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Abstract

Based on a New Keynesian model with a transient interest rate peg and en-
ergy inputs in production, we examine the impact of China’s interest rate
liberalization on the transmission of energy supply shocks. Theoretical anal-
ysis shows that in the face of negative supply shocks, output decreases less or
even increases while inflation rises more under a fixed interest rate compared
with a flexible interest rate. We construct the Divisia energy index based
on Chinese data to test the model predictions. We identify energy supply
shocks following the strategy of Kilian (2009) and obtain impulse responses
using the local projection method proposed by Jordà (2005). The empirical
results are consistent with our model predictions.
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1. Introduction

Supply shocks are an important factor in economic fluctuations: the oil
crisis in the 1970s is considered to be one of the leading causes of stagflation
in the western world; the COVID-19 since 2020 has led to disrupted supply
chains and declining labor participation, which pose challenges to macroeco-
nomic policy; the Russia-Ukraine war has caused energy and food shortages,
which exacerbate the instability of the world economy. This paper focuses
on the energy supply shock, investigating its effects on the Chinese economy
both theoretically and empirically.

In a New Keynesian model, monetary policy plays a crucial role in trans-
mitting supply shocks. Under a flexible interest rate (e.g., the Taylor rule),
a negative supply shock decreases output and raises inflation; whereas under
a fixed interest rate (e.g., the zero lower bound), a negative supply shock
raises rather than decreases output, and raises inflation even more. The key
mechanism is the change of the real interest rate: when the nominal interest
rate is flexible, the Taylor rule makes the real interest rate increase with the
rise of inflation, which reduces output; in contrast, when the nominal interest
rate is fixed, the real interest rate decreases with the rise of inflation, which
increases output and pushes inflation higher.

This paper studies the impact of China’s monetary system change on
the transmission of energy shocks. The interest rate liberalization reform
in China can be seen as a monetary system transition from a fixed interest
rate regime to a flexible one (Tong & Yang, 2021). During this process,
various interest rate controls have been removed, and the interest rate system
becomes more flexible. This change provides an ideal condition for testing
the above predictions of the New Keynesian model.

The goal of interest rate liberalization is to establish an interest rate sys-
tem of money, credit and bonds determined by market forces (Yi, 2021).
Before the reform, interest rates in China were strictly regulated by the gov-
ernment. The banking industry dominates the financial sector, and commer-
cial banks implement the deposit and loan interest rates set by the People’s
Bank of China (PBoC); the non-banking financial sector is negligible. In
June 1996, the inter-bank interest rate was liberalized; after that, interest
rate controls over bond markets were gradually removed. A market-oriented
interest rate mechanism was established in the money and Treasury bond
markets.

For the retail interest rates, the government took several steps to expand
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the pricing power of commercial banks. From 1998 to 1999, the central bank
expanded the floating range of loan rates three times; in 2004, the upper
limits of loan rates and the lower limits of deposit rates were removed; in
2013, the lower limits of loan rates were canceled; and in 2015, the upper
limits of deposit rates were canceled. However, the central bank still issued
benchmark interest rates as a reference, taking the benchmark deposit rate
as the “ballast” of the entire interest rate system. The financial sector was
characterized as a dual-track system—market and regulated interest rates
coexist (Figure 1). In 2018, a new round of reform started to improve the
interest rate formation mechanism in loan markets. The loan prime rate
(LPR) became the new pricing benchmark.

With the deregulation of the interest rate system, the structure of the
financial market is also changing. Direct financing, online and informal fi-
nancing develop rapidly, constantly penetrating the business scope of the
traditional banking industry; the share of bank deposits and loans in nomi-
nal assets has been decreasing. According to the “aggregate financing to the
real economy (AFRE)” released by the PBoC, the proportion of bank loans
in AFRE (stock) drops from 80% in 2002 to 61% in 2022 (Figure 2). This
means that the proportion of financial assets subject to interest rate control
has declined, and the impact of official controls over retail interest rates is
decreasing.

Interest rate liberalization leads to more flexible monetary policies. How
does different interest rate flexibility affect the transmission of energy supply
shocks? We show empirical evidences in China are consistent with predic-
tions from New Keynesian models, and summarize the results in Table 5 of
Section 4.3. The rest of the paper proceeds as follows: Section 2 reviews
the literature; Section 3 carries out the analysis based on a New Keynesian
model; Section 4 tests the model predictions; and Section 5 concludes.

2. Literature Review

There is a large literature examining the macroeconomic effects of energy
shocks. Hamilton (1983) provides evidence that oil price shocks are one
of the main drivers of economic fluctuations. Kim & Loungani (1992) and
Rtemberg &Woodford (1996) analyze energy prices in RBC and monopolistic
competition models. Kilian (2009) shows that recent oil price changes mainly
reflect global demand expansion rather than oil supply disruptions, and that
oil production responds to demand shocks only with a lag. Stock & Watson
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(2016) use the method of Kilian (2009) to identify oil supply shocks and find
that their impact on output is insignificant. None of these authors discuss
how a change of monetary policy regime affects the transmission of energy
shocks, which is the focus of our paper.

Chen et al. (2018) show that neglecting China’s institutional facts may
lead to wrong conclusions in monetary analysis. Several papers analyze
China’s interest rate regulation and liberalization policies in theoretical mod-
els, including Chen & Lin (2019), Liu et al. (2021), and Wang et al. (2019).
In these models, nominal interest rates are endogenously determined to guar-
antee the existence and uniqueness of equilibrium.1 Different from this litera-
ture, we model financial regulation in China as an interest rate peg, and take
interest rate liberalization as a transition from a fixed to a flexible interest
rate regime.

Our modeling strategy is based on the recent ZLB (zero lower bound) lit-
erature, building on Krugman et al. (1998), who discuss the liquidity trap in
Japan in the 1990s, and developed by Eggertsson et al. (2003), who explore
the problem in a New Keynesian model. In the ZLB model, the nominal
interest rate is pushed to the zero level by an adverse demand shock. The
nominal interest rate is exogenously pegged for a limited period, and then
switches to a flexible interest rate. This assumption guarantees the unique-
ness of equilibrium. The ZLB can be seen as a special case of interest rate
pegging. Blake (2012), Gali (2009, 2011), and Laseen & Svensson (2011)
augment the Taylor rule with monetary policy shocks to peg the nominal
interest rate.

