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Abstract: By assuming a scenario where corporations are facing increasingly stringent environmental
regulation, this paper creates a theoretical framework that suggests the mechanism of how
environmental regulation impacts corporate profit through the technical level. With a panel data
of 900 listed corporations in China’s heavily-polluting industries from 2012 to 2016, a dynamic and
static panel model and threshold model are built to present the consistency between our theoretical
framework and empirical results, which indicate that the influence of environmental regulation has a
threshold effect and is dependent on corporate technical level. The robustness tests on the method
and variables are conducted to guarantee the robustness of our regressions. The results show that on
the one hand, the marginal impacts of environmental regulation and technical level on corporate
profit are mutually dependent on each other, and there is a substituting effect of environmental
regulation and technical level on stimulating profit growth if the technical level is sufficiently high.
On the other hand, when the technical level is lower than a certain value, the interaction effect of
environmental regulation and technical level turns into a compounding effect, but corporations are
fairly efficient at shifting their technical level to proper ranges where they can increase their profits by
taking advantage of environmental regulations.
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1. Introduction

Since opening up, China’s economy has entered a fast lane and has become the second-largest
economy in the world in recent years. However, as the economy develops rapidly, environmental
issues are becoming increasingly prominent in this country. A report on pollution in China released
by World Bank [1] pointed out that between 2000 and 2005, the total energy consumption in China
increased by 70% and the coal consumption increased by 75%, and at the end of the Tenth Five-Year
Plan (2001-2005) [2], an assessment of its performance revealed that China’s sulfur dioxide and soot
emissions were respectively 42% and 11% higher than the targets set at the beginning of the plan.
Unfortunately, epidemiological studies have found a consistent connection between air pollution and
various consequences, including respiratory symptoms, reduced lung function, chronic bronchitis,
and mortality [1]. In China, epidemiological studies have been conducted in Beijing, Shenyang,
Shanghai and other cities since the 1980s and 1990s, and the findings suggested that urban air
pollution in China can exert serious public health impacts and economic losses on exposed populations.
The situation of water pollution is equally severe [1]. For the period 2001-2005, on average, nearly 54%
of the seven major rivers of China contained water that was considered unsafe for human consumption,
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presenting a twelve percent increase since the early 1990s. Moreover, the poor water quality was
increasingly owed to non-point sources such as agricultural runoff and urban sewage, impacting
greatly and adversely on health outcomes. This bad situation was particularly significant in rural areas,
where approximately 300 million people had no access to piped water, as well as among vulnerable
groups such as women and children under 5 [1]. The report also attributed excessive cases of diarrhea
and excessive deaths resulting from diarrhea in children under 5 in rural areas (only in rural areas) to
the shortage of safe water supply. Overall, the deterioration of China’s environmental conditions had
not been fundamentally curbed. It is thus not surprising that, on December 15, 2011, the State Council
of the People’s Republic of China promulgated the National Twelfth Five-Year Plan for Environmental
Protection, marking the launch of a new round of environmental protection campaigns.

The improvement of environmental quality is what policymakers want to see, but will
environmental regulation affect the corporate economic performance? If the answer is yes, then this
environmental benefit may be based on the loss of economic development, which raises an important
question about whether economic development is incompatible with the improvement of environmental
quality. On the issue of how environmental regulation affects corporate profit, technological
progress is deemed by most scholars to be a key channel that affects the influence of environmental
regulation on corporate profit, yet it has not reached a consensus on a specific mechanism. There are
mainly three theories: (1) Based on static standards and fixed technologies, strict environmental
regulation restricts firms’ competitiveness, leading to rising costs and a decrease in output and
efficiency [3-6]; (2) properly-crafted environmental regulation incentivizes technological innovation,
improves production efficiency that can be used to compensate environmental costs, and stimulates
competitiveness [7-10]; (3) the effect of environmental regulation on corporate economic performance
and technological progress is influenced by many factors, and the relationship between them is
uncertain [11-14].

