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Introduction:Water, as an essential strategic resource, is diminishing; this has
been framed as a financial risk. We aim to quantitively investigate the impact of
water use and technology on the stock market and compare the differences in
China and Japan, which represent emerging and mature markets,
respectively.

Method: We constructed three models using the difference generalized method
of moments. The first and second models focused on how water use could
influence stock market volatility and returns; the third model added technology as
an interaction to explore its impact on the above mechanism. We used an ARIMA-
EGARCH model to predict the trend of marginal stock market return with an
increase in industrial water use in the next 5 years.

Results and Discussion: The results show that 1) water use increases the stock
market volatility in both countries, but Japan shows a greater increase than
China; 2) water use has a negative impact on stock market returns in China and
a positive impact in Japan; 3) technology plays a positive role in the second
model, while the ARIMA-EGARCH results correspond to the first two
conclusions, which verifies the reasonability of the models. We conclude
that heterogeneity exists in the two different market types because of
technology level.
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1 Introduction

The world is experiencing a growing water crisis. As one of the most common
resources, water is a natural and vital strategic resource and associated with not only
human welfare but also ecological health. However, few investors are aware of the
importance of water sustainability criteria in their investment decisions, and the lack of
awareness could indicate water as a new financial risk (Hogeboom et al., 2018). For
example, water scarcity, flooding, and pollution, which result in supply chain
disruption, impaired production, active suspensions, and increased production
costs, have detrimental effects on business activities (Lankford, 2013; Sojamo, 2015;
Rudebeck, 2019), and such business risks result in increased stock market risks (Larson
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et al., 2012). Moreover, the stock market is positively and
robustly correlated with contemporaneous and future
economic development (Laopodis and Papastamou, 2016).
Accordingly, we investigate how water use affects both stock
market returns and volatility in Japan and China.

In the financial service sector, rating agencies identify, define,
and quantify risks, and financial institutions are increasingly relying
on them (Kareiva et al., 2015; Berg et al., 2019; Yu et al., 2020). One
of these rating systems focuses on evaluating a firm’s risk based on
environmental, social, and governance (ESG) indicators (Kölbel and
Busch, 2021), including water. However, although many evaluations
of water risks have been conducted at the firm level, few have been
conducted at the stock market level. Moreover, most ESG providers
only consider a minimal set of water indicators, such as “water
withdrawal,” which may lead to an incomprehensive understanding
of the risks associated with water (Berg et al., 2019; Rudebeck, 2022).
Thus, more research is needed to unpack how water, as a financial
risk, influences the stock market in different regions (Rudebeck,
2022). Further, because most environmental problems are complex,
including those related to water, we may lose valid information if we
consider water in isolation (Dimson et al., 2020). Therefore, many
questions remain unanswered.

Accordingly, we develop three heuristic economic models to
quantitatively examine the relationship between water use and the
stock market in China and Japan, which represent emerging and
mature markets, respectively. The first model explores the impact of
water use on stock market volatility. The second model explores how
water use influences stock market returns. To explore the extra factors
influencing themechanism between water use and stockmarket returns
and volatility, Kubotera suggests that “endeavors in the technology of
plasticity should continue to be devoted toward the reduction of energy
and resource consumption by expanding the number of its relevant
fields in production engineering” (Kubotera, 1996). While Kubotera’s
study does not directly discuss water, it does illustrate how technology
plays an essential role in the solutions to resource consumption.
Therefore, in our third model, we add the interaction between water
use and technology to the second model. To demonstrate the accuracy
and applicability of the three models, we apply the ARIMA-EGARCH
model to predict trends in marginal stock market returns with an
increase in industrial water use over the next 5 years.

Our study can make several contributions.

1. We innovatively and quantitively discuss the financialization of
water in China and Japan and, from a heuristic perspective,
investigate the role that technology plays in the process of the
financialization of water.

2. We use the ARIMA-EGARCH model to predict trends in
marginal stock market returns with increased industrial water
use over the next 5 years, and the corresponding results
demonstrate not only the reasonability of our three models
but also the applicability of our research.