Several papers—including Bhattarai et al. (2018), Carlstrom et al. (2014,
2015), Christiano et al. (2011), Del Negro et al. (2012), Kiley (2016)—obtain
unusual results in the New Keynesian model with fixed interest rates: nega-
tive supply shocks are expansionary, flexible prices amplify output volatility,
fiscal multipliers can be unusually large, forward guidance generates implau-
sibly large responses of endogenous variables, and so on. In this paper we
investigate how interest rate fixation can change the transmission of supply
shocks.

The effects of supply side shocks in ZLB models are in contrast to the
conventional wisdom. Eggertsson (2010) proves that tax cuts on labor can

1It is well known since Sargent & Wallace (1975) that an exogenously specified interest
rate path may lead to indeterminacy of equilibrium in a model with rational expectations.
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reduce labor supply when the short-term nominal interest rate is zero. Eg-
gertsson names it as “the paradox of toil”, relating it with the paradox of
saving proposed by Keynes (1933). Eggertsson et al. (2014) prove that struc-
tural reforms promoting competition and reducing costs in European coun-
tries may be contractionary in the short run if undertaken during a crisis,
because the ZLB constrains the central bank’s ability to provide monetary
policy accommodation. Fernández-Villaverde et al. (2014) argue that even
at the ZLB, supply side reforms can be expansionary by improving future
productivity and generating wealth effect.

Recent literature has empirically tested the predictions of ZLB models,
and the results are generally negative. Gaŕın et al. (2019) find that positive
productivity shocks are more expansionary at the ZLB, contrary to the NK
model prediction. Wieland (2019) tests two negative supply shocks at the
ZLB—the oil supply shock and the Great Japanese Earthquake—shows both
are contractionary despite lowering expected real interest rates and builds a
model with borrowing constraints to match these findings. Cohen-Setton
et al. (2017) find supply side policies of France in the 1930s prolong the
stagnation, which is inconsistent with Eggertsson (2012)’s theoretical analysis
of the Great Depression.

3. Theory

Our analysis is based on a standard new Keynesian model as in Clarida
et al. (1999) and Gaĺı (2015). The difference is that we include energy demand
in production and model monetary policy as a transient interest rate peg, in
order to discuss the impact of interest rate flexibility on the transmission of
energy supply shocks.

3.1. Households

The utility function of the representative household is

E0

∞∑
t=0

βt

[
logCt −

Nt
1+γ

1 + γ

]
(1)

where E0 is the conditional expectation operator, β is the subjective discount
rate, Ct and Nt denote household consumption and labor supply, and γ
determines the curvature of the disutility of labor.
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The household is subject to a sequence of flow budget constraints given
by

PtCt +Bt ≤ Bt−1Rt−1 +WtNt + P o
t Ot + Tt (2)

Here, Ot represents energy endowment, P o
t and Pt are the prices of the energy

and consumption goods, Wt denotes the nominal wage, Bt is the quantity of
bonds purchased by households in period t and maturing in the next period,
Rt is the one-period nominal rate of interest that pays off in period t, and
Tt denotes dividends from the ownership of firms and transfers from the
government.

The representative household maximizes its utility function (1) subject
to the budget constraint (2) and the non-Ponzi condition

E0 lim
t→∞

Bt+1

(1 +R0) (1 +R1) · · · (1 +Rt)
≥ 0

The equilibrium conditions associated with households are derived in Ap-
pendix A.

3.2. Firms

The final good (Yt) is aggregated by a continuum of intermediate goods
Yt(i):

Yt =

 1∫
0

Yt(i)
ε−1
ε di


ε

ε−1

(3)

where i ∈ (0, 1), and ε > 1 is the substitution flexibility between intermediate
goods.

The final good producer maximizes its profit subject to (3):

maxPt

 1∫
0

Yt(i)
ε−1
ε di


ε

ε−1

−
∫ 1

0

Pt(i)Yt(i)di (4)

which yields

Yt(i) =

[
Pt(i)

Pt

]−ε

Yt (5)

Equation (5) is the demand curve faced by intermediate goods producers.
Substituting it into the zero profit condition of the final good producer, we

7



obtain the relationship between the prices of the final good and intermediate
goods:

Pt =

[∫ 1

0

Pt(i)
1−εdi

] 1
1−ε

(6)

Following Wieland (2019), we assume that differentiated intermediate
goods are produced by combining labor Nt (i) and energy Ot (i):

Yt(i) = AtNt(i)
1−αOt(i)

α (7)

where α represents the share of energy input in the production, and At is the
technology level satisfying At = eat and at = ρaat−1+εat , with 0 < ρa < 1 and
εat ∼ N(0, σ2

a). Production factors are completely mobile among intermediate
goods firms, so each producer faces the same labor and energy prices, and
the marginal cost of production is also the same.

Given the Cobb-Douglas production function, the cost minimization yields
the ratio of energy and labor:

Ot

Nt

=
α

1− α

Wt

P o
t

(8)

The marginal cost of the intermediate good producer is

st =

(
1

1− α

)1−α(
1

α

)α
1

At

(
P o
t

Pt

)α(
Wt

Pt

)1−α

(9)

We adopt a variant of Calvo sticky prices. In each period t, a fraction
of intermediate goods producers, 1− θ, can reoptimize their prices. The ith
firm that reoptimizes maximizes the present discounted value of its future
profits:

Et

∞∑
j=0

µt+jβ
j [Pt+j(i)Yt+j(i)− st+kYt+j(i)] (10)

where µt+j is the multiplier on firm profits in the household’s budget con-
straint.

3.3. Monetary Policy

Similar to Tong (2021), monetary policy is characterized by the following
rule:

Rt =

{
Zt t > k
d̄ t = 1, ..., k

(11)
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Here, Zt is the nominal interest rate determined by the Taylor rule Zt =

R
(
πt

π

)ϕπ
(
Yt

Y

)ϕy
eε

r
t , where ϕπ > 1, 0 < ϕy < 1, εrt ∼ N(0, σ2

r), and R, Y , π are
the steady state values of the nominal interest rate, output, and inflation.
In periods t = 1, · · · , k, the government sets the interest rate at its level
of period t = 0 (d̄). When t > k, monetary policy switches to the flexible
interest rate (Zt). This specification—a flexible interest rate rule after a
limited period of interest rate peg—guarantees the existence and uniqueness
of model equilibrium.

