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INTEREST-RATE LIBERALIZATION AND CAPITAL MISALLOCATIONS
ZHENG LIU, PENGFEI WANG, AND ZHIWEI XU

ABSTRACT. We study the consequences of interest-rate liberalization in a two-sector general
equilibrium model of China. The model captures a key feature of China’s distorted financial
system: state-owned enterprises (SOEs) have greater incentive to expand production and
easier access to credit than private firms. In this second-best environment, interest-rate
liberalization can improve capital allocations within each sector, but can also exacerbate
misallocations across sectors. Under calibrated parameters, the liberalization policy can
reduce aggregate productivity and welfare unless other policy reforms are also implemented

to alleviate SOEs’ distorted incentives or improve private firms’ credit access.

I. INTRODUCTION

The Chinese government has maintained tight controls over domestic interest rates. The
People’s Bank of China (PBOC), the country’s central bank, sets the benchmark lending and
deposit rates for all financial institutions in China. The PBOC has permitted banks to offer
a range of deposit and lending rates within a relatively narrow band, and it has adjusted the
bands occasionally. Interest rate controls create a wedge between the two types of interest
rates (see Figure 1). In 2013, the PBOC liberalized controls over bank lending rates. In
2015, the PBOC further widened the range of deposit rates that banks can offer. According

to the standard theory, such interest-rate liberalization should reduce financial frictions and
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thus improve capital allocation; this should lead to higher aggregate productivity and social
welfare (e.g., Hsieh and Klenow, 2009; Buera et al., 2011; Midrigan and Xu, 2014; Moll,
2014).

We argue in this paper that interest-rate liberalization may not improve aggregate pro-
ductivity and welfare in China unless other distortions in the economy can be mitigated
or eliminated. In a second-best environment with multiple sources of distortions, the full
consequences of interest-rate liberalization can be understood only in a general equilibrium
framework that takes into account other existing distortions in China.

We provide such a framework. In particular, we build a two-sector dynamic general
equilibrium model to study the macroeconomic implications of interest-rate liberalization
in a second-best environment. Our model captures some important features of the existing
distortions facing China’s financial system. In the model, final goods are produced by firms
in two sectors: one sector with state-owned enterprises (SOEs) and the other with private
firms (POEs). Consistent with empirical evidence, we assume that SOEs are on average less
productive than POEs (Hsich and Klenow, 2009).

Despite their lower productivity, SOEs can survive in our model because of favorable gov-
ernment policy. Consistent with the institutional features of the Chinese economy, we assume
that the government provides production subsidies to SOEs and grants them with favorable
credit access. These policies are implemented in China, partly because the country does not
have a reliable social safety net, and the government requires SOEs to help provide social
insurance and other public goods. Thus, SOEs face not just the task of profit maximizing
but also the task of maintaining employment and providing public goods. For this reason,
the government does not want to shut down unprofitable SOEs; instead, it provides various
forms of subsidies to SOEs (Bai et al., 2000). Furthermore, SOEs in our model also have
easier access to credit than POEs, potentially stemming from government guarantees of SOE
debt (Song et al., 2011; Chang et al., 2019)."

Within our general equilibrium framework, we study the consequences of interest-rate
liberalization for capital allocations and productivity. In the benchmark model with interest-
rate controls, we assume that government policy creates a wedge between the deposit interest
rate and the lending rate. In the case with constant returns technology, heterogeneous
productivity, and credit constraints, our analytical results show that the presence of the

interest-rate wedge leads to three types of firms within each sector. Firms with sufficiently

!Brandt and Zhu (2000) argue that the Chinese government’s favorable policy towards the SOE sector
in the form of cheap credits from state-owned banks and money creation by the People’s Bank of China
helps explain the observation that the SOE output share in the economy has declined steadily since the early

1980s, while the SOE employment and investment shares have remained relatively high.
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high productivity choose to operate, with production financed by both internal funds and
external debt. For each of these firms, the marginal product of capital (MPK) exceeds
the loan rate and thus external financing is profitable. In the other extreme, firms with
sufficiently low productivity choose to save, since their MPKs are below the deposit rate and
thus saving gives them a higher return than operating. Firms with intermediate levels of
productivity choose to operate and self finance because their MPKs lie between the deposit
rate and the loan rate.

When liberalization policy removes the interest-rate wedge, the loan and deposit rates con-
verge to a single interest rate, and the distribution of firms collapses to two types from three.
High-productivity firms choose to operate and use both internal funds and external debt to
finance their operation. Low-productivity firms choose to save (and do not produce) because
their MPKs are below the market interest rate. With the exception of the marginal firm,
no firms would choose to self-finance their production. Compared with the benchmark case
with interest-rate controls, the marginal firm now has higher productivity. Therefore, the
liberalization policy improves productivity within each sector. This implication of interest-
rate liberalization is similar to that found in the literature with heterogeneous firms and
financial frictions in one-sector models (Moll, 2014).

However, the liberalization policy exacerbates capital misallocation across sectors. With a
higher deposit rate, aggregate savings rise. The increased savings flow disproportionately to
the SOE sector because SOE firms have an incentive to expand production scales and also
have easier access to credit than POEs. Reallocation of capital from POEs to SOEs reduces
aggregate productivity because SOE firms have lower average productivity than POE firms.

Overall, interest-rate liberalization has an ambiguous net effect on aggregate productivity
and welfare in this second-best environment. To assess the net effect of the liberalization
reform, we study a calibrated dynamic version of the model. Unlike the analytical baseline
with a constant-returns technology and a fixed supply of capital, we assume that, in the
dynamic model, firms operate a decreasing returns technology and endogenously accumulate
capital (Midrigan and Xu, 2014).> We calibrate the dynamic model using both aggregate
and firm-level Chinese data. Based on the calibrated parameters, we compute the transition
dynamics from the current steady state with an interest-rate wedge to a new steady state

with the wedge removed.

In the baseline analytical model with constant returns, all borrowing firms face binding credit constraints
and all saving firms choose not to produce. This feature helps simplify the analytics, but it may overstate the
misallocation effects following an interest-rate liberalization. In our dynamic model with decreasing returns,
a fraction of borrowing firms chooses to hold an optimal amount of loan, and only firms with sufficiently
high productivity face binding credit constraints. In addition, all firms, including those who choose to save,

would be active in production because of the diminishing marginal product of capital.
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We find that, following a permanent removal of the interest-rate wedge, aggregate total
factor productivity (TFP) initially declines, and then rises gradually to a permanently higher
level. The initial decline in TFP suggests that the between-sector misallocation of capital
dominates the within-sector improvement in allocation in the short run. Consistent with our
analytical results, removing the interest-rate wedge improves TFP within each sector, but it
also leads to an increase in the share of capital held by the SOE sector. This misallocation
across sectors leads to a temporary reduction in both aggregate TFP and aggregate output.
Over time, however, output rises because the increase in the deposit interest rate induces
more savings and thus more capital accumulation, and also because aggregate TFP rises
over time.

By reallocating capital to SOEs, the liberalization policy exacerbates the SOE over-
investment problem, leading a short-run decline in consumption under our calibration. Con-
sistent with our analytical findings, interest-rate liberalization can improve or reduce welfare
along the transition path, depending on the initial size of the interest-rate wedge. For exam-
ple, if the initial wedge is at our calibrated value of 0.032, then removing the wedge would
lead to a modest welfare loss equivalent to about 0.32 percent of steady-state consumption
per year. If the initial wedge is 0.05, then removing the wedge would improve welfare mod-
estly. For larger sizes of the initial interest-rate wedge, liberalization policy can lead to more
substantive welfare gains.

The nonlinear welfare effects of interest-rate liberalization reflect a tradeoff between two
conflicting forces underlying the economy: within-sector productivity improvements working
against between-sector capital misallocations. The tradeoff stems from distortionary gov-
ernment policies that favor SOEs. In two counterfactuals where we eliminate preferential
subsidies to SOEs or equalize credit access in the two sectors, we find that the tradeoff facing
interest-rate liberalization is substantially mitigated.

We corroborate our model’s mechanism with micro-level empirical evidence. We use a
panel of industries constructed from the Annual Survey of Industries conducted by China’s
National Bureau of Statistics for the period from 1998 to 2007 to examine how changes in
the interest-rate wedge are related to industry-level productivity, and how the presence of
distorted allocations can affect that relation. We find that, all else being equal, a decline
in the interest-rate wedge raises productivity; but in industries with distorted allocations, a
decline in the interest-rate wedge would reduce productivity. These findings are consistent

with our model’s predictions.?

31t is difficult to use aggregate time-series data to isolate the effects of interest-rate liberalization on capital
reallocations, because the liberalization reforms were not implemented until very recently (in 2015), with the

potential macro effects yet to be fully materialized. During this period, China has also implemented several
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Several independent studies also lend support to our model’s mechanism. These stud-
ies find that financial liberalization in China improved within-sector capital allocations but
worsened capital allocations across sectors. For example, Gao et al. (2017) examine the
effects of the 2009 bank entry deregulation in China using loan-level and firm-level data.
They document evidence that, following the deregulation, most loans originated from new
entrant banks went to SOEs, which had explicit or implicit government guarantees and are
thus considered “safe” borrowers. At the same time, the deregulation of bank entry led to
increased competition between new and incumbent banks, which raised the overall quality
of all loans, with significantly longer maturity and lower delinquency rates. Increased bank
competition following the 2009 banking deregulation also led to improvements in the effi-
ciency of firms that borrowed from banks, with private firms benefiting more than SOEs. In
another study, Cong et al. (2018) examine loan-level data and find that the credit expan-
sion during China’s large-scale fiscal stimulus period in 2009-2010 disproportionally favored
state-owned firms despite their lower average product of capital. These empirical findings
are broadly consistent with our model’s implications.

In what follows, Section II provides an analytical illustration of how interest-rate liberal-
ization can affect within- and between-sector capital allocations and aggregate productivity.
Section III presents a calibrated dynamic model with endogenous capital accumulations and
decreasing returns and studies the transition dynamics and welfare following an interest-rate
liberalization. Section IV provides some empirical support for our model’s mechanism based
on Chinese industry-level data. We discuss the contributions of our paper relative to the

literature in Section V and provide some concluding remarks in Section VI.

II. A StaTiCc MODEL

This section presents a simple static two-sector model to highlight the tradeoff for interest-
rate liberalization between within-sector and between-sector capital allocations.

In the economy, a homogeneous good is produced by firms in two sectors —an SOE sector
(sector s) and a POE sector (sector p). There is a continuum of firms within each sector, with
a measure g of firms in the SOE sector and 1 — p in the POE sector. Firms in each sector
have access to a constant-returns technology that transforms capital into a homogeneous final
good. Each firm is endowed with h units of capital. The efficiency of a firm’s production
in each sector is determined by both a sector-specific productivity and an idiosyncratic

productivity. Firms also have access to a financial market where they can borrow or lend.

other important policy reforms, further compounding the difficulty. The micro-level data that we use here

are better suited for studying the reallocation consequences of changes in the interest-rate wedge.
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Under interest-rate controls, the government maintains a wedge ¢ > 0 between the deposit

rate (r4) and the lending rate (7). Thus, we have
r=rat¢. (1)

Throughout the paper, interest-rate liberalization means the removal of the wedge (i.e.,
setting ¢ = 0).*

I1.1. Firms in the POE sector. A firm in the POE sector with idiosyncratic productivity

e chooses capital kP(g), savings s”(¢) or loans [P(e) to maximize its profit
2PekP(e) — mlP(e) + rqsP(e), (2)

where 2P denotes a sector-specific productivity. The idiosyncratic productivity ¢ is drawn
from the distribution F?(e).

