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ABSTRACT ARTICLE HISTORY
We establish a two-country DSGE model with a vertical produc- Received 30 July 2020
tion chain to study the inflation dynamics in China. By introduc- Accepted 17 May 2022

ing multiple layers of price stickiness and shadow economy
production to the vertical industrial chain, our model helps to
explain dynamic characteristics of inflation. In our model, shocks
can not only affect inflations by passing down the production
chain through cost channels, but also in the reverse way due to
the intermediate demand effect and the investment costs effects. JEL CLASSIFICATIONS
After calibrating and estimating the parameters, the simulation C61; E31; F41

results show that more than 90% of inflation fluctuations in China

can be attributed to domestic shocks, among which the domestic

monetary shock and final sector technology shock are the most

influencing factors in explaining China’s inflation dynamics.

KEYWORDS

Inflation; vertical industry
chain; multi-layer price
stickiness; DSGE modelling

1. Introduction

The acceleration of market reform and globalization has a huge impact on China’s
economic performance, especially on inflation. Using the Primary Price Index of Raw
Material (PPIRM), Producer Price Index (PPI) and non-food Consumer Price Index
to measure China’s inflation, Figure 1 shows that China’s inflation has shown obvious
cyclicality: all inflation indicators change simultaneously. Moreover, inflation volatility
differs in magnitude: PPIRM has the largest fluctuation, PPI has moderate volatility,
and CPI shows stronger smoothness than PPIRM and PPIL

In order to characterize the characteristics of China’s inflation, we try to construct
a two-country DSGE model with three-layer production chain, the upper, middle and
lower productions, to study the dynamic characteristics and transmission mechanism
of China’s inflation. In the model, the upper, middle and lower industries correspond
to the production of ‘primary goods’, ‘industrial goods’ and ‘final (consumer) goods’
production.! Moreover, we introduce Calvo (1983) price adjustments into each layer
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Figure 1. China’s inflation index since 2001.
Data source: Wind database.

of the vertical industrial chain; therefore, the setting of multi-layer price stickiness
produces stronger inflation smoothness. Besides, by incorporating the shadow econ-
omy, the interaction of shadow economy with production chain in the model pro-
vides a better explanation to the real economy.

We use quarterly data of China and the United States to calibrate and estimate the
parameters, and compare the impact of technology shock, investment shock, con-
sumption and monetary policy shocks. Our conclusion shows that the introduction of
vertical industrial chain and multi-layer price stickiness reduces the impact of upper-
layer production shock, while technology and investment shocks from lower-layer not
only produce the most obvious impact on CPI, more importantly, these shocks will
be transmitted to the upper layer production, influencing PPI and PPIRM. The
impulse response and counterfactual simulations also confirm that our model’s results
are much closer to China’s reality than the standard NK models.

This article mainly contributes to the literature by introducing of vertical the indus-
trial chain in the model, which exhibits more complicated inflation transmission mech-
anisms. Specifically, because the price stickiness in the model is imposed on each layer,
shocks from the upper layer of the industrial chain are more smoothed out. More
importantly, inflation in our model can be passed not only from the top layer of the
production chain to bottom through cost channels, but also from the bottom layer to
top through both intermediate products demand effect and the investment price effect.
In our model, the former is a relatively weak channel. For example, a positive technol-
ogy shock from the industrial goods sector leads to a decline in PPI, which is its direct
effect. However, the decline in PPI will bring about more consumption of industrial
intermediate products in the final production, which partly offsets the decline in PPL
Compared with the demand mechanism, the price effect of investment goods is more
obvious, since all sectors use final products as investment. Therefore, the shocks from
final goods production will directly affect the cost of all sectors.

Another contribution of this article is that, in each layer of the production chain,
we introduce shadow economy production, which has lower costs than the formal
economy. Since the middle and upper layers of the industrial chain are more con-
trolled by state-owned enterprises in China, our model sets a larger proportion of the
informal economy at the lower layer of the industrial chain. Under this setting, our
model highlights interactions of shadow economy and industrial production chain in
explaining inflation smoothness.
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The remainder of this article is structured as follows. Section 2 reviews the relevant
literature. Section 3 provides an overview of the model, a two-country DSGE model
with vertical industrial chains of upper, middle and lower productions. Section 4
reports the parameter calibration and prior distribution, as well as the Bayesian estima-
tion results. Based on that, Section 5 decomposes the influencing factors of China’s
inflation and compares the contribution of technological shock, monetary shock, pref-
erence and investment shocks from domestic and abroad. In Section 6, we present the
IRFs, and by constructing counterfactual simulations without multilevel industry and
no shadow economy production, we verify the role of vertical industrial chain and
shadow economy in smoothing China’s inflation. Finally, Section 7 concludes.

2. Literature review

Research on the dynamic characteristics of inflation has always been the core of mac-
roeconomics. In the 1990s, Gali and Gertler (1999), Clarida et al. (1999) analyse the
Phillips in the framework of New Keynesian economics, but it is still difficult to
explain the persistence of the actual inflation due to the model’s completely forward-
looking characteristics. In order to reconcile the theoretical and the empirical results,
Christiano et al. (2005) propose a more general inflation dynamic model, that is, the
hybrid new Keynesian Phillips Curve (HNKPC). Although the HNKPC model
responds to the challenge of the inflation persistence relatively well, Rudd et al.
(2005) and Rudd and Whelan (2006) find that its improvement is mainly due to the
introduction of lagging inflation, which is sharply criticized for it is arbitrarily intro-
duced into the model.

