
WORKING
PAPER
SERIES

New Insight on Investment-Cash Flow Sensitivity

Paper no. 2021-16 
September 2021

Sai Ding, Minjoo Kim and Xiao Zhang



New Insight on Investment-Cash Flow Sensitivity∗

Sai Ding† Minjoo Kim‡ Xiao Zhang§

September 3, 2021

Abstract

�e investment-cash �ow sensitivity (ICFS) of Chinese listed �rms declined during the global

�nancial crisis, which contradicts the conventional �nancial constraint interpretation of ICFS . We

analyze this interesting phenomenon by examining how cash �ow uncertainty a�ects the ways to

�nance investment in China. We �nd that ICFS reveals not only the information between invest-

ment and cash �ow but also the relationship between internal funds and external �nancing. When

internal funds and external �nancing are complements, cash �ow uncertainty decreases ICFS much

more than when internal funds and external �nancing are substitutes. Our results remain robust

when we consider the problem of endogeneity and use alternative measures of key variables. Our

story is also supported by the sample of US �rms, indicating that our new interpretation of ICFS

based on cash �ow uncertainty and the relationship between internal funds and external �nancing

can apply to the general literature of corporate �nance.
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1 Introduction

�e interaction between investment and �nancing decisions is of paramount importance in corporate

�nance and has been extensively explored and debated in the literature. One controversial question

is whether investment-cash �ow sensitivity (ICFS therea�er), de�ned as investment response to a

change in cash �ow, should be interpreted as �nancial constraints. In the seminal work of Fazzari

et al. (1988), cash �ow is the signi�cant determinant of investment (even a�er controlling for Q) for

�nancially constrained �rms whose access to external �nancing is limited. Since then, ICFS has been

widely used as an indicator of �nancial constraints despite criticisms (see Kaplan and Zingales, 1997;

Erickson and Whited, 2000; Gomes, 2001). �is view is further challenged by the recent literature which

identi�es the decline and disappearance of ICFS in the US during the 2007–09 credit crunch. If one

believes that �nancial constraints have not completely disappeared, ICFS cannot be a good measure

of �nancial constraints (Chen and Chen, 2012; Lewellen and Lewellen, 2016; Gutierrez and Philippon,

2017). However, the presence of positive ICFS is still commonly interpreted as �nancial constraints in

developing countries like China where imperfect capital markets are prevalent (Guariglia et al., 2011;

Cull et al., 2015; Ek and Wu, 2018).

Using the sample of Chinese listed �rms, we o�er a novel explanation of ICFS by taking into

account the impact of cash �ow uncertainty as well as the relationship between internal funds and

external �nancing. We are motivated by a number of interesting stylized facts. First, using the method

of Fama and MacBeth (1973), we estimate the conventional Q model of investment based on the year-

by-year, cross-sectional regressions over the period of 1999–2017. As shown in Figure 1, ICFS gradually

increased in the �rst 10 years and peaked in 2004–2006, but dropped sharply a�er 2008 when the global

�nancial crisis (herea�er, GFC) started and remained pre�y low. �e average �gure of ICFS is 0.25 in

the pre-GFC and 0.16 in the post-GFC. �is is counter-intuitive as the standard literature predicts that

investment is more sensitive to cash �ow during recessions when external �nancing is more costly and

�rms are more �nancially constrained (McLean and Zhao, 2014). �is interesting �nding suggests that,

similar to the case of the US, ICFS cannot be a good proxy for �nancial constraints in China, especially

a�er the GFC when the economic uncertainty is high. So, how do we understand ICFS and why does

it decline in the post-GFC?

Second, the cross-sectional standard deviation of cash �ow (CFSD) displays an opposing trend in

Figure 1, which was low and stable before the GFC, but quickly climbed up a�er the GFC and gradually

fell to the pre-GFC level a�er its peak in 2010. �e average �gure of CFSD is 0.11 in the pre-GFC and

0.24 in the post-GFC. �is echoes the growing concerns about the risk and uncertainty embedded in

the Chinese economy in general and in its �nancial system in particular (Song and Xiong, 2018). �ere
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exists a strong negative relationship between the time series trends of ICFS and CFSD (−0.58). Hence,

can the costly cash �ow uncertainty be a possible driver of ICFS , and if so, what are the possible

channels?

[FIGURE 1 about here]

Lastly, the relationship between the aggregate values of investment and various �nancing sources

(cash �ow, debt and equity issuance) of listed �rms is illustrated in Figures 2 – 4. We �nd that invest-

ment is highly and positively correlated with cash �ow (0.70), indicating that �rms direct much of cash

�ow toward incremental investment in a country whose economic success is driven by massive invest-

ment. �e correlation between debt and investment is even higher (0.80), which can be explained by

the dominance of a banking sector with large state-owned banks in China’s �nancial system (Allen

et al., 2017)1. By contrast, investment and equity issuance are negatively correlated (-0.46). Despite

the recent development of Chinese stock market and rising proportion of equity issuance, listed �rms

heavily rely on debt �nancing, which accounts for more than 90 percent of the total external �nancing.

Moreover, Figure 5 shows that debt and cash �ow are strongly and positively correlated (0.79) among

Chinese listed �rms. �us, given the important role of debt in the �rm investment and the high corre-

lation between debt and cash �ow, can debt be a possible channel through which cash �ow uncertainty

impacts ICFS?

[FIGURES 2 – 5 about here]

Our contributions lie in the following four aspects. First, unlike the weak investment in the US

and its ‘investment less growth’, China invests a lot and its growth success is mainly investment-driven

(Song et al., 2011; Knight and Ding, 2012). According to the World Bank data, China’s real gross �xed

capital formation averaged a fairly steady 36 percent of real GDP over the period of 1978–2018, which

is more than 1.6 times as large as that of the US (21%). �us, our research on the intuition behind

ICFS can provide insights on important questions such as why Chinese �rms have strong incentives

to spend capital on investment and how such high investment is �nanced.

Second, the existing literature on ICFS draws mainly from the pecking order theory which em-

phasizes the substitutability between internal funds and external �nancing; that is, more pro�table

�rms (with abundant cash �ow) require less costly external �nancing due to asymmetric information

(Myers and Majluf, 1984; Fazzari et al., 1988). Inspired by the arguments of Almeida and Campello
1Corporate debt as a share of GDP has been persistently high in China and the trend has further increased to over 150%

in 2014, whereas the corresponding �gure for the US is 67% (BIS data).
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(2010) on the complementary relationship between cash �ow and debt as well as the supporting evi-

dence from Figure 5, we, for the �rst time in the literature, develop and rigorously test four theoretical

hypotheses about the impact of cash �ow uncertainty on ICFS , including the pecking order theory,

capital adjustment cost, liquidity channel and credit multiplier channel. Our empirical evidence is

found to support these theoretical predictions.

�ird, in order to shed light on causality, we take into account the unique Chinese institutional

background and examine the heterogeneous responses of di�erent ownership groups to the exoge-

nous shocks which potentially a�ect the cash �ow uncertainty of Chinese �rms such as the GFC and

post-GFC economic stimulus package. �is novel empirical design not only alleviates the potential

endogeneity problem, but also generates important policy implications.

Last, despite using China as a primary example, our research on the link between cash �ow

uncertainty and ICFS is applicable to the general corporate �nance literature as the results based on

the sample of US �rms also support our story. �is �lls another gap in the literature le� by Chen and

Chen (2012) and Lewellen and Lewellen (2016); that is, by taking into account the impact of cash �ow

uncertainty and the relationship between internal funds and external �nancing, we can o�er a new

explanation for the decline and disappearance of ICFS in the US.

Using the sample of Chinese listed �rms over the period of 1998–2017, we �nd that the direct

impact of cash �ow volatility, our main measure for cash �ow uncertainty, on investment is negative

but negligible, whereas the cash �ow volatility a�ects �rm’s investment mainly through the indirect

channel of ICFS . �e negative impact of cash �ow volatility on ICFS becomes larger as the comple-

mentary relationship between cash �ow and debt becomes stronger. �is is in line with our hypotheses

based on various economic theories regarding the relationship between internal funds and external �-

nancing. �e result remains robust when we opt for the downside cash �ow volatility and stock return

volatility, and when we control for the problem of measurement error in Q . We design a variant of

Di�erence-in-Di�erence (DID) method to mitigate the problem of endogeneity, and our results con�rm

the exogenous impact of cash �ow volatility on ICFS . Lastly, our main �nding is also supported by the

the sample of US �rms for the same sample period, suggesting the validity of our theory and empirical

�ndings in the general literature.

�e structure of the paper is organized as follows. Section 2 reviews the relevant empirical and

theoretical literature and discusses the background information of Chinese �nancial system. Section

3 develops our theoretical framework on the impact of cash �ow uncertainty on ICFS , which is based

on four di�erent theoretical arguments on the relationship between internal and external �nancing.

Section 4 discusses our empirical methodology including variable de�nition and model speci�cation.

4



Section 5 reports the summary statistics and empirical results. Section 6 conducts an exogenous shock

analysis in order to alleviate potential endogeneity and multicollinearity problems. Section 7 reports

the results of further robustness checks with alternative measures of key variables. Section 8 tests our

hypotheses using the US data. Section 9 concludes the paper.

2 Related Literature and Background

2.1 �e literature on ICFS

A �rm’s �nancial status is irrelevant for real investment decisions in a world of perfect capital markets,

as demonstrated by Modigliani and Miller (1958). However, Fazzari et al. (1988) claim that �rms may

face a wedge between the internal and external costs of funds in the presence of imperfect capital

markets, and internal cash �ow plays an important role in determining �rms’ investment when they

are �nancially constrained. A positive ICFS (a�er controlling for Q) is interpreted as evidence for the

existence of �nancial constraints. �is is however challenged by a large number of literature. For

instance, Kaplan and Zingales (1997) �nd that the degree of a �rm’s �nancing constraint does not

vary monotonically with its ICFS . Erickson and Whited (2000) claim that investment is insensitive

to cash �ow when the measurement error in Q is controlled for using a GMM estimator based on

higher order moment conditions. Gomes (2001) argues that the positive ICFS is due to a combination

of measurement error in Q and identi�cation problems. Abel (2018) develops a theoretical model and

claims that ICFS is positive and larger for faster growing �rms in the absence of �nancial constraints.

More recent debate focuses on the small and diminishing role of cash �ow in determining �rm’s

investment in the US. Brown and Petersen (2009) argue that the decline of ICFS is because �rms have

shi�ed their investment from physical investment to R&D, which is not typically included in the tra-

ditional measure of investment. Using time series data, Chen and Chen (2012) explore a number of

possible reasons for the decline and disappearance of ICFS even during the credit crunch but �nd it

still puzzling. Gutierrez and Philippon (2017) �nd that the US �rms are reluctant to invest despite a high

Q because of the rising intangibles, decreased competition, and policies encouraging payouts instead of

investment. In contrast, Lewellen and Lewellen (2016) and Ağca and Mozumdar (2017) claim that cash

�ow remains the signi�cant determinant of investment for US �rms when a number of measurement

errors and identi�cation issues are addressed.

�ere is vast heterogeneity on ICFS across the world. Moshirian et al. (2017) argue that a declin-

ing share of tangible capital and falling investment translate into a decline in ICFS in most developed

countries, whereas a high level of tangible capital stock and high rate of investment support a non-
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diminishing ICFS in developing countries. Larkin et al. (2018) also �nd that ICFS is positive and per-

sistent in poor countries, but declines sharply in rich countries. �ey claim that �nancial development

and economic growth explain the ICFS heterogeneity across countries and over time.

In the case of China, a common �nding is that �xed investment is not sensitive to cash �ow for

state-owned enterprises (SOEs), whereas ICFS is positive and signi�cant for non-state �rms (Guariglia

et al., 2011; Ding et al., 2013; Cull et al., 2015). �e interpretation is that SOEs bene�t from so� budget

constraints or favorable treatment from banks, thus they are not �nancially constrained. On the other

hand, private �rms are generally discriminated against by the formal �nancial system and have to rely

predominantly on internal funds for investment (Allen et al., 2005; Knight and Ding, 2012).

2.2 �e theoretical literature on uncertainty and investment

According to the real options theory (Dixit and Pindyck, 1994), uncertainty may a�ect both the level

and timing of investment, where they emphasize the role of irreversibility in shaping �rms’ investment

decisions by applying the option pricing approach to investment theory. Investment is irreversible

when it cannot be recovered a�er being installed. �ere is an option value to postpone an investment

decision in order to wait for the arrival of new information about future market conditions. In an

uncertain environment, irreversibility increases the value of waiting for the uncertainty to be at least

partly dispelled, and naturally leads to depressing current investment and delaying investment projects.

�us, the rise in uncertainty boosts the threshold that triggers investment, thereby lowering the present

investment level.

�e negative correlation between investment and uncertainty predicted by the real options the-

ory has been widely debated. Caballero (1991) �nds that only if irreversibility is assumed in combina-

tion with decreasing returns to scale or imperfect competition, uncertainty will have a negative e�ect

on investment. In the extended real option framework, both Abel et al. (1996) and Abel and Eberly

(1999) discover an ambiguous e�ect of uncertainty on investment.

A di�erent channel through which uncertainty a�ects investment relates to risk preference.

Nickell (1978) shows that risk a�itude may have either positive or negative e�ects on investment de-

cisions under uncertainty. It is generally agreed that risk aversion depresses investment under un-

certainty (Aizenman and Marion, 1999; Nakamura, 1999). By contrast, when taking into account the

nature of marginal product of capital, a number of researchers (Hartman, 1972; Abel, 1983; Abel and

Eberly, 1994) prove that the investment-uncertainty relation can be positive under certain assump-

tions. For instance, a rise in uncertainty can raise the expected present value of the marginal pro�t

�ow when the marginal pro�t function is a convex function of uncertainty and therefore lowers the
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investment threshold, which encourages investment.

