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Abstract

Are technology shocks contractionary or expansionary when interest rates
are inflexible? This paper studies this issue based on Chinese data during
the interest rate reform. We decompose the technology shock into permanent
and transitory components and investigate their macroeconomic effects based
on the New Keynesian model and the local projection method. Our empiri-
cal results show that interest rate fixation amplifies the effects of permanent
technology shocks: a positive shock generates higher output and inflation
during the period of fixed interest rates. This result is consistent with the
New Keynesian model’s prediction for permanent technology shocks. How-
ever, the empirical results for transitory technology shocks are insignificant.
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1. Introduction

Real Business Cycle (RBC) theory claims that technology shocks are
the primary factor driving business cycles, while monetary policy plays a
limited role. Since most technology shocks are highly persistent and contain
stochastic trends, economic fluctuations mainly reflect trend changes rather
than cyclical deviations from the trend. The New Keynesian theory argues
that technology shocks are not the only cause of business cycles and that both
trends and cycles are essential in economic fluctuations. Beyond that, New
Keynesianism asserts that monetary policy is crucial for the propagation of
technology shocks: with sticky prices, changes in nominal interest rates can
alter technology shock propagation by affecting real interest rates.

The effects of technology shocks depend on their persistence as well as
monetary policy. In the New Keynesian model, there is a significant differ-
ence between transitory and permanent shocks. In response to a positive
transitory technology shock, inflation falls while output increases under the
flexible interest rate (e.g., the Taylor rule); in comparison, inflation falls
more, and output increases less or even decreases under the fixed interest
rate (e.g., the zero lower bound). On the other hand, a positive permanent
technology shock increases inflation and output through the wealth effect
under the flexible interest rate; and this effect is further amplified under the
fixed interest rate—inflation and output increase more.!

In this paper, we test these predictions using Chinese data. In our theo-

"'We summarize the impact of interest rate elasticity and shock persistence on the

macroeconomic effects of technology shocks in Table 1 of Section 3.



retical analysis, we model China’s interest rate liberalization as an increase
in the elasticity of the interest rate system, which may alter the propagation
of technology shocks. Our empirical tests answer the question whether the
relationship between technology shocks and economic volatility has changed

during the process of interest rate reform.
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Figure 1: Nominal interest rates in China

Sources: CEIC Database

China’s interest rate system has been under strict administrative control
since the planned economy era. The market-oriented reform started from
interbank interest rates: in January 1996, a unified interbank market was es-
tablished, generating the market-determined CHIBOR; in 1997, the interest
rates of bond repo and spot trading were liberalized; soon after, controls over
the issuance rates of financial and treasury bonds were removed. Through a

series of reforms, a “dual track” situation of liberalized and regulated interest



rates took shape in the financial market (Figure 1): most interest rates in the
interbank market, such as money and bonds, were liberalized; meanwhile, the
retail rates of commercial banks, such as deposit and loan rates, remained
under government control. In 2018, a new round of interest rate reform was
launched to merge the two tracks into a single one. This reform improved the
formation mechanism of the loan prime rate (LPR), making it the pricing
benchmark of the credit market to replace the previous benchmark lending

rate. The reform also indirectly promoted the marketization of deposit rates.
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Figure 2: GDP and Inflation in China

Sources: CEIC Database

During the interest rate reform, the monetary system evolves from a
strictly regulated system to one mainly determined by the market. The
elasticities of nominal interest rates increase, and the flexibility of monetary

policy operation also increases. Along with this process, the characteristics of
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China’s economic fluctuations have changed. In Figure 2, both inflation and
economic growth are much more volatile in the earlier period than in the later
period. As proved by Tong & Yang (2021), a fixed nominal interest rate can
amplify the economy’s volatility. Therefore the decrease in macroeconomic
volatility over time results mainly from the more flexible monetary policy
brought by the interest rate reform.

In summary, interest rate liberalization leads to a more flexible monetary
policy, which changes shock propagation, and thus affects China’s economic
volatility. In the rest of the paper, we focus on technology shock transmission
and investigate it theoretically and empirically. Section 2 reviews the liter-
ature; Section 3 presents the analysis based on a textbook New Keynesian
model; Section 4 tests the model predictions; Section 5 conducts robustness

checks; and Section 6 concludes.

2. Literature Review

The distinction between permanent and transitory changes is a con-
stant theme in empirical macroeconomics. Macroeconomics divides the se-
ries of output or unemployment into trends and cycles: the former are non-
stationary, caused by permanent shocks such as productivity improvements,
changes in labor supply, and structural reforms; the latter are stationary,
caused by transitory shocks such as monetary policy, temporary fiscal spend-
ing, earthquakes, droughts and floods, and other natural disasters (Blanchard
& Fischer, 1989).

Traditional business cycle theories take economic fluctuations as tran-

sitory deviations from a smooth trend, most of which arise from demand



shocks. RBC theory pioneered by Kydland & Prescott (1982) instead pro-
poses technology shocks as the primary factor in explaining business cycles.
Prescott (1986) argues that output trends cannot be smooth if they are
caused mainly by productivity shocks, which are unlikely to be smooth. Nel-
son & Plosser (1982) test 14 macroeconomic time series of the U.S. and find
13 of them are non-stationary, which means that the short-term fluctuations
in these series reflect stochastic trend changes rather than cycles. The New
Keynesian theory takes a more eclectic approach. It acknowledges that tech-
nology shocks and output trends are non-smooth; however, it argues that
technology shocks are not the only factor driving economic fluctuations and
that both stochastic trends and cyclical terms are essential.

Various methods have been developed in the literature to decompose time
series between trends and cycles, including the linear trend approach, differ-
encing, HP filtering, the Beveridge-Nelson decomposition, unobserved com-
ponent models, etc. These studies are based on the information in univari-
ate time series. Among them, Campbell & Mankiw (1987) and Cochrane
(1988) measure the persistence of U.S. time series and compare the relative
importance of permanent and transitory components using non-parametric
methods. Further studies use information from other variables for trend-
cycle decomposition. For example, Okun (1962) defines the trend (“poten-
tial output”) as the level of output when the unemployment rate equals 4%.
Blanchard & Quah (1989) assume that transitory shocks have no permanent
effect on output and employment, while permanent shocks have a temporary
impact on employment but a long-run effect on output. They conclude that

both types of shocks play an important role in output volatility.



Technology changes are considered as the primary one among all perma-
nent shocks. Gali (1999), Francis & Ramey (2005), Christiano et al. (2003),
and Basu et al. (2006) use long-run constraints similar to Blanchard & Quah
(1989) to identify technology shocks, assuming they are the only shocks that
change labor productivity permanently. The basic conclusion is that tech-
nology shocks cause a decline in working hours. These authors assume a
priori that technology shocks are permanent processes with unit roots and
ignore transitory technology shocks. For example, Gali (1999) interprets the
shocks changing labor productivity as technology shocks and treats the other
shocks as transitory, which contain preference shifts, government spending,
and transitory technology changes. Gali & Rabanal (2004) argue that the
transitory shocks obtained in Gali (1999) do not contain technology shocks
by showing these transitory shocks are uncorrelated with the TFP series
obtained by the growth accounting method in Basu et al. (2006).

Sims (2011) extends Fisher (2006)’s SVAR method to identify transitory
shocks and compares them with the DSGE estimation results. He uses the
TFEP series in Basu et al. (2006) but assumes that both permanent and tran-
sitory terms are present. There are three types of technology shocks: perma-
nent neutral technology shocks cause long-term changes in TFP, transitory
neutral technology shocks are the TFP components orthogonal to permanent
shocks, and investment-specific shocks change the relative prices of invest-
ments in the long run. The results show that all shocks explain about 50%
of the economic fluctuations; transitory and permanent terms are both es-
sential components in TFP. He also finds that positive transitory technology

shocks increase labor inputs, while permanent technology shocks decrease la-



bor inputs, a finding contrary to the predictions of standard New Keynesian
models. Francis et al. (2004) find that positive technology shocks increase
hours worked before World War II but decrease hours worked after WWII.
They explain this difference in terms of the serial correlation of productivity:
before WWII, technology shocks increase productivity rapidly; after WWII,
technology shocks increase productivity more slowly, and expected produc-
tivity improvement leads workers to reduce their labor inputs.