The Porter hypothesis [15,16], a representative of the second theory, points out the shortcomings
of the first theory and has won the support of most scholars. Many have proved the Porter hypothesis
from a theoretical or empirical aspect, but some authors still disagree with this hypothesis. Palmer
et al. [17] believe that the conclusion of the Porter hypothesis is not generalizable, and Simpson and
Bradford [18] argue that if innovation can make up for environmental costs and even generate excess
profits, then corporations have sufficient reasons to innovate even without environmental regulation.
More comprehensive reviews of the Porter hypothesis are available in Ambec et al. [19].

The existing or unresolved problems in the current literature are as follows: First, most studies
construct their environmental regulation variables by using one specific item, such as sewage
charges, greening fees, and pollution control costs, or a combination of several elements, which may
be insufficiently representative. Secondly, the existing literature mainly follows the logic that
environmental regulation promotes technological progress, which in turn affects corporate profit,
ignoring the interaction effect of environmental regulation and technological progress on improving
corporate profit. Third, the existing studies often select one or several sub-sectors, such as the chemical
industry [20], manufacturing [21] as samples, and use international [22] or provincial [23] macrolevel
panel data. The empirical evidence under a huge sample of microlevel data in a large collection of
industries is lacking.

In light of the limitations of the current literature, we endeavor to contribute some to this
subject matter. First, this paper utilizes a quasi-environmental tax to construct the environmental
regulation variable, which is a combination of various environmental-related taxes and administrative
fees, comprehensively reflecting corporate expenditures on exploiting, protecting, destructing, and
polluting environmental resources. Secondly, we theoretically propose that the impact of environmental
regulation and technological progress on the growth of corporate profit has two directions that depend
on the technical level. Thirdly, our empirical estimations are based on a large sample that contains all
China’s heavily-polluting listed corporations for the period 2012-2016, so the conclusions drawn are
more representative and convincing.
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The remainder of this paper is structured as follows. Section 2 focuses on a theoretical framework.
Section 3 presents the variable, data, econometric models and methods. Section 4 exhibits the empirical
results and their implications. Ultimately, in Section 5, we draw the conclusions and comment on
the study.

2. Theoretical Framework

Environmental regulation is a broad concept. The mainstream environmental regulation tools
are divided into four main types: (1) informational (or persuasive), (2) cooperative, (3) regulatory,
and (4) economic policy instruments [24]. The fourth is often considered to be the most efficient
one because it provides economic incentives that allow recipients to react flexibly. Therefore, in this
paper, environmental regulation specifically refers to economic policy instruments. In terms of how
environmental regulation affects corporate financial performance, Rassier and Earnhart [25,26] cite
a number of studies on this subject matter and write detailed reviews. Hampf and Redseth [27]
argue that a flexible environmental standard leads to more profit for coal-fired power plants in the
US than a uniform standard, while Linn and McCormack [28] propose that environmental regulation
has little effect on the profits of coal-fired power plants in US. The conclusions of current studies are
still mixed, but most are consistent with the Porter hypothesis, which states that “properly designed
environmental standards can trigger innovation that may partially or more than fully offset the costs of
complying with them”. However, as Rubashkina et al. [29] pointed out, “this proposition was initially
formulated in rather general terms”. To conduct econometric estimations, we need to construct a more
precise framework.

Our theoretical framework is based on the Porter hypothesis and focuses on how corporations
react to an increasingly stringent environmental regulation. With other conditions remaining the same,
more stringent environmental regulation will inevitably increase the cost of corporations, indicating
that their expected profit tends to decline. Before the profit falls, there are two general measures that
corporations may take to eliminate this expectation: (1) Cost pass-through; and (2) reducing costs.

