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Monetary Stimulus amidst the Infrastructure
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ABSTRACT

We study how a fiscal expansion via infrastructure investment influences the dy-
namic impacts of monetary stimulus on credit allocation. We develop a two-stage
approach and apply it to the Chinese economy with a confidential loan-level data set
that covers all sectors. We find that infrastructure investment significantly weakened
monetary policy’s transmission to credit allocated to private firms, while reinforcing
the monetary effects on loans to state-owned firms. This fiscal-monetary interaction
channel is key to understanding the preferential credit access enjoyed by state-owned
firms during the stimulus period. Consequently, monetary stimulus crowded out pri-
vate investment and decreased capital allocation efficiency.

DURING ECONOMIC DOWNTURNS SUCH AS the 2008 global financial crisis
and the 2020 COVID-19 pandemic, central banks around the world (Federal
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Reserve System, European Central Bank, Bank of Japan, and People’s Bank of
China [PBC]) initiated massive monetary stimulus by injecting significant liq-
uidity in the banking system to bolster bank credit to firms and thereby rescue
their sagging economies. At the same time, these countries conducted signif-
icant fiscal expansion in an effort to boost domestic demand. Because a large
fiscal expansion is often accompanied by a “tsunami of bank credit expansion”
(Brunnermeier, Sockin, and Xiong (2017), Leeper (2019)) and expansionary fis-
cal policy can be used to target bank credit to specific sectors (Bleck and Liu
(2018), Chari, Dovis, and Kehoe (2020)), there arise the questions of how to
empirically separate the effect of monetary stimulus on the banking system
from that of fiscal expansion and whether these two effects complement or
substitute for each other. These questions are of central importance both in
the macro-finance literature and in policy decision.

In this paper, we address these questions from the perspective of China, the
second largest economy in the world, by exploiting a confidential data set of
loans newly issued by the 17 largest Chinese commercial banks to individual
firms across all sectors in the economy from 2007 to 2013. Like many other
countries, China suffered a severe economic downturn during the 2008 global
financial crisis. Growth of China’s real gross domestic product (GDP) plum-
meted from 13.6% in 2007Q2 to 6.4% in 2009Q1 (top chart of Figure 1).

In an attempt to stem the sharp decline of aggregate output, the PBC pur-
sued extraordinarily expansionary monetary policy, increasing the M2 money
supply by 4.2 trillion RMB in 2009Q1 alone and by a total of 11.5 trillion RMB
during the period from 2009Q1 to 2009Q3 period. Accordingly, the growth rate
of total bank loans rose to more than 25% during the same period (bottom
chart of Figure 1). Meanwhile, the State Council announced an expansionary
fiscal plan for the country in November 2008. In particular, the government
prioritized infrastructure investment as an effective fiscal tool for stimulating
the overall economy.1 In contrast to moderate growth of investment in other
sectors, the growth rate of infrastructure investment increased to more than
30% in 2009 Figure 2).

Such a monetary-fiscal policy interaction makes China an ideal case study
to gain a general perspective of how fiscal expansion through infrastructure
investment impacts how the monetary stimulus affects the banking system
and the real economy.

Assessing this interaction effect faces a major empirical hurdle: one must
identify the portion of infrastructure investment that is not influenced by
monetary policy shocks. A failure to purge infrastructure investment of the
influence of monetary shocks would result in biased estimates of the effects
of monetary stimulus on its own and its interaction with fiscal expansion. To
correct for the endogeneity bias, we develop a two-stage empirical framework.
In the first stage, we build a dynamic macroeconomic model to disentangle

1 Fiscal policy plays an important role in public investment in general for many economies
(Leeper, Walker, and Yang (2010)) and in infrastructure investment in particular for the Chinese
economy (Xiong (2019)). Recently, the U.S.’s $1.2 trillion Infrastructure Investment and Jobs Act
has become a major component of the U.S. fiscal expansion.
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Figure 1. The time series of annual growth rates of GDP, M2, and bank lending. The
shaded bars indicate the monetary stimulus period of 2009Q1 to 2009Q3. (Color figure can be
viewed at wileyonlinelibrary.com)

exogenous monetary policy changes from other aggregate shocks in a mul-
tiequation system. This multiequation macroeconomic model enables one to
first identify the portion of infrastructure investment driven by monetary
policy shocks and then extract a time series of infrastructure investment
absent these shocks.2 In the second stage, we apply a dynamic panel model
to our unique loan-level data and estimate the effects of monetary stimulus
and its interaction with infrastructure investment on bank lending. We show
that without the first stage, the estimated effect of monetary policy shocks
when interacted with infrastructure investment would be biased severely
downward. To our knowledge, this is a new methodological contribution to the
macro-finance literature. This framework can be applied to general questions
related to the effects of the interaction between monetary and fiscal policies
on both the banking system and the real economy.

2 Our identified monetary policy shocks are shown to be exogenous to nonmonetary shocks that
drive infrastructure investment.

https://onlinelibrary.wiley.com
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Figure 2. Real investment in various sectors. All series are deflated by the GDP deflator.
The shaded bar indicates the monetary stimulus period of 2009Q1 to 2009Q3. (Color figure can be
viewed at wileyonlinelibrary.com)

Using this empirical framework, we study how credit is allocated be-
tween China’s state-owned enterprises (SOEs) and non-SOEs in response to
monetary stimulus.3 Cong et al. (2019) demonstrate that an increase in bank
credit supply during the economic stimulus period favored SOEs because of
implicit government guarantees on loans to SOEs. Their study focuses on the
overall effect of a credit expansion on loans to SOEs versus non-SOEs without
distinguishing whether an increase in the credit supply was due to mone-
tary policy itself or to the interaction of fiscal expansion and the monetary
stimulus. An increase in infrastructure investment was a major part of the
fiscal expansion, and the government offered explicit guarantees on loans to
SOEs in the infrastructure sector. Ru (2018) and Xiong (2019) highlight pos-
sible spillovers of infrastructure investment to the Chinese economy. Huang,
Pagano, and Panizza (2020) find that while local government debt helped
SOEs (e.g., local government financing vehicles [LGFVs]) obtain bank loans, it
crowded out bank credit to private firms and therefore private investment in

3 The SOEs are either firms registered as SOEs or firms with the state as the controlling share-
holder or the ultimate controller. See Section II.A for details. The literature on the Chinese econ-
omy has focused on studying how credit and capital are allocated between SOEs and non-SOEs
(see, e.g., Hsieh and Klenow (2009) and Song, Storesletten, and Zilibotti (2011)).

https://onlinelibrary.wiley.com
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the manufacturing sector. However, whether preferential credit treatment for
SOEs was an outcome of the effects of monetary stimulus alone or the fiscal
expansion interacted with the monetary expansion remains an open question.

The goal of this paper is twofold: (i) decompose the overall effect of mon-
etary stimulus on credit allocation into two components: the fiscal-monetary
interaction effect (interactive effect) and the monetary effect absent the fiscal
expansion (pure effect), and (ii) assess the critical role of the fiscal-monetary
interaction channel in the overall effect of the transmission of monetary pol-
icy to credit allocation between SOEs and non-SOEs. Our two-stage empirical
framework provides a tool to identify the fiscal-monetary interaction channel.
Consistent with prior literature, we find that the overall effect of monetary
stimulus on credit allocation favored SOEs. What is new in our paper is to show
that the fiscal-monetary interaction channel is key to understanding the over-
all effect of monetary policy on preferential credit to SOEs during the stimulus
period. Through this channel, infrastructure investment enhanced the trans-
mission of monetary policy to bank loans allocated to SOEs, but dampened
that transmission to loans allocated to non-SOEs during the stimulus period.
By contrast, the 2009 monetary stimulus absent this fiscal expansion did not
expand bank loans in favor of SOEs.

Given that the fiscal expansion targeted infrastructure projects, a natural
question that arises is how the fiscal expansion affected the transmission of
monetary policy to credit allocated to SOEs versus non-SOEs in the infras-
tructure sector itself as well as in other sectors. We find that while the fiscal
expansion enhanced the monetary transmission to the infrastructure sector,4

it had a negative spillover effect on bank loans allocated to other sectors, espe-
cially to non-SOEs in those sectors. Our estimated interactive effects on bank
credit to SOEs in the infrastructure sector are almost twice as large as those
in the entire economy, suggesting that the crowding in effect of fiscal expan-
sion on loans to SOEs in the entire economy stems largely from that effect on
loans to SOEs in the infrastructure sector. At the same time, the fiscal expan-
sion via infrastructure investment crowded out loans to non-SOEs, but not to
SOEs, in other sectors. For example, the estimated positive effects of monetary
stimulus on credit to non-SOEs in real estate are reduced by about 50%. Our
findings suggest that the crowding out effects on non-SOEs stem from those in
noninfrastructure sectors.

During the economic stimulus period, fiscal policy targeted certain regions,
particularly the western region. To examine whether our estimated effects of
monetary stimulus may be confounded by these regional effects, we consider
three different specifications for robustness analysis: (i) we construct firm-
specific shocks to credit supply engendered by monetary policy and replace
aggregate monetary shocks in the regression with these firm-specific mone-
tary shocks; (ii) we include regional fixed effects in the regression to control for
possible regional effects; and (iii) we reestimate the regression with a subsam-
ple of firms in regions not explicitly targeted by fiscal policy. Our main findings

4 We follow the literature and define the infrastructure sector as a sector that includes four
one-digit industries (see Section I.C for details).
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are robust to these different specifications. In particular, a fiscal expansion
dampens the monetary transmission to loans to non-SOEs in noninfrastruc-
ture sectors, while enhancing the transmission to infrastructure SOEs.

By modifying the two-sector model of Bleck and Liu (2018) to study the fiscal-
monetary interaction effect, we provide a theoretical explanation of how infras-
tructure investment dampens the monetary transmission to bank loans allo-
cated to non-SOEs in sectors other than infrastructure while enhancing loans
extended to the infrastructure sector. Through an increase in government-
guaranteed loans to infrastructure projects, a large fiscal expansion via in-
frastructure investment raises the projects’ collateral values, which, in turn,
increases the debt capacity of infrastructure firms. This credit expansion helps
boost infrastructure investment, which further increases the collateral value of
an infrastructure project. Such a positive feedback loop between bank lending
and collateral value amplifies an increase in bank credit to infrastructure firms
when monetary stimulus expands bank credit. At the same time, the increase
in credit to infrastructure firms raises the cost of funds for firms, especially
non-SOEs, in other sectors, and thus, bank loans to non-SOEs in sectors other
than infrastructure decline.

Absent the fiscal expansion via infrastructure investment, we find that the
pure impacts of the 2009 monetary stimulus on credit allocation favored SOEs
in the manufacturing sector but not in the entire economy. One plausible expla-
nation for this difference is preferential credit to capital-intensive (CI) firms,
as physical capital is often used as collateral for bank credit. Based on China’s
institutional facts, SOEs in manufacturing are more likely to be CI than man-
ufacturing non-SOEs; in other sectors such as infrastructure and real estate,
capital intensity of SOEs is not necessarily higher than that of non-SOEs. Con-
sistent with this explanation, we find that conditional on ownership type, the
amount of bank lending depends positively on the ratio of a firm’s capital to its
employment for both manufacturing and the entire economy.

In the last part of the paper, we examine how monetary stimulus was
transmitted to the real economy through bank lending. We first estimate
the elasticity of capital investment to bank credit by merging the publicly
available Chinese Stock Market & Accounting Research (CSMAR) database
(containing business investment information) and our banking database (con-
taining firm-quarter loan information). We then provide a back-of-envelope
calculation of the response of investment to the 2009 monetary stimulus by
taking into account both the estimated elasticity of investment to bank credit
and the estimated elasticity of bank credit to the 2009 monetary stimulus. For
the Chinese economy as a whole, we find that the 2009 monetary stimulus
absent the fiscal expansion generated higher investment of non-SOEs. In-
frastructure spending, however, dampened the monetary effect on investment
of non-SOEs while amplifying the monetary effect on investment of SOEs.
Consequently, the overall response of SOEs’ investment to the 2009 monetary
stimulus was larger than that of non-SOEs’ investment. The fiscal-monetary
interaction channel therefore is the key to understanding the economy-wide
impacts of the 2009 monetary stimulus on the allocation of both credit and
capital from non-SOEs to SOEs.
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Our paper is related to the empirical literature on China’s post-2008 eco-
nomic stimulus plan. The empirical methodology employed by existing studies
(see, e.g., Cong et al. (2019), Huang, Pagano, and Panizza (2020)) identifies
local credit shocks without identifying macroeconomic policies that underlie
increases in the credit supply. Our approach is designed to disentangle mone-
tary policy from fiscal expansion via infrastructure investment (the two major
components of the 2009 economic stimulus package). With this separation, one
is able to identify the fiscal-monetary interaction channel for the overall ef-
fect of monetary stimulus on credit allocation. By extending the sample to the
entire economy, we establish that infrastructure investment played a central
role in the transmission of monetary policy to credit allocation from non-SOEs
to SOEs.

Although we use China as a case study for developing our two-stage ap-
proach, the approach itself provides a general framework for identifying non-
monetary components that exert significant impacts on the transmission of
monetary policy. For instance, how a fiscal expansion such as the recent U.S.
infrastructure investment plan would influence the effects of the Federal Re-
serve’s massive monetary stimulus on U.S. private or small firms in the af-
termath of the COVID-19 pandemic is a relevant application. A major chal-
lenge to studying such an application is that issuance of Treasury securities
to finance large government spending during and after this crisis responded
endogenously to the Federal Reserve’s interest rate policy. To address this en-
dogeneity issue, one can first identify monetary and fiscal policies and then
isolate the component of government spending that is driven by fiscal shocks
in the first stage.5 In the second stage, one can then assess how this isolated
fiscal component affects the transmission of monetary policy to the credit mar-
ket. The generality of our empirical strategy is an important contribution of
the paper.

The question of how a fiscal expansion influences the transmission of mon-
etary policy to credit allocation to private firms is also relevant to other
economies as well. Although we discuss bank credit to SOEs in the context
of China, the policy effect on credit allocation in favor of firms that enjoy
the government’s implicit or explicit guarantee is of general interest. In the
United States, for instance, massive monetary stimulus (quantitative easing)
after the 2008 global financial crisis targeted mortgage loans guaranteed by
government-sponsored enterprises (Di Maggio, Kermani, and Palmer (2020)).
As Besley (2009) notes, “it is possible for central banks to distort the allocation
of credit, causing excess credit creation in some areas. Thus, it is important to
consider the sectoral credit impact as well as the aggregate effects.”

In addition to the literature discussed above, our paper relates to two other
strands of the literature. The first studies the impacts of unconventional

5 The vector autoregressive (VAR) system in our first stage needs to be structured differently
and on a case-by-case basis. A recent paper by Caldara and Kamps (2017) discusses the difficulty
of identifying U.S. fiscal policy and offers a solution within the structural VAR framework with
nonfiscal instruments such as monetary policy shocks.
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monetary policy on bank lending.6 By “unconventional,” we refer to monetary
stimulus through an increase in money supply or liquidity injection instead of
a reduction in interest rates. Most of these studies examine the impacts of the
Federal Reserve’s large-scale asset purchases (LSAPs) on the financial mar-
ket or the credit market during and after the 2008 financial crisis, and find
that increases in bank credit in response to massive monetary stimulus were
disproportionate across different types of firms or loans. The other strand of
literature studies the effectiveness of infrastructure investment in the 2009
American Recovery and Reinvestment Act with mixed findings.7 Our paper
complements these strands of literature by focusing on whether infrastructure
investment undermines or enhances the effectiveness of monetary policy in
channeling bank loans to business investment of private firms, a perspective
largely overlooked by the existing literature.

Our finding of positive (negative) impacts of infrastructure investment on
the transmission of monetary policy to SOE loans (loans to private firms) has
broad implications, as similar effects of infrastructure investment may apply to
other economies in which some firms enjoy the government’s implicit guaran-
tee on loans associated with government-sponsored projects, while many oth-
ers do not. As Ramey (2013) notes, “[o]ne of the ways that government pur-
chases may stimulate the economy is that it allows firms (with government
contracts) easier access to credit. A key question, though, is whether this credit
demand is crowding out loans for other private companies that do not have
contracts with the government.” Although SOEs are specific to China, firms
that have explicit or implicit government guarantees on their borrowings are
prevalent in many other economies.

The rest of the paper is organized as follows. Section I describes institu-
tional facts relevant to our empirical studies. Section II describes the data we
use in our estimation and provides key summary statistics. Section III devel-
ops a two-stage dynamic empirical framework that comprises both macro- and
micromodels. The estimated elasticities and dynamic impacts of the 2009 mon-
etary stimulus on credit allocation are discussed in Section IV. Section V ex-
plores other issues related to monetary stimulus. Section VI addresses the im-
portance of the fiscal-monetary interaction channel in transmitting monetary
expansion to business investment via bank lending. Section VII concludes.

