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Abstract: With the help of the time-varying parameter vector autoregression with stochastic volatility
(TVP-SV-VAR) model and the Bayesian dynamic conditional correlational autoregressive conditional
heteroscedasticity (Bayesian DCC-GARCH) model, this study analyzes the interaction mechanism
and dynamic correlation among financial leverage, house price, and consumer expenditure (the
survey data are collected from China’s National Bureau of Statistics from January 2000 to December
2019; the data on financial leverage and consumer expenditure are from the Wind economic database,
and the price of commercial housing was calculated based on the sales volume and area of commercial
housing on the official website of China’s National Bureau of Statistics). Empirical results show that an
increase in financial leverage significantly increases house prices and reduces consumer expenditure,
that a rise in house prices inhibits financial leverage and weakens consumer expenditure, and that an
increase in consumer expenditure raises financial leverage and stimulates a rise in house prices. In
addition, house price and consumer expenditure are most relevant, followed by financial leverage
and consumer expenditure, and then by financial leverage and house price. Therefore, systematic
analysis of dynamic correlation among the three variables has important practical significance
for formulating appropriate financial policies to stabilize house prices and promote the growth of
consumer expenditures. Specially, financial leverage is an important factor to hold back soaring house
prices and shrinking consumer expenditure. Therefore, monetary and macroprudential policies
should be used to deal with financial leverage variables in order to achieve a balanced and sustainable
development of the macroeconomy in China.

Keywords: financial leverage; house price; consumer expenditure

1. Introduction

After more than 40 years of rapid development, China has achieved world-renowned
economic growth but has accumulated more and more urgent problems to be resolved, such
as a widening gap between the rich and the poor, lack of social security, and rising labor
costs. Currently, problems like rising debt leverage, scarce land resources, and diminishing
investment returns are increasingly constraining the development of China’s extensive
economy. Chinese scholars are more and more aware that the economic growth mode
driven solely by investment and foreign trade is no longer sustainable [1] In addition,
the spread of anti-globalization, the rise of trade protectionism, China–US trade disputes,
and the COVID-19 epidemic have exacerbated the deterioration of China’s foreign trade
environment. Therefore, it is necessary to change its current mode of economic growth by
transforming it from an extensive economy to an intensive economy and from being driven
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by investment and trade to being driven by consumption. Consumption is an inevitable
factor to fundamentally expand the scale of production. A strong consumer demand can
expand the scale of production and provide impetus for sustainable economic growth.
Besides, consumption is closely related to not only an improvement in residents’ living
standards but also the transformation and upgrading of the industrial structure. Therefore,
how to effectively stimulate residents’ demand for consumption is increasingly becoming
the key to transforming China’s economic growth mode and strengthening its sustainable
economic growth (some opinions on improving the system and mechanism of promoting
consumption and further stimulating the consumption potential of residents were issued
by the Chinese government in 2018).

In recent years, the rapid rise in China’s financial leverage and house prices and the
sharp decline in consumption growth have been striking. To avoid a hard landing of the
economy due to the global financial crisis, the Chinese government implemented a “CNY
four trillion” fiscal stimulus policy beginning from late 2008, local governments launched
many supporting stimulus policies, and the People’s Bank of China reduced interest rates
and deposit reserve ratios multiple times to inject sufficient liquidity into the market.
As a result, the debt ratio of the government, enterprises, and even residents climbed
up. Economic downturn has further caused the deterioration of the total social asset and
resulted in continuous increases in the overall financial leverage of the society. China’s
current financial leverage ratio (private sector credit/GDP) has far exceeded the average
levels of the world’s major economies (groups), such as emerging economies, developed
countries, and G20 countries, being second only to that of the United States and Japan. Its
financial leverage also rose rapidly after 2008. However, the marginal utility of financial
leverage has gradually declined. Especially during the current economic transformation,
the real economy has generally low returns. Large amounts of credit funds have been
allowed to idle for arbitrage among financial institutions, financial systems, and capital
markets, which easily leads to the rapid accumulation of financial risks and a substantial
decline in the stability of the finance sector. The most obvious signal in this regard is the
huge volatility in the stock and bond markets recently (from 15 June to 9 July 2015, China’s
A-share market plunged from 5178 points to 3373 points. In 2016, the prices of black
futures, represented by rebar, iron ore, and coking coal, fluctuated sharply). The Chinese
government noticed the seriousness of this problem; so it implemented a deleveraging
strategy in 2015 and proposed to “improve monetary policy and macroprudential policy”
and “control the main valve of money supply” in 2017 to strictly control the amount of
money supply. Since then, credit growth has gradually declined and rise in financial
leverage has slowed down.