Capital market imperfections or �nancial constraints can lead to a negative relationship between

uncertainty and investment. According to Greenwald and Stiglitz (1990), there exist various con�icts

of interest and information asymmetries between creditors and shareholders. Such agency costs result

in higher cost of capital and in this way, an increase in uncertainty over �rms’ pro�tability makes

�rms reluctant to invest. In brief, there is no consensus on the theoretical grounds for the relationship

between uncertainty and investment.

2.3 �e literature on cash �ow volatility

�e uncertainty of cash �ow and the risk of adverse cash �ow shocks are central concerns in corporate

�nance and are taken seriously by both managers and shareholders (Disatnik et al., 2014). Cash �ow

volatility is costly as low cash �ows may throw budgets into disarray, distract managers from produc-

tive work, defer capital expenditure or delay debt repayment (Minton and Schrand, 1999). �e cash

�ow volatility has been studied across several areas, including �rm’s investment, capital structure, cash

holdings, and dividend payouts.

Minton and Schrand (1999) discover both the direct and indirect negative e�ects of cash �ow

volatility on investment. First, higher cash �ow volatility increases the frequency of cash �ow short-

falls, which directly reduces investment. Second, increased cash �ow volatility raises the �rm’s external

�nancing costs, which indirectly shrinks investment. �e rationale is that �rms with uncertain cash

�ow have more di�culty accessing external �nancing and face higher cost of capital given the higher

risks to capital providers. �is leaves �rms more �nancially constrained as they must forgo investment

due to insu�cient capital.

�ere is no consensus on the impact of cash �ow volatility on capital structure. On the one

hand, Keefe and Yaghoubi (2016) adopt the Black and Scholes (1973) model to illustrate the positive

relationship between cash �ow volatility and the cost of debt. �ey �nd that the cash �ow volatility

has a negative e�ect on a �rm’s capital structure by reducing the long-term debt ratio. On the other

hand, Harris and Roark (2019) �nd that �rms with higher cash �ow volatility have higher debt levels

for �rms, and this positive link holds only for those with the greatest shortfall in operating cash �ow,

i.e. �rms at greater risk of a cash shortfall will increase their use of debt.

�e literature on corporate cash holdings identi�es a positive link between cash �ow volatility

and cash. For instance, Opler et al. (1999) claim that the optimal amount of cash increases in the volatil-

ity of cash �ows from existing assets, and �rms operating in more volatile industries hold signi�cantly

more cash as a fraction of their assets. Han and Qiu (2007) argue that cash holdings of �nancial con-
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strained �rms are sensitive to the cash �ow volatility, and when future cash �ow risk cannot be fully

diversi�ed, constrained �rms increase their cash holdings in response to rise in the cash �ow volatility.

Bates et al. (2009) �nd that an increase in the cash �ow volatility may lead to cash shortfalls for �rms,

and �rm’s cash holdings increase as a response to increased cash �ow risk.

�ere is also a literature addressing the importance of cash �ow uncertainty in payout policy.

Using cross-country data of 7 advanced economies, Chay and Suh (2009) �nd that �rms facing high

cash �ow uncertainty are more reliant on internal funds and pay low dividends fearing future cash

shortfalls. In contrast, Deng et al. (2013) �nd that when facing uncertain cash �ow, Chinese �rms

neither cut dividends nor investment, but use external �nancing as an instrument to resolve cash �ow

uncertainty. �ey argue that China’s special institutional se�ings provide �rms with strong incentives

for both dividend payout and investment.

2.4 �e literature on the relationship between internal and external funds

�e traditional corporate �nance literature regards cash �ow and debt as substitutes in �nancing �rm’s

investment. According to Modigliani and Miller (1958), external funds provide a perfect substitute for

internal capital with a perfect capital market, making a �rm’s �nancial structure irrelevant to invest-

ment. In contrast, Fazzari et al. (1988) show that external �nancing is more costly than internal funds

in an imperfect capital market where asymmetric information, transaction costs and agency problems

are prevalent, so the internal and external sources of funds are not perfect substitutes. �e imperfect

substitutability between internal funds and external �nancing is well accepted in the literature (Froot

et al., 1993; Kaplan and Zingales, 1997; Rauh, 2006).

�ere is a rising literature focusing on the complementarity between cash �ow and debt. For

instance, Holmstrom and Tirole (1997) construct a model where a �rm’s net worth determines its

debt capacity, and �nd that �rms with substantial net worth can obtain cheaper debt �nancing. As-

suming that �rm’s investment is endogenous to external �nancing decisions, Almeida and Campello

(2010) claim that internal funds and external �nancing can become complements rather than substi-

tutes when external �nancing costs are high. �e positive relationship between cash �ow and debt is

stronger for �nancially constrained �rms with more tangible assets or with greater propensity to use

cash �ow surplus to accumulate liquidity. Lian and Ma (2021) �nd that in the US, about 80% of debt

is based on cash �ow from �rms’ operations (‘cash-�ow based lending’), whereas merely 20% of debt

is collateralized by physical assets (‘asset-based lending’). �e prevalence of ‘cash-�ow based lending’

indicates that cash �ow in the form of operating earnings can relax �rms’ borrowing constraints, and

therefore increasing investment.
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2.5 Background of China’s ine�cient �nancial system

China is commonly regarded as a counterexample to the �ndings in the �nance-growth literature as

the development of the �nancial sector is lagging behind that of the overall economy (Allen et al.,

2005). �e �nancial system is ine�cient and ‘repressed’ where government intervention is prevalent

in both the banking system and stock market in order to keep unpro�table SOEs a�oat during the

reform process.

First, the banking system is dominated by �ve large state-owned banks, which mainly serve the

�nancing needs of large SOEs and government projects. Despite the gradual reform of the banking

sector, so� budget constraint is present among SOEs which has adversely a�ected the performance

of both SOEs and private �rms (Chow et al., 2010). For instance, it is only in SOEs that bank loans

constitute a major share of investment �nancing; these loans are made at rates well below what would

have been the competitive rate of interest for borrowers, and are made without close monitoring (Ding

et al., 2018). By contrast, the private sector, the driving force of the economy, is generally discriminated

by the formal banking system and has to pay high interest rates on rationed loans or rely on internal

funds or alternative sources of �nancing for investment (Guariglia et al., 2011; Ding et al., 2013; Cull

et al., 2015). �anks to the ownership reform such as ‘grasp the large, let go of the small’2 as well as the

new rules and regulations that made commercial banks more independent, the problem of so� budget

constraint has been greatly mitigated since the late 1990s. According to Lardy (2014), although SOEs

still receive a share in bank loans that is disproportionate to their diminishing share in the economy,

the access of private �rms to bank credit has improved dramatically in recent years.

Second, China’s stock market has developed quickly since 1990s, and become one of the largest

ones in the world in terms of market capitalization. However, it is highly ine�cient. For instance,

large amount of shares in listed companies are owned by the government and government entities, and

only until recently the majority of listed �rms’ shares are tradable; most individual and institutional

stockholders are short-term speculative investors. Hence, the prices and market valuations may not

re�ect �rms’ long-run prospects and fundamentals (Morck et al., 2000). It is not surprising to �nd that

commercial banks, rather than stock market, are the main supplier of new capital for listed �rms in

China (Jiang et al., 2020).
2Small SOEs were closed or privatized, whereas large SOEs were merged into large industrial conglomerates and control

over them was consolidated by central and local governments (Hsieh et al., 2015).
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3 Hypothesis Development

3.1 De�nitions

We �rst de�ne ICFS in a simple framework. For a positive cash �ow shock, the �rm will direct some of

the increased internal funds (A) toward incremental investment or use those funds to a�ract/cut back

on external �nancing (B). �us, we de�ne ICFS as

ICFS ≡ IA︸︷︷︸
Interanl funds channel

+ IBBA︸︷︷︸
External �nancing channel

(1)

where IA = ∂I/∂A, IB = ∂I/∂B, and BA = ∂B/∂A.3 From (1), the sensitivity of ICFS to cash �ow

uncertainty is also determined through the two channels:

ICFSσ = IAσ︸︷︷︸
Internal funds channel

+ IBBAσ︸︷︷︸
External �nancing channel

(2)

where ICFSσ = ∂ICFS/∂σ , IAσ = ∂2I/∂A∂σ , and BAσ = d
2B/dAdσ .4

Following the basic arguments of Almeida and Campello (2010) and Lian and Ma (2021), we de-

velop our own hypotheses about the impact of cash �ow uncertainty on ICFS . Since both internal

funds and external �nancing are the main channels to determine ICFS , our focus is on the relation-

ship between internal funds and external �nancing and its role in determining the impact of cash �ow

uncertainty on ICFS . A relation between internal funds and external �nancing can be either substi-

tutable (negative BA) or complementary (positive BA), and these relationships are closely associated

with various theoretical channels discussed as follows.

3.2 �eoretical Arguments

3.2.1 Pecking order theory

In the standard pecking order theory that assumes �xed investment, �rms prefer to �nance investments

with internal funds due to external �nancing costs increased by asymmetric information (Myers, 1984;
3Given desired investment based on the expected pro�tability, we assume that actual investment is determined by con-

sidering internal funds (cash �ow) (A), external �nancing (debt/equity) (B) and cash �ow uncertainty (σ ). �us, the total
derivative of investment is given by dI = (∂I/∂A)dA+ (∂I/∂B)dB+ (∂I/∂σ )dσ . �en the total derivative of investment with
respect to internal funds is given by dI/dA = IA + IBBA + IσσA. We assume that cash �ow uncertainty is not systematically
related to the cash �ow change. �at is, increased or decreased cash �ows does not increase cash �ow uncertainty. So, σA is
assumed to be zero. We de�ne ICFS as IA + IBBA in our framework.

4Both investment and external �nancing are endogenous and they decrease simultaneously with the raise of cash �ow
uncertainty. Hence, without loss of information, it would be reasonable to assume that cash �ow uncertainty does not a�ect
the use of borrowed debt for investment. i.e. IBσ = ∂I/∂B∂σ = 0.

10



Myers and Majluf, 1984). �is preference generates a substitutable relationship between internal funds

and external �nancing. However, their investment decisions are made before the realization of cash

�ow shock in the �xed investment model (Tirole, 2010). Following a positive cash �ow shock, the �rm

increases the use of internal funds, reduces the use of external �nancing, but keeps the same level of

investment. �us, ICFS is zero. If cash �ow uncertainty increases, both the frequency of cash �ow

shortfall and the cost of external �nancing increase. It makes the substitutable relationship stronger

but does not in�uence ICFS due to the �rm’s predetermined investment decision. To sum up,

IA = 0, IB = 0, BA < 0⇒ ICFS = 0 (3)

IAσ = 0, BAσ < 0⇒ ICFSσ = 0 (4)

3.2.2 Capital adjustment cost

However, the pecking order theory does not clearly explain the strong substitutable relationship among

�nancially unconstrained �rms, which are characterized by low asymmetric information and prede-

termined investment. According to Strebulaev (2007), the presence of (small) capital adjustment costs

can generate a negative relationship between pro�tability and issuance activity, i.e. pro�table �rms

may choose to �nance investment with internal funds to save on �otation costs. Hence, the relation

between internal funds and external �nancing is either undetermined or (more likely) negative for the

�nancially unconstrained �rms. However, cash �ow does not a�ect ICFS since the �rm’s investment

is predetermined. For the same reason, cash �ow uncertainty does not a�ect ICFS .

Hypothesis 1

Since the strong substitutable relationship between internal funds and external �nancing is mostly

explained by the pecking order theory or adjustment cost, we set the �rst hypothesis as follows:

H1: If there is a strong substitutable relationship between internal funds and external �nancing,

ICFS = 0 and ICFSσ = 0.

If the �rm is �nancially unconstrained and its investment decision is exogenous, observed in-

vestment is equal to the desired investment regardless of capital market frictions (e.g Shyam-Sunder

and Myers, 1999). However, if the �rm is �nancially constrained and its investment decision is en-

dogenous, observed investment is lower than the desired level. Endogenous investment decision also

in�uences the substitutable relationship between internal funds and external �nancing. As a result,
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ICFS and ICFSσ will change. We will develop these arguments in detail with the liquidity channel and

credit multiplier channel.

3.2.3 Liquidity channel

�e liquidity channel suggests that investment is variable. �erefore, the �rm will make decisions on

investment and cash holdings a�er the realization of cash �ow shock. A �rm with abundant internal

funds will �nd it advantageous to direct some of those funds toward incremental investment. Accord-

ing to the liquidity arguments (Almeida and Campello, 2010), when the �rm’s external �nancing costs

are high, the �rm should consider not only the funds it needs for current investment but also for the

future one. �e most e�ective way for the �rm to ensure spending on the future investment is to

secure liquid assets for smoothing investment process. To this end the �rm with the expensive exter-

nal �nancing cost will use the rest of those funds to raise liquid assets rather than to reduce external

�nancing (Fazzari and Petersen, 1993; Almeida et al., 2004). �erefore, this liquidity arguments can

explain why �nancially constrained �rms should display a lower propensity to use cash �ows for the

reduction of external �nancing, i.e. we will �nd weaker substitutable relationship from those �rms.