The firm faces the flow-of-funds constraint
kP(e) = h+1P(e) — sP(e), (3)

and the borrowing constraint
0 < IP(c) < 6h, (4)

where 6P denotes the loan-to-value ratio.
If the firm chooses to save, its saving cannot exceed the total endowment. Thus, the firm

also faces the saving constraint

0 <sP(e) < h. (5)

I1.2. Firms in the SOE sector. An SOE firm with the idiosyncratic productivity € chooses

capital k*(¢), saving s°(¢), and borrowing [*(¢) to maximize the objective function
T72°ek’(e) — ml®(g) + rqs®(e) (6)

where 7 > 1 represents distortions to SOE incentives (e.g., government subsidies to SOEs),
z*® denotes a sector-specific production, and the idiosyncratic productivity € is drawn from
the distribution F*(¢).

4The parameter ¢ is a parsimonious way of capturing interest rate controls in China. Under our specifica-
tion, one of the interest rates (e.g., the deposit rate) is determined endogenously by the loan market-clearing
condition, and the other rate (e.g., the lending rate) is then pinned down by the policy wedge ¢. The constant
interest-rate wedge here is not crucial for deriving our results. It is easy to show that this setup is equivalent
to one in which the government controls the deposit rate r4, while the lending rate r; and the interest-rate

wedge are determined endogenously (this can be shown using the results stated in Proposition 4).
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Under our assumption that 7 > 1, SOEs have an incentive to expand production beyond
that motivated by profit maximizing.® The distorted SOE incentive here is consistent with
the multitask principal-agent theory of SOEs in the literature (Bai et al., 2000). In China,
SOE managers are appointed by the government and their performance is evaluated partly
based on the firm’s contributions to local GDP and employment targets, not just on profits.
To prevent unprofitable SOEs from exiting business, the government provides subsidies to
SOE output. The setup here is also consistent with the “soft budget constraint” theory for
SOEs, which argues that the state should be accountable for the poor performance of SOEs
since it imposes extra policy burdens on them. In compensation, the state subsidizes SOE
operations(Lin et al., 1998; Lin and Tan, 1999).

The SOE firm’s optimizing decision is subject to the flow-of-funds constraint
k() = h+1°(e) — s°(e), (7)
and the constraints on borrowing and saving

0
0 < s°(e) <h, (9)

IA
o~
»
—
[Q}
~—
IN
e
V)
S
—~
oo
~—

where 0° denotes the loan-to-value ratio for SOEs.

For analytical convenience, we normalize the mean of the idiosyncratic productivity in
each sector to one. Consistent with empirical evidence, we assume that SOEs have easier
access to credit than POEs, so that 07 < 6°. We also assume that SOEs are less productive

than POEs on average, so that z® < 2P.

I1.3. Equilibrium. An equilibrium consists of the deposit rate rq, the loan rate r;, and the
allocations {k*(¢), *(¢), s°(¢) } for each SOE firm indexed by € ~ F*(¢) and {k? (¢),{? (¢),sP (¢)}
for each POE firm indexed by ¢ ~ F?(¢), such that (i) the allocations for each firm in each

sector solve the firm’s optimizing problem, and (ii) capital market clears such that

" / K (2)dF* (2) + (1 — p) / K () dF? (<) = h, (10)

Aggregate output is given by
Y =y / ek (2)dF* (&) + (1 — p) / Pk () dF (). (11)

I1.4. Effects of liberalization. We use this simple static model to illustrate the impact of

interest-rate liberalization on steady-state capital allocations and productivity.

5The SOE subsidy 7 > 1 captures several sources of distortions, such as SOEs’ monopoly rents (Li et al.,

2015) or fixed costs (Song and Hsieh, 2015), in addition to explicit or implicit government subsidies.
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I1.4.1. Homogeneous firms. We first examine the implications of a liberalization policy for
between-sector allocations of capital. For this purpose, we consider the special case with
no idiosyncratic productivities, so that firms in each sector are homogenenous. In this case,
changes in aggregate productivity following a liberalization policy would be driven purely
by between-sector reallocations of capital between SOEs and POEs."

For analytical convenience, we assume the existence of a sufficiently large SOE subsidy rate
such that 72° > 2P > 2% This subsidy makes the representative SOE firm’s private marginal
product of capital (inclusive of government subsidies) higher than the representative POE
firm’s MPK. We also assume that the pre-reform economy has a sufficiently large interest-
rate wedge such that ¢ > 72° — zP. Under these assumptions, the pre-reform equilibrium is

a financial autarky, as we show in Proposition 1.

Proposition 1. Assume that 72° > 2P > 2° and ¢ > 72° — 2P. The only equilibrium in this
economy is one with financial autarky, with r4 € [72°—¢, 2P]. Equilibrium capital allocations
are given by
kP = k* = h. (12)
Equilibrium aggregate output is given by
Y = (1 —p)zPh + pz’h. (13)
Proof. We provide a formal proof in Appendix A. O

The intuition of the proof is simple. If the deposit and lending rates are too high, then
all firms would want to save, which would not be an equilibrium since it violates the loan
market-clearing condition. On the other hand, if the interest rates are too low, then all firms
would want to borrow, which again violates the loan market-clearing condition. Only when
the deposit interest rate lies in an intermediate range (in particular, r¢ € [12° — ¢, 2P]) would
there be an equilibrium, which puts the economy in a financial autarky.

When interest-rate controls are liberalized (i.e., ¢ = 0), the equilibrium allocations are in
general different from the autarkic allocations. As we show below in Proposition 2, if SOEs
have a sufficiently large borrowing capacity relative to the sector’s size, then all capital in the
economy would flow to the SOE sector after the liberalization. If SOEs face a relatively tight
borrowing constraint, then some capital would flow from POEs to SOEs (up to the SOEs’
borrowing limit) and firms in both sectors would be active in production. Furthermore,
since SOEs are less productive than POEs, reallocating capital from POEs to SOEs reduces
aggregate output and productivity relative to the pre-reform benchmark (which is a financial
autarky). This last result is summarized in Corollary 1.

SIn this simple model, aggregate capital stock equals the endowment h. Thus, changes in output and

changes in aggregate productivity are equivalent.
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Proposition 2. In the liberalized economy with ¢ = 0, the deposit rate and lending rate are
identical and the equilibrium interest rate lies in the interval [z, 72°]. Equilibrium capital

allocations are given by

1— pu(l s
o= Lo pdEe), (14)
I—p
k= (1+6°)h>h, (15)

and aggregate output Y is given by

Y = (16)

2Ph — (2P —2°)pu(14+60%h if0°<1/p—1,
2h 05> 1/u—1.

Proof. See Appendix A. O

Compared to the pre-reform benchmark (which is a financial autarky), interest-rate liber-
alization reduces capital used by the POEs and increases capital used by the SOEs. Since
the SOEs are less productive, this reallocation of capital reduces aggregate output and pro-
ductivity. Formally, one can use Equations (13) and (16) to verify that aggregate output in
the economy with liberalized interest rates is lower than that under interest-rate controls.
Therefore, in this economy with homogeneous firms within each sector, removing interest-
rate controls unambiguously reduces aggregate output. Since aggregate capital stock is fixed
at h, the liberalization policy also reduces aggregate total factor productivity (TFP). This

result is stated in Corollary 1.

Corollary 1. With homogeneous firms within each sector, aggregate output and TFP are
lower in the economy with liberalized interest rates (¢ = 0) than those under interest-rate
controls (¢ > 0).

The finding that liberalizing interest-rate controls reduces aggregate output and TFP is
surprising, but economically intuitive in this second-best environment. When interest-rate
controls are lifted, the deposit interest rate rises and the loan rate falls. In our simple model,
the deposit rate rises to levels above the MPK for the POEs, inducing POEs to save. The
decline in the loan rate along with government subsidies would provide an incentive for SOEs
to borrow. Since POEs are more productive than SOEs, capital flows from POEs to SOEs
represent a misallocation of resources that reduces aggregate output and TFP.

If firms within each sector have heterogeneous productivity, then interest-rate liberaliza-
tion can improve within-sector capital allocation and offset (at least partially) the adverse
impact of the between-sector misallocation on aggregate productivity, as we discuss in the

next section.
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I1.4.2. Heterogeneous firms. Consider the case where firms in each sector face idiosyncratic
productivity shocks drawn from the distribution F7 (g), with the support [emin,o0). The

following proposition characterizes the equilibrium allocations of credit and capital.

Proposition 3. In the economy with heterogeneous firms, there exist two threshold levels of

idiosyncratic productivity, denoted by &/ and & for each sector j € {s,p}, such that

; hif min S < J
Je) = { Domin =SS (17)
0 ifed <e
: 0 f min S < 3
le) = ¢ ool TmEESE (18)
h ife <e
0 if epin <e<él
k() = h ifel <e<eg . (19)
(1+6)h ife <e
The thresholds 7 and & are defined as
i T4
g - Tate (21)
zITI

where 77 denotes the output subsidy rates for sector j (and we normalize sector p subsidies
to P = 1).

Proof. We provide a proof in Appendix A. O

Proposition 3 shows that, under interest-rate controls, the wedge between the lending and
deposit rates imply that there are three different types of firms. Firms with sufficiently high
productivity choose to produce using both internal funds and external debt. Firms with
sufficiently low productivity choose to save instead of producing. Firms with intermediate
levels of productivity choose to produce, and finance their production with internal funds
only.

The equilibrium deposit rate (or the lending rate) is determined by the capital market-

clearing condition
K = (1= p) K"+ uK* = b, (22)

where K7 denotes aggregate demand for capital in section j € {s,p} given by

K = [/:de(a)Jr(lJrHj)/éodF(a)

gl &J

h. (23)
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It is easy to show that aggregate output in section j € {s,p} is related to the sector’s
aggregate capital input through
YI = ATKI, (24)
where the term A7 denotes sector j's TFP given by

S5 edF (e ) (1+9j)f§° edF (g)

Al = I
f’ dF (¢) + (1 + 69) [ dF (e)

(25)

Thus, sector j’s TFP contains both the exogenous component 27 and an endogenous compo-
nent. The endogenous component of the sectoral TFP stems from within-sector reallocations
of capital across firms with different idiosyncratic productivity, and its level depends on the
two threshold values &/ and &. Proposition 3 shows that those threshold values are functions
of the equilibrium deposit rate r4, which itself is a function of the policy wedge ¢, along with
other parameters in the model.

When interest-rate liberalization removes the wedge ¢ between the lending and deposit
rates, Proposition 3 shows that the two threshold levels of productivity &/ and & would
coincide, and the distribution of firms would collapse to two types from three. The following
proposition shows that the liberalization policy raises the deposit rate and reduces the lending

rate, so that the two interest rates converge.

Proposition 4. The deposit rate r4 decreases with the interest-rate wedge ¢ and the lending
rate 7, increases with ¢. Thus, interest-rate liberalization (that lowers ¢) would raise the

deposit rate r4 and reduce the lending rate ;.