3. The proposed model is efficient for making judgements, which
the experimental results support.

4. We compare the similarities and heterogeneity directly between
two different types of markets (i.e., emerging and mature
markets), by choosing China and Japan as our study objects.
Therefore, this study’s results can be applied in both emerging
and mature markets.

2 Literature review

In essence, water itself is increasingly framed as a financial
risk. Tracing the history of financialization of water, the process
can be identified as five distinct phases: 1) water as public good, 2)
water services as financial, 3) water risk as financial, 4) water as
an economic risk, and 5) water as a financial risk (Rudebeck,
2022).

In the first stage, water is seen as a common good, belonging
to the public (Gleick, 1998; McCarthy, 2005; Bakker, 2007). The
second stage emphasizes that markets play a larger role as water
services become a primary focus area for privatization. The
network of services of water instead of itself leads to “the
neoliberalisation of water services” and create new asset
streams (Bresnihan, 2016; Fields, 2018). Distinct to the third
phase is the financialization of the risk that water may pose,
such as index-based insurance contracts. Further, how such
instruments can enable water-dependent industries, such as
utilities, shipping, or agriculture, which are exposed to water
risks, to hedge against droughts or floods has been widely
investigated (Meyer et al., 2016; Baum et al., 2018). The
fourth phase is defined by framing water as a business risk
by focusing on the amount of water embedded in corporate
operations and supply chains, and the risks this presents as
water insecurity rises (Aldaya et al., 2010; Aldaya et al., 2012;
Sojamo et al., 2012). In the fifth stage, economic risks to which
companies are exposed translate to investors through their
holdings in those companies. Water itself plays a role in
investor decision-making. However, few studies evaluate the
extent to which investors include water sustainability criteria in
their investment decisions (Nikolaou et al., 2014; Hogeboom
et al., 2018).

Framing water as a financial risk is an emerging field in which
few studies examine the relationship between water and the stock
market. However, some previous studies have indirectly
investigated the relationship between water and the stock
market. Zheng report a negative effect between water and
corporate finance performance in China, which cannot be
reduced by water investment (Zheng et al., 2022). Moreover,
reduced corporate financial performance can determine the
decrease in stock price (Brealey et al., 2011). Further, Meyer
et al. (2016) illustrate the risk of financial loss during low lake
level periods in the Great Lakes in the United States (Meyer et al.,
2016). If the mean water level is reduced by one standard
deviation, the frequency with which these portfolios would
underperform may be twice that of the original (Meyer et al.,
2017). Moreover, effective drought-related risk management can
significantly reduce the average total net cost by 17% over a 10-
year period in the United States (Baum and Characklis, 2020).
Variability in streamflow can lead to reduced generation from
hydropower producers, resulting in financially disruptive
revenue reduction (Foster et al., 2015). Therefore, these prior
findings suggest that water use can result in increased costs,
which will negatively affect corporate financial performance and
stock market prices.

However, because of water use restrictions, expected losses
are predicted to increase from 0.7 million dollars in 2015 to
1.2 million dollars in 2025 (Zeff and Characklis, 2013), revealing
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the different opinion that water use can prevent loss and increase
performance and stock prices. Thus, prior research on different
regions shows heterogeneity, which can be caused by many
factors, including the measurement of objectives, geographical
factors, and comprehensive development levels in a specific
region. Our study considers technology as the extra factor
that influences the mechanism between water use and the
stock market, and speculates that it could be one of the
causes of heterogeneity. Some literature supports this view.
Water-saving technologies can save water and improve
production when using fixed water (Huang et al., 2017).
Meanwhile, firms with more technology spillover can earn
greater annualized returns (Tseng, 2022).

In summary, our research aims to provide a reference to
help other countries or regions reconsider their water
management. This is because China and Japan are
representative of emerging and mature markets, respectively,
and water scarcity requires global relative firms, with public
initiatives, to generate new funds and investments (Piñeiro-
Chousa et al., 2020).