I. Institutional Background

A. Monetary and Fiscal Policies Prior to 2009

Prior to 1994, China’s monetary policy was under inordinate influence of
its fiscal authority. Fiscal deficits were financed primarily by the central
bank. At the end of 1993, the Chinese government announced its decision to

6 See, for example, Foley-Fisher, Ramcharan, and Yu (2016), Kandrac and Schlusche (2017),
Rodnyansky and Darmouni (2017), Acharya et al. (2019), Cloyne, Ferreira, and Surico (2020), and
Chakraborty, Goldstein, and MacKinlay (2020).

7 See, among others, Wilson (2012), Feyrer and Sacerdote (2012), Leduc and Wilson (2013),
Conley and Dupor (2013), Leduc and Wilson (2017), Ramey (2019), and Garin (2019).
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decouple monetary policy from fiscal policy completely. On December 25, 1993,
the State Council issued the well-known No. 19 notice “Decision of the State
Council on Reform of the Financial System.” This notice stated the twofold goal
of the financial reform. At the macro level, the central bank was to establish
a regulatory system that was independent of control by the fiscal authority
and allowed the monetary authority to implement its policy separate from the
influence of the fiscal authority. At the micro level, a financial system was es-
tablished to separate commercial banks’ lending business from direct lending
from the government through its own policy banks. This separation allowed
commercial banks to make loans based on their own profitability.

The People’s Bank of China Law enacted in 1995 explicitly forbade the PBC
from lending directly to local governments, nonbanking firms, or individuals,
as well as from providing loan guarantees to these entities. To strengthen
separation of monetary policy from fiscal policy, the PBC was not allowed to
purchase government bonds issued by the Ministry of Finance or to finance
local government debts. Prior to 2009, moreover, local governments were re-
strained from tapping loans from commercial banks to finance infrastructure
investment.

China’s monetary policy has been quantity-based until recently. Unlike mon-
etary policy in the United States or other developed countries, the PBC did
not target an interest rate but rather growth of M2 supply set by the State
Council and officially announced by the People’s Congress each year. For insti-
tutional details regarding how the PBC used various tools to keep its targeted
M2 growth rate on track, see Chen, Ren, and Zha (2018).

B. China’s Stimulus Package in 2009

In response to the 2008 global financial crisis, China implemented a series of
stimulus measures to support the government’s four trillion RMB investment
plan. Although the media focused attention on the initial four trillion figure it-
self, actual stimulus measures comprised a combination of fiscal expansion in
the form of various projects and a regime switch in monetary policy to massive
injections of liquidity into the banking system.8

The investment plan announced by Premier Wen Jiabao on November 5,
2008, was to fund a number of investment projects totaling four trillion RMB
(the equivalent of 586 billion USD). The plan targeted seven key areas of in-
vestment, with the most important area being infrastructure. Investment in
infrastructure was funded by 1.87 trillion RMB, which accounted for 46.8% of
all investment funding in the stimulus package.9 The infrastructure spend-
ing included 1.5 trillion RMB for transport and power infrastructure such as
railways, roads, airports, water conservation, and urban power grids, and 0.37

8 The other stimulus measures included tax cuts and SOE bailouts (Wong (2011)).
9 The remaining investment funding included 1 trillion RMB for earthquake reconstruction,

0.40 trillion RMB for affordable housing, 0.15 trillion RMB for health and education, and 0.58
trillion RMB for environment protection and technological innovations.
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trillion RMB for rural village infrastructure. In the 2009 Report on the Work of
Government (RWG), infrastructure investment was given priority for the pur-
pose of boosting domestic demand and sustaining GDP growth.10 By contrast,
the American Recovery and Reinvestment Act passed in February 2009 autho-
rized only 70 billion out of the 800 billion USD stimulus package to finance
investment in infrastructure and transportation (Boehm (2020)).

Infrastructure projects in China played a shovel-ready role in speedy imple-
mentation of the government’s fiscal stimulus plan. According to the announce-
ment by the Ministry of Finance, 44.4% of the central government’s planned
908 billion RMB public investment for 2009 was already completed by April 1
of that year, most of which was allocated to infrastructure projects. Although
the original stimulus plan was to allocate all funding over 27 months from
the fourth quarter of 2008 through 2010, a majority of infrastructure funding
was spent by the end of 2009. As can be seen from Figure 2, the year-over-
year growth rate of real infrastructure investment in the first three quarters
of 2009 reached as high as 36%. Most of infrastructure investment was initi-
ated by local governments. All infrastructure firms, SOEs and non-SOEs, were
encouraged by the central government to actively participate in infrastructure
projects (see Section I.C for detailed discussions).

Although the real estate sector was not part of the post-2008 investment
plan, the central government changed various policies in favor of real estate
at the end of 2008 and in 2009. In October 2008, for example, the government
reduced the minimum mortgage interest rate to 70% of the benchmark interest
rate and the downpayment ratio for a second home to 30% of the purchase
price. According to the State Council’s No. 27 notice issued in May 2009, the
minimum ratio of capital to assets for real estate developers was reduced to
20%.

Another key component of the stimulus package was monetary stimulus. The
State Council’s 2009 RWG planned an extraordinary increase in M2 to provide
ample liquidity to the banking system. As a result, monetary policy switched to
an unprecedentedly accommodative regime with year-over-year growth of M2
reaching over 25% by the end of 2009 (Figure 1). In December 2008, the State
Council issued a decree that called on commercial banks to increase lending
to key nonfinancial sectors such as infrastructure and encouraged commercial
banks to provide credit support for “sound enterprises that faced temporary fi-
nancial difficulties.”11 With the banking system saturated with M2 liquidity in
2009, the PBC and the China Banking Regulatory Commission (CBRC) jointly
issued a notice in March 2009 that called on commercial banks to provide credit
support for qualified large-scale central government investment projects by ad-
justing their loan compositions.12

10 For details on the State Council’s 2009 RWG, see http://www.gov.cn/test/2009-03/16/content_
1260221_2.htm.

11 For official details, see http://www.csrc.gov.cn/pub/shenzhen/xxfw/tzzsyd/ssgs/zh/zhxx/201409/
t20140918_260555.htm.

12 See http://www.gov.cn/gongbao/content/2009/content_1336375.htm.

http://www.gov.cn/test/2009-03/16/content_1260221_2.htm
http://www.gov.cn/test/2009-03/16/content_1260221_2.htm
http://www.csrc.gov.cn/pub/shenzhen/xxfw/tzzsyd/ssgs/zh/zhxx/201409/t20140918_260555.htm
http://www.csrc.gov.cn/pub/shenzhen/xxfw/tzzsyd/ssgs/zh/zhxx/201409/t20140918_260555.htm
http://www.gov.cn/gongbao/content/2009/content_1336375.htm
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Commercial banks responded to this notice swiftly. For instance, the Indus-
trial and Commercial Bank of China, one of the five largest state banks in
China, stated in its 2009 Annual Report that “The bank accelerated adjust-
ment of its credit policies and promoted production innovations by increasing
credit support to major customers in infrastructure areas and disbursements
of loans for medium-term to long-term quality projects that are in line with the
orientation of the state policy of boosting domestic demand.” As a result, newly
issued bank loans reached 9.6 trillion RMB in 2009, of which 7.1 trillion RMB
was allocated to the public sector.

C. Funding Sources of Infrastructure Investment

The central government was committed to funding 29.5% of the four tril-
lion RMB investment plan (1.18 trillion RMB), and over 80% of this financial
commitment from the central government was planned for the year 2009. Ac-
cording to the 2009 RWG, the central government budget deficit of 750 billion
RMB in 2009, 570 billion RMB more than the 2008 budget deficit, was to be
financed by issuing government bonds. The remaining 2.82 trillion RMB in
the investment plan was to be funded by local government budgets, corporate
bonds, private funds, and bank loans. This financing arrangement was in con-
trast to the stimulus program in the United States, which was funded largely
through federal government debt. Under the 1994 Budget Law (i.e., the “Old
Budget Law” that was in effect until January 1, 2015), however, a local gov-
ernment in China was prohibited from borrowing from commercial banks or
issuing municipal bonds. To meet the funding needs of local governments for
implementing the investment plan, the central government issued additional
government bonds in the amount of 200 billion RMB for local governments
that participated in the investment plan. The total central government deficit
was planned to be 3% of GDP (950 billion RMB).

Most of the literature on China focuses exclusively on the manufacturing
sector. However, since the infrastructure sector received disproportionately
more bank loans for investment projects than did any other sector during
the stimulus period, it is necessary to conduct empirical analysis beyond the
manufacturing sector. We follow the Industrial Classification for National
Economic Activities, National Industrial Classification (NIC) for short, for
our sectoral classification. This classification is maintained by the National
Bureau of Statistics of China (NBS).13 For example, the manufacturing sector
is classified by NIC code C and the real estate sector by NIC code K.

The most important sector during the stimulus period was infrastructure.
According to the existing literature (Jin (2012), Jin (2016), Wu, Feng, and
Wang (2016)), the infrastructure sector is composed of (1) production and sup-
ply of electricity, gas, and water (NIC code D); (2) transportation, storage, and

13 See http://www.stats.gov.cn/tjsj/tjbz/hyflbz/201905/P020190716349644060705.pdf. Table IA.I
in Internet Appendix IA.A provides a mapping between our classified sectors and NBS’s one-digit
sectors. The Internet Appendix is available in the online version of this article on The Journal of
Finance website.

http://www.stats.gov.cn/tjsj/tjbz/hyflbz/201905/P020190716349644060705.pdf
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postal service (NIC code G); (3) management of water, conservancy, environ-
ment, and public facilities (NIC code I); and (4) information transmission, com-
puter services, and software (NIC code N). The manufacturing sector—NIC
code C—contains subindustries related to the manufacture of railway, ship-
ping, aerospace, and other transportation equipment (NIC code C37). The in-
frastructure sector does not include these manufacturing subindustries or con-
struction of railways, roads, and airports (NIC code E48), but rather include
transportation subindustries such as railway transportation (NIC code G53),
highway transportation (NIC code G54), water transportation (NIC code G55),
and aviation transportation (NIC code G56).

The classification of the infrastructure sector by NIC codes D, G, I, and N is
consistent with industries targeted by the fiscal plan for the government’s four
trillion RMB investment and funded by commercial banks as reported by the
PBC. The largest part (1.5 trillion RMB) of the four trillion RMB investment
plan was for transportation industries (NIC codes G53–G56), not for manufac-
turing or construction industries (NIC codes C37 and E48).14 This fiscal plan
was supported by the expansion of bank credit to these industries. According
to our loan-level data, bank loans newly issued to transportation industries
(NIC codes G53–G56) amounted to 1.43 trillion RMB in 2009, while those to
manufacturing and construction industries (NIC codes C37 and E48) were less
than 680 billion RMB. Moreover, the PBC’s official statistics (China Regional
Financial Operation Report) reported that medium-term and long-term bank
loans newly issued to infrastructure industries equaled 2.5 trillion RMB in
2009.15 This amount is corroborated by our data set from the 17 largest com-
mercial banks: newly issued loans for infrastructure industries increased to
2.14 trillion RMB in 2009.

II. Data Description and Summary Statistics

In this section, we describe the loan- and firm-level database used for our
empirical work and provide summary statistics for both macro- and microdata.

A. Data Description

Our loan-level database covers all newly issued bank loans to borrowers
with an annual credit line over 50 million RMB (approximately 8 million USD)
from January 2007 to June 2013. The coverage is comprehensive across sectors
throughout the economy.16 It consists of over 7 million individual loan con-
tracts granted by the 17 largest Chinese banks to more than 160,000 unique
firms with a specific identifier (i.e., the nine-digit corporate organization code).

14 See http://www.gov.cn/gzdt/2009-03/06/content_1252229.htm.
15 See http://www.gov.cn/gzdt/2010-06/08/content_1623341.htmand http://www.gov.cn/gzdt/

2010-01/20/content_1515740.htm.
16 Total outstanding loans from our loan-level data cover at least 80% of aggregate outstanding

amount of nonfinancial corporate loans reported by the NBS.

http://www.gov.cn/gzdt/2009-03/06/content_1252229.htm
http://www.gov.cn/gzdt/2010-06/08/content_1623341.htm
http://www.gov.cn/gzdt/2010-01/20/content_1515740.htm
http://www.gov.cn/gzdt/2010-01/20/content_1515740.htm


Monetary Stimulus Amidst the Infrastructure Investment Spree 1159

The borrowers are located in all 31 provinces and autonomous regions and
over 90 two-digit industries according to the Economic Industrial Classifica-
tion Code. We sum up all individual loans for a particular firm in a given quar-
ter to construct a firm-quarter data set from 2007Q1 to 2013Q2.17

The loan variable used throughout the paper is the amount of newly issued
loans with maturity greater than three years in each firm-quarter. Most of
these loans have a maturity greater than five years for investment purposes.
Our microdata on newly issued loans with maturity greater than three years
are comparable to the aggregate time series of bank loans for fixed asset in-
vestment (FAI), which can be obtained from CEIC (a database for financial
and economic indicators). There are, however, two major differences between
the CEIC aggregate time series and the aggregate series constructed from our
loan-level data set. First, our microdata exclude bank loans to firms with an
annual credit line of less than 50 million RMB, while the CEIC macrodata in-
clude all investment loans. In this respect, the aggregated loans to infrastruc-
ture from our microdata source are less than those from the CEIC’s macrodata
source. In 2010, for example, infrastructure loans as a percent of GDP are
4.59% based on our data source and 4.75% based on the CEIC’s data source.
Second, loans for FAI based on the CEIC’s aggregate data source are calculated
as an increase in outstanding loans from the outstanding balance in the previ-
ous year, while our microdata source provides newly issued bank loans. Since
some existing loans may be retired at any given time, the loans aggregated
from the bottom-up calculation based on our microdata source can be larger
than those based on the CEIC’s aggregate data source. In 2009, for instance,
infrastructure loans as a percent of GDP equal 6.21% using our data source
versus only 4.73% using the CEIC’s data source.

Quarterly data on capital expenditures come from the CSMAR. This
database includes all listed firms on both the Shanghai and the Shenzhen
Stock Exchanges and contains information about bank and firm identifiers.
In the investment regression studied in Section VI, we merge our newly issued
loan data with the CSMAR firm-level investment data. To be consistent with
the bank loan regressions we estimate in the rest of the paper, the sample pe-
riod of the merged data is 2007Q1 to 2013Q2. For the lagged variables in our
investment regression, we use the CSMAR data prior to 2007Q1. When select-
ing a sample for our regressions, we remove an observation if the dependent
variable or any of the regressors is missing, or if the denominator in a ratio
variable that we construct is zero.

For both loan- and firm-level data, we categorize sample firms into two
groups: SOEs and non-SOEs. We define a firm’s ownership type according to

17 Our data do not cover shadow banking loans to firms or interbank bonds. As Chen, Ren,
and Zha (2018), Chen, He, and Liu (2020), and Amstad and He (2020) show, shadow banking and
interbank bonds were not active during the stimulus period. Since neither shadow banking nor
the interbank bond market took off until after our sample period, the main message of this paper
still holds without taking into explicit account firms’ financing via shadow banking or interbank
bond markets.
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its official registration status.18 To obtain information on a firm’s registration
type, we first merge our data with the firm-level panel data from the Chinese
Industry Census (CIC) between 1998 and 2013. The CIC database includes all
SOEs and non-SOEs with gross sales exceeding five million RMB (the cutoff
standard was increased to 20 million RMB in 2011) in the industrial sector
(i.e., manufacturing, mining, and utilities). We use firms’ registration informa-
tion from the CIC database to identify the registration type of a firm belonging
to the industrial sector.

Although the CIC database has comprehensive coverage of China’s indus-
trial firms, it does not cover firms outside the industrial sector. To obtain the
registration information of nonindustrial sectors, we supplement our data with
the information provided by two additional data sources. First, we use 2008
National Economic Census data to identify a nonindustrial firm’s ownership
type. Second, for those firms with missing information on ownership type in
the census data, we manually search for the firm’s registration type in the
National Enterprise Credit Information Publicity System (NECIPS). The in-
formation provided by the 2008 National Economic Census and the NECIPS
enables us to determine whether an unlisted firm is an SOE. For listed firms, in
addition to the merged information, we also use the ultimate controller infor-
mation. Taken together, a listed firm is an SOE if the firm’s ultimate controller
is the central government or a local government, or if the firm’s registration
type equals “110” (i.e., state-controlled enterprises) or “151” (i.e., solely SOEs).

B. Summary Statistics

The top panel of Figure 3 displays the ratio of aggregated newly issued bank
loans to GDP. This ratio averaged 5.65% over the 2007 to 2008 period. During
the 2009 monetary stimulus, it increased sharply to 17.24% in 2009Q2 before
declining thereafter.

