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The impact of housing macroprudential policy on
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The ascent of housing booms and their impact on firm innovation has become a focal point of

research, fueled by the remarkable upsurge in housing prices that have been witnessed

across global over the past few decades. Despite the attention given to this subject, there has

been limited exploration of the spillover effects of housing macroprudential policy (HMP) on

firm innovation, which aims to regulate housing booms and ensure financial stability. In this

study, we examine the relationship between HMP and firm innovation using panel data from

Chinese firms located in 54 cities for the period spanning 2010 to 2019. Our empirical results

reveal that tightened HMP promotes firm innovation and is robust to alternative measure-

ments, additional fixed effects, Heckman regression, and IV regression. Moreover, our

mechanism analysis demonstrates that HMP promotes firm innovation by reducing leverage

and encouraging cash holdings. Further examination of city-level heterogeneity suggests that

firms located in areas with lower housing dependency and limited financial development

benefit more from HMP’s positive-effect on firm innovation. This paper contributes to the gap

in the existing literature that neglects the spillover effect of HMP on firms’ innovation

activities. Our findings also provide practical implications for both policymakers and

businesses.
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Introduction

Fueled by the remarkable upsurge in housing prices that have
been witnessed across global over the past few decades, the
housing macroprudential policy (HMP) plays an increas-

ingly important role in alleviating the financial risks rooted in the
housing bubbles (He et al., 2016). Despite a great body of research
documenting the effect of HMP on the domestic financial mar-
kets (Allen et al., 2020; Hoesli et al., 2020) and its potential effect
on international financial markets (Badarau et al., 2020; Chari
et al., 2022), micro-level empirical evidence on the effect of HMP
is scarce. Existing research has largely neglected the spillover
effect of HMP on the local firms’ behavior, especially on firms’
innovation activities, which play a primary determinant in eco-
nomic growth (Solow, 1957). Therefore, this paper attempts to fill
this gap and answer the question of whether and how the reg-
ulation on housing markets could affect firms’ innovation activ-
ities, by analyzing the city-firm combined dataset in China over a
period of dynamically changing HMP.

China, as the largest emerging economy, has experienced a
long period of housing boom accompanied by rapid development
in R&D investments (Chen and Wen, 2017). To address concerns
related to the housing market, Chinese local governments have
implemented various regulations over the past decades. This
regulatory environment provides an opportunity to investigate
the relationship between HMP and firm innovation. Notably, we
observe the following stylized facts: before 20141, the firm inno-
vation increased weakly and the housing boom maintained with
average annual growth of over 10%. However, after 2015, the
R&D activity of firms increased sharply, coinciding with fluctu-
ating housing prices2, indicating a possible crowd-out effect of
high housing prices on innovation. Against this background, it is
crucial to examine whether HMP can promote firm innovation,
as this question holds significant implications for understanding
economic growth and achieving policy equilibrium.

We employ a firm-level panel dataset combined with city-level
HMP measures to examine such an effect empirically. Our sample
covers 54 cities come from 28 provinces and 1947 listed firms in
China between 2010 to 2019. We analyze the impact of HMP on
firms’ R&D investments. Our results indicate that HMP has a
significant promotive effect on firms’ innovation activity, which is
in line with the crowd-out effect of the housing boom on firm
innovation. We also find that the firms’ reactions vary across
different industries regarding the impact of HMP on innovation.
Further, mechanism analysis indicates that HMP promotes firm
innovation by reducing firm leverage and encouraging cash
holding. Further analysis shows the heterogeneous effect of HMP
at the city level. We find the promotion effect of HMP is more
pronounced for firms located in cities with underdeveloped
financial systems or highly housing-independent regions.

Our research distinguishes from the existing literature in the
following ways: First, we provide novel empirical evidence linking
HMP and firm innovation in emerging markets. To the best of our
knowledge, we are the first to document such a positive effect of
HMP on firm innovation. Given HMP intends to mitigate financial
risks, our findings provide insights into understanding the potential
spillover effect of macroprudential policy on firms’ activities. Sec-
ond, we uncover the two possible channels of how macroprudential
policy promotes firms’ innovation. We show that tightening HMP
leads to improved financial structure and utilizing firms’ invest-
ment efficiency by reducing firms’ leverage and encouraging cash
holdings, and eventually promoting firms’ innovative investments.
Finally, our study extends the research on macroprudential policy
on firm activities by including city-level heterogeneity. This fresh
perspective enhances our comprehension of the relationship
between HMP and firm-level outcomes, thereby shedding light on
broader implications for policymaking and economic stability.

The rest of this paper is organized as follows. Section “Litera-
ture review and hypothesis development” reviews the literature
and develops a hypothesis. Section “Data and methodology”
illustrates the data and empirical specification. In section “HMP
and firm innovation”, we discuss the baseline results. Section
“Further analysis” studies the role of housing dependency and
financial development level. Finally, section “Conclusions”
concludes.