Cost pass-through is an act of offsetting increased costs by raising prices. Corporations always
have a desire to earn more profits by using cost pass-through, but its prerequisite is fairly strict. On the
one hand, the existence of possible price controls legally stifles pass-throughs. On the other hand,
even without price controls, pass-throughs will only be seen when corporations have flexibility in
setting prices. This flexibility arises from an oligopolistic structure in these large manufacturing sectors
with industry (and price) leaders and followers, but this structure can only occur in certain industries.
Nevertheless, cost pass-through is still a possible strategy that corporations might adopt to prevent
their profits from declining.

Compared to cost pass-through, reducing costs seems to be more feasible. There are several
approaches to cut down costs, but what we are interested in are those provoked by environmental
regulations. This criterion also applies to the cost pass-through we discussed above. If a measure
is taken to decrease the cost or increase the profit by a corporation regardless of the existence of
environmental regulations, then it is not the focus of this paper. For example, lowering the wage
rate is not what we are concerned about because as long as it is plausible, corporations will do
that to lower the cost with or without environmental regulations. Therefore, facing environmental
regulations, which is a certain type of cost by nature, corporations have to conceive of approaches
to lower this cost. The most effective approach to cope with it is innovation. Before we proceed,
it is necessary to justify this proposition. Although innovation happens all the time, even in the
absence of environmental regulations, as some might argue, environmental regulation still has its
share of incentivizing innovation. Porter and van der Linde [16] enumerated six purposes of a
properly-crafted environmental regulation, which comprehensively explained the nexus between
environmental regulation and innovation, and they then claimed that as the stringency of regulation
increases, the net cost of compliance can decline and may even turn into a net benefit.
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We agree that well-designed environmental regulations can act as a spur to technological progress
as much empirical evidence shows [30], but we argue that the impact of environmental regulation on
corporate profit is contingent on corporate technical level. This argument is based on an assumption
that there are diminishing returns to expenditures on raising technical level, so that costs are lower at a
low level and higher at a high level.

When the technical level of an environmentally-regulated corporation is low, its cost of innovation
is also low. A more stringent environmental regulation then has a stronger effect on improving its
technical level, so the benefit arising from the technological progress can offset the environmental
burden, leading to an increase in the profit.

However, when the technical level reaches a certain point, it is more difficult for the corporation to
continue innovation. What the corporation needs is a lax regulation, instead of a stringent one, which is
almost a pure burden and has a slight impact on raising its technical level. Under this circumstance,
a more stringent environmental regulation increases the cost and decreases the profit.

In summary, as technical level increases, the role of a gradual environmental regulation in lifting
the profit shifts from promoting to stifling.

3. Empirical Design
3.1. Variables and Data

3.1.1. Sample and Data Sources

All corporations in our sample are China’s heavily-polluting listed corporations because
their environmental information disclosures are more detailed than other types of corporations,
which helps to obtain the data. The range of heavily-polluting industries refers to The Guide to
Environmental Information Disclosures of Listed Corporations (Draft Version) released by the Ministry
of environmental protection of People’s Republic of China in 2010, including the industries of thermal
power, steel, cement, electrolytic aluminum, coal, metallurgy, chemicals, petrochemicals, building
materials, paper, brewing, pharmaceuticals, fermentation, textiles, leather, and mining. According
to the classification outcome of the industries of listed corporations in Q2 of 2017 released by the
China Securities Regulatory Commission, we select all heavily-polluting listed corporations, 1167 in
total. As the research period is 20122016, we remove 252 corporations that started to publish their
annual reports after 2012, and 15 corporations are also eliminated from our sample due to faults or
missing items. Therefore, we obtain a sample of 900 heavily-polluting listed corporations. In addition,
our panel data set is balanced.

The data sources of this paper are as follows: (1) Total profits, business incomes, total assets,
and total liabilities data are from the Qianzhan database; (2) Producer Price Index (PPI) data originate
from the National Bureau of Statistics; (3) the total number of employees and the environmental
regulation data are manually extracted from the corporate annual reports.

