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Chapter 1

Introduction

Climate change has become an urgent issue for humanity. Due to global warming, we are
experiencing much more frequent extreme weather and catastrophes, such as extreme heat
waves causing drought and extreme precipitation causing floods (Pachauri, Reisinger, et al.,
. China is one of the largest carbon emitters in the world, accounting for 26.5% of the
world’s emissions in 2023. The scale becomes much smaller for the emission per capita, but

shows a dramatic increasing trend in the past two decades (Figure [1.1)).
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Figure 1.1: Carbon emissions of China and the rest of the world

Source: World Bank

After the Great Recession, Chinese economic growth slowed down (Figure . This was
first attributed to external factors and cycles (Renard, [2018). Due to the decline in international
demand, the growth rate of exports decreased to 6.1% in 2014 and became negative at -1.8%
in 2015, whereas from 1979 to 2013, the average remained at 16.8% per year (Lin, .
The government announced a reorientation of the economy to avoid an extreme slowdown in
economic growth and combat structural imbalance. In 2013, President Xi Jinping introduced a

policy change, known as the New Normal (Renard, 2018). The policy has focused on reducing
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overcapacity, decreasing the production of heavy industries (e.g., coal and steel), and promoting
innovation. On the demand side, the Chinese economic growth regime has shifted from profit-led
to wage-led, promoting domestic private consumption, which increased from 38.8% of GDP in
2010 to 45.6% in 2019 (Figure . A pro-labour policy may contribute to rebalance China’s

growth and make it less dependent on exports, overinvestment, and carbon-intensive industries

(Jetin & Reyes Ortiz, [2020).
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This thesis comprises three essays on macroeconomic models for China, examining the coun-
try’s economic growth, climate policies and social imbalance. The following chapter presents a
stock-flow consistent (SFC) model with an energy sector to examine the impact of climate poli-
cies, such as carbon pricing and green subsidies, on China’s green transition and their economic
side effects. The energy sector comprises conventional energy producers (i.e., fossil energy) and
renewable energy producers. Conventional and renewable energy allocation depends on the
relative prices of these energy sources. Then we ask what the complements to climate poli-
cies are? Do social policies help reduce carbon emissions and reduce social imbalances, such
as income inequality? In chapter 3, we present an empirical ecological SFC model of China,
which integrates the macroeconomy with the energy and material balance, and investigates the
effect of institutional policies, such as working hours reduction, wage policy, and income re-
distribution policy, on income inequality and material emissions. We validate the model using
historical data and run scenarios to make future predictions. In the last chapter, we addressed
this research question: "What if we employ a supply-led model? Does it perform better than
our SFC model? What could be the differences?” We constructed a New Keynesian model and
compared it to the empirical SFC model presented in Chapter 3, which supports our choice of

modelling methodology.
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Modelling the Green Transition of

the Chinese Economy



Abstract

This paper develops a stock-flow consistent (SF'C) macroeconomic model with an energy sector
for China to investigate the effect of green policies on green transition and the economy. We
provide an analytical solution for the green transition that illustrates the relative cost of using
conventional energy compared to renewable energy, enabling the determination of the optimal
share of renewable energy. The development of the energy sector, in turn, promotes the green
transition. Our solution also underscores the importance of green policies in facilitating a green
transition. We calibrate the model to the National Determined Contributions (NDCs) scenarios
from the Network for Greening the Financial System (NGFS) and run simulations from 2019 to
2035. The results indicate that carbon tazes stimulate the green transition but harm the economy,
resulting in reduced economic growth, a current account deficit, and increased inflation. Carbon
taxes deteriorate firms‘ balance sheets. Governments benefit from carbon taxes in the short
term but face a higher public debt-to-GDP ratio in the long term. Carbon taxes reduce carbon
intensity and carbon emissions. We also compared the effect of green fiscal policy to conventional
fiscal policies financed by carbon taxes (carbon rebate). Green subsidies benefit economic growth
more effectively. They reduce inflation caused by carbon taxes and stimulate the green transition

further.
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2.1 Introduction

China, the world’s largest carbon emitter, has recently formulated a series of policy targets to
reduce carbon emissions, summarised in Table According to the ”14th Five-Year Plan”,
carbon emissions to GDP in 2025 and 2030 must not surpass 18% of the level in 2020 and 65%
of the level in 2005, respectively. Total carbon emissions are expected to peak in 2030 and
reach carbon neutrality by 2060. The share of non-fossil energy consumption in total energy

consumption is expected to reach approximately 25% by 2030 and exceed 80% by 2060.

Table 2.1: China climate change policy targets

2025 2030 2060
Carbon emission to GDP  18% less than the level in 2020  65% less than the level in 2005
Carbon emission Peak Carbon neutrality
Non-fossil energy 25% of total 80%+ of total

consumption

Source: Responding to Climate Change: China’s Policies and Actions

China has been planning and implementing economic policies to achieve these goals, pro-
moting green bonds and green loans, providing subsidies and tax cuts in green industrial sectors,
establishing a carbon emission rights market (launched on July 16, 2021), and increasing public
green consumption. This paper attempts to model the green transition of the Chinese econ-
omy within a stock-flow consistent (SFC) framework, developing scenarios and evaluating the
effectiveness of these policies.

Several studies have employed various modelling techniques to address ecological issues in
China. Carraro and Massetti (2013) examines future energy and emissions scenarios in China
using an Integrated Assessment Model (IAM) called WITCH (World Induced Technical Change
Hybrid model) under a Ramsey-Cass-Koopmans optimal growth framework with an endogenous
technical change in the energy sector. Yang and Teng (2018)) evaluates the co-benefit of carbon
mitigation in local air pollution reduction by using the China-MAPLE model, a bottom-up
optimising model that solves the linear optimal problem of the energy system. Huang et al.
(2021)) investigates the effect of tightening environmental regulation on non-green firms’ balance
sheets and the financial risk in the banking system by building an environmental dynamic
stochastic general equilibrium (E-DSGE) model. Su et al. (2022)) estimates the macroeconomic

cost of a deep decarbonisation pathway for China by integrating the China-MAPLE with KLEM-
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CHN, a dynamic recursive Solow-Swan growth type model. However, all of these studies lack
attention to the aggregate demand and are modelled theoretically.

SFC models differ from mainstream models in that the economy is demand-driven. The
equilibrium of the final goods market is closed by aggregate output, whereas in mainstream
(DSGE) models, the production technology predetermines output, and the equilibrium is closed
by private demand, consumption, or investment through the intertemporal consumption be-
haviour of agents, i.e., the Euler equation.

The demand-driven model of economic growth has the advantage of studying social trans-
formation to achieve sustainable growth, including sustainable consumption, reduced working
hours, and the rebound effect. Respecting the 2-degree goal, neo-classical models display an
instantaneous drop in capital stock that guarantees full employment of capital and labour un-
der output contraction, which is not observed in history, e.g., the Great Recession (Rezai et al.,
2013)). Another advantage of the SFC approach is its explicit attention to macro-financial feed-
back loops. The balance sheets in SFC models can reflect a society’s wealth and debt levels,
enabling them to study the financial stability and sustainability of economic growth (Bezemer,
2010)). It is not the primary goal of this paper to argue which method is superior to the other.
A more explicit discussion on this issue could be found in Lavoie (2022).

Studies on ecological SFC models have been flourishing in recent years. A brief summary
and classification of these literatures can be found in Carnevali et al. (2020). Most studies build
a theoretical model and calibrate it using a few series of historical data or projections from other
models, such as IPCC scenarios. This paper, unlike theirs, attempts to model the economy’s
system empiricallyﬂ The model setups are based on the national balance sheet and transaction
flow matrix, which enables it to capture the specific features of the Chinese economy (G. Zezza
and Zezza, 2019). Behaviour equations are designed based on economic theory but adjusted to
the empirical estimation of the data.

The theoretical framework of this paper primarily refers to the DEFINE (Dynamic Ecosystem-
FINance-Economy) model developed by Dafermos et al. (2017;2018). In DEFINE, endogenous
ecological efficiency and technology improvement are characterised by the increase in the share
of green capital. It reduces energy intensity and raises the share of renewable energy, resulting
in fewer carbon emissions. Our model focuses on the green transition in the energy sector,
which reduces carbon emissions per unit of energy consumption.

This paper is structured as follows: Section 2 describes the model. Section 3 presents and

discusses the results of the scenarios. Lastly, Section 4 concludes with remarks.

More precisely, the methodology of this paper is not fully empirical but hybrid because it does not study the
empirical fact of the Chinese economy.
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2.2 The Model

Energy production is driven by aggregate demand. There are two types of capital in the energy
sector: capital for conventional energy production (k) and capital for renewable energy (k).
Technology progress is characterised by an increase in the share of renewable energy production
capital that reduces carbon emissions per unit of energy used. The economy comprises five
sectors: households, firms, banks, governments, and the rest of the world (RoW). Households
and governments consume the final good according to their consumption functions. Investments
are made by households (mainly through real estate acquisition), firms (in the production of
final goods and energy), and governments (in the production of final goods) through their
investment decisions. Banks receive deposits and issue bonds and loans to fulfil money demand,
and they adjust the interest rate in accordance with an inflation-biased Taylor Rule. The private
sector pays carbon taxes to the government based on their emissions, which depend on their
value-added and carbon intensity. Accounting equations, such as changes in loans and bonds,
and the accumulation of assets and liabilities, are modelled to guarantee stock-flow consistency.
Behavioural equations, such as consumption and investment decisions, and financial instruments
like saving and borrowing, follow Post-Keynesian economic theory and adjust to the econometric

regression results. Prices are endogenous and depend on production costs.

2.2.1 Energy Sector

Energy consumption depends on aggregate demand,
ENERt = EItyt, (21)

where EN ER; denotes energy consumption, El;, energy intensity and 1, real GDP. For sim-
plicity, we set energy intensity exogenous. We calibrate its growth rate to our baseline scenario
discussed in Section [2.3] This implies that there is an exogenous technical progress in energy

efficiency or structural change moving to low-energy-intensive economic activities,
Bl = EL—1(1+ geit); geit <O, (2.2)

where g.;; is the energy intensity growth we are going to calibrate.
Capitals for energy production, k¢, are required, giving the level of energy consumption,

followed by a simple technology,

ENER; = ekl 4, e1 > 0. (2.3)
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We assume that energy producers’ expectations are static, and future energy demand grows

at the current growth rate,

1 1
(ENERE-?;) °1 <ENERt(1 + geit)(1 +9y,t)>"’1
et — = )
€0 €0

Ay
Yi—1

where g, = denotes real GDP growth rate at period t.

There is imperfect substitution between conventional energy and renewable energy because
energy users/producers need capital, i.e. facilities, to consume/produce renewable energy, and
these initial capitals demand conventional energy to produce. When the capital for renew-
able energy production does not exist, conventional energy complements renewable energy. As
renewable energy production expands, conventional energy and renewable energy become sub-
stitutes. The consumption preference/ production technology between conventional energy,

CEy, and renewable energy, RE;, follows a Variable Elasticity of Substitution (VES) function
as in Revankar (1971)), suggested by Aleti and Hochman (2020)),

ENER, = V(CE,, RE;) = vCE*"?) [RE, + (p — 1)CE}*

2.5)

RE, 1-p (
0 0,0<d0<1,0<6p<1, — .

>0, w>0,0<0 <], _p_’CEt>1—5p

The allocation between conventional energy and renewable energy is solved by an expendi-
ture minimization problem,

CEI?,HR}E} Pce,tCEt + PreﬂgREt, (26)

constrained by equation (2.5). From the first-order condition, we get the price ratio between

conventional energy and renewable energy equals their marginal rate of substitution,

Peer  3CE, RE;
Z = = —_— 2.7
Pre,t 8%%1 Bre + Gre C'Ewt7 ( )

where o, = % and B = p(%pl We define the share of capital for renewable energy produc-

tion as I'y,, ; = IZ:’:, and assume the same energy production technology (equation ) for the

two types of energy, then the share of renewable energy, I';c s = RE%, follows

Eroto1\
Tres = (Thyoi1) = (kjef 11) . (2.8)
e, t—

ZNotice that the elasticity of substitution of renewable energy with respect to conventional energy is, e; =
dREy

% = —Bre% — aye. At the early stage, when the share of renewable energy is small, the elasticity of
CFy
substitution is small, and conventional energy and renewable energy are complemented (if RE; — 0, &€ — +00,

perfect complementarity). As the share of renewable energy increases, the elasticity of substitution increases to
—are when the share of renewable energy approaches 1.
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Combining equation with equation and using the static expectation assumption
that energy suppliers believe the price ratio in the next period will follow the same as in the
current period, then we obtain a function that governs the share of capital for renewable energy
production,

€1

Qe +1| L ape >0, B <O0. (2.9)

C'T,
Pce,t+07Ezt /8
Pre,t re

iyt =

Here, we have an additional element, gﬁ, the unit cost of carbon tax (CT}) for producing

conventional energy. Equation ([2.9) tells us the share of capital for producing renewable energy

CT,
Pce,t‘f'iCEi

depends on the relative cost of using conventional energy to renewable energy, —

. Since e
re,t

and a... are positive when the price of conventional energy or carbon tax per unit of conventional
energy increases or the price of renewable energy decreases, firms tend to allocate more capital
for producing renewable energy.

We assume perfect competition among firms that produce conventional energy, and they bear
a linear variable production cost, 7., kce,ﬁlﬂ Conventional energy producers face the following

profit maximization problem,

I’?aX Pce,tJrl CEtJrl — Tkee kce,t
(2.10)

s.t. CEt+1 = 6’0k‘el

ce,t*

The first-order condition gives us the conventional energy pricing,

Tkee 71—
Peeti1= kce’fl, e < 1. (2.11)
€0€1

For firms producing renewable energy, they bear a fixed cost (i.e., fixed operating & man-
agement cost), F., as in Lorenczik et al. (2020), a significant share of renewable energy
has zero short-run marginal cost, and the interest payment of borrowing for the construc-

tion of the facilities, 74, Kyt The government can subsidize a proportion of the total cost,

re,t
GS; = vGgst(Fre + Tk, tKrer). Assuming they earn zero profit, the price of renewable energy
equals the unit cost of renewable energy production, i.e. the levelized cost (Monnin et al., 2015),
Fre + 7ﬁk,.e,tl(re,t -GS

€1 ’
re,t

Proty1 = (2.12)

eok

where 7y, ¢+ = prppe with p € [0,1] is the interest rate for financing investment in renewable

3This assumption is convenient for solving the solution. Also, Chinese energy companies are state-owned.
They try to maximize the market efficiency as if in a perfect competition market, though they have high market
power.
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energy production. g = 1 in our baseline scenario, which means that the renewable energy
producers bear the same loan rate as the other firms, r,¢;. If commercial banks implement
green finance for renewable energy firms, they ask for a lower interest rate for financing themﬂ

Py Kot
And Koy = maX{ijtkre,t, hiretol

Py } is the existing capital stock in value for renewable energy

productionﬁ

From equation and , it is obvious that price and quantity for conventional
energy production are positively correlated and negatively correlated for renewable energy (in
the short-run). This is consistent with the data from 2013 to 2018 in China (see Figure [2.1)).
The electric price generated by coal co-moves with its quantity, falling before 2016 and rising
after 2016. The rise of electric production by wind, nuclear, and solar is accompanied by a
significant drop in electricity prices generated. A potential interpretation of this phenomenon
is that the conventional energy industries are already well established. They do not bear fixed
costs but only variable costs, such as buying coals and paying wages and rents. Thus, the
marginal production decreases as the quantity increases and the price increases. However, in
the short run, the renewable energy sectors bear only small variable costs in the short-run, but
they face a major fixed cost for the operation & management. As the production expands, the

fixed cost is amortized, and renewable energy becomes cheaper.

4Unfortunately, we do not find a significant effect of this shock under this setup when we run our simulations
because the financing cost of renewable energy production is negligible within the simulation period. It becomes
significant only when there is a sufficiently large scale of renewable energy production.

ket is the capital stock in volume utilized, which is determined by the renewable energy demand. Whereas
Ke,t is the total capital stock in value for renewable energy production. It includes both the capital utilized and
non-utilized.
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Figure 2.1: Electric production and price by energy type

Data source: China Energy Portal

Based on the above settings, we make the following propositions,

Proposition 1: Green transition takes place as the energy sector develops.