All these studies suggest that technology shocks are an important factor
of economic fluctuations; a few papers discuss the persistence of technology
shocks. But none of them consider the impact of monetary regime change:
two exceptions are Gali et al. (2003) and Garin et al. (2019). Gali et al. (2003)
show that the tightening effect of technical advances on labor inputs is not
as pronounced in the Volcker-Greenspan period as before because monetary
policy accommodates better to technology changes in later periods. Garin
et al. (2019) test the impact of technology shocks at the zero lower bound
(ZLB) and the results are inconsistent with model predictions.

Our paper differs from the above literature in that we consider both
technology shock persistence and monetary regime change, placing them in
a unified theoretical framework. We focus on the monetary regime change
resulting from interest rate liberalization in China, modeling it as a shift
from a fixed interest rate system to a flexible one. Our modeling of the fixed
interest rate is based on the ZLB literature, which investigates economic
behaviors when exogenous shocks push the nominal interest rate to the zero
level. The ZLB model has been used to study the Great Depression of the

1930s, the Japanese economy since the 1990s, and the U.S. economy during



the Great Recession.

Eggertsson (2010, 2012) and Eggertsson et al. (2014) demonstrate in a
New Keynesian model with ZLB that adverse supply-side shocks are expan-
sionary while positive supply shocks are contractionary, which contradicts
conventional wisdom. The empirical results of Garin et al. (2019) show that
positive productivity shocks have a higher expansionary effect on output and
a greater contractionary effect on inflation at the ZLB compared to normal
times. In these papers, technology shocks are assumed to be transitory. In
contrast, Fernandez-Villaverde et al. (2014) investigate permanent supply
shocks at the ZLB. They demonstrate that permanent supply-side reforms
can have an expansionary effect by increasing future productivity and gen-

erating a wealth effect that raises current consumption.

3. Theory

Our analysis is based on the textbook New Keynesian model. The nota-

tion is consistent with Gali (2015):

T = B + K (1)

~ - 1.
Yt = Eyyryen — ; (Zt —Emi — P) — Y4 (at+1 - at) (2>

Among them, equation (1) is the Phillips curve, where g; denotes the out-
put gap, m; denotes inflation, 5 € (0, 1) is the subjective discount factor of
households, and & is the parameter determined by price stickiness. Equation
(2) is the dynamic IS curve, where ¢ is the intertemporal substitution elas-
ticity of consumers, and p = —log 8. The variables i; and F;m; 1 represent

the nominal interest rate and expected inflation respectively, a; denotes the



technology shock, and 1), measures the effect of @, on natural output y;'. See
Appendix A for a detailed derivation.
Different from the standard model, the monetary policy here incorporates

the fixed interest rate:

where k represents the fixed period of the nominal interest rate. When ¢ < k,
the nominal interest rate is fixed at the level d. When ¢ > k, monetary
policy shifts to the flexible interest rate rule, i.e., i; = ¢ 7, + ¢,y + €. Here
ef ~ N(0,02) denotes monetary policy shocks, and the coefficients satisfy
¢ > 1 and 0 < ¢, < 1, which ensure the existence and uniqueness of the
model equilibrium.

Equation (3) is a characterization of China’s monetary policy, where d
represents the official benchmark rate, and ¢; represents the equilibrium in-
terest rate of the economy. Under flexible interest rates, the equilibrium rate
iy equals the observed interest rate ¢,; while under fixed interest rates ¢; devi-
ates from 4, which equals the officially published rate d. As the fixed period
k extends, the economy deviates further from steady state and the imbalance
becomes more severe. Without government interventions, the economy will
enter a vicious spiral and eventually collapse.

To interrupt this self-reinforcing process, the government can resort to
various policy tools, including interest rate adjustment, credit control, and
other administrative measures. For example, in an overheated economy, the
central bank’s policy rate adjustment lags behind inflation, which generates

excess demand. The government can control demand through loan limits
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or administrative measures, which have the effect of increasing the shadow
interest rate. Conversely, in times of recession, when the policy rate cannot be
lowered enough, the government can stimulate the economy through other
policies such as loan subsidies and tax incentives, which are equivalent to
lowering the economy’s shadow interest rate.

The overall effect of all kinds of policy tools is the change of the shadow
interest rate, which brings the economy back to the normal growth path
when it equals the equilibrium rate. This mechanism is reflected in the
flexible interest rate rule if of equation (3), which guarantees the existence
and uniqueness of the equilibrium.

The duration of interest rate fixation k£ measures the flexibility of mon-
etary policy. The interest rate reform in China implies the deregulation of
multiple interest rates in the monetary system, leading to an increase in the
overall elasticity of the interest rate system, which corresponds to a decrease
in the parameter k in the model. Tong & Yang (2021) prove the decrease
of k can explain the significant downward trend in China’s macroeconomic
volatility, which is demonstrated in Figure 2. Here, we are concerned with
the impact of interest rate liberalization on technology shock transmission.
We differentiate two scenarios: the flexible interest rate case with £k = 1 and
the fixed interest rate case with k& > 1; we compare the model’s impulse

response functions in these two scenarios.

3.1. Transitory technology shock

The parameter values are those commonly used in the literature. The
response coefficients of the interest rate to inflation (¢,) and output (¢,) are

1.5 and 0.5/4. The subjective discount rate () is 0.99, the intertemporal
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elasticity of substitution (o) is 1, the curvature of disutility from labor (7) is
1, and the parameter measuring price stickiness () is 0.75. These imply that
k = 0.17 and ¢, = 1. The transitory technology shock is a; = p,a;—1 + €7,
with 0 < p, < 1 and &} ~ N(0,02). We set the autoregressive coefficient p,

to 0.9 and the standard deviation o, to 0.01.

%107 Inflation (annual %) Output Gap (% from ss)
5 7 -0.01 7
7 //
/ /
/ ~ /
a0) 0.02 y
/ /
/
, -0.03 |,/
-15
2 4 6 8 10 12 14 2 4 6 8 10 12 14
%10 Nominal Rate (annual %) . Natural Output (% from ss)
\
\
-0.5 \ 0.8
\
1 0.6
-1.5 0.4
-2
2 4 6 8 10 12 14 2 4 6 8 10 12 14
%1072 Real Rate (annual %) %107 Output (% from ss)
10 fy
N =
\\ O B -
\\ //
5 AN ot
N /
~ /
Sl /
- /
0 =~ -20f,
2 4 6 8 10 12 14 2 4 6 8 10 12 14
10 10" Technology Shock (% from ss)
8 Flexible Rate
Fixed Rate for 4 Periods
6 — — — — Fixed Rate for 8 Periods
4

Figure 3: Responses to a transitory technology Shock

The economy stays at steady state and is hit by a technology shock of

one-standard deviation (¢f) in period t = 0. The nominal interest rate is
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fixed in periods t < k and then switches to a flexible interest rate rule in
period t = k. Figure 3 compares the impulse response functions of three
cases: the flexible interest rate, the fixed interest rate of 4 periods, and the
fixed interest rate of 8 periods. Inflation, interest rates, and the real interest
rate are expressed as annual rates, i.e., quarterly values multiplied by 4.
Output, the output gap, and the technology shock are expressed as percent
deviations from the steady state.

Similar to Gali (2015), a positive technology shock causes a decrease
in inflation and the output gap.? At the same time, natural output also
increases, which combined with the output gap determines the level of output.