Literature review and hypothesis development
Institutional background of HMP in China. In response to the
housing boom and the associated financial risk, macroprudential
policies targeting the real estate market have been implemented in
both advanced and emerging economies. Such policies are
designed to mitigate systemic risks and a great deal of which focus
on the housing sector given that most asset bubbles are made in
the real estate sector. The implementation of such HMP involves
tools such as dynamic loan-loss provisions, loan-to-value (LTV),
and debt-to-income (DTI) ratios, aiming to enhance the resilience
of both financial institutions and borrowers when confronting
aggregate shocks (Ayyagari et al., 2018). The HMP framework
employs these tools and promotes a stable and healthy housing
market while minimizing the risk that it poses to the economy.

China’s HMP employs a combination of the above measures to
reduce the risks associated with excessive leverage and speculative
activity and to curb the non-living demand in the real estate
market. One of the key tools in this framework is the loan-to-
value (LTV) ratio3. LTV ratio in China is different for
participants with various numbers of real estate. Generally, the
LTV ratio is higher if the buyer has no real estate assets, which
allows them to borrow more loans from the bank. Apart from the
general tools, China has done a lot to maintain financial stability.
For example, China introduces macroprudential tools to real
estate firms to limit their excessive risk-taking behaviors in 2020.
By strictly regulating their leverage ratio and cash-short debt
ratio, the wild expansion of real estate sectors in China has been
taken under control. At the end of 2020, China implements a real
estate loan concentration management system that mandates
financial institutions to maintain their real estate loan ratios
below a specified threshold. The threshold varies depending on
the banks’ size and is designed to prevent excessive exposure to
risk in the housing market.

HMP and innovation. Existing research has extensively studied
the direct impact of HMPs on housing markets and suggest that
these policies can lead to a reduction in housing prices and curb
asset bubbles driven by overinvestment in the real estate sector
(Alpanda and Zubairy, 2017; Akinci and Olmstead-Rumsey,
2018). Apart from direct investment into households, firms play
an important role in the real estate sector and are involved in
various financial activities, such as financing through real estate
mortgages and investing in the sector for additional returns.
There is growing literature discussing the impact of real estate
investment by non-financial firms. Demir (2009) finds that
financial investment including housing investment may have a
crowd-out effect on the fixed investment due to return gap and
reversibility. Similarly, Zhu et al. (2019) suggest that local real
estate investment may impede regional innovation. However,
Chaney et al. (2012) argue that real estate investments can be
regarded as a kind of guarantee, which enables firms to get more
financing resources and thus may promote innovation. Despite
the substantial and insightful literature on firm innovation, this
line of research has largely overlooked the effect of HMP on firm
innovation.
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If we look at firms’ innovation input as a substitution to firms’
housing investments, HMP could lead to increasing substitution
and hence associate with an increment in firm innovation. A
stricter HMP activity could effectively lower the returns of real
estate investment (Qi et al., 2022), leading firms to reallocate their
portfolio and increase the investment in innovation for long-term
value to avoid potential uncertainty (Dicks and Fulghieri, 2021).
There are also the possibilities that HMP may crowd-out firm
innovation due to the potential negative effects of fluctuating
house prices on firms’ balance sheets and available funds if they
already invest too much in real estate sectors (Rong et al., 2016).
Based on these observations, we propose that:

Hypothesis 1(H1): HMP will have a positive effect on firm
innovation.

HMP, housing dependency, and innovation. The relationship
between housing investment and firm innovation can be char-
acterized by two effects: the crowd-out effect and the collateral
effect. The crowd-out effect suggests that firms may prefer to
invest in housing markets with higher returns rather than
investing in innovation, leading to a decline in the latter (Miao
and Wang, 2014; Rong et al., 2016). Conversely, the collateral
effect indicates that growing investments in real estate could
increase firm’s financing capacity by providing high-value col-
lateral, leading to enhanced investment and innovation (Chaney
et al., 2012; Mao, 2021). Taking into account both of these effects,
the impact of HMP on firm innovation varies depending on the
extent to which local governments rely on the housing market.
For firms locate in cities that rely heavily on real estate sectors,
HMP could have limited influence on innovation activities.
Further, the balance of local government may be subjected to
tightened HMP. Lower housing prices and subsequently, lower
tax incomes, would lead to fewer support funds from the gov-
ernment for firms to innovate (Wei et al., 2023). By contrast,
firms located in cities with less reliance on the housing market
may get more motivated to invest in innovation due to the
stronger effect of HMP on housing investment. We, therefore,
propose that:

Hypothesis 2(H2): HMP will have a heterogeneous impact on
firms in different regions. The effect of HMP on firms’ innovation
investment will be more pronounced in cities with lower housing
dependencies.