To give a firm explanation to inflation dynamics, the analysis of inflation and
monetary policy from the perspective of industrial structure has attracted more and
more academic attention. Horvath (2000), Kim and Kim (2006) use the industrial
input-output table to construct a model with production structure, and their results
show that integrating the input-output structure makes the model fit the inflation
fluctuation well, without resorting to large total shocks. Huang and Liu (2007) and
Wong and Eng (2010) use the industrial structure model to analyse the transmission
of inflation shocks, in their models, multi-layer price staggered adjustment strength-
ens price stickiness. Carvalho et al. (2021) compare the impact of aggregate and sec-
toral shocks on inflations and verifies that under the input-output structure, inflation
responds more slowly to aggregate shocks, but more quickly to sectoral shocks. Moro
(2012) and Pinto (2021) make cross-country studies on industrial structure and eco-
nomic volatility. In their studies, the intensification of the industrial structure and the
increase in the proportion of service sector leads to the stability of economic fluctua-
tions. Bouakez, (2022) finds that the shock from the upper-layer industry will be
gradually weakened through the cost channel, while the lower-layer impact has a
stronger effect on prices and output.

On the topic of inflation dynamics in China, though the most studies are mostly
based on empirical analysis (Chow & Wang, 2010; Funke et al., 2015), some recent
literatures start to analyse in more theoretical ways. Some studies use DSGE models
and dynamic econometrics to estimate the New Keynesian Phillips Curve (Li et al,
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2015; He et al., 2017). However, this type of literature often requires the exogenous
assumptions of the backward pricing, and ignores the influence of produc-
tion structure.

Our research is based on the model of Huang and Liu (2007),Wong and Eng
(2010) and Bouakez et al. (2022). Compared with literatures such as Huang and Liu
(2007) and Wong and Eng (2010), our model includes not only technical shock, but
also investment shock, monetary and preference shocks. More importantly, in our
model shocks can not only pass along the industrial chain from top layer to bottom,
there is also a reverse transmission mechanism including both the investment price
effect and intermediate products demand effect. Therefore, by introducing vertical
industrial structure, this article enriches the dynamic mechanisms of inflation.

Second, we consider the existence of informal economies in China. The literature
of shadow economy also helps to understand the inflation dynamics, especially for
developing countries. Solis-Garcia and Xie (2018) use a two-sector general equilib-
rium model to discuss the output volatility of shadow economy. Colombo et al
(2016) investigate the response of shadow economy to economic crisis, and concludes
that the informal sector is a powerful buffer, which absorbs a large proportion of the
fall in official output. By incorporating the informal economy, our model produces
further smoothness of inflation.

Finally, compared to the existing literature, our open economy setting is more real-
istic. Bouakez et al. (2022) provide an explicit solution to the multi-layer industrial
structure model, but their model does not introduce an open economy. The studies
of Huang and Liu (2007) and Wong and Eng (2010) all stay on the assumption that
the economies of the two countries are completely symmetrical and the production
along industrial chains are completely the same. Besides, they use parameter calibra-
tion methods for numerical simulation analysis, which makes it difficult to draw con-
clusions that reflect the characteristics of the two countries. In contrast, we combine
calibration and estimation methods and use actual data from China and the United
States to determine the parameters. Therefore, our model is more in line with the
actual situation of China and the United States in terms of economic scale and indus-
trial structure.

3. The model

We introduce the vertical input-output structure of production into the two-country
model. It is assumed that the world is composed of two countries, where country H
is domestic (such as China) and country F is foreign (such as the United States).”
Due to the vertical production structure, in each country, the production problems
are conducted by primary, industrial, and final goods entrepreneurs.

3.1. Households

Representative households in country H obtain utility through consumption C,
actual currency holdings m,;, where m; = M;/Ps;, and leisure. The domestic repre-
sentative family’s utility function is given by
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Nt (C)'°  (M/Ps)' " (L)'
U—;Bgt e B At oy (1)

subject to the budget constraints

P3Gy + Ppely + My + Z Q(Ves1|ve)Br, 11 (Vi)

Vi+1

+ S Z Q" (Ver1|vt)Bp 1y (vVin1)

Vi+1

= WtLt + Mt—l + BH,t + Bp,t + Tt + P3,t®t + RK,th (2)

where B is the time discount factor and L, denotes labour. M; measures the amount
of money held by consumers and P;; denotes the overall domestic consumer price
level. ¢, represents the exogenous consumer preference shock. By ;1(vi+1) and
B, +1(vt+1), respectively, denote that in state v;;;, the family can get By ;1 units of
local currency income and By ,,, units of foreign currency income. Q and QF repre-
sent the corresponding bond prices. I; is the actual investment, T; is the one-time
transfer payment from the government, P, is the price of the investment product,
W, is the nominal wage, S; represents the nominal exchange rate, R (K; is the invest-
ment income, and P ;0; is the profit from the enterprise.

It is worth noting that the consumption of representative domestic households C;
is composed of domestic products Csp,; and imported products Csg,; :

} e/(e-1) 3)

C[ _ |:(1 _ aH)l/E(C3H’t)171/8 + a}{/g(C3p)t)171/8

where ay is the foreign consumer goods preference coefficient and ¢ is the consump-
tion substitution elasticity of the two products.Similarly, actual investment I; consists
of domestic investment goods Iy, ; and imported investment goods Ir, that is

:|81/(8171) (4)

I = [(1 _ aI)l/gl(IH’t)l—l/Sj + a}/Sl (IF,t)l_l/gl

where a; is the preference coefficient of foreign investment products and g; is the
substitution elasticity of the two investment products. Given the investment level I,
the household’s capital accumulation equation is given by

Kiyy = (1= 8K, + &1 — T(L/T )L (5)
where T'(I;/I,_1)I; is the investment adjustment cost, assuming that I'(1) =T"(1) =0

at steady state and I'""(1)>0. &, represents investment shock.