Under the flexible interest rate, based on the Taylor rule, the nominal
interest rate falls more than inflation, and thus the real interest rate falls,
which partially offsets the decline in inflation and the output gap. If natural
output increases more than the output gap declines, then the level of output
increases.

In contrast, under a fixed interest rate, the propagation of the technology
shock changes. The real interest rate moves in the opposite direction of
inflation, generating a positive feedback mechanism. A fall in inflation leads
to an increase in the real interest rate, which amplifies the fall in inflation
and the output gap. When the decline in the output gap exceeds the increase
in natural output, the output level declines. And the longer the interest rate

is fixed, the more the output level declines.

2The output gap is defined as the deviation of the actual output from natural output.

See Appendix A for the calculation of natural output.
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3.2. Permanent technology shock
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Figure 4: Responses to a permanent technology Shock

Assume that the permanent technology shock satisfies Aa; = p,Aay_1 +
e?, with 0 < p, < 1 and € ~ N(0,02). Since Ag; is a first-order autoregres-
sive process, the technology level (a;) is a unit root process. A technology
shock of one-standard deviation at period t = 0 leads to a permanent change
in a;, which converges to a higher level in Figure 4. In the case of o,= 0.01
and p,= 0.5, the new steady state of a; increases by 2% relative to its initial

level.
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A positive supply shock expands the productive capacity and the wealth
effect raises the consumer’s lifetime consumption. With rational expectations
and no habit formation, current consumption increases immediately; mean-
while, natural output rises gradually to the new steady state along with the
technology level. Since the demand (i.e., consumption) increases faster than
the supply (i.e., natural output), inflation rises in the case of price stickiness.
Also, the output gap turns positive because the output level rises more than
natural output.

Under the flexible interest rate, the nominal interest rate increases more
than inflation, and thus the real interest rate increases, which partially offsets
the increase of current consumption and output. The level of output jumps
and then converges to the new steady state along with the gradual increase
of technology and natural output. The change of natural output dominates
in this process while the impact of the output gap is relatively small.

In contrast, under a fixed interest rate, an increase in expected inflation
leads to a decrease in the real interest rate, which magnifies the increase of
inflation and the output gap. In this case, the change in output is dominated
by the output gap. The level of output overshoots its final steady state, and
then gradually declines when the real interest rate recovers. Although at
the same time natural output rises with the technology level, its impact on
output is small.

Table 1 summarizes responses in output and inflation under different
shock persistence and interest rate elasticity. In summary, inflation moves
together with the output gap (from equation (1)), while the move of output is

more complex because it combines that of natural output and the output gap.
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Table 1: Impact of shock persistence and interest rate elasticity on the macroeconomic

effect of a positive technology shock

Flexible interest Rate | Fixed interest Rate
_ Output rises Output rises less or even falls
A transitory shock
Inflation falls Inflation falls more
Output rises Output rises more
A permanent shock
Inflation rises Inflation rises more

On the one hand, natural output increases due to technology improvement;
on the other hand, the output gap may increase or decrease, so that the
two may offset or amplify each other. Under a transitory technology shock,
the fixed interest rate makes the output gap fall more and therefore the
level of output increase less; furthermore, when the output gap falls more
than natural output increases, the output level falls. In comparison, under
a permanent technology shock, the fixed interest rate makes the output gap
increase more, and the latter is combined with the increase in natural output,
so that the output level increases more and overshoots its final steady state.

From Table 1 we can draw several conclusions: (1) transitory and perma-
nent shocks have opposite effects on inflation; (2) fixed interest rates magnify
the different effects between transitory and permanent shocks; (3) fixed in-
terest rates amplify economic fluctuations caused by permanent shocks; and
(4) in response to transitory shocks, fixed and flexible interest rates may lead

to opposite changes in output. We test these findings in subsequent sections.
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4. Empirical Analysis

This section empirically tests the previous predictions of the New Key-
nesian model based on Chinese data and the local projection method. We
use the trend and cycle components obtained from the Beveridge-Nelson de-
composition of TFP to study the effects of permanent and transitory shocks

during the two periods with different interest rate elasticities.

4.1. Data and TFP series

The data used in this paper include gross domestic product (GDP), con-
sumer price index (CPI), employment, fixed asset investment, and fixed asset
investment price index. The sample is annual data from 1978 to 2018.

Technology shocks are measured by total factor productivity (TFP). It is
usual in the literature to identify technology shocks by long-run constraints
in SVARs. Using TFP has the advantage of identifying simultaneously per-
manent and transitory technology shocks (Basu et al., 2006). The TFP series
is obtained by the Malmquist index method in Fare et al. (1994).> To cal-
culate the series, we use the data of employment and capital stock as inputs
and real GDP in 29 provinces of China as outputs. See Appendix B for
more details.

Figure 5 puts the obtained TFP series together with output and inflation.

There is obvious co-movement among the three variables, especially between

3To obtain the TFP series, various methods have been developed, including growth
accounting method, stochastic frontier analysis and data envelopment analysis (DEA).
The DEA-Malmquist index method is widely used because it facilitates decomposition,

allows for inefficiency, and does not require prior information on the production function.
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Figure 5: GDP, Inflation and Total Factor Productivity (TFP)

Note: GDP and TFP are log-differenced, and inflation is the log-difference of CPI.
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TFP and GDP. Table 2 gives the descriptive statistics of the three variables.
The standard deviations of GDP and inflation are much larger than that of
TFP. All variables exhibit significant autocorrelation: GDP has the great-
est autocorrelation, reflecting strong inertia in economic growth. Regarding
correlation coefficients, TFP has weak positive correlations with both GDP

and inflation.

Table 2: Standard deviations, autocorrelations and correlations

Ah’lGDPt Tt AIHTFPt

Standard deviations 0.0529 0.0587 0.0167

AR(1) 0.7833 0.6492 0.5555

AlnGDP, 1 0.7152 0.3636

Correlation coefficient matrix e 1 0.2376
AlnTFP, 1

We then prove that TFP is an exogenous variable independent of GDP
and inflation. We select five variables and test their Granger causality with
TFP. These include two important macroeconomic shocks: money supply
(M1) representing monetary policy and the ratio of fiscal spending to GDP
representing fiscal policy. The other variables are the growth rate of Shang-
hai Composite Index deflated by CPI, Daqing crude oil price index, and
Qinhuangdao coal price index. The null hypothesis is “These variables are
not Granger causes of TFP.” The results in Table 3 show that the null hy-
pothesis could not be rejected at the 1% significance level. Therefore, TFP

can be considered as an exogenous variable.
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Table 3: Granger causality tests for TFP

Variables F-statistics p-values

M1 1.3826 0.2651

Ratio of fiscal spending to GDP 0.5270 0.5953
Shanghai Composite Index 2.1692 0.1392
Daqing crude oil price 1.8936 0.1724
Qinhuangdao coal price 0.4228 0.6654

4.2. Decomposition of TFP

Table 4 shows the unit root test results of TFP. It is clear that TFP is a

non-stationary I(1) process that contains a stochastic trend.

Table 4: Unit root tests of TFP

Method Null hypothesis Statistic value Critical value Conclusion

ADF Unit Root —1.126474 —3.626784 Yes
KPSS Stationary 0.739034 0.739000 No
PP Unit Root —0.987158 —3.610453 Yes

Note: The critical values are at the 5% significance level.

We next divided TFP into permanent and transitory components based
on the method proposed by Beveridge & Nelson (1981). The detailed proce-
dure is described in Appendix D. Figure 6 puts together the original TFP
series, its trend and cycle components. It can be seen that TFP stays close

to its trend component and cyclical fluctuations are relatively small. This
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indicates that TFP is dominated by trend changes.