HMP, financial development, and innovation. Given the high
uncertainty and risky nature associated with innovation activities,
financing capacities play a key role in affecting firm R&D activ-
ities (Ayyagari et al., 2011; Chen and Yoon, 2021). Therefore, the
development of local financial systems could remarkably alter the
effect of HMP on firms’ innovation (Cerutti et al., 2017). Firms
located in cities with better financial development tend to have
better access to funding (Ding et al., 2022), making them less
susceptible to the effects of HMP. However, this pattern may not
hold in regions with less developed financial systems. Generally,
weaker financial development is associated with greater shadow
banking activities and lower efficiency in the financial system.
Firms located in such regions often face tighter financial con-
straints and may resort to more off-balance sheet financing
through the shadow banking sector (Moosa, 2017). However,
HMP could potentially mitigate these issues by providing reg-
ulatory mechanisms to redirect the behavior of both banks and
consumers toward more sustainable lending practices. Tightening
actions of HMP could prevent funds from leaking into shadow
banking sectors (Gebauer and Mazelis, 2019), thus improving
firms’ innovation by providing short-term funds to finance
innovation activities. Hence, we propose that:

Hypothesis 3(H3): HMP will have a heterogeneous impact on
firms in different regions. The effect of HMP on firms’ innovation
investment will be more pronounced in regions with less
developed financial systems.

Data and methodology
Data. Our sample period in this paper is from 2010 to 2019 to
avoid major shocks (e.g., the financial crisis of 2008 and the
COVID-19 outbreak at the end of 2019). Our dataset contains
information on the R&D activities of Chinese-listed firms and the
implementation of HMP tools in various regions and cities. The
firm-level data are obtained from the WIND database, CSMAR
database. The data of implementation of HMP are collected from
disclosure from the People’s Bank of China, and local government
public information disclosure. We merge the macroprudential
policy into firm-level panel data4. We exclude the firms in the
finance industry and real estate industry, which are relatively
weaker in innovation and experience direct shock of the HMP,
from our sample. We exclude the warning stocks and delisted
stocks (Stock names containing ST\*ST\PT) as well. Finally, firms
with serious data loss (e.g., main data missing at least 3 con-
secutive years) are eliminated from our sample. To avoid the
effect of extreme values, firm-level continuous variables are
winsorized at a 1% level. Following the procedure, we obtain
13,717 firm-year observations from 54 cities of 28 provinces5 (see
Fig. 1) as our main sample.

Variables
HMP in China. Following existing literature (Allen et al., 2020;
Yang and Suh, 2021), we focus on the change of loan-to-value
(LTV) and debt-to-income (DTI)6 on housing markets as the key
measurements for HMP actions. Such measurement could com-
prehensively capture the quarterly coverage of macroprudential
policy over 54 cities in China. We construct categorical variables
to capture the dynamic of HMP mainly for two reasons. First, the
continuity and availability of continuous data differ across var-
ious HMP policy tools. For example, China first introduced LTV
regulation for residents in 2003 and began to implement controls
on mortgage ratios for financial institutions in 2012. Second, it
enables us to comprehensively capture the dynamic nature of
macroprudential policy in the housing market by considering
both the tightening and the loosening actions for the HMP tools
(e.g., LTV and DTI) at a quarter frequency. We define the sea-
sonal city-level HMP variables as follows:

HMP ¼
1; if the housingmacroprudential policy tightens

0; no related policy

�1; if the housingmacroprudential policy loosens

8
><

>:

ð1Þ
We aggregate the seasonal city-level frequency of HMP to year-

level data by summing the times the HMP tools are implemented.
Hence, the variable of HMP_T ranges from −4 to 4 with the
changing unit of 1, which indicates that the city implements HMP
tools sequentially over the course of a year7. In addition, we
construct two dummy variables HMP_tight (equals 1 if housing
macroprudential tightens, 0 otherwise) and HMP_loose (equals 1
if housing macroprudential relaxes, 0 otherwise) to capture the
asymmetric effects of HMP. In the check for robustness, we
calculate the average LTV ratios and provide a continuous
measurement of HMP.

Figure 2 shows the actions of HMP in our sample from 2010 to
2019, which could provide a scene toward housing market
regulation. Before 2013, the majority of our sample cities were
being regulated with positive housing macroprudential policies,
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Geographic distribution of sample cities in China

Sample city or not

Sample city

Non-sample city0 325 650 975 1,300162.5
Miles

Fig. 1 Geographic distribution of sample cities in China. Our sample includes 54 prefectures in total where we obtain the data on HMP. Blue areas
represent the prefectures where HMP data is available.
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Fig. 2 Heatmap of HMP from 2010 to 2019. This figure shows the various adoptions of housing macroprudential policies across cities. The blue block
indicates loosed HMP policy activity (HMP < 0), the red block indicates tightened HMP activity (HMP > 0) and the gray block indicates no policy activity.
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which implies that the housing market was strictly regulated at
national level during this period. Moreover, this pattern has
changed since 2014 when the China stock bubble burst. Most
cities started to lessen macroprudential policy and maintained
this attitude until 2017. From 2017 to 2019, the Chinese
government has come back to the pattern of regulating the
housing market, while the strength and scope of the policy have
been reduced compared to the previous period following the crisis
in 2008.