First, a positive cash �ow shock increases current investment and cash holdings reserved for fu-

ture opportunities. However, �nancially constrained �rms are reluctant to use debt to �nance invest-

ment in respect that debt �nancing will exhaust their limited borrowing capacity and not be optimal

for their dividend payouts (Almeida et al., 2004). �us,

IA > 0, IB > 0,BA < 0⇒ ICFS > 0.5 (5)

Second, if cash �ow uncertainty increases, both the frequency of cash �ow shortfalls and external

�nancing costs increase. As a result, the �rm will direct more internal funds toward liquid assets and

use less internal funds to cut back on external �nancing. If the �rm is �nancially more constrained, the

�rm will reduce even internal funds for incremental investment to raise more liquid assets. �erefore,

cash �ow uncertainty will negatively a�ect ICFS through the internal funds channel.

IAσ < 0, BAσ > 0⇒ ICFSσ < 0.6 (6)
5According to the liquidity arguments, IB and BA have relatively very small sensitivity compared to IA. �erefore, it

would be reasonable to assume that the internal funds channel dominates the external �nancing channel, i.e. |IA | > |IBBA |.
6As discussed in (5), the external �nancing channel has relatively very small sensitivity compared to IAσ . �erefore, it

would be reasonable to assume that the internal funds channel dominates the external �nancing channel, i.e. |IAσ | > |IBBAσ |.
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Hypothesis 2

�e weak substitutable relationship or irrelevance is found in the liquidity arguments. �erefore, we

set the second hypothesis as follows:

H2: If there is a weak substitutable relationship between internal funds and external �nancing,

ICFS > 0 but ICFSσ < 0.

3.2.4 Credit multiplier channel

�e �rm directs rising internal funds toward incremental investment, which increases its holdings of

tangible assets. �ese create new collateral, which the �rm can use to a�ract more external �nancing.

�is mechanism is “credit multiplier” introduced by Kiyotaki and Moore (1997), suggesting that �nan-

cially more constrained �rms face a stronger complementary relationship between internal funds and

external �nancing. �erefore, investment will positively respond to a cash �ow shock through both

the internal funds and external �nancing channel. Since the complementary relationship contributes

to incremental investment through external �nancing channel, it is likely to have a bigger positive

ICFS than that of the substitutable relationship. To sum up,

IA > 0, IB > 0, BA > 0⇒ ICFS > 0. (7)

If cash �ow uncertainty increases, external �nancing is more costly. �us the �rm has to reduce

external �nancing given the collateral. To leave investment constant, the �rm needs to direct more

internal funds toward incremental investment because it needs to create more new collateral. However,

since the large cash �ow uncertainty increases the frequency of cash �ow shortfall, it is di�cult to

increase investment using internal funds in practice. �erefore, cash �ow uncertainty negatively a�ects

ICFS through the external �nancing channel. If the �rm’s �nancial constraint is very tight and cash

�ow uncertainty very high, the �rm could cut back on internal funds for incremental investment. �us

the negative impact of cash �ow uncertainty on ICFS becomes stronger as the �rm is �nancially more

constrained. To sum up,

IAσ ≤ 0, BAσ < 0⇒ ICFSσ < 0. (8)

Hypothesis 3

�e complementary relationship is described by the credit multiplier arguments. �erefore, we set the

third hypothesis as follows:
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H3: If there is a complementary relationship between internal funds and external �nancing,

ICFS > 0 but ICFSσ < 0.

ICFS is more positive and ICFSσ is more negative than the case of a substitutable relationship.

4 Methodology

Our goal is to test our theoretical hypotheses and provide evidence on ICFS and ICFSσ for �rms with

a substitutable or complementary relationship between internal funds and external �nancing. To this

end, we need a couple of empirical works. First, we need to develop an empirical model which links

the �rm’s investment to cash �ow and cash �ow uncertainty. Second, the �rm’s cash �ow uncertainty

is not directly observable so we need to approximate it using a sample. �ird, we also cannot directly

observe the relationship between internal funds and external �nancing, which needs to be proxied

using a sample. We will discuss these issues in detail.

4.1 Key variable construction

4.1.1 Cash �ow uncertainty

Cash�owvolatility Our main measure of cash �ow uncertainty is cash �ow volatility (CFVOL). We

estimate the standard deviation of quarterly cash �ow using sample over the previous T -year period.

�ere is a trade-o� between the length of time-period and the number of available year observation.

�e longer time-period can reduces the small sample bias of standard deviation estimates but loses

more year observations. �us we consider the various lengths of time-period; 6, 5, 4 and 3 years.

For example, let’s consider T = 6 used by Minton and Schrand (1999). For the sample year 2004, the

standard deviation is calculated using 24 quarters of data from the �rst �scal quarter of 1998 to the

fourth �scal quarter of 2003. A �rm is included in the sample for a given year if it has non-missing

observation over the six-year period. �e standard deviation is then scaled by the absolute value of

cash �ow in 2004.

Downside risk Given �rms’ heterogeneous response to negative versus positive cash �ow shocks,

we adopt downside cash �ow volatility, which directly links to cash �ow shortfall, as an alternative

proxy for cash �ow uncertainty. First, we compute the mean of cash �ow over the last T -year period.

�en we de�ne a deviation from the mean as a cash �ow shock. We then compute the downside cash
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�ow volatility (DCFVOL) using negative cash �ow shocks:

DCFVOL =
1
nT

nT∑
t=1

ϵ2
i ,t I

{
ϵi ,t < 0

}
, (9)

where ϵ = CF − E[CF ] is the cash �ow shock and n is the number of observations within a year, e.g.,

if sample frequency is quarterly, then n = 4.

Stock return volatility In addition to the accounting-based measures, we adopt the stock return

based measures of cash �ow uncertainty as an alternative proxy. We measure the stock return volatility

using the �rm-speci�c constant-mean-return model which is the same model used for our accounting-

based measure, i.e. the cash �ow volatility. �e di�erence is that we use monthly stock returns rather

than the quarterly ones like cash �ow. �e monthly frequency could guarantee larger sample size

and be�er statistical inferences than the quarterly one. We compute the standard deviation of the

�rm’s stock return over the last T -year period, i.e. stock return volatility (TOTVOL). We can decom-

pose TOTVOL into the systematic part (SYSVOL) and the �rm-speci�c part (FIRMVOL) based on the

asset-pricing literature. It has the advantage of being able to analyze the uncertainty channel of the

investment more speci�cally than the cash �ow volatility. For the decomposition, a single index model,

that uses market excess return as an explanatory variable, or a multi-factor model, that uses various

common factors, is mostly used in the empirical studies. We use Fama and French (1993)’s three-factor

model (herea�er FF3) to decomposeTOTVOL into SYSVOL and FIRMVOL.7 For each �rm we estimate

SYSVOL using factors and estimated factor loadings, and FIRMVOL using the regression residuals of

the FF3 model given the estimation windows.

4.1.2 Relationship between internal funds and external �nancing

We estimate a correlation coe�cient between internal funds and external �nancing using full year

observation for each �rm. �en we split all �rms into four groups: “strong complementarity” (SC) if the

correlation coe�cient > 0.6, “weak complementarity” (WC) if > 0.2 and ≤ 0.6, “weak substitutability”

(WS) if < −0.2 and −0.6 ≥ and “strong substitutability” (SS) if ≤ −0.6, respectively.8 We truncate

a range between −0.2 and 0.2 and classify the range as the “neutral” group to alleviate the potential

estimation error of the correlation coe�cient.

Note that it is a more general assumption that the relationship between internal funds and ex-

ternal �nancing can change over time. However, it is also a realistic assumption that there will be no
7We also use the single index model and �nd quantitatively consistent results.
8Although the threshold for the correlation coe�cients used to divide groups is arbitrary, this method is prevalent in the

empirical asset pricing study (e.g. 5x5 portfolios). It is also consistent with our theoretical hypothesis.
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drastic change like a sign change of the correlation coe�cient between internal funds and external

�nancing. In addition, it is practically impossible to collect enough annual-frequency samples to esti-

mate the time-varying correlation coe�cient for each �rm. For these reasons, we estimate the average

relationship between internal funds and external �nancing for each �rm using full-year observations.

Although it is not entirely time-variant, Section 6 allows the time-varying nature by separately esti-

mating correlation coe�cients for the pre- and post-GFC.

4.1.3 Financial constraints

�ere are numerous studies on how to measure a �rm’s �nancial constraint. Following the literature

(Fama and French, 2002; Almeida and Campello, 2010), we use �rm size as the main measure for �-

nancial constraints, assuming that small �rms are typically young, less established and more subject

to credit imperfections9. We also use an index-based measure, the WW index (Whited and Wu, 2006)

to proxy for �nancial constraints,

WW = −0.091CF − 0.062DIVPOS + 0.021LEV − 0.044SIZE + 0.102ISG − 0.035SG,

where LEV is the ratio of debt to total asset,CASH is the ratio of liquid assets to total assets, DIVPOS is

a dummy indicating positive dividends, SIZE is the natural log of total assets, ISG is the �rm’s 3-digit

industry sales growth, and SG is sales growth. �is measure has been widely used in both the general

and China-speci�c literature (see Hennessy et al., 2007; Guariglia and Yang, 2016). A higher value of

the WW index is associated with �rms more likely to be �nancially constrained and facing higher costs

of external �nancing.

4.2 Test of hypothesis

Our empirical model augments the classical reduced-form investment regression model by including

the cash �ow volatility. �e baseline empirical model is wri�en as

INV = β0 + β1Q + β2CF + β3CFVOL + β4CFVOL·CF + Firm + Industry + Year + ϵ, (10)

where investment (INV ) is de�ned as capital expenditure (the cash paid to acquire and construct �xed

assets, intangible assets and other long-term assets, scaled by the lagged assets). Cash �ow (CF ) is

measured by cash received from sales of goods or rendering of services, scaled by the lagged assets.
9Almeida and Campello (2010) use four measures, i.e. payout, size, bond rating and commercial paper rating. But payout

is vary rare among Chinese �rms, and bond rating and commercial paper rating are not available in our dataset.
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Cash �ow volatility (CFVOL) is the proxy for cash �ow uncertainty as introduced. �e interaction term

between CFVOL and CF is the key variable of interests testing for the e�ect of cash �ow uncertainty

on ICFS . We use lagged Tobin’s Q (market value of equity plus book value of debt normalized by

book value of assets) as a proxy for investment opportunity. We control �rm, industry10 and year �xed

e�ects, and ϵ denotes the remainder idiosyncratic stochastic disturbance.

We also extend this baseline model by controlling further �rm heterogeneity:

INV = β0 + β1Q + β2CF + β3CFVOL + β4CFVOL·CF + γ
′X + Firm + Industry + Year + ϵ, (11)

where X is a vector of control variables, including stock returns, cash holdings, book leverage, �xed

assets, margin, and �rm size as in Lian and Ma (2021).

Stock return in the past 12 months (RET in year t − 1) is argued to be a useful empirical proxy

for Q (see Barro, 1990; Lamont, 2000). Firm cash holding at the end of t − 1 (CASH ) is included and we

expect a positive relationship between cash holdings and investment because �rms hold cash to avoid

underinvestment (Denis and Sibilkov, 2010).

Book leverage (LEV ), a measure of the amount of external �nancing used by �rms, has ambigu-

ous e�ect on investment. On the one hand, high leverage may be interpreted as indicating high debt

capacity or low external �nancial constraints (Fazzari et al., 1988). On the other hand, high lever-

age may indicate a �rm’s poor �nancial performance and highly leveraged �rms are less likely to get

external �nancing (Lang et al., 1995; Kaplan and Zingales, 1997). Firth et al. (2008) �nd a negative

relationship between leverage and �rm investment in China.

Fixed asset (FA) is included to proxy for tangibility, and greater tangibility is o�en associated

with less �nancial constraint and more investment (Almeida and Campello, 2007). Pro�t margin or

pro�tability (MARGIN ) is measured as the di�erence between sales and cost of sales scaled by sales,

which can be used as an alternative proxy for Q.

Lastly, �rm size (SIZE) is included to control for �rm heterogeneity, and its e�ect on investment

can be inconclusive. On the one hand, �rm size is regarded as an inverse proxy for the extent of

informational asymmetries between a �rm’s insiders and external �nancing providers, and smaller

�rms may face higher hurdles when raising external capital than large �rms (Myers and Majluf, 1984).

On the other hand, large �rms are mature �rms with less growth momentum than small �rms, and

they are more likely to su�er decreasing return to scale and thus invest less. Lin et al. (2011) �nd a
10If a �rm’s industry classi�cation is unchanging throughout the sample period, the �xed-e�ects estimator removes in-

dustry dummies. However, the industrial classi�cation of Chinese �rms o�en changed within the sample period. �us, we
control the industry e�ects by using industry dummies. For US �rms, it is not necessary to use industry dummies.
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negative e�ect of �rm size on �rm investment in China. Note that cash holdings, book leverage and

�xed assets are scaled by the current total assets.

Our focus on ICFS and ICFSσ is captured by β2 and β4, respectively. To test Hypothesis 1, we

estimate the empirical model for the SS group and perform the two-tailed t-test for H0 : β2 = 0 and

H0 : β4 = 0, respectively. If we do not reject the two null hypotheses, it statistically supports Hypothesis

1. Unlike the test of Hypothesis 1, we need a one-tailed t-test for Hypothesis 2 and 3, because we are

interested in testing ICFS > 0 and ICFSσ < 0. To this end, we estimate the empirical model for WS,

WC, and SC respectively, and perform the one-tailed t-test of H0 : β2 ≤ 0 and H0 : β4 ≥ 0 for each

group. If we reject the two null hypotheses for WS, it statistically supports Hypothesis 2. Analogously,

if we reject the two null hypotheses for WC and SC, it statistically supports Hypothesis 3.

5 Empirical Analysis

5.1 Sample and summary statistics

We use �rm-level data of Chinese listed �rms provided by the China Stock Market & Account Research

(CSMAR) database. Our sample covers the period of 1998 – 2017. Following the standard data cleaning

approach used in literature, we �rst exclude all the �rms in the �nancing sector identi�ed by CSMAR’s

industry code ‘001’ and China Securities Regulatory Commission (CSRC) industry code ‘J’. We drop

observations when the investment has a missing value and winsorize all variables at the 1st and 99th

percentiles to control outliers.