Proof. See Appendix A. O

To the extent that interest-rate liberalization changes equilibrium deposit and lending
rates, it also affects sectoral TFP through reallocating capital across firms within each sector.
In addition, interest-rate liberalization affects aggregate TFP through reallocating capital
across the two sectors. Since aggregate capital supply is fixed (at h), aggregate TFP moves
one-for-one with aggregate output.

Specifically, aggregate output is given by

Y =AK+ (AP — A°) (1 — ) KP. (26)
Aggregate TFP is given by
Y KP

Thus, given the sectoral TFPs A® and AP and that AP > A®) a policy reform that leads
to capital flows from POEs to SOEs would reduce aggregate TFP. The next proposition
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provides the conditions under which such between-sector misallocations can occur following

interest-rate liberalization.

Proposition 5. Assume that the idiosyncratic shocks in the two sectors are drawn from the

same distribution, with the probability density function f(¢). Assume further that the

density function satisfies the condition that g(e) = f}((‘?)g decreases with €. Under these
conditions, we obtain

oK* OKP

< 0, > 0. 28

9 90 (28)
We also obtain 38—“3; < 0 whereas %—’?; has an ambiguous sign. Furthermore, the relation
between aggregate output and the interest-rate wedge is also ambiguous (i.e., % has an
ambiguous sign). The same is true for aggregate TFP.
Proof. See Appendix A. O

Proposition 5 shows that a liberalization policy that reduces ¢ would lead to capital flows
from POEs to SOEs. Although such liberalization improves the level of TFP in the POE
sector, it has ambiguous effects on the TFP of the SOE sector. This ambiguity arises be-
cause, although the liberalization policy turns some low-productivity SOE firms into savers
(by raising the deposit rate), it also attracts capital inflows to the SOE sector, with the
increased capital distributed across all active firms, including unproductive ones. The liber-
alization policy leads to ambiguous effects on aggregate output and aggregate TFP, because
of the offsetting roles played by the within-sector improvement in capital allocations and the
between-sector deterioration.

Thus, the overall macro impact of interest-rate liberalization depends on the parameter
values. To illustrate the non-monotonic relations between the interest-rate wedge and ag-
gregate output, we provide a numerical example. We set z—p = 2, g—; =2, 7=2 p=0.5,
and 7 = 0.3. We assume that the idiosyncratic shocks are drawn from the log-normal
distribution with a mean value of one and a standard deviation of 0.3.7

Figure 2 shows the relation between aggregate output (or equivalently, aggregate TFP)
and the interest-rate wedge ¢. In this numerical example, we obtain a hump-shaped relation
between aggregate output and the interest-rate wedge, and there exists an interior optimum
of ¢ that maximizes output. The result reflects the tradeoff between within- and between-

sector capital reallocations following interest-rate liberalization.

"These parameter values are broadly in line with our calibration in the dynamic model presented in
Section III.
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III. INTEREST-RATE LIBERALIZATION AND TRANSITION DYNAMICS

In our steady-state analysis above, we have assumed that individual firms operate a
constant-returns technology, with a fixed supply of capital. These assumptions help sim-
plify our model and enable us to obtain analytical results, but they are not innocuous. With
a constant-returns technology, the marginal product of capital does not diminish when firms
increase their capital input. Since SOEs receive government subsidies and have easier access
to credit, they start out with more holdings of capital. Following the interest-rate liberal-
ization, SOEs would still want to borrow more, exacerbating misallocations across sectors.
If the production technology exhibits decreasing returns to scale, however, SOEs with abun-
dant capital would have less incentive to borrow when the loan interest rate declines. In this
sense, the constant-returns assumption may overstate the misallocation effects of interest-
rate liberalization. Introducing endogenous capital accumulation may also affect the model’s
mechanism because savings can be allocated not just across firms and sectors, but also across
time. In this case, an increase in the deposit interest rate following the liberalization reform
would raise savings and capital accumulation.

In this section, we generalize our model to incorporate capital accumulation and decreasing
returns. We calibrate the model parameters to Chinese data and study transition dynamics

following interest-rate liberalization.

ITII.1. The dynamic model. The main features of the model are similar to the baseline
static model, with three key differences. First, individual firms in each sector operate a
decreasing-returns technology. Second, we introduce endogenous capital accumulation de-
cisions. Third, production requires not only capital but also labor as input factors, with
labor supplied by households. The households own all firms and financial intermediaries.
The government subsidizes SOE production, with the subsidies financed by lump-sum taxes

imposed on the households.

II1.1.1. The households. There is a continuum of identical and infinitely lived households
with measure one. The representative household supplies inelastically one unit of labor to
firms. The household chooses consumption C}, risk-free bond By, 1, and share holdings of
individual firms :)sft +1 (where 4 indicates the firm and j € {s,p} indicates the sector) to

maximize the discounted utility
> BlogC, (29)
t=0

subject to the sequence of budget constraints
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where d/, and P}, respectively denote the dividend payouts and the share price of firm 7 in
sector j, W; denotes the real wage rate, N; = 1 denotes labor supply, and 7; denotes the
lump sum taxes levied by the government for financing subsidies to SOEs net of dividends

received from financial intermediaries. The household also faces the borrowing constraint
—— > 0. (31)
The optimal bond-holding decision implies that
Ay =B (1 +71a) Apyr + &, (32)

where A; = c%

borrowing constraint is binding, then we have & > 0.

and & is the Lagrangian multiplier for the borrowing constraint (31). If the

The optimal stock-holding decision implies that

o Ay
Py = dly+ B Pl (33)

In a symmetric equilibrium, we have xft 41 = lforalliand j. Interest-rate controls depress
the deposit interest rate rq;, and the household borrowing constraint (31) becomes binding.

Thus, we have & > 0 and B;.; = 0 in the equilibrium.

II1.1.2. The firms. A firm in sector j € {s,p} operates a decreasing-returns technology
: N S\ 1—a"
vt = |(7lkd) (n) "] (34)

where y{ denotes output, 2/ denotes a sector-specific productivity, 5{ denotes an idiosyncratic
productivity shock drawn from the distribution F7(-), &/ and n/ denote capital and labor
inputs, respectively, o € (0, 1) denotes the capital share, and n € (0, 1] is a span-of-control
parameter.

The firm takes the real wage rate W; as given and chooses labor input n{ to maximize the

profit

= max 7 (zj&t{kf)an (n{)(l_a)n — Wind, (35)
L

where 7/ € (0, 1) denotes the production subsidy for sector j.

The optimal labor demand function is given by

. 1
‘ 1— )@\ 0= . . o
n] = (%) (zjeiki) =({=a)n (36)
The maximum profit is given by

A=) - () @) = PR () )
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, L1
where v = (1 — o)y and & = L. The term 77 = (7/)™7 is the effective capital subsidy

=

rate, and R, = (1 — ) (%) " is the pre-subsidy rate of return on capital.

At the beginning of period ¢, a firm in sector j has net worth h{ carried over from period
t—1 and it observes an idiosyncratic productivity shock &/.% Given (h?, /), the firm chooses
capital input ki , saving s{, and loan l{ to maximize its present value, subject to the flow-of-

funds constraint

kKl =1 +h] —s], (38)
the borrowing constraint
0<U<Ohn, (39)
and the constraint on savings
0<sl <hl. (40)

In the borrowing constraint (39), the term 67 is the loan-to-value ratio that determines the
borrowing capacity for the firm.
The firm value is a discounted sum of current and future dividend flows, with the discount

factor determined by the household’s marginal utility. In particular, the firm value is given
by

Vi (bl ) = i)+ 85 [ Vi (ivieln) B () (41)
The dividend flow is given by
d{(h{, 5{) =7'R, (zjegkrg)& + (1-9) k:g —(1+ rlt)lf +(1+ rdt)sz - h{H, (42)

where § € (0,1) denotes the capital depreciation rate. The term ﬂAj\—tl is the discount
factor derived from the household’s optimizing decisions (see Eq. (33)). The firm chooses
{s{,l{, ki, h{H} to maximize V/ (h!,e]) subject to (38), (39), (40), and (42).

The following proposition characterizes the firm’s optimizing decisions.

Proposition 6. Assume that the idiosyncratic shock is drawn from the interval (e, &l )

according to the distribution function F’(g). Then, given h{ , the optimal allocations of

saving s{, borrowing lf, and capital input ki are determined by

S{ = [1 - <5i/§g)g]hg if 6?111n Sgg < gi (43)
' EREA
0 if el < el < €
li = [(d/f‘f%)ﬁ — 1]hi if éi < gg < gg ’ (44)
0'hi if 5 < el <cl,

8This timing assumption follows Moll (2014) and simplifies our analysis significantly.
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(el /e Tahi if ey, <&l <el

min

o h if el <el <& A
"7 e e <dl <o =
(1+6)h ifd <&l <&l
The three cutoft points {g{, g } are defined as
éi = (hg) “ {%] ) (46)
ati (27)" Ry
do= )| ] )
ati (27)" Ry
1
_j ; l-a Tt + (5 &
6] = 1 + 93 hj * |:—~:| . 48
The net worth A 41 can be solved from the envelope condition
A ovi (W, & o
1= 6 /t\—lt—l / t+1 éhl;+1 t+1) dF] (€i+1) ) (49)
t+1
Proof. We prove the proposition in Appendix A. O

Proposition 6 shows that, in the presence of the interest-rate wedge, a firm’s optimizing
decisions depend on the realized idiosyncratic productivity shocks 5{. If productivity is suf-
ficiently high (i.e., &/ > &), then the firm will borrow up to the limit and finance investment
using both its internal funds (net worth) and external debt. In the other extreme, if the
productivity is sufficiently low (i.e., 5{ < §{)7 then the firm will not borrow, and it will choose
an optimal amount of saving, and to invest the remaining net worth.’

If the idiosyncratic productivity is between g{ and 5{, then there are still two separate
possibilities in the presence of the interest-rate wedge. In the case with a relatively high
productivity 5{ (specifically, if é{ < 5{ < 5{), then the firm will choose not to save, and
it will finance investment with both internal funds and external debt, although the firm
is not financially constrained. In the other case with a relatively low productivity (with
el <&l < &), the firm will be neither a borrower nor a lender (i.e., in a financial autarky),
and its investment is completely self-financed with internal funds.

The cutoff points 7, £/, and & are functions of the net worth h?, the interest rates rq; and

ri;, and other aggregate variables. Since the idiosyncratic shocks 5{ follow an i.i.d. process

9Despite the low productivity shock, the firm still chooses to invest because, with decreasing returns, the

marginal product of capital is high at low levels of capital input.
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and h{ is independent of 5{ , the cutoff points are also independent of the idiosyncratic
shocks.?

Eq. (49) shows that the er ante marginal value of net worth is identical across firms,
implying that the end-of-period net worth h{ 41 is also identical across firms. This result
stems from the i.i.d. nature of the productivity shocks and the linearity of the dividend

function in net worth (see Eq. (42))."" However, the ez post marginal value of net worth
aV;EJJrl(hi_Jrl’ngrl)
8hi+1

in Appendix A (see Eq. (A.58)). Eq. (49) implicitly determines the end-of-period net worth

varies across firms, depending on the realized productivity €7, ,, as we show

hi,, as a function of aggregate and sector-level variables.
II1.1.3. Aggregation and Equilibrium. Define the aggregate effective units of capital as
K= / ek (1 &))" dF (<) (50)

where we have used the equilibrium result that a firm’s net worth is independent of the
idiosyncratic shocks so that h{ = H,‘f , with Hg denoting the aggregate net worth in sector j.