Firm innovation. Following Becker (2015), we use R&D invest-
ment (calculated as the ratio of R&D investment to the operating
income) instead of the number of patents to measure firm
innovation engagement, which could better capture the dynamic
relationship between macro-financial policies and firm innova-
tion activity. We also take the natural logarithm of R&D invest-
ment at year t as the alternative measure of firm innovation for
robust tests.

Empirical specification. To examine the impact of HMP on firm
innovation, we estimate the baseline specification model in
Eq. (2) with the OLS method as follows:

RDi;tþ1 ¼ cþ α1HMPi;k;t þ γControlsi;t þ μt þ τj þ εi;t ð2Þ
Where R&Di,t+1 is firms’ innovation investment in year t+ 1
measured by the R&D/Income ratio. HMPi,k,t is the categorical
variable to measure the dynamics of HMP for firm i locates in city
k, which takes a positive value if the HMP is tightened, and takes
a negative value if the HMP is loosened. Controlsi,t is a set of
variables that influence firm innovation actions from both firm-
level and city-level8. c is the constant. Year-fixed effect (μt) and
industry-fixed effect (τj) are considered as well. A positive α1
indicates that tightened HMP leads to an increase in firm
innovation.

Descriptive statistics. Table 1 shows the summary statistical
results of our study9. The R&D/income (%) in our sample ranges
from 0.020% to 25.230% with a mean value of 4.755%, indicating
that the average firm innovation investment in China is still
relatively low and the difference among various firms is sig-
nificant. As for our explanatory variable, we can see that the mean
value of HMP_T is 0.204, which implies that the average attitude

of Chinese government towards the housing market is active and
tightening regulation. In particular, we could observe substantial
differences in the size, growth rate, age, and employment costs
between our sample firms (large standard deviations compares to
the average). Thus, we further discuss the heterogeneity in the
following regression analysis according to the firm characteristics.

HMP and firm innovation
Benchmark results. Table 2 presents the estimation results of
Eq. (2). The results of univariate regression are given in column
(1) and the results of multivariate regression are shown in column
(2). The estimator of HMP_T is significantly positive in both
column (1) and column (2), which indicates that tightening HMP
could significantly promote firms’ innovation activity. An esti-
mator value of 0.087 (t-statistics= 1.95) indicates the imple-
mentation of tightening HMP may lead to an 8.7% marginal
increase in local firms’ R&D investment relative to the operation
income in the following year, which provide our results with
economic significance.

Column (3) ~ (4) reports the asymmetric effects of HMP in
various directions, including both tightening and loosening
actions. The results indicate that a tightening of HMP has a
significant positive impact on firms’ R&D expenditures in the
following year, while loosening HMP has a more substantial
impact on reducing firm innovation, suggesting that a more
relaxed policy environment can negatively impact firms’ invest-
ment decisions due to fewer restrictions on real estate investment
and financial activities (Hoesli et al., 2020).

Potential mechanisms. To further understand how HMP affects
firm innovation, we construct the equation to document the
potential mechanisms following Alesina and Zhuravskaya (2011)
and Zhao et al. (2010):

RDi;tþ1 ¼ cþ α1HMPi;k;t þ α2Mediatori;t þ γControlsi;t þ μt þ τj þ εi;t

ð3Þ

Where Mediatori,t indicates the mediators, including leverage and
cash holding for firms. Other variables are specified as identical to
those in Eq. (2). If the estimated α1 in Eq. (3) is insignificant or
the magnitude is different from the estimation from Eq. (2), we
can document the potential mechanisms.

Firm leverage. We propose that firm leverage (Lev, measured by
the ratio of liability to asset) can be an important mechanism
linking HMPs and firm innovation since firm leverage may affect
firms’ investment decisions (Nemlioglu and Mallick, 2021). Firms
with higher leverage may face credit default risk and subsequently
reduce their investment in innovation activities requiring long-
term commitments and continuous expenditure. Moreover, HMP
can affect firms’ leverage by affecting the availability and cost of
credit in the economy. For example, a tightening of HMPs may be
associated with a decrease in firm leverage due to fewer funds
available and higher financing costs (Liang et al., 2017). In turn,
changes in firms’ leverage may affect firms’ innovation by influ-
encing their investment decisions.

Table 3 presents the mechanism analysis results. As shown in
column (2), the leverage significantly impedes firm innovation.
While the estimator for the effect of HMP decreased and show no
statistical significance after controlling for firm leverage com-
pared with the baseline results. The results show that tightened
HMP effectively decreases firm leverage, which is consistent with
the findings of Yang and Suh (2023). Based on these findings, we
argue that HMP promotes innovation by reducing firms’ leverage.

Table 1 Descriptive statistics.