Our �nal panel data consists of 3,052 listed �rms over the period 1999 – 201711. �ere are 30,677

�rm-year observations. On average the number of �rm-year observations for each �rm is 10. �e

number of observations varies from a minimum of 799 in 1999 to a maximum of 2,713 in 2017. In addi-

tion to key variables, we construct a number of variables commonly used in the investment literature

(see McLean, 2011). �e de�nitions of variables are presented in Appendix A. Following Lian and Ma

(2021), we scale all �ow variables by lagged total assets and all stock variables by current total assets.

We compare the summary statistics of variables used for our empirical analysis for China with

US in Table 1. First, for China, the mean of investment, 0.067, is higher than that of operating cash

�ow, 0.051, indicating that the internal funds cannot ful�ll �rm’s investment need and the gap has to

be �lled by external �nancing. �e case is opposite for the US, where the mean of investment (0.06) is

lower than that of operating cash �ow (0.076), con�rming that the US �rms are less willing to use cash

�ow to �nance its investment. By contrast, the R&D investment of US �rms (0.063) is much higher
11�e year 1998 is missing due to the use of lagged variables.
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than that of Chinese �rms (0.025), and US �rms have much larger intangible assets (0.169) than their

counterparts in China (0.045). �ese �ndings are in line with the literature that R&D becomes a more

important form of investment in the US, whereas the role of tangible capital and �xed investment

has declined (see Brown and Petersen, 2009; Moshirian et al., 2017). �us, the important role of �xed

investment in the Chinese economy makes it an ideal laboratory for our experiment.

[Table 1 about here.]

Second, the cash �ow volatility exhibits li�le change for China and the US with respect to

changes in the estimation period from 3- to 6-year, indicating that our testing results will be robust

to the choice of di�erent estimation period of cash �ow volatility. �e mean value for China is about

three times as much as that for the US, justifying our choice of using China as the main example for a

study on the impact of cash �ow uncertainty.

�ird, taking a closer look at the �nancial resources of investment, we �nd that debt �nancing is

more important for Chinese �rm (26%) than for US �rms (12%). In China, the mean of debt (26%) is much

higher than that of equity issuance (3%), implying that �rms prefer debt to equity. �e median of equity

issuance is zero, meaning that at least half of the samples have never issued shares. �is is consistent

with the fact that China’s �nancial system is dominated by a banking sector with large state-owned

banks, and despite the rapid development of Chinese stock markets, the investment-driven economic

growth is mainly �nanced by debt (Allen et al., 2017). By contrast, the median of equity issuance of

US �rms is 0.005, while the median of debt is zero, suggesting that US �rms prefer equity issuance to

debt.

Figure 6 presents the proportion of �rms using debt or equity issuance, and the average ratio of

debt to total asset (herea�er, debt ratio) and equity issuance to total asset (herea�er, equity ratio) during

the period of 1999-2017 in China. We �nd that Chinese listed �rms rely heavily on debt �nancing, i.e.

about 90 percent of �rms used debt in the pre-GFC and the �gure slightly decreased to 80 percent in

the post-GFC. In the case of equity issuance, only about 40 percent of �rms issued equity in the pre-

GFC and the �gure slightly increased to 50 percent in the post-GFC. Moreover, the average debt ratio

is 26% over the sample period, whereas the average equity ratio is merely 3%. In the post-GFC, the

average debt ratio decreased slightly to 24%, but the average equity ratio remained low at 4% despite a

small rising trend. In brief, the important role of debt �nancing indicates that the variation of external

�nancing in our empirical analysis is mainly determined by debt. We will thus base our main analysis

on debt �nancing.

[FIGURE 6 about here.]
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Lastly, we examine the pa�erns of key variables across four groups sorted by the correlation be-

tween cash �ow and debt de�ned in Section 4.1, i.e. strong substitutability (SS), weak substitutability

(WS), weak complementarity (WC) and strong complementarity (SC). In Figure 7, as the substitutable

relationship becomes stronger as in the SS group, �rms are large and mature with low levels of Tobin’s

Q and cash �ow but high level of debt. �ese �rms are the least �nancially constrained (indicated by

both large size and low WW), whose investment decisions can be made less dependent on external

�nancing, i.e. their investment decisions are more exogenous. �us, �rm’s investment in the SS group

is entirely dependent on Tobin’s Q, but rarely relying on cash �ow. On the contrary, as the comple-

mentary relationship becomes stronger as in the SC group, �rms are small and young with high levels

of Tobin’s Q and cash �ow. However, these �rms have much limited access to external capital markets

such as debt. �is is consistent with the concept of ‘cash �ow-based lending’ as introduced in Lian and

Ma (2021) that a borrowing constraint restricts debt as a function of cash �ows measured using oper-

ating earnings. �erefore, their investment decisions are dependent on available internal funds (cash

�ow), where �nancial constraints and endogenous investment decisions are related to determining

ICFS and ICFSσ .

[FIGURE 7 about here.]

5.2 Identi�cations

Before testing our hypotheses using the baseline model in Section 4.2, we need to empirically resolve an

identi�cation issue regarding whether it is a necessary condition to identify the relationship between

internal funds and external �nancing by the theoretical channels discussed in Section 3.2.

5.2.1 Pecking order theory

�e pecking order theory is the arguments about �nancially constrained �rms. We should observe that

the �rms with larger information asymmetry have a stronger substitutable relationship. �erefore, in

the following regression model,

DEBT = β0 + β1CF + β2IN FASY + β3IN FASY ·CF + Firm + Industry + Year + ϵ, (12)

β3 should be negative.

�e variable IN FASY denotes the variable of information asymmetry in the regression model.

We use accruals quality as a proxy for information asymmetry. We follow the spirit of Lee and Masulis

(2009) and extend their FDD model by controlling both industry and year e�ects in the single panel
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regression model with the entire sample of �rm years:

CA = γ0 + γ1LCF + γ2CF + γ3FCF + γ4∆SALES + γ5FA + Firm + Industry + Year + ϵ, (13)

whereCA is total current accruals which is computed by ∆current assets − ∆current liabilities − ∆cash

+ ∆debt in current liabilities, where ∆ is a change from year t − 1 to year t , and scaled by the lagged

total assets. LCF (FCF ) is the lag (forward) of cash �ow, ∆SALES is the sales growth, computed by

∆log(total revenue), and FA is �xed assets, scaled by the total assets.

�e estimation of the extended FDD model follows two steps. First, we estimate the equation

(13). Next, we calculate the standard deviation of the �rm’s regression residuals over the �ve years, i.e.

ϵi ,t through ϵi ,t−4. We use this standard deviation as a proxy for information asymmetry (IN FASY ) in

the regression model (12). �e larger standard deviations of residuals re�ect that there are a greater

portion of the current accruals unexplained by the extended FDD model, which indicates poorer ac-

cruals quality.

We estimate the equation (12) for the �nancially constrained �rms identi�ed by �rm size in the

SS group. �e estimate of β3 is signi�cant and negative (−7.16) in the �rst column of Table 2.12 �e one-

tailed t-test result for the null hypothesis of H0 : β3 ≥ 0 also supports the statistical signi�cance of our

theoretical prediction by rejecting the null hypothesis at the 1% level. �erefore, we can con�rm that

the strong substitutable relationship in the �nancially constrained �rms is identi�ed by the pecking

order theory.

[Table 2 about here.]

5.2.2 Capital adjustment cost

We however �nd that the estimate of β3 is insigni�cant and the null hypothesis of H0 : β3 ≥ 0 is not

rejected for the �nancially unconstrained �rms as seen in the second column of Table 2. �us, we

cannot explain the strong substitutable relationship for the �nancially unconstrained �rms using the

pecking order theory.

To �ll this blank space in the SS group, we test the adjustment cost arguments suggested by

Strebulaev (2007) for �nancially unconstrained �rms. According to the adjustment cost arguments,

we should observe that �rms with higher adjustment costs show a stronger substitutable relationship.
12�e estimate of β1 is negative and signi�cant. �is captures the substitutable relationship between internal funds and

external �nancing. In all groups, we �nd that the estimate of β1 is consistent with the relationship.
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�erefore, in the following regression model,

DEBT = β0 + β1CF + β2ADJCOST + β3ADJCOST ·CF + Firms + Industry + Year + ϵ, (14)

β3 should be negative.

�e variable ADJCOST denotes the variable of adjustment cost in the regression model. We

follow the spirit of Di�mar and Mahrt-Smith (2007) and estimate the value of change in debt in the

following regression:

R − RB = γ0 + γ1∆DEBT + γ2∆DEBT
2 + γ3∆EBITDA + γ4∆NA + γ5∆RD + γ6∆IE + γ7∆DIV

+ γ8LCASH + γ9LEV + γ10NF + γ11∆CASH + Firm + Industry + Year + ϵ, (15)

where ∆ indicates a change in variables from year t − 1 to t and the variables are scaled by the market

value at year t−1. �e dependent variable is the stock return over year t−1 to t , R, minus the return on

a benchmark portfolio (market return here), RB . Independent variables include debt (DEBT ), earnings

before interest and extraordinary items (EBITDA), net assets (NA), R&D expenditure (RD), interest

expenses (IE), dividend (DIV ), the lagged cash holding (LCASH ), leverage (LEV ), and net �nancing

(NF ) during a �scal year. We control �rm, industry, and year �xed e�ects. Using this speci�cation, we

compute the cost of debt as follow:

�COST = −0.044∆DEBT + 0.352∆DEBT 2, (16)

and we use it as a proxy for the �rm’s adjustment cost.13

We estimate the equation (14) for the �nancially unconstrained �rms identi�ed by �rm size in

the SS group and test the null hypothesis of H0 : β3 ≥ 0. �e estimate of β3 is negative (−1.57) in

the third column of Table 2. �e one-tailed t-test result also supports the statistical signi�cance of

our theoretical prediction by rejecting the null hypothesis at the 1% level. �erefore, we can con�rm

that the strong substitutable relationship in the �nancially unconstrained �rms is identi�ed by the

adjustment cost channel.

5.2.3 Liquidity channel

�e liquidity arguments explain the weaker substitutable relationship for those �rms to use the rest

of internal funds to raise cash holdings for smoothing the future investment process rather than to
13We �nd that the coe�cient on ∆DEBT is not signi�cant. �us, we also compute the cost without this term and run the

same test. We �nd the consistent results.
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reduce external �nancing (Riddick and Whited, 2009; Bates et al., 2009; Bolton et al., 2011). �us, if

the �rms use more internal funds to accumulate cash, the substitutable relationship would be weaker.

�erefore, in the following regression model,

DEBT = β0 + β1CF + β2LIQU ID + β3LIQU ID·CF + Firms + Industry + Year + ϵ, (17)

β3 should be positive since β1 is negative.

�e variable LIQU ID denotes the �rm’s liquid assets. We use the �rm’s cash holding scaled by

the lagged total assets as a proxy for the liquid assets. We estimate the equation (17) with �rms in the

WC group and test H0 : β3 ≤ 0 using the one-tailed t-test. �e estimate of β3 is positive (0.191) in the

fourth column of Table 2. �e positive sign is consistent with our theoretical prediction, but the null

hypothesis (H0 : β3 ≤ 0) is not rejected. When we focus only on �nancially constrained �rms, the

positive coe�cient gets support by rejecting the null hypothesis at the 10% level (see the ��h column

of Table 17). �erefore, although the statistical signi�cance is not strong, we can still con�rm that the

weak substitutable relationship can be identi�ed by the liquidity channel.

5.2.4 Credit multiplier channel

�e credit multiplier arguments explain the complementary relationship. According to the arguments,

the �rm directs internal funds toward incremental investment, which increases its tangible assets.

�ese create new collateral, which the �rm can use to a�ract more external �nancing. �us, if the

�rms hold more tangible assets, the complementary relationship would be stronger. �erefore, in the

following regression model,

DEBT = β0 + β1CF + β2TANGIBLE + β3TANGIBLE·CF + Firms + Industry + Year + ϵ, (18)

β3 should be positive.

�e variable TANGIBLE denotes the �rm’s tangible assets. We use the �rm’s �xed assets as

a proxy for the tangible assets. We estimate the equation (18) with �rms in the WC and SC groups,

respectively, and test H0 : β3 ≤ 0 using the one-tailed t-test. �e estimate of β3 is positive (0.619) and

the null hypothesis of H0 : β3 ≤ 0 is rejected at the 1% signi�cance level in the WC group. It is also

positive at 0.801 and the null hypothesis is rejected at the 10% signi�cance level in the SC group (see

the last column of Table 2). �erefore, we can con�rm that the complementary relationship can be

identi�ed by the credit multiplier channel.

Overall, the four relationships proposed to test our hypotheses are well identi�ed by our the-
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oretical channels. �erefore, we can test our hypotheses based on the relationship between internal

funds and external �nancing without the concern about whether each relationship is identi�ed by the

theoretical channels we proposed.

5.3 Baseline model results

Table 3 presents the results of baseline regression in equation (10). As a benchmark, we also run the

regression without the interaction term (CF · CFVOL). �e results are consistent when di�erent es-

timation periods of cash �ow volatility are adopted. Taking column (1) as an example, the impact of

cash �ow volatility (CFVOL) on investment is signi�cantly negative, which is in line with the pre-

dictions of real option theory (Dixit and Pindyck, 1994) and �ndings of existing empirical literature

(Minton and Schrand, 1999). However, its magnitude is very small (−0.0004) compared to that of cash

�ow (0.0956). In terms of marginal e�ect, one standard deviation change in cash �ow results in 0.0089

change in investment whereas the e�ect of one standard deviation change in the cash �ow volatility

is −0.0015 which is merely 2% of average investment rate. Hence, the rise of cash �ow uncertainty is

unlikely to be the dominant factor explaining the rapid slowdown in corporate investment in China in

the post-GFC.