3.2. Primary product production and primary product price index

We assume that the primary product producers in country H are monopolistic com-
petitive enterprises distributed in the continuum|0, 1], among which, the proportion
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of the shadow economy is @y, and the proportion of 1-w;y is the formal economy. It
is further assumed that both the formal and shadow economies are operated by enter-
prises, who use capital and labour factors in production. As far as the formal economy
is concerned, the production function of representative manufacturer is given by

Yy, = Ay KL (6)

where A ; represents the technical level of primary goods production. K, , and L, ,
represent the amount of capital and labour input in the production of primary goods.
For the shadow economy, we assume its technology shows decreasing return to scale,
and its production function is

_ oy 7 T(1—0u)
Yie=A K (L,

where 7 is a parameter less than 1.

We adopt the sticky pricing method of Calvo (1983), that is, enterprises choose
optimal price Py, with probability 1—0, per period, or otherwise prices remain
unchanged. Then, we obtain the inflation dynamics of primary products:

TH,t = ®1HTH, + (1 — Oig)Tim,

—0)(1 — B
= B+ B (e
X (1= o)y + ok, ]—Are + Py —Pip i} (7)

In the above equation, since T is a parameter less than 1, the larger of the shadow
economy’s fraction ®;y, the more it will offset the changes in marginal cost, making
primary product inflation show more smoothness.

Furthermore, we assume that the primary products Y;p ; and Yif; from home and
abroad are used for industrial production as primary intermediate inputs Z; ;, which
takes the form

@1/ (91-1)
] ®)

Zl,t = [(1 _ Kl)l/(Pl (YIH,t)l_l/(pl + Ki/(Pl(YlF,t)l_l/(pl

where K, is a parameter reflecting the degree of participating in the international pro-
duction chain. If k; = 0, the model degenerates into the basic two-country DSGE, in
which each country uses only domestic factors for production. Given the prices of
primary goods in both countries {P,y ,, Pz}, we can easily find the price index of
the production of primary goods in country H is

} 1/(1-¢;) (9)

P = [ k)P + Pl
3.3. Industrial production and industrial price index

For the middle production layer, we assume that the industrial product manufactur-
ing enterprises in country H are monopolistic competitive enterprises distributed in
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the continuum|0, 1], and the proportion of the shadow economy is @,y. As for the
formal economy, it uses primary composite products Z; ; as well as domestic labour
and capital factors in production. Its production function is given by

_ 1=
Yy = A 2%, (Kg‘ftL;, f“) (10)

where A, ; represents the technology level in industrial production. Similarly, we set
the industrial production function of shadow economy as

1-x
_ A1 o 7 T(1—02)
Y2,t - AZ, tZl,t (Kz,z L2,t

where 7 is a parameter less than 1. In price setting, we also assume that the enterprise
chooses the optimal price P,y ; with probability 1—6, in each period, and otherwise
the price remains unchanged. Based on the Phillips curve of two types of enterprises,
the dynamic inflation equation of industrial products can be obtained to satisfy

(1—6,)(1—p6,)
0, A R (11)
([1 + @ (Tt — 1)[(1 — o)Wy + oFk,)] — Aze + P3¢ — P2H,t)

Ton,t = PEMom, 141 +

In the above equation, a larger @y, which means higher share of the shadow
economy, produces more smoothness of the industrial products’ inflation.

Similarly, we assume {Y,; ,, Y, ,} are used for the production of final products as
industrial intermediate inputs Z, ;, which takes the form of

_ _ 02/ (Pr—1)
Z2,t — |:(1 _ Kz)l/q’z Y21H,1t/(pz + K;/‘Pz Yle)i/(Pz]

(12)
where «, is the share of foreign industrial products. Given the industrial products
prices of the two countries {P,; ,, P, ,}, we can easily calculate the industrial product
price index of country H.

i|1/(1*(l)2)

P,, = {(1 — )% 4 P % (13)

3.4. Final goods production and consumer price index

As the settings of the previous part, we assume that the proportion of the shadow
economy in the production of industrial products is sy, and the ratio 1-wsy is the
share of formal economy. As for the latter, its production function is

_ 1—%
Y3 = A3 20 (Kg‘ftL; t“ﬁ) (14)

where Z,; is the industrial composite used in final goods production, Aj; represents
its technology level.
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Entrepreneurs from both economies choose the optimal price Psy , with probabil-
ity 1—05 every period, and otherwise the price remains unchanged. Therefore, the
dynamic price equation of final products can be obtained as

(1—65)(1 —BO;)
0
X (14 @3m(t — D][(1 — o), + i, ] — As g+ Pse — Paprr) (15)

Tap, e = BEM3H, 111 +

Given the price of consumer goods Psp, ; in country H and the import price of con-
sumer goods Psg; in country F, we can get the consumer price index in country H.

1/(1—)

Pse = [(1—an)(Psp,e)" ° + au(Psg,)' 7] (16)

3.5. International trade

The international trade in our model not only reflects the trade of three intermediate
goods in the production chain, but also reflects the trade of final goods used for con-
sumption and investment. Net exports of primary products nx; ; and net exports of
industrial products nx, ; are

F F
nxp; = (PIH,tYIH,t - PlF,tYIF,t) /Ps,  hxy = (PZH,tYZH,t - PZF,tYZF,t) /P3¢

The final product export is composed of net exports of consumer goods nxs;; and
investment goods nx4;, which are, respectively, given by

_ F _ F
nxs, ¢ = (P3H,tC3H,t - P3F,tC3F,t) [Pst,  NXyp = (P3H, dr e — Psp, rIF,t> /Ps,

The total net export of country H is nx, = nxy ; + nxp, s + 0x3,1 + nxa ;.