Variable Obs Mean Std. dev. Min Max

Rd to
income

13,717 4.755 4.712 0.02 25.23

HMP T 13,717 0.204 1.051 −3 3
HMP tight 13,717 0.329 0.47 0 1
HMP loose 13,717 0.245 0.596 0 1
Size 13,717 22.086 1.404 16.757 28.636
Top10 13,717 60.878 15.346 22.96 93.36
Growth 13,717 0.166 0.307 −0.549 1.701
Age 13,717 8.428 7.162 0 29
Dig 13,717 1.186 1.394 0 6.054
Cost 13,717 17.084 1.683 11.672 21.174
Lev 13,717 40.63 20.792 5.41 93.066
Cash 13,717 18.217 14.278 0.951 67.092
Ln (gdp) 13,717 7.024 0.783 3.416 8.247

Note: This table shows the summary statistics of the main variables in our study. Size is
calculated as the natural logarithm of total assets of firm i at year t. Top10 is the ratio of the top
ten stockholders’ shares. Growth is the annual growth of profit of firm i at year t. Age is the
period between year t and the time first IPO. Cost is calculated as the natural logarithm of
employment expenditures. Dig is the digital technology transformation level for firm i at year t.
GDP is calculated as the natural logarithm of gross domestic product for city k at year t.
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Cash holding. We take firms’ cash position as an additional key
mediator between HMP and firm innovation (Kang et al.,
2021). Higher cash holding can provide firms with greater
financial flexibility and stability, which can in turn increase
their ability to invest in innovation activities. With more cash
on hand, firms can better absorb unexpected shocks or eco-
nomic downturns and have greater resources to invest in new
products, services, or technologies. In this way, firms are
intending to increase their cash holding when confronted with
tightened HMP for the sake of economic uncertainty and
avoidance of risks, which may contribute to firms’ R&D
expenditure next year.

Column (3) in Table 3 reports the role of cash holdings (as
measured by the ratio of net operating cash to total assets). The
estimator of cash is significantly positive at the 1% level,
suggesting that cash plays a key role in promoting firm
innovation. Additionally, we find the estimator for the effect of
HMP is smaller and insignificant after including the cash
holding into our model. Taken together, our results indicate
HMP enhances firm innovation by increasing firms’ cash
holding.

Industry heterogeneity analysis. Given the huge differences in
housing investments and R&D investments for firms in various
industries, we estimate the industry heterogeneity of HMP on
firm innovation. The industry heterogeneity results are shown in
Table 4. The results show that the firms in the ‘Transportation &
Delivery’ and ‘Manufacturing’ industry are more likely to increase
R&D investment after the HMP implementation, while the
impact of HMP on firm innovation is negative for those firms in
the ‘Information technology & service’ industry and ‘Farm, forest,
and fishing’ industry. We find no significant impact of HMP on
innovation for firms in the ‘Health and social work’ industry.
Such results indicate that the positive effect of HMP on firm
innovation is mainly reflected in firms from asset-heavy
industries.

Robustness check. To ensure our results are robust, we perform
several robustness checks and report related results as follows.
The results indicate our baseline findings are robust, that the
HMP has a significantly positive impact on firm innovation
activity.

(a) Endogeneity tests. To alleviate the potential concerns about
sample selection bias and reverse causal problems, we employ
instrumental two-stage least square regression (IV-2SLS), and the
Heckman regression method11 to estimate the benchmark model.
Dynamic models are included as well.

Following previous studies (Zhang and Zou, 1998; Rong et al.,
2016), we employ the residential land area (RLA) of city k at year
t as the instrumental variable for HMP_T12. Residential land area
is associated with the supply of housing as it reflects the
availability of land for residential development, which in turn
affects housing prices for households. Therefore, RLA is a
reasonable instrument for HMP as it is positively associated with
the dynamics of HMP with little influence on firm behaviors.

The results of addressing endogenous concerns are reported in
Table 5, in which column (1) shows the IV-2SLS results, column
(2) is the Heckman results, and columns (3) and (4) give the
dynamic model results with OLS. Overall, the effect of HMP on
firm innovation remains significantly positive at a specific level.

(b) Alternative measurement of innovation. We employ the nat-
ural logarithm of R&D investment as the alternative measure of

Table 2 HMP and innovation.

(1) (2) (3) (4)

Variables R&D/Incomet+1

HMP_T 0.238*** (4.29) 0.087* (1.95)
HMP_Tight 0.101*** (2.91)
HMP_Loose −0.286*** (−3.21)
Size −0.580*** (−7.24) −0.580*** (−7.22) −0.579*** (−7.24)
Top10 −0.020*** (−3.41) −0.020*** (−3.41) −0.020*** (−3.42)
Growth −0.511*** (−3.61) −0.513*** (−3.62) −0.506*** (−3.57)
Ln(age) −0.121*** (−9.40) −0.121*** (−9.40) −0.121*** (−9.41)
Dig 0.641*** (8.73) 0.641*** (8.73) 0.640*** (8.73)
Cost 0.201*** (2.87) 0.202*** (2.87) 0.201*** (2.87)
Ln(gdp) 0.639*** (6.10) 0.645*** (6.19) 0.643*** (6.11)
Constant 4.767*** (52.73) 11.234*** (8.35) 11.173*** (8.30) 11.285*** (8.39)
Observations 13,717 13,717 13,717 13,717
R-squared 0.238 0.327 0.327 0.328
Ind effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes

Note: *** and * indicate statistically significant at the 1% and 10% level, respectively, and t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level. Industry level
fixed effect and year-fixed effect are conducted unless specified notes. If not otherwise stated, the regressions in this paper use OLS models.