The increase in newly issued loans was concentrated in the first three quar-
ters of 2009, a period identified by Chen, Ren, and Zha (2018) as monetary
stimulus. The bottom panel of Figure 3 displays the net increase in the ratio
of newly issued bank loans to GDP for both the aggregate economy and the in-
frastructure sector relative to their 2007Q1 to 2008Q4 average levels. For the
aggregate economy, the net quarterly increase in newly issued loans from the
2007Q1 to 2008Q4 average level was, on average, 9.07% (3.76%) of GDP dur-
ing 2009Q1 to 2009Q3 (2009Q4 to 2010Q4), with a peak value of almost 12%
of GDP in 2009Q2. Thus, the net increase in total newly issued loans during
2009Q1 to 2010Q4 was 4.97 trillion RMB, consistent with the Chinese govern-
ment’s original four trillion RMB investment plan. The net quarterly increase
in newly originated bank loans for infrastructure followed a similar pattern
during the stimulus period, peaking at 6% of GDP in 2009Q2 relative to the

18 See also Brandt, Van Biesebroeck, and Zhang (2012), Yu (2015), Ma, Qiao, and Xu (2015),
Wang and Wang (2015), Bai, Lu, and Tian (2016), Berkowitz, Ma, and Nishioka (2017), and Wu
(2018) for using information about a firm’s registration type to define SOE.
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Figure 3. Newly originated bank loans as a percent of GDP. The top panel depicts all newly
issued loans as a percent of GDP. The bottom panel displays the increase of loan volumes (as a
percent of GDP) from the average level over 2007Q1 to 2008Q4. Each time series is aggregated
up from the loan-level data. The shaded bars indicate the monetary stimulus period of 2009Q1 to
2009Q3. (Color figure can be viewed at wileyonlinelibrary.com)

2007Q1 to 2008Q4 average level. From 2009Q1 to 2010Q4, the net increase
in bank loans allocated to infrastructure from the 2007Q1 to 2008Q4 average
level was 2.28 trillion RMB or 45.9% (2.28/4.97) of the total net increase in
bank loans to the entire economy, consistent with the share of infrastructure
investment in the four trillion RMB investment plan.19

Figure 4 displays the net increase in bank loans (as a percent of GDP) newly
issued to all firms and to SOEs from the 2007 to 2008 average level for the
Chinese economy and its key sectors.

19 Figure IA.1 in Internet Appendix IA.B displays the share of newly issued bank loans in major
sectors such as manufacturing and infrastructure. Clearly, loans to the infrastructure sector were
largest among all bank loans during the stimulus period, contributing to between 40% and 50%
of all newly issued loans for most years in 2007 to 2013. Only 20% to 27% of total loans were
allocated to manufacturing, with 10% to 20% allocated to real estate and 12% to 21% to the rest of
the economy.

https://onlinelibrary.wiley.com
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Figure 4. Newly originated bank loans to all firms and to SOEs as a percent of GDP in
the economy and key sectors. The time series is aggregated up from the firm-quarter data for
each subplot. Each loan value (as a percent of GDP) is an increase from an average loan value in
2007Q1 to 2008Q4. The shaded bars indicate the monetary stimulus period of 2009Q1 to 2009Q3.
(Color figure can be viewed at wileyonlinelibrary.com)

Infrastructure accounted for about 50% of the net increase in total newly
originated loans. By contrast, manufacturing accounted for 18% of the net in-
crease in newly originated bank loans, and real estate 12%. The increase in
SOE loans relative to total loans was unevenly distributed across sectors. The
largest increase in SOE loans occurred in the infrastructure sector, reflecting
the government encouraging commercial banks to finance investment projects
in this sector during the 2009 stimulus period.

Table I provides summary statistics for our firm-quarter loan sample (see
Internet Appendix IA.A for detailed definitions of variables).

Both the mean and median of newly issued bank loans for the entire
economy are considerably higher than those for manufacturing. The mean
and median assets for an average economy-wide firm, however, are lower
than those for an average manufacturing firm, revealing that the average
economy-wide firm is more leveraged than the average manufacturing firm.
For instance, the average loan size is 143.71 million RMB for an average
economy-wide firm with 3,438.37 million RMB assets, in comparison to 121.68

https://onlinelibrary.wiley.com
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Table I
Loan Size and Firm-Specific Characteristics for All Firms in the

Firm-Quarter Loan Data
This table reports statistical summaries of the quarterly average of each listed variable for each
firm over the sample period. “NPL” is nonperforming loans as a fraction of total loans, “Guarantee”
is a fraction of total loans guaranteed by third-parties, “Std. dev.” is standard deviation, “P25” is
the 25th percentile, and “P75” is the 75th percentile. Loan size is in million RMB. Assets are total
assets in million RMB. Leverage is expressed as a ratio of total liabilities to total assets.

Mean Median Std. Dev. P25 P75

The Entire Economy
Loan size 143.71 74.90 275.16 30.00 183.34
Assets 3,438.37 914.43 5,974.40 335.30 3,077.50
Leverage 61.43% 59.97% 26.14% 44.42% 75.06%
NPL 0.42% 0.00% 5.98% 0.00% 0.00%
Guarantee 32.26% 2.90% 40.18% 0.00% 69.62%

Infrastructure
Loan size 196.94 99.00 398.67 40.00 200.00
Assets 4,367.05 1,316.57 6,713.50 391.73 4,602.29
Leverage 66.14% 64.97% 26.75% 49.28% 79.77%
NPL 0.70% 0.00% 7.71% 0.00% 0.00%
Guarantee 29.89% 1.06% 39.26% 0.00% 61.53%

Manufacturing
Loan size 121.68 60.00 193.19 30.00 150.00
Assets 3,821.78 970.00 6,463.82 331.00 3,497.68
Leverage 61.42% 59.77% 24.05% 46.59% 72.52%
NPL 0.28% 0.00% 4.82% 0.00% 0.00%
Guarantee 44.65% 39.40% 41.07% 0.00% 91.41%

Real Estate
Loan size 116.96 80.00 126.52 40.00 170.00
Assets 1,920.56 698.36 3,729.43 320.85 1,702.20
Leverage 57.37% 56.12% 25.66% 40.20% 71.84%
NPL 0.18% 0.00% 3.99% 0.00% 0.00%
Guarantee 24.10% 0.00% 38.27% 0.00% 43.96%

The Remaining Economy
Loan size 102.11 57.60 146.04 25.00 131.25
Assets 2,575.59 697.03 5,010.70 291.12 1,991.46
Leverage 56.62% 54.15% 26.47% 38.40% 70.77%
NPL 0.31% 0.00% 5.08% 0.00% 0.00%
Guarantee 27.56% 0.00% 38.69% 0.00% 55.19%

million RMB for an average manufacturing firm with 3821.78 million RMB
assets. The guaranteed loan ratio for an average economy-wide firm is lower
than that for an average manufacturing firm. In particular, the median guar-
anteed loan ratio for an economy-wide firm is only 2.90%, compared to 39.40%
for a manufacturing firm.

A comparison of summary statistics shows significant heterogeneity across
major sectors. The median value of a guaranteed fraction of loans for manu-
facturing firms is over 39%, while the median value is close to zero for firms in
other sectors. A loan guarantee by a third party is typically used by a borrower
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with a lack of asset pledgeability to obtain a particular loan from a bank.
Thus, a high fraction of loans guaranteed by third parties suggests that man-
ufacturing firms have more financing difficulties than firms in other sectors.
The infrastructure sector has on average the largest loan size (196.94 million
RMB), a value significantly higher than that in other sectors. The average loan
size (i.e., the loan size per firm quarter) in the manufacturing sector (121.68
million RMB) is slightly higher than that in the real estate sector (116.96 mil-
lion RMB), but the opposite is true for the median loan size (60 million RMB
versus 80 million RMB). On average, the infrastructure sector has the largest
total assets, the highest leverage ratio, and the highest nonperforming loan
ratio.

The credit spree in the infrastructure sector influences how bank credit is
allocated to non-SOEs in manufacturing as well as in other parts of the econ-
omy. Table IA.II in Internet Appendix IA.B compares the summary statistics of
non-SOEs between the infrastructure sector and the other major sectors. The
average size of newly originated loans to non-SOEs is largest in the infras-
tructure sector, with 138.83 million RMB per firm-quarter, followed by the real
estate sector. Since non-SOEs in infrastructure and real estate are more CI
than those in other sectors, these summary statistics indicate that bank loans
are more likely to be allocated to CI non-SOEs than to labor-intensive non-
SOEs. For total assets, leverage, nonperforming loans, and the loans-to-assets
ratio, non-SOEs in the infrastructure sector have the highest values, with the
differences between non-SOEs in infrastructure and other sectors statistically
significant at the 0.01 level.

Non-SOEs in sectors other than infrastructure exhibit several distinct char-
acteristics. Non-SOEs in real estate have the largest median sizes of both
bank loans and total assets, but the smallest mean size of total assets. By
contrast, the median loan size for non-SOEs in manufacturing is the smallest
in all major sectors, consistent with the fact that nearly half of bank loans re-
ceived by manufacturing non-SOEs were guaranteed by third parties. Clearly,
non-SOEs in manufacturing tend to have poorer credit than those in other
sectors.

III. The Two-Stage Dynamic Empirical Framework

In this section, we develop a two-stage empirical framework to assess the
impacts of monetary stimulus on loan allocation between SOEs and non-SOEs
and the role of infrastructure spending in monetary transmission. Our frame-
work links a dynamic panel model and a dynamic macroeconomic model. We
show that this linkage is essential for estimating the effects of aggregate policy
shocks on credit allocation at the firm level. The dynamic panel model in the
second stage requires proper controls for aggregate shocks other than mone-
tary policy changes, which are extracted by the dynamic macroeconomic model
in the first stage. We first discuss the dynamic panel model, which constitutes
the core of our empirical framework. We then turn to the dynamic macroeco-
nomic model in the first stage.



Monetary Stimulus Amidst the Infrastructure Investment Spree 1165

A. The Dynamic Panel Model in the Second Stage

In this section, we first propose a quarterly panel regression based on our
firm-quarter loan data. We then discuss the endogeneity issue that our two-
stage approach is designed to address.

A.1. The Quarterly Panel Regression

We begin with the key right-hand variables used in the dynamic panel re-
gression. We denote an exogenous monetary policy change by εm,t , whose con-
struction is discussed in Section III.B.1, and quarterly growth of infrastruc-
ture investment by ginfra,t . An individual firm’s loan amount, bi, j,t , is affected
by both infrastructure investment growth ginfra,t and monetary policy shock
εm,t . Because the fluctuation in infrastructure investment is driven in part by
monetary policy shocks, we need to remove the effects of these shocks on in-
frastructure investment in the first stage of our analysis. This separation is
necessary to assess how infrastructure investment interacts with monetary
stimulus on loan allocation to an individual firm (bi, j,t).

We denote quarterly growth of infrastructure investment absent monetary
policy shocks by go

infra,t . In Section III.B.2, we analyze the first stage of our
empirical framework and show how to use a structural macroeconomic model
to extract go

infra,t from ginfra,t . After we separate the monetary effects from other
effects in the first stage, we estimate the following quarterly dynamic panel
regression for the jth type of firm,

bi, j,t = ci, j + ρ jbi, j,t−1 +
�∑

k=0

[
bj

kgo
infra,t−kεm,t−k + d j

kεm,t−k

]

+ c j ′
χ χo

t + c j ′
z zi, j,t−1 + ηi, j,t, (1)

where j ∈ {SOEs, non-SOEs, all firms} denotes firm type, bi, j,t = Ni, j,t

Ai, j,t−1
denotes

the borrowing of individual firm i within the type- j firms at time t, measured
as newly issued bank loans (Ni, j,t) in period t to be divided by firm i’s total
assets (Ai, j,t−1) in period t − 1.20 Since a firm can borrow from multiple banks,
our firm-level estimation allows one to obtain the monetary effect on the firm’s
total credit.

The symbol χo
t denotes a vector of aggregate control variables that are driven

by nonmonetary aggregate factors,21 � is the lag length, ci, j captures firm fixed
effects, the vector zi, j,t controls for firm-specific characteristics such as the size
and leverage of a firm, and random residuals, ηi, j,t , are independent and iden-
tically distributed (iid). The firm fixed effects control for the unobserved time-
invariant firm heterogeneity (e.g., location and industry), which allows one to
explore the time variation of bank loans within the same firm.

20 We seasonally adjust both new borrowings and assets for each individual firm in the sample.
See Section I and Internet Appendix IA.A for a detailed description.

21 We discuss the construction of χo
t in Section III.B.2.
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The coefficients on interest are bj
k and d j

k. The estimate of bj
k measures the

interactive effect of monetary policy and infrastructure investment, and the
estimate of d j

k measures the pure effect of monetary stimulus absent the fiscal
expansion via infrastructure investment. The overall effect of a monetary pol-
icy shock at time t − k is therefore given by = bj

kgo
infra,t−k + d j

k. This effect mea-
sures the elasticity of bank credit to a monetary policy shock (∂ (·)/∂εm,t−k)—the
number of percentage points that bank credit will increase in response to a 1%
increase in exogenous quarterly M2 growth. When growth in infrastructure
investment, go

infra,t−k, is zero, the elasticity becomes the pure effect of mone-

tary stimulus, measured by d j
k. When growth in infrastructure investment is

nonzero, the elasticity is affected by bj
kgo

infra,t−k. The coefficient bj
k is an outcome

of second-order partial derivatives (∂2(·)/∂go
infra,t−k∂εm,t−k). It measures how a

change in go
infra,t−k affects the elasticity of bank credit to an exogenous mone-

tary policy shock εm,t−k. For example, a negative estimate of bj
k implies that an

increase in infrastructure investment reduces the overall effect of monetary
stimulus. In this case, the elasticity of bank credit to a monetary policy shock
is smaller than what is implied by the pure effect of a monetary policy shock.

In short, the pure effect captures the impact of monetary stimulus on credit
allocation absent the infrastructure spree spurred by nonmonetary factors
such as fiscal shocks. The interactive effect accounts for how infrastructure in-
vestment influences the transmission of monetary stimulus to credit allocation
among different types of firms. These two effects constitute the two channels
for monetary stimulus to affect a firm’s total credit: the monetary transmission
channel and the fiscal-monetary interaction channel.

A.2. Endogeneity Issue

A key variable in panel regression (1) is go
infra,t−k, which interacts with mon-

etary policy shocks to affect credit allocation. We now show that obtaining
go

infra,t−k, infrastructure investment growth absent monetary shocks, is neces-

sary to obtain an unbiased estimate of bj
k, the coefficient on the interaction

between go
infra,t−k and εm,t−k, in the second stage.

In estimation, if one simply uses the observed variable ginfra,t−k as a proxy
for go

infra,t−k for estimation of model (1), both gm
infra,t−k and gm

infra,t εm,t−k will enter
the regression residual and thus make the residual correlate with interaction
terms, where gm

infra,t is the growth rate of infrastructure investment driven by
monetary policy changes. To see this crucial point, consider the special case in
which � = 0. Substituting ginfra,t for go

infra,t in regression (1), we have

bi, j,t = ci, j + ρ jbi, j,t−1 + bj
0ginfra,tεm,t + d j

0εm,t + c j ′
χ χt + c j ′

z zi, j,t−1 + η̃i, j,t,

where η̃i, j,t = ηi, j,t − bj
0gm

infra,tεm,t − c j ′
χ χm

t , the aggregate control vector χt is

χt ≡ [
gỹ,t−1 πt−1 ginfra,t ginfra,t−1 · · · ginfra,t−�

]′
,
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and χm
t is the corresponding vector influenced only by monetary policy changes

(i.e., χm
t = χt − χo

t ). The presence of bj
0gm

infra,tεm,t in η̃i, j,t creates an attenuation

bias of the estimated coefficient bj
0 toward zero. The presence of c j ′

χ χm
t creates

additional downward bias if bj
0 and c j ′

χ have the same sign. In general, since
both regressors ginfra,tεm,t and εm,t are correlated with the error term η̃i, j,t , the
estimates of bj

0 and d j
0 are biased—a typical endogeneity problem.22 To resolve

this problem, we first obtain εm,t , go
infra,t , and aggregate control variables con-

tained in χo
t prior to estimation of panel regression (1). We then use these

nonmonetary aggregates in the second-stage panel regression. The next sec-
tion presents an in-depth analysis of first-stage estimation.

B. The Macroeconomic Model in the First Stage

The macro model in the first stage is a VAR model that includes both mone-
tary policy and infrastructure investment equations as well as two other equa-
tions about feedback between policies and macroeconomic conditions. We first
describe the monetary policy equation and use it to obtain exogenous monetary
policy shocks. We then discuss the subsystem for the remaining equations of
the VAR model, the identification strategy, and a decomposition of macroeco-
nomic variables into monetary and nonmonetary components. In a final sub-
section, we test two key assumptions underlying our identification strategy.