3.6. Monetary policy and shocks

We assume the domestic monetary policy to follow Taylor rules with the following
form

Ry = pgR,_y + Py Vi + pofts, + — (17)

where R, represents the domestic interest rate level, Y, represents the domestic out-
put gap, 73 is the domestic inflation gap measured by the consumer price index, py
is a parameter measuring the lag effect of domestic monetary policy, py andp, are
parameters reflecting how the domestic monetary policy depends on the output gap
and inflation gap. £, represents domestic monetary policy shock. Similarly, the
monetary policy of country F is
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Table 1. Parameter calibration.

p" B o of v 8 % o2 o3 ) o H3 X1
0.99 0.997 1.5 2 1 0.025 1/3 1/3 1/3 1.1 1.1 1.1 0.67
X2 (] a ar a/F K1 K1F K2 K§ € € Py P2
0.67 0.1 0.1 0.12 0.12 0.45 0.3 0.45 0.3 2 2 1 1

Source: Authors.
~F AF ~ F N
R, = pgRt—l + ng&t + pins,t + E-ffnpe,t (18)

In addition, there are three types of exogenous shocks in our model: technology
shocks {Ay,;, Az 1, Az 1, Af , AY AL |}, consumption shocks {¢,,¢f}, investment shocks
{€,Ef}. We assume that all exogenous shocks satisfy the process of
AR (1)'l9t = pﬂ’&tfl + 8?.

4, Parameter calibration and estimation
4.1. Parameter calibration

We use parameter calibration and Bayesian estimation to set parameter values. We
calibrate parameters according to China’s macroeconomic data from 1995 to 2019
(see Table 1). The specific settings are as follows.

Country H represents China and country F represents the United States. As for
China, we set f = 0.99 so that the annual risk-free interest rate is 4%, generally, in
line with China’s one-year deposit interest rate. For the United States, taking into
account the long-term low interest rates, set p* = 0.997, so that the annualized risk-
free interest rate is 1%. Referring to Devereux et al. (2006), we set the reciprocal of
the risk aversion coefficient in the United States o' = 2, while China is lower ¢ =
1.5, which means that the household sector in China has a stronger degree of risk
aversion, we calibrate the reciprocal of labour elasticity v = 1, and the capital depre-
ciation rate & be 0.25, which corresponds to an annual depreciation rate of 10%.

The substitution elasticities of consumer goods and capital goods in both countries
{e, e} are set to 2. Suppose the capital intensity of each industry is oy = o =03 =
1/3, and the mark-up rate of each industry is 10%. According to the input-output
flow table published by the China Statistical Yearbook, the ratio of intermediate
inputs to total inputs in 2000, 2002, 2005, and 2007 was about 64.1%, 61.1%, 65.9%,
and 67.5%, with an average of about 65%. Although the ratio of intermediate inputs
is slightly increasing after 2007, its average ratio increases slightly from 2012 to 2019.
According to that, we calibrate the proportion of intermediate goods {y;, x,} as 0.67.
In addition, we calibrate the substitution elasticity parameters of domestic intermedi-
ate products and imported intermediate products {¢,, ¢,} as 1.

Considering the differences between the economies of China and the United
States, we calibrate {i,%,} as 0.45, and the corresponding parameter in country F
{xF, x5} as 0.3. Considering American household imports are also more inclined to
consume foreign final products, we calibrate the preference coefficients for foreign
consumer goods and investment products{ay,artas 0.08, and {ar,al} in country F
as 0.12.
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Table 2. Prior distribution.

Parameter Distribution Mean S.D. Parameter Distribution Mean S.D. Parameter Distribution Mean S.D.

0 Beta 07 02 pyp Beta 0.4 0.1 oa Inv Gamma 0.03 2d
oF ., Beta 07 02 pgs Beta 0.4 0.1 o Inv Gamma 0.03 2d
1/T (1) Gamma 2 141 p§1 Beta 0.4 0.1 551 Inv Gamma 003 2d
1T (1) Gamma 2 4y Beta 04 01 oy Inv Gamma 003 2d
Pr Beta 05 01 py Beta 0.4 0.1 o Inv Gamma 0.03 2d
Py Gamma 05 01 p¢ Beta 0.4 0.1 G% Inv Gamma 0.03 2d
Pr Gamma 15 01 pf Beta 04 01 of Inv Gamma 003 2d
Ps Gamma 01 005 p; Beta 0.4 0.1 o, Inv Gamma 0.03 2d
p,g Beta 05 01 pf Beta 04 01 of Inv Gamma 003 2d
pF Gamma 05 0.1 - Beta 0.4 01 o Inv Gamma 0.03 2d
o Gamma 15 01 ™ Beta 04 01 of” Inv Gamma 003  2d
Pm Beta 04 01 o Inv Gamma 0.03 2d "

Note: Beta, Gamma, and Inv. Gamma represent beta distribution, gamma distribution and inverse gamma distribu-
tion, respectively.
Source: Authors.

4.2. Parameter estimation

The remaining parameters are estimated by the Bayesian method using the quarterly
data from 1995 to 2019 of China and the United States. We set the prior distribution
mainly according to existing studies (Huang & Liu, 2001; Li et al., 2015; He et al,
2017). The parameters to be estimated in Table 2 can be divided into three groups:
technology parameters (such as price stickiness parameter 0), policy parameters (such
as monetary policy parameter py) and exogenous shock parameters (such as invest-
ment shock parameter p;).