Proposition 2: Without any green policy, the green transition itself would stagnate in the
long run.

Proposition 3: Green policies accelerates green transition at the early stage.

Proof:

For simplicity, we assume the price of firms’ capital is fixed at its steady-state value, i.e.
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Py =1, and a steady growth regime for the energy sector (i.e. a constant growth rate of energy

consumption), so that the capital in value equals the capital in volume utilized, Kyc; = kye -

Dividing equation (2.11) by (2.12), we get the price ratio,

Peett1 Thee Kt (1 — Fkrevt)lielrg«e,t (2.13)
Pre,t+1 €1 (Fre + Tkre,tke,trkre,t) ' .

Without considering carbon tax, i.e. CT; = 0, substituting equation (2.13)) with 1 lag
into equation (2.9) and take the partial derivative of the share capital for renewable energy

production, I'y, _ ;, with respect to the total capital for energy production, ke ;—1, we get

Ok, 1
8ke t—1
1+eq l—eq €1 -2 l—eime1
aTBFkrg,t Tk‘ce k:E,t(]‘ - Fkre;t) lrkre,t rkce FT@(l - Fk?‘evtfl) 1Fkr67t_1

(F’/‘e + rkre,tke,t—lrkm,tfl)Q

- re

€1 el(F’re + rkm,tke,trkm,t)

>0. (2.14)

It shows that as the energy sector expands, k.;—1 increases, and the share of capital for
renewable energy production increases. However, in the long run, when the total capital for

energy production becomes very large, k.;—1 — 00, the speed of green transition slows down,

8Fk7‘eqt

Doy 0. Figure shows the dynamic motion of the share of renewable energy, I'yc;. It is

a simulation under a constant growth rate of energy consumption with a real GDP growth of
around 0.06 and an energy intensity growth of around -0.02. The horizontal axis is the number
of years. As can be observed, the share of capital for renewable energy production increases
over time but hits a ceiling in the long run. Without any policy intervention, e.g. carbon tax,
green subsidies, green regulations or green finance, the green transition stagnates in the long
run.

From equation , we take the partial derivative of the price ratio with respect to the

share of capital for renewable energy production,

P, 1
6 ce,t+
Pret+1 1-T% it
81—:‘; = |:<€11_‘TE + €1 — 1 (FTe + Tkre,tke,tl—‘k’re,t) - (1 - Fk'reytrk?re,tke’t)
re,t re,t (2.15)
k r “
che et ( kre,t )
el(Fre + Tkzre,tke,t)2 1-— Fkre,t
Pce,H—l
. P, . F
< e1Fre re,t+1 > (- €1lire
One can show that if I'y,, < Frot (e ahes? ey 2 0; and if 'y, > Frot(—e)rm ket
. . .. P, .
vice versa. The price ratio in the future, PC%E, increases as the current share of green
re,

capital, I',, ;, increases when the share of green capital is not greater than this threshold,
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e1Fre

oo her which depends on the elasticity of energy production with respect to capital,

e1, and the relative size of the fixed cost of renewable energy production, F., to its financing
cost, Ty, tket-

Combining with equation , we know that there is a positive feedback loop between the
price ratio and the share of capital for renewable energy production when the share of renewable
energy production is not fairly large. And, the larger the elasticity of energy production with
respect to capital or the smaller the financing cost of renewable energy production relative to
its fixed cost, the more likely green transition is sustainable.

Ignoring the carbon tax term, %, in equation , and take the second-order derivative

of the share of capital for renewable energy production with respect to the price ratio,

Tyt Qe Peey 14 e Peey
e — F 1+e1 cet F €1 _ 2 —eet . 216
5 <Pce,t ) 2 e1 ( kreﬂf) -P'/‘e . 57‘6 e1 Oére< kre:t) Pre,t 57"6 ( )
P’re,t

Notice that when the price ratio is small enough, the second-order partial derivative is

positive, the share of capital for renewable energy production, I'y,, ;, is a convex function with

e,t

respect to the price ratio, i:e =, which depends on the lagged share of capital for renewable energy

production, I'y, . 1. Therefore, when the share of capital for renewable energy production is
small enough, it is an increasing convex function of its own lag, and it grows exponentially over
time (see Figure . Green policies can be seen as a positive shock to green transition, which
lets it jump to a higher increasing speed, i.e. jumping from the flat part to a steeper part of

the curve in Figure
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Figure 2.2: The dynamic motion of the share of green capital for renewable energy production
Note: Simulation result without a carbon tax and the impact of energy price on CPI, with

gyt = 0.05950501 and ge,; = —0.021913503.

We summarize and interpret all the above. Under a steady growth regime of the energy
sector, the price of renewable energy is mainly determined by the fixed O&M cost and decreases
because of the scale effect. Whereas the price of conventional energy increases because of its
increasing marginal cost. The cheaper the price of renewable energy to conventional energy, the
more demand for renewable energy. The speed of the green transition accelerates. In the long
run, as the financing cost of renewable energy production accumulates, the price of renewable
energy production stops decreasing and starts increasing over time. The increasing speed of
the price of both types of energy is the same because they depend on their capital for the same
power, 1 —eq. Thus, the price ratio will be fixed in the long run. And green transition stagnates.

One caveat of the proposition is that it does not consider the feedback effect of green policies
on economic growth and energy sector development. For example, the negative effect of carbon
taxes on economic growth will reduce the speed of capital accumulation for renewable energy
production, slowing down the green transition. Nevertheless, this indirect effect would not
exceed the direct effect of green policies on green transitions, which we will show in our scenario

results.

10
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2.2.2 Carbon Emissions

Carbon emission, EM 1.5, is determined by the ratio of emission per unit of energy consumption,

f;, and the level of energy consumption,

EMIS, = 6,ENER,. (2.17)

The ratio of emission per unit of energy consumption decreases as the share of renewable
energy increases,

0 = ceg + ce1l'rer, cer < 0. (2.18)

Carbon intensity, C'I;, by definition, is carbon emission per real GDP,

EMIS
cr, = —" (2.19)
Yt
Carbon tax or carbon price is paid under a uniform tax rate or price,
CTt = Tct’tEMISt, (220)

where 7. ; is the carbon price or carbon tax rate, its value depends on the scenario that we will
discuss in Section 2.3
Since governments do not pay carbon taxes or they pay to themselves. Carbon tax received

by the government is the sum of the private sector carbon tax payment,
CTg,t = Z CTz‘,t = Tct,tCItYi,u 1= f7 b, h, (2-21)
i
where ¢ = f, b, h that represents firms, banks and households, respectively.

2.2.3 Macroeconomy

The economy comprises five sectors: firms, banks, governments, households, and the rest of the
world (RoW) (see Table 2.2). Firms, banks, governments, and households hold fixed capital,
Ky, Kip, K14 and Kyp, respectively. Within firms, energy industries hold capital for energy
production, K., and part of the capital for renewable energy production, K,.. Firms and
governments hold inventories, Koy and Ky, respectively, which include both output and input
inventories. Firms, banks, and governments hold other non-financial assets (NFA), K3, K,
and K34, respectively, which include patents and nationally owned construction land, etc. Banks

hold international reserves, G. Households hold currencies issued by the central bank, H. Banks

11
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issue deposits, D. Sectors borrow money from each other through bonds or loans, B and L.
Firms’ and banks’ equity on the liability side account for both equity issued and net assets,
so their net worth is 0 (China’s National Balance Sheet 2018). In this case, the net worth
of firms and banks is transferred to their owners (the other sectors) through equities holding,
E. Investing banks issue investment fund shares to investors, I F'S. Firms and households buy
insurance from banks, Ay and Ay, respectively. Other accounts payable/receivables, Z, capture
the statistic misallocation and net position of all the other instruments by sectors that are not
included in the modelﬁ Net worth represents the net asset position of the sectors, in other
words, wealth. The total wealth of the economy should equal total physical capital, aggregate
fixed capitals, inventories, and other NFA, V, +V;, + V., = K = K1 + K3 + K3.

Table 2.2: The national balance sheet

Firms Banks Governments Households RoW Total

Fixed capitals +Kyy + K1 +Ki1g +Kp + K3

Capitals for energy production +Ke

Capitals for renewable energy +Kyre

production
Inventories +K2f +K29 + Ko
Other NFA +K3f +Ka3yp +K3g +K3
International reserves +G -G 0
Currencies —H +H 0
Deposits +Dy +Dy — D +Dyg +Dy, 0
Bonds —By +Bap — By —By +By, 0
Loans —Lyg +Ly —Ly, +Lar — Ly 0
Equities +Eq.fr — By +Eq. — Epp +Eq +Ey +E, 0
Investment funds shares +IFS,, — IFSy, +IFSg +IFSy, 0
FDI +FDIoyt +FDI;p, 0

—FDI;p —FDIoyt

Insurance +Af —A +Ap 0
Other accounts payable/receivable +Zf +7Zy +Zg +Zy, +Zr 0
(+/-)
Networth 0 0 Vg Vi Vr +K

Note: 4+ denotes assets, - denotes liabilities.

The transaction flow matrix shows the transactions received and paid between sectors (see
Table . Each column has to sum up to zero to satisfy the vertical consistency, meaning
that transactions received and paid have to even out in every sector (e.g., household budget
constraint). Each row also has to sum up to zero for horizontal consistency. It guarantees that
there is no black hole; any transaction received/paid by a sector has to be paid/received by

another sector.

SFor simplicity, we drop net positions of the instruments held by sectors that are negligible in their size, for
example, currencies held by sectors other than households and foreign bonds held and issued.
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Table 2.3: Transaction flow matrix

Production Firms Banks Governments Households RoW Total
GDP -Y +Yy +Yy +Yy +Y3 0
Consumption +C —Cy —Cp 0
Fixed capital formation +1q Iy —1Iqp —I1g -1y 0
Change in inventories +1Is —Iay —Iag 0
Acquisition less disposals of —1I3 +1I3 0
other NFA
Export +X —-X 0
Import —M +M 0
Wages -Wy —Wy Wy +W — Wy W, 0
Net taxes on production —TLy —TLy +TL —TLy 0
Carbon taxes —CTy —CTy +CT —CTy, 0
Interest on deposits +INTqf +INTg +INTq, +INTyp 0
—INTy
Interest on bonds —INTyy +INThp —INTy, +INTyy, 0
—INTypp
Interest on loans —INTyy +INTy —INTyy, +INTyy 0
—INTpy
Distributed income of +DIV,.¢ +DIV,y +DIVy +DIVy, +DIVyy 0
Corporations —DIVyy —DIVpy
Other income from properties +OIPf —OIPy, +OI1P, +OIPy, —OIP, 0
Taxes on income and wealth =Ty —Ty +7T —Tp 0
Social contributions +SC —-SC 0
Social benefits —SB +SB 0
Other current transfers —Oy +0Oy +Og4 —Oyp, —O 0
Capital transfers +TRK —TRK 0
Green subsidies +GS -GS 0
International reserves —AG +AG 0
Currencies +AH —AH 0
Deposits —ADyg —ADy —ADy —ADy, 0
+AD
Bonds +ABy —ABgp +ABy —ABy, 0
+AByp
Loans +ALyg —ALy +ALy —ALgr 0
+AL;,
Investment fund shares —AIFS,, —AIFSy —AIFSy, 0
+AIFSy,
FDI inward +AFDI;, —AFDI;, 0
FDI outward —AFDIoyt +AFDIoyt 0
Insurance —AAf +AA —AAy 0
Other account payable —AZy —AZy —AZgy —AZy, —AZ, 0
/receivables (+/-)
Total 0 0 0 0 0 0 0

Note: + denotes transactions received, - denotes transactions paid. According to the National Bureau of Statistics of China, acquisition
less disposals of other NFA are mainly transfers from firms to governments, and there are no data for banks, which are inconsistent

with the balance sheet.

Notice that firms’ and banks’ equity on the liability side account for both equity issued and
net assets, so their net worth is 0 (China’s National Balance Sheet 2018, see Table . Equity
flows reported by National Bureau of Statistics of China are 0 (see Table . Therefore, we
have the following treatment for equity liabilities of firms and banks, i) the value of firms’

and banks’ equity on the liability side of the balance sheet satisfied the following conditions to

13



CHAPTER 2

guarantee their net worth is zero,

Eipr=Kife+ Kot + Kape + Dpr — Bre — Lyt + Eapt + FDlours — FDLing + Apr + Zgy

(Vﬁt =0), (2.22)

Ey, ¢
=K+ K1 +Gy—Hy+ Dy — Dy + Bayy — Bipy + Lyt + Eap g + TFSap s — ITF Sy — Ar + Zp g

(Vo =0), (2.23)
ii) since there are no equity flows, the revaluation effect accounts for all the changes in value,
RE‘/;ilj,t = Elj,t - Elj,tflv .7 = ba f7 (224)

iii) we derive the implicit equity price indicesﬂ

REV,, .

-1 J =0, [. 2.25
ljt 1 Elj,t—l ( )

Pelj,t :Pe

The following subsections present the main equations of the sectors. Behaviour equations
follow the standard Post-Keynesian macroeconomic theory (e.g. Godley and Lavoie, [2006)
and are pragmatically verified by econometrics employing historical annual data from 2000
to 2019 (National Bureau of Statistics of China, China’s National Balance Sheet and World
Bank)ﬁ Other simplified behaviour equations and accounting equations are shown in detail in

the Appendix.

Final good equilibrium

Final good production, Y;, fulfills the aggregate demand, which consists of households con-
sumption, Cj 4, government consumption, Cy;, fixed capital formation by firms, banks and
governments, I1¢¢, I1ps and Igy, respectively, fixed capital formation by households (mainly
dwelling acquisition), Ij;, change in inventories by firms and governments, Io¢; and Ipg;, and

net exports, Xy — M;,

Y; = Ch,t + C t Tt Ilf,t + Ilb,t + Ilgﬂg + Ih,t + Izﬂt + Izg7t + X — M;. (2.26)

"We have tried using the stock market price index to estimate equity flows, but it would increase the mismatch
of net financial investment between the real account and financial account in the transaction-flow matrix.

80ur method is pragmatic in the sense that we try to follow economic theories as closely as possible but drop
the determinants in the behaviour equations that are not statistically significant.
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Aggregate demand in real term (in volume),

Yt = Cht + Cgp +U1fs + Gabg + 1gt + Ght + G2fs + G290 + ¢ — My, (2.27)
_ Chy _Cyt  _ DLipt _ Ty _ hgs . Ing _ Doy
where Chit = Pey? Cgt = Pey? Lt = Pey ot bt = Piy i 1g,t = Pyt thit = Thvt’ Laft = Pka,t’
; _ Iog _ Xi _ M .
129,46 = Prw T = Bl and m; = Py are the aggregate demand components in volume

P, is the consumer price index (CPI). Py, ; is the general capital price index. Py, ; is the
capital price index of households. Py, : and Py, : are the price of inventories held by firms

and governments, respectively. Lastly, P,; and P, ; are the export and import price index,

respectively. By definition, then, GDP deflator is P,; = %

Production technology follows a Leontief production function, which gives us the supply

constraint of the economy,

< min{uwouf? KK, FdiSE, 1, e LEL, (2.25)
Pafa—to Baf 148 — os
where wgp =e A1, w; =1+ 2314’ ,81 Wy = —g 2 and wy = 275, The first term on the

right-hand side of equation (|2 is the potential real GDP produced by capital, where k;¢ is
firms‘ fixed capital in volume, and fdi;, inward FDI stock in volume. [y denotes autonomous
utilized fixed capital growth. B; > 0 is the short-run elasticity of firms’ fixed capital utilized
to real GDP. —1 < B3 < 0 is the parameter of firms’ fixed capital utilized long-run correction.
(B3 is the autonomous firms’ fixed capital utilized in logarithm. 54 > 1 is the long-run elasticity
of firms’ fixed capital utilized to real GDP, which shows a decreasing marginal productivity of
capital in the long run.. And B5 < 0 captures the technology spillover effect of inward FDI
on capital productivity (Cheung & Ping, 2004)H The second term is the potential real GDP
by labour, where yx; denotes labour productivity, measured in real GDP per labour, referring
to Reati (2001)), and LF; denotes labour force. Labour productivity depends on exogenous
productivity improvement over time (i.e. human capital accumulation) and the technology

spillover from inward FDI (Cheung & Ping, 2004),

AInynt = Yng + Yn A fdiint + YnyIMYNt—1 — Yng — Yny In fdisn -1 — yns(t —1)],  (2.30)

where ¥, is the short-run autonomous labour productivity growth, y,1 > 0 captures the short-

9Capital letters denote variables in value (nominal term), and small letters denote variables in volume (real
term).
10 . . N
The first term of equation (2.28)) comes from this estimation,

Aln (k1f,tUkt) = fo + Br1AIny: + Balln (krp e 1Uke—1) — B3 — Balnys 1 — BsIn fdiin,e—1], (2.29)

where Uy : denotes capacity utilization.
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run technology spillover effect of inward FDI on labour productivity, —1 < yneo < 0 is the
parameter of labour productivity long-run correction, y,3 is the initial labour productivity level
in logarithm, 4,4 > 0 captures the long-run technology spillover effect of inward FDI on labour
productivity and y,5 > 0 captures the exogenous labour productivity improvement over time.
If the economy hits the supply constraints, firms’ investment would be constrained by resid-

ual savings, as in supply-led models (e.g. Solow, |1956),
U1ft = Yt — Chyt — Cgt — Ulbt — U1gt — thyt — 12f,t — 12g,t — Tt + M. (2.31)

The capacity utilisation of the firms’ fixed capital, Uy, is derived based on the capital

productivity from equation ([2.28]),

M)

1 Yt .
ki | woypty (Rrpa—1Usg—1)*s fdig,,

Ukt = (2.32)

Labour market

Following Keynes (1937), the employment level is determined by aggregate demand. Then,

employment in our model, Ny, is simply real GDP over labour productivity,

Ny =2t (2.33)
YNt

Real wage, w;, is determined by labour productivity,
Alnw; = wo +wiAlnyn,, w >0, (2.34)

where wy is the autonomous real wage growth, and w; denotes the elasticity of real wage growth
to labour productivity growth]

The total wage bill, W}, equals the nominal wage times labour,
Wt = Py7ttht7 (235)

where P, ;w; is the nominal wage.