3.1.2. Main Variables

It follows from the theoretical framework that corporate profit is set as the explained variable,
denoted by PRO, and environmental regulation and technical level are main explanatory variables,
denoted by ER and TL, respectively. The level of corporate profit is represented by the total profit of each
sample corporation. For the setup of the environmental regulation variable, based on the methodology
of Bi and Yu [31], we construct a quantitative environmental regulation variable that consists of urban
construction maintenance tax, consumption tax, resource tax, cultivated land occupation tax and
administrative charges that include: Sewage charges, resource compensation fees, embankment fees,
water conservancy construction funds, environmental management funds, environmental protection
funds, green fees, land subsidies, fees associated with mining rights, soil and water conservation
fees, soil erosion compensation fees, mining drainage water resource fees, mineral resources use
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fees, paid use of mineral resources, grassland compensation fees, borax reclamation fees, reclamation
fees, mineral resources integration fees, vegetation restoration fees, farmland compensation fees,
environmental protection fees, sewage treatment fees, forestry fees, environmental sanitation fees,
garbage disposal fees, coal management fees, drainage fees.

In the existing literature, technical level is usually estimated using production functions. This paper
utilizes a CES production function to estimate technical level. Its general form is as follows:

Q= A(6K +6,L°) 7 1)

In the formula above, A is the technical level coefficient, 0 is the distribution coefficient, p is the
substitution coefficient, and y is the coefficient of returns to scale. We also assume that the production
function exhibits constant returns to scale, i.e., 1 + 6> = 1. To estimate the coefficients of the nonlinear
CES production function, the second-order Taylor series expansion is performed at p = 0, and we can
take the linear part of p that consists of the zero-order, one-order, and two-order terms.

INQ = InA + & InK + pdy InL — %ypéléz 1n2(%) @

In formula (2), Q denotes the business income, K denotes the total assets, and L denotes the
number of employees. After obtaining the values of y, 01, 65, and p, the values of Q, K, and L of each
corporation are substituted into formula (2), so we can calculate A, technical level.

3.1.3. Control Variables

To avoid omitted variables and enhance the accuracy of our estimations, this paper incorporates
the following three control variables: (1) Corporate size: Due to the scale effect, a larger scale of a
firm is highly associated with higher profitability. It is represented by the natural logarithm of the
corporate total assets, denoted by SIZE. (2) Financial leverage: A higher financial leverage rate may
lead to greater business risk, and firms’ profitability can be affected. The ratio of the total debt to the
total assets of the corporation is taken as the financial leverage, denoted by FL. (3) The Producer Price
Index (PPI): This is an index that measures the average change in the ex-factory price of manufacturers.
Corporations can earn more profits by selling their products at a higher price captured by the PPI.
The index is calculated by taking the average of 12 monthly price indices of the province, in which the
corporate address is registered, denoted by PPI.

3.2. The Setup of Models and Methods

3.2.1. Classic Models

In this paper, for the sake of applying specific econometric methods, static panel models and
dynamic panel models are built. To capture the interaction between environmental regulation and
technological progress on corporate profit, we introduce an interaction term of technical level and
environmental regulation into the models. Because of the interaction term, we need to strip the partial
effects. Therefore, the static panel model is set as follows:

PRO;; = ap+ a1SIZE; + axFL;; + asPPl;; + a4(ERi,t - ER,‘,t)

- _ - ®)
+ a5(TLis = TLiz) + as(ER;s — ER;1) % (TLig = TLip) + i+ e
The dynamic panel model is set as follows:
PRO;; = ag+ a1PROj1 + apSIZE;; + asFLiy + a4PPlis + as(ER; — ER; ) W

+a6(TLig — TL;y) + a7(ER;y — ER;) X (TLig — TLig) + u; + €
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The a parameters in the two equations are the coefficients to be estimated, a is the constant term,
the unobservable random variable u; is the intercept term representing the individual heterogeneity;,
¢i is the error term that changes with the individual and time, i represents each corporation in the
sample, and ¢ represents the year in the research period.