The monetary policy in equation (11) is a characterization of the economic
policy in China. For example, in times of economic boom, the nominal in-
terest rate is usually set at a level below equilibrium (d̄), which leads to
excessive demand for credit and an overheat of the economy. Meanwhile, in
the face of economic imbalance, the central government takes quantitative
measures such as direct control over bank credit and corporate investment,
which combined with excess credit demand amounts to a rise of the shadow
interest rate. This shadow rate corresponds to the flexible rate Zt in our
model, which curbs inflation and restores equilibrium. The same logic ap-
plies in times of recession, when the nominal interest rate is set above the
equilibrium level.

Parameter k in the model represents the duration of the interest rate
peg, which measures the flexibility of monetary policy. During the process of
interest rate liberalization in China, various interest rates have been dereg-
ulated and the overall flexibility of the interest rate system has increased,
corresponding to a decline of k. For our analysis below, we distinguish two
cases: the flexible interest rate (k = 0) and the fixed interest rate (k > 0).
By comparing the two cases in the transmission of external shocks, we can
infer the impact of interest rate liberalization on economic fluctuations.

3.4. Impact of Interest Rate Flexibility on Energy Supply Shocks

After optimization and log-linearization, we obtain the following first-
order conditions (see Appendix A for detailed derivation):

ĉt = −
(
ît − Etπ̂t+1

)
+ Etĉt+1 (12)

π̂t = βπ̂t+1 +
(1− θ)(1− βθ)

θ
ŝt (13)

ŝt =
1 + γ

1− α
(−ât − αôt + ĉt) (14)

9



Equation (12) is the dynamic IS curve obtained by household optimization,
where the symbol ̂ represents the variable’s log-deviation from steady state;
for example, ĉt = logCt − logC, ît = logRt − logR. Equation (13) is the
Philips curve expressed in marginal cost ŝt. The energy supply shock ôt in
equation (14) follows an AR(1) process ôt = ρoôt−1+ εot , with 0 < ρo < 1 and
εot ∼ N(0, σ2

o).
The energy supply shock in (14) has the same effect as the technology

shock, which changes the marginal cost. A negative supply shock leads to
higher marginal costs, which pushes up inflation in equation (13). Higher
inflation usually means higher expected inflation, which in turn affects the
real interest rate. The latter determines consumption in equation (12).2 In
this transmission process, the decisive factors are the nominal interest rate
(̂it) and the response of expected inflation to inflation, together determining
the real interest rate.

In order to analyze the above process in a relatively strict manner, we
need to control the change of expected variables. We adopt the method
of Eggertsson (2010, 2012), and assume that in period t + 1, all variables
and shocks remain at their levels of period t with a probability of µ, and
return to steady state with a probability of 1 − µ (log-linearization means
the steady state value is 0). Therefore, expected variables can be expressed as
functions of variables in period t and the probability µ, that is, Etπ̂t+1 = µπ̂t,
Etĉt+1 = µĉt. Substituting into equations (12) and (13) and eliminating ŝt,
we have

(1− µ) ĉt − µπ̂t = −ît (12*)

− κ

1− α
ĉt + (1− βµ) π̂t =

κ

1− α
(−ât − αôt) (13*)

where κ = (1−θ)(1−βθ)(1+γ)
θ

.
Eliminating ĉt yields[
(1− βµ)− µ

κ

(1− α) (1− µ)

]
π̂t +

κ

(1− α) (1− µ)
ît

=
κ

1− α
(−ât − αôt) (15)

2Solving equation (12) forward, we obtain ĉt = −
∑∞

k=0 Et {rt+k}. It indicates that
current consumption depends on the sum of current and anticipated real interest rates.
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This expression shows that when (1− βµ) − µ κ
(1−α)(1−µ)

¿0, the coefficient

of π̂t is positive.3 So a negative energy supply shocks (ôt < 0) will always
increase π̂t; and π̂t increases more under a fixed interest rate (̂it = 0) than
under a flexible interest rate (̂it = ϕππ̂t).

Returning to equation (12*), under a fixed interest rate (̂it = 0), ĉt
changes in the same direction of π̂t, which indicates that a negative energy
supply shock increases consumption (output). Under a flexible interest rate
(̂it = ϕππ̂t) when the Taylor principle is satisfied (ϕπ > 1 > µ > 0), ĉt moves
oppositely with π̂t, indicating that a negative energy supply shock decreases
consumption (output).

This section mainly obtains relatively intuitive and qualitative conclu-
sions by comparing two scenarios (̂it = 0 vs. ît = ϕππ̂t). In the next section,
we prove the above conclusion using more rigorous dynamic simulations.

3.5. Impulse Response Analysis

The impulse response function depicts the path of endogenous variables in
response to a one-standard deviation exogenous shock. The parameter values
chosen are relatively standard in the literature. The persistence parameter
(ρo) of the energy supply shock is 0.5, and the standard deviation (σo) is
0.01. The response coefficient of the nominal interest rate to inflation and
output are 1.5 and 0 respectively. The parameter measuring price stickiness
(θ) is 0.75, the consumer discount rate (β) is 0.99, and the curvature of the
disutility of labor (γ) is 1. Finally, the share of energy input (α) is 0.3.

Figure 3 compares model responses under a flexible interest rate, a 3-
period and a 6-period fixed interest rate. The economy stays at steady state
in period 0. In period 1, it is subject to a negative energy supply shock (εot ).
The nominal interest rate is fixed at steady state from t = 1 to t = k, and in
t = k + 1 it returns to a flexible interest rate determined by the Taylor rule.