B.1. The Monetary Policy Equation

As stressed in the macro-finance literature,23 identification of exogenous
monetary policy changes is a first-order issue when assessing the effects of
monetary policy on the real economy in general and on the banking system
in particular. To obtain these exogenous changes, we use Chen, Ren, and Zha
(2018)’s regime-switching monetary policy equation as specified by

gm,t = γ0 + γmgm,t−1 + γπ (πt−1 − π∗) + γy,t
(
gy,t−1 − g∗

y,t−1

) + σm,tξm,t, (2)

where ξm,t is a serially independent random shock with the standard nor-
mal distribution, gm,t = � log Mt is quarterly growth of M2 denoted by Mt ,
πt = � log Pt is quarterly inflation measured by the consumer price index (CPI)
and denoted by Pt , π∗ is the average inflation rate targeted by the government,
gy,t = � log yt is quarterly growth of real GDP denoted by yt , and g∗

y,t = � log y∗
t

is targeted GDP quarterly growth. The time-varying coefficients take the form

22 Internet Appendix IA.C uses the infrastructure sector as an example to illustrate this endo-
geneity bias. If one were to omit the first stage and directly estimate second-stage regression (1) by
replacing go

infra,t with ginfra,t and χo
t with χt , one would erroneously conclude that fiscal expansion

of infrastructure investment would not enhance the positive effect of monetary stimulus on bank
credit to infrastructure firms (Table IA.III in Internet Appendix IA.C).

23 See, for example, Christiano, Eichenbaum, and Evans (1999), Morais et al. (2019), and Brun-
nermeier et al. (2021).
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of

γy,t =
{

γy,a if gy,t−1 − g∗
y,t−1 ≥ 0

γy,b if gy,t−1 − g∗
y,t−1 < 0

, σm,t =
{

σm,a if gy,t−1 − g∗
y,t−1 ≥ 0

σm,b if gy,t−1 − g∗
y,t−1 < 0

.

The subscript “a” stands for “above the target” and “b” for “below the target.”
From the estimates obtained by Chen, Ren, and Zha (2018) and described in
Internet Appendix IA.D.1, one can construct a measure of total exogenous mon-
etary policy changes, which consists of three components,

εm,t = εNorm
m,t + εExtra

m,t + εPolCh
m,t ,

where εNorm
m,t = σm,a ξm,t , εExtra

m,t = (σm,t − σm,a)ξm,t , and εPolCh
m,t = (γy,t −

γy,a)(gy,t−1 − g∗
y,t−1). The 2009 monetary stimulus is measured by εStim

m,t =
εExtra

m,t + εPolCh
m,t . By construction, εExtra

m,t = 0 and εPolCh
m,t = 0 for the period prior

to 2009Q1.

B.2. Subsystem of Remaining Equations

To derive quarterly growth in infrastructure investment driven by aggre-
gate shocks other than monetary policy changes, we estimate the unrestricted
system of simultaneous equations

A0xt + bm,0 log Mt = c +
�∑

k=1

Akxt−k +
�∑

k=1

bm,k log Mt−k + ξt, (3)

where c is a 3 × 1 vector of constant terms, bm,k is a 3 × 1 coefficient vector, Ak
is a 3 × 3 coefficient matrix, and

xt = [
log yt log Pt log iinfra,t

]′
.

The vector of other aggregate shocks represented by ξt is normally distributed
with mean zero and identity covariance matrix; these shocks are orthogonal to
ξm,t .24

The unrestricted subsystem represented by equation (3) is needed to de-
compose each of the three macroeconomic variables—GDP growth, inflation,
and infrastructure spending—into two orthogonal components: one driven by
monetary shocks and the other driven by nonmonetary shocks. This decom-
position is necessary to resolve the endogeneity issue in the second stage of
the estimation as discussed in Section III.A.2. Subsystem (3) consists of three
equations that determine these three variables. One equation captures the fact
that fiscal policy via infrastructure investment may endogenously respond to
M2 and other economic conditions such as output growth and inflation. The

24 All of our empirical results are robust to including in the vector xt other aggregate variables
such as interest rates and reserves in the banking system.
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remaining two equations allow feedback from monetary and fiscal policies to
GDP and the aggregate price level.

To avoid potential model misspecification, we impose the minimum number
of assumptions to achieve our identification that separates monetary policy
shocks from infrastructure spending. Specifically, monetary policy does not re-
spond to infrastructure spending directly as in equation (2). By contrast, the
remaining system represented by equation (3) is unrestricted (i.e., equivalent
to a reduced form system) to allow infrastructure investment to depend on
monetary policy (M2). This partial identification strategy is based on China’s
institutional facts. The 1995 People’s Bank of China Law explicitly made mon-
etary policy independent of fiscal policy and even prohibited the PBC from
purchasing government bonds. Consistent with monetary policy rules used for
the United States and many other economies, China’s monetary policy rule is
not affected directly by fiscal policy.25

As discussed in Section I.C, China’s 2009 monetary stimulus played a con-
spicuous role in implementing the government’s plan of infrastructure invest-
ment and stimulating aggregate demand by expanding bank credit to busi-
nesses. Thus, increases in infrastructure investment, GDP, and the aggregate
price level are driven in part by expansionary monetary policy. Because we
have little a priori knowledge about how China’s fiscal policy responds to var-
ious economic developments, our minimum identification approach gives us
the advantage of allowing infrastructure investment to be influenced by the
money supply targeted by monetary policy without imposing potentially incor-
rect restrictions. As proven in Internet Appendix IA.D.2 (see Proposition IA.1
in the Internet Appendix), the restrictions imposed on China’s monetary pol-
icy rule (the quantity-based monetary system) are sufficient for identifying
the effects of monetary stimulus, while the rest of the system is able to cap-
ture true relationships among monetary policy, infrastructure investment, and
other macroeconomic variables with no additional restrictions. In other words,
our minimal identification approach is sufficient for identifying the two chan-
nels of monetary policy transmission: the (conventional) monetary policy chan-
nel and the channel of the interaction between infrastructure investment and
monetary stimulus.

Since monetary policy is identified within the whole system, one is able to
use equations (2) and (3) (i.e., the monetary policy rule and the rest of the
system together) to decompose infrastructure investment, as well as any other
variable included in xt , into two orthogonal components: one driven only by
monetary policy and the other driven by nonmonetary factors such as fiscal
shocks,

xt = xm
t + xo

t , (4)

where xm
t and xo

t denote the monetary and nonmonetary components of xt .
The last element in xo

t is log io
infra,t (the log series of infrastructure investment

25 Monetary policy, however, does respond to fiscal policy indirectly through output and there-
fore infrastructure spending.
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absent monetary policy shocks). It follows that

go
infra,t = log io

infra,t − log io
infra,t−1.

In Internet Appendix IA.D.3, we show that go
infra,t is orthogonal to εm,t (Propo-

sition IA.2 in the Internet Appendix).26 In Section III.D, we test that the esti-
mated go

infra,t is uncorrelated with the estimated εm,t .
We calculate aggregate output bar infrastructure investment as log ỹo

t =
log yo

t − log io
infra,t . Note that log Po

t is the second element of vector xo
t . We cal-

culate quarterly growth rates of ỹo
t and Po

t and denote these growth rates by
go

ỹ,t (output growth not affected by growth of infrastructure investment) and
πo

t . All of these variables, denoted by the vector

χo
t ≡ [

go
ỹ,t−1 πo

t−1 go
infra,t go

infra,t−1 · · · go
infra,t−�

]′
,

are used as aggregate controls for the effects of nonmonetary aggregate shocks
in the second-stage estimation. Since loan demand always moves with the gen-
eral economic condition, bank loans tend to fluctuate with GDP growth. We
control for this indirect demand effect through GDP growth by including go

ỹ,t−1
in panel regression (1).

C. Dynamic Responses to the 2009 Monetary Stimulus

In this section, we describe how to compute the dynamic impacts of the 2009
monetary stimulus to (i) capture quarter-to-quarter changes in the effects of
monetary stimulus alone and of its interaction with infrastructure investment
and (ii) assess quantitatively the relative importance of these two channels—
monetary transmission and fiscal-monetary interaction—on the total effects of
monetary stimulus on credit allocation.

We first estimate model (1) and denote the estimated coefficients and firm-
specific idiosyncratic shock by ĉi, j, ρ̂ j, d̂ j

k, b̂ j
k, ĉ j

χ , ĉ j
z, and η̂i, j,t . With the estimates

ρ̂ j, d̂ j
k, and b̂ j

k, we then compute the dynamic responses of a firm’s bank credit
by feeding three consecutive shocks εStim

m,2009Q1, εStim
m,2009Q2, and εStim

m,2009Q3 as the
values of εm,t , εm,t+1, and εm,t+2 into the equation

b j,t = ρ jb j,t−1 +
�∑

k=0

[
bj

kgo
infra,t−kεm,t−k + d j

kεm,t−k

]
, (5)

with εm,t+k = 0 for k > 2, εm,t−k = 0 for k > 0, go
infra,t = go

infra,2009Q1, go
infra,t+1 =

go
infra,2009Q2, and go

infra,t+2 = go
infra,2009Q3. When computing and reporting the dy-

namic responses of b j,t , we set t = 1, t + 1 = 2, etc., where t = 1 corresponds to
2009Q1. In this computation, b j,t does not depend on j, and we set b j,t−1 = 0 be-
cause the dynamic responses are the same regardless of the values of b j,t−1 in

26 See also Proposition IA.3 in Internet Appendix IA.D.3 for a proof of decomposition (4).
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Table II
Monetary Policy and Infrastructure Investment

This table reports regression results for monetary policy and infrastructure investment. The su-
perscript *** represents the 0.01 significance level. The constant term in the regression on the
right panel of the table is statistically insignificant.

Dependent Variable: gm,t Dependent Variable: go
infra,t

Regressor Estimate Standard error Regressor Estimate Standard error

Constant 0.035∗∗∗ 0.002 go
infra,t−1 0.457∗∗∗ 0.164

go
infra,t 0.105 0.064 εm,t 0.292 0.514

our linear projections. The firm-level dynamic responses to the monetary stim-
ulus during the 2009Q1 to 2009Q3 period are expressed as percentage changes
in newly issued loans over the firm’s assets. A dynamic response corresponds
to a change in a firm’s bank credit (as a share of the firm’s assets) relative to its
2007 to 2008 average level. This response is decomposed into two components.
The first component is the effect of infrastructure investment interacted with
monetary stimulus. This component is obtained by setting d j

k = 0. The second
component is the effect of monetary stimulus absent the fiscal expansion via
infrastructure investment, which is computed by setting bj

k = 0. The overall
effect of monetary stimulus is a simple sum of these two components.

To generate 90% probability (credible) intervals for dynamic responses, we
take the Bayesian approach. Internet Appendix IA.D.4 describes the techni-
cal details of how to generate posterior distributions of regression coefficients.
Given each random draw of coefficients ρ j, b̂ j

k, and d̂ j
k, we compute 1, 500 ran-

dom paths of dynamic responses and tabulate the 90% probability interval of
each dynamic response.

D. Empirical Validity of Identifying Assumptions

In this section, we validate two assumptions that underlie our partial iden-
tification strategy. The first is that China’s monetary policy is not affected
directly by fiscal policy, while infrastructure investment, together with other
macroeconomic variables, is potentially affected by the money supply. The sec-
ond assumption is that even with our partial identification, the estimated non-
monetary component of infrastructure investment is orthogonal to monetary
policy shocks.

To validate the first assumption, we regress the M2 growth series on go
infra,t

and a constant term. If infrastructure investment should enter the monetary
policy rule directly, one would find the coefficient on go

infra,t on the right side of
the regression to be statistically significant. As the left panel of Table II shows,
however, this estimated coefficient is statistically insignificant.

This result supports our identifying assumption that China’s monetary pol-
icy does not directly respond to infrastructure investment. In Section IV.D, we
construct the bank-specific credit change driven by monetary policy for each of
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Table III
Regression of Bank-Specific Loans Driven by Monetary Policy

Shocks, �m
b,t , on Growth of Infrastructure Investment, go

infra,t
This table reports regression results about bank-specific loans and infrastructure investment. The
subscript b = i in �m

b=i,t for i = 1, . . . , 17 represents the ith bank in our sample. The superscript *
represents statistical significance at the 0.1 level, ** at the 0.05 level, and *** at the 0.01 level.

Dependent Variable �m
b=1,t �m

b=2,t �m
b=3,t �m

b=4,t �m
b=5,t �m

b=6,t

go
infra,t −0.318 0.657 −0.205 0.265 0.298 1.792

(1.062) (0.622) (0.481) (0.389) (0.296) (1.234)
gm,t 2.990 5.899*** 6.461*** 7.314*** 4.908*** 7.640*

(3.461) (2.028) (1.567) (1.267) (0.965) (4.022)
Constant 0.185*** 0.154*** 0.071*** 0.095*** 0.120*** 0.286***

(0.038) (0.022) (0.017) (0.014) (0.011) (0.044)

�m
b=7,t �m

b=8,t �m
b=9,t �m

b=10,t �m
b=11,t �m

b=12,t

go
infra,t 7.261 0.270* −0.036 −0.136 −0.429 −0.004

(5.977) (0.156) (0.604) (0.480) (5.171) (0.655)
gm,t 3.940 2.061*** 2.426 5.617*** 4.450 7.464***

(19.484) (0.507) (1.968) (1.566) (16.859) (2.135)
Constant 0.398* 0.081*** 0.114*** 0.100*** 0.514** 0.142***

(0.216) (0.006) (0.022) (0.017) (0.187) (0.024)

�m
b=13,t �m

b=14,t �m
b=15,t �m

b=16,t �m
b=17,t All banks

go
infra,t 0.089 2.023 −0.525 0.257 0.466 −0.057

(0.456) (1.941) (0.556) (1.179) (0.907) (0.233)
gm,t 3.449** 31.970*** 3.453* 11.968*** 4.281 3.899***

(1.487) (6.327) (1.811) (3.842) (2.958) (0.761)
Constant 0.128*** 0.291*** 0.129*** 0.211*** 0.151*** 0.102***

(0.016) (0.070) (0.020) (0.043) (0.033) (0.008)

the 17 banks in our sample and regress these bank-specific monetary shocks
on go

infra,t . The coefficients on go
infra,t , as shown in Table III, are statistically

insignificant for all but one bank.
To determine whether infrastructure investment and other macroeconomic

variables are endogenous to monetary policy shocks, we compute the counter-
factual paths of output by feeding in a sequence of three exogenous shocks εStim

m,t
for t = 2009Q1, 2009Q2, 2009Q3, as described in Section III.B.1. It is evident
from Figure 5 that the effects of this three-quarter monetary stimulus lasted
for almost two years before they became negligible by the beginning of 2011
(the long-run impact).

A comparison of Figure 1 (top chart), Figure 2, and Figure 5 reveals that
the 2009 monetary stimulus explained 66% of the increase in GDP growth
and 54% of the increase in infrastructure investment from 2008Q4 to 2009Q4.
The remaining increases in GDP and infrastructure investment were driven
by nonmonetary shocks. These results highlight not only the endogeneity of
infrastructure investment and other macroeconomic variables to monetary
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Figure 5. Counterfactual historical paths of year-over-year growth rates of real GDP
and real infrastructure investment from the first-stage macroeconomic model. Both se-
ries are deflated by the GDP deflator. The shaded bar indicates the monetary stimulus period of
2009Q1 to 2009Q3. The counterfactual path is driven by exogenous monetary changes only. (Color
figure can be viewed at wileyonlinelibrary.com)

policy shocks, but also the need to extract nonmonetary components from these
macroeconomic variables for the second-stage panel regression.

Our two-stage analysis relies crucially on the model property that the in-
frastructure investment series go

infra,t extracted in the first stage is orthogonal
to monetary policy changes (see Proposition IA.2 in Internet Appendix IA.D.3).
To verify the empirical validity of this model property, we regress go

infra,t on
the constant term, go

infra,t−1, and εm,t . The estimated coefficient on εm,t is sta-
tistically insignificant (right panel of Table II), confirming that shocks driving
infrastructure investment are orthogonal to monetary policy shocks. This or-
thogonality, as Section III.A.2 shows, is critical for obtaining an unbiased esti-
mate of the effect on loan allocation of the interaction between infrastructure
spending and monetary stimulus in the second stage.

IV. Impacts of Monetary Stimulus on Credit Allocation

In this section, we provide empirical evidence on dynamic impacts of the
2009 monetary stimulus on credit allocation. Since prior literature places
almost exclusive emphasis on SOEs versus non-SOEs in the Chinese economy,

https://onlinelibrary.wiley.com


1174 The Journal of Finance®

we use this demarcation of SOE versus non-SOE throughout the paper to be
comparable to the existing literature.

A. Decomposing the Overall Effect of Monetary Stimulus

Our empirical framework allows one to decompose the overall effect of mon-
etary stimulus into the fiscal-monetary interactive effect and the monetary ef-
fect absent the fiscal expansion. Table IV reports the estimated coefficients in
panel regression (1) for the entire Chinese economy. Since our dynamic panel
regression allows monetary policy to have lagged (dynamic) effects, both con-
temporaneous and lagged estimates are reported.27

Toward the bottom of each column in the table, we report the cumulative
effect as the sum of the estimated coefficients across periods and the over-
all effect as the sum of the cumulative interactive effect and the cumulative
pure effect.