Additionally, by constructing a new dynamic panel model incorporating an interaction term of
environmental regulation and Producer Price Index, we can examine the existence of cost pass-through
stimulated by environmental regulation. The model has the following form:

PRO;¢ = ag+a1PRO; 41 + oSIZE;y + asFLiy + ayTL;s + a5(ER; — ER;) )
+a(PPLiy — PPLi;) + a7 (ER;y — ER;;) X (PPLiy — PPI;) + u; + ¢y

3.2.2. Threshold Model

The above analysis does not consider the bias in the estimation caused by structural changes.
To determine whether the model parameters have undergone structural changes within different
technical intervals, the technical level is set as the threshold variable to perform the threshold regression
proposed by Hansen [32]. The threshold model with one threshold is shown below:

PRO;; = ag+ a1SIZE;; + asFLig + asPPlLiy + ag(ER;y — ER;;) x 1((TLiy — TLig) < y)
+as(ER;; — ER;) x 1((TLiy — TL;;) > v) + ag(TLis — TLig) x 1((TLis - TLiz) < y)
+a7(TLiy = TLi;) x 1((TLis — TLiz) > y) + as(ERi¢ — ER;) X (TLig = TL;f) X 1((TLis - TLiz) < y)
+ag(ER;y — ERj) X (TLig = TLiy) X 1((TLi¢ = TLiz) > ) + tti + &3

(6)

In the formula above, 1(*) in equation (6) is an indicator function, which indicates that if the
expression in the parentheses is true, it equals 1; otherwise, it equals 0. We only consider how the main
explanatory variables are affected by different values of the threshold variable. The control variables
are not considered and will not affect the conclusion. Literature often adopts threshold models without
incorporating interaction terms, but in this paper, we include it because our interpretations are based
on the interaction terms.

3.2.3. Endogeneity and Econometric Methods

Among the variables of the above models, it is unnecessary to consider the endogeneity for
financial leverage, Producer Price Index (PPI), and technical level. PPI is an index derived from
provincial data, which can be slightly influenced by the profits of individual firms. With regard to
financial leverage and technical level, PRO;;_1 has an impact on them, whereas the effect of PRO; is
negligible. These facts show that there is no two-way causal relationship between these three variables
and the explained variable, so there is no obvious endogeneity problem. The endogeneity of these
models mainly originates from two factors: First, the environmental tax is involved in the calculation
of the corporate profit, indicating that it is easily affected by certain components of the profit; Second,
the lag term PRO;;_1, is introduced into the dynamic panel model, which may be highly correlated
with the error term.

To overcome the endogeneity, the static panel model is estimated by the instrumental-variables
two-stage least-squares (IV-25LS) method. In this model, the endogenous explanatory variable is
environmental regulation, based on the premise of being just identified, the corporate total debt
is selected as the instrumental variable. This variable is highly correlated with the endogenous
explanatory variable and is an exogenous variable, meeting two features of a good instrumental
variable. For the dynamic panel model, the two-step system generalized method of moments (Two-step
SYS-GMM) is used to estimate the coefficients. The endogenous variables in the model are PRO; ;_;
and ER;;. Additionally, the time dummy variable is controlled in the regressions to enhance the
reliability of the results, and the AR (2) value and the Hansen statistic are calculated to test the
feasibility of the method and the validity of the instrument variables. Because the sample consists of
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900 heavily-polluted listed corporations in different scales and from different industries, there may be
heteroscedasticity. Therefore, all the above methods use robust estimations.

4. Empirical Results

4.1. Descriptive Statistics

Table 1 reports the basic statistical features of the variables and lays the groundwork for the
empirical analysis below. It can be seen from the table that the correlation coefficients of all variables
are below 0.8, which means that there is no obvious correlation in the model. To avoid the spurious
regression problem, this paper conducts the unit root tests, and the results indicate each variable is a
stationary sequence.