Unit labour cost, by definition, is the total wage bill divided by real GDP,

Wi
ULC; =t (2.36)
Ye
We did not find any statistical evidence of a significant effect of unemployment on real wage from our data.
It suggests a flat Philips curve from 2000 to 2021 in China.
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Prices

Producers fulfill aggregate demand but set their prices based on their cost of production. The
consumer price index (CPI), P.;, is determined by unit labour cost, ULC;_1, and the price
of aggregate energy, Pepert (see Appendix), which captures the Microeconomic rebound effect

(Sorrell and Dimitropoulos 2008|),
Aln Pc,t = peo + P AIMULCi_1 + pe2 (ln Pc,t—l —pe3 —PealMULCi_1 — pes In Pener,t—l): (237)

where pso > 0 is the long-run mark-up, p.; > 0 is the short-run elasticity of CPI to unit labour
cost, —1 < peo < 0 is the coefficient of long-run correction, p.g > 0 is the long-run mark-
up, pea > 0 is the long-run elasticity of CPI to unit labour cost, and p.s > 0 captures the
Microeconomic rebound effect [

The price of productive fixed capital depends on unit labour cost, CPI and capacity utiliza-

tion (Yoo (1995)),
Aln Pkl,t =ap+a;Aln Pc,tfl + 042(111 Pkl,t—l —a3lnULCy_1 — 044Uk:,t—1)7 (2.38)

where g is the short-run markup, a; > 0 is the short-run elasticity of the price of fixed capital
to CPIL, 0 < ag < 1 is the long-run correction parameter, cg > 0 is the long-run elasticity of
the price of fixed capital to unit labour cost and a4 > 0 is the long-run elasticity of the price of
fixed capital to capacity utilization.

The price of housing correlates to CPI,
Aln Py, ; = pemiAln Py, (2.39)

where prp1 > 0 is the elasticity of housing price growth to inﬂationH

Exports’ price is determined by unit labour cost,
APy =pnAInULCy 4, (2.40)

where p,1 > 0 denotes the elasticity of exports’ price growth to unit labour cost growth.

12The lag for AlnULC;_, is to prevent simultaneity in the model, the coefficient are estimated without lag.
Same reason for other determinants we show in the other parts of the paper.

13We have tried a series of regressors for the price of housing, such as housing acquisition, capacity utilization
for demand components, and unit labour cost, interest rates for supply components, etc. Only inflation is a
significant regressor for housing price growth. Equation and build an indirect path for unit labour
cost and energy price to the price of housing through CPI.
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GDP deflator, by definition, is GDP in value over GDP in volume,

_h

Py
v Yt

(2.41)

For simplicity, we assume the price of inventories, other non-financial assets and imports
equal to GDP deflator in one lag, i.e. FP;; = P,;_1, where i = ko, kog, k3, m denote firms’

inventories, governments’ inventories, other non-financial assets and imports, respectively.

Households

Households earn revenues, wages, interest from deposits, dividends, other income from proper-
ties, and social benefits. They pay taxes, interest on loans, and social contributions.
Households’ consumption depends on their consumption level in the past (habit formation),

their disposable income deflated by consumption price, l;it:ll (income effect),

YD,_ YD,;_
Alncpr =co+c1Aln =1 c (ln Chi—1 —c3lnepi—9 —cqln L 1) , (2.42)
Pc,tfl c,t—1

where ¢y denotes the short-run autonomous consumption, ¢; > 0 is the short-run income effect,
c2 is the long-run correction parameter, cs > 0 captures consumption habit formation and
¢4 > 0 is the long-run income effect.

Households’ fixed capital formation (housing demand) depends on net worth deflated by the

Vht-1
Prp i1

price of housing,

Vise
Alnipg = ipo + ipgAln =21 (2.43)

Py t—1
where ipg is the autonomous housing demand growth and 4,7 > 0 captures the wealth effect.
Financial assets and liabilities follow Tobin’s portfolio theory (Tobin, 1982) as in Godley
and Lavoie, 2006, Households have liquidity preferences on currencies. They keep a proportion

of their net worth as cash in hand and hold more when income increases,

(2.44)

where hg > 0 is the liquidity preference for currencies and h; > 0 captures the income effect.
Households also have a liquidity preference for deposits. They save proportionally of net

worth as deposits and earn real interest at a rate of r,,; — m,+—1, where 7., is the rate of

interest received by households, and m, ;1 denotes GDP deflator inflation. But they bear an

opportunity cost of not repaying loans at a rate of ryj, ; —my +—1, where 7py, ; is the rate of interest
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paid by households,

Dy, 4
V-1

= dpo + dp1(rrne — Ty—1) + dp2(Tpht — Tyi—1), (2.45)

where dpg > 0 is the liquidity preference for deposits. dp; > 0 is the sensitivity of household
deposits to real interest received, and dps < 0 is the sensitivity of household deposits to real
interest received.

Households invest in bonds to earn interest but bear the opportunity cost of not repaying

. o DIV}, (+REVe, s 1+REV;s,, |
loans and not investing in investment fund shares at a rate of ! Shit Pont oy,
Ept 1+IFSh 1 Ys

where REV,, ;1 is the revaluation effect of households’ equity, and REV;¢, ; is the revaluation

effect of households’ investment fund shares.

By,
Vi’t = bpo + b1 (rrhg — Ty i—1) + bra(Tpht — Tyt—1)
ht—1
DIVy;+ REVe, 11+ REVifs, ¢
+ bps

Epi 1 +1FSh1

— 7ry7t_1> , (2.46)

where bpg is the preference for bonds, by; > 0 is the sensitivity of households’ bonds to real
interest received, bps < 0 is the sensitivity of households’ bonds to real interest paid and bpz < 0
is the sensitivity of households’ bonds to real equity and investment fund shares return.
Households invest in investment fund shares with a proportion of their net worth. Their
behaviour performs auto-correlation, chasing the winner and cutting the loser. And they would

invest with a higher ratio when they have a lower income-wealth ratio.

IFSy; . . IFSpi1 . YD 4
—— =1fSp0 +1fSp1——"— + 1] S}, ,
Vht—1 fomo Fifsm Vhi—1 Fonz Vht—1

)

(2.47)

where i f spq is the preference for investment fund shares, i fsp; > 0 is the one-lag auto-correlation
coefficient, and i f spo is the sensitivity of household investment fund shares to disposable income.
Households buy insurance at a proportion of their net worth but bear the opportunity cost

of not buying investment fund shares and less when their income increases (inferior good),

Apy
Vhi-1

DIVii+ REVio1 + REVigsys - 1> YD (2.48)

= @ho 7t ( Epi—1+1FShi

where ayg is the preference for insurance, ap; < 0 is the sensitivity of households insurance to
real equity and investment fund shares return, apo < 0 is the sensitivity of households insurance

to disposable income.
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Firms

Firms earn revenue from production, interest from deposits, and dividends from equity owner-

ship. They also pay taxes, wages, and interest on debt and distribute profit through dividends.

. . . Akigr o g Ty, 1—INT,,
Firms fixed capital formation rate, klf,lt—tl , is driven by the gross profit rate, W
(Kaleckian), and capacity utilization (Sraffian),
Akiyy . o Mp4 1 —INTyp1
— =g+l ’ +1 QUk7t,1 249)
kigi—1 J f Py, tk1pi—1 ! ’ (

where irg is the autonomous capital formation rate, if; > 0 is the sensitivity to the net profit
rate, and ipo > 0 is the sensitivity to capacity utilization.
Firms hold deposits as a proportion of their net worth, i.e. Ejs; 1, in need of operation

expenditure. They increase savings in deposits as the real interest they receive increases, 7.7 —

Ty,t—1, and their net cash flow increases, Pljz f =L
D FP_,
L = dpo+dpi(rrpe — Tys—1) +dyo =1 (2.50)
Eife o

where dgp > 0 denotes the liquidity preference of firms, dy; > 0 is the sensitivity of firms’
deposits to the real rate of interest received, and dsy > 0 is the sensitivity of firms’ deposits to
net disposable income.

Firms issue bonds to finance and less when they have sufficient cash flow,

———=b b 2.51
f0+ flE ) ( )

where by > 0 is the preference for issuing bonds and by < 0 is the sensitivity of firms’ bonds
to net disposable income.
Firms hold other firms’ equities as parent companies. The price of equities held by firms

depends on the price of equities other firms issuedE

P. P, (2.52)

afst = gt

Firms would invest abroad in the form of outward foreign direct investment (FDI) when

domestic investment is less profitable,

FDI ey —INT,p,—
out? = fdiouto + fdioutl fi-1 2=l

2.53
Eipi1 Pry ki1 (2:53)

147t comes from the empirical results, the implicit price growth of firms’ equity held can only be statically
explained by the price of firms equity issued.
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where fdi,g > 0 is the preference for outward FDI and fid,,;1 < 0 is the sensitivity of outward
FDI to the net profit rate of domestic investment.

Firms buy insurance but less when they receive sufficient cash flows,

Aft F-Ptfl
= =aj tasp + ;
Eifi ! ! Eifi

(2.54)

where ayp > 0 is the preference for insurance and af; < 0 is the sensitivity of firms’ insurance

to net disposable income.

Banks

Banks earn revenue and interest from lending. They also pay wages, taxes, interest on deposits
and inter-banks lending, dividends, and insurance indemnity. As the closing sector of the model,
the vertical consistency of the banks’ transaction flows, i.e. budget constraint is inherently
fulfilled.

The central bank is included in the banking sector and runs an inflation-biased Taylor rule
monetary policy by adjusting the 10-year government bond yield and targeting housing prices,
in addition,

10t = T0 + (1 —7ry — 7’2)7'10,75_1 —+ TlA In th,t + romy, (255)

where m = ﬁfi denotes the CPI inflation, rg > 0 is the 10-year government bond yield lower

bound, r1 > 0 is the sensitivity of 10-year government bond yield to housing price growth and
ro > 0 is the sensitivity of 10-year government bond yield to CPI inflation.

The banks’ rate of interest received, i.e. lending rate, is positively correlated to capacity
utilization (counter-cyclical),

In7rp e = rr0 + 701U t—1, (2.56)

where 7,0 is the lower bound in logarithm and 7,5; > 0 is the semi-elasticity of banks’ rate of
interest received to capacity utilization.

Firms’ rate of interest paid comoves with banks’ rate of interest received[]

Tpft = Tpfo + (L= Tpp1)rpre—1 + TppiTun e, (2.57)

where r,r0 > 0 is the interest rate premium and 7,z > 0 is the sensitivity of firms’ rate of
interest paid to banks’ rate of interest received.

Other domestic interest rates positively correlate to 10-year government bond yield (see

15The largest proportion of interest received by banks is paid by firms in terms of bonds and loan interest.
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Appendix).
Banks’ fixed capital formation rate, kA Fibe depends on banks’ net profit rate, i }_ffl;DIV”b‘t’l ,
1b,t—1 kq,tR1b,t—1
Akwpy . . BPjy 1+ DIVyyy
— = 10 + 1p1 : —, (2.58)
kip,t—1 P, tk1pi—1

where i, is banks’ autonomous fixed capital formation rate and i;; > 0 is the sensitivity of
banks’ fixed capital formation rate to net profit rate.
Banks have liquidity preference for holding deposits and increase their holding if the real

rate of interest received increases, 1., ; — Ty t—1,

Dy
Ep i1

= dyo + dp1 (Trp — Ty i—1), (2.59)

where dpy > 0 is banks’ liquidity preference for holding deposits and dp; > 0 is the sensitivity
of banks’ deposits to the real rate of interest received.

Banks issue bonds in case of shortage of funds because banks face liquidity risk by holding
long-term assets, e.g. firm loans, and short-term debts, e.g. household deposits, and would

issue less if the real rate of interest paid rises, 7pp s — Ty 11,

Ef’ = bipo + bip1 (Tpbt — Ty,t—1)5 (2.60)
Ib,t—1

where bjpo~0 is banks’ liquidity demand for issuing bonds and by,; < 0 is the sensitivity of banks’
bonds issued to the real rate of interest paid.

Banks, including financial corporations, would invest in investment fund shares for risky

. o DIV, (+REV. REVij, ..
profits, and they would invest more if it’s more profitable, b;rb - +‘}”Ft; A Togbt 4 Tyt—1,
and less when they have sufficient cash flows, gfill ,
IFSq: . . DIVipy + REVe,, + + REVifs ¢ . BP,
" =i fSa0 + i fSab1 d ab: W oy i—1) +if Saba , (2.61
Eip -1 ¢ ot Eapt—1+ IFSgp1—1 vi-1) B (2.61)

) )

where i 5,50 > 0 is the preference for holding investment fund shares, ¢ fsqap1 > 0 is the sensitivity
of banks’ investment fund shares held to the real rate of investment fund shares return, and

1 fsap2 < 0 is the sensitivity of banks’ investment fund shares held to net disposable income.

Governments

Governments receive taxes, including carbon taxes, interest rates from deposits, dividends and
social contributions. They pay wages, interest for bonds and social benefits.

Governments’ consumption consists of goods and services provided to society. It is pro-
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cyclical because when economic activity increases, demand for public goods and services in-

creases. For simplicity, we assume it is proportional to real output,
Cgt = Cg0Yi—1- (2.62)

Similarly, we also assume government investments are proportional to real output,

ig’t = igoyt_l. (2.63)

The Chinese commercial banks are mainly state-owned. The price of government equities

held depends largely on the price of banks’ equities issued,
Aln Peg,t = Peg0 + Pegl (ln Peg,t—l — Peg2 — Peg3 In Pelb,t—l)a (264)

where pego > 0 is the return premium of government equities, 0 < peg1 < 1 is the long-term
correction of the price of government equities, peg2 is the price premium of government equities
in logarithm, peg3 > 0 is the elasticity of the price of governments’ equities held to the price of

banks’ equities issued.

The rest of the world

The rest of the world demands export goods, supplies import goods, and other current transfers
and financial transfers between the domestic sectors.
The nominal effective exchange rate (rise = appreciation), X Ry, follows the uncovered inter-

est parity, which depends on the 10-year government yield, 719 and federal funds rate, F'F'R;,

(2.65)

1
Aln XR; = xrg + a1 ln( + 110+ >

1—|—FFRt’

where xrg < 0 is the preference premium for domestic currencies compared to foreign currencies,
xry > 0 is the elasticity of nominal effective exchange rate to interest parity.