The trend represents the permanent component of TFP, containing both
deterministic and stochastic trends, and reflecting the long-term growth of
TFP. The transitory component is a stationary process, in which the changes
may reflect the impact of major economic events. For example, the rural
reform in the early 1980s greatly improved agricultural workers’ enthusiasm
and thus raised productivity, which corresponds to the two high points in

the 1980s.

06

Figure 6: Beveridge-Nelson decomposition of TFP

4.8. Local projection method

We use the local projection (LP) method proposed by Jorda (2005) to
obtain the impulse responses of output and inflation to technology shocks.
Compared with VAR models, the LP approach is more robust to model

misspecification. We estimate the following equation:

1
Yign = ¢ + FﬁthXt + Fﬁthletfl + Z Gr—pXi—p + Ve—1Yio1 + Etqn (4)

p=0
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Here, Y, is real GDP or inflation, X; is the permanent or transitory compo-
nent in TFP. The instrumental variable F' satisfies F' = 1 in the fixed interest
rate period and F' = 0 in the flexible-rate period. Correspondingly, the re-
sponse coefficient is 3 + ¢; in the fixed-rate period and ¢; in the flexible-rate
period.

The model setup is similar to Garin et al. (2019) and Wieland (2019).
They argue that including lagged terms can control for the serial correla-
tion of TFP shocks and exclude output dynamics caused by other shocks.
Montiel Olea & Plagborg-Mgller (2021) prove that local projections with
lagged variables are uniformly asymptotically valid over stationary and non-
stationary data.

It is critical to divide properly between the periods of fixed and flexible
interest rates. The liberalization of interest rates in China is not a one-time
reform, but a gradual and incremental process, so it is hard to find an exact
time point to divide the two periods. Using the method in Appendix C, we
conduct various break-point tests and eventually choose the year 1996 as the

dividing point, which yields the most significant estimate of S!.

4.4. Responses to permanent and transitory shocks

Substituting the permanent and transitory components of GDP, inflation,
and TEFP into equation (4), we obtain the responses of output and inflation
to both types of shocks under different interest rate rules in Figure 7. Com-
bined with confidence intervals, we can determine whether the responses are
significant. The p-values of the estimates of the coefficients 8 are given in
Table 5. The parameter 3 in equation (4) measures the difference between

the responses of fixed and flexible interest rates, and the p-value is the small-
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Figure 7: Impulse responses of output and inflation to TFP shocks

22



est significance level to reject the null hypothesis 3 = 0. Failure to reject
this hypothesis suggests no significant difference between fixed and flexible

interest rates.

Table 5: The p-values of 3" in LP model

Output Inflation

Periods Permanent shocks Transitory shocks Permanent shocks Transitory shocks

H=0 1.31E-09 0.2528 2.09E-04 0.4083
H=1 2.12E-07 0.2617 5.57E-06 0.3001
H=2 1.73E-05 0.3062 1.01E-04 0.1952
H=3 1.81E-04 0.1304 0.0105 0.3299
H=4 6.81E-04 0.2201 0.3510 0.6895
H=5 2.09E-03 0.2996 0.8418 0.6804
H=6 2.47E-03 0.3624 0.8098 0.6689
4.4.1. Output

Figure 7a shows the responses of output to a permanent TFP shock.
The results show that output increases under both fixed and flexible interest
rates; the zero value falls outside the confidence interval, indicating that the
output increase is significant. Output increases more in the fixed interest
rate period—about twice as much as in the flexible-rate period. Column 2 of
Table 5 reports the p-values for 87, far below 0.01 for periods H = 0 through
H = 6, so the null hypothesis of 8" = 0 is rejected at the 1% level. This
indicates significant difference between the responses of fixed and flexible
interest rate periods. Overall, Figure 7a is consistent with the prediction on

permanent shocks in Table 1.
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Figure 7b shows the responses of output to a transitory TFP shock. The
point estimates show that output increases under fixed interest rates, while
it changes negligibly under flexible interest rates. This result is inconsistent
with the theoretical prediction on transitory shocks in Table 1. However, the
confidence interval suggests that the increase in output is insignificant under
both kinds of interest rate rules; and the difference between the responses is
also insignificant according to the p-values in column 3 of Table 5. Overall,
the results of transitory shocks in Figure 7b are insignificant.

Comparing Figure 7a and Figure 7b reveals that output responses to
permanent shocks are much larger than those of transitory shocks. For per-
manent shocks, output increases more under fixed interest rates than under
flexible interest rates, reflecting the amplifying effect of fixed interest rates

on economic fluctuations. For transitory shocks, the results are insignificant.

4.4.2. Inflation

Figure 7c shows the responses of inflation to a permanent TFP shock.
Under both fixed and flexible interest rates, inflation jumps on impact and
then declines. The rise is significant in period 0 when the shock hits, and the
decline in period 2 under the flexible interest rate is significant. Inflation is
higher in the fixed-rate period than in the flexible-rate period, which coincides
with the p-values reported in column 4 of Table 5: the null hypothesis 3 = 0
can be rejected for periods H = 0 through H = 3. This indicates that the
difference between the responses of the fixed and flexible interest rate periods
is significant. Overall, Figure 7c is consistent with the theoretical predictions
of Table 1 regarding permanent shocks.

Figure 7d shows the responses of inflation to a transitory TFP shock.
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There are small increases in inflation under both fixed and flexible interest
rates, but the confidence intervals suggest that they are not significant. Al-
though inflation is higher in the fixed-rate period than in the flexible-rate
period by point estimates, the p-values in column 5 of Table 5 suggest that
the difference is not significant. Overall, the results in Figure 7d are not
informative on the findings on transitory shocks in Table 1.

Combining Figure 7c and Figure 7d reveals that inflation responses to
permanent shocks are much larger than those of transitory shocks. And
in response to permanent shocks, inflation rises more under fixed interest
rates than under flexible interest rates. For transitory shocks, the results are

insignificant.

Table 6: Comparison of Theoretical Predictions and Empirical Results

Flexible interest rate Fixed interest rate

- . . . Output rises less or even falls,
A positive NK model Output rises, inflation falls
) inflation falls more
transitory shock

. Output changes negligibly, inflation | Output rises more, inflation rises
LP regression

rises modestly (insignificant) more (insignificant)
. ) ) . . Output rises more, inflation rises
A positive NK model Output rises, inflation rises
more
permanent shock
. Output rises, inflation rises Output rises more, inflation rises
LP regression
(significant) more (significant)

Table 6 compares the results of model predictions and empirical tests,
and they are largely consistent for permanent technology shocks: fixed inter-
est rates generate higher output and inflation compared with flexible interest
rates, reflecting the amplifying effect of fixed interest rates on economic fluc-
tuations. On the other hand, the results for transitory shocks are uninfor-

mative: the point estimates show that neither output nor inflation declines
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under the fixed interest rate, contradicting the New Keynesian theory, but

the confidence intervals and the estimates of 3! are insignificant.*

5. Robustness

In this section we check the robustness of the baseline results along several

dimensions.

5.1. The 2008 financial crisis

The economic crisis in 2008 causes a precipitous drop in GDP and CPI
growth (Figure 2). To investigate its impact, we add a dummy variable R in
the baseline model to control for the financial crisis. The modified model is

as follows:

1
Yieh =c¢ + Fﬁth + FB?_1Xt—1 + Z Gr—pXi—p +Y-1Yie1 + R + €4, (D)

p=0
where Y is output or inflation and X is the permanent or transitory TFP
shock. In 2008 and 2009 R = 1 and in the rest of the years R = 0. This
specification isolates the impact of the financial crisis on GDP and inflation,
represented by the coefficient a.

The responses depicted in Figure 8 are similar to those in Figure 7, except

that the response of output to a transitory shock in Figure 8b is slightly

4This may reflect the fact that the cyclical component of TFP is less volatile and
explains less fluctuations: in the Beveridge-Nelson decomposition of Figure 6, the cyclic
component of TFP is almost negligible compared to the trend. We also run regressions on
the original TFP series in Appendix E and the results obtained are generally consistent

with those of the permanent shocks.
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different. The responses under the two interest rate rules in Figure 8b nearly
overlap; both rise slightly. In comparison, the response in the flexible interest

rate period of Figure 7b is negligible.