Table 3 Mechanism analysis results.

(1) (2) (3)

Variables R&D/Incomet+1

HMP_T 0.087* (1.95) 0.055 (1.23) 0.051 (1.13)
Lev −0.055***

(−13.13)
Cash 0.054***

(8.79)
Constant 11.234***

(8.35)
3.737*** (3.55) 3.246***

(3.05)
Observations 13,717 13,717 13,717
R-squared 0.327 0.356 0.336
Controls Yes Yes Yes
Ind effect Yes Yes Yes
Year effect Yes Yes Yes

Note: *** and * indicate statistically significant at the 1% and 10% level, respectively, and t-
statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level.
Industry level fixed effect and year-fixed effect are conducted unless specified notes. Lev is the
ratio of total liability to total assets. Cash is the ratio of net operating cash to total assets.
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firm innovation activity. Column (1) ~column (2) in Table 6
shows the regression results of alternative measurement of
innovation. We find that the implementation of HMP would
positively affect firm innovation investment, which is consistent
with our baseline results.

(c) Alternative measurement of HMP. We identify the HMP by
using the real estate loan down payment ratio for city k13. Col-
umn (3)–column (4) in Table 6 shows the regression results of

alternative measurement of HMP. Moreover, we combine the
alternative measurement of innovation and HMP in column
(5)–column (6). The estimators of HMP remain positive and
statistically significant, which again indicates that HMP enhances
firm innovation.

(d) Additional fixed effects. We consider both city-fixed effect and
industry × year-fixed effect to ensure the robustness of our results.
The regressions are shown in Table 7, where column (1) includes

Table 4 Heterogenous Impact of HMP on firm innovation by industry10.

(1) (2) (3) (4) (5)

Variables R&D/Incomet+1

Transportation & delivery Information technology &
service

Farm, forest, and
fishing

Manufacturing Health and social
work

HMP_T 0.129* (1.69) −0.522** (−2.09) −0.512* (−2.06) 0.157*** (3.09) −0.060 (−0.38)
Constant 5.843*** (2.99) 14.479 (1.48) 5.695 (0.22) 10.829*** (6.32) 13.263 (1.07)
Observations 281 1610 152 8894 45
R-squared 0.304 0.137 0.075 0.164 0.495
Controls Yes Yes Yes Yes Yes
Indus Effect Yes Yes Yes Yes Yes
Year Effect Yes Yes Yes Yes Yes

Note: ***, **, and * indicate statistically significant at the 1%, 5%, and 10% level, respectively, and t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level.
Industry level fixed effect and year-fixed effect are conducted unless specified notes. Some industries are omitted due to a lack of enough observations in our sample period.

Table 5 Endogeneity tests.

(1) (2) (3) (4)

Independent variable R&D/Incomet+1

IV-2SLS Heckman OLS+Dynamic model

R&D/Incomet 0.923*** 0.919***
(0.007) (0.007)

HMP_Tt 0.155** (0.066) 0.115* (0.059) 0.038* (0.021) 0.044*** (0.014)
/mills:lambda 2.358*** (0.550)
Observations 12,822 12,935 13,717 13,717
R-squared 0.035 0.856 0.857
Controls Yes Yes No Yes
Indus-fixed effect Yes Yes Yes Yes
Year-fixed effect Yes Yes Yes Yes
A.C. LM statistic 137.004***
C-D Wald F statistic 138.648***
Sargan p-value 0.000***

Note: Standard errors are given in parentheses. ***, **, and * indicate statistically significant at the 1%, 5%, and 10% level, respectively. ln (RLA) is instrumented for HMP_T in column (1). LM statistic is
used for examining the under-identification test, C-D Wald statistic is used for examining the weak identification test, and Sargan statistic is used for the over-identification test for IV. All hypothesis of
these three tests is that the IV is not acceptable due to the potential concerns.

Table 6 Robust tests: alternative measures of innovation and HMP.

(1) (2) (3) (4) (5) (6)

Variables ln(R&D) R&D/Income ln(R&D)

HMP_T 0.111*** (5.79) 0.019* (1.79)
HMP_HL 0.042*** (7.45) 0.011** (1.96) 0.012*** (5.70) 0.002* (1.82)
Constant 17.679*** (594.08) 0.388** (2.02) 2.652*** (8.93) 10.980*** (8.15) 17.051*** (144.27) 0.337* (1.77)
Observations 13,717 13,717 13,717 13,717 13,717 13,717
R-squared 0.147 0.532 0.237 0.328 0.151 0.532
Controls No Yes No Yes No Yes
Indus-fixed effect Yes Yes Yes Yes Yes Yes
Year-fixed effect Yes Yes Yes Yes Yes Yes

Note: ***, **, and * indicate statistically significant at the 1%, 5%, and 10% level, respectively, and t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level.
Industry level fixed effect and year-fixed effect are conducted unless specified notes.
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city-fixed effect and year-fixed effect, column (2) considers city-
fixed effect, industry-fixed effect, and year-fixed effect, and col-
umn (3) includes industry × year-fixed effect. All the coefficients
of HMP_T are significantly positive, suggesting that our baseline
results are robust.