Specifically, we set the price stickiness parameter to follow the Beta (0.7, 0.2) dis-
tribution. The investment adjustment cost parameters of the two countries
{1/T"(1),1/T"(1)F} reflect the flexibility of the investment growth rate for Tobin-Q.
Referring to Rabanal (2007), we set it to follow the Gamma (2, 1.41) distribution.
Let the interest rate stickiness parameters of the two countries’ monetary policies
{pr> pk} follow the Beta (0.5, 0.1) distribution. The output gap parameters {py, p%}
follow the Gamma (0.5, 0.1) distribution, and the inflation parameters {py, pf,} fol-
low the Gamma (1.5, 0.1) distribution. The autocorrelation coefficients of all
exogenous parameters follow the Beta (0.4, 0.1) distribution, and the standard devi-
ation follows the inverse Gamma distribution with a mean of 0.03 and a degree of
freedom of two.

4.3. Parameter estimation results

The parameter estimation results are shown in Table 3. The price stickiness of
Chinese companies 0 is 0.94, which is slightly lower than the 0.92 of US. The esti-
mated investment adjustment cost parameters of the two countries are 4.6 and 10,
which are higher than Smets and Wouters (2003) estimates for Europe (6.771), but
are within reasonable interval range. The interest rate stickiness parameters of the
monetary policies of China and the United States are 0.5 and 0.49, indicating that the
monetary policies of the two countries have certain continuity. The output and infla-
tion gap parameters are estimated to be 0.99 and 1.46; while the output and inflation
parameters in US monetary policy are 0.98 and 1.3.
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Table 3. Parameter estimation results.

Parameter Posterior mean  90% confidence interval Parameter Posterior mean  90% confidence interval
0 0.9366 0.9221 0.9529 Paz 0.3885 0.2368 0.5494
oF 0.9217 0.9043 0.939 Pa3 0.1907 0.1125 0.2749
1/T7(1) 46111 3.2087 5.9109 pg1 0.3867 0.2209 0.5472
1T (1) 10.0751 6.6878 130145 pp, 03751 0.223 0.5208
Pr 0.5028 0.357 0.6568 Pa3 0.3236 0.2313 0.4211
Py 0.9852 0.7706 1.2075 Pr 0.3829 0.2507 0.5218
Pr 1.4563 1.2585 1.6261 pz 0.7073 0.5962 0.7992
Ps 0.0293 0.0079 0.0483 P 0.6732 0.602 0.7505
pg 0.4918 0.329 0.6455 pé’ 0.5057 0.3187 0.6712
p 0.976 0.7956 1.1545 Pr 0.3348 0.22 0.4579
pﬁ 13023 1.1591 1.4375 pfi 0.6598 0.564 0.7631
P 0.3858 0.2298 0.5418 o 0.054 0.0414 0.0686
(I 0.0479 0.0089 0.0935 GE 0.0251 0.0192 0.0302
Ga3 1.2529 0.6594 1.9322 [ 0.1289 0.1132 0.1458
651 0.0793 0.0091 0.1457 GE 0.0115 0.0072 0.0159
c 2 0.0226 0.0075 0.0376 o 0.0362 0.0285 0.044
C3 1.2252 0.6536 1.7337 sz 0.01 0.0078 0.0122
[T} 0.0177 0.0082 0.0279
Source: Authors.
Table 4. Variance decomposition (%).

Ave Ayt Az, A1F t Ag t Ag t & éf St QrF Smpe,t gfnpe,t
Yie 101 481 3959 062 236  33.63 074 064 293 091  11.81 0.96
Yot 0.98 0.86 51.05 0.43 0.95 20.79 0.92 0.70 3.01 2.58 17.51 0.23
Y3t 0.93 0.80 12.36 0.38 0.79 0.67 22.90 0.45 16.68 0.83 43.07 0.15
G 0.92 0.76 774 0.38 0.79 0.85 24.31 0.77 40.03 3.26 18.99 1.21
I 0.92 0.72 2.89 037 0.78 0.66 71.15 0.49 5.48 2.12 13.31 1.12
K; 0.92 0.73 2.31 0.37 0.78 0.67 76.12 0.44 2.58 1.66 12.28 1.15
Ly 2.01 3.66 56.02 0.48 1.31 15.52 4.23 0.74 0.54 333 10.99 1.18

1.00 1.95 34.61 0.52 1.71 33.23 6.51 0.75 8.08 448 5.51 1.66
qr 0.92 0.72 6.27 037 0.77 1.67 24.66 4.20 16.35 24.03 18.12 1.93
T, ¢ 5.08 2.07 38.18 0.45 1.06 7.09 11.52 0.75 2.89 3.44 26.27 1.21
T, ¢ 1.36 11.51 36.74 0.54 1.01 3.87 13.58 0.99 1.29 5.56 22.34 1.22
3, ¢ 1.04 1.30 71.87 0.42 0.91 1.75 6.40 0.68 0.80 3.09 10.58 1.17

Note: {Ct, Y31, Ya,t, Yo, 0, Its Kii Lty nXe, i} represent consumption, GDP, primary product output, industrial product output,
investment, capital stock, employment, net export, and real exchange rate. {m ¢, 72, ‘lt3 ¢} represent the inflation measured
by the prices of primary goods, industrial goods, and final consumer goods. {A;, [~A3 .} are the technology shocks of the
three industries at home and abroad. {&;, &t} are the domestic and foreign investment shocks. {g,, cf} represent the con-
sumption shocks at home and abroad. {c,,,,, ., smpe .} indicate the impact of domestic and foreign monetary policies.
Source: Authors.

5. The volatility characteristics of the model

In order to specify influencing factors of China’s inflation, Table 4 gives the variance
decomposition results of our mode.