Before discussing the effects of monetary stimulus on credit allocation to
SOEs versus non-SOEs, it is informative to estimate the average effects of
monetary stimulus on bank credit to all firms. For an average firm in the econ-
omy, the overall effect of monetary shocks on its bank loans is significantly
positive (toward the bottom of column (1) in Table IV): a 1% exogenous in-
crease in M2 growth translates into a 1.188 percentage point (pp) increase in
bank credit to the average firm (as a share of the firm’s total assets). A de-
composition into the fiscal-monetary interactive effect and the pure monetary
effect indicates that without fiscal expansion, a 1% increase in the exogenous
money supply would lead to a 1.337 pp increase in bank loans to the average
firm. The difference between 1.337 and 1.188 percentage points (pps) captures
a dampening effect of the fiscal expansion on the monetary transmission to
bank credit.28

How does monetary stimulus affect credit allocation between SOEs and non-
SOEs? To connect with the literature, we first compare the overall effects of
monetary stimulus between SOEs and non-SOEs. As reported in columns (2)
and (3) of Table IV, a 1% increase in exogenous quarterly M2 growth translates
into a 1.635 pp increase in bank lending to an average SOE, in contrast to a
1.051 pp increase for an average non-SOE, with the difference between these
two effects statistically significant at the 0.01 level. Figure 6 displays the dy-
namic responses to the 2009 monetary stimulus of bank loans to an average
SOE and an average non-SOE during the stimulus period.

The top left panel shows that the overall effect of monetary stimulus on bank
credit to SOEs was higher than that to non-SOEs, with an average increase
of 2.71 pps versus 2.13 pps for the period of 2009Q1 to 2009Q3. Accordingly,
during 2009Q1 to 2009Q4, the difference in the responses of bank credit to

27 The standard lag length for quarterly dynamic models covers one year. Because we include
the contemporaneous monetary stimulus at k = 0, we set � = 3 so that the effective lag length is
four quarters. This lag length is more than sufficient as most estimated coefficients for � ≥ 2 are
statistically insignificant.

28 For an average firm, the two-period lagged interactive effect (the estimate of b2), as well as
the cumulative interactive effect

∑
k bk, is negative and statistically significant.
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Figure 6. Dynamic impacts of monetary stimulus. The left column displays overall impacts,
along with two channels: (i) monetary interaction with infrastructure investment on bank loans to
an average SOE firm and an average non-SOE firm, and (ii) pure monetary effect (no interaction).
The right column displays the non-SOE loan response relative to the SOE loan response. The
dynamic responses are expressed as percentage changes from the initial quarter 0 (i.e., changes
from the nonstimulus period). Dash-dotted lines and error bars represent the corresponding 0.90
probability bands. Quarter 1 corresponds to 2009Q1 and quarter 12 corresponds to 2011Q4. (Color
figure can be viewed at wileyonlinelibrary.com)
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Table IV
Estimation Results for the Effects of Aggregate Monetary Stimulus

from Dynamic Panel Regression (1): The Chinese Economy
This table reports the results of regressions in which the dependent variable is a firm-quarter ob-
servation of newly issued bank credit to a firm, scaled by the firm’s total nominal assets. The right-
hand variables include contemporaneous and lagged monetary policy shocks and their interactions
with the respective growth rates of infrastructure investment. These variables are obtained from
the first-stage estimation. The firm-level control variables include the NPL ratio, the guarantee
ratio, assets, and the leverage ratio, all lagged one period. The aggregate control variables include
lagged GDP growth net of infrastructure investment, lagged inflation, and contemporaneous and
lagged growth rates of infrastructure investment, all of which are obtained from the first-stage es-
timation. Columns (2) and (3) report estimates based on the subsamples of SOEs and non-SOEs in
the entire economy, and column (1) reports estimates using all firms in the economy. The average
growth rate of go

infra,t in the fiscal expansion period is denoted by ḡinfra. The values in parentheses
are standard errors. The difference between the overall effects on SOEs and non-SOEs is statis-
tically significant at the 0.01 level. The superscript * represents statistical significance at the 0.1
level, ** at the 0.05 level, and *** at the 0.01 level.

All Firms SOEs Non-SOEs
Monetary Effect (1) (2) (3)

b0: interactive −0.135 1.534** −0.688*
(0.346) (0.622) (0.413)

b1: interactive 0.097 2.483*** −0.696
(0.435) (0.780) (0.520)

b2: interactive −1.800*** −0.119 −2.341***
(0.437) (0.784) (0.522)

b3: interactive −0.043 0.876 −0.345
(0.379) (0.681) (0.452)

d0: pure 0.485*** 0.444*** 0.501***
(0.032) (0.058) (0.038)

d1: pure 0.493*** 0.478*** 0.501***
(0.034) (0.061) (0.041)

d2: pure 0.191*** 0.174*** 0.199***
(0.029) (0.052) (0.034)

d3: pure 0.168*** 0.160*** 0.173***
(0.024) (0.043) (0.029)∑

k bk: interactive −1.882* 4.774*** −4.070***
(1.010) (1.812) (1.205)∑

k dk: pure 1.337*** 1.256*** 1.374***
(0.064) (0.115) (0.076)

Overall effect: ḡinfra
∑

k bk 1.188*** 1.635*** 1.051***
+∑

k dk (0.062) (0.111) (0.073)
# of observations 157,895 40,549 117,346
Fixed effects Yes Yes Yes
Firm-level controls Yes Yes Yes
Aggregate controls Yes Yes Yes

monetary stimulus between non-SOEs and SOEs is persistently negative (top
right panel of the figure). Thus, the overall economic stimulus favored SOEs
in credit allocation: both regression estimates and dynamic responses show
that SOEs benefited more than non-SOEs from the credit expansion during
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the economic stimulus period, consistent with prior literature (e.g., Cong et al.
(2019)).

How important is a fiscal expansion in accounting for the overall effect of
monetary stimulus on credit allocation? The top part of columns (2) and (3)
of Table IV shows that a fiscal expansion via infrastructure investment influ-
ences monetary effects on bank lending to SOEs differently from non-SOEs.
The estimated interaction coefficients for SOE loans are significantly positive
both contemporaneously and at one lag. By contrast, the interactive effects for
non-SOEs are negative both on impact and in lagged periods. Accordingly, the
cumulative interactive effect for SOEs is 4.774, while its counterpart for non-
SOEs is −4.070, both statistically significant at the 0.01 level. These results
indicate that a fiscal expansion via infrastructure investment dampens mone-
tary effects on bank credit to non-SOEs while enhancing these effects on loans
to SOEs.

The dynamic impacts of infrastructure investment on the monetary trans-
mission are displayed in the middle row of Figure 6. The effects of infrastruc-
ture spending, interacting with monetary stimulus, on bank credit to SOEs
were positive for the first four quarters (2009Q1 to 2009Q4), while these ef-
fects on loans to non-SOEs were negative (middle left panel of the figure). The
resulting difference between bank loans to SOEs and non-SOEs was highly
significant for the 2009Q1 to 2009Q4 period (middle right panel).

The pure monetary effect contributes to the overall effect differently than
does the interactive effect. As shown in the middle part of columns (2) and (3) of
Table IV, the estimated effects of monetary policy alone on bank loans to SOEs
are smaller than those to non-SOEs both on impact and with lags. The cumula-
tive pure effect indicates that a 1% increase in exogenous quarterly M2 growth
translates into a 1.256 pp increase in bank lending to an average SOE. By con-
trast, the cumulative response of bank credit allocated to an average non-SOE
is 1.374 percentage points.29 Taken together, the fiscal-monetary interaction
strengthens the response of SOE loans to monetary stimulus from 1.256 pps
to 1.635 pps, while weakening the response of non-SOE loans from 1.374 pps
to 1.051 pps. Consistent with these estimated results reported in Table IV, the
monetary stimulus alone generated an increase in bank credit to non-SOEs at
least as strong as SOEs in 2009 (bottom left panel of Figure 6); there was no
statistically significant difference between SOE and non-SOE responses (bot-
tom right panel).30 Accordingly, for the Chinese economy, the fiscal-monetary
interaction plays a central role in preferential credit access enjoyed by SOEs.

In summary, we find that for the Chinese economy, the overall effect of the
2009 monetary stimulus on bank credit to SOEs was higher than that to non-
SOEs. The fiscal-monetary policy interaction is the key channel for the mone-
tary stimulus to expand bank credit that favored SOEs.

29 This result is consistent with Li et al. (2020), who use a branch-level data set from one large
bank in China and find that a relaxation of monetary policy did not increase the probability of
bank lending to SOEs before 2013 (the year when China joined the Basel III Accord).

30 Table IA.IV in Internet Appendix IA.E reports the numerical values for Figure 6 and the
corresponding significance levels.
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B. The Fiscal-Monetary Interaction Channel

To understand how the fiscal-monetary interaction channel works, it is es-
sential to understand how the fiscal expansion via infrastructure investment
strengthened the effects of the 2009 monetary stimulus on bank credit to SOEs
(crowding in effects) while dampening the monetary effects on loans to non-
SOEs (crowding out effects). Infrastructure firms, encouraged by the central
government to actively participate in infrastructure-related projects, enjoyed
preferential credit access with explicit or implicit government guarantees. To
illustrate this point, we provide evidence on whether there were such crowding
in effects on loans to firms in the infrastructure sector.

Columns (1) and (2) of Table V report the estimated results for SOEs and
non-SOEs in the infrastructure sector. The estimated interactive effects on
bank credit to SOEs are positive at the 0.01 significance level both on impact
and at one lag (column (1)).

These effects are almost twice as large as those for the Chinese economy as
a whole, implying that infrastructure investment had a much stronger effect
on the transmission of monetary policy to SOE loans in the infrastructure sec-
tor than in other parts of the economy. The cumulative interactive effect on
bank credit to non-SOEs in the infrastructure sector is statistically insignifi-
cant (column (2)), although the effects are significantly positive on impact and
in one lag. Thus, the fiscal expansion via infrastructure investment strength-
ens the monetary transmission to SOE loans and at the same time does not
weaken this transmission to non-SOE loans in infrastructure sector.31

The elasticity evidence above is corroborated by the estimated dynamic re-
sponses of bank loans to changes in fiscal-monetary policy interaction (top row
of Figure 7).

Infrastructure spending had a strong positive impact on the transmission
of monetary policy to both SOE and non-SOE loans for at least the first two
quarters of 2009; the impacts on loans to non-SOEs relative to those on SOE
loans are statistically insignificant for the 2009Q1 to 2009Q3 period (top right
panel of Figure 7).32 In short, infrastructure spending significantly amplified
the impacts of the 2009 monetary stimulus on bank credit to infrastructure
firms, especially SOEs in the infrastructure sector.

We now analyze the spillover interactive effects to sectors other than infras-
tructure. As discussed earlier, a large increase of infrastructure investment
amplified the transmission of monetary policy and caused disproportionate
credit allocation to infrastructure firms, especially SOEs, and this fiscal ex-
pansion via infrastructure investment dampened the expansionary monetary

31 Huang, Pagano, and Panizza (2020) argue that private investment in industries more exposed
to public infrastructure projects was less likely to be crowded out by local government debt than
private investment in projects that were not related to infrastructure. By participating in infras-
tructure projects sponsored and supported by the central and local governments, bank credit to
non-SOEs in the infrastructure sector was less likely to be crowded out by infrastructure spending
than that in other sectors.

32 See also columns (1) to (3) of Table IA.V in Internet Appendix IA.E, which report the numer-
ical values of these dynamic response.
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Figure 7. Dynamic impacts of monetary stimulus interacting with infrastructure in-
vestment. The left column displays these impacts on bank loans to an average SOE firm and
an average non-SOE firm. The right column displays the non-SOE loan response relative to the
SOE loan response. The dynamic responses are expressed as percentage changes from the initial
quarter 0 (i.e., changes from the nonstimulus period). Dash-dotted lines and error bars represent
the corresponding 0.90 probability bands. Quarter 1 corresponds to 2009Q1 and quarter 12 corre-
sponds to 2011Q4. (Color figure can be viewed at wileyonlinelibrary.com)

https://onlinelibrary.wiley.com


1180 The Journal of Finance®

Table V
Estimation Results for the Effects of Aggregate Monetary Stimulus

from Dynamic Panel Regression (1): Key Sectors
This table reports results of regressions in which the dependent variable is a firm-quarter observa-
tion of newly issued bank credit to a firm, scaled by the firm’s total nominal assets. The right-hand
variables include contemporaneous and lagged monetary policy shocks and their interactions with
the respective growth rates of infrastructure investment. These variables are obtained from the
first-stage estimation. The firm-level control variables include the NPL ratio, the guarantee ra-
tio, assets, and the leverage ratio, all lagged one period. The aggregate control variables include
lagged GDP growth net of infrastructure investment, lagged inflation, and contemporaneous and
lagged growth rates of infrastructure investment, all of which are obtained from the first-stage es-
timation. The values in parentheses are standard errors. The superscript * represents statistical
significance at the 0.1 level, ** at the 0.05 level, and *** at the 0.01 level.

Infrastructure Manufacturing Real Estate

SOEs Non-SOEs SOEs Non-SOEs SOEs Non-SOEs
Monetary Effect (1) (2) (3) (4) (5) (6)

b0: interactive 3.196*** 3.117*** 0.512 −0.303 −1.514 −7.673***
(1.111) (0.972) (1.396) (0.361) (2.160) (1.413)

b1: interactive 4.028*** 4.646*** −1.786 0.061 −1.989 −11.690***
(1.394) (1.221) (1.758) (0.456) (2.722) (1.778)

b2: interactive 0.485 −2.206* −2.066 −1.067** −5.515** −7.486***
(1.402) (1.231) (1.757) (0.455) (2.716) (1.791)

b3: interactive 1.095 −1.563 1.488 −0.972** −0.145 0.858
(1.220) (1.069) (1.519) (0.394) (2.356) (1.548)

d0: pure 0.448*** 0.362*** 0.470*** 0.232*** 0.343* 1.288***
(0.104) (0.091) (0.129) (0.034) (0.201) (0.132)

d1: pure 0.461*** 0.515*** 0.506*** 0.211*** 0.551*** 1.190***
(0.110) (0.096) (0.138) (0.036) (0.212) (0.140)

d2: pure 0.218** 0.230*** 0.123 0.189*** 0.029 0.313***
(0.092) (0.081) (0.115) (0.030) (0.180) (0.118)

d3: pure 0.242*** 0.290*** 0.078 0.084*** −0.085 0.314***
(0.077) (0.067) (0.097) (0.025) (0.149) (0.097)∑

k bk: interactive 8.803*** 3.993 −1.853 −2.281** −9.164 −25.991***
(3.239) (2.840) (4.058) (1.052) (6.299) (4.130)∑

k dk: pure 1.369*** 1.396*** 1.177*** 0.716*** 0.839** 3.105***
(0.206) (0.179) (0.259) (0.067) (0.400) (0.262)

# of observations 16,721 35,765 5,773 49,726 1,380 13,570
Fixed effects Yes Yes Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes
Aggregate controls Yes Yes Yes Yes Yes Yes

effect on bank credit to non-SOEs in other sectors of the economy. Columns (4)
and (6) of Table V show that for both the manufacturing and the real estate
sectors, the fiscal-monetary policy interaction significantly crowded out bank
credit to non-SOEs. For the manufacturing sector, the estimated elasticities for
the interactive effects on an average non-SOE are negative and statistically
significant in the second and third periods (column (4)). The resulting cumula-
tive effect indicates that an increase in infrastructure investment significantly
attenuates the transmission of monetary policy to non-SOE loans. For the real
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estate sector, infrastructure investment reduces this monetary transmission
with negative interactive effects estimated at the 0.01 significance level both
contemporaneously and at two lags (column (6)). The magnitude of the result-
ing cumulative interactive effect on non-SOE loans is significantly negative
(−25.99). By contrast, the cumulative interactive effect on SOE loans in both
manufacturing and real estate is statistically insignificant (columns (3) and
(5)).33

These elasticity results are confirmed by the estimated dynamic responses
of SOE and non-SOE loans in the manufacturing and real estate sectors (mid-
dle and bottom rows of Figure 7). For the manufacturing sector, although the
difference in interactive effects on SOEs versus non-SOEs is statistically in-
significant (middle right panel), the infrastructure investment spree signifi-
cantly weakened monetary effects on bank credit to non-SOEs in the third
and fourth quarters of 2009 while exerting no statistically significant effect on
credit to SOEs (middle left panel). For real estate, infrastructure spending re-
duced monetary impacts on bank credit to non-SOEs by 50% with an average
decline of 2.88 pps over 2009Q1 to 2009Q3, whereas it had no statistically sig-
nificant effect on the monetary transmission to SOE loans except for the third
quarter of 2019 (bottom left panel).34

To summarize, we find that (i) in the infrastructure sector, the fiscal-
monetary policy interaction enhances the effect of monetary stimulus on
bank credit to SOEs without dampening the effects on non-SOEs, while (ii)
in sectors other than infrastructure, an increase in infrastructure investment
severely weakened the transmission of monetary policy to non-SOE loans dur-
ing the period of 2009Q1 to 2009Q3, but had no significant effect on SOE loans.
Taken together, these results provide strong evidence that the infrastructure
investment spree reduced loanable funds for non-SOEs in sectors other than
infrastructure, while SOEs were spared the credit squeeze because of the
government guarantees they enjoyed. In Section IV.E, we offer a theoretical
explanation for this evidence.