Against the background of slowed macroeconomic growth and declining corporate
profitability, house prices still remain high. Since the implementation of the housing system
reform in 1998, house prices have risen sharply and rapidly in most of the years. In 2019,
their cumulative increase exceeded 360%. (The data come from the official website of the
National Bureau of Statistics of China. The housing price is the national average price).
As the expected return on the real estate market is significantly higher than that on other
assets or investments, a large part of credits went to the real estate market through various
channels. A large number of high-risk, high-yield bonds are closely related to the real
estate market and house prices. China’s current real estate market is closely related to the
financial system and the macroeconomy. Great volatility in house prices will exert a huge
impact on the stability of the financial system and the macroeconomy. Some studies have
shown that the rapid increase in house prices and great volatility in the macroeconomy
are closely related to financial leverage. A rapid increase in financial leverage is usually
considered an early warning of potential risks. Excessive expansion of credit often leads
to skyrocketing asset prices, increased external imbalances, and overheated economic
operations, which in turn endanger the healthy operation of the entire financial system and
the macroeconomy [2,3].
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In stark contrast to continuous rises in financial leverage and house prices, consumer
expenditure is sluggish. Data from the National Bureau of Statistics of China show that
Chinese residents’ consumption rate from 2000 to 2010 declined from 46.7% to 35.6% and
rebounded after 2010. China’s current consumption rate is not only significantly lower
than that of major European and American economies but also lower than that of Japan
and South Korea. According to the World Bank, its average consumption rate from 2016 to
2018 was 53.6%, being lower than that in the US (82.4%), in the UK (84.0%), in Germany
(72.2%), in Japan (75.4%), and in South Korea (64.0%). What is even more disturbing is
that the growth momentum of China’s consumption has been significantly weakened since
2017. The contribution rate of the final consumption spending to GDP growth has fallen
from 66.5% in 2016 to 58.8% in 2019. The growth rate of total retail sales of consumer goods
reached the lowest in 14 years, being only 10.2%, which further dropped to 9.4% in the
first half of 2018. Figure 1 shows the relationship among China’s major macroeconomic
sectors [4], indicating that financial leverage, house price, and consumer expenditure are
closely related.

Figure 1. The relationship among China’s major macroeconomic sectors.

It is not difficult to see that in-depth analysis of the relationship among financial
leverage, house price, and consumer expenditure can help us understand and resolve
some important issues that China is facing (e.g., stabilizing leverage, stabilizing house
price, and boosting consumption) and achieve sustainable economic growth. The main
contents of the remaining parts of this article include the following: A literature review is
in Section 2, which systematically sorts out and summarizes related literature. Theoretical
analysis and model description are in Section 3. The interpretation of empirical results
is in Section 4, which mainly includes analysis of the degree of mutual influence among
financial leverage, house price, and consumer expenditure; the mechanism of action; and
the dynamic correlation coefficient. Conclusions and recommendations are in Section 5.
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2. Literature Review

Existing research on the relationship among financial leverage, house price, and
consumer expenditure can be roughly divided into three categories: research on the
impact of financial leverage on house price, research on the impact of financial leverage on
consumer expenditure, and research on the impact of house price on consumer expenditure.
Status quo and trends of domestic and foreign research in this regard are as follows:

2.1. The Impact of Financial Leverage on House Price

Regarding the impact of financial leverage on house price, Bernanke and Gertler
(1989), Bernanke, Gertler, and Gilchrist (1999), and Gertler and Karadi (2011) introduced
agency problem in financing contract to analyze how the financial market affects the
macroeconomy via asset price. They believed that when the finance sector becomes
more developed, the financial market or financial intermediaries will significantly amplify
macroeconomic volatility through changes in asset price [5–7]. Herring and Wachter (1999)
and Krugman (1999) held that excessive leverage of financial system is the main reason for
bubbles in housing price [8,9]. Edelstein and Paul (2000) pointed out that the main reasons
for real estate bubbles in Japan are an excessively low credit interest rate and excessive
financial support caused by international capital flows [10]. Studies by Schularick and
Taylor (2012), Carlin and Soskice (2012), and Geanakoplos and Zame (2014) revealed that
the growth of the financial leverage ratio (private sector credit/GDP) is a key factor that
drives rapid increases in asset price (including house price) [11–13]. Punzi (2013) and
Gete and Reher (2016) conducted research with the DSGE (Dynamic Stochastic General
Equilibrium) model and found that in countries with a developed financial market, house
price is more sensitive to financial variables and that changes in house price significantly
amplify macroeconomic volatility through the “financial accelerator” mechanism of lending
among households) [14,15].

2.2. The Impact of Financial Leverage on Consumer Expenditure

As for the impact of financial leverage on consumer expenditure, Mishkin (1976)
pointed out that there is a distinct negative correlation between consumption expenditure
of households and the bank credit obtained by them [16]. Research by Bacchetta and
Gerlach (1997) showed that there is a positive correlation among consumer credit, mortgage
loans, and consumer expenditure [17], which is particularly obvious in the consumption
of durable goods. Dynan et al. (2012) analyzed the Panel Study of Income Dynamics
(PSID) and found that after the outbreak of the financial crisis in 2008, high-leverage
households were forced to deleverage, which inhibited their consumption and delayed
the recovery of the macroeconomy [18]. Dynan and Edelberg (2013) pointed out that
excessive leverage weakens residents’ access to consumer credit support, thereby limiting
their consumption expenditures and ultimately negatively affecting consumption and
production [19]. Johnson and Li (2007) analyzed relevant data from 1992 to 2005 in the
US and found that in the face of the same income changes, changes in consumption of
high-leverage households far exceed those of low-leverage households [20]. Baker (2015)
studied relevant data from 2008 to 2013 and found that when faced with the same income
shock, high-leverage households showed a range of spending adjustment significantly
greater than that of low-leverage households [21]. Mian et al. (2013) and Yao et al. (2015)
analyzed relevant data from the US and Norway, respectively, and further proved that when
facing the same increase in wealth, high-leverage households tend to increase consumption
expenditure more than low-leverage households [22,23].