According to equation (14), the negative energy supply shock (ôt < 0)
increases the marginal cost (under the condition that the technology and
output level remain unchanged). And the increase of marginal cost corre-
sponds to the increase of the output gap (proved in Appendix A), which
in turn increases inflation and expected inflation. Also, the negative supply

3Under our calibration of model parameters, this means that the probability µ (which
measures the shock persistence) should be less than 0.61. When 0.61 < µ < 1 (i.e., the
shock is persistent enough), a negative supply shock decreases π̂t.
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shock leads to a decline of natural output, which may offset the increase of
the output gap.4

Under a flexible interest rate following the Taylor rule, the nominal in-
terest rate increases more than expected inflation, so the real interest rate
increases. Higher real interest rate curbs the increase of the output gap, so
that it is not enough to offset the decline of natural output. The overall ef-
fect is the decline of the output level. In contrast, when the nominal interest
rate is fixed, the increase of expected inflation leads to a lower real inter-
est rate, which magnifies the increase of the output gap; when the output
gap increases more than the natural output decreases, the output level will
increase.

The assumption of a finite fixed period is critical to guarantee the exis-
tence and uniqueness of equilibrium. If the fixed period is infinite, the rise
in expected inflation leads to a decline in the real interest rate, which in
turn leads to higher inflation and expected inflation, which further decreases
the real interest rate... This positive feedback makes the economy enter a
vicious spiral: the equilibrium moves farther and farther away from steady
sate and eventually collapses. This is the “cumulative process” analyzed by
Wicksell (1907) and Friedman (1968). What constrains this self-reinforcing
divergent process in the model is the expectation of returning to the flexible
interest rate in the end. During the fixed interest rate period, higher demand
means higher inflation. At the end of the fixed period, higher inflation and
the Taylor rule mean higher nominal interest rates, which in turn leads to
lower demand. Enterprises and households with rational expectations seek to
smooth the demand levels at different periods when making decisions, thus
determining the optimal paths of pricing, production and consumption.

To sum up, the impulse response analysis in Figure 3 shows that in the
face of a negative energy supply shock, inflation increases more and the
output level decreases less or even increases under a temporarily fixed interest
rate compared with a flexible interest rate; and the longer the interest rate
is fixed, the more output increases.

4The output gap is defined as the difference between the actual and natural output. The
relationship between marginal cost and the output gap is obtained from equation (A.18),
the relationship between the output gap and inflation is obtained from the forward iteration
of (A.19), the relationship between the supply shock and natural output is obtained from
(A.13), and the relationship between output gap and the real interest rate is obtained from
equations (A.14) and (A.15).
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4. Empirical Analysis

In this section, we use Chinese data to construct the Divisia energy in-
dex, and test the previous theoretical predictions. Following Kilian (2009)’s
strategy of identifying the oil shock, we establish a structural vector au-
toregressive (SVAR) model to identify the energy supply shock. Then, we
use Jordà (2005)’s local projection (LP) method to obtain impulse response
functions (IRFs) of output and inflation.

4.1. Data

All data come from CEIC database. When identifying the energy supply
shock, we use China Coincident Index issued by National Bureau of Statistics
to reflect economic activities in China. We use the Divisia index to summarize
the price and quantity changes of three primary energy sources: coal, oil and
gas. The energy prices are converted to RMB at market exchange rates,
and then deflated by China’s CPI to get real prices. The data of various
frequencies are converted into quarterly data, with a sample period of 1994.1
– 2021.4. We construct Divisia price and quantity indexes based on the
method in Appendix B, and depict them in Figure 4.

Table 2 tests the stationarity of Divisia quantity index, Divisia price index
and China Coincident Index. The first two variables are I(1) processes and
the latter is an I(0) process at the significance level of 5%. Table 3 further
carries out the Johansen cointegration test for the three variables. Under
the significance level of 5%, there are two cointegration relationships; at 1%,
there is one cointegration relationship. In later robustness tests, we construct
a SVECM model based on these cointegration relationships. Here we use a
SVAR model to be consistent with Kilian’s method of identifying oil shocks.

4.2. Identification of Energy Supply Shocks

To account for the endogeneity of energy prices and to differentiate be-
tween the effects of demand and supply shocks, we follow Kilian (2008, 2009)’s
identification strategy. We estimate a 3-variable SVAR model and separate
energy price changes into three sources: energy supply shocks, demand shocks
to all industrial commodities (aggregate demand shocks) and demand shocks
specific to energy markets (energy-specific demand shocks).

Let yt and pt denote the logarithm of Divisia quantity and price indexes
and hgit denote China Coincident Index. To be consistent with Kilian, we

14
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Table 1: Unit Root Test

ADF p-value PP p-value 5% critical value
ln(y) -1.601 0.483 -1.581 0.493 Nonstationary

ln(y) tr -1.682 0.759 -1.629 0.781 Nonstationary
dln(y) -12.253 0.000 -12.125 0.000 Stationary
ln(hgi) -4.059 0.001 -4.035 0.001 Stationary

ln(hgi) tr -4.049 0.008 -4.041 0.008 Stationary
dln(hgi) -8.963 0.000 -8.872 0.000 Stationary
ln(p) -0.05 0.954 -0.31 0.924 Nonstationary

ln(p) tr -0.76 0.969 -0.841 0.962 Nonstationary
dln(p) -9.079 0.000 -9.121 0.000 Stationary

Notes: y and p denote Divisia quantity and price indexes, hgi denotes China Coincident Indicators. ln(*)
denotes log level, ln(*) tr denotes log level with a linear trend, dln(*) denotes first difference of log levels.
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Table 2: Cointegration Test

Null Hypothesis LL Statistic Eigenvalue
Trace Test

Statistic 5% critical value 1% critical value
r ≤ 1 1185.174 52.323 29.68 35.65
r ≤ 0 1208.204 0.347 6.263*** 15.41 20.04
r ≤ 2 1211.177 0.054 0.317 3.76 6.65
r ≤ 3 1211.336 0.003
Notes: r denotes the number of cointegration vectors, * * * denotes significance at 1%.

choose the logarithm of hgit, the first difference of yt and pt to form the
following vector:

Zt = {yt, hgit, pt}
The structural VAR model is expressed as

A0ZT = α +
k∑

i=1

AiZt−i + εt (16)

Here, εt denotes the vector of serially and mutually uncorrelated structural
innovations, A0 is a recursive structure satisfying et = A−1

0 εt, where et rep-
resents reduced-form errors defined below.