C. The Effects of Monetary Stimulus Absent Fiscal Expansion

In this section, we address the following questions: absent the fiscal expan-
sion via infrastructure investment, what would have been the pure effect of
monetary stimulus on credit allocation to SOEs versus non-SOEs in different
sectors? Similar to the pure monetary effects on the whole economy, expan-
sionary monetary policy alone did not lead to preferential credit to SOEs in the
infrastructure sector (columns (1) and (2) of Table V). Except on impact, the es-
timated pure effects of a monetary policy shock on bank credit to non-SOEs are

33 As shown in Internet Appendix IA.E, the finding that a fiscal expansion dampened the trans-
mission of monetary policy to non-SOE credit, but not to SOE credit, holds for the remaining
economy as well.

34 The interactive effects on credit to non-SOEs, relative to credit to SOEs, were significantly
negative with an average difference of 2 pps (bottom right panel of Figure 7 as well as column 2 of
Table IA.VI in Internet Appendix IA.E).
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as strong as those on SOE loans, resulting in cumulative pure effects that are
close in magnitude (1.396 for non-SOEs versus 1.369 for SOEs). For the real
estate sector, the estimated effects of monetary policy alone on non-SOE loans
are significantly stronger than the effects on SOE loans both contemporane-
ously and in lags, with the cumulative effect more than three times as large
(3.105 for non-SOEs versus 0.839 for SOEs, columns (5) and (6) of the table).
The manufacturing sector, however, sees the opposite result. For bank credit
allocated to SOEs, the pure effects of monetary stimulus are positive at the
0.01 significance level both contemporaneously and at a lag, with magnitudes
much larger than the effects on credit to non-SOEs. Accordingly, the cumula-
tive pure effect of monetary stimulus on SOEs (1.177) is considerably larger
than that on non-SOEs (0.716).

These results are corroborated by the dynamic responses to the 2009 mon-
etary stimulus of credit allocation between SOEs and non-SOEs, as shown in
Figure 8.

For the infrastructure sector, the effects of monetary stimulus alone on bank
credit to SOEs and non-SOEs were similar for the first four quarters of 2009,
with an average of 2.27 pps versus 2.38 pps (top row of the figure). For the real
estate sector, the 2009 monetary stimulus alone generated significantly more
bank credit allocated to non-SOEs than to SOEs, with an average 5.79 pp in-
crease in non-SOE loans versus 1.94 pps in SOE loans in 2009Q1 to 2009Q3.35

For the manufacturing sector, however, SOEs received more bank loans than
non-SOEs did, with an average increase of about 2.36 pps in bank credit to
SOEs over the first three quarters of 2009, almost twice the average increase
for non-SOEs during the same period (1.19 percentage points).36

To summarize, we find that similar to the monetary effects on the entire
economy, the 2009 monetary stimulus alone would not have expanded bank
credit preferential to SOEs in the infrastructure sector or the real estate sector
if there had been no fiscal expansion. This result is in contrast to the manufac-
turing sector, in which SOEs enjoyed preferential credit access even without
fiscal expansion. In Section V.A, we offer one plausible explanation for the es-
timated pure effects of monetary stimulus.

D. Robustness Analysis

During the economic stimulus period, region-specific fiscal policy targeted
China’s western region (e.g., a large government transfer to the province of
Sichuan after the 2008 earthquake). Such region-specific policy could poten-
tially confound or contaminate our estimated effects of monetary stimulus.

35 The change in bank credit to non-SOEs, relative to loans to SOEs, peaked at 4.61 pps in
2009Q2. See the bottom right panel of Figure 8 and column (1) of Table IA.E in Internet Ap-
pendix IA.VI.

36 The estimates reported in column (1) of Table IA.VII in Internet Appendix IA.E show
much smaller responses of bank loans to non-SOEs than the responses of SOE loans in 2009Q1
to 2009Q3.
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Figure 8. Pure dynamic impacts of monetary stimulus. The left column displays these im-
pacts on bank loans to an average SOE firm and an average non-SOE firm. The right column
displays the non-SOE loan response relative to the SOE loan response. The dynamic responses
are expressed as percentage changes from the initial quarter 0 (i.e., changes from the nonstimu-
lus period). Dash-dotted lines and error bars represent the corresponding 0.90 probability bands.
Quarter 1 corresponds to 2009Q1 and quarter 12 corresponds to 2011Q4. (Color figure can be
viewed at wileyonlinelibrary.com)
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To address this potential problem, we use an alternative strategy to identify
changes in the supply of credit that were driven by monetary policy shocks. It
exploits heterogeneity in firms’ exposure to changes in different banks’ credit
supply caused by monetary policy shocks. An individual firm’s exposure is
weighted by banks’ prestimulus market shares of total loans made to the firm,
with the assumption that the borrower-lender relationship is persistent over
time. Hence, a credit supply shock to a subset of banks, with which the firm
had a relationship during the prestimulus period, would change the total bank
credit supply to this particular firm during the stimulus period. The use of
each bank’s prestimulus loan share as a weight to construct firm-level expo-
sure helps purge changes in credit supply of unobserved macroeconomic fac-
tors, other than monetary policy shocks, which may influence the supply of
credit.37

To incorporate the variations in firm-specific exposure to bank credit into our
framework, we first expand our macroeconomic model in the first stage with
17 time series of bank loans, where each additional time series corresponds
to total (aggregated) loans newly issued by an individual bank in our sample
between 2007Q1 and 2013Q2. In this stage, we estimate the expanded VAR
system and use the estimated system to construct a counterfactual quarterly
series of bank loans driven only by monetary policy shocks for each of the 17
banks. We denote this quarterly series by N m

b,t , where b indicates one of the
17 banks. We follow Cong et al. (2019) and construct a firm-specific shock that
measures a credit increase engendered by monetary policy shocks as

�̃m
i,t =

∑
b∈Oi

ωb,i,t=0 × �m
b,t, (6)

where �m
b,t is the ratio of N m

b,t to its outstanding amount at the end of quarter
t − 1, and ωb,i,t=0 represents outstanding loans from bank b to firm i divided
by total outstanding loans to firm i from all banks with which firm i has a
credit relationship (the set Oi) at the initial time t = 0.38 In Cong et al. (2019),
firm-specific shocks are constructed by excluding loans to firms located in the
same city as firm i and firms operating in the same industry as firm i. This
exclusion is needed to address the endogeneity issue related to credit demand
factors. The advantage of our approach is that there is no need to exclude bank-
level exposure in the city of the firm in question because exogenous changes in
monetary policy are obtained in the first stage.

As in our baseline regression, the key identifying assumption for construct-
ing firm-specific credit supply changes driven by monetary policy is that

37 Since bank loan shares vary substantially across firms, this identification strategy, in the
spirit of the “Bartik instrument,” is based on the observation that some banks increased lend-
ing more than others during the stimulus period. See Greenstone, Mas, and Nguyen (2020) and
Cong et al. (2019) for applications of a similar identification strategy to construct shocks to bank
credit supply.

38 Note that a change in log outstanding loans is an approximation to �m
b,t . Following Cong et al.

(2019), we set the initial time to 2006Q4 for the prestimulus period, 2008Q4 for the stimulus
period, and 2010Q4 for the poststimulus period.
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changes in the bank credit supply driven by monetary policy are not affected
by fiscal policy. To validate this assumption, we regress each of the 17 bank-
specific time series of credit supply changes driven by monetary policy shocks
on both nonmonetary shocks to infrastructure investment and monetary pol-
icy shocks. As Table III shows, the coefficient on go

infra,t is insignificant for all
banks except one bank at the 0.1 significance level. Hence, changes in our
identified bank-specific credit supply are orthogonal to nonmonetary shocks to
infrastructure investment. The coefficient on gm,t , by contrast, is positive and
significant for 12 out of 17 banks, confirming the predictive power of monetary
policy shocks on changes in identified bank-specific credit supply.

In the second stage, we use the constructed firm-specific shock �̃m
i,t to estimate

the panel regression

bi, j,t = ci, j + ρ jbi, j,t−1 +
�∑

k=0

[
bj

kgo
infra,t−k�̃

m
i,t−k + d j

k�̃
m
i,t−k

]
+ c j ′

χ χo
t + c j ′

z zi, j,t−1 + ηi, j,t .

(7)
The key coefficients on interest are again bj

k and d j
k, which capture the inter-

active and pure effects of credit supply shocks driven by monetary policy. The
interpretation of bj

k and d j
k, however, is fundamentally different from the pre-

vious interpretation. In our baseline specification, the coefficient bj
k represents

the elasticity of bank loans to a fiscal expansion interacted with monetary stim-
ulus and d j

k represents the elasticity of bank loans to monetary policy alone.
The dynamic impact to an aggregate shock is the focus of the paper. In this
specification, �̃m

i,t is a firm-specific shock, bj
k represents the elasticity of bank

loans to a firm-specific credit supply shock interacted with infrastructure in-
vestment, and d j

k represents the elasticity of bank loans to this firm-specific
shock absent the fiscal expansion. Because �̃m

i,t is a firm-specific shock, the esti-
mated elasticity reflects only a cross-sectional effect by differencing out the ag-
gregate effect. For these cross-sectional effects, therefore, our robustness anal-
ysis focuses on the sign and significance of estimates of elasticity coefficients
bj

k and d j
k for an average firm.

The regression results, reported in Table VI, reinforce our previous findings.
First, infrastructure investment dampens the monetary effect on bank credit

allocated to non-SOEs in manufacturing and real estate, but enhances the
monetary transmission to bank loans extended to all infrastructure firms. In
the manufacturing and real estate sectors, the cumulative interactive effects
are negative and statistically significant for non-SOEs (columns (4) and (6)),
but statistically insignificant for SOEs (columns (3) and (5)), in line with the
previous finding that a fiscal expansion dampens the monetary transmission
to non-SOE loans in sectors other than infrastructure. The interactive effects
on loans to both SOEs and non-SOEs in the infrastructure sector are posi-
tive, with the magnitude for SOEs larger than for non-SOEs (columns (1) and
(2)).39 This result is consistent with our previous finding that a fiscal expansion

39 Unlike our previous result, the cumulative crowding in effect of infrastructure investment on
bank credit to non-SOEs in the infrastructure sector is statistically significant.
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Table VI
Estimation Results of the Effects of Firm-Specific Monetary Stimulus

for Dynamic Panel Regression (7): Key Sectors
This table reports results of regressions in which the dependent variable is a firm-quarter obser-
vation of newly issued bank credit to a firm, scaled by the firm’s total nominal assets. The right-
hand variables include contemporaneous and lagged firm-specific monetary shocks constructed by
equation (6) and their interactions with changes in infrastructure investment. These variables are
obtained from the first-stage estimation. The firm-level control variables include the NPL ratio,
the guarantee ratio, assets, and the leverage ratio, all lagged one period. The aggregate control
variables include lagged GDP growth net of infrastructure investment, lagged inflation, and con-
temporaneous and lagged growth rates of infrastructure investment, all of which are obtained
from the first-stage estimation. The values in parentheses are standard errors. The superscript *
represents statistical significance at the 0.1 level, ** at the 0.05 level, and *** at the 0.01 level.

Infrastructure Manufacturing Real Estate

SOEs Non-SOEs SOEs Non-SOEs SOEs Non-SOEs
Monetary Effect (1) (2) (3) (4) (5) (6)

b0: interactive 0.400 0.757*** 0.103 −0.111 −0.088 −1.401***
(0.244) (0.228) (0.323) (0.079) (0.454) (0.286)

b1: interactive 1.359*** 1.850*** 0.270 0.099 0.778 −1.402***
(0.303) (0.285) (0.407) (0.099) (0.571) (0.352)

b2: interactive 0.268 −0.558** −0.481 −0.203** −1.136** −0.881***
(0.296) (0.279) (0.395) (0.096) (0.547) (0.332)

b3: interactive −0.084 −0.383 0.074 −0.261*** −0.122 0.213
(0.249) (0.236) (0.335) (0.081) (0.458) (0.275)

d0: pure 0.079*** 0.082*** 0.094*** 0.035*** 0.064 0.145***
(0.022) (0.021) (0.029) (0.007) (0.041) (0.025)

d1: pure 0.071*** 0.119*** 0.096*** 0.031*** 0.108** 0.111***
(0.023) (0.021) (0.031) (0.007) (0.042) (0.026)

d2: pure 0.027 0.069*** 0.023 0.037*** 0.032 0.027
(0.020) (0.018) (0.026) (0.006) (0.037) (0.022)

d3: pure 0.060*** 0.059*** 0.029 0.011** −0.014 0.034*
(0.016) (0.015) (0.022) (0.005) (0.030) (0.019)∑

k bk: interactive 1.943*** 1.665** −0.034 −0.476** −0.569 −3.471***
(0.694) (0.655) (0.928) (0.225) (1.289) (0.794)∑

k dk: pure 0.237*** 0.330*** 0.241*** 0.114*** 0.191** 0.317***
(0.042) (0.039) (0.056) (0.013) (0.076) (0.045)

# of observations 14,720 32,729 5,313 46,782 1,219 12,351
Fixed effects Yes Yes Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes Yes Yes
Aggregate controls Yes Yes Yes Yes Yes Yes

strengthens the monetary transmission to SOE loans and does not weaken this
transmission to non-SOE loans in the infrastructure sector.

Second, monetary stimulus alone favors bank lending to manufacturing
SOEs, but not to SOEs in the infrastructure and real estate sectors. For an
average manufacturing SOE, one can see from column (3) of Table VI that a
1% increase in the supply of credit generated by expansionary monetary policy
is associated with a 0.24 pp increase in the firm’s borrowings; for an average
manufacturing non-SOE, the corresponding increase is only 0.11 pp (columns
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(3) and (4)). For the real estate sector, the cumulative pure effect on loans to
non-SOEs is 0.317 pp, while this effect on loans to non-SOEs is only 0.191 pp
(columns (5) and (6)). For the infrastructure sector, SOEs are not favored; the
estimated cumulative pure effect on loans to SOEs is 0.24 pp, while this effect
on loans to non-SOEs is 0.33 pp (columns (1) and (2)).

In summary, when aggregate monetary policy shocks are replaced by firm-
specific shocks to credit supply driven by monetary policy, our robust result
supports the previous finding that the fiscal-monetary interaction is a key
channel for monetary policy to exert influence on credit allocation between
SOEs and non-SOEs during the stimulus period.

In further robustness analysis, we run two additional regressions. In our
baseline specification, we use firm fixed effects to control for the unobserved
firm-level heterogeneity that may capture loan demand by a particular firm.
Although firm fixed effects should absorb region fixed effects on credit to firms,
we add province fixed effects as an additional control in panel regression (1).
We then use the three-stage approach of Plümper and Troeger (2007) as dis-
cussed in Greene (2012, chapter 11). The results yield minor changes when
including this additional control (see Table V and Table IA.VIII in Internet
Appendix IA.E). In our second additional specification, we reestimate panel re-
gression (1) by excluding the province of Sichuan, the most important province
in the western region. Our previous findings and conclusions continue to hold
(see Table V and Table IA.IX in Internet Appendix IA.E).40

E. Understanding the Fiscal-Monetary Interaction Channel

The preceding sections show that a fiscal expansion via infrastructure in-
vestment dampened the effects of the 2009 monetary stimulus on credit al-
location to non-SOEs in the manufacturing and real estate sectors, while en-
hancing the monetary effects on firms in the infrastructure sector. In this sec-
tion, we propose one plausible theory to explain the dampening interactive ef-
fects of infrastructure investment on loans to non-SOEs in sectors other than
infrastructure.

Our theoretical mechanism is based on a positive feedback loop among bank
lending, investment, and collateral values of infrastructure firms. Firms in the
infrastructure sector benefit from government guarantees of their bank credit,
which increases bank credit to these firms. This credit increase helps boost
infrastructure investment, which increases the collateral value of an infras-
tructure project. An increase in collateral value allows infrastructure firms to
gain access to more loans and pursue more investment. Since an increase in
infrastructure firms’ investment tends to raise the borrowing costs of firms in
sectors outside of infrastructure, it dampens the transmission of expansionary
monetary policy to bank credit to non-SOEs that have no implicit government
guarantees of their loans.