3 Materials

3.1 Data collection

3.1.1 Water supply
We choose total water use and industrial water use as the

indicators of water use at the country level from 2005 to 2019,
except 2008. We excluded 2008 because of the financial crisis. The
data on China and Japan are from China Statistical Yearbook from
2001 to 2020 and Japan Statistical Yearbook from 2011 to 2022,
respectively.

3.1.2 Stock market index
The raw data used in this study are the monthly MSCI closing

composite stock price index, for the period of 31 January 2005 to
31 December 2019.

3.1.3 Technology level
We can use the concept of water productivity to understand

water technology level. Lucas uses effective labor, which
includes both the number and skill level of workers, as a
production factor in human capital theory (Lucas, 2004).
Similar to the concept of effective labor, the number of
factors and productive capacity are involved in production.
We can define water productivity based on both numerical
and technological properties as follows:

Y � AtK
αLβ Hb

E,tW
ψ
E,t( )

1−α−β
(1)

where Y is the output, K is the capital stock, L is the labor input, W is
the water input, A is the technology in other sectors, and H is the
water technology.

Following Qiao, the water technology variable is represented by
total-factor water efficiency and calculated using data envelopment
analysis (DEA) (Qiao et al., 2022).We obtained data on GDP, capital
input, labor input, and water input from the China Statistical

Yearbook and Japan Statistical Yearbook. Capital input was
calculated using the perpetual inventory method with an
economic depreciation rate of 10% using constant prices with
2005 as the base period.

3.2 Data pre-processing

To explore the effect of water use on stock market frommultiple
perspectives, we created a new variable, water use structure, as
follows:

structure � industiral water use

total water use
(2)

Stock market return is commonly written using the following
function:

return � pt − pt−1
pt−1

(3)

where pt refers to the closing composite stock price index in month t.
In addition, according to modern finance theory, we use average
returns of each month to represent the yearly stock market returns
(Brealey et al., 2011).

returni � ∑12
t�2returni,t

11
(4)

where returni represents yearly stock market returns, and
returni,t represents returns in month t of year i. In addition,
we use the standard deviation of the stock index for 1 year to
represent stock market volatility. Total-factor water efficiency is
a composite indicator that reflects the integrated relationship

TABLE 1 DEA model results for China and Japan.

Year China Japan

WTE Efficiency WTE Efficiency

2005 0.9669 Not efficient 0.9026 Not efficient

2006 0.9313 Not efficient 0.9045 Not efficient

2007 0.9170 Not efficient 0.9211 Not efficient

2009 0.9311 Not efficient 0.9348 Not efficient

2010 0.8591 Not efficient 0.9497 Not efficient

2011 0.8787 Not efficient 0.9017 Not efficient

2012 0.8530 Not efficient 0.9047 Not efficient

2013 0.8482 Not efficient 0.9276 Not efficient

2014 0.8186 Not efficient 0.9059 Not efficient

2015 0.8192 Not efficient 0.9058 Not efficient

2016 0.8365 Not efficient 1 Efficient

2017 0.9026 Not efficient 1 Efficient

2018 0.9701 Not efficient 1 Efficient

2019 1 Efficient 1 Efficient

Frontiers in Environmental Science frontiersin.org03

Lu et al. 10.3389/fenvs.2023.1145480

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1145480


between water inputs and economic outputs. To deal with these
variables, we use a DEA model. The purpose of DEA is to
construct a non-parametric envelope leading line with valid
points on the production Frontier and invalid points below the
Frontier. Assuming there are N DMUs and each unit uses K
input factors to produce the type of output, the efficiency of the
ith DMU can be solved using the following linear programming
equation:

min
θ,λ

θ

s.t. −yi + Yλ≥ 0
xi +Xλ≥ 0

λ≥ 0

(5)

where θ is a scalar quantity, λ is an N × 1 constant vector, and the
resolved value of θ is the efficiency value ofDMUi. If θ = 1, the unit is
technically effective. Based on the definition of efficiency and the
above analysis (Hu et al., 2006; Qiao et al., 2022), we can define total-
factor water efficiency as follows:

WTEt � TWIt
AWIt

� AWIt − LWIt
AWIt

� 1 − LWIt
AWIt

(6)

where WTEt, AWIt, TWIt, LWIt represent total-factor water
efficiency, actual water input, water reduction target, and radial
adjustment of the water input in year t, respectively, and WTEt falls
between [0,1]. When WTE = 1, no water is wasted, and water
technology is in its most advanced stage. When WTE < 1, some
water input can be saved.