First, for the primary production sector, domestic technology shocks, consumption
shocks, investment shocks and monetary policy shocks explain 45.42%, 0.74%, 2.93%
and 11.81% of its output fluctuations. The contribution of domestic shocks to pri-
mary production fluctuations is 60.89%, and the total contribution of shocks from
the United States is 39.11%, indicating that although primary products more suscep-
tible to foreign shocks, domestic technology shock explains its most fluctuations. It is
worth noting that for both the domestic and foreign shocks, the final product techno-
logical shock from the bottom of the industrial chain is the most influential one: the
contribution of final production technology shocks from China and the United States
are 39.59% and 33.63%.
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The results from industrial and the final goods production are quite similar. The
domestic shocks explain 74.33% of industrial production fluctuations, in which the
domestic technology shock contributes most. As for the fluctuation of final produc-
tions, the contribution of domestic shocks is 99.56%. But, different from the upper
layer productions, the monetary policy shock shows more outstanding importance.

As for the inflation variables, six price indexes in our model are concerned, that is
the domestic and foreign primary product price index, industrial product price index,
and consumer price index CPI. Similar to the result of output, Table 4 shows that
domestic shocks are the main cause of inflation fluctuations, and compared to the
upper layer production, they produce a larger impact on final goods productions.
Specifically, for the primary and the industrial product price index, domestic shocks
account for about 86% and 87% of inflation fluctuations. In contrast, domestic shocks
explain 95.81% of CPI changes. In addition, among the domestic shocks, the domestic
technology shock has the greatest impact, explaining more than 50% of inflation fluc-
tuations, while monetary policy shock also has obvious impacts on the inflation, espe-
cially for the upper layer inflations.

It is worth noting that foreign shocks show non-negligible influence on China’s
inflation, and their contribution to primary, industrial and final goods inflations are
14%, 13.18% and 8%, respectively.

6. Transmission mechanism and dynamic characteristics of
china’s inflation

In order to analyse the dynamic characteristics and transmission mechanism of
China’s inflation, we use the model’s impulse response functions (IRFs)to further
study the impact of these exogenous shocks on different price indices. We also con-
duct counterfactual simulations according to both the vertical industrial chain and
the shadow economy to specify their role in influencing China’s inflation.

6.1. Technology shock

Figure 2 depicts the impulse response of 1% level positive technology shocks from
primary, industrial and final productions{A; A, A; Jto different domestic price
indices{my, 1, Tom, 1, Mg, :} and CPI index 73 ;.

First, the technology shock from the primary production A, ; has the most obvious
impact on its own layer inflation. It makes the primary product price index falling by
0.14%, but its impulse response of inflation{n,y ¢, T3y, ¢} is relatively smoother
(approximately 0.02%), which reflects the gradual smoothness of inflation along the
industrial chain. Similarly, although technology shock from foreign primary produc-
tion has a relatively small impact on domestic inflations, it shares the same mechan-
ism in producing inflation smoothness.

Second, technology shock A, ; also has the most obvious impact on its own layer
price index. It makes industrial product inflation my ; fall most, with impulse
response falling by 0.12% after the shock. In contrast, {3y (, 73 (}inflations fall only
by 0.03-0.06%.
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Figure 2. Inflation impulse response from technical shock.
Source: Authors.

It is worth noting that technology shock from the middle layer production not
only affects the final product inflation by passing down the production chain through
cost channels, but also makes influence on primary product inflation through its
demand for primary intermediate products. Figure 2 shows that the shock A, ; makes
the primary product inflation fall by 0.067%, much larger than its impact on final
goods inflation. Industrial production shock from abroad produces similar impact on
domestic inflations, but its range is between 0.01 and 0.04%, much lower than the
impact of domestic shocks.

Finally, similar to the above results, the technological shock As; has the most sig-
nificant impact on final product index, with sy, falling by 0.6% after the shock.
More importantly, comparing with the other two shocks, final production shock As ;
has more prominent impacts on the primary and industrial inflations. Figure 2 shows
that the A;; shock cause the primary and industrial products price indices fall by
0.43% and 0.25%, respectively, much larger than the effects of primary and industrial
technology shocks. The reason is, since final goods are used for consumption and
investment, its positive shock leads to a drop in the price of investment products,
which in turn leads to a drop in the cost of industrial and primary products.
Therefore, the technology shock from the final goods sector will make influence on
the inflation of primary and industrial inflations {my ¢, Top,,}, not only through the
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demand of intermediate products, but also produces more dominant effects through
the channel of investment product costs.

To sum up, due to the existence of price stickiness in each layer of the industrial
chain, technology shocks can make influence both through the top-down and bot-
tom-up channels. The top-down channel passes along the production chain. For
example, the technology shocks from primary and industrial productions have a sig-
nificant impact on the inflation of its own layer. However, when the shocks are trans-
mitted to the downstream, their effects on inflations are weakened by the price
stickiness of each layer, resulting in the smoothness of inflation.

In contrast, the bottom-up channel consists of intermediates demand effects as
well as the investment costs effects, the latter of which is more dominant in magni-
tude. Therefore, since the shock A,; from the industrial production only affects
upstream inflation through the intermediate product demand, its impact on primary
product inflation is relatively small. However, the shock A;; can not only works
through intermediates demand effect, but also affect the primary and industrial prod-
ucts inflations through the investment price effects, which makes a larger impact on
both inflations.

6.2. Monetary, investment and consumption shocks

Figure 3 depicts the impact of domestic and foreign monetary policy shocks (g, , and
gfnpe,t)’ investment shocks (£, and &), and consumer preference shocks (g, and ¢F) on
domestic inflations. The figure shows that among all these shocks, monetary policy
shock has the largest influence on inflation, a contractionary monetary policy makes
the inflation rate of primary, industrial and final products price indices decrease by
0.4%, 0.23% and 0.25%, respectively. The investment shocks make similar but more
moderate result: a positive investment shock causes the three inflations decrease by
0.17%, 0.13% and 0.12%, respectively, much weaker than the results of monetary shock.
The consumer preference shock exhibits a relatively ambiguous response, a contractio-
nary shock makes the inflations of industrial and final products inflations decrease by
approximately 0.05%, but for the primary product, the consumption shock push the
inflation up in two quarters, after that the inflation rate decrease.