However, we �nd that cash �ow uncertainty signi�cantly a�ects investment through an indi-

rect channel of ICFS . �e estimated ICFSσ , i.e. the coe�cient of the interaction term (CF ·CFVOL),

is −0.0662, which is much larger than the direct e�ect (-0.0003) and corresponds to the half of ICFS

estimate (0.1130), in terms of absolute value. In terms of marginal e�ect, one standard deviation in-

crease in the cash �ow volatility decreases ICFS by 0.250 whereas one standard deviation change in

the interaction term have an impact of -0.0232 on investment, which is about 35% of average invest-

ment rate. In brief, our results show that cash �ow uncertainty has a large negative impact on �rm’s

investment through the ICFS channel, i.e. cash �ow uncertainty decreases the response of investment

to cash �ow (ICFS) which further dampens investment. Moreover, it is the rising cash �ow uncertainty

that explains the declining ICFS in China.

[Table 3 about here.]

�is interesting result contradicts with the conventional �nancial constraint interpretation of

ICFS , which motivates us to further examine how cash �ow uncertainty a�ects investment along with

ways of �nancing. In Table 4, we test Hypothesis 1 – 3 by identifying a relationship between internal

funds (cash �ow) and external �nancing (debt). We �rst estimate a correlation between cash �ow and

debt using the method discussed in Section 4.1 and then divide �rms into four groups: SS, WS, WC, and
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SC. For each group, we estimate the baseline regression (10) and test the three hypotheses14. First, we

test Hypothesis 1 using the sample of the SS group, i.e. H0 : ICFS = 0 and H0 : ICFSσ = 0. Despite the

negative coe�cient of both ICFS (−0.013) and ICFSσ (−0.097), they are both insigni�cant. �erefore,

Hypothesis 1 is statistically valid in the SS group while being rejected in other groups, suggesting that

there is zero ICFS and no impact of cash �ow volatility on ICFS when there exists strong substitutable

relationship between cash �ow and debt.

[Table 4 about here.]

Next, in order to test Hypothesis 2 and 3, we apply the one-tailed t-test to the remaining three

groups and test H0 : ICFS ≤ 0 and H0 : ICFSσ ≥ 0. If the two hypotheses are valid, we should reject

each given null hypothesis. Indeed, we �nd that the null hypotheses are rejected at the 5% signi�cance

level in all three groups, proving that Hypothesis 2 and 3 are statistically signi�cant. �erefore, when

the relation between cash �ow and debt is weak substitutable or complementary, there exists positive

ICFS and negative e�ect of cash �ow volatility on ICFS . We also �nd that the positive ICFS and nega-

tive ICFSσ become stronger as the relation between cash �ow and debt becomes more complementary,

as predicted by Hypothesis 3.

5.4 Extended model results

Despite our e�orts to control latent e�ects using �rm, industry, and year �xed e�ects in the baseline

model, there remains the potential problem of uncontrolled heterogeneity. We consider various control

variables that are commonly used in the investment literature and introduced in the extended model

(2) and test the hypotheses in the same way as the baseline model.

[Table 5 about here.]

In Table 5, we �nd consistent results with those of the baseline model and the results of control

variables are largely in line with our predictions. Our hypotheses are well supported by the sample of

Chinese listed �rms in the extended model. �e main di�erences between the extended model results

and the baseline model results are that the sensitivity to Tobin’s Q is weaker as a result of inclusion

of both measures for Q (such as RET and MARGIN ), but ICSF or ICFSσ become stronger. �us, the

inclusion of other control variables improves the signi�cance of test result of all three hypotheses.

Overall, we can con�rm that our hypotheses about the impact of cash �ow volatility on corporate

investment are well supported by the sample of Chinese listed �rms.
14Since our results are robust to the change of estimation period for the cash �ow volatility, we mainly report the results

based on the 3-year estimation period. Results based on other estimation periods are consistent and available upon request.
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6 �e Exogenous Shock Analysis

We measure cash �ow volatility using the past cash �ow, and use it as a proxy for cash �ow uncertainty

in the regression analysis. But there are two empirical issues. �e �rst problem is measurement error

because the cash �ow volatility is the proxy for cash �ow uncertainty, that is, the endogeneity problem

occurs. Second, the cash �ow volatility is likely to be correlated with the current cash �ow due to the

autocorrelation of cash �ow, that is, the multicollinearity problem occurs. We aim to identify an ex-

ogenous historical event in the sample period which leads to a regime change in cash �ow uncertainty,

so that we can test our hypotheses without including the cash �ow volatility in the regression model.

6.1 �e impact of global �nancial crisis (GFC)

�e most notable historical event in the past two decades is the GFC, which started from the bursting

of the US housing bubble and culminated with Lehman Brothers’ bankruptcy on September 15, 2008.

�e GFC caused the US �rms to experience the most direct downturn. �e Chinese economy was also

hit dramatically by the GFC. �e rate of economic growth dropped sharply in the �nal quarter of 2008

and the stock market lost three-quarters of its value by the end of 2008. Chinese �rms su�ered from

sharply rising cash �ow uncertainty. As is shown in the Figure 1, this event causes a signi�cant cash

�ow shortfall to all �rms, and their cash �ow volatility has increased dramatically since 2008 while

their ICFS has decreased signi�cantly. It also casts a ‘long shadow’ on Chinese economy (Bai et al.,

2016). Consequently, the increased cash �ow uncertainty by the GFC brought about the structural

change in ICFS , and this change is consistent with our theoretical arguments. �erefore, considering

the GFC as a structural breakpoint where the regime of cash �ow uncertainty jumps from low to high

is a reasonable choice.

We consider a simple single structural change model to test the structural change of ICFS a�er

the 2008 GFC:

INV = β0 + β1Q + β2CF + (δ0 + δ1Q + δ2CF )DPost + γ
′X + Firm + Industry + Year + ϵ, (19)

where DPost is a dummy variable taking a value of 1 for Year>2008 and 0 otherwise. Our Hypothesis

1 implies that β2 (i.e. ICFS) = 0 and δ2 (i.e. ∆ICFS) = 0 for the SS group. In other words, ICFS is zero

before the GFC and there is no change in ICFS a�er the GFC. For our Hypothesis 2 and 3, β2 > 0 and

δ2 < 0 for the other three groups. �at is, ICFS is positive in the pre-GFC, and ICFS decreases as cash

�ow uncertainty increases in the post-GFC. �erefore, for our Hypothesis 1, we test H0 : ICFS = 0 and

H0 : ∆ICFS = 0 with samples in the SS group. For our Hypothesis 2 and 3, we test H0 : ICFS ≤ 0 and
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H0 : ∆ICFS ≥ 0 with samples in the other three groups, respectively.

However, the GFC is likely to a�ect not only cash �ow uncertainty but also the relationship

between internal funds and external funds. To control this possibility, we select only �rms whose

relationships remain unchanged a�er the GFC. According to the correlations before and a�er the GFC,

35% of �rms stay in the same category. Table 6 presents the estimation and testing results by the single

structural change speci�cation.

[Table 6 about here]

First, the test results for the SS group statistically support Hypothesis 1. Second, ICFS is positive

and signi�cant in the other three groups, and the stronger the complementary relationship, the more

sensitive ICFS is. �is pa�ern is consistent with Hypothesis 2 and 3. �e change of ICFS a�er the GFC

is negative for all three groups. Consistent with our predictions, the magnitude of reduction increases

as the complementary relationship becomes stronger. �e p-values for testing H0 : ∆ICFS ≥ 0 are

also 4.6% — 5.4%. Consequently, we �nd acceptable evidence for the three Hypotheses based on the

sub-sample analysis of Chinese listed �rms. Further study is required to consider other shocks in the

same period and their heterogeneous impacts on di�erent types of �rms.

6.2 �e impact of 4-trillion stimulus package

Shocked by the speed and depth of the economic downturn, the Chinese government launched a 4 tril-

lion RMB economic stimulus package in November 2008. Bank lending increased at an explosive pace

since the announcement of stimulus e�orts (Naughton, 2009). Despite its e�ectiveness in boosting do-

mestic investment, the economic stimulus worsens the problem of so� budget constraint and reverses

the �ow of resources between the state and private sectors (Song and Xiong, 2018). �e stimulus a�ects

�rms’ cash �ows through two channels: credit expansion and �scal expansion. First, credit allocation

favours SOEs and other connected private �rms through explicit or implicit guarantees, which can be

seen by the dramatic increase in the debt of local governments and listed �rms, most of which are SOEs

and connected private �rms (Bai et al., 2016). Deng et al. (2020) �nd that the stimulus package adversely

a�ects listed �rms’ investment activity and e�ciency, and government-intervened �rms substantially

invest more compared to control �rms. Cong et al. (2019) claim that the economic stimulus package, by

allocating new bank credit disproportionately to SOEs and �rms with lower average product capital,

reverses the positive trend of capital reallocation towards private �rms and dampens long-term growth

prospects in China. It is the implicit government guarantee that makes banks favour SOEs more during

recessions when the risk of �nancial distress rises. Second, Bai et al. (2016) suggests that the stimulus
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program channels �scal resources toward low-productivity �rms, but local-government favored pri-

vate �rms, with potentially negative e�ects on the e�ciency of capital allocation. �is explains the

decline in pro�tability of private �rms. On the other hand, SOEs are less a�ected by the GFC as the

result of support and subsidy from the stimulus package in the post-GFC.

We examine how this economic policy a�ects the impact of cash �ow uncertainty on the ICFS

of SOEs a�er the GFC. Figure 8 shows that starting from a similar low level of CFSD in the pre-GFC,

the rise of CFSD is much bigger for non-SOEs than for SOEs in the post-GFC. Figure 9 shows that in

2004, the ICFS maintained a similarly high level in both groups. Before the GFC, non-SOEs quickly

decreased their dependence on cash �ows, but SOEs remained at a high level of ICFS . As a result of

the GFC, both groups su�ered an unexpectedly sharp drop in cash �ow in 2009, with more than half

of the decrease compared to 2004. However, since non-SOEs had already reduced their dependence on

cash �ows signi�cantly, ICFS stabilized at levels around 0.14 without signi�cant �uctuation. On the

other hand, since SOEs were unable to reduce their previous high cash �ow dependence drastically,

ICFS converged to the non-SOEs level a�er two modi�cations (2009-2013; 2013-2016), as re�ected by

the average ICFS trends in the �gure.

[Figure 8 about here]

[Figure 9 about here]

�erefore, we isolate the e�ect of stimulus package on SOEs from the whole sample and adopt

the following di�erence-in-di�erence type model:

INV = β0 + δ0DPost + γ0DSOE + π0DPost ·DSOE

+ β1Q + δ1Q ·DPost + γ1Q ·DSOE + π1Q ·DPost ·DSOE

+ β2CF + δ2CF ·DPost + γ2CF ·DSOE + π2CF ·DPost ·DSOE

+ γ ′X + Firm + Industry + Year + ϵ, (20)

where DSOE is a dummy variable taking a value of 1 for SOEs and 0 for non-SOEs. In the regression,

β2 indicates ICFS for non-SOEs during the pre-GFC and δ2 indicates the change of ICFS from the pre-

GFC to post-GFC for non-SOEs. We apply the same tests to these two parameters for all subgroups.

Also, β2 + γ2 indicates ICFS for SOEs during the pre-GFC and δ2 + π2 indicates the change of ICFS

from the pre-GFC to the post-GFC for SOEs. Table 7 presents the estimation and testing results by the

Di�erence-in-Di�erence (DID) speci�cation in (20).

[Table 7 about here]
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First, we take a look at the estimation results. For both SOEs and non-SOEs, ICFS , i.e. β2 and

β2 + γ2, has a positive value for the other three groups, except for the SS group, and shows a more

sensitive response as the complementary relationship tightens. �is �nding is consistent with our

theoretical prediction on ICFS . Second, we look at the changes of ICFS a�er the GFC. �e ICFS of

non-SOEs decreases during the post-GFC, and the magnitude of reduction increases as the comple-

mentary relationship becomes stronger. �is �nding is also consistent with our theoretical prediction.

However, as opposed to non-SOEs, we �nd the reduction of ICFS for the substitutable relationship and

the increase for the complementary relationship.

Next, we take a look at the test results. For the SS group, we cannot reject both zero ICFS and

zero ∆ICFS at the 5% signi�cance level. �e positive ICFS is also statistically supported for the other

three groups. However, H0 : ∆ICFS ≥ 0 is rejected for only non-SOEs at the 5% signi�cance level. �e

hypothesis is not rejected for all the three groups even at the 10% signi�cance level. �ese test results

show that the results are superior to the previous results where SOEs are not isolated from non-SOEs

in the regression.

In sum, a�er we control for the impact of the government’s economic stimulus policy on SOEs

in the post-GFC, we �nd more consistent results with our theoretical predictions using the exogenous

shock of the GFC on the cash �ow uncertainty in the DID speci�cation.

7 Robustness Analysis

In this section, we examine various empirical issues that could a�ect the results of testing our theoret-

ical hypotheses, which include (i) downside risk, (ii) stock return based uncertainty measure, and (iii)

measurement error in Q.

7.1 Downside risk

Some �rms are much more sensitive to negative cash �ow shocks than to positive shocks, because the

negative cash �ow shocks are directly linked to the �rm’s cash �ow shortfall, a�ecting its investment.