Denoting by Ktj the aggregate capital input used in sector j = {s, p}, we then have
Kl = /k;g' (H,e]) dF7 (]). (51)
A competitive equilibrium consists of allocations and prices such that (i) taking the prices
as given, the allocations solve the optimizing problems of the household and the firms; and
(ii) the prices clear the markets for capital, labor, loanable funds, and final goods.

Loanable funds market clearing implies that aggregate saving is equal to aggregate bor-

rowing. In particular, we have

> Li= Y S+B, (52)

J={s.p} j={s,p}

where
L = / 1 (H],e]) dF (), (53)
Si = / o (H], 1) dF9 (&), (54)

and the household deposit B; = 0 under interest-rate controls.

10Proposi‘cion 6 implies that, in the limiting case with constant returns (i.e., with n — 1), we have
&l — & so that all firms with e/ > &/ would be financially constrained and borrow up to the limit. Firms

with sufficiently low productivity (i.e., with &} < /) would choose to save all net worth and not to invest.
HWe do not put any constraints on firms’ dividend. As a result, firms with high productivity opt to

distribute more dividends to the household and firms with low productivity may issue equity (i.e., negative
dividends). Thus, the end-of-period net worth is identical across firms, despite their different productivity

realizations &7 .
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Capital market clearing implies that

K = Y H, (55)

j={s.p}

where aggregate capital stock K; is given by

K=Y K. (56)

j={s.p}

Labor market clearing implies that
Nts+Nip: 17 (57)

where we have normalized aggregate labor supply to N; = 1.

Final goods market clearing implies that
Ot = }/;5 - Kt+1 —l— (1 - 5) Kt, (58)

where aggregate output Y; is given by

i= Y Y/, (59)

j={s,p}
and the sectoral output is

. ~ N\ 1-(1—a)n . _a
Yi — <Kg> (N7) (60)
Appendix B summarizes the full set of dynamic equilibrium conditions. Appendix C de-

scribes our approach to solving the steady-state equilibrium.

IT1.2. Calibration. The parameters to be calibrated include (3, the subjective discount fac-
tor; «, the capital income share; 7, the degree of returns to scale; §, the capital depreciation
rate; and ¢, the interest-rate wedge. We also need to calibrate the sector-specific parame-
ters. For each sector j € {s,p}, we need to calibrate the subsidy rate 7/, the loan-to-value
ratio 67, the sector-specific TFP 27, and the parameters in the distributions F/(g) for the
idiosyncratic shocks in each sector. The calibrated values are summarized in Table 1.

A period in our model corresponds to one year. We set the discount factor to g = 0.96,
implying a steady-state real interest rate of 4 percent. We calibrate the capital depreciation
rate to 10 percent per year, so that 6 = 0.1. We assume that the parameters in the production
functions are identical for all firms, with the capital income share set to a = 0.5 based on
the empirical evidence of Brandt et al. (2008) and Zhu (2012) for Chinese industries (see
also Hsieh and Klenow (2009)). Following Midrigan and Xu (2014), we calibrate the span-of-
control parameter to n = 0.85. We set the interest-rate wedge to ¢ = 0.032, in line with the
average difference between the benchmark loan interest rate and the benchmark deposit rate

in China for the period from 1996 to 2013, prior to the interest-rate liberalization reforms.
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We calibrate the sector-specific parameters using an unbalanced panel, with firm-level
data from China’s Annual Survey of Industries covering the period from 1998 to 2007.12

We normalize the POE wedge to 77 = 1. We then calibrate the relative SOE wedge
79 based on firms’ optimizing decisions, using firm-level data in China’s Annual Survey of
Industries. Denote by 3 .. and n/ ., the output and the labor input of firm i in industry m and
year t, with the ownership type j € {s,p}. The firm’s optimizing labor input decision (36)
implies that

71— Vthzmt ' (61)

(L = a)nyp

Thus, given the calibrated values of o = 0.5 and n = 0.85, we can construct an output
wedge for each firm using the firm-level observations of wage payments and value added.
After obtaining the firm-level output wedges, we compute the industry-level output wedges
for each sector (SOE or POE) by taking the average of the output wedges across firms within
the industry. Finally, we calculate the relative SOE wedge 7° based on the ratios of SOE
wedges to POE wedges, averaged across industries and across years from 1998 to 2007. This
procedure yields a calibrated value of 7% = 1.44.

To calibrate the loan-to-value (LTV) ratios 6° and 67, we first calculate the firm-level LTV
measured by the ratio of the firm’s long-term liabilities to fixed assets in China’s Annual
Survey of Industries data. We then calculate an industry-level LTV by taking the average
of firm-level LTVs within the industry for each ownership type (SOE or POE) and in each
year. These calculations lead to #° = 0.504 and 6 = 0.279, corresponding to the average
industry-level LTVs for SOEs and POEs, respectively, averaged across the years from 1998
to 2007.

To calibrate the sector-specific TFP levels, we normalize 2® = 1 and calibrate the relative
TFP of the POE sector 2P using firm-level data in China’s Annual Survey of Industries. The
production function (34) implies that, regardless of the ownership type, the TFP for firm ¢
in industry m and year t is given by

.
where ¥,,;; denotes the output and k,,;; and n,,;; denote the capital and labor inputs. Since
a = 0.5 and n = 0.85 are identical for all firms, we can calculate the firm-level TFP z,,;;

directly based on Eq. (62) using data for value-added output, fixed assets (capital), and

2yye provide a more detailed description about the data, the measurement, and the calibration ap-
proach in an online appendix available at https://www.frbsf.org/economic-research/files/

wp2017-15_appendix.pdf.
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employment for each firm, where we measure value-added output as the difference between
a firm’s total sales and payments on intermediate inputs.'3
The TFP for a given industry m is the average of TFPs across all firms within the industry
given by
Ny

1
Zmt = E mit» 63
Fmt Nyt = Fmit (63)

where N,,,; denotes the number of firms in industry m and year ¢. Similarly, for each sector
j € {s,p}, the industry-level TFP is given by z/, = N+mt Zf\;’]’f 1(jy X Zmit, where 1¢;) is
a dummy variable that equals one if firm ¢ in industry m has ownership type j, and zero
otherwise. We take the average of sector j’s TFP across industries within the sector and
calculate the relative TFP of the POE sector g for each year. Averaging across time (from
1998 to 2007), we obtain the calibrated value of 2* = 1.92, which is the relative TFP of the
POE sector at the aggregate level. This calibration implies that POEs are on average 92
percent more productive than SOEs, in line with the estimated TFP gaps between POEs
and SOEs reported in the literature.'*

The firm-level TFPs calculated based on Eq. (62) also help us to calibrate the parameters
in the idiosyncratic shock distributions F#(e) and FP(¢). Assume that the idiosyncratic
shocks in sector j € {s,p} follow a log-normal process, with the mean normalized to one
and the standard deviation denoted by ¢7. We calibrate o* and o” in two steps. First, the
firm-level TFP distribution implies that g—p = 1.23. Second, we calibrate the level of ¢° to
match the share of borrowers in the SOE sector. We define a borrower as a firm that has a
year-over-year increase in its LTV of at least 1 percentage point. With this definition, the
average share of borrowers in the SOE sector is about 39 percent in our sample period from
1998 to 2007. We calibrate 0° = 0.375 so that the model implies that the share of SOE
borrowers in the initial steady state is 39 percent, as in the data. Given the calibrated value

of 0%, we obtain ¢? = 1.230° = 0.461.1°

BWe calculate the firm-level TFP based on the production function. Unlike Hsieh and Klenow (2009), we
do not need information about firm-level prices and quantities or the output wedges 7° and 77, because our
calculation does not involve firms’ optimizing decisions. However, our approach does require the assumption

that the production function parameters o and 7 are identical for all firms, as in Midrigan and Xu (2014).
HFor example, Brandt et al. (2008) estimate that the TFP gap between POE and SOE is about 1.8 over

the period from 1998 to 2004. Brandt and Zhu (2010) report an estimated gap of 2.3 for 2004.

15Gince the idiosyncratic productivity shocks are i.i.d. in our model, we cannot directly calibrate the levels
of both ¢® and oP to match the observed productivity dispersion across firms in the two sectors. Instead,
we calibrate the ratio g—i to match the observed relative dispersion of productivities in the POE sector, and
then we pin down the level of 0® in the model by matching the observed share of borrowers in the SOE

sector in the data.
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II1.3. Transition dynamics. We now discuss the dynamic effects of interest-rate liberal-
ization. The economy starts with the initial steady state with interest-rate controls (i.e.,
¢ = 0.032). Suppose that, in period 2, the interest-rate wedge is permanently removed (i.e.,
¢ = 0). Over time, the economy will converge to a new steady state without interest-rate
controls. We study the transition dynamics following the the interest-rate liberalization.

Figure 3 shows the transition dynamics of the interest rates, the share of capital held
by the SOE sector, and the levels of sector-specific TFP, aggregate TFP, aggregate output,
the real wage rate, and aggregation consumption. Consistent with the analytical results
stated in Proposition 4, the loan interest rate declines, the deposit rate rises, and the two
rates collapse into one following the liberalization reform. Under government subsidies,
SOEs have an incentive to expand their scale, and they also have easier access to credit
than POEs. Thus, capital flows from POEs to SOEs, leading to an increase in the share
of capital held by SOE firms. Since SOEs are on average less productive than POEs, this
reallocation of capital to the SOE sector exacerbates misallocation and, all else being equal,
reduces aggregate TFP. On the other hand, the liberalization reform moves capital from low-
productivity firms to high-productivity firms within each sector and thus it raises measured
TFP in both sectors. This within-sector improvement in capital allocation counteracts the
between-sector deterioration in allocations, rendering the net effects of the liberalization
reform on aggregate TFP ambiguous.

Under our calibrated parameters, the liberalization policy leads to a small short-run decline
in aggregate TFP, which then rises to a permanently higher level in the new steady state. The
short-run decline in aggregate TFP contributes to a small initial drop in aggregate output.
Over time, however, output rises above the initial steady state and reaches a permanently
higher new steady-state level. The higher aggregate output in the long run reflects the effects
of both a higher level of aggregate TFP and an increase in aggregate capital stock, since the
liberalization reform encourages savings through raising the deposit interest rate.'

Interest-rate liberalization also raises the real wage rate. The increases in wages reallocate
resources to the more productive POEs, partly reversing the initial flows of capital to the
SOEs. Although the liberalization policy has a small initial impact on aggregate output, it
reduces consumption persistently, reflecting the increases in SOE over-investment, which is
exacerbated by the capital reallocation across the two sectors.