Table 7: The p-values of 37 in equation (5)

Output Inflation

Periods Permanent shocks Transitory shocks Permanent shocks Transitory shocks

H=0 2.19E-10 0.4726 2.18E-04 0.1805
H=1 1.39E-07 0.4621 4.69E-06 0.1659
H=2 1.56E-05 0.5358 5.75E-05 0.1995
H=3 1.65E-04 0.3824 8.72E-03 0.2827
H=4 6.86E-04 0.4755 0.3501 0.5747
H=5 2.30E-03 0.5223 0.8403 0.4818
H=6 2.75E-03 0.4956 0.8032 0.3353

5.2. Including the time trend

Among the variables in this paper, GDP, TFP, and the permanent com-
ponent of TFP all have a long-term trend, while the transitory component
of TFP is a stationary process. We investigate in this subsection whether
including a time trend changes the previous results.

Figure 9 plots the responses of the LP model with a time trend. The
main difference from Figure 7 is still in the upper right panel: in Figure 9b
output increases more in the flexible interest rate period than in the fixed
interest rate period, except for the H = 0 and H = 1 periods. Table 8 gives
the p-values of the estimates of 8", which are consistent with the previous

results in Table 5. Overall, the results for permanent shocks are consistent
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with those in Section 4; the differences are in the case of flexible interest

rates and transitory shocks, but these are not significant.

Table 8: The p-values for AP in LP model with a time trend

Output Inflation

Periods Permanent shocks Transitory shocks Permanent shocks Transitory shocks

H=0 6.22E-08 0.2395 8.56E-04 0.2478
H=1 1.02E-06 0.3383 4.85E-05 0.1067
H=2 1.94E-04 0.6438 1.03E-03 0.0189
H=3 3.43E-03 0.5167 0.0769 0.0361
H=4 0.0255 0.8962 0.9363 0.1836
H=5 0.0986 0.9742 0.9957 0.1559
H=6 0.1278 0.9884 0.9441 0.1873

5.3. Including alternative lags

In this subsection, we investigate robustness to alternative lag lengths
of the control variables. Figure 10 and Figure 11 plot the responses of the
baseline LP model with 2 and 3 lags. The results are generally consistent
with previous results: output and inflation rise more in the fixed-rate period
under permanent shocks across different lag lengths. Tables 9 and 10 give
the p-values of the coefficient 37, differing slightly from the previous results:
they show that including more lags improve the estimates of the coefficients

in the output responses to transitory shocks.

5.4. Alternative dividing points between fized and flexible interest rate periods

Our baseline regression takes the year 1996 as the break-point of the data

because the p-value of the coefficient 8 is the most significant in this case.
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Figure 10: Impulse responses from LP model with 2 lags
Table 9: The p-values of 3/ in LP model with 2 lags
Output Inflation
Periods Permanent shocks Transitory shocks Permanent shocks Transitory shocks
H=0 1.45E-07 0.0391 7.88E-03 0.5506
H=1 5.46E-05 0.0970 1.41E-04 0.3764
H=2 7.70E-04 0.0946 1.05E-04 0.2048
H=3 3.28E-03 0.0899 9.44E-03 0.3103
H=4 7.61E-03 0.1667 0.2023 0.7255
H=5 0.0145 0.2712 0.9200 0.8683
H=6 0.0171 0.3650 0.8364 0.9619
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Figure 11: Impulse responses from LP model with 3 lags
Table 10: The p-values of A in LP model with 3 lags
Output Inflation
Periods Permanent shocks Transitory shocks Permanent shocks Transitory shocks
H=0 1.07E-06 0.0075 3.79E-03 0.6177
H=1 2.51E-05 0.0250 2.96E-07 0.3033
H=2 1.09E-03 0.0014 2.28E-04 0.3404
H=3 4.72E-03 0.0027 0.0428 0.3566
H=4 8.70E-03 0.0014 0.5357 0.4613
H=5 0.0146 0.0102 0.9994 0.7652
H=6 0.0149 0.0279 0.9196 0.9007
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Here we investigate the impact of different break-points.
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Figure 12: Impulse responses from LP model with 1997 as the dividing point

Figures 12 and 13 show the responses from the LP model using 1997
and 1998 as dividing points. The results are generally consistent with the
baseline results in Section 4, where the fixed interest rate amplifies output
and inflation in response to permanent shocks. The slight difference is that
the positive transitory shock here causes a decline in output under the flexible

interest rate, but it is insignificant.
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6. Conclusion

Monetary policy is crucial for the propagation of technology shocks. This
paper studies how the monetary regime change brought about by interest
rate liberalization affects technology shock transmission and economic fluc-
tuations in China.

Drawing on the ZLB literature, we prove in a textbook New Keynesian
model that technology shock transmission is affected by interest rate elas-
ticity and shock persistence. In response to a positive transitory technology
shock, output increases and inflation falls under the flexible interest rate;
while output increases less or even falls and inflation falls more under the
fixed interest rate. In response to a positive permanent technology shock, the
wealth effect increases output and inflation under the flexible interest rate;
and the increase of output and inflation is amplified under the fixed interest
rate.

We test these findings based on Chinese data. The empirical results for
permanent shocks are consistent with the predictions of the New Keyne-
sian model; while the results for transitory shocks are unstable and insignifi-
cant. These results suggest that fixed interest rates have amplifying effect on
economic volatility, especially in response to permanent technology shocks,
which dominate in the TFP series.

The results in this paper are different from Garin et al. (2019), whose
findings contradict the NK model’s predictions for economic behavior in ZLB
times. The key is we decompose technology shocks into permanent and
transitory components and investigate their effects separately. Our paper

can be seen as a support to the NK model’s plausibility, especially in the
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case of the fixed interest rate.

Appendix A. The Model

Appendixz A.1. Households

The representative household seeks to maximize the following utility func-

tion:

o0 1-0o 1+
Ey» p (Ot e ) (A1)

-0 1+ vy

Here, Fy denotes the expected value based on the information in period 0,
B € (0,1) is the discount factor, C; and N; represent household consumption
and labor, o and v are the elasticity coefficients associated with household
consumption and labor supply.

The budget constraint faced by the household can be written as
PCy+ B, < B 1Ry + WN, +T, (A.2)

where P; denotes the price level and W, denotes the nominal wage, B, is the
number of bonds purchased by the household in period ¢t and maturing in the
next period, R; is the nominal bond yield, and 7} represents the lump-sum

transfer from the government to the household. The non-Ponzi condition

. B . .
Ey »SILIE (1+R0)(1+g11)m(1+&) > 0 is satisfied by default.
The representative household maximizes its utility function (A.1) subject

to its budget constraint (A.2), which yields the following first-order condi-
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tions:

Cy )" R, }
E =1 A3
B t{(CtJrl Tt+1 ( )
P

Ti41 = P (A4)
t
M@fz%- (A.5)
t

Appendiz A.2. Firms

The final good Y; is obtained by the Dixit-Stiglitz aggregation of a con-

tinuum of intermediate goods Y; (7):

_&_
1 e—1

Ve | [t = (A.6)

0

where ¢ > 1 is the elasticity of substitution between intermediate goods.