�erefore, the downside cash �ow volatility could be a more suitable measure for testing our hypothesis

than the standard volatility used in our main test. We estimate the extended regression in equation (11)

with the downside cash �ow volatility in equation (9) and test the three hypotheses. We report all the

test results in Table 8. Although the downside cash �ow risk is closely related to the �rm’s cash �ow

shortfall for some �rms, both estimation and testing results are hardly changed by the downside risk

compared to Table 4. It is hard to say that the downside cash �ow volatility is the more appropriate
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proxy for the cash �ow uncertainty, but it must be a reliable proxy for the cash �ow uncertainty.

[Table 8 about here.]

7.2 Stock return based uncertainty measure

�ere is a debate of whether the accounting-based measure or the market-based measure is more ap-

propriate as a proxy for the cash �ow uncertainty. �e accounting-based measure, such as the cash

�ow volatility used in our empirical analysis, may not convey long-term information about the future

cash �ow uncertainty because it is based on information that has occurred to date. �us, the cash �ow

volatility may not necessarily be the optimal forecast of the �rm’s cash �ow uncertainty. By contrast,

the stock return volatility is a market-based measure. Despite the use of past stock prices for estima-

tion, the stock price re�ects the expectation for the �rm’s future cash �ows in principle.15 �erefore,

it could be more advantageous than the cash �ow volatility in the e�cient market universe.

We estimate the extended regression in equation (11) with the stock return volatility and test our

three hypotheses. We report all the test results in Table 9. When there is the substitutable relationship

between internal funds and external �nancing, Hypothesis 1 and 2 are not rejected, the same result

as when the cash �ow volatility is used. �ese results are found to be the same for both SYSVOL and

FIRMVOL as well. However, when the relation is complementary, the test results no longer support

Hypothesis 3. In the case of weak complementarity, the �rst null hypothesis, i.e. H0 : ICFS ≤ 0, is

rejected, but the second null hypothesis, i.e. H0 : ICFSσ ≥ 0, is rejected at the 5% signi�cance level for

SYSVOL only. In the case of strong complementarity, the �rst null is rejected at the 10% signi�cance

level, but the second null hypothesis is not rejected for all of three volatility measures, i.e. ICFSσ is

signi�cantly positive.

[Table 9 about here.]

In sum, the test results using the stock return volatility are not consistent with those using

the cash �ow volatility. In particular, credit multiple arguments for the complementary relationship

are no longer valid. �ese results imply that the stock return volatility conveys di�erent information

from the cash �ow volatility.16 It does not mean that the cash �ow volatility is generally a more

appropriate proxy for the cash �ow uncertainty than the stock return volatility. However, considering

the ine�ciency of the Chinese stock market, the cash �ow volatility could be a more reliable measure

than the stock return volatility in China.
15See the recent work about �rm uncertainty by Easterwood et al. (2021)
16�e correlation between the two in each group are very low, with 0.003 (SS), 0.019 (WS), 0.035 (WC), and 0.002 (SC),

respectively.
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7.3 Measurement error in Q

Measurement error is the most prominent issue in the empirical study of the Q theory. �is is espe-

cially the case for China where researchers �nd that a �rm’s investment does not signi�cantly respond

to the stock market valuation due to the ine�ciency of the stock market (Wang et al., 2009; Guariglia

and Yang, 2016). Investment-related literature has addressed this issue, and there have been signi�-

cant methodological e�orts to mitigate it in various ways. We adopt three widely-used approaches,

namely the Erickson and Whited (2000, 2012) method, the Lewellen and Lewellen (2016) method and

the alternative measure of investment opportunities using sales growth, to alleviate this problem.

First, many previous studies have used a lagged market-to-book (MB) or the change of MB. We

also use the lagged MB as the instrument variable (herea�er IV) for MB in our empirical analysis.

However, it does not consider further lagged MBs as possible IVs. Erickson and Whited (2000, 2012)

develop a more systematic econometric approach. �ey adopt the GMM estimator, which uses higher-

order moments as IVs. �eir method requires a strong assumption that the sample should be i.i.d.,

which is easily rejected in the panel data. For this reason, its statistical inferences highly rely on the

underlying probability law of the sample.

Second, we apply the approach of Lewellen and Lewellen (2016), two-stage least square (2SLS)

estimator, to our study. In the �rst step, we regress MB for IVs, and the ��ed value of MB replaces

MB. In the second step, we estimate the extended model using the MB’s ��ed value and test our

hypotheses. In the �rst step, we select cash �ow and return as IVs for MB. MB’s measurement error is

mainly generated by book value. However, cash �ow and return are related to the �rm’s market value,

since cash �ow is associated with pro�tability and stock price determined by its fundamental value.

We �rst start with the current cash �ow and the lagged return. �en we add the lagged cash �ow and

the further lagged return according to the explanatory variables’ signi�cance. In the case of cash �ow,

both current and lagged cash �ow signi�cantly explain MB. In the case of a return, we �nd signi�cant

explanatory power up to the third lagged return. �erefore, MB is ��ed using current and lagged cash

�ow and returns up to 3 years in the past.

Lastly, we use sales growth as an alternative proxy to investment opportunities for the following

reasons. First, it re�ects a �rm’s fundamental value (Firth et al., 2008; Cull et al., 2015). Second, it is

commonly used as the proxy to demand growth, and the state of demand o�en has a signi�cant impact

on the �rm-level investment decision (Blundell et al., 1992; Bloom et al., 2007). �ird, it is a more

exogenous variable to measure investment opportunities since demand-side factors determine it (Love

and Zicchino, 2006).

Table 10 reports the results. Panel LL reports the extended model’s estimation and test results
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where the ��ed MB replaces MB as in Lewellen and Lewellen (2016). Compared to the extended model

analysis using the lagged MB, ICFS has increased in all groups. But this change occurs in neither cash

�ow volatility nor the interaction term. Panel EW reports the GMM results with the higher-order

moments as IVs (Erickson and Whited, 2000, 2012). Like the result of LL, ICFS has increased in all

groups. �e results of last panel based on sales growth are consistent with those of LL and EW in

general.

[Table 10 about here.]

Comparing to our extended model’s results, we recognize the possible downward bias of ICFS

because the estimates of ICFS consistently increase when we use alternative IVs or proxy. As a result,

our test results are found to be of higher statistical signi�cance than our previous results. Alternative

IVs or proxy to Q allow us to decrease the potential biases caused by measurement errors, but the

reduction does not change our previous statistical inferences on the theoretical hypotheses.

8 Further Tests with the US Data

Can we apply our theoretical hypotheses on the impact of cash �ow uncertainty on ICFS to other

countries and thus having more general implications? We choose the US, the world’s largest economy

with developed �nancial system, as an example for this purpose.

For US �rms, �xed investment is no longer the main driver of growth like China, as shown in the

summary statistics of the key variables with US data from 1999 - 2017 in Table 1. In Section 5.1, we have

summarized that US �rms invest less in tangible assets but more in R&D investment, compared with

Chinese �rms. �e US �rms rely as much on equity issuance as on debt when �nancing investment.

Although the investment of US �rms still positively respond to a cash �ow shock, it is not as sensitive

as the investment of Chinese �rms. Figure 10 presents the ICFS and CFSD of US �rms from 1999 to

2017. �e average change before and a�er the GFC is similar to that of Chinese �rms in ICFS and

CFSD. However, their overall trends are very di�erent from those of Chinese �rms.

[Figure 10 about here.]

�e ICFS remained at the average of 0.11 until 2008 but dropped sharply to 0.07 in 2009 due

to the GFC. Since then, the government’s QE policy and $787 billion stimulus has maintained its pre-

GFC level but has declined since 2011 to 0.06. �is �gure is much lower than China’s 0.15 in 2017. In

contrast, CFSD remained at the average of 0.2017 until 2008 and rose to the average of 0.24 during the
17Note that the average for Chinese �rms over the same period was 0.11.
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post-GFC. A�er the GFC, the CFSD of Chinese �rms increased rapidly and then decreased to pre-GFC

levels, while the CFSD of US �rms continued to rise in the post-GFC. In particular, ICFS and CFSD

in US �rms since 2008 clearly show a negative relationship. �ese characteristics suggest that we can

apply our theoretical hypotheses about the impact of cash �ow uncertainty on ICFS to the US �rms.

Table 11 presents both the estimation and test results for our theoretical hypotheses based on

the extended model18. We �rst test Hypothesis 1 – 3 with the debt �nancing as we did for Chinese

�rms, and a panel Debt presents the results. �e test results for the SS group strongly support Hypoth-

esis 1. For the WS group, we manage to reject the two null hypotheses at the 10% signi�cance level.

�us, statistical evidence for Hypothesis 2 is weak. However, the complementary groups’ test results

strongly support Hypothesis 3 at the 1% signi�cance level. Additionally, we can observe the increasing

pa�ern of ICFS and the decreasing pa�ern of ICFSσ , respectively. �erefore, the statistical evidence

for Hypothesis 2 is weak, but overall results are consistent with our theoretical predictions in the US

�rms as well.

[Table 11 about here.]

However, unlike Chinese �rms, US �rms have been actively using equity issuance along with

debt. Equity �nancing is as a�ractive to �rms as debt �nancing because the US stock market is mature

and liquidity-rich. �e data also clearly identi�es this tendency of US �rms. Figure 11 presents the

average ratio of debt to total assets, the average ratio of equity issuance to total assets, and the propor-

tion of �rms using debt and equity issuance by year. �e average debt ratio is 12%, which is 4% higher

than the average equity ratio (8%). But the di�erence between two ratios is signi�cantly lower than

that of Chinese �rms.19 More importantly, this debt-to-equity ratio has remained almost constant over

the past 20 years. In other words, US �rms have continued to mix debt and equity at an appropriate

level. Moreover, the average proportion of �rms using equity is 82%, which is much higher than 51%,

the average proportion of �rms using debt. �e balance between using debt and equity has remained

stably over the past two decades. For these reasons, we should analyze both debt and equity to achieve

meaningful results for the US �rms.

[Figure 11 about here.]

�e panel Equity presents estimation and test results using equity. It is generally consistent

with the results using debt and more statistically supports our theoretical hypotheses. Especially for

the WS group, we can reject the two null hypotheses at the 1% signi�cance level. �e panel Debt and
18Note that Table 5 reports the test results for Chinese �rms based on the extended model.
19For Chinese �rms, the average debt ratio is 26% and the average equity ratio is only 3%.
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Equity presents estimation and test results using debt and equity together. Although not very strong

overall, the test results statistically support all theoretical hypotheses at least at the 10% signi�cance

level. Consequently, our theoretical hypotheses about the impact of cash �ow uncertainty on ICFS are

also valid for the US �rms.

9 Conclusion

In this paper, we provide a novel explanation of ICFS which re�ects not only the information between

investment and cash �ow, but also the di�erent relationship between internal funds and external �-

nancing. For �rms that are pro�table but face high costs of external �nancing, cash �ow can directly

relax their borrowing constraints. Under such circumstance when cash �ow and debt are comple-

ments, high ICFS implies the high growth prospect of �rms by mitigating their borrowing constraints

and facilitating strong investment and fast growth. We �nd that cash �ow uncertainty signi�cantly

decreases the ICFS especially for �rms with stronger complementary relationship between cash �ow

and debt, which suggests that such �rms are more sensitive to uncertainty shocks. Hence, a reduction

in cash �ow uncertainty can signi�cantly boost these �rms’ investment and growth potential. �ese

theoretical hypotheses are well supported by evidence from both China and the US, suggesting the

applicability of our story to the general literature.

Our research provides insights on the reasons for China’s high investment. In face of rising cash

�ow uncertainty, Chinese �rms managed to obtain signi�cant amount of debt to �nancing investment.

�is is a good news for the ‘complement’ group, which are the �rms with high investment opportu-

nity, cash �ow and pro�tability. However, for the ‘substitute group’ which are mainly large and less

pro�table �rms, high level of debt may indicate the presence of so� budget constraints and endanger

investment e�ciency in China.

Our results from the exogenous shocks provide evidence that the stimulus-driven credit and

�scal expansion in response to the GFC has disproportionately protected SOEs from the cash �ow

shocks, leaving the more productive non-SOEs being more adversely a�ected and resulting in a signif-

icant reduction of investment of non-SOEs through the ICFS channel. �is has further worsened the

investment e�ciency in China a�er the GFC as the stimulus package has induced an investment shi�

from the more productive non-SOEs to the less productive SOEs.

Lastly, our paper has important implications on the impact of the recent pandemic. �e economic

uncertainty in China has sharply increased since COVID-19 was declared to be a pandemic by the
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World Health Organization on 11 March 2020, as measured by China’s daily ETF volatility index20.

Our preliminary examination of the data shows that the liquidity channel discussed in this paper o�ers

a good explanation of Chinese �rm’s investment under the pandemic uncertainty where cash �ow is

reserved in cash holding for future opportunities during the pandemic. �is provides an excellent topic

for future research by extending the basic idea of current study into the work related to the uncertainty

triggered by the global pandemic.

20ETF refers to Exchange Traded Funds which are shares of trusts that hold portfolios of stocks designed to closely track
the price performance and yield of speci�c indices.
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Opler, Tim, Lee Pinkowitz, René Stulz, and Rohan Williamson, 1999, �e determinants and implications

of corporate cash holdings, Journal of Financial Economics 52, 3–46.

Rauh, Joshua D, 2006, Investment and �nancing constraints: Evidence from the funding of corporate

pension plans, Journal of Finance 61, 33–71.

Riddick, Leigh A, and Toni M Whited, 2009, �e corporate propensity to save, Journal of Finance 64,

1729–1766.

Shyam-Sunder, L., and S. C. Myers, 1999, Testing static tradeo� against pecking order models of capital

structure, Journal of Financial Economics 51, 219–244.