The output index is GDP, and the input indices include capital,
labor, and water resources. Table 1 shows the results. Industrial
water use is observed t be larger than the stock market return and
volatility (Tables 2, 3). To avoid disrupting the data characteristics,
we log the data as follows:

industrial water use � ln industrial water use( ) (7)

4 Methods

Input: input parameters: stock market return, stock

market volatility, industrial water use, water use

structure, WTE.

1 Evaluate the coefficients of Eqs. 8–11;

2 Evaluate the fit of solutions;

3 Find the difference order d to obtain the smooth series;

4 Find the autoregressive times p and sliding average

terms q;

5 Execute the operation using Eqs. 14, 16;

Output: output result.

Algorithm 1 Pseudo-code of the Heuristic Models and ARIMA-
EGARCH.

4.1 Relationship between water use and
stock market volatility

Following Papadamou, we create a research framework as
follows (Papadamou et al., 2017):

vt � α1 + β1industrial water uset + β2water use structuret + ϵ
(8)

where vt represents stock market volatility in year t, and ϵ is the
random error.

4.2 Relationship between water use and
stock market returns

We designed a similar framework to Eq. 8, and based on several
previous studies, a one-period lagged variable was added as follows
(Kamstra et al., 2003; Basher et al., 2018; Zheng et al., 2022):

TABLE 2 Descriptive statistics for China.

Industrial water use (100 million) Water use structure Return Volatility WTE

min 1,139 0.2022 −0.0299 0.0004 0.8186

max 1,462 0.2394 0.0536 0.0082 1

mean 1,329 0.2227 0.0111 0.0038 0.8952

s.d. 84.8906 0.0115 0.0261 0.0024 0.0570

TABLE 3 Descriptive statistics for Japan.

Industrial water use (100 million) Water use structure Return Volatility WTE

min 40.5552 0.0838 −0.0242 0.0002 0.9017

max 46.8405 0.4336 0.0229 0.0039 1

mean 42.7496 0.1614 0.0022 0.0016 0.9399

s.d. 2.1110 0.1397 0.0134 0.0012 0.0403

Frontiers in Environmental Science frontiersin.org04

Lu et al. 10.3389/fenvs.2023.1145480

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1145480


rt � α1 + β1rt−1 + β2industrial water uset
+ β3water use structuret + ϵ (9)

where r refers to stock market return, t represents the year t, and ϵ is
the random error.

4.3 Role of technology in the mechanism
betweenwater use and stockmarket returns

When considering the effect of technology on the
financialization of water, we add the interaction between
technology and the corresponding item, as follows:

rt � α1 + β1rt−1 + β2industrial water uset + β3water use structuret
+β4WTEt × industrial water uset + ϵ

(10)
rt � α1 + β1rt−1 + β2industrial water uset + β3water use structuret+β4WTEt × water use structuret + ϵ

(11)
where WTE refers to technology.

Eq. 10 explores how total water supply affects stock market
return when the technology level improves by one unit. When β2
and β4 are in opposing directions, technology plays a role in
weakening the mechanism between total water supply and stock
market returns, and vice versa. This explanation also holds for Eq.
11. Further, to investigate the effect of technology on stock
market returns, we add technology as an independent variable
into Eq. 9:

rt � α1 + β1rt−1 + β2industrial water uset
+ β3water use structuret + β4WTEt + ϵ (12)

4.4 Forecasting stock market return change
per industrial water use using the ARIMA-
EGARCH model

To verify the reasonableness and applicability of the three
models, and owing to a large gap in the amount of industrial
water use between China and Japan (2 and 3), we use the
ARIMA model to predict marginal stock returns:

TABLE 4 Relationship between water use and stock market volatility.