2.3. The Impact of House Price on Consumer Expenditure

Concerning the impact of house price on consumer expenditure, Case et al. (2005)
conducted empirical research on data of many countries and found that the effect of wealth
on the housing market is very obvious, that increase in house price can promote the in-
crease of consumer expenditure, and that the effect of wealth on the stock market is very
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weak [24]. Carroll et al. (2006) employed the sluggishness of the consumption growth
model and found there is a wealth effect on both short-term and long-term house price
and that a rise in house price promotes an increase in consumer expenditure [25]. Mian
and Sufi (2009) studied the relationship between house price and household borrowing
and consumption with relevant US data from 1997 to 2008 and found rising house prices
increase household borrowing, which is not used to repay loans but to buy consumables
and decorate the house [26]. Bonis and Silvestrini (2012) pointed out that in OECD (Or-
ganization for Economic Co-operation and Development) countries, rising house prices
have a very significant positive impact on consumption [27]. Cristini and Sevilla (2014)
re-estimated the wealth effect of rising house price by setting a single model that incor-
porates the characteristics of multiple influence mechanisms and found that house price
affects household consumption either through wealth effect or through common causal-
ity [28]. Catte et al. (2004) pointed out that house price exerts quite different influences on
household consumption in different countries and regions. To be specific, countries such as
Australia and the US face greater wealth effect, while in Germany and France, real estate
has no significant impact on consumption [29]. Campbell et al. (2007) and Chanmon and
Prasad (2010) believed that a rise in house prices causes some residents to save for house
purchase, which increases residents’ saving rates and reduces their consumption [30,31].

In summary, the correlation among financial leverage, house price, and consumer
expenditure has attracted more and more attention from scholars and the business com-
munity, but existing literature mainly focuses on the impact of financial leverage on house
price. Researchers have not drawn a conclusion about the impact of financial leverage on
consumer expenditure and the impact of house price on consumer expenditure. In addition,
existing studies do not put financial leverage, house price, and consumer expenditure into
the same framework to analyze their mutual influence or discuss the dynamic relationship
among them. Therefore, this study makes two marginal contributions. First, existing
empirical analyses lack discussion on time variants. With the passage of time, economic
structure and other factors continue to change, so parameters of the econometric model
should be changed accordingly. Traditional measurement models used in most existing
studies cannot describe this dynamic feature, which has inevitably greatly compromised
the accuracy of their conclusions. Therefore, this study chooses a dynamic measurement
model for empirical analysis. Second, financial leverage, house price, and consumer
expenditure are put into the same framework to systematically analyze the degree of
mutual influence and dynamic correlation among them. Most existing studies focus on
the degree of influence of financial leverage on house price, the degree of influence of
financial leverage on consumer expenditure, and the degree of influence of house price on
consumer expenditure in a unidirectional manner but ignore the mutual influence among
them. This study systematically analyzes the interaction and dynamic correlation among
financial leverage, house price, and consumer expenditure based on the time-varying
parameter vector autoregression with stochastic volatility (TVP-SV-VAR) model and the
Bayesian dynamic conditional correlational autoregressive conditional heteroscedasticity
(Bayesian DCC-GARCH) model and makes policy recommendations on how to maintain a
balanced and stable macroeconomic development, which makes it a useful supplement
and expansion of existing research.

3. Theoretical Analysis and Model Description
3.1. Theoretical Analysis

The theory of financial deepening shows that excessive government intervention in
financial activities obstructs the development of the financial system. Then the underde-
velopment of the financial system will seriously hinder economic development, resulting
in a vicious circle of financial repression and economic backwardness. On the contrary,
developing countries can build a virtuous circle of financial reform and economic devel-
opment through financial deepening (McKinnon, 1973; Shaw, 1973) [32,33]. Therefore,
some studies believe that financial leverage can help push up house prices and stimulate
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consumer expenditure. Lambertini et al. (2013) confirmed a positive effect of short-term
financial leverage on a country’s consumption level [34]. Gao et al. (2020), using China
Family Panel Studies (CFPS) microdata, showed that increasing financial leverage in the
short term can help stimulate household consumption expenditure [35]. By the life cycle
model, Ruan et al. (2020) showed house prices are closely related to the leverage ratio of the
residential sector and there is a significant self-reinforcing effect between them, which will
magnify the impact on major macroeconomic variables, such as consumption and invest-
ment [36]. Ma and Zubairy (2020) claimed that due to the mechanism of collateral constraint,
financial leverage will exert a non-negligible impact on consumption, investment, and total
social output by acting on collateral prices (mainly house prices and stock prices) [37].