The liberalization policy in our model has welfare implications that are different from the

standard model. In the standard model, interest-rate liberalization raises aggregate TFP

16Under our calibrated parameters, TFP in each sector as well as aggregate TF'P reach their new steady
state levels quickly. This is not a general result, but specific to our calibration. In general, the TFP levels

should depend (in part) on the slow-moving net worth and can be slow-moving as well.
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and improves welfare unambiguously (Moll, 2014). In our two-sector model, however, dis-
torted SOE incentives create a tradeoff between within-sector and between-sector allocation
efficiencies, rendering the welfare implications of interest-rate liberalization ambiguous.
Figure 4 shows the welfare losses following a removal of the interest-rate wedge of a given
size (indicated on the horizontal axis) during the transition process. If the welfare change
is negative, then removing the interest-rate wedge would reduce welfare. For example, if
the wedge is initially at ¢ = 0.01, then removing the wedge would incur a modest welfare
loss equivalent to 0.3 percent of steady-state consumption per year. If the initial wedge is
at the calibrated value of ¢ = 0.032, then removing that wedge results in a welfare loss
of 0.32 percent of steady-state consumption, consistent with the SOE over-investment and
the resulting short-run declines in aggregate consumption. The figure also reveals that the
welfare loss is not a monotone function of the initial interest-rate wedge. In this second-best
environment, the tradeoff for interest-rate liberalization implies that there exists an optimal

interest rate wedge (at around 0.02) that maximizes social welfare.

I1I.4. Counterfactual experiments. The nonstandard results about aggregate TFP and
social welfare in our model stem from two key sources of distortions: SOE subsidies and
preferential access to credit. To highlight the role played by each of these two forms of
distortions, we now examine two counterfactual experiments, one with no SOE subsidies,

and the other with equal credit access for all firms in the two sectors.

[I1.4.1. Eliminating SOFE subsidies. In our calibrated model, SOEs receive favorable gov-
ernment subsidies for production. We now examine the transition dynamics following an
interest-rate liberalization in a counterfactual economy with the SOE subsidy eliminated
(i.e., 7 = 7 = 1). In this counterfactual, we maintain the calibrated values of 6* and 6”,
such that SOEs still have easier access to credit than POEs.

The left column in Figure 5 shows the transition dynamics in this counterfactual. Although
SOEs do not receive subsidies, they still face a higher borrowing limit than POEs. Thus,
following the interest-rate liberalization, capital still flows from POEs to SOEs, as in the
benchmark model. However, without SOE subsidies, the steady-state size of the SOE sector
shrinks, mitigating the adverse impact of the between-sector misallocations on aggregate
TFP and output. Under our calibrated parameters (and with 7° = 1), the improvements
in capital allocations within each sector dominate the between-sector misallocation effects,
such that aggregate TFP rises permanently after the reform. Accordingly, aggregate output
rises along the transition path until reaching a permanently higher new steady-state level.

The left panel in Figure 6 shows that, in this counterfactual with no SOE subsidies,

interest-rate liberalization improves social welfare for all initial values of the interest-rate
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wedge. This welfare outcome stands in contrast to that in the benchmark model, in which
eliminating the interest-rate wedge can lead to welfare losses for a range of values of the

initial wedge.

[11.4.2. Fqual credit access. In our benchmark model, the loan-to-value ratio for SOEs is
about 2.5 times as large as that for POEs (6° = 0.504 and 6 = 0.279). The superior access
to credit for SOE firms contributed to misallocations of capital across sectors. We now
consider a counterfactual case with equal credit access for the two types of firms (i.e., with
0P = 6° = 0.504), holding all the other parameters unchanged at their calibrated values,
including SOE subsidies (7% = 1.44).

The right column in Figure 5 shows the transition dynamics following an interest-rate
liberalization in this counterfactual case. Since SOEs continue to receive subsidies, the lib-
eralization policy still reallocates capital from POEs to SOEs, and thus exacerbates misallo-
cations. However, the relative size of the SOE sector and the magnitude of increases in the
SOE capital share are both smaller than those in the benchmark model. At the same time,
POEs have improved credit access relative to the benchmark model, so they are better able
to expand production following the liberalization. The liberalization policy raises aggregate
TFP permanently, reflecting that the within-sector improvement in allocations dominates
the between-sector misallocations. Consequently, aggregate output rises along the transition
path, until it reaches a permanently higher new steady-state level.

Granting equal credit access to POEs also implies that removing the interest-rate wedge
is more likely to improve social welfare than in the benchmark model. As shown in the right
panel of Figure 6, the case with equal credit access features a smaller range of values of the
initial interest-rate wedge for which liberalization reduces welfare.

Comparing the welfare effects between the two counterfactuals (i.e., the two panels in Fig-
ure 6) reveals that SOE subsidies are a more important source of misallocations and welfare
losses following interest-rate liberalization than unequal credit access. In the case with no
SOE subsidies, removing the interest-rate wedge leads to unambiguous welfare gains (see the
left panel of the figure), despite the SOEs’ superior credit access. In the other case with equal
credit access but with SOE subsidies, there is a range of values of the initial interest-rate

wedge for which removing the wedge reduces welfare (see the right panel of the figure).!” To

1"We have also considered a counterfactual model with a single sector, corresponding to the stan-
dard model in the literature. We calibrate the parameters 6, o, and z by taking the averages of the
sector-specific calibrations in our benchmark model and find that interest-rate liberalization in this one-
sector model unambiguously raises aggregate TFP and improves welfare, confirming the findings by Moll
(2014). For details, see the online appendix at https://www.frbsf.org/economic-research/

files/wp2017-15_appendix.pdf.
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mitigate misallocations and avoid welfare losses, interest-rate liberalization reforms should

be implemented along with other reforms that alleviate distorted SOE incentives.

IV. EMPIRICAL EVIDENCE

In our model, the government subsidizes SOE production and grants them preferential
credit access. Our model implies that, without removing the SOE subsidies and preferential
credit treatments, pursuing interest-rate liberalization reforms can exacerbate capital mis-
allocations by moving capital from POEs to less productive SOEs. We now provide some
empirical evidence that supports the model’s mechanism.

Aggregate data are not very informative for identifying the effects of interest-rate liber-
alization on capital reallocations between SOEs and POEs. The Chinese government has
maintained tight controls over the loan interest rate until 2013 and the deposit rate until
2015. Even after 2015, interest-rate liberalization has been a gradual and ongoing process,
with slow adjustments of the deposit and loan interest rates toward market-determined levels
(see Figure 1). At the same time, many other things have happened in the Chinese economy
that may confound the effects of interest-rate liberalization. For example, the People’s Bank
of China relaxed pegs of renminbi to the dollar in 2015, and later switched to pegging a
basket of currencies instead of the dollar. The government has also tightened regulations
over corporate leverages and shadow banking activities in 2016 and 2017. Since 2018, trade
tensions between China and the United States have escalated. These developments also
drive changes in the allocations of capital, presenting a challenge to isolate the effects of
interest-rate liberalization using aggregate time-series data.

It is more promising to use disaggregated data to evaluate our model’s mechanism. For our
purpose, we use China’s Annual Survey of Industries data—the same data set that we have
used for calibrating our dynamic model—to examine how changes in the interest-rate wedge
are related to industry-level productivity, and how the presence of capital misallocations can
affect that relation. Our sample covers the years from 1998 to 2007.

We first construct a distortion dummy, denoted by D,,, for each industry m and each
year t. Our model implies that, absent government subsidies and preferential credit policy,
a borrowing firm should always have higher productivity than an autarkic firm (i.e, a firm
that is neither a borrower nor a lender). We measure a firm’s productivity using the firm-
level TFP that we constructed (see Section II1.2). We define the dummy variable D,,; =
1 (zﬁwmy’l% > zbmmw’l%>, which equals one if the TFP of the bottom 1 percentile of firms

mt

at financial autarky (denoted by zfanarky’l%) exceeds that of the bottom 1 percentile of firms

borrow,l%)

mt Otherwise, D,,,; = 0. We classify a firm in a

that are borrowers (denoted by z

given industry as an autarkic firm if its leverage ratio has remained roughly unchanged from
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the previous year. A firm is a borrower if its leverage has increased by more than a certain
threshold. We measure firm leverage by the ratio of its long-term liabilities to total fixed
assets. In our baseline regression, a firm is in financial autarky if the absolute year-over-year
change in its leverage is less than 1 percent. We consider a firm a borrower if its leverage
has increased by more than 1 percent from the previous year. To check the robustness of
our results, we also consider alternative thresholds for borrowers, whose leverage increased
by at least 2 percent or 5 percent from the previous year.'®

Using an unbalanced panel with 476 industries over the years 1998-2007, we estimate the

empirical specification
AYr = Bo 4 BiDit + BaA¢y + B3 Dy X Ady + BaXpnt + 0y + pAY 11 + Emt,s (64)

where AY,,; denotes the year-over-year growth rate of the average labor productivity in
industry m and year t; X,,; denotes a set of control variables, including the industry’s average
leverage (LTV,,) and the growth rates of average fixed assets (AK,;) and employment
(AL,.); A¢, denotes the year-over-year changes in the interest-rate wedge (i.e, the differences
between the benchmark loan rates and the benchmark deposit rates); and d,, captures the
industry fixed effects. The term ¢,,; denotes the regression residuals.

Our theory implies that, all else being equal, interest-rate liberalization (i.e., a reduction
in the interest-rate wedge) should raise labor productivity. Thus, we should expect 55 < 0
in our empirical specification (64). However, in an industry with distorted allocations (i.e.,
D, = 1), interest-rate liberalization can lower the industry’s productivity by moving capital
to firms that are less productive but more favored by government policy. Thus, we should
expect B3 > 0.

We estimate the dynamic panel model in Eq. (64) using the Arellano and Bond (1991)
estimator.’ Table 2 shows the estimation results. Column (1) shows the baseline case, in
which a borrower is defined as a firm whose leverage increased at least 1 percent from the
previous year. Consistent with our model’s mechanism, the point estimate of 3, is negative

(-0.723) and significant (with a p-value less than 5 percent). The estimated value of [

1811 our sample, an SOE dominant industry (i.e., an industry with SOE employment share exceeding 50%)
is more likely to have distorted allocations under our measure of distortions. In particular, an estimated
Probit model shows that, controlling for industry fixed effects, an SOE dominant industry is 53% more likely
to have distorted allocations (i.e., Dy, = 1).

1976 estimate the dynamic panel specification, we use the two-step system GMM estimator with small-
sample robust corrections. We implement the estimation in STATA using the command xtabond. We
use the lagged dependent variable and lagged control variables as GMM-type instruments. Two tests
support our model specification: the null hypothesis of second-order autocorrelations is rejected, and the

heteroskedasticity-consistent Hansen’s J-tests fail to reject the validity of our instrument set.
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suggests that, holding all else equal, reducing the interest-rate wedge by one percentage
point would raise the average productivity growth by 0.72 percentage point. The estimate
for 3 is positive (0.921) and also significant (with a p-value less than 5 percent). Thus, if
an industry has distorted allocations (D,,; = 1), then reducing the interest-rate wedge by 1
percentage point would lower the industry’s labor productivity by 0.92 percentage point. The
net effects of interest-rate liberalization on industry-level productivity are slightly negative
(0.921-0.723=0.18) but statistically insignificant.?

The empirical evidence is robust to alternative definitions of the borrowers. In particular,
Columns (2) and (3) in Table 2 show the estimation results when we define a borrower
as a firm whose leverage increased at least 2 percent and 5 percent, respectively, from the
previous year. The estimated [ and (3 are similar to those in the baseline case shown in
Column (1).%

The evidence is also robust to several alternative measures of the distortion dummy D,,;.
In one experiment, we use alternative thresholds in our measure of the distortion dummy.
In particular, we compare the 2% tails of TFP between borrowing firms and autarkic firms,
with € {2.5,5,10} instead of the 1% tails of TFP used for the baseline regression. In a
second experiment, we measure the distortion by the dispersion of the marginal products of
capital across firms within a industry. In both experiments, we have obtained qualitatively
similar results as those in the baseline.?