Constrained by (A.6), the producer of the final good maximizes its profit:

_£€
1 e—1

Imﬂz/nmﬁm 7KB@E@& (A.7)

0

which yields

vit) = |42 o, (A8)

The above equation is the demand curve faced by each intermediate good
producer. Since the final good producers are perfectly competitive with each
other and thus obtain zero profit, equation (A.7) should be zero at its max-
imum. Substituting equation (A.8) into it yields the following relationship

between the price of the final good and the prices of the intermediate goods:

B:MEWW{Z (A.9)
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Differentiated intermediate goods are produced by monopolists who use
the following technology:

V(i) = e Ny(i) (A.10)
where @, is the technology shock. If a; is transitory, then a; = p,a;—; + €7; if
a; is permanent, then Aa; = p,Aa;_ 1 + . Here 0 < p, < 1, &8 ~ N(0,02),
and Aa; = a; — a1 .

The marginal cost of the intermediate good producer satisfies

Wi
e P,

where v = 1/e represents the employment subsidy correcting for distortions

st =(1—v)

(A.11)

caused by monopoly power in the steady state.

Assume that there is price stickiness in the intermediate goods markets.
Monopolistic producers adjust their prices according to the specification in
Calvo (1983). In each period the producer has a probability 1—6 of adjusting
the price to its optimal level and a probability 6 of fixing the price to its
previous level. The sum of the present values of the expected profits of the

ith intermediate good producer is
EY B [P (1)Yag (1) — (1= 0)Wej Nig (i) (A.12)
7=0
where p;4; represents the marginal utility of one unit of currency.

Appendixz A.2.1. Optimal Price Setting
The intermediate good firm chooses the optimal price ﬁt to maximize the
sum of future profits when it cannot optimize. This corresponds to solving

the following problem:

max E, Z 45576 [ﬁtytﬂ‘(i) — Py jsiyjYie4(4)
=0
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From (A.8), the demand curve faced by the firm in period ¢t + j is Y;1;(i) =

~ 1—€
[ Pi} Y;4;. Substituting it into the above equation, we have
J

oo

s By Z (BOY s Yer s Py []5;,5 - Pt+j5t+j]5t7€]

=0
Taking its derivative with respect to P, yields the following first-order

condition:

> ; ~ —¢ ~ —e—1
1 Z (ﬂe)Jﬂt+jY;5+j‘PtE+j [(1 —e) P +ePjsiiP ] =0
j=0

Using piy4; = %:J) the above equation is transformed into
> 'U,(Ct+ ) Pt 15
E Q J J Y Pe—l—l il )
t;(ﬂ ) sz+‘ t+iL 145 P1t+j - 1St+j
= ' (C o1 |~ €
=E ) (BQ)J%K%JPJ; [PtXt,j - —15t+j]
=0 t+i -
- g 15 €
=E, ) (BOYY [ Fr |:th1€,]‘ - 1St+j:|
J:
00 T c
= Z (ﬁ‘g)]}@iga(Xt,j) |:th15,]' - Tlst+j:|
7=0
=0
~ _ P Ny ar —L— j>1
where 5, = £, 5, = (1-v) e = (1-v) L85 and X, = { ™™o
1 i=0

The derivation of the second equality makes use of the resource constraint
}/;/ — Ct.

From the first-order condition above we obtain the optimal price:

Ey > (BOYY, 57 (Xiy) ™ 58145
~ =0 K

b > : .
EY (B0 Y,17(Xoy) ‘

i=0

(A.13)
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Here,
o0

. o e €
K; ZEt;)(ﬁ@)JYtij (X5) P
N'Y,

S (1—v)—=
e—1

_ N

et

(A.14)

+ BOE 1" K

et

+ BOEm 1" Ko

[e.e]

F=E)  (B9)Y (X))
=0 (A.15)

=Y, + BOE 1" Fr
Appendiz A.2.2. Aggregate price and quantity
Since firms that reoptimize in period t face the same demand curve and
production cost, they choose the same price level P,. And since the firms
that can reoptimize are chosen randomly, the price distribution of firms that
cannot optimize in period t is the same as the price distribution of all firms

in period t — 1. Thus the aggregate price level is

1
rrl T—
P, = / Pt(i)l_edz']
LJO

r — 1 1—e¢
- (1—9)Pt1—6+/ Pi{;sdz}
L 0

1
1—¢

= (1= 0B~ + oPLy]

_1
Eliminating P, from both sides yields p; = [%(;71)} L Combining it with
(A.13), we have

g (e T
&—[—1 s 1 (A.16)

F, 1-6
We follow Yun (1996) to obtain the relationship between aggregate output
Y,, aggregate labor input N; and the distribution of resources. Define Y,* =

40



fol Y; «di, which is the unweighted sum of output of the intermediate goods

producers. And since labor input is homogeneous, thus we have

1
}/t* - / AtNi,tdi — AtNt
0

From Y;(i) = [PtTj)] ) Y}, we obtain
1

Vo= [ i
0

1 —
Rt> .
=Y, : di
] (G
1
= }/t'Pte/ (Pi7t)_8d7:
0

= }/I;PtE(Pt*)_E

Combining the above two equations yields the relationship between Y; and

Nt:
Pt* : * *
where )
1-— 971'?_1 e-1 67‘(?
P = yw(————) Lo AL8
: [< (s o (A18)
. . . =1 P, =P
and p; represents the efficiency distortion that satisfies py .
<1 others

Appendiz A.3. Resource constraint and monetary policy

The aggregate resource constraint is the market clearing condition in the

final good market:
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The monetary policy rule takes the form

Zy  t=>k

D t=0,--,k—1

Here, 7, = R(%)% (%)%eag is the flexible interest rate determined by the
Taylor rule, where Y denotes the steady-state level of output, 7© denotes
steady-state inflation, € ~ N(0,c?) represents monetary shocks, the coeffi-
cients satisfy ¢, > 1 and 0 < ¢, < 1, and D is the level of the fixed interest
rate near the steady state.

At t =0, -,k — 1, the authority sets the interest rate at the level D.
When t > k, monetary policy shifts to the flexible interest rate Z;. Since
the nominal interest rate is fixed for a limited period, and then switches to

the normal flexible interest rate rule, the existence of model equilibrium is

guaranteed.

Appendiz A.4. Natural Output and the Output Gap

Assume that steady-state inflation 7= 1. Solving for the steady state
yieldsR:%,p*:l, andF:Kzl_—lﬁe.

In the steady state, the relative price distortion is eliminated and log pj=
0. From the log-linearization of (A.18), the law of motion for p; is obtained
as p; = 0p;_1 +0 xm =6p;_,. If pj =0, then p; = 0. This in turn implies
P} = P,, which means p; = 1 in (A.17). Thus Y; = A;V; holds around the

steady state. Taking its logarithm, we get
Y = Qy + Ny (AQ].)

Define natural output Y;* as the level of output at which relative price
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distortions are eliminated (i.e. pj = 1). Without price distortion, N; (i) =
N, where N is the level of employment under flexible prices.
Evaluating (A.17) at flexible prices, we obtain Y;” = A,;N;*. Taking its
logarithm yields
Yy = ay +ng (A.22)

Taking the logarithm of equation (A.5) under flexible prices yields
yny + oc} = wy (A.23)

From the profit maximization of intermediate goods firms under flexible
prices, we know that their demand for labor inputs satisfies %’f = A;. Taking
its logarithm and combining with (A.22) and (A.23), and then using y;* = ¢},
we obtain the natural level of output:

14+
o+

Y = a (A.24)

Define the output gap as ¥ = v — y;'. Since y = y" in the steady state,

then
gt:yt—ytn
=y —y—(y—y")
:?/J\t—gf
~ (A.25)
:yt—@n
O R P
=ai+ng — a
t t O__*_’yt
c—1_
= a; + ny
o+

where the symbol ~ represents the logarithmic deviation of the variable
from steady state, e.g., 4y = y; —y = logV; —logY. Assuming A; = 1 at the
steady state, we therefore have a; = log A; — log A =log A = a;.
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Appendiz A.5. Log-linearization