40 Credit allocation or misallocation across regions is an important topic for future research.
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The model, a modified version of Bleck and Liu (2018) and presented for-
mally in Internet Appendix IA.F, focuses on how a fiscal expansion weakens
the monetary effect on loan allocation between two sectors. In this section, we
provide a simple description of the model. In the model, the economy consists
of two sectors: the infrastructure sector and the noninfrastructure sector. We
assume that entrepreneurs in the noninfrastructure sector do not enjoy gov-
ernment guarantees of debt repayment.41 Each sector contains a continuum of
entrepreneurs that differ in the amount of external funds needed to carry out
identical investment projects. As in the standard financial contract literature
(see Kiyotaki and Moore (1997), Jermann and Quadrini (2012), e.g.), the maxi-
mum amount of borrowing by an entrepreneur is constrained by the collateral
value of a project. The equilibrium project (asset) value is determined in the
secondary asset market in which an entrepreneur funds the project with in-
ternal funds (the net cash flow of the entrepreneur operating the project last
period) as well as external funds such as bank loans.

In the absence of a fiscal expansion, an increase in the total credit supply as
a result of monetary stimulus lowers the cost of borrowing for entrepreneurs
in both sectors. Accordingly, bank credit for entrepreneurs in both sectors in-
creases. The presence of the fiscal expansion, with explicit guarantees of debt
repayments for projects in the infrastructure sector, increases the borrowing
capacity of entrepreneurs in the infrastructure sector and, in turn, infrastruc-
ture investment by allowing more entrepreneurs to operate their projects. The
increase in investment furthers raises collateral values of projects and allows
for more loans allocated to the infrastructure sector. As a result, there is a pos-
itive feedback loop among bank lending, investment, and the collateral value
of the infrastructure sector.

When monetary stimulus expands available bank credit, this positive feed-
back loop amplifies bank credit extended to the infrastructure sector.42 An in-
crease in bank credit, in turn, pushes up the borrowing costs of entrepreneurs
in the noninfrastructure sector. Since these entrepreneurs do not have implicit
government guarantees of their loans, loan volume decreases with rising costs
as in the standard model. In other words, bank loans to these entrepreneurs in
the noninfrastructure sector increase less than when there is no fiscal expan-
sion, as the fiscal expansion dampens the monetary effect on credit allocated
to these entrepreneurs.

In short, our model illustrates how a fiscal expansion via infrastructure en-
hances government-guaranteed loans to infrastructure firms but dampens the
effects of monetary stimulus on credit allocated to non-SOEs in the noninfras-
tructure sector.

41 For simplicity, the model abstracts from SOEs in the noninfrastructure sector. In the actual
economy, with implicit government guarantees, the borrowing costs of these SOEs are insensitive
to changes in bank credit to the infrastructure sector.

42 According to Bai, Hsieh, and Song (2016), infrastructure investment during the stimulus
period was more than twice the planned amount. For example, actual investment in transportation
and powered infrastructure was 3.18 trillion RMB, most of which was financed by bank loans,
while the planned amount of investment was 1.5 trillion RMB.
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V. Further Analysis

There are two important questions related to our empirical findings about
the effects of monetary policy on credit allocation: (i) what is the man driver of
the effects of monetary stimulus alone on credit allocation between SOEs and
non-SOEs, and (ii) how did the effects of monetary policy during the stimulus
period differ from those during the prestimulus period? In this section, we
address these two issues in turn.

A. Role of Capital Intensity for the Pure Effects of Monetary Stimulus

While there may be many explanations for the differential impacts of mone-
tary stimulus on credit allocation between SOEs and non-SOEs across sectors,
one plausible explanation is a different composition of CI firms in each sec-
tor. The rationale for this explanation is as follows. With expansionary mon-
etary policy absent fiscal expansion, banks tend to extend credit to CI firms,
which have more collateral to pledge than noncapital-intensive (NCI) firms
(e.g., labor-intensive firms). A large fraction of SOEs in the manufacturing sec-
tor are CI, while the opposite is true for manufacturing non-SOEs. Since the
late 1990s, the government’s “Grasp the Large and Let Go the Small” program
for manufacturing industries has been designed to retain CI SOEs but encour-
age small NCI SOEs to be privatized. This transition, however, did not happen
in other sectors. On the contrary, infrastructure and real estate, for example,
have become the government’s two favored or strategic sectors since the late
1990s. Many non-SOEs in these sectors are indeed CI.

Table IA.X in Internet Appendix IA.E reports the mean and median values
of these ratios for SOEs and non-SOEs in manufacturing and other sectors
at the end of 2008.43 Panel A reports the mean and median values of capital
intensity for SOEs and non-SOEs in different sectors. In the manufacturing
sector, SOEs were more CI than non-SOEs for both mean and median values.
The opposite was true for real estate, that is, non-SOEs were more CI than
SOEs in this sector. For infrastructure firms, the results are mixed: SOEs were
on average more CI than non-SOEs by the mean measure, but less CI by the
median measure.

From our firm-quarter data, we classify firms into one of two groups: CI
firms comprise those for which their capital-to-labor ratios are above the me-
dian of the distribution of capital-to-labor ratios for the entire economy, while
NCI firms comprise those for which their capital-to-labor ratios are below the
median of this distribution. Panels B and C of Table IA.X in Internet Ap-
pendix IA.E report the mean and median values of capital intensity for SOEs
and non-SOEs within the CI and NCI groups. For a given ownership type in
each sector, capital intensity of CI firms is always higher than that of NCI

43 Constructing a comprehensive measure of capital intensity that is comparable across sectors
or industries is an empirically challenging task that deserves future research. One main issue is
data availability. Our loan-level data, for example, do not contain information about a firm’s fixed
assets or compensation expenses.
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firms. For SOEs in the manufacturing sector, for instance, the mean capital
intensity of CI firms (450.82) is significantly larger than that of NCI firms
(59.24). Within the NCI group, the mean values of capital intensity for SOEs
and non-SOEs are close to each other in all sectors. The difference in mean
capital intensity between SOEs and non-SOEs in the manufacturing sector
is 224.97 within the CI group, but only 13.63 within the NCI group. A sim-
ilar result obtains for the infrastructure and real estate sectors. Within the
CI group, the mean capital intensity for manufacturing non-SOEs (225.84) is
not only smaller than the counterpart for manufacturing SOEs (450.82), but
also smaller than the mean capital intensity for non-SOEs in infrastructure
(796.21) and real estate (2044.2). In other words, non-SOEs in infrastructure
and real estate are CI, and indeed are more CI than non-SOEs in manufactur-
ing.

To quantify the role of capital intensity in the estimated effect of monetary
stimulus alone, we allow this effect to vary across the distribution of capital
intensities by extending our empirical specification as follows:

bi, j,t = ci, j + ρ jbi, j,t−1 +
�∑

k=0

2∑
g=1

I
(
CIi, j,t=0 ∈ g

)[
d j

g,kε
m
t−k + bj

g,kgo
infra,t−kε

m
t−k

]
�∑

k=0

2∑
g=1

αg,kI
(
CIi, j,t=0 ∈ g

) + c j ′
χ χo

t + c j ′
z zi, j,t−1 + ηi, j,t, (8)

where CIi, j,t=0 denotes the capital intensity of firm i of type j ( j ∈
{SOE, non-SOE}), which is measured as the ratio of total assets to total em-
ployees in the firm. To avoid the endogeneity of capital intensity to the credit
expansion during the stimulus period, we use the firm’s 2008 (prestimulus)
level of capital intensity.44 The indicator function takes a value of 1 if CI falls
into a particular group or bin of the distribution. The coefficients d j

g,k and bj
g,k

are now indexed by group g, where g = 1 denotes the CI group and g = 2 the
NCI group.

Table VII reports the estimated results for the pure monetary effects on bank
loans to firms grouped by capital intensity in the manufacturing sector as well
as in the whole economy.

For both SOEs and non-SOEs, the pure monetary effects on loans to CI firms
were higher than those on loans to NCI firms. For example, column (1) shows
that for manufacturing SOEs, the estimated pure effects of monetary stimulus
on NCI firms are statistically insignificant for most periods. By contrast, the
pure monetary effects on loans to CI SOEs are significant in almost all periods,
and their cumulative pure monetary effect is more than twice that on loans to
NCI SOEs (1.960 versus 0.732 with the difference statistically significant at

44 We examine the correlation of capital intensity with several potential covariates, such as
equity share and market concentration, in Internet Appendix IA.G. For various measures of equity
share and market concentration, we find that the correlation of our measured capital intensity
with these variables is close to zero.
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Table VII
Pure Monetary Effects on Firms Grouped by Capital Intensity

This table reports results of regressions in which the dependent variable is a firm-quarter observa-
tion of newly issued bank credit to a firm, scaled by the firm’s total nominal assets. The right-hand
variables include contemporaneous and lagged monetary policy shocks and their interactions with
the respective growth rates of infrastructure investment. These variables are obtained from the
first-stage estimation. The subscript “N” in coefficient dN,k indicates NCI and “C” in coefficient
dC,k indicates CI. The firm-level control variables include the NPL ratio, the guarantee ratio, as-
sets, and the leverage ratio, all lagged one period. The aggregate control variables include lagged
GDP growth net of infrastructure investment, lagged inflation, and contemporaneous and lagged
growth rates of infrastructure investment, all of which are obtained from the first-stage estima-
tion. The values in parentheses are standard errors. The superscript * represents statistical sig-
nificance at the 0.1 level, ** at the 0.05 level, and *** at the 0.01 level.

Manufacturing Entire Economy

SOEs Non-SOEs SOEs Non-SOEs
Monetary Effect (1) (2) (3) (4)

dC,0 0.579** 0.292*** 0.418*** 0.650***
(0.270) (0.081) (0.094) (0.058)

dC,1 0.438*** 0.204*** 0.400*** 0.381***
(0.158) (0.039) (0.113) (0.056)

dC,2 0.755*** 0.210** 0.464*** 0.640***
(0.275) (0.082) (0.097) (0.060)

dC,3 0.188 0.226*** 0.181** 0.240***
(0.224) (0.067) (0.081) (0.050)

dN,0 0.056 0.218*** 0.132* 0.231***
(0.192) (0.057) (0.068) (0.042)

dN,1 0.441*** 0.199*** 0.410*** 0.383***
(0.167) (0.041) (0.116) (0.058)

dN,2 0.145 0.177*** 0.170* 0.132***
(0.138) (0.034) (0.096) (0.048)

dN,3 0.090 0.052* 0.158* 0.126***
(0.117) (0.029) (0.081) (0.040)∑

k dC,k 1.960*** 0.931*** 1.462*** 1.912***
(0.574) (0.168) (0.234) (0.137)∑

k dN,k 0.732** 0.647*** 0.870*** 0.872***
(0.312) (0.083) (0.181) (0.093)∑

k dC,k -
∑

k dN,k 1.229* 0.285 0.592** 1.039***
(0.679) (0.198) (0.289) (0.165)

# of observations 4,899 42,435 24,426 100,648
Fixed effects Yes Yes Yes Yes
Firm-level controls Yes Yes Yes Yes
Aggregate controls Yes Yes Yes Yes

the 0.1 level; see bottom part of column (1)). A similar finding holds for man-
ufacturing non-SOEs: the cumulative pure monetary effect on CI non-SOEs
is larger than its counterpart for NCI non-SOEs (0.931 versus 0.647, bottom
part of column (2)), although the difference is statistically insignificant. After
controlling for ownership type, therefore, monetary policy alone had stronger
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Figure 9. Pure dynamic impacts of monetary stimulus. The left column displays these im-
pacts on bank loans to an average CI firm and an average NCI firm. The right column displays
the responses of loans to non-SOEs relative to those of loans to SOEs. The dynamic responses
are expressed as percentage changes from the initial quarter 0 (i.e., changes from the nonstimu-
lus period). Dash-dotted lines and error bars represent the corresponding 0.90 probability bands.
Quarter 1 corresponds to 2009Q1 and quarter 12 corresponds to 2011Q4. (Color figure can be
viewed at wileyonlinelibrary.com)

effects on loans allocated to CI firms than on loans to NCI firms, especially
to SOEs.

Within the group of CI manufacturing firms, the pure monetary effects on
bank lending to SOEs were higher than the effects on lending to non-SOEs in
three periods (top part of columns (1) and (2) in Table VII and the first row
of Figure 9), resulting in a cumulative 1.960 pp increase for loans to SOEs
versus 0.931 pp for loans to non-SOEs (bottom part of columns (1) and (2) in
Table VII).

https://onlinelibrary.wiley.com
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Figure 9. Continued

Within the group of NCI manufacturing firms, the pure monetary effects
on loans to SOEs did not differ statistically from those on loans to non-
SOEs (second row of Figure 9). This result is consistent with the fact that
within the group of NCI manufacturing firms, SOEs and non-SOEs had a
similar level of capital intensity (Panel C of Table IA.X in Internet Appendix
IA.E).

The estimated results for the whole economy show a similar role of capital
intensity in explaining the differential effects of monetary stimulus alone on
credit allocation between SOEs and non-SOEs. For both SOEs and non-SOEs,
the pure monetary effects on loans to CI firms were stronger than those on
loans to NCI firms for most periods (columns (3) and (4) of Table VII). The
cumulative effect on loans to CI firms was stronger than that on loans to NCI
firms, with the difference statistically significant at the 0.05 level for SOEs and
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the 0.01 level for non-SOEs. Within the group of CI firms, although the pure
monetary effects on loans to non-SOEs were larger than those on loans to their
SOE counterparts, the difference is statistically significant only for 2009Q1
(right column and third row of Figure 9). This finding is consistent with the
fact that within the group of CI firms, both SOEs and non-SOEs in the infras-
tructure and real estate sectors have a high level of capital intensity (Panel
B of Table IA.X in Internet Appendix IA.E). Within the group of NCI firms
in the economy as a whole, on the other hand, the pure monetary effects on
loans to SOEs and non-SOEs are statistically indistinguishable (bottom part
of columns (3) and (4) of Table VII, and fourth row of Figure 9), consistent with
the fact that within this group, the level of capital intensity is similar between
SOEs and non-SOEs (Panel C of Table IA.X in Internet Appendix IA.E).45

B. Effects of Monetary Policy in the Pre-stimulus and Stimulus Periods

We follow Cong et al. (2019) to study how the transmission of monetary pol-
icy to credit allocation evolved over time across three periods: the prestimulus
period (2007 to 2008), the stimulus period (2009 to 2010), and the poststim-
ulus period (2011 to 2013). To make our results comparable to those of Cong
et al. (2019), we use our constructed firm-specific shocks �̃m

i,t to estimate the
firm-quarter regression

bi,c, j,t = αc + α j + αt + β1�̃
m
i,t × StateSharei,t=0

+ β2�̃
m
i,t × StateSharei,t=0 × I(stimulus)

+ β3�̃
m
i,t × StateSharei,t=0 × I(post)

+ β4�̃
m
i,t + β5�̃

m
i,t × I(stimulus) + β6�̃

m
i,t × I(post)

+ β7StateSharei,t=0

+ β8StateSharei,t=0 × I(stimulus) + β9StateSharei,t=0 × I(post)

+ c ′
zzi,t−1 + ηi,c, j,t, (9)

where bi,c, j,t represents new loans to firm i (as a share of the firm’s total assets)
in two-digit industry j and city c in quarter t. The coefficients αc, α j, and αt
represent city, industry, and time fixed effects. The variable StateSharei,t=0 is
the state share of firm i in the initial period (the initial period is specified
as in Cong et al. (2019)). The time dummy I(stimulus) indicates the period
2009 to 2010 and I(post) 2011 to 2013. The vector zi,t−1 is a list of firm-level
control variables. Cong et al. (2019) find that for the manufacturing sector,
the estimated β1 is negative in the prestimulus period, but the estimated β2 is
positive and highly significant in the stimulus period.

To facilitate comparison to their finding (Cong et al. (2019)), column (6) of
their Table 6), we merge the loan data with the Annual Survey of Industrial

45 Our results are insensitive to whether the cut-off median value is sector-dependent
or economy-wide.
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firms to obtain the state share for each firm in the manufacturing sector46 and
estimate equation (9). Our estimated results are consistent with their findings.
In particular, β1 is statistically insignificant, suggesting that bank credit allo-
cation did not favor manufacturing SOEs in the prestimulus period. In con-
trast, β2 is positive and highly significant at the 0.05 level, suggesting that
SOEs enjoyed preferential access to bank credit during the stimulus period
(right panel of Table IA.XI reported in Internet Appendix IA.E and discussed
in Internet Appendix IA.H). Unlike Cong et al. (2019), our firm-specific shock
isolates a credit supply change induced by monetary policy. Consistent with
their findings, however, the estimated impacts of this alternative credit sup-
ply shock on loan allocation in the stimulus period differ from those in the
prestimulus period.47

VI. Assessing the Importance of the Bank Credit Channel to
Investment

In the preceding sections, we analyze the impacts of monetary stimulus and
its interaction with infrastructure investment on bank credit to SOEs and non-
SOEs. How important is the bank credit channel in the transmission of mone-
tary policy to firm investment? One cannot answer this question by simply re-
placing the firm-level loan variable with firm-level investment in equation (1),
because the estimated effects include those through channels other than the
bank credit channel in response to monetary stimulus (e.g., an increase of liq-
uidity in financial markets other than the banking system, such as the bond
market and the stock market).