Further analysis
In this section, we extend the baseline model Eq. (2) and examine
the role of housing dependency and financial development at the
city level. In our sample period, there is a significant variation in
firm innovation activity between different levels of housing
dependency and financial development14. Thus, we intend to
explore whether the HMP could diminish the gap between firm
innovation levels in different regions. Following previous studies
(Balsmeier et al., 2017; Demir et al., 2022), we employ the
reduced-form specification as follows:

RDi;tþ1 ¼ cþ α1HMPi;t þ α2Li;t þ α3HMPi;t ´ Li;tþ
γControlsi;t þ μt þ τj þ εi;t

ð4Þ

Where Li,t is the moderating variable that may affect firm R&D
activity with an aspect to HMP. α3 is our main parameter: if
α3 < 0, the positive effect of HMP on firm innovation would be
alleviated with a higher value of Li,t. The moderating variable
includes the following: housing dependency, captured by the ratio
of housing market investment to gross domestic production,
equals one if the city is highly dependent on housing markets

(High HD); and financial development, measured by the ratio of
local finance loan balance to GDP, equals one if the financial
development is better than the average level in our sample (Fin).

HMP, housing dependency, and innovation. The empirical
results of the role of housing dependency are given in Table 8. In
column (1) and column (2), we reestimate the Eq. (2) in sub-
sample by the various level of housing dependency among sample
cities. Moreover, in column (3), we estimate Eq. (4) in the full
sample to explore the role of housing dependency. The estimator
of High HD ×HMP_T is significantly negative, which indicates
the effect of HMP is more pronounced on firms from lower
housing-dependent cities. In addition, results in column (1)
indicate that firms with high dependency on housing markets are
not significantly affected by the HMP. Such findings provide
support to H2. In cities with high dependency on the housing
industry, local governments adopt less strict HMP to regulate the
real estate market15 and firms would suffer more from the crowd-
out effect of HMP. As a result, firms located in these regions
would react less to tightened HMP in terms of innovation due to
the deflation of housing investment and lack of sufficient cash or
collateral.

Furthermore, we examine the marginal effects of HMP on firm
innovation at a different level of housing dependency. The
estimator results are shown in Fig. 3, which shows the predicted
value of firm innovation with the variation of HMP. The HMP
positively affects the firm innovation activity in lower housing-
dependent areas with an upward dotted line. While for those
firms with higher dependency on housing markets cities, the
predicted value of R&D activity decreases sharply with the
increase of positive HMP, which reinforces the findings in
interaction estimation. It’s noteworthy that the value of predicted
firm innovation in low housing-dependence regions would
surpass firms in high housing-dependence areas. This finding
indicates that HMP may have a significant structural impact on
firm innovation, which provides evidence to extend the realloca-
tion effects of HMP (Fig. 4).

HMP, financial development, and innovation. Table 9 presents
the results of examining the role of financial development in
affecting HMP and firm innovation. In column (1) and column
(2), we estimate the Eq. (2), respectively, in subsample by the
various financial development performance. We estimate Eq. (3)
in the full sample to explore the role of financial development as
shown by column (3). The coefficient of Fin × HMP_T is sig-
nificantly negative, suggesting that the promotion effect is more
pronounced for firms in areas with less financial development. In

Table 7 Robust tests: additional fixed effects.

(1) (2) (3)

Variables R&D/Incomet+1

City & Year FE City & Indus &
Year FE

Indus × Year FE

HMP_T 0.015* (1.90) 0.032** (2.04) 0.092** (2.01)
Constant 19.250*** (10.70) 11.807*** (6.35) 11.153*** (8.21)
Observations 13,717 13,717 13,697
R-squared 0.259 0.343 0.329
Controls Yes Yes Yes
Indus-fixed effect No Yes No
Year-fixed effect Yes Yes No
City-fixed effect Yes Yes No
Indus × Year-fixed
effect

No No Yes

Note: ***, **, and * indicate statistically significant at the 1%, 5%, and 10% level, respectively and
t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level.
Industry level fixed effect and year-fixed effect are conducted unless specified notes.

Table 8 The role of city housing dependency.

(1) (2) (3)

Variables R&D/Incomet+1

High housing dependency Low housing dependency Full sample

HMP_T 0.049 (0.44) 0.130*** (3.10) 0.139*** (3.25)
High HD 0.534*** (3.35)
High HD × HMP_T −0.205*** (−3.00)
Constant 10.898*** (5.02) 10.780*** (7.64) 10.761*** (8.05)
Observations 3433 10,284 13,717
R-squared 0.337 0.330 0.330
Controls Yes Yes Yes
Indus-fixed effect Yes Yes Yes
Year-fixed effect Yes Yes Yes

Note: ***, indicates statistically significant at the 1% level, respectively, and t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level. Industry level fixed effect and
year-fixed effect are conducted unless specified notes.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-02010-4

8 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:498 | https://doi.org/10.1057/s41599-023-02010-4



Table 9 The role of city financial development.