Log-linearizing equations (A.13)-(A.15) near the steady state yields

1 ~ N R - ~
1 —ﬂ@Kt = (Y +y0p — ar) + 1 _BeEt (€7Tt+1 +Kt+1)
L S L B, (e = Deer + Fuun)
— N =(1-0c _— e—1)m
1— 36 t Yt 1— 30 t t+1 t+1
SO 0
Kt_Ft:l—eﬂ-t

Eliminating IAQ and ﬁt and using equation (A.21) (i.e., 4 = a; + ny), we
obtain the New Keynesian Phillips curve:

(1—=0)(1—750)[(c +v)n+ (0 — 1)ai]

Ty = PTys 7 (A.26)
Substituting (A.25) into (A.26), we have

T = BTr1 + KU (A.27)

where k = Lﬁﬂ(oﬂ). Since the steady-state inflation m = 1, therefore

7y = logm; — logm = log m;. When 7, is not far from the steady state, then

log m; =~ m;. Thus we have
Ty = ﬁﬂ't+1 + /‘iil]t

This equation corresponds to equation (1) of the main text.
Log-linearizing equation (A.3) around the steady state yields the dynamic
IS curve:

. ~ 1~ ~
Cy = Etct—l-l - g <Zt - Etﬂt—i-l) (A28>

Using §; = ¢; and expressing equation (A.28) in terms of the output gap, we

get

1

~ ~ ~ ~ 1+~
Y = By — ; (Zt - Et7Tt+1> -

o+

(at+1 - at)
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Since R = % in the steady state, then i = log Ry —log R =i, +log 8 = 1, — p.
Thus we have

~ ~ 1 .
Ve = B — g (Zt —Eymi — ,0) — Ya (at+1 - at)

where v, = i% This equation corresponds to equation (2) of the main text.

Log-linearizing equation (A.20), we obtain the monetary policy:

- Ot + Oy + €, t>k
=3 R (A.29)
d t=0,---,k—1
where 7, = 7, +J, and d = log D—log R is the log deviation of the fixed value
from the steady state of the interest rate. The above equation corresponds to

equation (3) of the main text when 7' = 0, i.e., when the technology shock

(It:().

Appendix B. Calculating Malmquist Index

Appendiz B.1. Malmquist index and its decomposition

The Malmquist index evaluates the efficiency change over time. It is
an output distance function based on the data envelopment analysis (DEA)
and constructed by Fare et al. (1994) in their study of TFP change. The

Malmquist index is defined as follows:

MttJrl —

Dot (2t yt+) . D0t+1($t+1’yt+1):|é
Dot(xt, yt) DoHl(xt, yt)
B Dot (atH, ) [ Dot (a1, 1) . Dot (2, ) 3
Dot(xt7yt) D0t+1(mt+17yt+1) D0t+1(xt’yt)
= EFF™" x TECH,'*!

— TF_Ptt+1
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where D is the distance function, x is input, and y is output. EF'F; denotes
the index of technical efficiency and T ECH,; denotes the index of technical

change.

Appendiz B.2. Data and Variables

We use the data of 29 provinces in China from 1978 to 2018. The data
of output is real GDP with 1978 as the base period, and the data of input
is capital stock and the number of employees. The data are obtained from
the National Bureau of Statistics, Wind database, China Compendium of
Statistics 1949-2008, and Data of Gross Domestic Product of China 1952—
1995.

Capital stock is calculated using annual data of fixed asset investment
in each province based on the perpetual inventory method. The formula is
K, = % + (1 —a)K; —1, where K is the capital stock, I is capital formation,
P is the fixed asset investment price index, and « is the depreciation rate.
We set the depreciation rate to 10.96% as in Shan (2008) and use the capital
stock in 1978 he calculated as the initial value in our calculation.

The fixed asset investment price index used in the calculation starts to

be published from 1993, so the index before that time needs to be estimated.
We take the approach in Zhang et al. (2004):

gross fixed capital formation index of 1985 (1952 =1) =

gross fixed capital formation of 1985 (current price) 1
gross fixed capital formation of 1952 (current price) = implicit investment deflator of 1985 (1952=1)

For some years and some provinces, the data on gross fixed capital formation
are missing, so the fixed asset investment price index cannot be estimated.

Then we use the retail price index instead.
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Appendiz B.3. Results

Since only national data are needed in our estimation, the results of the
29 provinces are geometrically averaged to obtain the national Malmquist

index, which are displayed in Table B.1.

Table B.1: Malmquist productivity index

Year TFP Year TFP Year TFP Year TFP

1979 1.001 1989 0.994 1999 1.016 2009 0.996
1980 1.001 1990 0.999 2000 1.021 2010 1.007
1981 0.992 1991 1.028 2001 1.029 2011 1.005
1982 1.024 1992 1.071 2002 1.032 2012 0.998
1983 1.021 1993 1.068 2003 1.029 2013 0.991
1984 1.046 1994 1.042 2004 1.025 2014 0.984
1985 1.009 1995 1.025 2005 1.02 2015 1.001
1986 0.973 1996 1.029 2006 1.022 2016 1.002
1987 1.008 1997 1.027 2007 1.025 2017 1.015
1988 1.024 1998 1.018 2008 1.008 2018 1.021

Note: TFP is expressed as annual growth rate.

The results in Table B.1 show that the annual growth rate of TFP is
1.6175%, with a cumulative growth of 64.7%. Specifically, the two decades
from 1988 to 2007 was the fastest growth period, contributing 54.4% of the

47



growth; while 9.9% and 2.8% for the periods 1979-1988 and 2008-2018. The
annual growth rate of TFP declines significantly from 2.72% in the period of
1988-2007 to 0.255% in 20082018, with the latter being less than one-tenth

of the former.

Appendix C. Selecting the dividing point between fixed and flex-

ible interest rate periods

Interest rate liberalization in China is a gradual process, so it is hard to
find a specific time point to divide the fixed- and flexible-rate periods. Based
on our theoretical analysis, there is a significant difference in the responses to
technology shocks under fixed and flexible interest rates. Therefore, we can
choose the point that makes the most significant difference between them as
the dividing point.

We set each year from 1990 to 2010 as the dividing point and regress the
following model:

1
Yignh = ¢ + Fﬁth + Fﬂf_1Xt—1 + Z Gr—pXi—p + Ve—1Yio1 + Eqn

p=0
where F' = 1 represents the period of fixed interest rates and F' = 0 represents
the period of flexible interest rates.

Table C.1 shows that using 1996 as the dividing point yields the most
significant 3. This choice is also supported by the policy of interest rate
reform in China: on June 1 1996, the People’s Bank of China officially lib-
eralized interbank interest rates, signifying a seminal step of interest rate

liberalization.
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Table C.1: The p-values of the coefficient 3/

Year P-value Year P-value

1990 0.7974 2000 0.0019
1991 0.7797 2001 0.0223
1992 0.7834 2002 0.0393
1993  0.2294 2003 0.0339
1994 0.4856 2004  0.1852
1995 0.4440 2005  0.9502
1996 1.42E-09 2006 0.8043
1997 9.40E-08 2007  0.9428
1998 1.09E-05 2008 0.9757
1999 0.0003 2009  0.9856

49



Appendix D. Beveridge-Nelson decomposition

Beveridge & Nelson (1981) propose to decompose the I(1) series into
the deterministic trend (DT), the stochastic trend (ST), and the periodic
component (C):

y = DT, + ST, + Cy (D.1)
Here DT, + ST, is the permanent component and C} is the transitory com-
ponent.

Since y; is an I(1) variable, its first-order difference Ay, is a station-
ary process. According to Wold’s theorem, Ay; can be reformulated as an

M A(o0) process:
Ayy =p+(L)ey =+ e+ Mepgr + .. (D.2)

where p is the mean value of Ay; and &; ~ i.i.d.(0,0?). The deterministic

trend DT; is obtained from the following equation:
DTt = Yo -+ ot (DS)

where g is the initial value. The estimate = 0.016175 is obtained from the
sample.