In accordance with Kilian’s hypothesis, here we assume that (1) energy
supply does not respond to energy demand of current period; and that (2)
the energy-specific demand shock does not affect current macroeconomic ac-
tivities, but delays at least one quarter. Therefore, the reduced-form errors
et can be decomposed as follows:

et =

 eyt
ehgit

ept

 = A−1
0 εt =

a11 0 0
a21 a22 0
a31 a32 a33

 εyt
εhgit

εpt

 (17)

where εyt represents the structural shock to the energy supply, εhgit represents
the aggregate demand shock, and εpt stands for the energy market specific
demand shock. Based on the AIC and FPE criteria in Table 3, the lag order
is selected at 5. Figure 5 plots the structural shocks extracted by the model,
on which various economic variables can be regressed.

4.3. Responses Under Fixed vs. Flexible Interest Rates

During the process of interest rate liberalization, interest rate flexibility
in China increases over time. Accordingly, we divide the sample into two
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Figure 5: Identified Structural Shocks (1995-2020)

Notes: Structural residuals are averaged to annual frequency.
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Table 3: Cointegration Test

Lag Order
Statistics

Degrees of Freedom p-value
Information Criteria

LL LR FPE AIC HQIC SBIC
0 1067.800 0.000 -20.879 -20.847 -20.801
1 1115.760 95.925 9 0.000 0.000 -21.642 -21.518* -21.334*
2 1126.010 20.493 9 0.015 0.000 -21.667 -21.448 -21.126
3 1141.720 31.426 9 0.000 0.000 -21.799 -21.486 -21.026
4 1148.100 12.753 9 0.174 0.000 -21.747 -21.341 -20.743
5 1160.190 24.189* 9 0.004 0.000* -21.808* -21.308 -20.572
6 1167.850 15.317 9 0.083 0.000 -21.781 -21.187 -20.315
7 1174.350 12.995 9 0.163 0.000 -21.732 -21.045 -20.034
8 1179.820 10.950 9 0.279 0.000 -21.663 -20.882 -19.733

Notes: * indicates lag order selected by the criterion.

intervals: 1994Q1–2004Q4 and 2005Q1–2021Q4. The former represents the
fixed interest rate period, and the latter represents the flexible period. We
choose 2004 as the separating point, because in that year the People’s Bank
of China expanded the floating range of deposit and loan interest rates of
commercial banks. It removed the ceilings of loan rates and the floors of
deposit rates, which is a symbolic step towards flexible interest rates.

We regress different variables on the previously extracted energy supply
shocks:

yt =
n∑

j=1

βjyt−j +
k∑

j=0

γjε
∆supply
t−j + µy,t (18)

where yt can be GDP, industrial production (IP), inflation, etc., ε∆supply
t−j de-

notes energy supply shocks extracted previously, µy,t is the residual term. If
the shocks can be well identified, it is unnecessary to include lagged depen-
dent variables. However, including these items will improve our estimates
and ensure that the coefficient γj does not capture the responses caused by
other factors.

Using the local projection method of Jordà (2005), we obtain the IRFs for
the two sub-periods: 1994–2004 and 2005–2021. The left column in Figure
6 compares the IRFs of output (GDP and IP). During the fixed interest
rate period, output jumps up immediately but temporarily. In response to
one unit of negative supply shock, GDP increases by 0.337%, and industrial
production increases by 0.307%: both are statistically significant. During
the flexible interest rate period, output decreases, but not significantly. The
right column in Figure 6 are IRFs of inflation (CPI and PPI). Inflation rises
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in both fixed and flexible interest rate periods but rises more in the former
period. For all periods under flexible rates and most periods (except for the
5th and 6th quarters) under fixed rates, inflation responses are statistically
insignificant. Under fixed interest rates, inflation reaches its peak in the 5th
and 6th quarters after the shock (CPI reaches 0.22% in the 5th quarter and
PPI reaches 0.53% in the 6th quarter) and become significant.

To compare the responses rigorously, we follow the approach in Gaŕın
et al. (2019). We use Fisher’s permutation test, letting d denote the difference
between the coefficient γj in the two sub-periods. The zero hypothesis is d =
0, which means that there is no statistically significant difference between the
IRFs across regimes. Table 4 shows estimates of the coefficient difference d
and corresponding p-values for various horizons. In terms of output: p-values
show that GDP and IP responses are not significantly different between the
two regimes, although in Figure 6 responses under fixed rates are significantly
positive. For inflation (CPI and PPI): the responses of PPI under fixed
interest rates are significantly higher at horizon h = 6.

Table 4: Tests of Equality of IRFs Under Fixed vs. Flexible Interest Rates

Horizon GDP p-value IP p-value CPI p-value PPI p-value
0 4.104 0.149 3.628 0.180 0.270 0.427 -0.040 0.484
1 1.576 0.297 1.608 0.282 0.847 0.266 -2.585 0.240
2 2.086 0.211 2.067 0.185 -0.252 0.447 -0.371 0.427
3 -0.173 0.467 1.811 0.220 1.607 0.166 2.642 0.289
4 1.609 0.290 0.201 0.461 -1.768 0.066 3.491 0.188
5 -0.972 0.368 -1.609 0.286 1.892 0.153 -1.767 0.347
6 2.059 0.209 2.140 0.187 1.588 0.205 7.626 0.017**
7 1.523 0.376 -2.130 0.338 -1.509 0.110 3.169 0.159

Notes: The second, fourth, sixth and eighth columns are respectively estimates of the coefficient difference
(d) for GDP, industrial production (IP), CPI and PPI at various horizons. The estimates are obtained
from the bootstrap method with sampling times of 5000. ** denotes significance at 5%.

The main results are summarized in the 3rd row of Table 5. In response
to a negative supply shock, output increases significantly under fixed interest
rates, which is consistent with the prediction of our model; but the declines
of output under flexible interest rates are insignificant. Inflation under fixed
interest rates is significantly higher than under flexible interest rates, which
is also consistent with the model prediction; but the responses are not sig-
nificantly positive under flexible interest rates.
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Figure 6: IRFs of Output and Inflation

Notes: The solid line shows responses under flexible interest rates. The dashed line shows responses under
fixed interest rates. The shaded area bands represent the 90% confidence interval around the fixed interest
rate case.
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Table 5: Comparison of Theoretical Predictions and Empirical Results

Flexible interest Rate Fixed interest Rate

Theoretical predictions
Output declines
Inflation rises

Output declines less or increases
Inflation rises more

Empirical results
Output declines (insignificant)
Inflation rises (insignificant)

Output increases (significant)
Inflation rises more (significant)

Our empirical results show that the impulse responses are indeed different
between the two regimes. In particular, the responses are more significant
under fixed interest rates than under flexible interest rates. The reason can
be found in our previous model simulations: when the nominal interest rate
is fixed, the real interest rate moves oppositely with expected inflation, which
adds positive feedback to the propagation of external shocks and magnifies
the responses of internal variables. On the contrary, a Taylor rule generates
a mechanism of negative feedback that stabilizes the economy and leads to
insignificant responses under flexible interest rates.