The federal funds rate, ffr; and foreign GDP (nominated in US dollar), Y;.;, are exogenous
in the model and calibrated for the baseline scenario we would discuss in Section 2.3

Due to the conversion of currencies, the rate of interest paid by the foreign sector includes

the change in exchange rate within the maturity,

Tprt = Tpro + (1 — Tpr1 — Tpr2)Tprt—1 + rpr1i AN X Ry + rppo FF Ry, (2.66)

23



CHAPTER 2

where 7,9 > 0 is the interest rate premium, r,.1 < 0 is the sensitivity of the interest rate paid
by the foreign sector to nominal effective exchange rate growth, r,.2 > 0 is the sensitivity to
federal funds rate.

Equivalently, the rate of interest received by the foreign sector also includes the change in
exchange rate,

Trrt = Trpo + (1 - 707‘7‘1)7'7"7’,15—1 +rer1 Aln X Ry, (267)

where r,..9 > 0 is the interest rate lower bound and r,,; > 0 is the sensitivity of the interest
rate received by the foreign sector to nominal effective exchange rate growth.

Exports depend on foreign demand converted into domestic currencies and deflated by export

: Yr,t
price, 557
Yo Yii1
Al = Aln —2 lnzyq —23 —24ln —————— 2.68
nr = xg+ I npmthRt+x2<nxt 1 — T3 — Ta nPLthRtl), ( )

where zg is the short-run autonomous export demand, xq > 0 is the short-run elasticity of
export to foreign demand, —1 < x5 < 0 is the export long-run correction parameter, x3 > 0
is the long-run autonomous export demand in logarithm, and x4 > 0 is the long-run export
demand elasticity.

For simplicity, imports are proportional to real GDP,
my = MotYt—1, (2.69)

where mg; is a moving parameter to calibrate the real GDP of our baseline scenario.
The foreign sectors lend loans to the domestic sectors depending on the rate of interest

received, the higher the return, the more they supply,

ALar,t

I = laro + laT].TTT‘,t7 (270)
ar,t—1

where [0 is the foreign loan autonomous accumulation rate and l,-; > 0 is the sensitivity of
foreign loan lending to the rate of interest received by the foreign sector.

The foreign sectors hold equities in both the real sector and the financial sector. The price
of the rest of the world equity held, P, ;, depends on the price of equities issued by firms and
banks,

A Pe, t = pero + per1t A Peyy 11 + pera(In Pe, 11 — persIn Pey; 1-1), (2.71)

where per is the return premium of the rest of the world equity held, per1 > 0 is the short-run
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elasticity of the price of the rest of the world equities held to the price of banks equity issued,
—1 < pero2 < 0 is the long-run correction parameter, per3 > 0 is the long-run elasticity of the

price the rest of the world equities held to the price of firms equities issued.

My

y Pt ., with more domestic
Ky tR1ft—1

Inward FDI depends on the domestic firms’ gross profit
economic growth, cheaper labour, lower taxes, and cheaper fixed asset prices, the domestic
sector will attract more inward FDI,

AFDlIip . . Iy
—— = fdi; dijm) ————— 2.72
FDIin,t—l fdiino + fdiin Pk1 ,tklf,t—l ) ( )

where fdi;,g is the autonomous inward FDI accumulation rate and fdi;,; > 0 is the sensitivity

of inward FDI to domestic firms’ gross profit rate.

2.3 Simulation

We run the model to simulate different scenarios of carbon pricing from the Network for Green-
ing the Financial System (NGFS) from 2019 to 2035. Our baseline scenario is the National
Determined Contributions (NDCs) scenario from the NGFS, which follows the commitment of
the country to the Paris Agreement. The baseline scenario only includes carbon pricing. Green
subsidies are not implemented, GS; = 0. We run two other scenarios for carbon prices to see

their effects. One is the below 2°C scenario, and the other one is the net zero scenario (see

Figure .
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Figure 2.3: Carbon prices
Note: The NGFS scenarios are displayed every 5 years before 2060 and every decade afterward.
Interpolations by assuming the same growth rate between grids. Converted using the US CPI
and official exchange rate from the World Bank.
Source: NGFS

2.3.1 Initial values and parameters specifications

The initial values and parameters are obtained, calculated, estimated or calibrated from the
real data or the NDCs scenario (see Table and in the Appendix). Our data covers from
year 2000 to 2019. Stock data, e.g., non-financial assets and financial assets and liabilities,
are obtained from China’s National Balance. Transaction data are obtained from the National
Bureau of Statistics of China (NBSC). Data for energy and emissions are obtained from the
NBSC, China Energy Portal, World Bank, and Our World in Data.

The GDP deflator is obtained from World Development Indicators. Other price variables
are obtained or estimated from NBSC. The nominal effective exchange rate is obtained from
the European Central Bank. Capacity utilization is obtained from Wang and Zeng (2021).
Fiscal tax rates and interest rates are estimated using the transaction data and stock data,
dividing the flows by the stocks. Employment data are obtained from the World Bank. The
real wage is calculated by the wage bill payment over employment deflated by the GDP deflator.

Equity price indices are calculated by the revaluation effect over the lagged stock in value. The
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revaluation effect of equities is calculated by the equity accumulation equation.

Capital for energy production is calculated by accumulating the fixed capital formation for
energy production. We assume the same accumulation rate of capital for energy production
as the accumulation rate of firms’ fixed capital in 2000. So the share of capital for energy
production is the same as the share of fixed capital formation for energy production in firms’
fixed capital formation. Then we accumulate the flows by using the firms’ capital depreciation
rate and capital price. Green capital for renewable energy is calculated using equation .

Parameters are mostly estimated by running simple OLS regressions with Durbin-Watson
to ensure they do not reject the homoskedasticity hypothesis. Moreover, we run Augmented
Dickey-Fuller (ADF) tests on the residuals to ensure co-integrations between the variables. feq
is borrowed from Aleti and Hochman (2020). ce; = —cey is calibrated from equation (2.18]) to
have # = 0 when I',.. = 1, zero carbon emission when 100% use of renewable energy.

To avoid spikes in the initial period simulation, we assume the economy is at balanced growth
in the initial period. Stock variables’ initial values are set using the data. The initial value of
foreign GDP is calculated using the world GDP substrates by China’s GDP from the World
Bank. Final goods prices are assumed to be 1 for the initial period. The balanced growth path
requires stocks and flows to grow at the same rate as the initial GDP growth rate. Goods prices,
interest rates and exchange rates are fixed. The price of equities grows at the real GDP growth
rate. Energy consumption growth is assumed to be 0 in the initial period, so the energy prices
remain constant. These conditions require some initial values of the variables and parameters
to be calibrated using the equations.

We calibrate real GDP growth, energy intensity growth, labour force and foreign GDP
growth to historical data until 2022 and our baseline scenario afterwards. Energy intensity
growth, gey ¢, is an exogenous variable. We simply set its values to the time series (see Figure
2.4al). The labour force is estimated based on the labour force data of the World Bank and
the Chinese population prediction of the NGFS scenario by simply assuming the labour force
proportion is fixed at the level of 2022, which is around 55.98% (see Figure . For real GDP
growth, which is an endogenous variable, we let mg; from the import equation, equation ,
to be a moving parameter to calibrate it (see Figure . Foreign GDP growth is exogenous,
and we employ the time series data (see Figure .
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Figure 2.4: Calibration variables
Note: we calibrate to historical data until 2022, and the NDCs of the NGF'S scenario afterwards.
The NGFS scenario is displayed every 5 years before 2060. Interpolations by assuming the same
growth rate between grids.

Source: World Bank, NGFS

2.3.2 Results
Carbon pricing

Figure shows the main results of the simulations. The black line is our baseline scenario
(NDCs). The blue and red lines are the results of carbon prices of the below 2°C scenario and
the net zero scenario. Carbon pricing has a negative effect on real GDP (Figure .
Household consumption decreases due to higher carbon tax payments and also because of the
inflation caused by the carbon tax (Figure and . Firms invest less under higher carbon
tax payments because of lower profit rates and lower capacity utilization (Figure and .
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Household investment decreases because of the rise of housing prices caused by carbon pricing
(Figure and . Export decreases under higher carbon taxes because export goods
become more expensive and less competitive (Figure . Consequently, China runs a current
account deficit under higher carbon taxes (Figure . The real equity price of firms issued,
which is the price of firms equities issued deflated by GDP deflator, decreases under a higher
carbon tax, showing that the firm’s balance sheet worsens in real term (Figure . Public
debt to GDP drops in the short run because of higher carbon tax revenue but rises in the long
run because the denominator, GDP, decreases even more, and green transition reduces carbon
tax revenue to GDP in the long run (Figure and. Households’ net worth in real terms,
deflated by GDP, increases slightly in the medium run, mainly because of the revaluation of
housing. Although the model does not have heterogeneous agents to study inequality, the wealth
inequality increases because only house owners benefit from this revaluation effect, and houses
are less affordable for the unhoused people as shown household investment decreases (Figure
B.5m).

Energy consumption becomes smaller under higher carbon prices because of their negative
impact on aggregate demand (Figure . Carbon pricing stimulates green transitions as
expected. Only the net-zero carbon pricing scenario achieves the policy target described in
Table 25% of renewable energy share by 2030. The below 2°C scenario shows a decline in
renewable energy share in the long run because decreasing energy demand shrinks the energy
sector and reduces the scale effect of renewable energy production. While the net zero scenario
has a sufficient high carbon tax level to compensate for this negative effect (Figure .
Carbon intensity decreases over time as the energy intensity decreases. The positive effect of
carbon pricing on green transition decreases carbon intensity further. Even the baseline scenario
succeeds the policy target for carbon intensity described in Table 65% less than the level
of 2005 by 2030 (Figure . Carbon pricing decreases carbon emission in two aspects, i. it
stimulates green transition and reduces carbon intensity; ii. it deteriorates aggregate demand
and reduces energy consumption. Surprisingly, our baseline scenario just matches the policy

target described in Table carbon emission peaks in 2030, which we did not calibrate in
purpose (Figure [2.51)).
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Figure 2.5: Simulation results, carbon price scenarios
Note: The black line is our baseline scenario (NDCs). The blue and the red lines are results

with carbon prices of the below 2°C scenario and the net zero scenario. The horizontal lines

and vertical lines in (2.5p)), (2.5q]) and (2.51)) are the respective policy targets described in Table
21
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Figure 2.5: Simulation results, carbon price scenarios
Note: The black line is our baseline scenario (NDCs). The blue and the red lines are results

with carbon prices of the below 2°C scenario and the net zero scenario. The horizontal lines
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21
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Figure 2.5: Simulation results, carbon price scenarios
Note: The black line is our baseline scenario (NDCs). The blue and red lines are the results

of carbon prices of the below 2°C scenario and the net zero scenario. The horizontal lines and

vertical lines in ([2.5pl), (2.5q]) and (2.5r)) are the respective policy targets described in Table
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Green and conventional fiscal policy

In this section, we compare the effect of green fiscal policy, green subsidies to renewable energy
producers, and two conventional fiscal policies, capital transfers to firms and social benefits
to households (Figure . Based on our baseline scenario (NDCs), the government uses its
carbon tax revenue to fund these policies (carbon tax rebate). Specifically, in the green subsidies
scenario, green subsidies can only cover by maximum of 85% of the total cost of renewable energy
productioﬂ If carbon tax revenue exceeds this amount, the remaining revenues are transferred

to firms in terms of regular capital transfers,
GS; = min{CTt, 0.85(F7~e + Tkre,tKTe,t)}v (273)

TRy, = CT; — GS;. (2.74)

Figure shows the carbon tax to GDP in these three scenarios. They stand for a maximum of
around 0.3% of GDP, which are small shocks. To better understand the scale of their effect, the

Scenarioghock

Scenarion e — 1 for variables in level

figures we show later are in deviation of the baseline, i.e.
and Scenariogpoc — Scenarionpcs for variables in rate. The green line is the green subsidies
scenario, the blue line is the capital transfer scenario, and the orange line is the social benefits
scenario. Green subsidies, compared to conventional fiscal policies, have a more significant
positive impact on economic growth by reducing inflation (Figure . Green subsidies reduce
the price of renewable energy and increase the share of renewable energy (Figure and
. As a consequence, the price of aggregate energy becomes cheaper, which reduces inflation
(Figure and . Under the green subsidies scenario, household consumption increases
more significantly than firms’ investment because the energy price reduction transmits to CPI
reduction directly through equation (Figure and . Capital transfers do not
show a significant effect on firms’ investment because firms do not take it into account in their
profit, but they reduce the accumulation of firms’ debt (Figure . Public debt over GDP
increases under all of the three fiscal scenarios. Green subsidies increase public debt over GDP
more because of the revaluation effect of government bonds in the short run. In the long run,
public debt to GDP decreases because of the positive effect of green subsidies on GDP, the
denominator, and generates additional fiscal revenues from production taxes and income taxes

(Figure and [2.6k]). Government bond price rises because the interest rates fall, targeting

to inflation (Figure [2.6l). Energy consumption with green subsidies increases because of the

161f we set an extreme cost coverage ratio for green subsidies, e.g. 90%, the simulation outcomes will be volatile,
because if the share of renewable energy increases suddenly in one period, carbon tax revenue will shrink and
cannot finance green subsidies in the next period.
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rebound effect (Figure [2.6ml). As a consequence, carbon emissions increase in the medium run

with green subsidies but decrease in the long run as the share of renewable energy increases

significantly (Figure [2.6n]).
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Figure 2.6: Simulation results, green and conventional fiscal policy scenarios

Note: The green line is the green subsidies scenario, in which the government subsidises 85% of the production

cost of renewable energy funded by the carbon tax revenue. If carbon tax revenue exceeds this amount, the

remaining revenues are transferred to firms in terms of regular capital transfers. The blue line is the capital

transfer scenario, in which the government transfers all the carbon tax revenue to firms. The orange line is the

social benefits scenario, in which the government increase social benefits to households by the amount of the

carbon tax revenue.
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Figure 2.6: Simulation results, green and conventional fiscal policy scenarios
Note: The green line is the green subsidies scenario, in which the government subsidises 85% of the production
cost of renewable energy funded by the carbon tax revenue. If carbon tax revenue exceeds this amount, the
remaining revenues are transferred to firms in terms of regular capital transfers. The blue line is the capital
transfer scenario, in which the government transfers all the carbon tax revenue to firms. The orange line is the
social benefits scenario, in which the government increase social benefits to households by the amount of the

carbon tax revenue.

36



CHAPTER 2

3 7
= 8
zZ —
[ S

5 2 E B AL
E ° 9] .
3 3 e

| o _|
T s S <
C . ~
S 8 4 @ -
Q. o (o]
S s 8 ]
3 S -
& © @ .
o c
5 8 § g lz=m
?:) T T T T s < T T T T
w ey 2025 2030 205 © 2020 2025 2030 2035

Year Year
(m) Energy consumption (n) Carbon emissions

Figure 2.6: Simulation results, green and conventional fiscal policy scenarios
Note: The green line is the green subsidies scenario, in which the government subsidises 85% of the production
cost of renewable energy funded by the carbon tax revenue. If carbon tax revenue exceeds this amount, the
remaining revenues are transferred to firms in terms of regular capital transfers. The blue line is the capital
transfer scenario, in which the government transfers all the carbon tax revenue to firms. The orange line is the
social benefits scenario, in which the government increase social benefits to households by the amount of the

carbon tax revenue.

In summary, carbon pricing stimulates green transition, reduces carbon intensity and emis-
sions at the cost of deteriorating GDP and causing inflation. Export good becomes more
expensive and less competitive, results in huge current account deficit. As the share of renew-
able energy increases, the cost of carbon tax to GDP decreases, but the economy remains in
recession. Firms’ balance sheet worsen. Governments receive more fiscal revenues from carbon
tax and bear less public debt in the short run, but face a higher public debt over GDP ratio in
the long run. Green subsidies, compared to conventional fiscal policy, stimulate green transition

and have more positive effects on the economy, higher economic growth and less inflation.