The debt deflation theory believes that a rise in financial leverage hinders economic
growth, especially when debt accumulates to a certain extent, possibly causing the economy
to fall into a circle of debt deflation, triggering a comprehensive and long-term economic
recession. Once too much debt accumulates, facing more tightened constraints, companies
and households have to reduce investment and consumption and sell assets at low prices
to repay the debts due. This leads to a loss of net assets, a rapid decline in prices, and a
rise in the level of real debt. Then, the circle of high level of debt and deflation ultimately
exacerbates the economic recession (Fisher, 1933; Tobin, 1975) [38,39]. Therefore, some
scholars believe that financial leverage will push up house prices but will shrink the
consumer expenditure. Dynan et al. (2012) found that after the financial crisis, highly
leveraged households were forced to reduce their consumptions. This high financial
leverage inhibited aggregate demand and delayed the recovery of the economy. The reason
is that after the financial crisis, highly leveraged households had to choose to deleverage.
The reduction in household wealth inhibited consumer expenditure, and financial leverage
played the role of an accelerator [18]. Mian et al. (2017), using cross-country unbalanced
panel data, have shown that if the financial leverage ratio has a continuous upward trend,
the consumption and output decrease significantly [40]. Scholnick (2013) claimed that
a rapid rise in house prices caused by financial leverage makes households delay their
consumption, which leads to a decline in consumer expenditure [41]. Mendoza (2010)
found that the leverage ratio of the representative household with credit constraints rises
rapidly during the period of economic expansion. When the leverage ratio is high enough,
it triggers the constraint effect, which reduces the amount of credit and asset prices through
a deflationary mechanism and finally affects consumption [42].

Based on permanent income hypothesis and life cycle hypothesis, the size of wealth
and changes in wealth affect consumer expenditure (Friedman, 1957; Ando & Modigliani,
1963) [43,44]. Households can smoothly allocate their assets to consumption in each period.
Therefore, a higher level of household assets leads to a higher level of consumption. Based
on the life cycle-permanent income hypothesis, some studies have analyzed the effect of
house price on financial leverage. Veirman and Duncan (2010) used New Zealand’s macro-
data to show that most changes in real estate wealth and financial wealth are permanent
changes, which have a lagging effect on consumption [45]. Burrows (2018) and Cloyne et al.
(2019) showed that rising house prices increase the market value of real estate and families
with a house can obtain more low-cost credit and release liquidity constraints. Therefore,
they are able to maintain smooth consumption in each period [46,47]. China’s “house
slave effect” is particularly obvious at this stage [48]. In the context of rapidly rising house
prices, Chinese families often choose to cut down on spending on food and clothing, reduce
consumption, and save for buying a house. Bernanke et al. (1996) found that the increase in
the price of a house increases the value of the real estate as collateral, which improves the
family’s borrowing capacity and pushes up the level of financial leverage [49]. Oikarinen
(2009) and DeFusco (2018) found that rising housing prices increase the expected wealth
of households, leading to more consumption and ultimately expanding credit demand.
Due to the rise in house prices, it is common for a Chinese family to buy a house with
a loan [50,51]. Higher house prices naturally lead to an increase in housing loans. The
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expectation of rising house prices also prompts families with housing demand to buy
houses earlier with loans instead of renting [52].

Life cycle hypothesis and liquidity constraint theory are the main theoretical basis
for analyzing the impact of consumer expenditure on financial leverage and house prices.
Under the budget constraint, consumers allocate current consumption according to all
expected income to maximize their utilities with smooth consumption using credit. The
existence of liquidity constraints makes the impact of current income on consumption
greater than that under the life cycle theory, and at the same time, consumers’ liabilities will
be less than that under the life cycle theory. Stiglitz (2009) claimed that facing a stagnant
wage income, poor households tend to use credit to maintain their living standards,
thereby pushing up debt leverage [53]. Barba and Pivetti (2009) analyzed the reasons for
the increase in household debt and found that income inequality and the desire to improve
living standards are likely to lead to an increase in financial leverage [54].

Based on the above analysis, our study proposes two hypotheses:

Hypothesis 1. Financial leverage, house prices, and consumer spending are interrelated and affect
each other.

Hypothesis 2. There are differences in the degree of dynamic correlation among financial leverage,
house prices, and consumer spending.

3.2. Model Description

Based on the traditional structural vector autoregression (SVAR) model, Primiceri
(2005) further considered the time-varying variance of coefficients and error term and
proposed a vector autoregressive model (TVP-SV-VAR) with time-varying parameters and
random fluctuations [55]. Engle (2002) and Christodoulakis and Satchell (2002) general-
ized the constant condition correlation (CCC)-GARCH model to the dynamic condition
correlation (DCC)-GARCH model [56,57]. The above two models are often used to handle
financial data sequence with noisy, nonlinear, and dynamic characteristics. This article
mainly discusses the dynamic relationship between financial leverage, house price, and
consumer expenditure. The so-called dynamic relevance is manifested as the influence of a
variable change on others, which is a kind of volatility spillover effect, and this relevance
changes with time. Therefore, we choose TVP-SV-VAR to study the dynamic influence
degree and time-varying characteristics of financial leverage, house price, and consumer
expenditure. Then DCC-GARCH is used to measure the dynamic correlation coefficient of
financial leverage, house price, and consumer expenditure.