The next step calculates the cyclical component. The permanent com-
ponent is defined as the long-term conditional expectation of y;, kh_)rgo ui (k).
Here y;(k) = E(yisk|.--, Y11, y:) denotes the expectation of 3,y conditional
on the information in period ¢. Since y; can be expressed as the sum of Ay,

thus
ﬂt(k) = E(Z/t+k|~--ayt—17yt)

=y + E(Ayp1 + oo 4+ Aypgi] oo, Ay_1, Ayy) (D.4)

=y + Ay(1) + ... + Ay (k)
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From (D.2) we have

A@\t(l) = U + )\Z‘&Tt + )\i+15t—1 + ...

= (D.5)
=p+t Z AjEt—1-j
i=1
Substituting (D.5) into (D.4) yields
k k+1
1 2

Let k tend to infinity and then the long-term conditional expectation
klim U:(k) can be obtained. Since kp is the increment of the deterministic
—00
trend from period t to period t+ k, the remaining part on the right-hand side

of (D.6) is the permanent component of period ¢, or the trend component:

]}ggo@\t(k) —kp) =y + [(; Ai)er + (; Ai)er1 + ...] (D.7)

Further, the cycle is defined as the difference between the current value

and the trend value, that is,

Cr=—[O_Me+ O Mer + .. (D.8)

The infinite sum on the right-hand side cannot be calculated directly.

Substituting (D.5) into (D.8) yields:
G = — Jim {[AGH(1) + AGR) + .+ AGH] — k) (D)
Equation (D.9) can be expressed as

Cr = = lim [Ay(1) = p) + A(2) — p) + ... + Au(k) — )] (D.10)

k—o0
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Because y; is an I(1) process, Ay, eliminates the stochastic trend, and p is
the long-term mean of Ay,. Then Ay, (k) — p is the cyclical component in
the conditional forecast. Taking the limit of the summation over k periods
yields the cyclical component, i.e., equation (D.10).

Let w; = Ay, — i, then wy is an I(0) process, and according to the Wold’s
theorem, w; can be expressed as an ARM A(p, q) process with a mean of zero,
and the optimal ARM A(p, ¢) model is obtained from the original TFP series
as

B = 0.273565w; 1 + &, + 0.4812682;_, (D.11)

To calculate the cyclical term, equation (D.10) can be expressed as
Ct = —]}LIEI()[Zl Wt Zwt + Zl wt (D12>
j= j=q+

Newbold (1990) proves that the infinite sum in (D.12) can be calculated

by the following equation:

> au -1 (D.13)

where ¢ is the coefficient of the AR term in (D.11). Substituting (D.13) into
(D.12) yields

Ct:—

Zwm‘ﬁﬁl (D.14)

The cyclical component of period ¢ can be calculated from (D.14). And

then we can obtain the stochastic trend from the following equation:

STy =y — DT, — Cy (D~15>
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Appendix E. Impulse responses to the original TFP series: com-

paring fixed and flexible interest rates

In this section we do not differentiate between permanent and temporary

shocks, but use the original series of TFP in the estimation of the LP model.

Appendixz E.1. Responses of output

To obtain the impulse responses of output to technology shocks, we esti-
mate the following equation:

1
Yigh =c + FﬁthXt + Fﬁt}ilXt—l + Z Gr—pXi—p + V—1Yio1 + e (ED)

p=0
where Y; is the logarithm of real GDP and X, is the logarithm of TFP, F' is
the instrumental variable satisfying F' = 1 in the fixed interest rate period
and F' = 0 in the flexible-rate period.

Figure E.1 plots the responses of output to a one-standard deviation
TFP shock under fixed and flexible interest rates. The point estimates show
that the fixed interest rate raises output more than the flexible interest rate.
This result is consistent with Garin et al. (2019), who find that positive
productivity shocks are more expansionary at the ZLB than normal times.
It is also consistent with the prediction of the New Keynesian model for
permanent shocks, but inconsistent with that for transitory shocks.

Table E.1 gives the estimated values of the coefficient 8" and their p-
values. The p-value is the minimum significance level to reject the null
hypothesis 8 = 0. Failure to reject it indicates no significant difference
between the effects of productivity shocks under fixed and flexible interest

rates. As shown in Table E.1, the p-values are much less than 0.01 from
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Figure E.1: Impulse responses of output to a technology shock
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Table E.1: Estimated values of 3 and corresponding p-values (output)

periods IGi p-value

H=0 0.2912 1.42e-09
H=1 0.7588 6.89¢-09
H=2 1.2235 7.65e-07
H=3 1.5240 1.17e-05
H=4 1.5764 4.95e-05
H=5  1.4681 2.43e-04
H=6 1.4131 4.50e-04

period H = 0 to H = 6, rejecting the null hypothesis at the 1% level of
significance. Therefore, the response of output between the two periods are
significantly different, and the positive values of 3 show that responses un-
der the fixed interest rate is significantly higher than that under the flexible

interest rate.

Appendiz E.2. Responses of inflation

The LP model for inflation is as follows:
1
Yien = o+ FOIXo+ FBL X1+ ) 6 pXep +mams +enn (E2)
p=0

where m; is inflation, represented by the log-difference of CPI.

Figure E.2 plots the responses of inflation to a one-standard deviation
TFP shock under fixed and flexible interest rates. Inflation under both peri-
ods display hump-shape responses, reaching their high points in the next year

after the shock. The level of inflation is higher under the fixed interest rate

95



Inflation

—— Fixed Interest Rate
—— Flexible Interest Rate

Horizon

Figure E.2: Impulse responses of inflation to a technology shock
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than under the flexible interest rate case. This result is also consistent with
the prediction of the New Keynesian model for permanent shocks. But the
zero values fall within the confidence intervals, indicating that the responses

under both periods are not significant.

Table E.2: Estimated values of I and corresponding p-values (inflation)

periods IGik p-value

H=0 0.2912 1.42e-09
H=1 0.7588 6.89e-09
H=2 1.2235 7.65e-07
H=3 1.5240 1.17e-05
H=4 1.5764 4.95e-05
H=5 1.4681 2.43e-04
H=6  1.4131 4.50e-04

Table E.2 gives estimates of the coefficient 8 = 0 and their p-values.
For H=0, H=1, H=2, and H=3, the null hypothesis 8! = 0 is rejected at
the 1% significance level. This indicates that the responses of inflation to
productivity shocks are significantly different between the fixed- and flexible-
rate periods. The positive values of 8" = 0 also show that responses under the
fixed interest rate is significantly higher than those under the flexible interest
rate, though they are insignificant individually as shown by the confidence
intervals in Figure E.2.

The results on inflation are different from Garin et al. (2019) in several

ways. First, they obtain that inflation falls more to a productivity shock at
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the ZLB in comparison to normal times in their Figure 3, which is inconsis-
tent with the New Keynesian model’s prediction for transitory shocks, but
consistent with that for permanent shocks. In comparison, our results in
some way support the model prediction for permanent shocks, but they are
insignificant. Second, their table 4 shows the responses of expected inflation
at and away from the ZLB appear qualitatively rather similar, and the null
hypothesis 4 = 0 cannot be rejected. In comparison, the null hypothesis
Bl = 0 is Table E.2 is rejected, indicating that the responses under the two
periods are significantly different.

Overall, the above empirical results are closer to the predictions of the
New Keynesian model on permanent shocks in Table 1 of the main text: both
output and inflation are significantly higher under the fixed interest rate than
under the flexible interest rate. This suggests that most of the TFP series are
likely to be permanent shocks. So in Section 4.2 we decompose the TFP series
into trend and cyclical components and the result confirms this conjecture.
We then run separate regressions using both series in 4.3 and the results in
4.4 show that the insignificance in inflation responses are mainly caused by

the temporary shocks contained in the original TFP series.
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