Table 1. Correlated coefficient matrix and statistical features of the variables.

Variables PRO SIZE FL PPI ER TL
PRO 1
SIZE 0.3603 1
FL —0.0580 0.2062 1
PPI 0.0470 —0.0638 —0.0447 1
ER 0.2848 0.2104 0.0135 —-0.0050 1
TL 0.1545 0.3738 0.1321 0.0477 0.1495 1
Obs 4500 4500 4500 4500 4500 4500
Unit 10,000 RMB Y% 10,000 RMB
Mean 39,083.77 12.91447 0.44293 97.50708 5160.687 1.19091074
SD 159,343.5 1.23639 0.296336 2.336314 37,347.01 0.04991093
Min -1,597,452 6.906364 0.01397 82.4 0 0.882530115
Max 2,515,394 17.24762 10.08224 102.9833 1,292,375 1.633192319
Fisher-ADF 50.3676 *** 58.5058 *** 53.2438 *** 41.1643 *** 29.5559 *** 34.9336 ***
LLC —39.4344 *** —1.2e + 02 *** —5.2e + 02 *** —86.0141 ***  —29.5002 *** —86.2265 ***

Note: *** indicates significance at the 1%level.

4.2. Empirical Analysis

4.2.1. Classic Models

For the dynamic panel models, the SYS-GMM method is used for the regression analysis.
To enhance the reliability of the conclusions, three models are set for comparison. The results are
shown in Table 2.

According to the results of Table 2, the Wald test strongly rejects its null hypothesis, indicating
that the overall significance level of the models is high; For column (1), (2) and (3), the p-values of
Hansen statistics are greater than 0.05. Therefore, the hypothesis that the instrumental variables are
over-identified cannot be rejected, demonstrating that the instrumental variables are valid; the AR
(2) values are around 0.2, which means that the residual terms of the models do not have sequence
correlation, which is consistent with the prerequisite of using SYS-GMM. All coefficients are significant
except the coefficient of TL;; in column (3), but this issue will not affect the empirical results [33].

Due to the interaction terms in these models, our interpretations are based on the coefficients of
environmental regulation and technical level and their interaction term.

The marginal impact of environmental regulation on the profit of a certain corporation is dependent
on its technical level. When technical level is low, environmental regulation promotes its profit, but
this effect diminishes as technical level increases. When the corporation reaches a certain technical
level, the effect of environmental regulation begins reducing its profit and intensifies as technical level
rises. These results are in line with our theoretical framework. Environmental regulation acts as a spur
to the growth of corporate profit via incentivizing the technological progress of corporations with a
low technical level. Once technical level is sufficiently high, a more stringent environmental regulation
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has a negligible effect on innovation and becomes a heavier burden for corporations, leading to the fall

of corporate profit.

Table 2. The results of the dynamic panel model.

Variables 1) 2) 3)
PRO: 0.4217148 ** 0.3287825 * 0.3349011 *
i1 [0.026] [0.057] [0.053]
SIZE. 0.1439889 **+ 0.1179818 *** 0.1104433 ***
it [0.000] [0.000] [0.000]
L. —0.2408839 *** —0.3132601 *** —0.304236 ***
it [0.000] [0.000] [0.000]
PPI- 0.1116784 *** 0.1297603 *** 0.1318829 ***
it [0.000] [0.000] [0.000]
ER. 0.1424759 ** 12.59488 *** 1.704724 **+
it [0.026] [0.000] [0.001]
L, 0.0[60332%7 ¢ 0.0&;8%50121] o.[%zgg;]n
~15.09975 *** —15.95672 ***
ER¢ xTLit [0.000] 0.002]
Constant Term 0205020 -0l
Time Dummy Variable Controlled Controlled Controlled
Wald 173.93 305.59 319.24
[0.000] [0.000] [0.000]
Hansen [84622] [ésigé] [36232]
Arellano-Bond -1.98 -2.00 -1.98
AR (1) [0.047] [0.046] [0.047]
Arellano-Bond 1.24 1.28 1.31
AR (2) [0.215] [0.201] [0.189]