4.4. Robustness

We consider several robustness checks on our baseline results. First, we
use a structural vector error correction (SVECM) model instead of SVAR
model in equation (16). Table 2 shows that there is one cointegration rela-
tionship among the three variables yt, hgit and pt. Thus, we use SVECM
to restrict the long-run behavior of these variables. The structural shocks
extracted from the SVECM model should not be significantly different if
our previous SVAR specification is reasonable. The SVECM model can be
expressed as

∆Zt = αβ′Zt−1 +

p∑
i=1

∏
i

∆Zt−i + µt (19)

Here ∆ denotes the first difference operator, Zt is a 3×1 column vector, α is a
3×1 adjustment coefficient vector, β′ is a 1×3 cointegration coefficient vector,
β′Zt−1 indicates the long-run equilibrium relationship,

∏
i = −

∑p
j=i+1Aj is

a 3×3 short-run coefficient matrix that governs short-run adjustment dy-
namics. Finally, µt is the reduced-form error satisfying µt = Bεt, where B is
the matrix to be estimated, and I3 is an identity matrix of order 3.

In order to identify the model, we impose the same short-run restrictions
as before: (1) energy supply does not respond to current energy demand;
and (2) macroeconomic activities does not respond to energy-specific demand
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shocks in current quarter. Based on this, we make the following specification:

µt =

 eyt
ehgit

ept

 = Bεt = B

 εyt
εhgit

εpt



B =

 NA 0 0
NA NA 0
NA NA NA


where εyt , ε

hgi
t , εpt represent respectively the structural shock on energy sup-

ply, the aggregate demand shock, and the energy market specific shock. The
missing values (NA) in matrix B are elements to be estimated. Figure 7 com-

-2
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1995 2000 2005 2010 2015 2020

SVECM
SVAR

Figure 7: Energy Supply Shocks Extracted from SVECM and SVAR (1995-2020)

Notes: Structural residuals are averaged to annual frequency. The solid line represents shocks extracted
from the SVAR model. The dotted line represents shocks extracted from the SVECM model (with a lag
order of 6 and cointegration rank of 1).

pares the energy supply shocks extracted from SVECM and SVAR models.
The former fluctuate more than the latter, but not significantly different.

Second, we test different specifications of equation (18). According to
Wieland (2019) and Gaŕın et al. (2019), if the energy supply shocks extracted
are well identified, they will be orthogonal to current economic activities.
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Therefore, excluding lagged dependent variables from equation (18) should
produce similar results. We test the following specification:

yt =
k∑

j=0

γjε
∆supply
t−j + µy,t (20)

Figure 8 compares the IRFs of equation (20) with equation (18). We draw
responses of the flexible and fixed interest rate case in one graph. The solid
line represents the baseline case including lagged dependent variables, and
the dotted line represents the case without lagged dependent variables. The
results for all variables basically coincide with the baseline results, suggesting
that the energy shock is not picking up dynamics induced by other shocks.
For the flexible interest rate case, excluding lagged dependent variables seems
to reduce the decline of output, but it is not significant.

Finally, Figure 9 compares different lag orders of equation (18). The
baseline regression is represented by the solid line. The figure shows the
estimated responses are qualitatively insensitive to the number of lags in
the regression. Choosing a smaller lag order makes the responses of output
and inflation weaker than the original regression, and reduces the differences
between fixed and flexible interest rates, but it has no significant impact on
our results. These tests verify our baseline results.

5. Conclusion

Interest rate flexibility plays a vital role in the transmission of external
shocks in New Keynesian models. The market-oriented interest rate reform
in China has removed various interest rate controls over the years so that
the interest rate system becomes more flexible. This change of interest rate
flexibility provides conditions for testing the NK model predictions.

We construct the Divisia energy index using Chinese data, identify en-
ergy supply shocks based on SVAR and SVECM models, and obtain impulse
responses using the local projection method. As summarized in Table 5,
empirical evidence is basically consistent with the model prediction: output
increases rather than decreases under fixed interest rates compares with flex-
ible interest rates; inflation rises more under fixed interest rates than flexible
interest rates.

This study shows that interest rate flexibility is critical for the spread
of energy supply shocks. Economic policies should consider the change of
monetary system brought about by interest rate liberalization.
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Figure 8: IRFs Excluding Lagged Variables

Notes: The estimated impulse responses under fixed interest rates (blue lines) and flexible interest rates
(red lines) are put in one graph. The solid lines show responses of the baseline regression. The dashed
lines show responses excluding lagged variables. The shaded area bands represent 90 percent confidence
intervals around the baseline fixed interest rate case.
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Figure 9: IRFs of Alternative Lags

Notes: The estimated impulse responses under fixed interest rates (blue lines) and flexible interest rates
(red lines) are put in one graph. The solid lines show responses of the baseline regression. The dashed
lines show responses with p = 1 lag. The dotted lines show responses with p = 2 lags. The shaded area
bands represent 90 percent confidence intervals around the baseline fixed interest rate case.
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Appendix A. The Model

Appendix A.1. Households

The representative household maximizes its utility (equation (1) in the
text) subject to the period budget constraint (equation (2) in the text). The
optimality conditions are given by

βEt

{
Ct

Ct+1

Rt

πt+1

}
= 1

πt+1 =
Pt+1

Pt

Nγ
t Ct =

Wt

Pt

Appendix A.2. Firms

Appendix A.2.1. Optimal Price Setting

The intermediate good producer reoptimizing in period t will choose P̃t,
to maximize the current market value of the profits generated while that
price remains effective. This corresponds to solving the following problem:

max
P̃t

Et

∞∑
j=0

µt+jβ
jθj

[
P̃tYt+j(i)− Pt+jst+jYt+j(i)

]
Taking its derivative and substituting out for Yt(i) using the demand equation

Yt+j(i) =
[

P̃t

Pt+j

]−ε

Yt+j, we obtain the following optimality condition:

Et

∞∑
j=0

µt+jβ
jθjYt+jP

ε
t+j

[
P̃t

1−ε
− Pt+jst+jP̃t

−ε
]

= Et

∞∑
j=0

βjθj
Yt+j

Ct+j

(Xt,j)
−ε

[
p̃tXt,j −

ε

ε− 1
st+j

]
= 0

where p̃t =
P̃t

Pt
and Xt,j =

{ 1
πt+jπt+j−1...πt+1

j ≥ 1

1 j = 0
.