2.4 Conclusion and Remark

This paper develops a stock-flow consistent macroeconomy model with an energy sector for
China to investigate the effect of green policies on green transition and aggregate demand.
The model is built empirically based on the national balance sheet and transaction flow ma-
trix of China. The energy sector is driven by aggregate demand and includes two types of
energy production, conventional energy and renewable. The allocation of these two types of
energy consumption/production depends on a VES consumption preference/production tech-

nology function for aggregate energy and cost functions. We provide an analytical solution
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for green transition that shows the relative cost of using conventional energy with respect to
renewable energy determines the share of renewable energy, and the development of the energy
sector promotes green transition. As the energy sector develops, green transition happens in
the short run but hits a ceiling in the long run because the price of renewable energy stops
decreasing as the financing cost accumulates. It calls for the necessity of green policies such as
carbon taxes, green subsidies and green finance.

We calibrate the model to the NDCs scenarios from the NGFS and run simulations with
different carbon pricing scenarios, below 2°C and net zero. The simulation results demonstrate
carbon pricing stimulates green transition but has a negative impact on the economy, low
growth and high inflation. Firms investment falls down sharply and their book value decreases.
Governments benefit from carbon taxes in the short run by receiving additional fiscal revenue
but bear a higher public debt over GDP in the long run because of the negative impact of carbon
taxes on the economy. Carbon taxes reduce carbon intensity and carbon emissions. Only the
net-zero scenario achieves the green share policy target in 2030. Then, we ran more scenarios to
compare the effect of green fiscal policy, green subsidies to renewable energy producers, and two
conventional fiscal policies, capital transfers to firms and social benefits to households, which
are all financed by the carbon tax revenue from the baseline scenario. The results show that
green subsidies stimulate green transition and have more positive effects on the economy, higher
economic growth and less inflation.

One caveat of our model is the assumption in the energy sector is too strong due to lack
of data. Renewable energy having the same production technology as conventional energy is
unrealistic. The model also does not capture the effect of disaggregated investment. On one
hand, the green transition requires investment in renewable energy production, which generates
economic growth. On the other hand, it reduces investment in conventional energy production
and deteriorates growth.

The model can also be extended in some directions. We could model the energy sector more
realistically with more detailed data when they are available. We could explore the effect of
green finance by disaggregating bonds/loans into green and brown bonds/loans, assuming that

conventional energy producers are financially constrained by banks (credit rationing).

Appendix

The price of aggregate energy:

The price of aggregate energy is the weighted average of the price of conventional energy
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plus the unit of carbon price for conventional energy production and the price of renewable
energy production,

CTy

Pener,t = (1 - Fre,t) (Pce,t + CE) + Fre,tpre,t- (275)

Production:

Final goods or services are produced by domestic sectors given a fixed proportion,

Yie =Y > %=1 (2.76)
J

where j = f,b, g, h denote firms, banks, governments and households.
Households:

The gross operating surplus of households is defined as,
Iy =Yne +Why —TLpt — CThy, (2.77)

where Wy, = yw, W; is the wage paid by households with vy, , the share of wage paid by
households, and T'Lj, ¢ = 71, Y3+, the net production tax paid by households with 77, is the net
production tax rate paid by households.

The gross disposable income of households is,
YDy =1y + Wy +INT, g — INTy,  + DIVy  + OI Py, (2.78)

where INT,}, ; = INTy, +1NTyy; is the total interest received by households, which is the sum
of households’ deposit interest, INTyp ; = 1, 1Dy t—1, and households’” bond interest, INTy;, ; =
TrhtBhi—1, INThy = TpnLp—1 is households’ loans interest paid, DIV}, = vprv, (Ept—1 +
IFSp4—1) is the dividend received by households with vypry, the dividend rate received by
households, and OIP,; = vorp,Y Dgy+—1 is households other income form properties received,
which is a fixed proportion of households’ gross disposable income for simplicity, yorp.

The net disposable income of households is,
YD =YDy —Tht — SCy + SB; — Opy, (2.79)

where T}, ; is the income tax paid by households, T}, ; = 73, .Y Dy, SCy is the social contribution
paid by households to the governments, proportional to total wages, SC; = 75.Ws, SB; is the
social benefits received from the governments, and Oy, ; = 70, Y Dy is households other current

transfers paid, proportional to gross disposable income for simplicity.
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Household savings is disposable income minus consumption,
Sh,t == YDt - Ch,t' (280)

Households’ fixed capital depreciates at a fixed rate, §,. Assuming no other changes in value
(OCV), the current fixed capital in value is the sum of fixed capital in the previous period after

depreciation, fixed capital formation and revaluation effect,
Kh,t = Kh,t—l(l — 5/1) + Ih,t + REVkl_“t, (2.81)
where REV}, ; is the revaluation effect of households fixed capital.

Households’ fixed capital in volume is the stock in value divided by housing prices,

Ky
ki = =t 2.82
T P (2.82)

Households fixed capital revaluation equals the price change times the stock in volume in

the previous period,

REV, + = APy, tkni—1. (2.83)

Households’ net financial investment equals households’ savings minus fixed capital forma-
tion,

NFIh,t — Sh,t - Ih,t' (284)

Households’ currencies savings equal to the change in stock,

AH, = H, — Hy_;. (2.85)

Households’ deposit savings equal the change in stock,

ADyt = Dpy—1+ ADp . (2.86)

Household bonds held in volume equal to bonds held in value over the bond price,

bh,t = —. (287)

Household bond savings equal the change in stock value minus the revaluation effect of
bonds,
ABp = Byt — Bri—1 — REV), 4, (2.88)
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where REV}, ; is the revaluation effect of households’ bonds held.
Households’ bonds held revaluation equal to the price change times the stock in volume in

the previous period,

RE%h,t = Ath,tth' (289)

The price of households’ bonds held is approximated as the inverse of their interest rate, as
in Godley and Lavoie, 2006,
(2.90)

Py, ;= .
Trht

Households’ equity held in value equals the stock in value in the previous period plus the

revaluation effect,

Eht = Ept—1+ REVe, 4, (2.91)

where REV, ; is the revaluation effect of households equity held.
Households’ equity held revaluation is the residual revaluation effect of equities held and

issued by the other sector,
REVe,+ = REVe, 1+ REVe,+ — REV,,,+ — REVe,,+ — REV, 1 — REV, ;. (2.92)
Households’ investment fund shares savings equal the change in stock ValueE
AIFSy; =1FSyy —IFSh; 1. (2.93)
Households’ insurance savings equal the change in stock value,
AAy = A — Ay (2.94)

We assume other accounts payable/receivables are proportional to households’ net worth for
simplicity,

Zh7t = ZhOVh,t—l' (295)

Households’ change in other accounts payable/receivables is

AZnt=Znt — Zhi—1- (2.96)

1"We assume the price of investment fund shares is exogenous and constant for simplicity. As we have not
found its determinant.
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Households’ loan borrowing closes the households’ budget constraint,
ALps = AH; +ADyy + ABp + AIFSy + AAp + AZyy — NFI 4. (2.97)
The accumulation of households’ loans is
Ly =Lpg—1+ ALpy. (2.98)
Households’ net worth is
Vit =Knt +Hy+Dpy+ By — Ly + Eng + Ang + Znyg- (2.99)

Firms:

The gross operating surplus of firms is
Wpe=Yse —TLps —Wyy — CTyy, (2.100)

where T'Ly; = 77, ¢Ys; is the net production tax paid by firms. W/, denotes wages paid by
firms, assumed to be a proportion of the total wage bill, Wy = yw, W;.

The gross disposable income of firms is
FPyt =gy + INTypy — INTyp + DIVigy — DIVyyy — OIPyy, (2.101)

where INTys s = r,p 4Dy 1 is the deposit interest received by firms, INT,s; = INTyz;+INTjs;
is the total interest paid by firms, which is the sum of bonds interest paid, INTys; = 7)1 Bfi—1
and loans interest paid, INTjs; = rppiLlypi—1, DIVegy = Yp1v,, (Eqft—1+ FDIoysp—1) is the
dividend received by firms with vpyv,, the dividend rate received by firms, DIV is dividend
paid by firms, and OIPf; = yor1p, F'Py, is firms other income from properties paid, which is a
fixed proportion of firms’ gross disposable income for simplicity.

Firms’ dividend paid is the sum of dividends received by all sectors minus dividends paid

by banks,
DIV, = DIVygy + DIVipy + DIVyy + DIVy y + DIV — DIV ;. (2.102)
Firms’ net disposable income is

FPt = Fpg’t - Tf,t - Of,t7 (2103)
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where Ty = 7f; is the income tax paid by firms and Oy = v0,F Py is firms’ other current
transfers paid, assumed as fixed a proportion of firms’ gross disposable income.

Firms’ fixed capital held in value is
Kipe = Kipp1(1=6p¢) + Iipe + REVy 4, (2.104)

where 0y denotes the depreciation rate of firms’ fixed capital and REVj, , ; is the revaluation

effect.
Firms’ fixed capital in volume is
Kipy
kirs = =~ 2.105
"= B (2.105)
Firms’ fixed capital formation in volume,
. 0r K154
inge = Akyps + fplf’t ! (2.106)
k1,t
Firms’ fixed capital revaluation,
REVy, ,+ = APy, tkifi—1. (2.107)
Firms’ inventories in value,
KQf,t = K2f,t—1 + Igf’t + REVka,ta (2.108)
where REV),, ; is the revaluation effect.
Firms’ inventories in volume,
K.
kg = 20t (2.109)
Pkgf,t

We assume firms’ changes in inventories as a fixed share of real GDP for simplicity,
ioft = 12£0Yt—1- (2.110)
Firms’ inventories revaluation,
REVyy,t = APy, thoi—1. (2.111)
Firms’ other non-financial assets in value,

Kspi = Kspi—1+ Ispe + REVig, 1. (2.112)
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Firms’ other non-financial assets in volume,

kspi = . (2.113)
Firms’ acquisition less disposal of other non-financial assets in value,
I3fi = Prgaisfe- (2.114)

Firms’ acquisition less disposal of other non-financial assets in volume is assumed to be a

fixed share of real GDP for simplicity,
134t = 13£0Yt—1- (2.115)
Firms’ other non-financial assets revaluation,
REVi,,t = APy, tkspi—1. (2.116)
Firms’ net financial investment,
NFIpy = FP,+TRK; +GS; — Lipy — Inpy — I3y, (2.117)

where TRK; is the capital transfers received by firms.

The firms’ deposit savings are the change in deposit stock value,
ADjyi =Dy —Dyy_1. (2.118)
Firms’ bond borrowing,
AByfy= Byt — Bfi1— REV, 4, (2.119)

where REV;, 1 is firms’ bond issued revaluation.

Firms’ bonds issued in volume,

by = ﬁbi tt (2.120)
where P, Pt is the price of firms’ bond.
Firms’ bond revaluation,
REVy, 1 = APy, tbft-1. (2.121)
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Firms’ equity held in value is the stock value in the previous period plus the revaluation

effect,
Euoy = Eapi—1+ REV,, 1. (2.122)
Firms’ equity held in volume,
Eaf t
Caft = —L2 2.123
af7t Peafyt ( )

where P, st 18 the price of firms’ equity held.

Firms’ equity held revaluation,
RE‘/eafvt = Ape,lf,teaf,tfl- (2.124)

We assume the price of FDIs is constant for simplicity. Outward FDI flow equals the change
in stock value,

AFDIyt = FDIoyt — FDIoyt 1. (2.125)

Firms’ insurance savings,

AAgy=Apy— Agya. (2.126)

We assume other accounts payable/receivables are proportional to the firm’s net worth for
simplicity,

Zf7t = szElf,t—l- (2127)

Firms’ change in other accounts payable/receivables is
AZpy=Zpg — Zfp—1. (2.128)

Firm loans issued,

Liiy=Lygy1+ALyy. (2.129)

Firms’ loan borrowing closes the financial constraint,
ALyy = ADyy — AByy + AFDloysy — AF DIy + AAgpy + AZyy — NFgy. (2.130)

Banks:
Domestic interest rates, except banks’ rate of interest received and firms’ rate of interest

paid, are correlated to 10-year government bonds yield,

ric =10+ (1 —11)r560-1 + rj1iro, (2.131)
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where j = {pb, pg, ph,rf,rg,rh} denotes paid by banks, paid by governments, paid by house-
holds, received by firms, received by governments and received by households, respectively,
rjo > 0 is the interest rate premium, and r;; > 0 is the sensitivity to 10-year government bonds
yield.

Banks’ gross operating surplus is
My = Yor — Wy — TLpy — CThyy, (2.132)

where Wy, = ~yw,W; is the wage paid by banks, proportional to the total wage bill, and
TLyy = 71, Ys: is the net production tax paid by banks.

Banks’ gross disposable income is
BP;; =1y + INT. 3 — INTpp s + DIV y — DIV, — OI P, (2.133)

where INT,,; = INTy,; + INTyp s + INT)p; is banks’ interest received, which is the sum of
banks’ deposit interest received, INTg,; = rpp Dy —1, banks’ bond interest received, INTy, ,
and banks’ loans interest received, INTy, s, INTyy = INTgy + INTyy; is banks’ interest
paid, which is the sum of banks’ deposit interest paid, /N7y, and banks’ bond interest paid,
INTybt = rpptBit—1, DIVipr = vprv, (Eapt—1 + 1FSqp—1) is banks’ dividend received,
DIVy, = ’YDIVpb(Elb,t—l + IFSp—1) is banks’ dividend paid, and OIP,; = vorp,BP,;—1 is
banks’ other income from properties, assumed to be fixed proportion of banks’ gross disposable
income.

Banks’ bond interest received is the sum of all sectors’ bond interest paid minus households’

bond interest received,
INTbrb,t = INTbﬂt + INTbgﬂg + INTbrb,t — INTbh,t. (2.134)

Similarly, banks’ loan interest received is the sum of all sectors’ loan interest paid minus the

RoW loan interest received,
INTyw; =INTis +INTip + INTpry — INT,p . (2.135)
Banks’ deposit interest paid is the sum of all sectors’ deposit interest received,

INT ¢ = INTg,; + INTdf,t + INng,t +INTyp . (2.136)
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Banks’ net disposable income is
BP, = BPy; — Tyt + Opy, (2.137)

where T, = 7, BP,; denotes banks’ income tax paid and Op; = 70,BPF,;: is banks’ other
current transfer received, assumed to be a fixed proportion of banks’ gross disposable income.

Banks’ fixed capital held in value,
Ky = Kipt—1(1 = 0p) + Iipp + REV,, +, (2.138)

where d; is the depreciation rate of banks’ fixed capital and REV},, ; is the revaluation effect
of banks’ fixed capital.

Banks’ fixed capital held in volume,

Ky

kipe = =, 2.139
= Py (2.139)

Banks’ fixed capital formation in volume,

0K 1pt—
i1y = Akpyy + %. (2.140)
k1,t
Banks’ fixed capital revaluation,

REVi,,t = APy, tkipi—1- (2.141)

Banks’ other non-financial assets is positively correlated to GDP (capital acceleration),

Kspe = kspoYi—1, (2.142)

where k3pg > 0 is the acceleration effect parameter.
Since there is no banks’ acquisition less disposal of other non-financial assets, we assume

the change in stock value is caused by the revaluation effect,

REVig,t = Kbt — Ksp g1 (2.143)

Banks’ net financial investment,

NFI,; = BP, — Iny,. (2.144)

47



CHAPTER 2

Banks’ deposit savings,

ADyy = Dyt — Dpyq.

Banks’ deposit issued

Dt = Dt_l + ADt

Banks receive deposit savings from all sectors,

ADt - ADb,t + ADﬁt + ADg’t + ADh,t~

Banks’ bonds held in value,

absts

Bab,t = Bab,t + ABab,t + RE%

where REV}, , ; is the revaluation effect of banks’ bonds held.

(2.145)

(2.146)

(2.147)

(2.148)

Banks’ bonds savings equal the sum of bonds issued by all sectors minus households’ bonds

savings,

ABab,t = ABf}t + ABgﬂf + ABlbﬂg — ABh,t.

(2.149)

Similarly, banks’ bonds held revaluation equals the sum of the revaluation of bonds issued

by all sectors minus the revaluation of households’ bonds held,

REVp,,+ = REVy, 1 + REV}, 1 + REVy, 1 — REV,, 4.