Shocks from abroad produce weaker IRFs. Taking foreign monetary policy shock as
an example, Figure 3 shows that 1% increase in foreign interest rates cause the industrial
and final products inflations rise by about 0.02%, after that inflations decrease gradually.
For the CPI inflation, contractionary foreign monetary policy shock causes CPI inflation
rise by 0.018% in the first period and fall to —0.01% in the second quarter.

The ambiguity of foreign monetary policy effects is mainly due to two reasons. On
the one hand, the contractionary foreign monetary policy leads to the appreciation of
foreign currency. This not only increases the cost of foreign intermediate goods used
by domestic enterprises, but also enhances the domestic and foreign demand for
domestic products (including all products of three industries), creating domestic infla-
tionary pressures. On the other hand, contractionary foreign monetary policy reduces
the demand of foreign households, making a depressing effect on domestic prices
and inflations.
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Figure 3. Inflation impulse response from monetary, investment and preference shocks.
Source: Authors.

6.3. The role of vertical industrial chains and shadow economy

In order to verify the mechanism of multi-layer price stickiness, we make a counter-
factual experiment here by considering an economy with 1-3 layer production chain,
and compare the IRFs of different cases. In the same way, we compare the bench-
mark model with the one without shadow economy, in order to confirm its role on
inflation smoothness.

Figure 4 compares IRFs with 1-3 production chain in the model settings, in
which only one-layer production corresponds to the standard NK model. The fig-
ure shows that under the standard NK model, domestic consumption shock, mon-
etary policy shock, investment shock and technology shock produce the largest
impact of 0.13%, —0.48%, —0.12%, and —0.43% on CPI inflation, respectively.
Under the model setting of two-layer production, domestic consumption shock,
monetary policy shock, and technological shock cause CPI inflation change by
—0.05%, —0.29%, and —0.09%, all lower than the result of the standard NK model
with only one-layer production. As for domestic investment shock, although the
highest impact in both cases is —0.2%, the two-layer results produce relatively



16 (&) C.WANG AND Q. YAO

F F
ot & ot & w10 Smpet w10t Smpes
15 15 1
—&o— 1 Layer 1
—+—2 Layers 0 2
10 ——— 3 Layers
10 -1
1
5 R
2 r
| 0
5 3
0
5 4
-4
S .. 0..2
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
F F
-3 §t -4 Et -3 A1t -4 A1t
0.5X-10' R 5—3<'10 t 0><10 b .X?O -
4 J
0 4 p
3
-0.5
2 -2
-1
1 3
-15
0
-4
A 1 - 25
25 -

2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Figure 4. The smoothness effect of industrial structure on CPI inflation.
Source: Authors.

lower IRF in the subsequent periods than the standard NK model. Finally, for the
baseline model with three-layer production, the above four shocks make CPI infla-
tion change by —0.48%, —0.28%, —0.2%, and —0.02% at most, much larger than
the results of the above two cases. Moreover, the IRFs in three-layer production
benchmark model show more inflation smoothness, which once again verifies the
role of multi-layer price stickiness on inflation.

To verify the mechanism of shadow economy, we make another counterfactual
simulation in the final product sector, which always has the largest proportions of
informal production, and compares the IRFs of domestic shocks between the settings
of the benchmark model and an economy in absence of shadow economy. Figure 5
shows that, compared with the benchmark model with shadow economy, in the latter
case, the above four shocks cause a higher IRF under the model without shadow
economy. This result is quite reasonable, since the shadow economy with a lower
marginal cost makes the Philips curve flatter.
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Figure 5. The smoothing effect of the shadow economy on inflation.
Source: Authors.

7. Conclusions

In summary, we establish a two-country DSGE model with a three-layer vertical
industrial chain to study the dynamic characteristics of China’s inflation. By introduc-
ing the vertical industrial chain, the multi-layer stickiness results in a smoothness
effect of inflation. More importantly, inflation can not only be transmitted from top
layer to bottom through cost channels, but also through mechanism of investment
price effects and the intermediate products demand effects. In addition, considering
that there is a large amount of informal economy in China, we introduce shadow
economy in production to give a better explanation to China’s inflation dynamics.

We use quarterly data of China and the United States to calibrate and estimate the
parameters. Variance decomposition and impulse response analysis also show that
fluctuations in China’s output and inflation are mainly caused by domestic shocks.
Moreover, since the final goods production affects all types of price indices through
its impact on investment prices, its technology shock constitutes the most important
influencing factor in explaining all types of inflations.

Our policy implications are reflected in the following three aspects: First, the core
conclusions show that with the deepening of the industrialization, the impact of
exogenous shocks to macroeconomic variables such as output and inflation becomes
smoother. This confirms that since the late 1980s, the world has maintained a low
inflation rate for a long time, which helps to form ‘great stability’. At the same time,
the conclusion also means that the future economic development of China’s industri-
alization will decrease the volatility of macro economy, and the Chinese economy will
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become more stable in the future. Second, our conclusion also implies that domestic
technology shock and monetary policy shock are the most important factors that
cause inflation in China. In view of this, China’s future monetary policy should estab-
lish clear monetary policy rules, enhance the transparency of monetary policy imple-
mentation, reducing the impact of monetary policy shocks on inflation and output
fluctuations. Finally, we cannot underestimate the impact of foreign shocks on
China’s inflation, especially in the context of the current uncertain economic recovery
in the United States, the impact of demand and monetary policy from the United
States will have a non-negligible impact on China ’s inflation and other macroeco-
nomic variables.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes

1. We adopt three levels instead of fewer or more vertical industrial structures mainly based
on the following considerations. First, a single industrial structure cannot analyse the
impact of external shocks on different industries, but the use of a two-level industrial
structure, such as an upstream enterprise that produces intermediate products and a
downstream enterprise that produces final products, is not enough to characterize
difference between raw materials, processed industrial products and final consumer
products in real world. Second, with an industrial structure of more than four levels, the
model is more complex. Due to data limitations, it is difficult to calibrate and estimate a
large number of parameters.