3.2.1. TVP-SV-VAR Model

Nakajima (2011) defined the structural vector autoregression (SVAR) model as fol-
lows [58]:

Ayt = F1yt−1 + . . . + Fsyt−s + µt, t = s + 1, . . . , n (1)

where yt is the K× 1 dimension vector of the variable to be observed;A, F1, . . . ,Fs are the
K×K dimension coefficient matrices; disturbance term µt is the K× 1 dimension structural

shock; and µt ∼ N(0, ∑ ∑), where ∑=


σ1 0 . . . 0

0
. . . . . .

...
...

. . . . . . 0
0 . . . 0 σk

. Assuming A is a lower

triangular matrix:
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A =


1 0 . . . 0

a21
. . . . . .

...
...

. . . . . . 0
ak1 . . . ak,k−1 1

, Equation (1) can be rewritten as

yt = B1yt−1 + . . . + Bsyt−s + A−1Σεt , εt ∼ N(0, IK) (2)

where Bi = A−1Fi and i = 1, 2, . . . , s. Stack elements in Bi into a K2 × 1 dimension column
vector β; define Xt = IK ⊗ (yt−1, . . . , yt−k), where ⊗ refers to the Kronecker product; and
we get

yt = Xtβt + A−1Σεt, t = s + 1, . . . , n (3)

In Equation (3), all parameters are time-invariant parameters. If they are transformed
into time-variant ones, the model is extended to a TVP-SV-VAR model (Primiceri, 2005;
Nakajima, 2011). Consider the following equation:

yt = Xtβt + A−1Σtεt, t = s + 1 . . . n (4)

where βt, At, and Σt are all time-variant parameters.

3.2.2. Bayesian DCC-GARCH Model

According to Fioruci et al. (2014) and Bauwens and Laurent (2005), consider the
GARCH model of multivariate time series yt = (y1t, . . . , ykt)

′,yt = H1/2
t εt, where H1/2

t is
a k× k arbitrary positive definite matrix and Ht is the conditional variance of yt, which
depends on the finite parameter vector θ. The error vector obeys k× 1 order-independent
and identical distribution. E(εt) = 0, E(εtε

′
t) = Ik. Ik is the K order identity matrix. Define

the constant conditional correlation (CCC) model [59,60]:

Ht = DtRDt

where Ht = DtRDt = diag(h1/2
11,t , . . . , h1/2

kk,t ) and R is a positive definite symmetric matrix.
The element in it is the fixed condition correlation coefficient ρij, and i, j = 1 . . . k when

i = j and ρij = 1. Each conditional variance is determined by hij,t = ρij

√
hii,thjj,t. Each

conditional variance in Dt is set as a monovariant GARCH model. Set the GARCH (1, 1)
model as follows:

hii,t = ωi + αiε
2
i,t−1 + βihii,t−1, i = 1 . . . k (5)

where ωi > 0, αi ≥ 0, βi ≥ 0, αi + βi < 1, and i = 1 . . . k. The model contains k(k+5)/2
parameters. If and only if hii,t > 0, i = 1 . . . k, and R is a positive definite matrix is Ht a
positive definite matrix.

By allowing the conditional correlation coefficient matrix to change with time, Engle
(2002) proposed a more general CCC model, namely the DCC model [56]. Drawing on
Engle (2002) and Fioruci et al. (2014) [56,59], in Ht = DtRDt,

Rt = diag(Qt)
1/2Qtdiag(Qt)

1/2 (6)

where Qt is a k× k symmetric positive definite matrix.

Qt = (1− α− β)R + αut−1u′t−1 + βQt−1 (7)

where R is the unconditional covariance matrix of µt. αi ≥ 0, βi ≥ 0, αi + βi < 1, i = 1 . . . k,
and hij,t = ρij

√
hii,thjj,t/

√qii,tqjj,t.
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4. Empirical Analysis
4.1. Empirical Analysis Based on the TVP-SV-VAR Model

Set the variable sequence of the model as financial leverage (FL), house price (HP), and
consumer expenditure (CE); process the TVP-SV-VAR model with Oxmetrics 6.2; and set the
Markov Chain Monte Carlo (MCMC) sampling as 20,000 and the model lag period as 2.

4.1.1. Analysis of Results of Parameter Regression

Results of the parameter estimation for this model, as shown in Table 1, reveal that
its null hypothesis of the Geweke test cannot be rejected at the 5% significance level and
that the maximum value of invalid influence factors is 149.21. This proves that the MCMC
algorithm used in this study is effective in estimating parameters.