Variable Coefficient

China Japan

Industrial water use 0.0031832*** 0.0074667***

(3276462) (131884829)

Water use structure 0.089072*** −2.0046***

(16474841) (−98527158)

AR (2) P 0.317 0.317

Hansen-Sargan P 1 1

Z-statistics in square brackets below the regression coefficients.

***, ** and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.

TABLE 5 Relationship between water use and stock market returns.

Variable Coefficient

China Japan

rt−1 0.22181*** −0.61334

(10930598) (NaN)

Industrial water use −0.26791*** 0.049934***

(-2019306) (9792003)

water use structure −0.82368*** 0.021019

(−1017088) (NaN)

AR (2) P 0.317 0.317

Hansen-Sargan P 1 1

P-statistics in square brackets below the regression coefficients.

***, **, and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.

NaN (Not a Number) represents null data.
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mr � d r

d industrial water use
(13)

In the ARIMA (p,d,q) model, AR represents the
“autoregressive,” p is the number of autoregressive terms, MA
represents the “sliding average,” q is the number of sliding
average terms, and d is the number of difference orders required
to obtain a smooth series. Thus, we obtain the following:

Δdmrt � θ0 +∑
p

i�1
φiΔdmrt−1 + ϵt +∑

q

j�1
θjφt−j (14)

where Δdmrt denotes the series of rt after d difference
transformations, and rt denotes the stock market return at time t.
ϵt denotes the random errors at time t, which are mutually
independent white noise series and obey a normal distribution,
with mean 0 and variance constant σ2. φi (i = 1, 2, 3, . . ., p) and θj (j =
1, 2, 3, . . ., q) are the parameters to be estimated, whose orders are p
and q. Thus, the above model is denoted as ARIMA (p,d,q).

If the forecasted marginal returns are greater than 0, an increase
in industrial water use can have a positive effect on stock market
returns. Further, when an upward trend of marginal returns occurs,
the positive influence of industrial water will be stronger over time,
and vice versa.

To avoid the possibility that the residual series of the ARIMA
model may have ARCH effects, we also use a Generalized Auto
Regressive Conditional Heteroskedasticity (GARCH) model to
adjust the future trend, which is a tailor-made regression model
for financial data. The general GARCH (p,q) model can be expressed
as follows:

ht � δ +∑
p

i�1
βiht−i +∑

q

j�1
αjϵ2t−j (15)

with δ > 0, βi ≥ 0 (i = 1, . . ., p), and αj ≥ 0 (j = 1, . . ., q) to ensure that
the conditional variance is positive, and the residual of ARIMA

model denotes ht. However, to capture the asymmetry of positive
and negative asset yields in the GARCHmodel, Nelson proposed the
EGARCH model as follows (Nelson, 1996):

log ht( ) � δ +∑
p

i�1
βi loght−i +∑

q

j�1
αjg η2t−j( ) (16)

with ηt � ϵ���
rmt

√ , g (ηt) = θηt + κ(|ηt| − E|ηt|).

5 Computational method

The ordinary least squares method results in underfitting
with serious endogeneity and multicollinearity issues; therefore,
we chose the difference generalized method of moments
(GMM) to solve Eqs. 8–12 using R4.1.1. The difference
GMM does not require knowledge of the exact distribution
of the random error terms, thereby allowing for
heteroskedasticity and serial correlation of the random error
terms. Moreover, it yields a more efficient parameter estimator
than other parameter estimation methods. We calculate the
weight of the entropy system and ARIMA-EGARCH model
using Python 3.8.

6 Results

6.1 Relationship between water use and
stock market volatility

The results in Table 4 show a positive relationship between
industrial water use and stock market volatility, indicating that
industrial water use can lead to more significant stock market
volatility in both China and Japan. However, the impact in
Japan is stronger than that in China, as shown by their

TABLE 6 Role of technology in the stock market.