(1) (2) (3)

Variables R&D/Incomet+1

Better financial development Less financial development Full sample

HMP_T −0.005 (−0.05) 0.094** (2.03) 0.103** (2.18)
Fin 0.276* (1.80)
Fin × HMP_T −0.100* (−1.94)
Observations 4917 8800 13,717
R-squared 0.343 0.315 0.328
Controls Yes Yes Yes
Indus-fixed effect Yes Yes Yes
Year-fixed effect Yes Yes Yes

Note: **, and * indicate statistically significant at the 5%, and 10% level, respectively, and t-statistics are reported in parentheses. Moreover, standard errors are clustered at the firm level. Industry level
fixed effect and year-fixed effect are conducted unless specified notes.
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Fig. 3 Marginal effect of HMP on innovation by housing dependency. The vertical axis presents the predicted value of firm R&D activity, while the
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contrast, the results from column (1) suggest that firms operating
in areas with well-developed financial systems may not be
affected by HMP.

These findings further evidence that better development of
credit markets may discourage firm innovation as proposed by
Hsu et al. (2014). Tightened HMP may have less effect on
available financial resources for those cities with better financial
development due to not affected banks (Jiménez et al., 2017) and
increased financial innovation (Merton, 1995). While for the
firms located in areas with less financial development, tightened
HMP may help in reducing the scale of shadow banking activities,
improving bank stability (Ouyang and Wang, 2022), and
directing more funds to support firm innovation. Based on these
observations, the promotion effect of HMP on firm innovation is
more pronounced for those in areas with less financial
development.

Conclusions
In this paper, we assess the spillover effect of housing macro-
prudential policy on firm innovation. Taking advantage of a panel
dataset combining listed-firms information and the imple-
mentation of the HMP tool at city-level in China from 2010 to
2019, we provide empirical evidence to demonstrate that the
tightened HMP has a significantly positive spillover effect on firm
innovation. Our results are robust to various measurements of
firm R&D activity and housing macroprudential policy. We also
addressed the endogeneity concerns by employing the Heckman
method, 2SLS-IV regression, and dynamic panels. Taken toge-
ther, our benchmark results are solid and robust. Mechanism
analysis indicates that the promotion effect of HMP on firm
innovation may be driven by two main factors: lower firm
leverage and increased cash holding.

And we provide further evidence highlighting the heterogenous
effect of HMP at the city level, mainly focusing on the degree of
housing dependency and financial development. We find that
firms in cities with lower housing dependency and less financial
development would react more positively to tightened HMP.
These findings provide evidence that the local government may
weigh between economic growth and financial stability when
implementing HMPs.

Our research may shed light on literature related to housing
market regulation, macroprudential policy, and firm investments.
One possible avenue for further research would be to investigate
the asymmetric effect of HMP on firms’ performance. Another
potential direction is to extend our study to discuss the interac-
tion between macroprudential policy and fiscal policy or mone-
tary policy, which play a key role in influencing the housing
market as well.

Data availability
The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reason-
able request.
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Notes
1 There is a bubble crash during 2014–2015 in China, where the capital markets
experience a shrink.

2 Due to space limits, related data is given in appendix.
3 LTV ratio=mortgage loan amount/ appraised property value. A higher value of LTV
suggests a more relaxing regulation environment.

4 Following Wei et al. (2023); Zhang et al. (2022), we merge city-level HMP data with
firm data according to the main registered location of firms.

5 We choose these 54 cities for following several reasons: On the one hand, HMP
information is not completely public, while these 54 cities have relatively better
information disclosure about HMP during our sample period. On the other hand,
these 54 cities are all big and medium cities in China with almost 50% of China total
GDP in 2019 and 1947 listed firms, which enables us to explore the relation between
HMP and firm innovation.

6 We focus on the consumer-facing LTV and DTI instruments, as well as the financial
institution-facing LTV instruments to provide a more comprehensive picture of the
dynamics of HMP in China.

7 There is no situation that local government adopt different direction HMP in a year
during our sample period.

8 Detailed description of control variables are given in appendix A.
9 We show correlation matrix results as well in appendix B.

10 The aggregated obs in this heterogenous analysis are less than whole sample since the
numbers of firms in some industries are inadequate to satisfy the panel regression
requirements.

11 Heckman regression is mainly used for addressing the concerns on sample selection.
12 The Sargan test results and instrument identification both show that the RLA is

suitable for HMP.
13 It is calculated by 100%-averaged LTV ratio for households (HMP_HL), higher value

suggests tightened HMP.
14 We give the two-sample test results in appendix C, which show that the firms in

higher housing dependency and better financial development regions have higher
R&D investment level.

15 The kernel results in Fig. 3 support this by showing that HMP in high housing
dependency are more likely to be a normal distribution with zero mean value.
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