41



Song, Zheng, Kjetil Storesle�en, and Fabrizio Zilibo�i, 2011, Growing like China, American Economic

Review 101, 196–233.

Song, Zheng, and Wei Xiong, 2018, Risks in China’s �nancial system, Annual Review of Financial Eco-

nomics 10, 261–286.

Strebulaev, I. A., 2007, Do test of capital structure theory mean what they say?, Journal of Finance 62,

1747–1787.

Tirole, Jean, 2010, �e �eory of Corporate Finance (Princeton University Press).

Wang, Yaping, Liansheng Wu, and Yunhong Yang, 2009, Does the stock market a�ect �rm investment

in china? a price informativeness perspective, Journal of Banking & Finance 33, 53–62.

Whited, Toni M, and Guojun Wu, 2006, Financial constraints risk, Review of Financial Studies 19, 531–

559.

42



Fi
gu

re
1:
IC

F
S

an
d

Ca
sh

Fl
ow

St
an

da
rd

D
ev

ia
tio

n
in

Ch
in

a:
19

99
–

20
17

�
e

�g
ur

e
pl

ot
sI
C
F
S

an
d

st
an

da
rd

de
vi

at
io

n
of

ca
sh

�o
w

fro
m

19
99

to
20

17
.W

e
es

tim
at

e
th

e
cr

os
s-

se
ct

io
na

lr
eg

re
ss

io
n

of
in

ve
st

m
en

to
n

q
an

d
ca

sh
�o

w
fo

re
ac

h
ye

ar
to

ge
ty

ea
rly

IC
F
S

.W
e

al
so

es
tim

at
e

th
e

cr
os

s-
se

ct
io

na
ls

ta
nd

ar
d

de
vi

at
io

n
of

ca
sh

�o
w

(C
FS

D
he

re
a�

er
)f

or
ea

ch
ye

ar
to

ge
ty

ea
rly

st
an

da
rd

de
vi

at
io

n.
W

e
th

en
co

ns
tru

ct
a

tim
e-

se
rie

so
fI
C
F
S

an
d

CF
SD

.U
sin

g
th

e
tim

e-
se

rie
s,

w
e

ca
lc

ul
at

e
th

e
av

er
ag

e
va

lu
es

of
IC

F
S

an
d

CF
SD

fo
rt

he
pr

e-
an

d
po

st
-G

FC
,r

es
pe

ct
iv

el
y.
IC

F
S

Av
er

ag
e

(b
lu

e
da

sh
)a

nd
CF

SD
Av

er
ag

e
(re

d
so

lid
)p

lo
tt

he
av

er
ag

e
va

lu
es

.

43



Fi
gu

re
2:

Ag
gr

eg
at

e
in

ve
st

m
en

ta
nd

ca
sh

�o
w

in
Ch

in
a:

19
99

–
20

17

�
e

�g
ur

e
pl

ot
sa

gg
re

ga
te

va
lu

es
of

in
ve

st
m

en
ta

nd
ca

sh
�o

w
fro

m
19

99
to

20
17

.�
e

ag
gr

eg
at

e
va

lu
es

ar
e

m
ea

su
re

d
by

th
e

su
m

of
to

ta
lc

ap
ita

le
xp

en
di

tu
re

sa
nd

ca
sh

�o
w

of
th

e
lis

te
d

�r
m

s
fo

re
ac

h
ye

ar
.�

e
ye

ar
19

98
is

m
iss

in
g

be
ca

us
e

al
la

gg
re

ga
te

va
ria

bl
es

ar
e

sc
al

ed
by

th
e

la
gg

ed
ag

gr
eg

at
e

to
ta

la
ss

et
s.

�
e

co
rr

el
at

io
n

co
e�

ci
en

tb
et

w
ee

n
in

ve
st

m
en

ta
nd

ca
sh

�o
w

is
0.7

03
.

44



Fi
gu

re
3:

Ag
gr

eg
at

e
in

ve
st

m
en

ta
nd

de
bt

in
Ch

in
a:

19
99

–
20

17

�
e

�g
ur

e
pl

ot
sa

gg
re

ga
te

va
lu

es
of

in
ve

st
m

en
ta

nd
de

bt
fro

m
19

99
to

20
17

.�
e

ag
gr

eg
at

e
va

lu
es

ar
e

m
ea

su
re

d
by

th
e

su
m

of
to

ta
lc

ap
ita

le
xp

en
di

tu
re

sa
nd

de
bt

of
th

e
lis

te
d

�r
m

sf
or

ea
ch

ye
ar

.�
e

ye
ar

19
98

is
m

iss
in

g
be

ca
us

e
al

lv
ar

ia
bl

es
ar

e
sc

al
ed

by
th

e
la

gg
ed

ag
gr

eg
at

e
to

ta
la

ss
et

s.
�

e
co

rr
el

at
io

n
co

e�
ci

en
tb

et
w

ee
n

in
ve

st
m

en
ta

nd
de

bt
is

0.8
03

.

45



Fi
gu

re
4:

Ag
gr

eg
at

e
in

ve
st

m
en

ta
nd

eq
ui

ty
in

Ch
in

a:
19

99
–

20
17

�
e

�g
ur

e
pl

ot
sa

gg
re

ga
te

va
lu

es
of

in
ve

st
m

en
ta

nd
eq

ui
ty

fro
m

19
99

to
20

17
.�

e
ag

gr
eg

at
e

va
lu

es
ar

e
m

ea
su

re
d

by
th

e
su

m
of

to
ta

lc
ap

ita
le

xp
en

di
tu

re
sa

nd
eq

ui
ty

iss
ue

so
ft

he
lis

te
d

�r
m

s
fo

re
ac

h
ye

ar
.�

e
ye

ar
19

98
is

m
iss

in
g

be
ca

us
e

al
lv

ar
ia

bl
es

ar
e

sc
al

ed
by

th
e

la
gg

ed
ag

gr
eg

at
e

to
ta

la
ss

et
s.

�
e

co
rr

el
at

io
n

co
e�

ci
en

tb
et

w
ee

n
in

ve
st

m
en

ta
nd

eq
ui

ty
iss

ue
is
−

0.4
62

.

46



Fi
gu

re
5:

Ag
gr

eg
at

e
ca

sh
�o

w
an

d
eq

ui
ty

in
Ch

in
a:

19
99

–
20

17

�
e�

gu
re

pl
ot

sa
gg

re
ga

te
va

lu
es

of
ca

sh
�o

w
an

d
eq

ui
ty

fro
m

19
99

to
20

17
.�

ea
gg

re
ga

te
va

lu
es

ar
em

ea
su

re
d

by
th

es
um

of
to

ta
lc

as
h

�o
w

an
d

de
bt

of
th

el
ist

ed
�r

m
sf

or
ea

ch
ye

ar
.�

ey
ea

r
19

98
is

m
iss

in
g

be
ca

us
e

al
lv

ar
ia

bl
es

ar
e

sc
al

ed
by

th
e

la
gg

ed
ag

gr
eg

at
e

to
ta

la
ss

et
s.

�
e

co
rr

el
at

io
n

co
e�

ci
en

tb
et

w
ee

n
ca

sh
�o

w
an

d
de

bt
is

0.7
91

.

47



Fi
gu

re
6:

D
eb

ta
nd

eq
ui

ty
�n

an
ci

ng
in

Ch
in

a:
19

99
–

20
17

�
e

�g
ur

e
pl

ot
st

he
pr

op
or

tio
n

of
�r

m
su

sin
g

de
bt

an
d

eq
ui

ty
iss

ua
nc

e
an

d
th

e
cr

os
s-

se
ct

io
na

la
ve

ra
ge

ra
tio

of
de

bt
to

to
ta

la
ss

et
an

d
eq

ui
ty

iss
ua

nc
e

to
to

ta
la

ss
et

fo
re

ac
h

ye
ar

fro
m

19
99

to
20

17
.�

e
ye

ar
19

98
is

m
iss

in
g

be
ca

us
e

bo
th

de
bt

an
d

eq
ui

ty
iss

ua
nc

e
ar

e
sc

al
ed

by
th

e
la

gg
ed

to
ta

la
ss

et
.

48



Figure 7: Investment, Q, Cash Flow, Debt, Size and WW in China

�e �gure plots mean values of investment, Tobin’s Q, cash �ow, debt, size and WW for each testing group divided by
correlation coe�cients between internal funds and external �nancing. Investment denotes capital expenditure. Cash Flow
is the cash �ow from operating activities. Debt is the proceeds of debt sales. All the variables above are scaled by the lagged
total assets. Q is market-to-book ratio at the beginning of the year, which is the lagged market value over the lagged total
asset. Size is the natural log of the total assets. WW is Whited-Wu index calculated following Whited and Wu (2006) and
indicates �nancial constraints.
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Table 4: Test of Hypothesis: Baseline Model

SS WS WC SC

Q 0.0079*** 0.0075*** 0.0070*** 0.0047**
(0.0016) (0.0010) (0.0012) (0.0020)

CF −0.0130 0.0228* 0.2820*** 0.5130***
(0.0362) (0.0130) (0.0298) (0.0659)

CFVOL −0.0004 −0.0004** 0.0003 -0.0004
(0.0002) (0.0002) (0.0003) (0.0008)

CFVOL·CF −0.0974 −0.0428* −0.0976* −0.4150***
(0.0689) (0.0221) (0.0509) (0.1120)

Hypothesis 1
H0 : ICFS = 0 0.720
H0 : ICFSσ = 0 0.159
Hypothesis 2 and 3
H0 : ICFS ≤ 0 0.040 0.000 0.000
H0 : ICFSσ ≥ 0 0.027 0.028 0.000

Firm Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

Observations 1,702 5,916 3,302 858
R-squared 10% 8% 18% 36%
Number of �rm 290 744 447 149

Table reports the results of regression (10) across four di�erent testing groups. We control �rm, industry and year �xed
e�ects in the regression. SS, WS, WC and SC represent strong substitutability, weak substitutability, weak complemen-
tarity, and strong complementarity. �e independent variables are Tobin’s Q, cash �ow, cash �ow volatility, and the
interaction between cash �ow and cash �ow volatility. Firm, industry, and year �xed e�ects are controlled. Cash �ow
volatility is measured with the standard deviation of cash �ow over the past 12 quarters. Standard errors are clustered by
�rm and time. Robust standard errors are presented in parentheses. Note that *, **, and *** indicate the signi�cance level
at 10%, 5%, and 1%, respectively. To test Hypothesis 1, we estimate the model for the SS group and perform the two-tailed
t-test for for H0 : ICFS (β2) = 0 and H0 : ICFSσ (β4) = 0, respectively. Unlike the test of Hypothesis 1, we need a
one-tailed t-test for Hypothesis 2 and 3, because we are interested in testing ICFS > 0 and ICFSσ < 0. To this end, we
estimate the empirical model for WS, WC, and SC respectively, and perform the one-tailed t-test of H0 : ICFS ≤ 0 and
H0 : ICFSσ ≥ 0 for each group. We report a p-value for each test in this table.
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Table 5: Test of Hypothesis: Extended Model

SS WS WC SC

Q 0.0044** 0.0038*** 0.0038*** 0.0056***
(0.0018) (0.0012) (0.0013) (0.0019)

CF −0.0154 0.0296** 0.2880*** 0.5520***
(0.0347) (0.0126) (0.0303) (0.0649)

CFVOL −0.0002 −0.0004** 0.0002 0.0001
(0.0002) (0.0002) (0.0003) (0.0008)

CFVOL·CF −0.0780 −0.0590*** −0.0971** −0.4290***
(0.0714) (0.0220) (0.0478) (0.1130)

RET 0.0229** 0.00174 −0.0137 −0.0339*
(0.0109) (0.00594) (0.0122) (0.0176)

CASH 0.0489** 0.0120 0.0438** 0.0962***
(0.0216) (0.0140) (0.0211) (0.0365)

LEV 0.00139 −0.0232** −0.0220 −0.0346
(0.0204) (0.0103) (0.0137) (0.0352)

FA −0.102*** −0.0826*** −0.0846*** −0.0682*
(0.0291) (0.0161) (0.0188) (0.0372)

MARGIN 0.148*** 0.104*** 0.116*** 0.0564
(0.0478) (0.0216) (0.0308) (0.0573)

SIZE −0.0152** −0.0106*** −0.0113*** 0.00862
(0.00609) (0.00324) (0.00353) (0.00668)

Hypothesis 1
H0 : ICFS = 0 0.657
H0 : ICFSσ = 0 0.276
Hypothesis 2 and 3
H0 : ICFS ≤ 0 0.010 0.000 0.000
H0 : ICFSσ ≥ 0 0.004 0.021 0.000

Firm Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

Observations 1,702 5,916 3,302 858
R-squared 15% 12% 22% 39%
Number of �rms 290 744 447 149

Table reports the results of regression (11) across four testing groups. We control �rm, industry and year �xed e�ects
in the regression. SS, WS, WC and SC represent strong substitutability, weak substitutability, weak complementarity,
and strong complementarity, respectively. �e independent variables are Tobin’s Q, cash �ow, cash �ow volatility, the
interaction between cash �ow and cash �ow volatility, and control variables. We mainly follow Lian and Ma (2021)
for constructing control variables: Stock returns (RET ), cash holdings (CASH ), book leverage (LEV ), �xed assets (FA),
margin (MARGIN ), and size (SIZE) at the end of t−1. Note that cash holdings, book leverage, �xed assets, and margin are
scaled by the current total assets. Standard errors are clustered by �rm and time. Robust standard errors are presented in
parentheses. Note that *, **, and *** indicate the signi�cance level at 10%, 5%, and 1%, respectively. To test Hypothesis 1, we
estimate the model for the SS group and perform the two-tailed t-test for for H0 : ICFS (β2) = 0 and H0 : ICFSσ (β4) = 0,
respectively. Unlike the test of Hypothesis 1, we need a one-tailed t-test for Hypothesis 2 and 3, because we are interested
in testing ICFS > 0 and ICFSσ < 0. To this end, we estimate the empirical model for WS, WC, and SC respectively, and
perform the one-tailed t-test of H0 : ICFS ≤ 0 and H0 : ICFSσ ≥ 0 for each group. We report a p-value for each test in
this table.
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Table 6: Exogenous Cash Flow Uncertainty Shock on ICFS : Single Structural Change