Our paper emphasizes the bank credit channel of monetary policy transmis-
sion to credit allocation. In this section, we assess the importance of this bank
credit channel to investment in two steps. We first estimate the elasticity of in-
vestment to bank credit, using a merged data set that incorporates investment
information in CSMAR and our loan-level information for individual firms. We
then provide a back-of-the-envelope calculation of the response of investment
to monetary stimulus, taking into account both the elasticity of investment to
bank credit and the elasticity of bank credit to monetary stimulus.

A. Elasticity of Investment to Bank Credit

We merge our loan-level data with the CSMAR firm-level data and es-
timate the response of investment to changes in bank credit using the
regression

ii, j,t = ci, j + α
j
L � log Li, j,t + α

j
I I09−10 � log Li, j,t + c j′

χ χt−1 + c j′
z zi, j,t−1 + ηi, j,t,

(10)

46 The sample of Cong et al. (2019) includes mining firms, but the results change little when
these firms are removed from the regression.

47 In Internet Appendix IA.H, we discuss the feasibility issue related to obtaining data on com-
panies’ state shares in the entire economy.
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where ii, j,t is firm i’s investment (divided by the firm’s total nominal assets in
the previous period), j ∈ {SOEs, non-SOEs, all firms}, Li, j,t is the outstanding
credit to firm i (so that � log Li, j,t is approximately equal to the ratio of newly
issued loans to the outstanding credit in the previous period), and I09−10 is an
indicator function that returns one when time t falls within the period 2009
to 2010 and zero otherwise. The inclusion of this dummy variable allows us to
obtain the potential nonlinear effects of bank credit to firm investment during
the stimulus period and at the same time makes it comparable to existing find-
ings in the literature. The coefficient ci, j captures firm fixed effects, which not
only absorb sector fixed effects but also allow us to exploit within-firm vari-
ation to avoid endogeneity problems due to potential omitted variables such
as heterogeneous investment opportunities across firms with various degrees
of government guarantees on loan repayments. The vector χt−1 = [gy,t−1, πt−1]′

controls for macroeconomic effects (i.e., the effects of quarterly inflation (πt−1)
and the quarterly change in output (gy,t−1) during the previous period), the vec-
tor zi, j,t controls for firm-specific characteristics such as the size and leverage
of a firm, and the random residual ηi, j,t is iid.

Since a majority of listed firms are in the manufacturing sector, it is infeasi-
ble to accurately estimate the elasticity of investment to bank credit for each
of the other major sectors. We are able to compare, however, the elasticity of
investment to bank credit between the manufacturing sector and the entire
economy. This comparison allows us to shed light on potential heterogeneity of
investment sensitivity to bank loans between manufacturing and other major
sectors in the economy. Table IA.XII in Internet Appendix IA.E reports the es-
timated results of regression (10). For an average manufacturing firm, column
(1) reports the estimated elasticity of investment to bank credit in both normal
and stimulus periods. In the normal period, it is positive at the 0.01 signifi-
cance level; in the stimulus period, it is positive at the 0.1 significance level.
Columns (2) and (3) reveal that investment sensitivity is different for the two
types of firms. In the normal period, the elasticity of an average SOE’s invest-
ment to bank credit is statistically insignificant, suggesting that the financial
constraints on SOEs were largely unbinding. By contrast, the elasticity of an
average non-SOE’s investment to bank credit is estimated to be positive at the
0.01 significance level. According to our estimate, a 1% increase of bank credit
to non-SOEs increases their investment by about 0.1 pp (as a share of assets)
on average. This result implies that non-SOEs were, on average, more credit-
constrained than SOEs during the normal period; the credit constraint made
non-SOEs’ investment more sensitive to bank credit.

In the stimulus period, however, the result for investment sensitivity to bank
credit is reversed. The estimated coefficient for SOEs is positive at the 0.05
significance level. Its magnitude reveals that a 1% increase in bank credit in-
creased investment by 0.2 pp. Summing the estimated coefficients for both
normal and stimulus periods, one can see that during the stimulus period,
a 1% increase in bank credit led to a total increase of 0.22 pp in an aver-
age SOE’s investment (as a share of its total assets). For non-SOEs, the esti-
mated coefficient on the interaction term between bank loans and the stimulus
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period dummy is insignificant, suggesting that during the stimulus period, an
increase in bank credit would not lead to an extra increase in investment. The
overall elasticity of an average non-SOE’s investment to bank credit, however,
is statistically significant at the 0.01 level, implying that during the stimulus
period, a 1% increase in bank credit increased investment of an average non-
SOE by 0.176 percentage point. Taken together, the overall elasticity of an
average SOE’s investment to bank credit during the stimulus period is higher
than the counterpart for non-SOEs, a result opposite of the finding for the nor-
mal period. Our estimated results for manufacturing firms are consistent with
existing evidence that in response to the 2008 global financial crisis, the gov-
ernment allocated more credit to SOEs than non-SOEs in the manufacturing
sector and “artificially directed state-owned firms to sustain investment” (Cong
et al. (2019)).

Do our findings for the manufacturing sector carry over to the entire econ-
omy? This question is particularly relevant because non-SOEs in other sectors
such as infrastructure enjoyed implicit government guarantees of their loans
as discussed in the preceding sections. Columns (4) to (6) of Table IA.XII in In-
ternet Appendix IA.E report the estimated results for the entire economy. For
an average firm in the entire economy, as shown in column (4), the estimated
investment sensitivity to bank credit during the normal period is close to the
estimate for the manufacturing sector (0.097 pp versus 0.106 pp). However, the
investment elasticity for the entire economy during the stimulus period differs
substantially from the estimate for the manufacturing sector (0.231 pp versus
0.077 pp). Moreover, the estimate 0.231 is statistically significant at the 0.01
level, while the estimate of 0.077 pp is only significant at the 0.1 level.

Columns (5) and (6) compare SOEs and non-SOEs for the entire economy.
For the normal period, the estimated elasticities of investment to bank credit
for both SOEs and non-SOEs are similar in magnitude to those in the manu-
facturing sector: the investment sensitivity is insignificant for SOEs but sig-
nificant at the 0.01 level for non-SOEs so that a 1% increase in bank credit
to non-SOEs translated into a 0.103 pp increase in investment (compared to a
0.114 pp increase for the manufacturing sample).

For the stimulus period, while the estimated investment sensitivity for SOEs
in the entire economy is similar to the manufacturing counterpart (0.181 pp
versus 0.197 pp), the estimate for non-SOEs in the entire economy differs sub-
stantially from the manufacturing sample (0.243 pp versus 0.062 pp). Conse-
quently, the overall investment elasticity to bank credit is 0.346 pp for non-
SOEs, higher than that for SOEs (0.212 pp). This finding is opposite the result
for the manufacturing sector and reveals that on average non-SOEs played a
more important role in translating bank credit into physical investment than
SOEs did in the economy as a whole.

B. The Bank Credit Channel of Monetary Policy to Investment

This section assesses the importance of the bank credit channel through
which monetary stimulus increases investment. We decompose the investment
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Table VIII
Impacts of the 2009Q1 to 2009Q3 Monetary Stimulus on Investment

This table reports increases of investment as a share of the firm’s assets, expressed in percentage
points.

Manufacturing The Entire Economy

SOEs 8.393 9.217
Non-SOEs 1.978 7.410
All firms 2.689 8.763

response to monetary stimulus into two components: the response to an in-
crease in infrastructure investment interacted with monetary stimulus, and
the response to monetary stimulus absent this fiscal expansion.

The effect of monetary stimulus on investment through the bank credit chan-
nel is calculated according to

∂ i j,t

∂εStim
m,t

≈ ∂ b j,t

∂εStim
m,t

∂ i j,t

∂ � log L j,t

A j,t−1

L j,t−1
, (11)

where j ∈ {SOEs, non-SOEs, all firms}, the left-hand derivative is the average
investment response of firms of type j to monetary stimulus, ∂ b j,t is the aver-
age change in newly issued credit to firms of type j (as a share of the firm’s
total assets), ∂ i j,t

∂ � log L j,t
is α

j
L + α

j
I (the estimated overall investment elasticity

to bank credit to firms of type j during the stimulus period), A j,t−1 is the aver-
age assets of firms of type j at time t − 1 (2008Q4), and L j,t−1 is the average
outstanding amount of credit to firms of type j in time t − 1 (2008Q4). The
first right-side term in equation (11) is obtained from the dynamic responses
of bank loans to monetary stimulus as computed in Section IV; the second
right-side term is reported in the “Overall investment sensitivity” row of Ta-
ble IA.XII in Internet Appendix IA.E. The ratio A j,t−1

L j,t−1
is an adjustment term

for obtaining a percentage increase in investment (as a share of firm assets) in
response to monetary stimulus.

Table VIII reports annualized percentage changes in investment in response
to the 2009 monetary stimulus in the manufacturing sector versus the en-
tire economy.

For the manufacturing sector, monetary stimulus resulted in an increase
in investment, on average, of 2.689 pps for all firms on an annual ba-
sis (1.157 × 0.183 × 3.176 × 4). The increase in SOEs’ investment (8.393 =
2.018 × 0.223 × 4.664 × 4), however, was more than four times the increase in
non-SOEs’ investment (1.978 = 1.071 × 0.176 × 2.624 × 4).

In the entire economy, investment for all firms increased, on average, by
8.763 (2.270 × 0.328 × 2.947 × 4) pps on an annual basis in response to the
2009 monetary stimulus, more than triple the investment increase of all
manufacturing firms (2.689 pps). Two factors explain this result: a larger
response of bank credit to monetary stimulus (2.270 pps versus 1.157 pps)
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Table IX
Decomposition of the Monetary Effect on Investment in the Entire

Economy
This table reports increases of investment as a share of the firm’s assets, expressed in percentage
points.

Interactive Pure Overall
(1) (2) (3)

SOEs 1.587 7.630 9.217
Non-SOEs −1.304 8.714 7.410
All firms −0.630 9.393 8.763

and a larger elasticity of investment to bank credit (0.328 pp versus 0.183
pp) for the entire economy than those estimates for the manufacturing sec-
tor. The entire economy was also different from the manufacturing sector for
SOEs versus non-SOEs. Although the response of SOEs’ investment to mone-
tary stimulus was still stronger than the response of non-SOEs’ investment
(9.217 = 2.709 × 0.212 × 4.017 × 4 versus 7.410 = 2.132 × 0.346 × 2.515 × 4),
the difference was much reduced in comparison to the manufacturing sector.
Moreover, the investment response of non-SOEs to monetary stimulus in the
entire economy was close to four times stronger than the response in the man-
ufacturing sector (7.410 pps versus 1.978 pps).48

Table IX reports the decomposition of the investment response to the 2009
monetary stimulus on an annual basis for the entire economy.

When interacting infrastructure spending with monetary stimulus, invest-
ment fell by 0.630 pp (−0.163 × 0.328 × 2.947 × 4; see column (1) of the ta-
ble). When considering the monetary stimulus abstracting from this fiscal
expansion, however, investment of all firms increased by 9.393 pps (2.433 ×
0.328 × 2.947 × 4, see column (2)). Thus, the positive response of investment
was due entirely to monetary stimulus alone. Absent its interaction with in-
frastructure spending, the 2009 monetary stimulus would have increased non-
SOEs’ investment by 8.714 pps (2.507 × 0.346 × 2.515 × 4), which is larger
than the corresponding counterfactual increase in SOEs’ investment (7.630 =
2.242 × 0.212 × 4.017 × 4).

The infrastructure investment spree had opposite impacts on the transmis-
sion of monetary policy to investment of SOEs versus non-SOEs. Interacted
with monetary stimulus, infrastructure spending brought an additional in-
crease in SOEs’ investment by 1.587 pps (0.466 × 0.212 × 4.017 × 4), but re-
duced investment of non-SOEs by 1.304 pps ((−0.375) × 0.346 × 2.515 × 4; see
column (1) of Table IX). As a result, the 2009 monetary stimulus led to an over-
all increase in SOEs’ investment that was larger than non-SOEs’ investment
(9.217 pps versus 7.410 pps in column (3)).

48 The response to monetary stimulus of bank credit to non-SOEs and the investment elasticity
to bank credit in the entire economy were also larger than those in the manufacturing sector (2.132
pps versus 1.071 pps and 0.346 pp versus 0.176 pp).
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Table X
Capital Productivity of SOEs versus Non-SOEs

This table presents results about capital productivity. “Value-added” is total operating income
(equal to the difference between total revenue [item B001100000] and operating expenses [item
B001201000]). “Revenue” is total revenue (item B001100000). K denotes physical capital, which is
the sum of net fixed assets and the disposal of fixed assets (item A001212000 + item A001215000)
and thus measures property, plant, and equipment (all net).

Manufacturing The Entire Economy

SOEs Non-SOEs SOEs Non-SOEs

Productivity Mean Median Mean Median Mean Median Mean Median

Value-added/K 64.94 40.30 94.83 57.52 60.86 36.76 104.54 54.72
Revenue/K 401.45 250.97 570.63 284.51 371.11 223.71 607.14 269.67

C. Summary and Implications on Capital Misallocation

We summarize the preceding results. Through the bank credit channel, the
2009 monetary stimulus absent fiscal expansion led to higher investment of
non-SOEs than SOEs, but the fiscal expansion via the infrastructure spending
spree dampened the monetary effect on investment of non-SOEs while ampli-
fying this effect on investment of SOEs. As a result, an overall response of
SOEs’ investment was larger than that of non-SOEs’ investment. The 2009
monetary stimulus shifted both credit and capital allocations from non-SOEs
to SOEs; the infrastructure investment spree, driven by nonmonetary shocks,
played a central role in these changes in allocations.

Against the backdrop of these findings, it is worth examining whether the
fiscal-monetary interaction channel is associated with lower capital allocation
efficiency. Several studies focus on manufacturing firms and document that
SOEs have lower capital productivity than private firms in China (e.g., Hsieh
and Song (2015) and Cong et al. (2019)). We expand on their analysis by con-
sidering the entire economy, as we do in the investment regression. Table X,
based on our own data on listed firms, confirms this stylized fact using alterna-
tive measures of the average product of capital (APK) for SOEs and non-SOEs.

Consistent with prior literature, we find that the APK is lower for SOEs
than for non-SOEs in the manufacturing sector according to both means and
medians. As one moves beyond the manufacturing sector to study the entire
economy, the dispersion on APK between SOEs and non-SOEs becomes even
larger, with the mean or median productivity for SOEs much lower than that
for private firms. This result is robust to using two different measures of APK.
During the stimulus period, therefore, bank credit and physical capital were
allocated to SOEs with lower production efficiency.

VII. Conclusion

We construct a firm-quarter data set based on our loan-level data and
use this unique data set to estimate the effects of monetary policy and its
interaction with infrastructure spending on bank credit as well as investment.
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We develop a two-stage estimation methodology to identify the fiscal-monetary
interaction channel of monetary stimulus and examine how this channel af-
fects the overall effect of monetary stimulus on credit allocation. Our key find-
ing for the Chinese economy is that an increase in infrastructure investment
significantly weakened the transmission of monetary policy to non-SOE loans
while reinforcing monetary effects on SOE credit. The fiscal-monetary interac-
tion channel is key to understanding the preferential credit access enjoyed by
SOEs during the stimulus period.

A fiscal expansion via infrastructure investment amplified positive monetary
effects on credit to SOEs in the infrastructure sector and did not weaken those
effects on credit to non-SOEs in this sector. At first glance, the fiscal expansion
seemed to achieve its goal of enhancing the monetary transmission to credit
allocated to the infrastructure sector. In the end, however, the infrastructure
investment spree had adverse effects on investment of non-SOEs in the entire
economy by crowding out bank loans that would otherwise have been gener-
ated by the 2009 monetary stimulus. The resulting capital misallocation was
an unintended consequence of fiscal expansion on the monetary transmission.

In recent years, there has been a resurgence of interest in using infrastruc-
ture investment to boost economic growth in China as well as in the United
States. How to make infrastructure spending a priority in local governments’
investment plans was discussed in a series of Chinese government meetings
in the first half of 2020. The 2020 Report on the Work of Government called
for “pursuing a more proactive and impactful fiscal policy” for financing infras-
tructure investment and set the tone for loosening monetary policy through
“a variety of tools … to enable M2 money supply and aggregate financing to
grow at notably higher rates than last year.” In the United States, Congress
has passed a massive infrastructure investment package, which became law
at the end of 2021. How such a fiscal expansion will alter the effectiveness of
monetary policy in channeling funds from commercial banks to private firms
in sectors other than infrastructure is a timely and urgent question. This pa-
per provides a concrete step toward further research on how the interaction
between monetary and fiscal policies can influence the credit channel in par-
ticular and the banking system in general.
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