Banks’ bonds issued in volume,

byt =

where P, s = T—lbt is the price of banks’ bonds issued.
po,

Banks’ bonds borrowing,
AByys = Byt — Bipt—1 — REVy, 1,

where REV},, ; is the revaluation effect of banks’ bonds issued.

Banks’ bonds issued revaluation,

RE%lb,t = APblb,tblb,tfl'
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Banks’ loans issued,

Lys = Lyt1 + ALpy. (2.154)

Banks fulfill the demand for domestic loan borrowing, that is, total loan demand minus

foreign loan supply,

ALpy = ALyt + ALpy + ALy — ALgrys. (2.155)

Banks’ equity held in value,
Eawt = Eapt-1+ REVe,, t, (2.156)

where REV,,, ; is the revaluation effect of banks’ equity held.

Banks’ equity held in volume,

Eab t
= 2 2.157
€ab,t Peab,t ) ( )
where P, , ; is the price of banks’ equity held.
Banks’ equity held revaluation,
RE‘/;ab,t = APeab,teab,t—l- (2158)

We assume banks held equities issued by firms, the price of banks’ equities held depends on

the price price of firms’ equities on the liability side,

Pyt = Pejjt- (2.159)
Banks’ investment fund shares investing,
ATFSupt =IFSept — IFSqpt—1- (2.160)
Banks’ investment fund shares issued,
IFSy; =I1FSp—1+ AIFSp . (2.161)
Banks supply investment fund shares to the investment demand,
AITFSp = AIFSypt + AIFSy + ATFSh . (2.162)
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Banks’ insurance issued,

Ay = Ay_q + AA,. (2.163)

Banks fulfill insurance demand,
AAy = AApy + AAy,. (2.164)
Banks’ other payable/receivables close the instrument line (horizontal consistency),
AZyy = —(AZpy + ANy + Ay + AZyy). (2.165)
The accumulation of banks’ other payable/receivables is
Ipt = Zpt—1 — DNy (2.166)

Governments:

Governments’ gross operating surplus is
Mg =Yg — Wy, (2.167)

where Wy, = yw, Wy is the wage paid by governments, proportional to the total wage bill.

Governments’ gross disposable income is
GPy; =1lg,t +TL + CTyy +INTyys — INTyg s + DIVy + OI Py, (2.168)

where T'Ly = T'Ly+TLy, ;4T Ly is the net production tax received by governments, INTy, s =
rrgtDg -1 is government deposit interest received, INTyy; = 19 ¢Bg¢—1 is government bond
interest paid, DIVy; = vprv,(Egt—1 + IFSy1) is government dividend received with a fixed
dividend rate ypyv,, and OIF,; is government other income from properties received.
Governments receive other income from properties from other sectors minus households’

other income from properties,

OIP,; = OIP;, + OIP,; + OIP,; — Ol Py,. (2.169)

Governments’ net disposable income is

GP, = GPgﬂf + T, +S5C; — SB; + Og,ta (2170)
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where Ty = Tty + Ty ¢ + Th 4 is the total income tax received by governments, SB; = yspY; is
the social benefits paid to households, proportional to nominal GDP, and Oy is other current
transfers.

Government receive other current transfers from other sectors minus banks’ other current

transfers received,

Oyt = Ot + Opyt + Oy — Oy (2.171)

Government savings equal net disposable income minus government consumption,
Sgit =GPy —Cyy. (2.172)
Governments’ fixed capital depreciates at a fixed rate, d,. Government fixed capital in value,
Kigi = Kigt1(1 = 0g) + Iigt + REVy,, 4, (2.173)

where REVj, ; is the revaluation effect of government fixed capital.

Governments’ fixed capital in volume,

kg = I]i;gtt (2.174)
Governments’ fixed capital revaluation,
REV, 0 = APy, tkigt—1. (2.175)
Governments’ inventories in value,
Kogt = Pry, thog t- (2.176)
Governments target their inventories to production (Godley & Lavoie, 2006]),
kogt = k2goyt—1, (2.177)
where ko490 > 0 is the accelerator effect parameter.
Government changes in inventories in volume, by definition,
ings = Akogy. (2.178)
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Government other non-financial assets in value,
K3gt = Pry thsgp- (2.179)
Government other non-financial assets in volume is proportional to real GDP,
ksgt = k3goyt—1, ksgo > 0. (2.180)
Governments sell other non-financial assets to firms/|
Isgs = — I35y (2.181)
Governments’ net financial investment,
NFI;; =84 —TRK; — GS; — Igy — Ingt — I3g,1 (2.182)

where TRK; = vyrriY: is capital transfers to firms, which is a fixed proportion of nominal
GDP.

Governments save part of their net worth as deposits,

Dyt =dyoVyys. (2.183)
Governments’ deposit savings,
ADgy; =Dy — Dgi1. (2.184)
Governments’ equities held in value,
Egt=FEgi—1+ REVe,, (2.185)

where REV,, ; is the revaluation effect of government equities held.

Governments’ equities held in volume,

= 9t 2.186
P, (2.186)

8 This accounting equation is based on the transaction flow matrix. There is a mismatch between the national
balance sheet and the transaction flow matrix from the data, government other non-financial assets is increasing
over year with negative funds paid (positive funds received). The classification of government other non-financial
assets includes state-owned construction land (China’s National Balance Sheet 2018), which mainly comes from
legislation.
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Governments’ equities held revaluation,

REVeg,t = APeg,teg,t—l-

Governments invest a proportion of net worth in investment fund shares,

IFSgJ = Z'ng()Vr%t_l.

Governments’ investment fund shares savings,

AIFS,; =IFS,; — IFS,; 1.

Governments’ other accounts payable/receivables are proportional to net worth,

Zgat = Zgo%vt_l'

Governments’ changes in other accounts payable/receivables,

AZgy = Zgp — Zgt—1.

Governments’ bonds close the fiscal constraint,

ABy; = ADyy+AIFS,; +AZ,, — NFI,,.

Governments’ bonds issued in value
9

Bgzt = Bg’t_l + ABgﬂt + RE%g:t’

where REV,,  is the revaluation of government bonds.

Governments’ bonds issued in volume
)

where P, ; is the price of government bonds.

Governments’ bonds revaluation
)

REVy,+ = APy, tbgt—1
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Assuming each unit of government bonds pays 1 rmb after one year, then the price of

government bonds can be derived by the inverse of its interest rate (Godley and Lavoie, 20006),

1
PBg’t - th (2196)

Government net worth,
Vo = Kigt + Kogi + K3gt + Dot — Byt + Egt + TFSg 1 + Zg - (2.197)

The rest of the world:

Net exports, by definition, equal exports minus imports,
NX; = Xy — M. (2.198)
Foreign savings is the net current transfers received by the rest of the world,
Syt =—-—NXy =W,y +INT..; — INTp s + DIV, — OIP,; — Oy, (2.199)

where W, ; is the foreign wage paid, INT,..; = 7rr¢Lqri—1 is the rest of the world interest
received, INTy,y s = 7prtLir—1 is the rest of the world interest paid, DIV, = vprv,, (Eri—1 +
FDI;,1—1) is the dividend received by the rest of the world, OIP,.; = yo1p,Srt—1 is the other
income from properties paid by the rest of the world, assumed to be proportional to foreign
savings, and O,; = 70, Srt—1 are the other current transfers paid by the rest of the world, also
assumed to by proportional to foreign savings for simplicity.

Foreign wages paid close row of wage payments,
Wr,t = Wt - Wb7t - Wf,t - ngt - W}%t. (2200)

The current account,

CA; = -S4 (2.201)

Foreign net financial investment,

NFI.; =Sy, (2.202)

54



CHAPTER 2

The rest of the world loans lending,
ALt = Lart — Lart—1- (2.203)
We assume the rest of the world loans issued are proportional to the foreign net worth, V;.;,
Lyt = LroVit-1- (2.204)
The rest of the world loans borrowing,
ALyt = Lipt — Ly g—1. (2.205)
The rest of the world’s equities held in value,

Ert=FE.t—1+ REV,, 4, (2.206)

where REV, ; is the rest of the world equities’ revaluation effect.

The rest of the world’s equities held in volume,

Er,t

= ——. 2.207
ert P, ( )
The rest of the world’s equities held revaluation,
REV,, = AP, ter1—1. (2.208)
Inward FDI stock,
FDIin’t = FDIm}t_l + AFDIin,t. (2.209)

We assume the rest of the world’s other accounts payable/receivables are proportional to
the net worth,

ng = Zro‘/r’f/,l. (2210)

The rest of the world’s changes in other accounts payable/receivables,

AZyy = Zyy — Zrg-1. (2.211)
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International reserves close the balance of payment,

AGy = ALgpy — ALjyy + AFDIy — AFDIyyy + AZpy — NFI;. (2.212)

The accumulation of international reserves is

Gy = Gi_1 + AG,. (2.213)

The rest of the world’s net worth,

Vit = =Gt + Lart — Lipg + Ery + FDIjpy — FDIoys s + Zyy. (2.214)

Table 2.4: Initial values for variables

Symbol Description Value Remark/sources

A Banks’ insurance issued (100 million rmb) 185272 Based on China’s National Balance
Sheet

Ay Firms’ insurance held (100 million rmb) 55582 Based on China’s National Balance
Sheet

Ap, Households’ insurance held (100 million rmb) 129690 Based on China’s National Balance
Sheet

Bap Banks’ bonds held in value (100 million rmb) 827160 Based on China’s National Balance
Sheet

By Firms’ bonds in value (100 million rmb) 220142 Based on China’s National Balance
Sheet

By Government bonds in value (100 million rmb) 352935 Based on China’s National Balance
Sheet

By, Banks’ bonds issued in value (100 million rmb) 281419 Based on China’s National Balance
Sheet

By, Households’ bonds in value (100 million rmb) 27336 Based on China’s National Balance
Sheet

BP Banks’ net disposable income (100 million rmb) -3196 Calculated from equation

BPg Banks’ gross disposable income 34833 Based on National Bureau of Statistics

(100 million rmb) of China

by Firms’ bonds in volume (100 million rmb) 5339 Calculated from equation

by Governments’ bonds in volume (100 million rmb) 9141 Calculated from equation

by, Households’ bonds in volume (100 million rmb) 920 Calculated from equation

by Banks’ bonds issued in volume (100 million rmb) 7077 Calculated from equation

Cy Governments consumption (100 million rmb) 149600 Calculated from equation

Ch Households consumption (100 million rmb) 387188 Calculated from equation

CA Current account surplus/deficit (100 million rmb) 9501 Calculated from equation

CI Carbon intensity (Mt/100 million rmb) 0.0109 Calculated from equation

ch Households consumption in volume 387188 Based on the assumption that initial

(100 million rmb) prices are 1
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cg Governments consumption in volume 149600 Based on the assumption that initial
(100 million rmb) prices are 1

D Total deposits (100 million rmb) 2279930  Calculated from equation

Dy Banks’ deposits held (100 million rmb) 198935 Based on China’s National Balance
Sheet

Dy Firms’ deposits (100 million rmb) 621147 Based on China’s National Balance
Sheet

Dy Governments’ deposits (100 million rmb) 339179 Based on China’s National Balance
Sheet

Dy, Households’ deposits (100 million rmb) 1120669 Based on China’s National Balance
Sheet

DIV, Governments’ dividend received (100 million rmb) 11257 Based on National Bureau of Statistics
of China

DIV}, Households’ dividend received (100 million rmb) 3467 Based on National Bureau of Statistics
of China

DIV, Banks’ dividend paid (100 million rmb) 7175 Based on National Bureau of Statistics
of China

DIV, Firms’ dividend paid (100 million rmb) 43895 Based on National Bureau of Statistics
of China

DIV Banks’ dividend received (100 million rmb) 1229 Based on National Bureau of Statistics
of China

DIV, ; Firms’ dividend received (100 million rmb) 26165 Based on National Bureau of Statistics
of China

DIV, The rest of the world’s dividend received 8951 Based on National Bureau of Statistics

(100 million rmb) of China

AA Banks’ insurance borrowing (100 million rmb) 10405 Calculated from equation

AAy Firms’ insurance savings (100 million rmb) 3122 Calibrated from equation (2.126) for
initial steady state

AAy Households’ insurance savings (100 million rmb) 7284 Calibrated from equation for
initial steady state

ABygyp Banks’ bonds savings (100 million rmb) 46456 Calculated from equation

ABy Firms’ bonds borrowing (100 million rmb) 12364 Calibrated from equation for
initial steady state

ABy Governments’ bonds borrowing (100 million rmb) 19822 Calibrated from equation (2.193) for
initial steady state

ABy, Households’ bonds savings (100 million rmb) 1535 Calibrated from equation for
initial steady state

AByy, Banks’ bonds borrowing (100 million rmb) 15805 Calibrated from equation for
initial steady state

AD Total deposits saving (100 million rmb) 128048 Calculated from equation

ADy Banks’ deposits saving (100 million rmb) 11173 Calibrated from equation for

initial steady state

ADy Firms’ deposits saving (100 million rmb) 34886 Calibrated from equation for
initial steady state

ADy Governments’ deposits saving (100 million rmb) 19049 Calibrated from equation for
initial steady state

ADy, Households deposits saving (100 million rmb) 62940 Calibrated from equation ([2.86) for
initial steady state

AFDIoy:  FDI outward flow (100 million rmb) 8250 Calibrated from equation (2.125)) for
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AFDI;,

AG

AH

AIFS,,

AIFS,

AIFS),

AIFSy,
AlLgy

ALy,
ALy
ALy,
ALy,
AZ,

AZ;
AZ,

AZy,

AZy

E,

EMIS
ENER
EI

FDI inward flow (100 million rmb)

Change in international reserves
(100 million rmb)

Currencies savings (100 million rmb)

Banks’ investment fund shares savings

(100 million rmb)

Governments’ investment fund shares savings
(100 million rmb)

Households’ investment fund shares savings
(100 million rmb)

Banks’ investment fund shares borrowing
The rest of the world’s loans savings

(100 million rmb)

Banks’ loans savings (100 million rmb)
Firms’ loans borrowing (100 million rmb)
Households loans borrowing (100 million rmb)
The rest of the world’s loans borrowing
(100 million rmb)

Banks other payable/receivables flows

(100 million rmb)

Firms’ change in other accounts
payable/receivables (100 million rmb)
Governments change in other accounts
payable/receivables (100 million rmb)
Households’ change in other accounts

payable/receivables (100 million rmb)

The rest of the world’s change in other accounts

payable/receivables (100 million rmb)
Banks’ equities held in value

(100 million rmb)

Firms’ equities held in value

(100 million rmb)

Governments’ equities held in value
(100 million rmb)

Households’ equities held in value

(100 million rmb)

Banks’ equities issued in value

(100 million rmb)

Firms’ equities issued in value

(100 million rmb)

The rest of the world’s equities held

in value (100 million rmb)

Carbon emissions (Mt)

Total primary energy production (TWh)
Energy intensity (TWh/100 million rmb)
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11533

12232

3585

27428

5422

10807

27428
3249

102220

66306

34213

4950

8637

-336

1661

0.1685

1149

333067

61154

850000

1702111

287758

2692202

33628

10741

39978491
40.52

initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation (2.160)) for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calculated from equation
Calculated from equation

Calculated from equation ([2.155))
Calculated from equation ([2.130))
Calculated from equation ([2.97)

Calculated from equation ([2.205|)
Calibrated from equation (2.165])