2. For symmetry of the model, the decision problem of country F is similar to that of
country H, except for lack of shadow economy in each production layer. To save space,
we put the content of country F in the appendix.
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Appendix A
A.1. Households in country F

Similar to the setting of the household sector in country H, households in country F also
obtain utility through consumption, currency holding and leisure. The utility function is given
by

00 1-o F/pF \1-V Fy1+v
Fosger| (G, (ME/P) T (L)
Ufg B's, 1_6+ v T +ro (A1)

Subject to the budget constraints
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where the consumption of households in country F is also a composite of country H and its
domestic consumer goods, that is

F Vel ~F \7VE e g \ITVE Jey
= |(—ap(ck,) " +a(Ch) (A3)

Symmetrically, actual investment I is composed of domestic investment products and
imported investment products, that is

er/(e1—1)
& 1-1/g; & 1-1/¢g;
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Finally, the capital accumulation equation of the households in country F is given by

Kivy = (= 8)KF + & [1 = T(L/1,) |1 (A5)

A.2. Production of primary products in country F

We set the production function of the primary product enterprises in country F as

o 1—oy
YlF,t = All:,t<Kf,t> (Lit) (A.6)

where Af | represents the technology level of primary goods production in country F. K{ , and
L}, represent the amount of capital and labour input in primary goods production in country
F. We assume that the firm adopts the sticky pricing method of Calvo (1983), that is, the

. . . ~F . .. F . .
enterprises of country F choose the optimal pricing P, , with probability 10, in each period,
and otherwise, the price remains unchanged. Since the production of country F only exists in
the formal economy, we obtain the price dynamic equation of primary products:
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A.3. Industrial goods production in country F

We assume that the production function of the industrial goods in country F is:

X1

1—
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where Z, is the primary product used in the production of industrial goods in country F,
that is,

¢1/(9:1-1)

1/¢, 1-1/¢, 1/¢, 1-1/¢,
Zh = o () T ) ()

A%, represents the technology level of the production of primary products in country F.
Kf ; and L2 ; represent the amount of capital and labour input in the industrial goods produc-
tion. Given the raw material purchase price index Pl’t, wage w;, and return on capital of
industrial products rf , in country F, the actual marginal cost of industrial products MC} , in
country F is given by

[oF) ot ] ot )

R R 4!
AL (1= )02 (1 = 00)' 7

MC}, = (A.9)

We make further assumption that the enterprises in country F adopt the sticky pr1c1ng of
Calvo (1983), that is, the enterprises choose the optimal pricing P2H . with probability 1-65 in
each period, and otherwise the price remains unchanged. The price dynamic equation of
industrial products can be obtained by

—F ~F ~F
ngF,t = BEtngF,tH + (1 - 612:) (1 - Beg)/eg (MCZ,t + P3,t - P2F,t) (A.10)

A.4. Final goods production in country F

We set the production function of the final goods in country F as follows.
X2

17
X o, 1—o
Yg,t = Air(Zit) ’ l:(th> ' (LI;J) 3] (A.11)

Where Z5, is the industrial product used in final goods production in country F, that is,

9,/(9,—1) F
} . Ay, represents the

25 = (0= ) ) () )
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technology level of the production in country F. K} , and L}, represent the amount of capital
and labour input in the production. Given the industrial products purchase price index P},
wage w;", and return on capital of industrial products rf , in country F, the actual marginal
cost of final products MCY , in country F is given by

—o o 1% ,
e, L))" T e

(A.12)
AL (1= )0 (1 = 05)' 7]

I-%

Since entrepreneurs adopt the sticky pricing of Calvo (1983), the price dynamic equation of
the final product is

1-05)(1—pot) [—r ~F ~F
T‘I;F,t = BEtngEHl + ( 3>9<F bos) (MC3,t +Ps, - P3F,t) (A.13)
3

A.5. Market equilibrium

The equilibrium of our model includes product market equilibrium, labour market equilib-
rium, capital market equilibrium and bond market equilibrium. The equilibrium condition of
the product market is given by

Y =Yg + YIFH,t (A.14)
Yi, = Yip + Yig, (A.15)
Yo = Yo + YZFH,t (A.16)
Yy, = Yop + Yip, (A.17)

Y= Cspe + Cypy + I + Iy,
- e
=(1—ay) (P;jltr> Ect +arp (lfgtt) (o
+(1—a) (P;f;t) _S[It +ab <P§g;‘> -

Yy, =Cspi+ Chp, + I+ I,

e

o) e -wo(f)
calf) - (G)

IF (A.18)

t

Ir (A.19)
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The conditions for labour market equilibrium are
Li=1L, + L+ L3, (A.20)

L= L11:t + Lgt + Ll;t (A.21)

The equilibrium conditions of the capital market are
Ki =Ky + Ky + Kz (A.22)

K =Kj, + K3, + K3, (A.23)

The equilibrium conditions of the bond market are

By +Bj,=0 (A.24)

Bri+Bp, =0 (A.25)
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