Variable Coefficient

China Japan

rt−1 0.127744*** −0.6080139

(9064878) (NaN)

Industrial water use −1.089723*** 0.0139411***

(-5550765) (1150003)

Water use structure 0.838998*** 0.0170084

(812441) (NaN)

WTE 0.492838*** 0.0374484***

(31400696) (11450051)

AR (2) P 0.317 0.317

Hansen-Sargan P 1 1

P-statistics in square brackets below the regression coefficients.

***, **, and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.

NaN (Not a Number) represents null data.
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coefficients of 0.007 and 0.003, respectively. This may be
because of the degree of government intervention in the
market economy. China’s market economy is integrated with
the socialist system, and one of its characteristics is that the
public ownership system is the mainstay. Multiple ownership
economies are developing together in terms of ownership
structure. Therefore, the nation protects and controls its
stock market to a certain extent.

Water use structure also has a strong positive impact on
stock market volatility in China, while the impact in Japan is the

opposite. The water use structure refers to the ratio of industrial
water use to total water use. A positive coefficient indicates that,
if more water is used for industry rather than agriculture, then
the stock market will generate higher risk. Therefore, a 1%
increase in the water use structure will result in 0.891 more
risk in China, and the coefficient for Japan (−2.005) indicates
that water use structure plays a role in lowering market volatility
in Japan. Thus, we conclude that China may have room for
improvement in optimizing its water use structure based on
these results.

TABLE 8 Role of technology in the mechanism of water use structure affecting stock market returnsn.

Variable Coefficient

China Japan

rt−1 0.13535*** −0.60855***

(21784825) (−78880576)

Industrial water use −0.89269*** 0.013244***

(-13730164) (681435)

Water use structure −1.6654*** −0.38856

(−17195309) (NaN)

WTE: water use structure 2.0039*** 0.40581

(10359472) (NaN)

AR (2) P 0.317 0.317

Hansen-Sargan P 1 1

P-statistics in square brackets below the regression coefficients.

***, **, and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.

NaN (Not a Number) represents null data.

TABLE 7 Role of technology in the mechanism of industrial water use affecting stock market returns.

Coefficient

China Japan

rt−1 0.12621 −0.6079***

(NaN) (−173792509)

Industrial water use −1.1357*** 0.0037383***

(-11623151) (476817)

Water use structure 0.75203*** 0.01696***

(1410864) (19366202)

WTE: industrial water use 0.068775*** 0.010159***

(35722755) (39890090)

AR (2) P 0.317 0.317

Hansen-Sargan P 1 1

P-statistics in square brackets below the regression coefficients.

***, **, and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.

NaN (Not a Number) represents null data.
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6.2 Relationship between water use and
stock market returns

The contradictory results shown in Table 5 indicate that
heterogeneity exists when exploring the impact of industrial
water use on stock market returns. In China, industrial water use
and water use structure can lead to decreased stock market returns.
However, a positive effect is observed for Japan. Water use structure
plays a more critical role in the stock market in China, which has a
coefficient of −0.8237. Thus, China should make optimizing water
outcomes a top priority, which corresponds to the conclusion drawn
above when analyzing the results in Table 4. Further, because the
water use structure may be more reasonable and better, an increase
in water use structure will not lead to any changes in the stock
market. As a raw material for production, water can affect the stock
market through corporate supply chains, which are closely related to
stock prices. The positive effect of industrial water use on the stock
market shows that corporations use water efficiently, and may even
resell it by transferring water to the raw material of new
commodities.

6.3 Role of technology in the mechanism
betweenwater use and stockmarket returns

Table 6 shows that technology plays a positive role in stock
market returns, which are 0.49 and 0.037, respectively. The
results in Table 7 show that the coefficients of the interaction
between industrial water use and technology in China (0.0688)
and Japan (0.0102) both have positive effects on stock market
returns, indicating that when the technology level increases by
one unit, the impact of industrial water supply on the stock
market can move in a positive direction by 0.0688 and
0.0102 units in China and Japan, respectively. We next focus
on the difference between the two coefficients, and find that
technology has a larger difference in China’s stock market than

in that of Japan. Combining we observe a forward influence of
technology on the above process, and the heterogeneity may be
because of the disparity between technology levels in the two
countries. Moreover, the gap between the two coefficients shows
that China has more potential for technological development;
thus, the influence of technology is larger. However, Japan may
have more cutting-edge technology; therefore, only diminishing
returns are indicated.