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Calculated from equation

Our World in Data

Based on World Bank and Our World

in Data
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€ab Banks’ equities held in volume 333067 Based on the assumption that initial
(100 million rmb) prices are 1
Caf Firms’ equities held in volume 61154 Based on the assumption that initial
(100 million rmb) prices are 1
eg Governments’ equities held in volume 850000 Based on the assumption that initial
(100 million rmb) prices are 1
er The rest of the world’s equities held in volume 33628 Based on the assumption that initial
(100 million rmb) prices are 1
FDI,yt FDI outward stock (100 million rmb) 146886 Based on China’s National Balance
Sheet
FDI;y, FDI inward stock (100 million rmb) 205340 Based on China’s National Balance
Sheet
FFR Federal funds rate 0.005 Based on Federal Reserves Economic
Data
FP Firms’ net disposable income (100 million rmb) 205563 Calculated from equation
FPp, Firms’ gross disposable income (100 million rmb) 219249 Calculated from equation
G International reserves (100 million rmb) 217797 Based on China’s National Balance
Sheet
GP Governments’ net disposable income 159352 Calculated from equation
(100 million rmb)
GPy, Governments’ gross disposable income 124985 Calculated from equation
(100 million rmb)
GS Green subsidies (100 million rmb) 0 Assumed
Tk,. Share of green capital for renewable energy 0.0061 Calculated from I'y, , = ’2’":
production
Ire Share of renewable energy 0.1582 Calculated from equation
Jei Energy intensity growth -0.0562 Calculated from equation (2.1)) for
initial steady state
9y Real GDP growth 0.0595 Calculated from the series of y
H Currencies (100 million rmb) 63840 Based on China’s National Balance
Sheet
Iy Banks’ fixed capital formation in value 1270 Calibrated from equation for
(100 million rmb) initial steady state
Iy Firms’ fixed capital formation in value 169038 Calibrated from equation (2.104) for
(100 million rmb) initial steady state
Iy Governments’ fixed capital formation 16697 Calibrated from equation for
in value (100 million rmb) initial steady state
Iy Households’ fixed capital formation 185997 Calibrated from equation for
in value(100 million rmb) initial steady state
Iay Firms’ changes in inventories in value 67027 Calibrated from equation (2.108)) for
(100 million rmb) initial steady state
Iog Governments’ changes in inventories 524.28 Calibrated from equation for
in value (100 million rmb) initial steady state
I3y Firms’ acquisition less disposal of other 26669 Calculated from equation
non-financial assets in value (100 million rmb)
134 Governments’ acquisition less disposal of other -26669 Calibrated from equation (2.112) for
non-financial assets in value (100 million rmb) initial steady state
IFS. Banks investment fund shares held 488365 Based on China’s National Balance
(100 million rmb) Sheet
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IFS,

IFS),

IFSy

INTy;
INTy,

INT,,

INTyp

INTy

INT,

INTy,

INTy

INT,,

INTy,

INTi

INT;f

INTip

INT,,

INT,;

INTy,

INT,,

INT,,

INTy,

i1p

i1f

i1g

ih

Governments’ investment fund shares held
(100 million rmb)

Households’ investment fund shares held
(100 million rmb)

Banks’ investment fund shares issued

(100 million rmb)

Firms’ bonds interest paid (100 million rmb)
Governments’ bonds interest paid

(100 million rmb)

Households’ bonds interest received

(100 million rmb)

Banks’ bonds interest received

(100 million rmb)

Banks’ bonds interest paid

(100 million rmb)

Banks’ deposits interest paid

(100 million rmb)

Banks’ deposits interest received

(100 million rmb)

Firms’ deposits interest received

(100 million rmb)

Governments’ deposits interest received
(100 million rmb)

Households’ deposits interest received

(100 million rmb)

Banks’ loans interest received

(100 million rmb)

Firms’ loans interest paid (100 million rmb)
Households’ loans interest paid (100 million rmb)

Banks’ interest paid (100 million rmb)

Firms’ interest paid (100 million rmb)

The rest of the world’s interest paid
(100 million rmb)

Banks’ interest received (100 million rmb)

Households’ interest received (100 million rmb)

The rest of the world’s interest received

(100 million rmb)

Banks’ fixed capital formation in volume

(100 million rmb)

Firms’ fixed capital formation in volume

(100 million rmb)

Governments’ fixed capital formation in volume
(100 million rmb)

Households’ fixed capital formation in volume
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96545

192424

777334

5040
8631

868.41

19483

6680

66995

4177

19921

7296

35601

44892

27027

13610

73674

32066

5830

68552

36470

1574

1270

169038

16697

185898

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Calculated from INTy; = rps By

149y

Calculated from INTy, = Tfifg
Y
Calculated from INTy), = Tl"'_;ifh
JY

Calculated from equation ([2.134))

Calculated from INTyp, = Tfiflb
gy

Calculated from equation ([2.136))

Calculated from INTy, = %

Calculated from INTy = T{ifyf

rrgDg
149y

Calculated from INTy, =

Trp D
Calculated from INTy, = ﬁ

Calculated from equation ([2.135))

Calculated from INT;y = rprly

1+gy
Calculated from INT};, = TfigLyh
Calculated from
INTyy, = INT; + INTyp
Calculated from
INT,; = INTys + INT;;
Calculated from INTp, = TfLL];T

Calculated from

INT,, = INTg, + INTy, + INTy,
Calculated from

INT,, = INTyp + INTy,
Calculated from INT,, = %
Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
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iaf

1i2g

i3f

kp

koy

kag

k3

k3g

(100 million rmb)

Firms’ changes in inventories in volume

(100 million rmb)

Governments’ changes in inventories in volume
(100 million rmb)

Firms’ acquisition less disposal of other
non-financial assets in volume (100 million rmb)

Banks’ fixed capital in value (100 million rmb)

Firms’ fixed capital in value (100 million rmb)

Governments’ fixed capital in value
(100 million rmb)

Governments’ fixed capital in value
(100 million rmb)

Households’ fixed capital in value
(100 million rmb)

Firms’ inventories in value (100 million rmb)

Banks’ other non-financial assets in value

(100 million rmb)

Firms’ other non-financial assets in value

(100 million rmb)

Governments’ other non-financial assets in value
(100 million rmb)

Banks’ fixed capital in volume (100 million rmb)

Firms’ fixed capital in volume (100 million rmb)

Governments’ fixed capital in volume
(100 million rmb)

Households’ fixed capital in volume
(100 million rmb)

Firms’ inventories in volume (100 million rmb)

Governments’ inventories in volume

(100 million rmb)

Firms’ other non-financial assets in volume
(100 million rmb)

Governments’ other non-financial assets

in volume (100 million rmb)

Capital for convention energy production
in volume (100 million rmb)

Capital for energy production in volume,
calculated by accumulating fixed capital
formation of the energy sector (100 million rmb)
Capital for renewable energy production

in volume (100 million rmb)
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67027

524.28

26669

15928

1751211

209337

9335

2499331

1193439

18282

474852

447314

15928

1751211

209337

2499331

1193439

9335

474852

447314

348122

350247

2125

prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Based on the assumption that initial
prices are 1

Calculated from kce = ke — kre

Based on National Bureau of Statistics
of China and China’s National

Balance Sheet

Calculated from equation under the
assumption that renewable energy are

produced with the same technology
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Lar

Ly

Ly

Ly

Ly

NFI,

NFIf

NFI,

NFI,

NFI,

NX

Op

OIP,

OIP;

OIP,

OIP,

OIP.

The rest of the world’s loans held
(100 million rmb)
Banks loans held (100 million rmb)

Firms’ loans (100 million rmb)

Households loans (100 million rmb)

The rest of the world’s loans issued
(100 million rmb)

Labour force (100 million)

Imports (100 million rmb)

Real import (100 million rmb)

Employment (100 million)
Banks’ net financial investment

(100 million rmb)

Firms’ net financial investment

(100 million rmb)

Governments’ net financial investment
(100 million rmb)

Households’ net financial investment
(100 million rmb)

The rest of the world’s net

financial investment (100 million rmb)

Net exports (100 million rmb)

Banks’ other current transfers paid
(100 million rmb)
Firms’ other current transfers paid

(100 million rmb)

Governments’ other current transfers received

(100 million rmb)

Households’ other current transfers paid
(100 million rmb)

The rest of the world’s other current
transfers paid (100 million rmb)

Banks’ other income from properties paid
(100 million rmb)

Firms’ other income from properties paid
(100 million rmb)

Governments’ other income from properties
received (100 million rmb)

Households other income from properties
received (100 million rmb)

The rest of the world’s other income from

properties paid (100 million rmb)
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57843

1820063

1180596

609179

88131

7.7532

172444

172444

7.3997
-4466

51939

6311

-44281.96

-9501

9174

-29153

-14742

-7145

-25092

3535

1931

7847

5896

5159

1276

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on World Bank

Based on World Bank

Based on the assumption that initial
prices are 1

Based on World Bank

Calibrated from NFI, = AG — AH
+ADy, — AD + ABy, — ABjp, + ALy,
+AIFS,, — AIFS), — AA+ AZ,
for initial steady state

Calculated from equation
Calculated from equation
Calculated from equation

Calculated from equation

Based on National Bureau of Statistics

of China
Calculated from equation ([2.137))

Calculated from equation ([2.103))

Calculated from equation ([2.171))

Calculated from Oy = v0,, Y Dy

Calculated from equation ([2.199))

Calculated from equation ([2.133))

Based on National Bureau of Statistics
of China
Calculated from equation ([2.169))

Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics

of China
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P

€ab

Pe,;

g

Pelb
Pe,;
P,

T

Pener

REV;,,

REV;,

REVy,

REV},

REVy,,

REV.,,

REV.,,

REV.,

REV,,

Price of firms’ bonds

Price of government bonds

Price of households bonds

Price of banks bonds issued

CPI (2019 =1)

Price of conventional energy

(100 million rmb/TWh)

Price of banks equity held

Price of firms equity held

Price of governments equity held
Price of banks equity issued

Price of firms equity issued

Price of the rest of the world equity held
Price of aggregate energy

(100 million rmb/TWh)

Fixed capital price index (2019 = 1)
Housing price index (2019 = 1)

Price of firms inventories (2019 = 1)

Price of government inventories (2019 = 1)

Price of other non-financial assets (2019 = 1)

Import price index (2019 = 1)
Price of renewable energy, solar
(100 million rmb/TWh)
Export price index (2019 = 1)
GDP deflator (2019 = 1)

Banks’ gross operating surplus (100 million rmb)

Firms’ gross operating surplus (100 million rmb)

Governments’ gross operating surplus
(100 million rmb)

Households’ gross operating surplus
(100 million rmb)

CPI inflation

Banks’ bonds held revaluation

(100 million rmb)

Firms’ bonds revaluation

(100 million rmb)

Governments’ bonds revaluation
(100 million rmb)

Households’ bonds revaluation

(100 million rmb)

Banks’ bonds issued revaluation
(100 million rmb)

Banks’ equity held revaluation

(100 million rmb)

Firms’ equity held revaluation

(100 million rmb)

Governments’ equity held revaluation
(100 million rmb)

Households’ equity held revaluation

63

.0005

[ e

.5e-4
1

1
47833
256972

11535

59284

18706

3435

47739

95596

1

Tpf
Calculated from equation ([2.196))
Calculated from equation (2.90)

Calculated from Py, =

Calculated from By, =

Tpb
Assumed

Based on China Energy Portal

Assumed
Assumed
Assumed
Assumed
Assumed
Assumed

Calculated from equation (2.75)

Assumed
Assumed
Assumed
Assumed
Assumed
Assumed

Based on China Energy Portal

Assumed

Assumed

Calculated from equation ([2.132))
Calculated from equation ([2.100)
Calculated from equation (2.167))

Calculated from equation ([2.77)

Assumed for initial steady state

Assumed for initial steady state
Assumed for initial steady state
Assumed for initial steady state
Assumed for initial steady state

Assumed for initial steady state

Calibrated from equation for
initial steady state
Calibrated from equation (2.122)) for
initial steady state
Calibrated from equation for
initial steady state

Calibrated from equation (2.91) for
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REVe,,

REVe,,

REV,,

REV;,,

REVy,,

REVy,,

REVj,

REVy,,

REVj,,
REVi,,

T10

Tpb

Tpf

Tpg

Tph

Tpr

Trb

Trf

Trg

Trh

Trr

(100 million rmb)

Banks’ equity issued revaluation

(100 million rmb)

Firms’ equity issued revaluation

(100 million rmb)

The rest of the world’s equity held
revaluation (100 million rmb)

Banks’ fixed capital revaluation

(100 million rmb)

Firms’ fixed capital revaluation

(100 million rmb)

Governments’ fixed capital revaluation
(100 million rmb)

Households’ fixed capital revaluation
(100 million rmb)

Firms’ inventories revaluation

(100 million rmb)

Banks’ other non-financial assets revaluation
Firms’ other non-financial assets revaluation
(100 million rmb)

10-year government bond yield

Banks rate of interest paid

Firms rate of interest paid

Governments rate of interest paid

Households rate of interest paid

The rest of the world rate of interest paid

Banks rate of interest received

Firms’ rate of interest received

Governments’ rate of interest received

Households’ rate of interest received

The rest of the world’s rate of interest
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16161

151202

1889

1027

0.032
0.0251

0.0243

0.0259

0.0237

0.0701

0.0222

0.034

0.0228

0.0337

0.0288

initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Assumed for initial steady state
Assumed for initial steady state
Assumed for initial steady state
Assumed for initial steady state

Assumed for initial steady state

Calibrated from equation (|2.143])

Assumed for initial steady state

Based on Investing.com

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
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SB

SC

Ty

Ty

Th

TL

TLy

TL;

TL,

Ug
ULC

Vi

Vg
Vr

Wi

Wy

Wi

received

Governments’ savings (100 million rmb)
Households’ savings (100 million rmb)
The rest of the world’s savings

and (2.212)) (100 million rmb)

Social benefits (100 million rmb)

Social contributions (100 million rmb)

Income tax received by governments

(100 million rmb)

Income tax paid by banks (100 million rmb)

Income tax paid by firms (100 million rmb)

Income tax paid by households

(100 million rmb)

Net production tax received by
governments (100 million rmb)

Net production tax paid by banks

(100 million rmb)

Net production tax paid by firms

(100 million rmb)

Net production tax paid by households
(100 million rmb)

Carbon emission per energy consumption
(Mt/TWh)

Capacity utilization of firms’ fixed capital
Unit labour cost

Unemployment rate

Households’ net worth (100 million rmb)
Governments’ net worth (100 million rmb)
The rest of the world’s net worth

(100 million rmb)

Total wage bill (100 million rmb)

Wage paid by banks (100 million rmb)

Wage paid by firms (100 million rmb)

Wage paid by governments (100 million rmb)

Wage paid by households (100 million rmb)

Wage paid by the rest of the world
(100 million rmb)

9752

237936

-9501

70238

64049

47702

8876

28428

10399

97632

7595

88546

1493

0.00027

0.7511

0.5205

0.0456

5126225

1628347

-135543

513472

20824

266647

89253

136534

213.73

of China and China’s National Balance
Sheet

Calculated from equation
Calculated from equation
Calibrated from equation

for initial steady state

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on Our World in Data

Wang and Zeng (2022
Calculated from equation
Based on World Bank
Calculated from equation
Calculated from equation
Calculated from equation

Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics

of China

'9Chinese article. Wang and Zeng (2022). Research on the Macro Measurement Indicators and Methods of

Capital Utilization Rate. Statistical Research, 39(7), 43-55.
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w Real wage (100 million rmb) 0.0005 Calculated from equation

X Export (100 million rmb) 181617 Based on World Bank

XR Nominal effective exchange rate 1 Assumed

T Real export (100 million rmb) 181617 Based on the assumption that initial

prices are 1

Y Nominal GDP (100 million rmb) 986515 Based on National Bureau of Statistics
of China
Yy Banks’ output (100 million rmb) 76251 Based on National Bureau of Statistics
of China
Yy Firms’ output (100 million rmb) 612165 Based on National Bureau of Statistics
of China
Yy Governments’ output (100 million rmb) 100788 Based on National Bureau of Statistics
of China
Yy, Households’ output (100 million rmb) 197312 Based on National Bureau of Statistics
(100 million rmb) of China
Y, Nominal GDP of the rest of the world 5074080 Based on World Bank
(100 million US dollar)
YD Households’ net disposable income 625124 Calculated from equation
(100 million rmb)
YDy Households’ gross disposable income 604242 Based on National Bureau of Statistics
(100 million rmb) of China
y Real GDP (100 million rmb) 986515.2  Based on the assumption that initial
prices are 1
YN, t Labor productivity 133318 Real GDP per labour
Zy Banks’ other accounts payable/receivables -44044 Based on China’s National Balance
(100 million rmb) Sheet
Zy Firms’ other accounts payable/receivables -5991 Based on China’s National Balance
(100 million rmb) Sheet
Zg Governments’ other accounts 29572 Based on China’s National Balance
payable/receivables (100 million rmb) Sheet
Zp Households other accounts payable/receivable 3 Based on China’s National Balance
(100 million rmb) Sheet
Zy The rest of the world other accounts 20460 Based on China’s National Balance
payable/receivables (100 million rmb) Sheet