These empirical results confirm that, in the presence of distorted allocations (i.e., with
D,y = 1), interest-rate liberalization can significantly reduce an industry’s productivity,

lending credence to our model’s mechanism.

20We have considered an alternative panel regression by including time fixed effects, in which case the
effects of A¢; cannot be separately identified, but we can still identify the effects of the interaction term
Dyt X Ag;. In this regression, we obtain a statistically significant point estimate of 1.278 for the coefficient on
the interaction term (with a standard error of 0.50). This result suggests that, in an industry with distorted
allocations, a 1 percentage point reduction in the interest-rate wedge reduces the industry’s productivity
growth by 1.3 percentage points, a magnitude that is slightly larger than that in the baseline regression
model. We have also obtained qualitatively similar results when we estimate a static panel model without

the lagged dependent variable in Eq. (64).
2176 take into account the possibility that some firms might increase leverage to cover operating losses,

we considered an alternative measure of borrowers by focusing on borrowing firms with positive profits. We

obtained similar results.
22We report the details of these robustness results in the online appendix at https://www.frbsf.

org/economic-research/files/wp2017-15_appendix.pdf.
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V. RELATED LITERATURE

Our paper contributes to the literature on misallocations and financial frictions. Existing
studies have documented evidence that misallocations of resources help explain a large part of
cross-country differences in productivity and income (Restuccia and Rogerson, 2008; Hsieh
and Klenow, 2009; Buera et al., 2011; Bartelsman et al., 2013) . Financial frictions can
reduce TFP by distorting firm entry and technology adoption decisions (Cole et al., 2016)
or by generating dispersions in capital returns across firms and thus causing misallocations
(Banerjee and Duflo, 2005; Jeong and Townsend, 2007; Banerjee and Moll, 2010; Liu and
Wang, 2014; Moll, 2014). Midrigan and Xu (2014) present establishment-level evidence that
financial frictions cause efficiency losses mainly through depressing firm entry and technology
adoptions.??

The literature has also studied the impact of financial liberalization on resource alloca-
tions. Song et al. (2011) construct a two-sector growth model with less-productive SOEs
and more-productive but financially constrained POEs. They show that the credit mar-
ket imperfections provide a key mechanism for understanding China’s economic transition.
Gao et al. (2017) study the effects of China’s 2009 deregulation of bank entries. They find
that, after the deregulation, most loans originated from new entrant banks went to SOEs,
which had explicit or implicit government guarantees and were thus considered “safe” bor-
rowers. The deregulation also led to increased competition between new and incumbent
banks, raising the overall quality of all loans, with significantly longer maturity and lower
delinquency rates. Increased bank competition following the 2009 banking deregulation also
led to improvements in the efficiency of firms that borrowed from banks, with private firms
benefiting more than SOEs. Thus, consistent with our theory, the banking deregulation had
ambiguous net effects on allocative efficiency. Liu et al. (2019) examine the potential impact
of capital account liberalization in China in the presence of domestic financial repression.?*
Reis (2013) shows that, because of financial frictions, capital inflows to Portugal in the 2000s
may have been misallocated to inefficient firms in the nontradable sector at the expense of
more-productive firms in the tradable sector. Gopinath et al. (2017) present a model with
heterogeneous firms and size-dependent financial frictions. They show that the decline in
the real interest rate during the euro convergence process in the 1990s has led to increased
dispersions in capital returns and a lower TFP in Spain, Portugal, and Italy, because capital

inflows are misallocated toward firms that have higher net worth but are not necessarily

Z30ther studies on this topic include Brandt et al. (2013), Gilchrist et al. (2013), Caggese and Cuiiat

(2013), and Buera et al. (2013). See Restuccia and Rogerson (2013, 2017) for surveys of this literature.
24Chang et al. (2015b) build a DSGE model of China to examine the implications of China’s capital

controls for its domestic monetary policy when external shocks raise the cost of sterilization.
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more productive. Bleck and Liu (2018) study a two-sector model with collateral constraints,
with different degrees of financial frictions across sectors. They show that excessive liquidity
injection can overheat the sector with lower friction, crowding liquidity out of the sector
with higher friction. Chang et al. (2019) study the role of reserve requirements for China’s
macroeconomic stabilization in a two-sector DSGE model with SOEs and POEs and seg-
mented credit markets. In their model, banks lend to inefficient SOEs at low interest rates
because of the low risks under government guarantees. However, banks charge a default
premium on off-balance-sheet loans to POEs, even though their productivity is higher than
SOEs. An increase in reserve requirements acts as a tax on SOE loans, reallocating capital
to the more efficient POEs from SOEs, improving aggregate productivity while also raising
the social costs for bailing out SOEs. In a similar spirit, Wang et al. (2016) argue that,
since inefficient SOEs enjoy easy access to cheap bank credit, shadow banking loans provide
productive POEs with urgently needed credit and thus helps improve allocative efficiency.
Chang et al. (2015a) build a two-sector model that focuses on credit reallocations between
heavy and light sectors. Their calibrated model is able to replicate the observed trends and
cycles of China’s aggregate economy.

Our study has a different focus. We examine the implications of interest-rate liberaliza-
tion for aggregate productivity and welfare in a two-sector general equilibrium model that
incorporates firm-level heterogeneity, credit constraints, and asymmetric policy treatments
across sectors. In this second-best environment, we show that interest-rate liberalization
can have ambiguous effects on aggregate TFP and welfare because it improves within-sector

capital allocation at the expense of between-sector misallocations.

VI. CONCLUSION

We have studied implications of interest-rate liberalization for capital allocation, aggre-
gate productivity, and social welfare in a two-sector general equilibrium model with Chinese
characteristics. The model features heterogeneous productivity, credit constraints, and gov-
ernment policies that favor SOEs over more efficient POEs. In this second-best environment,
lifting interest-rate controls can improve capital allocation efficiency within each sector but
exacerbate misallocations across sectors. Since SOEs have easier access to credit and an
incentive to expand their scale, the extra saving induced by the reform disproportionately
flows to the SOE sector. The overall effects of interest-rate liberalization on aggregate TFP
and welfare depend on parameters. With calibrated parameters, the model suggests that
interest-rate liberalization can modestly reduce aggregate TFP along the transition path,
but boosts it in the long run. The liberalization reform has an ambiguous welfare effect. It

can improve or reduce social welfare, depending the size of the initial interest-rate wedge.
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With our calibrated wedge, the reform leads to a modest welfare loss. We further show
that, if other structural reforms are simultaneously implemented to mitigate distorted SOE

incentives, interest-rate liberalization can improve welfare.
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TABLE 1. Calibrated Parameter Values

S &> 33 0 @

Discounting factor

Capital share

Returns to scale

Capital depreciation rate
Interest-rate wedge

SOE borrowing constraint
POE borrowing constraint
SOE-specific TFP (normalized)
POE-specific TFP

SOE productivity dispersion
POE productivity dispersion
SOE output wedge

POE output wedge (normalized)

0.96
0.5
0.85
0.1
0.032
0.504
0.279
1
1.92
0.375
0.461
1.44
1
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TABLE 2. The impact of changes in the interest-rate wedge on labor productivity

AY g (1) (2) (3)
Ady —0.723" —0.753" —0.765*
(0.299)  (0.313)  (0.308)
Dyt % Ay 0.921*  0.970™  0.979"
(0.456)  (0.486)  (0.491)
Doy —0.020 —0.019 —0.027
(0.053)  (0.049)  (0.052)
AK 0.176*  0.178*  0.211*
(—0.090)  (0.090)  (0.090)
ALy —0.077  —0.087  —0.075
(—0.108)  (0.108)  (0.127)
LTV —0.037 —0.038  —0.046
(—0.028) (0.029)  (0.032)
AYo 1 —0.057 —0.055 —0.022

(—0.085)  (0.086)  (0.062)
Number of Observations 2,806 2,806 2805
Number of Industries 476 476 476
Hansen test (p value) 0.217 0.161 0.170
AB test AR(1) (p value) 0.000 0.000 0.000
AB test AR(2) (p value) 0.432 0.404 0.641

Notes: This table reports the estimated impact of changes in the interest-rate wedge (denoted by A¢;)
on industry-level labor productivity using data from China’s Annual Survey of Industries. The empirical
model is specified in Eq. (64) in the text. We estimate the dynamic panel model using the Arellano
and Bond (1991) approach, with the instrumental variables including the control variables and lags of
the dependent variable. The control variables include the industry’s average leverage (LTV,,;) and the
year-over-year growth rates of average fixed assets (AK,,;) and employment (AL,,;). The variable D,
is a distortion dummy, which equals one if the average TFP of the bottom percentile of borrowing firms
is lower than that of the bottom percentile of autarkic firms. An autarkic firm has a year-over-year
change in its loan-to-value ratio of less than 1 percent (in absolute value). A borrowing firm has its loan-
to-value ratio increased by at least & percent from the previous year, where we consider z € {1,2,5},
corresponding to the results shown in Columns (1), (2), and (3). The numbers in the parentheses are
robust standard errors. The statistical significance levels are denoted by * (p<0.1), ** (p<0.05), and
*E (p<0.01).
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China deposit and lending rates
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F1GURE 1. Time series of China’s one-year benchmark deposit interest rate

and one-year benchmark lending interest rate. Source: CEIC and IMF.
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FIGURE 2. Aggregate output and the interest-rate wedge in the static model.

33



INTEREST-RATE LIBERALIZATION AND CAPITAL MISALLOCATIONS 34

Interest rates

0.06 "
L - Deposit
0.04f -V = = =Lloan
1
0.02}- - ,
0 " " " "
0 10 20 30
SOE sector TFP
1.024
1.022¢
1.02 - : ; -
0 10 20 30
Aggregate TFP
1.268 " "
1.266
1.264
0 10 20 30
Wage rate
2.15 " "
2.1y
2.05 - ; ; -
0 10 20 30

0.67

0.66

0.65

1.365

1.36

1.355

1.35

3.95

3.9

2.5

2.45

SOE capital share

0 10 20 30
POE sector TFP

0 10 20 30
Aggregate output

0 10 20 30

Consumption

0 10 20 30

FiGUurRE 3. Transition dynamics following interest-rate liberalization in the

benchmark model.
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14
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FIGURE 4. Welfare effects of interest-rate liberalization during the transition
process. Welfare is measured by consumption equivalence. A point on the line
represents the welfare gain (or loss) when the initial interest-rate wedge (¢)
is removed. If the welfare change is negative, then removing the interest-rate

wedge reduces welfare relative to the pre-liberalization regime.
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FiGURE 5. Transition dynamics following interest-rate liberalization in two
counterfactual models: (i) no SOE subsidies (7% = 1); (ii) equal credit access

across the two sector (0° = 67).
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FIGURE 6. Welfare effects of interest-rate liberalization during the transition
process in the counterfactual models with no SOE subsidies (the left panel) or
equal credit access across the two sectors (the right panel). A point on the line
represents the welfare gain (or loss) when the initial interest-rate wedge (¢)
is removed. If the welfare change is negative, then removing the interest-rate

wedge reduces welfare relative to the pre-liberalization regime.
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Appendix

APPENDIX A. PROOFS OF PROPOSITIONS

Proposition 1. Assume that the interest-rate wedge is sufficiently large so that ¢ > 72° — 2P.
Then the only equilibrium is one with financial autarky, under which k* = kP = h and

rq € [T2° — ¢, 2P]. Aggregate output is given by
Y = (1 — pu)zPh+ pz’h. (A.1)

Proof. There are three possible cases for the deposit rate: (i) rq < 72° — ¢, (ii) 74 > 27,
and (iii) 74 € [72° — ¢, 2P]. We show that the first two cases are not consistent with any
equilibrium. We also show that, in the third case, there is an autarkic equilibrium, with no
borrowing or lending between the two sectors.