Table 1. Estimation results of the time-varying parameter vector autoregression with stochastic volatility (TVP-SV-VAR) model.

Parameter Mean Value Standard Deviation 95% Confidence Interval Geweke Non-Effective Factor

sb1 0.0229 0.0026 [0.0184, 0.0287] 0.05 13.01
sb2 0.0208 0.0021 [0.0171, 0.0253] 0.81 9.99
sa1 0.0903 0.0435 [0.0428, 0.2086] 0.405 149.21
sa2 0.0743 0.0249 [0.0412, 0.1314] 0.816 81.91
sh1 0.5188 0.062 [0.4130, 0.6568] 0.001 57.02
sh2 0.5949 0.1496 [0.3393, 0.9272] 0.272 71.59

Figure 2 covers the autocorrelation coefficient, simulation path, and posterior distri-
bution of samples. It shows that after samples in the burn-in period are excluded, the
autocorrelation coefficients of ∑ β, ∑ α, and ∑ h all converge, which indicates that the
method used herein for value assignment on samples can effectively produce uncorrelated
samples and that the simulation is valid.

Figure 2. Estimation results of parameters in the TVP-SV-VAR model.

4.1.2. Analysis of Time-Variant Impulse Responses

Two different impulse response diagrams can be derived from TVP-VAR model, with
one for time point impulse responses as shown in Figure 3 and the other for period impulse
responses as shown in Figure 4. The time points in Figure 3 are December 2004, December
2009, and December 2014, which were randomly selected, while the lead times in Figure 4
are set as 1-period ahead, 3-period ahead, and 5-period ahead. Figure 4 indicates impulse
responses formed by a unit of standard forward shock at different lead times.
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Figure 3. Impulse responses to shocks at different time points.

Figure 4. Impulse responses to shocks at different lead times.
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1© Analysis of the Time-Variant Characteristics of Impulse Responses at Different
Time Points

Impulse response functions of three shocks at three time points showed similar
changes. To be specific, house price reacted to the shock of financial leverage in the
current period. Its intensity reached a maximum in period 1, then declined rapidly and
reached a minimum in period 3, then fluctuated at an increasingly smaller range, and
finally showed almost no volatility in period 9. Similarly, consumer expenditure responded
to financial leverage in the current period. Its intensity fell rapidly after that, reaching
a minimum in period 3, and then gradually increased and approached zero in period 6.
Financial leverage responded to the shock of house price in the current period. Its intensity
gradually decreased after that, reaching a minimum in period 3, and then gradually in-
creased and got close to zero in period 6. Consumer expenditure responded to house price
in the current period. Its intensity reached a minimum in the current period, then gradually
increased, reaching a maximum in period 4, and then approached zero in period 9. Impulse
response functions of the shock of house price on consumer expenditure at three time
points showed similar trends. The value of impulse responses of house price switched
between positive and negative ranges and approached zero in period 12.

Impulse responses of financial leverage to consumer expenditure were not consistent
at the three time points. Specifically, the impulse response of financial leverage to consumer
expenditure in December 2014 was quite different from the impulse responses in December
2004 and December 2009. Impulse responses of financial leverage to consumer expenditure
in December 2004 and December 2009 gradually declined and reached a minimum in
period 3, rose rapidly and became positive in period 4, and then gradually fell to zero.
Financial leverage immediately responded to consumer expenditure in December 2014. Its
intensity gradually decreased, reached a minimum in period 4, and then gradually rose
and got close to zero in period 10.

2© Analysis of Time-variant Characteristics of Impulse Response at Different Lead Times
Figure 3 shows impulse responses formed by a unit of standard forward shock at

1-period ahead, 3-period ahead, and 5-period ahead. Although impulse responses at three
different lead times are generally similar, they are different in direction.

As shown in Figure 4, impulse responses of house price to financial leverage at 1-
period ahead are positive and very stable. This means that empirical data reveal that a rise
in financial leverage in China will significantly stimulate a rise in house price. Impulse
responses of consumer expenditure to financial leverage at 1-period ahead were always
negative, a trend that further expanded after 2006. Impulse responses of financial leverage
to house price at 1-period ahead, 3-period ahead, and 5-period ahead showed a similar
trend and were negative most of the time. Impulse responses of consumer expenditure
to house price at 1-period ahead were negative and very stable. Impulse responses at
1-period ahead, 3-period ahead, and 5-period ahead were negative at an expanded trend in
2005, 2010, and 2015, which shows that the inhibitory effect of house price on consumer
expenditure became more obvious over time. In addition, impulse responses of financial
leverage to consumer expenditure at 1-period ahead were positive most of the time, while
responses of house price to consumer expenditure were always positive.

So far, this study has analyzed the internal relation and transmission mechanism
among financial leverage, house price, and consumer expenditure with the help of the TVP-
SV-VAR model against the realistic background that China is undergoing major changes in
economic structure and verified hypothesis 1. To further analyze the dynamic correlation
among them, we measure the coefficients of dynamic correlation among them with the
Bayesian DCC-GARCH model.
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4.2. Empirical Analysis Based on the Bayesian DCC-GARCH Model
4.2.1. Estimation Results of the Model

The Bayesian DCC-GARCH model was used to analyze the dynamic correlation
among financial leverage, house price, and consumer expenditure. Table 2 presents the
empirical results of the model.