The results in Table 8 show that the interaction between
water use structure and technology is only significant for China
(2.0039), further indicating that technology can influence the
mechanism between water use structure and the stock market
in a forward direction. The coefficient for Japan is not
significant, showing that water use structure may not be the
main factor affecting Japan’s stock market returns, which
corresponds to the results in Table 5, while technology
hardly interacts with it.

6.4 Forecasting stock market return change
per industrial water use with the ARIMA-
EGARCH model

First, we need to ensure that the series is stable via the
Augmented Dickey–Fuller (ADF) test. The ADF test is to
determine whether there is a unit root in the series: if the
series is smooth, there is no unit root; otherwise, there is a
unit root.

H0: the series has a unit root;
H1: the series has no unit root.

(17)

If the test results reject the null hypothesis (i.e., p ¡ 0.05), then we
can prove that the series is smooth.

Table 9, 10 show that, after the second and first order
differencing, China and Japan obtained a smooth sequence,
respectively. Therefore, dChina = 2 and dJapan = 1.

Then, we use the autocorrelation function (ACF), partial
autocorrelation function (PACF), Akaike information criterion
(AIC), and Bayesian information criterion (BIC) q uasi-
measures to assess the order of p and q. ACF allows us to
obtain the autocorrelation value of any series with lagged
values, while PACF generally identifies the correlation of the

TABLE 9 Results of the ADF test in China.

Confidence level (%) t-statistic p

Original 0.8002 0.99

1 −4.6652

5 −3.3672

10 −2.803

1st difference 0.315 0.98

1 −4.6652

5 −3.3672

10 −2.803

2nd difference −7.3451 0.00

1 −4.6652

5 −3.3672

10 −2.803

TABLE 10 Results of the ADF test in Japan.

Confidence level (%) t-statistic p

original −1.8272 0.37

1 −4.6652

−3.3672

10 −2.803

1st difference −6.281 0.00

1 −4.1378

5 −3.155

10 −2.7145
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residual with the next lagged value. The order q of MA is
obtained through the ACF plot, and after the order, ACF
crosses the upper confidence interval for the first time.
Similarly, the PACF drops sharply after the lag term order

p. The ACF, PACF, AIC, and BIC measures identify the
ARIMA (1,1,0) model as a time-series model for stock market
volatility in Japan, and ARIMA (0,2,1) in China. Figures 1, 2
show forecast results.

FIGURE 1
Forecast results in China.

FIGURE 2
Forecast results in Japan.
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However, Figure 3 shows that the residuals are skewed. Thus, we
apply the EGARCH model to adjust the results, and the order of p
and q is also determined using AIC quasi-measures.

Based on the results in Table 11, ARIMA (1,1,0) + EGARCH (2,1)
for Japan, and ARIMA (0,2,1) + EGARCH (2,3) for China are settled.

According to Table 12, most marginal values in China are
negative, and the trend will fluctuate around −0.005%, indicating

that most the marginal stock return change will decline with an
increase of industrial water use, and the effect by water use will
sometimes be stronger, corresponding to the conclusions based
on Table 5. Moreover, according to Table 1, water technology in
China is gradually strengthening, and as technology strengthens,
the effect of water on the stock market will gradually show bias
toward a positive direction (), which corresponds to the forecast

FIGURE 3
Histogram of residuals in China and Japan.

TABLE 11 Results of the EGARCH model in China and Japan.

China Japan

Mean model

mu −5.92E-05 0.0403

[0.00]*** [0.00]***

Volatility model

Alpha [1] 0.2243 −0.6113

[7.056e-15]*** [0.00]***

Alpha [2] 0.5335 −0.9945

[0.00]*** [0.00]***

Beta [1] 0.1252 0.2707

[2.636e-02]*** [0.00]***

Beta [2] 0

[1.00]

Beta [3] 3.01E-01

[7.765e-0]***

Omega −8.7242 −3.9939

[0.00]*** [0.00]***

Log(L) 86.5522 21.3815

P-statistics in square brackets below the regression coefficients.