If ry < 72°— ¢, then the SOEs’ private MPK 72° exceeds the loan interest rate rq+¢ = ry.
The borrowing constraint for SOEs will be binding, such that {* = §°h. However, under the
assumption that ¢ > 72° — 2P, we have ry < 72° — ¢ < zP. That is, POEs’ MPK exceeds
the deposit rate, so that they choose not to save (i.e., s* = 0). But this contradicts the loan
market clearing condition since s? = ( implies [* = 0.

If ry > 2P, then POEs would choose to save instead of producing since their MPK is lower
than the deposit rate. This implies that sP = h. However, in this case, 72° < 2P 4+ ¢ <
rq + ¢ = 1. Thus, SOEs would choose not to borrow (so that {* = 0) since the loan rate
exceeds their private MPK. The positive saving by POEs and zero borrowing by SOEs again
violates the loan market-clearing condition and cannot be an equilibrium.

In the case with ry € [72° — ¢, 2P|, however, there is an equilibrium. In particular, since
rq < zP < 712° firms in both sectors choose not to save. They do not borrow either because
the loan rate exceeds their MPKs (i.e., 74 + ¢ > 72° > zP). Thus, the only equilibrium
is the financial autarky with no between-sector capital flows. In this equilibrium, we have

k® = kP = h and aggregate output is given by Y = (1 — p)2Ph + pz°h. d

Proposition 2. Assume that 72° > 2P > 2° In the liberalized economy with ¢ = 0, the

equilibrium deposit rate satisfies r4 € [2P, 72°] and aggregate output Y is given by

Y—{ 2Ph — (2P —2°)pu(14+60°)h if6°<1/p—1,

(A.2)
=h if 05> 1/p— 1.

Proof. Since ¢ = 0, the loan rate and the deposit rate are identical (i.e., r; = r4). Following
the same logic as in the proof of Proposition 1, we can show that ry; < 2P and rq > 72° are
both inconsistent with an equilibrium. The equilibrium interest rate thus lies in the closed

interval [2?, 72°|, which is non-empty under our assumption.
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If r4 = 2P, then POEs are indifferent between saving or not. Since 72° > 2P = 1y,
SOEs will choose not to save but to borrow up to the limit (i.e., s* = 0 and I* = 6°h).
The capital stock held by each SOE firm would be k* = (1 + 6°)h. The capital market-
clearing condition (10) implies that (1 — p)k? + u(1 + 6°)h = h. Thus, POEs would stay
operating (i.e., k¥ > 0) if and only if #° < i — 1. In this case, aggregate output is given by
Y = (1 — pu)2PkP 4+ pz°k® = z2Ph — (2 — 2%)u(1 + 6°)h.

If rq € (2P, 72°], then POEs would choose to save all their endowment (i.e., s» = h). The
capital market-clearing condition (10) implies that SOEs will own all capital stock in the

economy provided that 6° > %L — 1. In this case, aggregate output is given by Y = 2°h. [

Proposition 3. In the economy with heterogeneous firms, there exist two threshold levels of

idiosyncratic productivity, denoted by &/ and & for each sector j € {s,p}, such that

; h f min S < J
de) = Domin =SS (A.3)
0 ifed <e
; 0 f min S < 3
Pe) = § L TmEESE (A4)
h ife <e
0 if epin <e<él
k() = h ifed<e<& | (A.5)

(1+ 6\ h ifed <e

where the thresholds €/ and &/ are defined as

Td

g = e (A7)
2JTJ

Proof. The optimization problem of the firm in j sector can be written as

{lj(gl,a;;(a)} e [h+ 1 () — 5 ()] — il (e) + ras’ (), (A.8)
subject to
0 < U(e)<h, (A.9)
0 < si(e) <h. (A.10)
Because of the linearity, we can define two cutoffs as ¢/ = 4 and & = L, where

r. = rq+ ¢. For ¢ < €7, production is not profitable because because 772/¢ < ry. Thus, in
this case, the firm chooses to save, i.e., s/ (¢) = h, I/ (¢) = 0 and ¥/ (¢) = 0. If € € [¢7,&7),
then production yields higher returns than saving, but the return is still lower than the

borrowing costs (i.e., rg4 < 7727 < r;). In this case, the firm’s optimal decision is to produce
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and self-finance its production. That is, s/ (¢) = I/ (¢) = 0 and &/ (¢) = h. If € > &, then
we have 7727¢ > r; and the firm chooses to borrow to finance production. Therefore, in

this case the borrowing constraint is binding, and we have s/ (¢) = 0, I (¢) = 6’h and
K (e) = (1+67)h. O

Proposition 4. The deposit rate ry decreases with the interest-rate wedge ¢ and the lending
rate 7, increases with ¢. Thus, interest-rate liberalization (that lowers ¢) would raise the

deposit rate r4 and reduce the lending rate r;.

Proof. Denote the probability density function of € as f7 (g), 7 € {s,p}. The capital market-

clearing condition (22) implies that

1=y { / m dF* () + 6° / m dF* (e)} (1 - ) { / m dF” () + 07 / m JF” (s)} ,

(A.11)
where
L (A12)
25T 25T
o= Mg TatO (A.13)
2P’ 2P
Differentiating both sides with respect to ¢ yields
_:U’ S (S 55—58d S £S (=S _lu P ( ~P pp—p& D £P (=P
o= 2{irerrer @G ver @ e S @ er e G eer e
(A.14)
With some algebra, we obtain
87“(1 1
—¢e___ - Al
ol6) 1+’ (A.15)
where
S (=8 P (P
o= pf* () + (1 —p) f2 () % (A.16)

pfe (e)0° + (1= p) fr(ev) Zror
Since ¥ > 0, we have Td < 0and Tg;‘z’)
the deposit rate ry but raises the lending rate ry + ¢. O

> (. That is, the interest-rate liberalization reduces

Proposition 5. Assume that the idiosyncratic shocks in the two sectors are drawn from the

same distribution, with the probability density function f(¢). Assume further that the

density function satisfies the condition that g(e) = f— decreases with €. Under these

f(e)
conditions, we obtain
oK* OKP
< 0,
8¢ [9J0)

has an ambiguous sign. Furthermore, the relation

> 0. (A.17)

We also obtain % < 0, whereas 2 8—¢
between aggregate output and the interest-rate wedge is also ambiguous (i.e., ‘gg has an

ambiguous sign). The same is true for aggregate TFP.
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Proof. We first discuss how liberalization affects the capital flows across sectors. For any

¢ > 0, the capitals in two sectors are given by

uh,Lljof(e)de4—93]653f(5)ds}, (A.18)
K? = (1—u)h[/a:of(e)de+9p/;of(5)de]. (A.19)

where cutoffs are defined in (A.12) and (A.13). The partial derivative 2£* is

KS

<9<Z>
0K* oe® 0e*
= — =5 . A2
G = b | 1) 5 o) 5 (220
According to the definition of cutoffs, we have a;d) = z;%—’; and 35 = % (1 + %) , where
%—Tg = —ﬁ (see A.15). Then we have
OK* _ ph o | ps Ord | oy s
e~ U@ rerengiiere).
O E)EOFE) T E) Q) e
25T 14+
We now rewrite 2 a_(;s more compactly. Replacing ¥ in the numerator of the last equation
with (A.16) yields
G m { _ [ pf () + (1 —p) ()= ”
= 7 %) + 6° —0°f (&% |1+ — =
06~ wrare) VOO O I e e e
_ ph(L—p) f(e) f ()P —0°f (&) [ ()
(L) pf (22)0° + (1 — p) f (e7) ZroP
o L@ e
_ AW fE) e e
P (1+9) 14 el
fEyer fe 1
_ & , A.22
v |fEe - e 422

h(1—p)f(£%)

P 28
P (1) 14152 LD 72 60

the denominator simultaneously by p6°f (&%) f (£°).

where y; = T The third line is obtained by dividing the numerator and

The assumption that f}((?)a is decreasing in € implies e )), for any > > 1, is decreasing in ¢.
(4re) o 1) 1) 1)
113 S D "d — "d
As a result, the condition 72° > 2P ensures o) . ()2 Ty Or equivalently &) T >
€)€E

1. Notice that the monotonicity assumption of e is fairly weak and can be satisfied
by many commonly used distributions, for instance, log-normal or Pareto distributions.

Moreover, 67 < 6° further implies ;Ei’;;g; 1 > % such that the second term in (A.22) is

negative, i.e., fcggzp ;EE < 0. Therefore, a ¢ < 0. The capital market-clearing condition

K* + K? = h immediately gives 2£2 > 0.
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We now discuss the effects on output. According to the definition of sectoral output, we

have
Y7 = 2h {/ sf(a)da—l—ej/‘ sf(s)ds} , j € {s,p}, (A.23)

where p® = p, p? =1 — p.
We first look at the SOE sector. The impact of interest-rate liberalization on the output

is

oy e 05 ey oy O
= ke [—sf< L —ves(e >8¢}
_ “Th{ e (e >+9858f<e-s>]2—:§—08‘8f<€5>}
- ererreer @) oo e
_ M_h§8f<§s>+885_sf<€_)_Hsgsf(§s>(1+¢) <A24)
T 1+ . .

The second and third lines are due to the definition of cutoffs and (A.15). Replacing ¢ in

the numerator of the last equation by (A.16) and rearranging terms yield

oys 1 er) or o ¥ — &%) 2P eP)l —prz’
Y O A () PONICELA LA R L BV )
9¢ T fe)es  f(e) 1—p flee) nozr
1 0K* wooz2P
- = - A2
T <rd o 1 —pzst ) ’ (A.25)
— h(1—p) f(€%) _ 1—p 287 f(€P) . . .
where x; = ETENw) PR ETS (aE= ) and xyo =1+ PRNTEOR The second line is obtained by

wo f(g%) 2P 6%

replacing X1 [ Eef);zz }cg” with @

Since ZE* < 0, 1, x2 > 0, we have < 0, i.e., the interest rate liberalization (reducing

¢
@) will unamblguously increase SOE output.