Note: ***,** or * denote significance at the level 1%, 5%, or 10%, respectively. Figures in square brackets are p-values,
similarly hereinafter. Column (1) is the model without the interaction term, column (2) is the model with the
interaction term but fails to strip the partial effects, and column (3) strips the partial effects on the basis of column
(2), similarly hereinafter.

Based on how we construct the interaction term and the results we obtain, technical level is
symmetrical with environmental regulation in the sense that the marginal impact of technical level
depends on the stringency of the environmental regulation, and they exhibit the same trend. This shows
a substituting effect of environmental regulation and technical level on stimulating profit growth.
The implication is that, from the perspective of promoting corporate profit, for corporations with a low
technical level a stringent environmental regulation is preferable, or equivalently, corporations with a
high technical level operate better with lax environmental regulations.

With respect to other variables, the lag terms are significantly positive in all three models,
demonstrating that corporate profit has strong inertia. For the coefficients in columns (1), (2) and
(3), control variables are consistent and highly significant, indicating that the selection of control
variables is reasonable. A larger corporate size can contribute to greater profitability due to economies
of scale. Corporations with a higher financial leverage rate may incur a higher business risk, and their
profitability might be also adversely affected. A higher Producer Price Index is associated with higher
ex-factory prices, which tend to bring more profits for corporations.

In regard to the existence of cost pass-through, we expect that it is less likely to see pass-through
because most of the corporations in our sample are in nearly perfectly competitive markets.
The regression results are shown in Table 3, and the interaction term is highly insignificant, which is
consistent with our expectations.
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Table 3. The results of the test on the existence of cost pass-through.

Variables 1) 2)
0.4752714 *** 0.4415068 **
PRO; [0.006] [0.034]
0.125101 *** 0.1203363 ***
SIZEis [0.000] [0.002]
FL. —0.2247939 *** —0.2297733 **
it [0.001] [0.005]
L. 0.0638242 *** 0.064476 **
it [0.007] [0.012]
ER. 0.157292 0.2308772 **
it [0.929] [0.024]
PPL 0.1033135 *** 0.0913139 ***
it [0.000] [0.008]
0.1263593 1.560135
ER;y X PPliy [0.949] [0.620]
. —0.2216543 *** —0.1194233 ***
[0.000] [0.001]
Time Dummy Variable Controlled Controlled
204.03 178.56
Wald [0.000] [0.000]
Hansen 33.04 39.05
[0.080] [0.020]
Arellano-Bond -2.01 -1.97
AR (1) [0.045] [0.049]
Arellano-Bond 1.37 1.29
AR (2) [0.169] [0.198]

9of 15

Note: *** or ** denote significance at the level 1% or 5%, respectively. Column (1) is the model with the interaction

term but fails to strip the partial effects, and column (2) strips the partial effects on the basis of column (1).

4.2.2. Threshold Model

To determine the existence of the threshold effect and the number of thresholds, relative tests are
conducted in this article. It follows from the theoretical framework that the technical level is set as the

threshold variable, which has a threshold effect as the results in Table 4 suggest.

Table 4. Threshold effect test and the estimation of the threshold value.

Estimated Values p-Values
Single Threshold 0.0426 0.0000
Double threshold 0.0426 0.0399 0.0200
Triple Threshold 0.0426 0.0399 0.0169 0.5467

Note: Due to the interaction term and the need for removing its partial effect, the actual threshold variable is
TL;, = TL;; = TL;y

Table 4 also rejects the existence of a triple threshold. Table 5 below shows the results of the
threshold regressions based on a single threshold and double threshold. With respect to the control
variables, they are hig