***, **, and * indicate that the coefficient estimates are significantly different from 0 at the 0.1%, 1%, and 5% levels, respectively.
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value of 2024, 0.038%. This illustrates the interplay of the models
in this study. Conversely, Japan shows fluctuating trends all
above 0, which shows that industrial water use has positive
influence on the stock market in Japan, corresponding to
Table 5. Moreover, the slope of the curve of Japan is much
larger than that of China, indicating that the stock market is
more volatile in Japan compared with China, and it corresponds
to the first model’s conclusion (i.e., China’s coefficient is smaller
than that of Japan).

7 Conclusion

In this study, we quantitively investigate the relationship
between water use and the stock market, which is a new research
area with few comparative studies. We also explore the mechanism
of technology in the relationship between two different market
types: emerging (China) and mature (Japan). Thus, some
conclusions can be drawn from the findings.

First, stock market volatility is more likely to be affected by water
use in Japan compared with in China. In both countries, industrial
water use and water use structure can increase stock market
volatility. China may have room for improvement in optimizing
its water use structure.

Second, industrial water use has a positive impact on stock
market returns in Japan and a negative impact in China. Moreover,
it may be the main influencing factor of stock market volatility in
Japan. Nevertheless, industrial water use and water use structure
play important roles in China’s stock market.

Third, technology level influences the examined
relationship, which may one reasons for the heterogeneity.
When the technology level increases by one unit, the impact
of the industrial water use on the stock market moves by
0.0688 and 0.0102 units in a positive direction in China and
Japan, respectively. This indicates that technology has a positive
impact on how industrial water use influences market returns.
However, only the results for China show that technology
influences the mechanism between water use structure and
stock market returns in a forward direction.

Fourth, the ARIMA-EGARCH model shows that most China’s
marginal stock market returns are negative, and will fluctuate
around −0.005%, while the predicted values of marginal stock
market change are all above 0 in Japan, thus confirming the
results for Models 1 and 2 in China and Japan. Moreover, the
forecast marginal rate for China in 2024 (0.038%) is greater than 0,
indicating that the gradual technological progress in China can have

a positive impact on the relationship between water use and the
stock market, corresponding to the results of the DEA method and
Model 3.

7.1 Policy recommendations based on
research findings

Each country has its own water conservation policies, such as
China’s water price reform in 2008, which raised the price of water
for water projects and increased sewage treatment fees. In Japan, the
“Rainwater Network Conference” was established in 2008 to
exchange and share information and cooperate across regions,
with the aim of storing and using rainwater. Our findings
correspond to these policies, and according to the results, our
research may provide policy guidance for both emerging and
emerged markets. Although water use has a different impact on
stock market returns in China and Japan, more water use can lead to
stock market volatility and create risk. Therefore, were advocate for
governments to strengthen their supervision of corporate water use,
especially for industries that use excessive amounts of water. At the
same time, governments should take some measures to promote the
transformation and upgrading of the industrial economy and
implement the concept of sustainable development, such as with
taxation, where enterprises with high water consumption must pay
higher taxes than other enterprises unless they make internal
adjustments and upgrades.

As we concluded, heterogeneity exists between China and Japan,
which may be caused by the water technology level. Therefore, we
suggest that companies invest in studying water technology
innovation, application, and promotion, which is not only a cost-
saving measure for enterprises but also the future economy of water
shortage remedies. Water technology has great potential, and
governments can implement appropriate subsidies for this type
of research-based enterprise. However, our study has two
limitations. The first concerns our small sample size. The scarcity
of comparative research made it difficult for us to locate data
resources and compare the results. The second concerns the
methods that we applied, such as the DEA method, which did
not enable us to present a modeling breakthrough.

In conclusion, investors, firms, and governments should be
aware that water use plays an important role in the stock market.
Because heterogeneity exists, we suggest that technology
development must be considered, especially in the context of
global water scarcity.
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