For the POE sector, similarly we have

oYyr OeP 0P
;; = (1—u>zph[ () 5~ 0 (@) ;gb}
= (- ST l;epgpf E)1+y) (A.26)

Replacing 1 in the numerator of the last equation by (A.16) and rearranging terms yield

or ACON P fE) 1—pf(e)f(E)rzsoP
05 = Xl{df(@) it O G @ T T F@) @) @ es]
OK? 07 f (&)

= g TR )X1Xz¢ (A.27)

The second line is obtained by replacing 1

JE) _ fE0r] iy 9K

fe) — FEnes | W T
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Since the liberalization causes capital outflow (aa—[f; > () and efficiency improvement (see

the proof below), the total effect on Y? is ambiguous. We now discuss the effects on sectoral
TFPs. The TFPs are defined as A7 = X2 therefore

Ki»

DA 1 [oYyY OKI

el DB ¥

Lo e

Equations (A.18), (A.19), (A.25) and (A.27), imply

0A? 1 OK* 2P
a¢ — K's |:(25§5 _ AS) a(b _ 1 /j /J/zs7-2 X1X2¢:| , (A29)
0AP 1 OKP?  f(er)6P
a_¢ = ﬁ |:(ZP§P — Ap) a¢ — ngS; 05 X1X2¢:| . (A?)O)

The impact of interest-rate liberalization on TFP consists of two components. The first

term in the blanket (27g7 — A7) 881((; reflects the effect of the between-sector capital flows on

efficiency. Given that 27/ < AJ, interest-rate liberalization has a negative effect on SOE’s
TFP because it leads to capital inflows to that sector (88_1;5 < 0), but a positive effect on
POE’s TEFP because it results in capital outflows from that sector (% > 0).

The second term in the blanket reflects the direct impact of interest rate liberalization on
the each sector’s productivity. This term is negative, implying that interest-rate liberaliza-
tion (reducing ¢) improves productivity for both sectors.

Combining these two effects, we infer that interest-rate liberalization improves TFP in the
POE sector but has ambiguous effect on SOE productivity.

The effect of liberalization on aggregate output is given by

ay ~oYy® oY?r rg (1 oK?® w1 fE)er 1
B B ( Q &6_X“”{1— wrt o
1

2% 06 06w

(A.31)

T

Under the condition 7 > 1 (due to 2® < 2P and 72° > 2zP), interest-rate liberalization has
two opposing effects on aggregate output (the first term is positive and the second term is

negative). Thus, the net effect on aggregate output can be ambiguous. 0

Proposition 6. Assume that the idiosyncratic shock is drawn from the interval (¢/ . i )

min’ “max

according to the distribution function F7(¢). Then, given hJ, the optimal allocations of

saving s{, borrowing l{, and capital input k:f are determined by

gl -Gl ey, <<<g (A.32)
0 if & <ef <é&lax
0 if el <el <&

H=q [E/ehm=—1n] ife<e<d | (A-33)

07 hi if & <el < el

max
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(el /e Tahi if ey, <&l <el

min

hy if gf < el <&

K = J1aNTES i i A e o (A.34)
(e1/e1)T3hi if &l <& <&
(1+609)h] ifel <e <&l
where the three cutoff points {g{, ¢l &l } are defined as
: L 1-& Tdt + (5 é
2= )7 || (435)
ati (29)" Ry
1
: L 1-a 5 &
g = (1) [— iy ] , (4.36)
aTd (ZJ> Rt
1
_j N i1 E i+ 0 B
€J = 1+6J h] ¢ |:—~:| . A.37
L (A7)
The net worth A can be solved from the envelope condition
At"‘l/a‘/;i-l (hz+1a5{+1) ()
1=pE . dF7 (e, ) . A.38
PE— o (e141) (A.38)

Furthermore, h{ is independent of the realized idiosyncratic shocks Ei.

Proof. First, replacing k:,f by lf — sg + h{ in the dividend equation yields

& =R [Pl (4 0] — )"+ (1= 6) bl + (6 + rae)s! — (6 +ru)ll — i, (A.39)
Given h! and &/, the first-order condition for I/ that guarantees an interior solution for

borrowing is given by
ari Ry (A (B +ni — )" =1y +6. (A.40)
The first-order condition for s{ that guarantees an interior solution for saving is given by
ari Ry ()™ (H+ bl — 1) =1y +6. (A41)

Notice that the last two optimal conditions may not be satisfied simultaneously. We need to

consider four different cases. )

. . X . 1-a 5 . L. .
Case 1. ¢] > & = [(1+609)h]] © [%} . In this case, the firm’s productivity is

ati(29)* Ry

sufficiently high, so the borrowing constraint is binding. We then have

o= 6h, (A.42)
Ko= (1+6)h, (A.43)
Sg = 0, (A.44)
4 = TR [l (L+ ) h]]" + [(1—8) — (6 + ru)®] b — hi,,. (A.45)
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1

1—G& 1
o o A o (piy e [ )@ : : j
Case 2. &, < ¢, < &, where €] = (ht) [m] . In this case, the optimal loan [}

is an interior solution. We then have

| )\ |
I = = — 1| A, (A.46)

€t
| g\ TE
kl = é) hi, (A.47)
sl = 0, (A.48)
NI
d = TR, |Zel (Tﬁ) h]
€t
5]‘ I—& ' .
+ {(1=0)—(0+m) (—j) — 1| p bl —nl,,. (A.49)
€t

1—-a

é
Case 3. ¢ < ¢ <&, where gf = (h}) © [#f)im} “. In this case, the optimal loan

and saving both are zero (inactive regime). So we have

I = sl=0, (A.50)
ki _ hi, <A51)
& = 7R, (zja{h{)d +(L=0)h] —h,,. (A.52)

Case 4. gy, < 5{ < g{. In this case, the optimal loan is zero, and the optimal saving is

an interior solution. We then have

=0, (A.53)
7= |1-— o) hl A.54
St - {:‘j T ( . )
=t
| S\ TE
k] = —§> hi, (A.55)
&
FEN
d = TR |Zel g ]

AN S
+ (1 =0)+(0+ra) |1— (5—t> hi — hi,,. (A.56)
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In each case, the optimal decision of h{ 41 satisfies the following Euler equation

At+1/avgr1 (hz+1a5{+1) i (_J
1=6E : dF’ (e!.,), A.5T
PR~ o ey (A.57)
where

TY(ed, hd) (14 69)% + (1= 8) — (6 + )69, if el > &l
oVE (Wh,el) _ | il ML/ T+ (1= 6) = (5 + m)l(el/e) ™5 — 1], it <l <4

ohy (g7, hi) + (1 = 9), ife] <el <él
Ty (el h)(el/el) ™31+ (1= 6) + (0 +rar)[L — (€] /e])7a], ife] <&
(A.58)

where I'Y(e],h]) = T R,(#7e])*a(h])®'. Tt is straightforward to show that under the i.i.d
assumption of 5{ 41 h{ 41 is irrelevant to the idiosyncratic shocks. Denote the aggregate net
worth as Htj . Then, we have Htj = h{. Therefore, the cutoffs {é{ , é{, §{ } are independent of

the idiosyncratic shocks as well. O

APPENDIX B. THE DYNAMIC MODEL

This section provides a summary of the equilibrium conditions in the dynamic model.
The equilibrium system consists of aggregate equilibrium conditions and sector-specific

equilibrium conditions.

B.1. Sector-specific equilibrium conditions. We first summarize the sector-specific equi-
librium relations for each sector j € {s, p}.

The sectoral aggregate output Y;j is given by

vy = (&) () (B.1)

where v = (1 — a) .

The variable f(tj denotes the effective capital for sector 5 and it is given by

K o= / ik (HY, )] " dF (<)

_ (Hf)&{ / [ei(el /)] am () + / NEEN &)

=

+ /g; [zjgz(gz/é{)ﬂ}ddFj (Ei) + (1 + 91)5‘/‘ (zjgg)adFj(eg)} . (B.2)
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The sectoral labor demand N7 is

1

N = o (%) R ACETIRC)
t

1

ﬂ(l)‘zﬂye@p}

47

(B.3)

The sectoral capital input Ktj (which is different from the effective capital f(tj ) is given by

K = /k{ (H,e]) dF7 ()

J 2J
ét t

SRt

+ [jt(a{/é{)l%dFj (1) + (1 +97) / " (d)] |

The three cut-off productivity levels are given by

Jj Hj =2 Tdt"‘? :|&
= (41}) {&7‘1 (z)* R,

/A Hj 52 Tut +§ :|&
@ = ) {dri B

. ) _1-4& ) &
S o= (1o H)]E |l } ,
I (P

The sectoral net worth Htj is given by

1— BEtAtH / avtj-'H (ht+17€t+l) dF’ (5¥+1) :

A O
where
(e, hl) (1+09)" + (1= 8) — (5 + )67,
OV} (hlel) _ | TGl B (el /)55 + (1= 0) = (6 + (el /20) ™55 — 1),
Oh; Ii(el, hi) + (1 =9),
Di (e, B (<1 /) T551% + (1= 6) + (6 + rar)[1 — (] /) T3],

and T (e, b)) = 79 R, (27l )% a(h])%~
The sectoral loans L7 is given by

=J J
€max

(B.4)

(B.6)

(B.7)

(B.8)

if e > &

if & <&l <&

if e <&l <&

if e < ¢l
(B.9)

L{:/z{ (hl,e]) d¥7 (e]) = H]} /_t[(ai/é{)ldd—l]dFj (e]) +0]H] / dF’ (]) . (B.10)

] =J
t &t
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The sectoral saving S/ is given by

J
3 &

st=H [ 1= (&) T (E)
The sectoral TFP A/ is given by
)/tj

()" ()]
_ () /[azkg ()"

Al =

1=y

) e @)

B.2. Aggregate equilibrium conditions. Aggregate output is given by

Y= Z Y??

j={s.p}

Aggregate employment satisfies
Aggregate capital stock satisfies

Credit market clearing implies that

K= Y H.

j={s.p}

Aggregate resource constraint implies that
Ot + Kt+1 - (]_ - (S)Kt - )/t

Aggregate TFP A, is given by

Returns on effective capital is

The interest rate gap implies that

T = Tar + O

48

(B.11)

(B.12)

(B.13)

(B.14)

(B.15)

(B.16)

(B.17)

(B.18)

(B.19)

(B.20)

(B.21)
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APPENDIX C. STEPS FOR SOLVING THE STEADY STATE

This appendix presents the procedure for solving the steady state. From the definitions of

cutoffs {&7,87,&7} , we can solve for g/, &/, and & as functions of 74, R, and H’. From (B.2),

(B.4), and (B.10), we can solve for the ratios (Ifj;a, g—j, %, and %, which are given by

~ . J &i

S / [zjgj<gj/§j>1%]6‘dFj(aj)+ / (49)* dF9 (<)

J J
min &

el

+/ (2o 20y am () + (1+9j)&/,1 ()" dF? (), (C.1)

K ® (o TV T2 g (o } i (&
= /E (e’ /) =adF (€)+/ dF7 ()

el

+/ (e7 /1) 25 dFI (9 + (1 + 67) /m dF7 (<) | (C.2)
% _ /:[(aj/éj)f‘a CdF () + 0 /m dF9 (£9), (C.3)
% = /; [1— (7 /e?) 5] dFY (¢7), for j € {s,p}. (C.4)

Then we can express {f(j, Ki, L7, Sj} as functions of ry4, R, and H’.

Since labor supply is fixed at N = 1, we can compute the equilibrium wage rate from the

N = (%)1 Y PR =1 (C.5)

labor demand function

Jje{s.p}
The sectoral labor inputs are given by
, I
N = ————  je{sp} C.6
TSK$ + TP KP J € sy (C.6)
Given the sectoral labor and effective capital inputs, the sectoral output can be solved. In

-

. ~ A\ 1 .
particular, we have Y7 = <K7> (N7,

Aggregate output is given by Y = Y Y. Aggregate consumption can be obtained from
j€{s.p}
the resource constraint (B.18).

Finally, we pin down the steady-state values of H’, ry, and R using equations (B.8),
(B.17), and (B.20).
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