SS WS WC SC

CF 0.0964 0.0467 0.376*** 0.729***
(0.102) (0.0474) (0.116) (0.231)

CF ∗ DPost -0.0814 -0.0225 -0.182 -0.288
(0.103) (0.0128) (0.128) (0.177)

Hypothesis 1
H0 : ICFS = 0 0.243
H0 : ∆ICFS = 0 0.198
Hypothesis 2 and 3
H0 : ICFS ≤ 0 0.000 0.000 0.000
H0 : ∆ICFS ≥ 0 0.046 0.054 0.052

Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

Observations 395 1,176 579 214
R-squared 0.191 0.103 0.250 0.416
Number of �rms 70 168 94 40

Table reports the results of regression (19) across four testing groups. �e GFC is likely to a�ect both cash �ow uncertainty
and the relationship between internal funds and external funds. To control this problem, we select only �rms whose
relationships remain unchanged a�er the GFC. We control �rm, industry and year �xed e�ects in the regression. SS, WS,
WC and SC represent strong substitutability, weak substitutability, weak complementarity, and strong complementarity.
�e independent variables are Tobin’s Q and cash �ow, and control variables (see Table 5). DPost is a dummy variable
taking a value of 1 for Year > 2008 and 0 otherwise. Standard errors are clustered by �rm and year. Robust standard
errors are presented in parentheses. Note that *, **, and *** indicate the signi�cance level at 10%, 5%, and 1%, respectively.
A coe�cient on CF is interpreted as ICFS for the pre-GFC and that on CF ·DPost as the change of ICFS a�er GFC, i.e.
∆ICFS , respectively. To test Hypothesis 1, we estimate the model for the SS group and perform the two-tailed t-test for
H0 : ICFS = 0 and H0 : ∆ICFS = 0. Unlike the test of Hypothesis 1, we need a one-tailed t-test for Hypothesis 2 and 3,
because we are interested in testing ICFS > 0 and ∆ICFS < 0. To this end, we estimate the model for WS, WC, and SC,
respectively, and perform the one-tailed t-test of H0 : ICFS ≤ 0 and H0 : ∆ICFS ≥ 0 for each group. We report a p-value
for each test in this table.
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Table 7: Exogenous Cash Flow Uncertainty Shock on ICFS : Di�erence-in-Di�erence Speci�cation

SS WS WC SC
CF 0.1030 0.0461* 0.1890** 0.7710***

(0.118) (0.0262) (0.0949) (0.297)
CF ·DPost -0.0996 -0.1480* -0.2607** -0.4000*

(0.122) (0.0902) (0.109) (0.2105)
CF ·DSOE -0.0045 0.0084 0.377** -0.1709

(0.148) (0.102) (0.171) (0.115)
CF ·DPost ·DSOE 0.0411 0.0524 0.3262 0.6703

(0.179) (0.108) (0.209) (0.458)
CF +CF ·DSOE 0.0985 0.0545** 0.5660*** 0.6001*

(0.0981) (0.0252) (0.0606) (0.3304)
CF ·DPost +CF ·DPost ·DSOE −0.0585 −0.0956 0.0655 0.2703

(0.0491) (0.1088) (0.0641) (0.5022)

Hypothesis 1
H0 : ICFSnon−SOEs = 0 0.383
H0 : ∆ICFSnon−SOEs = 0 0.414
H0 : ICFSSOEs = 0 0.312
H0 : ∆ICFSSOEs = 0 0.233
Hypothesis 2 and 3
H0 : ICFSnon−SOEs ≤ 0 0.039 0.023 0.000
H0 : ∆ICFSnon−SOEs ≥ 0 0.050 0.017 0.028
H0 : ICFSSOEs ≤ 0 0.015 0.000 0.035
H0 : ∆ICFSSOEs ≥ 0 0.189 0.862 0.701

Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

Observations 395 1,176 579 214
R-squared 0.205 0.105 0.294 0.455
Number of �rms 70 168 94 40

Table reports the results of regression (20) across four testing groups. �e GFC is likely to a�ect both cash �ow uncertainty
and the relationship between internal funds and external funds. To control this problem, we select only �rms whose
relationships remain unchanged a�er the GFC. We control �rm, industry and year �xed e�ects in the regression. SS, WS,
WC and SC represent strong substitutability, weak substitutability, weak complementarity, and strong complementarity.
�e independent variables are Tobin’s Q and cash �ow, and control variables (see Table 5). DPost is a dummy variable
taking a value of 1 for Year > 2008 and 0 otherwise. DSOE is a dummy variable taking a value of 1 for SOEs and 0 for
non-SOEs. Standard errors are clustered by �rm and year. Robust standard errors are presented in parentheses. Note
that *, **, and *** indicate the signi�cance level at 10%, 5%, and 1%, respectively. A coe�cient on CF is interpreted as
ICFS for non-SOEs during the pre-GFC, i.e. ICFSnon−SOEs , and that on CF ·DPost as the change of ICFS a�er GFC for
non-SOEs, i.e. ∆ICFSnon−SOEs , respectively. �e summation of coe�cients on CF and CF ·DSOE is interpreted as ICFS
for SOEs during the pre-GFC, i.e. ICFSSOEs , and the summation of coe�cients onCF ·DPost andCF ·DSOE as the change
of ICFS a�er GFC for SOEs, i.e. ∆ICFSSOEs , respectively. To test Hypothesis 1, we estimate the model for the SS group
and perform the two-tailed t-test for H0 : ICFSnon−SOEs = 0 and H0 : ∆ICFSnon−SOEs = 0, and H0 : ICFSSOEs = 0 and
H0 : ∆ICFSSOEs = 0. Unlike the test of Hypothesis 1, we need a one-tailed t-test for Hypothesis 2 and 3, because we
are interested in testing ICFS > 0 and ∆ICFS < 0. To this end, we estimate the model for WS, WC, and SC respectively,
and perform the one-tailed t-test of H0 : ICFSnon−SOEs ≤ 0 and H0 : ∆ICFSnon−SOEs ≥ 0, and H0 : ICFSSOEs ≤ 0 and
H0 : ∆ICFSSOEs ≥ 0 for each group. We report a p-value for each test in this table.
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Table 8: Test of Hypothesis: Downside Cash Flow Volatility

SS WS WC SC

Q 0.0043** 0.0038*** 0.0038*** 0.0056***
(0.0018) (0.0012) (0.0013) (0.0019)

CF −0.0176 0.0302** 0.2860*** 0.5510***
(0.0344) (0.0128) (0.0298) (0.0641)

DCFVOL −0.0004 −0.0006** 0.0002 0.0000
(0.0004) (0.0003) (0.0005) (0.0012)

DCFVOL·CF −0.1030 −0.0932*** −0.1370** −0.6790***
(0.1030) (0.0356) (0.0678) (0.1800)

Hypothesis 1
H0 : ICFS = 0 0.610
H0 : ICFSσ = 0 0.318
Hypothesis 2 and 3
H0 : ICFS ≤ 0 0.009 0.000 0.000
H0 : ICFSσ ≥ 0 0.005 0.022 0.000

Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Indudstry Yes Yes Yes Yes
Year Yes Yes Yes Yes

Observations 1,702 5,916 3,302 858
R-squared 15% 12% 22% 39%
Number of �rms 290 744 447 149

Table reports the results of regression (11) across four testing groups. We control �rm, industry and year �xed e�ects
in the regression. SS, WS, WC and SC represent strong substitutability, weak substitutability, weak complementarity,
and strong complementarity. �e independent variables are Tobin’s Q (Q), cash �ow (CF ), downside cash �ow volatility
(DCFVOL), the interaction between cash �ow and stock return volatility (DCFVOL∗CF ), and control variables (see Table
5. We measure downside cash �ow volatility (DCFVOL) by the equation (9) using the past 12 quarters. Standard errors
are clustered by �rm and time. Robust standard errors are presented in parentheses. Note that *, **, and *** indicate
the signi�cance level at 10%, 5%, and 1%, respectively. To test Hypothesis 1, we estimate the model for the SS group
and perform the two-tailed t-test for for H0 : ICFS (β2) = 0 and H0 : ICFSσ (β4) = 0, respectively. Unlike the test
of Hypothesis 1, we need a one-tailed t-test for Hypothesis 2 and 3, because we are interested in testing ICFS > 0 and
ICFSσ < 0. To this end, we estimate the empirical model for WS, WC, and SC respectively, and perform the one-tailed
t-test of H0 : ICFS ≤ 0 and H0 : ICFSσ ≥ 0 for each group. We report a p-value for each test in this table.
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Appendix A De�nitions of key variables

Assets (K ): Total assets (CSMAR) A001000000 (COMPUSTAT) AT

Cash (CASH ): Cash and cash equivalents (CSMAR) A001101000 (COMPUSTAT) CHE

Cash �ow (CF ): Cash received from sales of goods or rendering of services (CSMAR) C001000000 (COMPUSTAT)

OANCF

Cash �ow volatility (CFVOL): Standard deviation of �rm’s quarterly operating cash �ow over the past 12 quarters

(3 years).

Debt (DEBT ): Proceeds of debt sales which are the proceeds from issuing bonds plus proceeds from borrowings

(CSMAR) C003003000 + C003002000 (COMPUSTAT) DLTIS

EBITDA (EBITDA): Earings before interest, tax, depreciation and amortization (CSMAR) F050801B (COMPUSTAT)

OIBDP

Equity issuance (ISSUE): Proceeds from issuing shares which are the cash received from the issuance of stocks by

an enterprise (CSMAR) C003001000 (COMPUSTAT) SSTK

Firm size (SIZE): Natural logarithm of total assets

Investment (INV ): Capital expenditure (CSMAR) C002006000 (COMPUSTAT) CAPX

Intangible assets (INTAN ): Book value of intangible assets (CSMAR) A001218000 (COMPUSTAT) INTAN

Leverage (LEV ): Total liabilities divided by total assets (CSMAR) A002000000/A001000000 (COMPUSTAT) (DLC+DLTT)/AT

Net �xed assets (FA): �e net amount of �xed assets a�er deducting accumulated depreciation and impairment

(CSMAR) A001212000 (COMPUSTAT) PPENT

Net margin (MARGIN ): Net pro�ts (sales minus cost of sales) scaled by sales (CSMAR) F050201B (COMPUSTAT)

(SALE-COGS)/SALE

Tobin’s Q (Q): Market value divided by total assets at the beginning of the year (CSMAR) F100901A (COMPUSTAT)

(PRCC F*CSHO+DLC+DLTT)/AT

Return (RET ): Annual return with cash dividend reinvested (CSMAR) Yretwd (CRSP) Return

Sales (SALES): Cash Received From Sales Of Goods Or Rendering Of Services (CSMAR) C001001000 (COMPUSTAT)

SALE

Dividend payout ratio (DIV ): Cash dividend divided by total assets at the beginning of the year (CSMAR) NUMDIV

(COMPUSTAT) DV

Current accrual (CA): ∆current assets−∆current liabilities−∆cash+∆debt in current liabilities (CSMAR) F082101B

+ D000103000

Interest expenses (IE): Expenses incurred to raise necessary funds for production (CSMAR) B001211000

Net �nancing (NF ): Net cash �ow from �nancing activities (CSMAR) C003000000

Dividend payout dummy (DIVPOS): A dummy variable that equals one if the �rm pays cash dividends.

R&D (RD): R&D expenses (Not available until 2007 for CSMAR) (COMPUSTAT) RDSPENDSUM

Sales Growth (SG): �e �rst di�erence of the logarithm of real sales.

Industry sales growth (ISG): �e average industry sales growth of 3-digit industry code
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Information asymmetry (IN FASY ): Measured with accruals quality following the spirit of Lee and Masulis (2009)

and extend their FDD model by controlling both industry and year e�ects in a single panel regression framework.

Adjustment cost (ADJCOST ): Adjustment cost of capital structure. Measured by estimating the value of change in

debt in regression (15).

Liquidity (LIQU ID): Cash and cash equivalents scaled by lagged total assets.

Tangible assets (TANGIBLE): Fixed assets scaled by total assets

WW index (WW ): �e variable measures �nancial constraints. �e calculations follow Whited and Wu (2006)

Net assets (NA): Total assets minus cash and cash equivalents

Post GFC dummy (DPost ): A dummy variable that equals one if the year is greater than 2008

SOE dummy (DSOE ): A dummy variable that equals one if the �rm’s ultimate controllers are the central government,

local governments or other SOEs.

Downside risk (DCFVOL): Downside cash �ow volatility computed with negative cash �ow shocks using the equa-

tion (9) over the past 12 quarters.

Stock return volatility (TOTVOL): �e standard deviation of the stock return over the past 36 months (3 years).

Systematic stock return volatility (SYSVOL) : �e systematic part of the stock return volatility, which is the

volatility of the estimated factor loadings using Fama-French three-factor model over the past 36 months (3 years).

Firm-speci�c stock return volatility (FIRMVOL) : �e �rm-speci�c part of the stock return volatility. It is the

volatility of the regression residuals of the Fama-French three-factor model over the past 36 months (3 years).
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