The above expression yields

p̃t =

Et

∞∑
j=0

βjθj(Xt,j)
−ε ε

ε−1
st+j

Et

∞∑
j=0

βjθj(Xt,j)
1−ε

=
Kt

Ft
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Here,

Kt =
ε

ε− 1
st + βθEt

(
1

πt+1

)−ε

Kt+1

Ft = Et

∞∑
j=0

(βθ)j(Xt,j)
1−ε = 1 + βθEt

(
1

πt+1

)1−ε

Ft+1

Appendix A.2.2. Aggregate Price Dynamics and Dispersion

The aggregate price level is

Pt =

[∫ 1

0

Pt(i)
1−εdi

] 1
1−ε

=

[
(1− θ)P̃ 1−ε

t +

∫
P 1−ε
i,t di

] 1
1−ε

=
[
(1− θ)P̃ 1−ε

t + θP 1−ε
t−1

] 1
1−ε

Eliminating Pt we obtain p̃t =
[
1−θπt

(ε−1)

1−θ

] 1
1−ε

. Combining it with the previous

optimality condition yields

Kt

Ft

=

[
1− θπt

(ε−1)

1− θ

] 1
1−ε

We follow Yun (1996) to derive the relation between output (Yt), aggre-

gate inputs (Nt, Ot) and the distribution of resources. Defining Y ∗
t =

∫ 1

0
Yi,tdi

and using equations (7) and (8) in the text, we obtain

Y ∗
t = At

∫ 1

0

Nt(i)
1−αOt(i)

αdi = At

∫ 1

0

Nt(i)

[
Ot(i)

Nt(i)

]α
di

= At

[
Ot

Nt

]α ∫ 1

0

Nt(i)di = AtNt
1−αOt

α

From Yt(i) =
[
Pt(i)
Pt

]−ε

Yt, we have

Y ∗
t =

∫ 1

0

Yi,tdi = Yt

∫ 1

0

(
Pi,t

Pt

)−ε

di = YtP
ε
t

∫ 1

0

(Pi,t)
−εdi = YtP

ε
t (P

∗
t )

−ε
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Rearranging terms,

Yt =

(
P ∗
t

P

)ε

Y ∗
t = p∗tAtNt

1−αOt
α

Here,

p∗t =

[
(1− θ)

(
1− θπε−1

t

1− θ

) ε
ε−1

+
θπε

t

p∗t−1

]−1

where p∗t measures price distortion and satisfies the condition p∗t

{
= 1, Pi,t = Pj,t

≤ 1, otherwise
.

Appendix A.3. Output Gap and Log-linearization

The above optimization conditions can be summarized as below:

βEt

{
Ct

Ct+1

Rt

πt+1

}
= 1 (A.1)

πt+1 =
Pt+1

Pt

(A.2)

Nγ
t Ct =

Wt

Pt

(A.3)

Ot

Nt

=
α

1− α

Wt

P o
t

(A.4)

st =

(
1

1− α

)1−α(
1

α

)α
1

At

(
P o
t

Pt

)α(
Wt

Pt

)1−α

(A.5)

Kt =
ε

ε− 1
st + βθEtπt+1

εKt+1 (A.6)

Ft = 1 + βθEtπt+1
ε−1Ft+1 (A.7)

Kt

Ft

=

[
1− θπt

(ε−1)

1− θ

] 1
1−ε

(A.8)

Yt = p∗tAtNt
1−αOt

α (A.9)

p∗t =

[
(1− θ)

(
1− θπε−1

t

1− θ

) ε
ε−1

+
θπε

t

p∗t−1

]−1

(A.10)

Appendix A.3.1. Natural Output and Output Gap

To derive the standard Philips curve, we assume the steady state inflation
π = 1, and obtain R = 1

β
− 1, p∗ = 1, and F = K = 1

1−βθ
.
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Price distortion is eliminated in steady state, so log p∗t = 0. Log-linearizing
(A.10) around steady state yields the motion law of p∗t : p̂

∗
t ≈ θp̂∗t−1+0×πt =

θp̂∗t−1. If p̂
∗
0 = 0, then p̂∗t = 0, which means P ∗

t = Pt, that is, p
∗
t = 1.

Substituting it into (A.9), we have Yt = AtNt
1−αOt

α around steady state.
Rewritten in log-linear form,

yt = at + (1− α)nt + αot (A.11)

where lowercase letters denote the logarithm of the corresponding variables
(e.g., yt = log Yt).

Define the natural level of output Y n
t as the equilibrium level under flex-

ible prices (p∗t = 1). When price distortions are eliminated, Nt (i) = Nn
t , and

Ot (i) = Ot, where Nn
t is household employment under flexible prices. From

(A.9), Y n
t = At(N

n
t )

1−α(Ot)
α under flexible prices. Taking logs,

ynt = at + (1− α)nn
t + αot (A.12)

Likewise, rewrite (A.3) and (A.4) under flexible prices in log-linear terms,
and obtain

γnn
t + cnt = ln

(
Wt

Pt

)
= wt

ot − nn
t = ln

(
α

1− α

)
+ ln

Wt

Pt

− ln
P o
t

Pt

= ln

(
α

1− α

)
+ wt − pot

And from the firm’s profit maximization under flexible prices, we obtain the
aggregate demand for energy:

at + lnα + (1− α) (nn
t − ot) = pot

Eliminating wt and pot from the three equations above, substituting out
for nn

t in (A.12), and using the market clearing condition of the final good
market under flexible prices (ynt = cnt ), we obtain natural output:

ynt = at + αot (A.13)

