) (15) (13a) (14a) (15a) (13b) (14b) (15b)

Voil t−1 −1.0155 0.4003 −1.0155 −1.5799 0.1788 −1.5799 0.1656 0.9442 0.1656

(0.9937) (0.6909) (0.9937) (1.1982) (0.8345) (1.1982) (1.9869) (1.2539) (1.9869)

(Voil *Dpovoil)t−1 −0.9657** −0.9657** −1.2609** −1.2609** −0.4374 −0.4374

(0.4409) (0.4409) (0.5352) (0.5352) (0.8534) (0.8534)

(Voil *highoil)t−1 -7.3087** −18.4918*** −8.2258** −22.4064*** −3.3904 −8.8633

(3.5476) (6.2474) (4.1016) (7.4329) (7.4777) (12.8566)

(Voil *Dpov*oilhighoil)t−1 4.4851*** 5.3733*** 2.5233

(1.5029) (1.8154) (3.0724)

(CF/K)it−1 −0.0983** −0.0944** −0.0983** −0.2888*** −0.2555** −0.2888*** −0.0505 −0.0504 −0.0505

(0.0394) (0.0390) (0.0394) (0.1105) (0.1031) (0.1105) (0.0444) (0.0444) (0.0444)

Ln(Brent)t−1 12.3062*** 5.1223 12.3062*** 15.1671*** 5.9099 15.1671*** 4.7155 1.3125 4.7155

(4.7224) (3.2076) (4.7224) (5.6950) (3.6979) (5.6950) (9.3554) (6.6742) (9.3554)

Lev it−1 −1.9549** −1.8362** −1.9549** −1.1165 −0.8967 −1.1165 −2.0713* −2.0567* −2.0713*

(0.8246) (0.8154) (0.8246) (1.2328) (1.2058) (1.2328) (1.2064) (1.2028) (1.2064)

ROA it−1 0.0215 0.0200 0.0215 0.0112 0.0102 0.0112 0.0122 0.0116 0.0122

(0.0150) (0.0150) (0.0150) (0.0295) (0.0299) (0.0295) (0.0187) (0.0186) (0.0187)

Size it 0.3020 0.3714* 0.3020 0.0772 0.2345 0.0772 0.7698* 0.7775** 0.7698*

(0.2277) (0.2252) (0.2277) (0.3225) (0.3139) (0.3225) (0.3960) (0.3962) (0.3960)

Owncon1it −1.7177 −1.8468 −1.7177 −1.1370 −1.4991 −1.1370 −3.1756 −3.2009 −3.1756

(1.4359) (1.4243) (1.4359) (1.7911) (1.7584) (1.7911) (2.8300) (2.8248) (2.8300)

Stateshrpit 0.0143** 0.0141** 0.0143** 0.0082 0.0084 0.0082 0.0278** 0.0276** 0.0278**

(0.0070) (0.0069) (0.0070) (0.0089) (0.0088) (0.0089) (0.0122) (0.0122) (0.0122)

Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes

Obs. 776 776 776 441 441 441 335 335 335

No. of firms 86 86 86 41 41 41 45 45 45

The independent variable is Over_Inv, Logit regression method with fixed effect was used; Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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Once again we divide the sample into two sub-samples.
Models (13a) to (15a) are the results of companies with poor
investment opportunities, and models (13b) to (15b) are the
results of companies with good investment opportunities. The
results of the sub-samples reveal that the above-mentioned effects
of oil price uncertainty on corporate over-investment mainly
occur in renewable energy companies with lower investment
opportunities. Since in our sample, the sum of over-investment
and under-investment dummy variables is equal to 1, this
result also means that an increase in oil price volatility may
increase the probability of underinvestment in companies with
lower investment opportunities. This is also consistent with the
significant impact of variable (Voil∗TQ)t−1 found in model (4a)
and (8a) on the investment of low investment opportunity firms.

Robustness Tests
To ensure the robustness of the results, we use the alternative
measure of oil price uncertainty, Hoilt . We also adjusted the
leverage ratio (Lev) in the control variable to the debt-to-capital
ratio (D/K), which is defined as the sum of short-term loan, long-
term loans and bonds payable on the balance sheet deflated by
fixed assets at the beginning of the year. The results are highly
consistent with the empirical results in Tables 2–6 above.

CONCLUSION

China’s central government has issued a number of policies since
2005, correspondingly, investment in the renewable energy sector
has increased rapidly. However, such an investment is risky.
One of the factors that cannot be ignored is the volatility of
oil prices and the resultant uncertainties in macroeconomic and
monetary policy.

In this paper, we examine the response of corporate
investment to the uncertainty of oil prices, especially considering
the possible asymmetric effects. The most obvious finding to
emerge from this study is that the increasing in oil prices
uncertainty have a significant negative impact on investment
in China’s renewable energy companies, and it significantly
affects corporate investment efficiency. Asymmetry test results
show that, from the total sample, no matter whether the oil
price rises or falls, or the oil price is higher or lower, these
factors do not have a significant impact on how the uncertainty
of oil prices affects corporate investment, that is, there is no
asymmetry. However, after grouping companies according to the

average investment opportunity, we found that for companies
with better investment opportunities, when oil prices are at

a higher level, that is, greater than 75 US dollars per barrel,
the variable of oil price uncertainty has a significant positive
impact on corporate investment, because at this time such
companies tend to improve investment efficiency. This study
also revealed that oil price uncertainty reduces the investment
efficiency of companies with poor investment opportunities, and
the analysis of non-efficiency investment also verifies it, that is,
this kind of uncertainty increases the inefficiency investment
level of enterprises with poor investment opportunities and
improves the probability of under-investment in such companies.
The results related to firm characteristics has shown that sale
capital ratio, firm size, firm age and administrative expense
ratio are also crucial in the determination of renewable energy
firms’ investment.

Overall, the empirical evidence from this paper support the
idea that the impact of oil price uncertainty on the investment
of renewable energy companies in China is multi-faceted. For
renewable energy entities, oil price volatility implies both risk
and opportunities. The impact of oil price uncertainty on the
investment of renewable energy enterprises in China is affected
by whether the oil price is high or low, and whether the
investment opportunities of enterprises are good or bad, etc.
Therefore, the enterprise managers need to distinguish between
different situations to cope with the influence of international oil
price uncertainty on investment, to better grasp the investment
opportunities and to improve firms’ investment efficiency.
And, for energy policy makers, the investment response of
renewable energy companies in the face of changes in oil prices
uncertainty should be considered when formulating oil and other
energy policies.
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