Table 2. Results of the Monte Carlo estimation of the Bayesian dynamic conditional correlational autoregressive conditional
heteroscedasticity (Bayesian DCC-GARCH) model.

Quantile

Variable Parameter Mean Value 2.50% 25.00% 50.00% 75.00% 97.50%

FL

γ 0.5629 0.5048 0.5314 0.5479 0.5688 0.9255
ω 0.0021 0.0002 0.0003 0.0004 0.0005 0.0434
α 0.2651 0.0651 0.1818 0.2520 0.3392 0.5110
β 0.3172 0.0331 0.1718 0.2520 0.3392 0.5110

HP

γ 1.0096 0.9807 0.9976 1.0067 1.0213 1.0445
ω 0.0042 0.0018 0.0028 0.0036 0.0046 0.0117
α 0.3696 0.0606 0.2405 0.3639 0.4839 0.7355
β 0.3464 0.1168 0.2326 0.3164 0.4305 0.8066

CE

γ 0.9407 0.8622 0.9060 0.9347 0.9696 1.0370
ω 0.0048 0.0023 0.0034 0.0040 0.0047 0.0270
α 0.0639 0.0054 0.0262 0.0534 0.0898 0.1858
β 0.2098 0.0161 0.0855 0.1796 0.2916 0.6885

υ 0.7859 0.2554 0.7562 0.7959 0.8456 0.9332
a 0.0093 0.0006 0.0031 0.0065 0.0112 0.0387
b 0.411 0.0094 0.1222 0.3175 0.6870 0.9726

Parameter γ measures the skewness of financial leverage, house price, and consumer
expenditure. γ > 1 means right-skewed, while γ≤ 1 means left-skewed. ω is a constant
term of the variance equation of the model. α and β are the coefficients of ARCH term and
GARCH term of the variance equation, respectively; the closer their sum is to 1, the slower
is the decay rate of the volatility. In addition, υ measures whether the thick-tail distribution
is applicable to the error term. a and b and their sum are used to detect whether the DCC
model should be employed. If a + b = 0, the CCC model is applicable. If a + b 6= 0, the
DCC model is more suitable. As seen in Table 2, it is reasonable to use the DCC model
for analysis.

Estimation results of the model show that the volatility of financial leverage, house
price, and consumer expenditure is asymmetric, with financial leverage and consumer
expenditure obviously left-skewed and house price right-skewed. Being left-skewed means
that volatility has a higher probability of falling to the right of the mean value, while being
right-skewed means volatility has a higher probability of falling to the left of the mean
value. Assuming volatility is a risk, being left-skewed indicates greater market risk. The
asymmetry of volatility shows that the risk of volatility in financial leverage and consumer
expenditure is relatively large and that of volatility in house price is relatively small. The
mean value of α + β of the three variables is above 0.27. Volatility in financial leverage,
house price, and consumer expenditure gradually intensifies at a slower speed, which
indicates its strong inertia.

4.2.2. Analysis of Dynamic Correlation Coefficients

Figures 5–7 show a dynamic correlation between financial leverage and house price,
financial leverage and consumer expenditure, and house price and consumer expendi-
ture, respectively, calculated using the Bayesian DCC-GARCH model. We can draw the
following conclusions from them:
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Figure 5. Diagram of the coefficient of dynamic correlation between financial leverage and house price.

Figure 6. Diagram of the coefficient of dynamic correlation between financial leverage and consumer expenditure.

Figure 7. Diagram of the coefficient of dynamic correlation between house price and consumer expenditure.
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First, the coefficient of dynamic correlation between financial leverage and house price
was negative in 2000 and from 2011 to 2015 and positive during the rest of the time period.
Its value varied between –0.1514 and 0.1199. In terms of time trend, it showed an upward
trend from 2000 to 2005 and a downward trend from 2007 to 2008. It rebounded rapidly
from the beginning of 2008, reaching a maximum in 2009; then dropped rapidly again,
reaching a minimum in 2012; rebounded again, reaching another maximum in the first half
of 2017; and dropped at a slower speed from the second half of 2017, which shows that
financial deleveraging has gradually reduced the correlation between financial leverage and
house price. Second, the coefficient of dynamic correlation between financial leverage and
consumer expenditure was negative from February 2000 to September 2000 and positive
after October 2000, ranging from 0.0594 to 0.2699. Overall, there is a positive correlation
between them. Figure 6 indicates that the coefficient declined significantly after 2015, which
reveals that over time, the positive effect of financial leverage on consumer expenditure
has gradually decreased. In addition, the coefficient shows obvious cyclical volatility with
change in seasons. Most of the cyclic climaxes occurred in January each year, near the
traditional Chinese Spring Festival, which indicates that the influence of the festival on the
correlation between financial leverage and consumer expenditure cannot be ignored. Third,
the coefficient of dynamic correlation between house price and consumer expenditure
was always negative, varying from –0.0992 to –0.3035. This shows there is a negative
correlation between house price and consumer expenditure, which indicates that rising
house prices will restrain increase in consumer expenditure. From the perspective of time
trend, the correlation showed a generally downward trend from 2000 to 2019. Especially
from 2017 to 2018, the downward trend was very obvious. This may have resulted from
the implementation of the “three-year plan for redeveloping shantytowns” and monetary
resettlement compensation policy beginning from 2015, which quickly stimulated a rise
in house prices in China’s third- and fourth-tier cities, which drove the country’s average
house price to rise again and led to a rapid decline in consumer expenditure. We can
conclude that with the vigorous development of China’s real estate market, the rapid rise
in house prices weakens the increase in consumer expenditure to a certain extent and that
this inhibitory effect becomes more obvious over time.