Define the output gap ỹt = yt − ynt . Since in steady state y = yn, then

ỹt = yt − ynt
= yt − y − (ynt − yn)
= ŷt − ŷnt
= ĉt − ât − αôt

(A.14)

where the symbol ̂ represents the log deviation of the variable from its
steady state, for example, ŷt = yt − y = log Yt − log Y .
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Appendix A.3.2. Log-linearization

Log-linearizing (A.1) around steady state yields

ĉt = −
(
ît − Etπ̂t+1

)
+ Etĉt+1 (A.15)

Log-linearizing (A.6)–(A.8) around steady state yields

1

1− βθ
K̂t = ŝt +

βθ

1− βθ
Et

(
επ̂t+1 + K̂t+1

)
1

1− βθ
F̂t =

βθ

1− βθ
Et

(
(ε− 1)π̂t+1 + F̂t+1

)
K̂t − F̂t =

θ

1− θ
π̂t

Eliminating K̂t and F̂t, we obtain the New Keynesian Phillips curve

π̂t = βπ̂t+1 +
(1− θ)(1− βθ)

θ
ŝt (A.16)

where ŝt can be derived from (A.3)–(A.5), (A.9) and Yt = Ct:

ŝt =
1 + γ

1− α
(−ât − αôt + ĉt) (A.17)

Equation (A.16) can also be expressed in terms of the output gap. Com-
bining (A.14) and (A.17), we obtain

ỹt =
1− α

1 + γ
ŝt (A.18)

Substituting into (A.16) yields

π̂t = βπ̂t+1 +
(1− θ)(1− βθ)

θ

1 + γ

1− α
ỹt (A.19)

Solving (A.19) forward yields

π̂t =
(1− θ)(1− βθ)

θ

1 + γ

1− α

∞∑
k=0

βkEt {ỹt+k}

This expression shows that inflation is determined by the discounted sum of
output gaps in current and all future periods.

Finally, we log-linearize monetary policy (equation (11) in the text) to
obtain:

ît =

{
ϕππ̂t + ϕyŷt + εrt t > k
0 t = 1, ..., k

(A.20)
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Appendix B. Divisia Energy Index

We follow the approach in Kang & Zheng (2021) to construct the Divisia
energy index. The index synthesizes the price and quantity changes of three
main energy sources: coal, oil and gas. Table B.1 lists proxy variables for
each energy price and energy quantity used in the process.

Table B.1: Proxies for Energy Price, Consumption and Production

Variables Proxy Variables

Coal price
Qinhuangdao Power Coal Price, average sale price
of state-owned coal enterprises

Imported oil price Dubai Crude Oil Price
Domestic oil price Daqing Oilfield Spot Price
Imported gas price Average natural gas price from Russia

Domestic gas price
LPG market mainstream transaction price, civil
natural gas price issued by National Development
and Reform Commission

Coal production raw coal output

Foreign oil production
global crude oil production – Chinese crude oil pro-
duction

Domestic oil production Chinese crude oil production

Foreign gas production
global natural gas production – Chinese natural
gas production

Domestic gas production Chinese natural gas production
Coal consumption raw coal consumption
Oil consumption apparent consumption: crude oil
Gas consumption annual value of natural gas consumption /4

Appendix B.1. Divisia energy price index

The Divisia price index is

pt/0 = exp
{
∫cp

∑
qtdpt/

∑
qtpt

}
Here, pt/0 denotes the change of price from period 0 to period t, cp is the
integral path of dpt, and qt and pt denote energy consumption and price in
period t.
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Let γt = qtpt/
∑

qtpt, δt = dpt/pt ≈ lnpt − lnpt−1, and discretize time t.
Then we obtain

lnpT/0 = ∫
∑

γtδt =
T∑
t=1

∑
γtδt ≈

T∑
t=1

[∑
1/2 (γt + γt−1) δt

]
From this equation, we derive the composite price comprised of various

energy prices:

φt =
T∑
t=1

[
k∑

i=1

1/2 (γit + γit−1) δit

]
Here, γit denotes the weight of the ith energy in period t, and i = 1, 2, 3
denote coal, oil and gas. Among them, gas is negligible in China’s energy
consumption until December 2004, when the west-to-east gas transmission
project was put into use. So we set k to 2 before 2005 and 3 after that.

Although coal consumption is self sufficient in China, the external depen-
dence of oil and natural gas is high. Therefore, the prices of oil and natural
gas need to combine domestic and import prices, weighted according to their
external dependence:

pit = µitp
import
it + (1− µit) p

domestic
it

where µit indicates the degree of external dependence of the ith energy in
period t, and pimport

it and pdomestic
it refer to the import and domestic price of

the ith energy in period t.
Next, we convert the calorific value of the energies to standard coal as

follows:
pit

′qit = p1tqitfi/f1

where pit
′ indicates oil or gas price after adjustment, p1t is coal price, and fi

refers to the conversion coefficient of oil or gas to standard coal, taken from
China Energy Statistical Yearbook.

From the above equations, we have

φt =
T∑
t=1

[
k∑

i=1

1/2
(
pit

′qit
/∑

i pit
′qit +

pit−1
′qit−1

/∑
i pit−1

′qit−1

)
(lnpit − lnpit−1)

]

Pt = 100exp {φt}

where Pt is the Divisia energy price index taking 1994 as the base period.
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Appendix B.2. Divisia energy quantity index

Similarly, we can obtain the Divisia energy quantity index

φt =
T∑
t=1

 k∑
i=1

1

2
(
pit

′qit/∑
i pit

′qit +
pit−1

′qit−1/∑
i pit−1

′qit−1

)
(lnpit − lnpit−1)


Qt = 100 exp {φt}

Here, Qt is the Divisia energy quantity index taking 1994 as the base period,
and qit and pit denote the energy quantity and price in period t, derived from
the following equations:{

qit = µitq
foreign
it + (1− µit) q

domestic
it

pit = µitp
foreign
it + (1− µit) p

domestic
it

Here, qforeignit , qdomestic
it , pforeignit , pdomestic

it refer to the foreign output, do-
mestic output, foreign price and domestic price of the ith energy in period
t.
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