Figures 5–7 indicate house price and consumer expenditure are most relevant, fol-
lowed by financial leverage and consumer expenditure, and then by financial leverage and
house price and these empirical analysis result confirm hypothesis 2. The dynamic correla-
tions among financial leverage, house price, and consumer expenditure are as follows: a
negative correlation between house price and consumer expenditure, a positive correla-
tion between financial leverage and consumer expenditure, and an uncertain relationship
between financial leverage and house price. This means that currently, a rise in financial
leverage helps stimulate consumer expenditure, while a continued rise in house prices
gradually reduces consumer expenditure.

5. Conclusions and Discussion
5.1. Conclusions

A continued rapid rise in China’s house prices and intensified volatility in consumer
expenditure have attracted more and more attention from academic and practical circles.
This study first analyzes the mechanism of action and transmission among China’s financial
leverage, house price, and consumer expenditure in recent years by constructing a TVP-SV-
VAR model with both time-variant parameters and stochastic volatility (Figure 8 shows the
interaction of financial leverage, house price, and consumer expenditure). The results show
that a rise in financial leverage significantly increases house prices and reduces consumer
expenditure, and it is not difficult to find out that this result is consistent with the results
in recently published literature, such as Mian et al. (2017) and Verner and Gyöngyösi
(2020) [40,61], but is inconsistent with Gao et al. (2020) and Ruan et al. (2020) [35,36]. In
contrast to Burrows (2018) and Cloyne et al. (2019) [46,47], the results show that a rise in
house prices inhibits financial leverage and weakens consumer expenditure. It means that
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the wealth effect of the housing market is not significant in China [48]. Besides, similar to
Yin et al., (2021), the results also show that an increase in consumer expenditure raises the
level of financial leverage and stimulates the rise in house prices [62].

Figure 8. Diagram of the interaction of financial leverage, house price, and consumer expenditure.

Secondly, the study further explores the dynamic correlation among financial lever-
age, house price, and consumer expenditure with the help of the DCC-GARCH model.
The results show that there is a negative correlation between house price and consumer
expenditure, a positive correlation between financial leverage and consumer expenditure,
and an uncertain relationship between financial leverage and house price and that house
price and consumer expenditure are most relevant, followed by financial leverage and
consumer expenditure, and then by financial leverage and house price. Combined with the
two models, we can find out that in the current year, the credit increase raised by financial
leverage stimulated the current consumption. This short-term stimulating effect will turn
into an inhibitory effect after one to two years since households need to repay the credit
by reducing their expenditures. House price inhibits households’ expenditures due to the
budget limit, while the increases in expenditure reflect a higher income expectation, which
increases the demand for houses. This indicates that the demand for houses of Chinese
families is still an inelastic demand.

Our study uses macrodata to dig into the dynamic relationship among house price,
financial leverage, and consumer expenditure in China. However, due to a lack of data,
we cannot track the household-level information about consumption and credits although
heterogeneity cannot be ignored. Low-income and high-income families have different
consuming behaviors and preferences for investment. For example, in China, most low-
income households choose to save for the future while high-income households tend to
allocate financial assets. The geographic factor also influences house price trends. Due
to an imbalance in the allocation of public resources, the migration of a large population
to cities has caused different changes in rural and urban housing prices and house prices
in rural areas are more sensitive to economic shock. In this case, in our future research,
geographic and income heterogeneity could be considered in the model to investigate
different paths of effects.

5.2. Discussion

China is at a critical stage of economic transformation and upgrading. It is important
to maintain relatively stable consumer expenditure. However, continued rapid rises in
house prices have not only increased the debt pressure on residents and decreased their
living standards but also led to a deteriorated non-performing loan ratio of the credit
sector to a certain extent. These factors are not conducive to the transformation and
upgrading of China’s economic growth mode. This study reveals that there is a close
relationship among financial leverage, house price, and consumer expenditure. Therefore,
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we believe that to achieve a balanced economic growth inside and outside China, potential
impacts of financial leverage should be fully considered in maintaining the stability of
consumer expenditure and formulating housing price control policies and monetary and
macroprudential policies should be employed to effectively control the overall gate of the
leverage ratio, thereby achieving a balanced and stable development of the macroeconomy.
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