Table 2.5: Values for parameters

Symbol  Description Value Remark /sources

ayo Firms insurance preference 0.0337 Calibrated from equation
for initial steady state
af1 Sensitivity of firms insurance to -0.1551 Estimated from OLS regression
net disposable income
ano Housholds insurance preference 0.0563 Calibrated from equation
for initial steady state
ap1 Sensitivity of households insurance to real equity -0.009 Estimated from OLS regression
and investment fund shares return

apo Sensitivity of households insurance to -0.2379 Estimated from OLS regression
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net disposable income

ag Price mark-up of fixed assets (short-run) -0.0135 Calibrated from equation
for initial steady state
[o%1 Elasticity of price of fixed assets to CPI (short run) 1.1134 Estimated from OLS regression
ag Price of fixed assets long run correction -0.3091 Estimated from OLS regression
ag Elasticity of price of fixed assets to unit labour cost ~ 0.6729 Estimated from OLS regression
(long run)
ay Elasticity of price of fixed assets to 0.6431 Estimated from OLS regression

capacity utilization (long run)

Qre Maximum elasticity of substitution of renewable 18.74 Calibrated from equation (2.9) for
energy with respect to conventional energy initial steady state
bro Firms bond issued preference 0.1919 Calibrated from equation (2.51))

for initial steady state
br1 Sensitivity of firms bonds to -1.3786 Estimated from OLS regression
net disposable income
bro Households bond held preference 0.004 Calibrated from equation
for initial steady state
bn1 Sensitivity of households bonds to 0.2856 Estimated from OLS regression
real interest received
bpa Sensitivity of households bonds to -0.3161 Estimated from OLS regression
real interest paid
bps Sensitivity of households bonds to -0.0101 Estimated from OLS regression
real equity and investment fund shares return
Bo Autonomous utilized fixed capital growth 1.5404 Calibrated from equation
for initial steady state
bivo Banks liquidity demand for issuing bonds 1.252 Calibrated from equation
for initial steady state
bip1 Sensitivity of banks bonds issued to -8.5838 Estimated from OLS regression

real rate of interest paid

51 Elasticity of firms fixed capital utilized 0.4926 Estimated from OLS regression
to real GDP (short run)

B2 Firms fixed capital utilized long run correction -0.1623 Estimated from OLS regression

B3 Minimum firms fixed capital utilized, log -11.3465  Estimated from OLS regression

Ba Elasticity of firms fixed capital utilized to 2.4807 Estimated from OLS regression
real GDP (long run)

Bs Technology spillover effect of FDI inward -1.4807 Calibrated from 85 =1 — 4
(long run) for initial steady state

Bre Sensitivity of elasticity of substitution of renewable -3.07 Aleti and Hochman

energy with respect to conventional energy to the

ratio of conventional energy over renewable energy

co Autonomous consumption growth -0.102 Calibrated from equation for
initial steady state
c1 Households consumption income effect (short run) 0.9299 Estimated from OLS regression
) Households consumption long run correction -0.7253 Estimated from OLS regression
income
c3 Households consumption habit formation 0.6199 Estimated from OLS regression
c4 Households consumption income effect (short run) 0.3801 Calibrated from ¢4 = 1 — ¢3 for

initial steady state

ceq Carbon emission per conventional energy 0.0003 Calibrated from equation (2.18]) for
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cel

Cg0

dso

dg1

dno

dp1

dn2

b

Op,

€0

€1

F’r'e

fdioutO

fdioutl
fdiino

fdiinl

DIV,

VDIV,

VDIV,

Sensitivity of carbon emission per energy to the

share of renewable energy

Government consumption per real GDP

Banks deposit held preference

Sensitivity of banks deposits held to
real rate of interest received

Liquidity preference of firms

Sensitivity of firms deposits to
real rate of interest received
Sensitivity of firms deposits to
net disposable income

Governments’ deposits per net worth

Households liquidity preference to deposits

Sensitivity of households deposits to
real interest received

Sensitivity of households deposits to
real interest paid

Banks’ fixed capital depreciation rate

Firms’ fixed capital depreciation rate

Governments’ fixed capital depreciation rate

Households’ fixed capital depreciation rate

Minimum energy production (TWh)

Sensitivity of energy production to capital for

energy production

Fixed cost of renewable energy production

Firms outward FDI preference

Sensitivity of FDI outward to firms gross profit rate

Autonomous FDI inward accumulation rate

Sensitivity of FDI inward to firms gross profit rate

Governments rate of dividend received

Households rate of dividend received

Banks rate of dividend paid
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-0.0003

0.1607

0.7325

5.7436

0.1226

0.5008

1.5954

0.2207

0.215

1.2286

-1.0466

0.025

0.0428

0.025

0.0193

397578

0.3612

5295

0.0904

-0.2539
-0.0815

0.9612
0.0126

0.1333

0.0071

initial steady state

Calibrated from equation to have
0 =0 when I'eyg =1

Calibrated from equation for
initial steady state

Calibrated from equation

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.50) for
initial steady state

Estimated from OLS regression
Estimated from OLS regression

Calibrated from equation for
initial steady state

Calibrated from equation for
initial steady state

Estimated from OLS regression
Estimated from OLS regression

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on the China’s National Balance
Sheet

Based on the China’s National Balance
Sheet

Calibrated from equation for initial
steady state

Estimated from OLS regression

Calibrated from equation for
initial steady state

Calibrated from equation

for initial steady state

Estimated from OLS regression
Calibrated from equation

for initial steady state

Estimated from OLS regression

Calibrated from YD1V, = %
g 9
for initial steady state
Calibrated from yprv, = %
for initial steady state
. DIV (1+gy)
Calibrated from VDIV, = “F+TFS,

for initial steady state
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VDIV,

VDIV, s

VDIV,

YO,

"/O h

Y04

YO,
YOIP,
YOIP;
YoI1pPy,
YOIP,
YSB
YTRK
YWy
YW ¢
YWy
TWh,
YW,
Y,
Vyy
VY,

ho

h1

b0

b1

ifo

ifl

ifo

190

tho

ih1

Banks rate of dividend received

Firms rate of dividend received

The rest of the world rate of dividend received

Share of banks other current transfers received

Share of households other current transfers paid

Share of firms other current transfers paid
Share of the rest of the world

other current transfers paid

Share of banks other income from
properties paid

Share of firms other income from
properties received

Share of households other income from
properties received

Share of the rest of the world other
income from properties paid

Social benefit to GDP

Capital transfers to GDP

Share of banks’ wage paid

Share of firms’ wage paid

Share of governments wage paid

Share of households wage paid

Share of the rest of the world wage paid
Share of banks’ output

Share of firms’ output

Share of governments’ output

Households liquidity preference for currencies

Households’ propensity to hold currencies

Banks autonomous fixed capital accumulation rate

Sensitivity of banks fixed capital accumulation
rate to profit rate

Autonomous firms’ capital accumulation rate
Sensitivity of firms’ capital accumulation rate to
net profit rate

Sensitivity of firms’ capital accumulation rate to
capacity utilization

Government investment per real GDP

Households autonomous investment, growth

Elasticity of households investment growth to
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0.0016

0.0019

0.0397

-0.8369
-0.0415

-0.0672
-0.3941

0.0587

0.0379

0.009

-0.1423

0.0712

0.0131

0.0406

0.5193

0.1738

0.2659

0.0004

0.0773

0.6205

0.1022

-0.0231

0.2981
0.0207

0.0147

-0.7653

0.6249

0.9912

0.0179

-0.0052

1.0902

Calibrated from yprv,, = %
for initial steady state
Calibrated from VDIV, = %m
for initial steady state
Calibrated from vprv;,, = 713];:1?;;?:)

for initial steady state

Calculated from vo, = BO—P”
9

Calibrated from equation (2.79)), (2.80),
(2.84) and (2.97) for initial steady state

Of
FPy
Or <1+gy)
—g, = for

Calculated from Yo, =
Calibrated from vp, =

initial steady state

Calibrated from yo1p, = %}i:gy)
for initial steady state
Calibrated from yorp, = %}}’;9“
for initial steady state
Calibrated from yorp, = %5:'91’)
for initial steady state
Calibrated from vyorp, = %}W
for initial steady state
Calculated from ygp = STB
Calculated from yrgp = TEE
Calculated from vy, = %
Calculated from yw, = %
Calculated from vy, = %

Wh

Calculated from yw, =
Calculated from vy, =
Calculated from equation
Calculated from equation
Calculated from equation
Calibrated from equation
for initial steady state

Estimated from OLS regression
Calibrated from equation
for initial steady state

Estimated from OLS regression

Calibrated from equation (2.49) for
initial steady state

Estimated from OLS regression
Estimated from OLS regression

Calibrated from equation for
initial steady state

Calibrated from equation

for initial steady state

Estimated from OLS regression
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net worth growth

1140 Government fixed capital formation to GDP 0.0179 Calibrated from equation for
initial steady state
i2f0 Share of firms’ changes in inventories 0.072 Calibrated from equation for
initial steady state
i3f0 Share of firms’ acquisition net disposal 0.0286 Calibrated from equation for
of other non-financial asset initial steady state
1 fSabo Banks investment fund shares held preference 1.5755 Calibrated from equation

for initial steady state
ifSap1 Sensitivity of banks investment fund shares held 0.8398 Estimated from OLS regression
to banks rate of investment fund shares return
1fSab2 Sensitivity of banks investment fund shares held -18.099 Estimated from OLS regression
to net disposable income
ifsg0 Share of governments investment fund share 0.0628 Calibrated from equation (2.188) for
initial steady state
ifsho Households preference for investment fund shares 0.0379 Calibrated from equation
for initial steady state
ifSh1 Households investment fund shares 0.6631 Estimated from OLS regression
auto-correlation of 1 lag
ifspo Sensitivity of households investment fund shares -0.1891 Estimated from OLS regression

to net disposable income lag

k2g0 Accelerator effect of governments inventories 0.01 Calibrated from equation
for initial steady state
k3bo Accelerator effect of banks other 0.0196 Calibrated from equation
non-financial assets for initial steady state
k3go Accelerator effect of governments other 0.4804 Calibrated from equation
non-financial assets for initial steady state
laro The rest of world loans held 0.0388 Calibrated from equation
autonomous accumulation for initial steady state
larl Sensitivity of RoW loan held to 0.7170 Estimated from OLS regression

rate of interest received by the RoW
liro Share of the rest of the world loans issued -0.6888 Calibrated from equation ([2.204))
for initial steady state
mo Import level when Y; = 1 (100 million rmb) 0.1852 Calibrated from equation (2.69) for
initial steady state
Pco Mark-up of CPI, growth 0.6912 Calibrated from equation for

initial steady state

Pel Elasticity of CPI to unit labour cost (short run) 0.5753 Estimated from OLS regression
Pc2 CPI long run correction -.3359 Estimated from OLS regression
Pe3 Elasticity of CPI to unit labour cost (long run) 0.6245 Estimated from OLS regression
Ped Elasticity of CPI to energy price (long run) 0.2144 Estimated from OLS regression
Peg0 Return premium of government equity held 0.037 Calibrated from equation
for initial steady state
Degl Price of government equity held -0.2749 Estimated from OLS regression
long-run correction
Peg2 Price premium of government equity held 0.0757 Estimated from OLS regression
Deg3 Elasticity of price of government equity held 1 Calibrated for initial steady state

to price of banks equity issued

Dero Return premium of the rest of the world -0.1272 Calibrated from equation (2.71))
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Perl

DPer2

Per3

Pko

Pkh1

Pz0

Pzl

T0

T1

T2

Tkee

Tpb0o

Tpbl

Tpfo

Tpfl

Tpg0

Tpgl

Tpho

Tphl

Tpro

Tprl

Tpr2

Trb0

Trbl

Trfo

equities held

Elasticity of price of the rest of the world equity
held to price of banks equity issued (short run)
Price of the rest of the world equity

held long-run correction

Elasticity of price of the rest of the world
equity held to price of firms equity issued
Mark-up of capital price

Elasticity of housing price growth to inflation

Mark-up of export price

Elasticity of export price growth to
unit labour cost growth

10-year government bond yield lower bound

Sensitivity of 10-year government bond yield to
housing price growth

Sensitivity of 10-year government bond yield to
CPI inflation

Marginal cost of conventional energy production

Banks rate of interest paid premium

Sensitivity of banks rate of interest paid to
10-year government bond yield

Firms rate of interest paid premium

Sensitivity of banks rate of interest paid to
banks rate of interest received

Governments rate of interest paid premium

Sensitivity of governments rate of interest paid to
10-year government bond yield

Households rate of interest paid premium

Sensitivity of Households rate of interest paid to
10-year government bond yield

The rest of the world rate of

interest paid premium

Sensitivity of the rest of the world rate of
interest paid to NEER growth

Sensitivity of the rest of the world rate of
interest paid to federal funds rate

Banks rate of interest received lower bound, log
Semi-elasticity of banks rate of interest received

to capacity utilization

Firms rate of interest received premium
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3.2009

-0.5334

1.349

1.3932
1.2502

0.3297

0.0082

0.0424

0.2142

0.0158

-0.0022

0.3241

0.0015

0.762

-0.0015

0.2432

-0.0014

0.1621

-0.0014

-0.2143

0.2455

-8.0814

5.6927

0.0005

for initial steady state

Estimated from OLS regression
Estimated from OLS regression
Calibrated for initial steady state

Calibrated from equation (2.38]) for
initial steady state

Estimated from OLS regression
Calibrated from equation for
initial steady state

Estimated from OLS regression

Calibrated from equation ([2.55)
for initial steady state

Estimated from OLS regression
Estimated from OLS regression

Calibrated from equation (2.11) for

initial steady state

Calibrated from equation (2.131))
for initial steady state

Estimated from OLS regression

Calibrated from equation (2.57)
for initial steady state

Estimated from OLS regression

Calibrated from equation ((2.131))

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.131))

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.66)
for initial steady state

Estimated from OLS regression
Estimated from OLS regression
Calibrated from equation (2.56))

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.131))
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Trfl

Trg0

Trgl

Trh0

Trhl

Trro

Trrl

Tb

zo
1
Z2
3
T4

xro

xry

Zfo

Zg0

Zh0

Yno

Yn1

Yn2

Yn3

Sensitivity of firms rate of interest received to
10-year government bond yield

Governments rate of interest received premium

Sensitivity of governments rate of interest received
to 10-year government bond yield

Households rate of interest received premium

Sensitivity of households rate of interest received
to 10-year government bond yield

The rest of the world rate of interest received
lower bound

Sensitivity of the rest of the world rate of
interest received to NEER growth

Income tax rate paid by banks

Income tax rate paid by firms

Income tax rate paid by households

Net production tax rate paid by banks

Net production tax rate paid by firms

Net production tax rate paid by households
Social contribution ratio over wage bill

Exogenous real wage growth

Sensitivity of real wage growth to
labour productivity growth

Autonomous export demand growth

Elasticity of export to foreign demand (short run)
Exports long-run correction

Minimum exports demand, log

Elasticity of exports to foreign demand (long run)

Nominal effective exchange rate premium

Elasticity of NEER to interest rate parity

Share of firms other accounts payable/receivable

Share of governments other accounts
payable/receivable

Share of households other accounts
payable/receivable

Share of the rest of the world other accounts
payable/receivable

Initial labour productivity, log

Elasticity of labour productivity to FDI inward
(short run)
Labour productivity long run correction

Minimum labour productivity, log
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0.2793

-0.0015

0.1663

0.0006

0.3832

0.0006

0.0226

0.2548
0.1297
0.0172
0.0996
0.1446
0.0076
0.1247
0.0309

-0.0009

0.2784

0.9844

-0.769

-8.2468

1.2962

-0.0152

0.5714
-0.0024

0.0192

6.2e-7

-0.1599

28.01

0.1872

-0.3688
-68.83

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.131))

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.131))

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.67))
for initial steady state

Estimated from OLS regression

Calculated from 7, = BLIgg
Calculated from 77 = FTIJ;q
Calculated from 7, = Yng
Calculated from 7z, = TYLbb
Calculated from TL, = Tyil;f
Calculated from 77, = TYth
Calculated from 7gc = %

Calibrated from equation ([2.34)
for initial steady state

Estimated from OLS regression

Calibrated from equation for
initial steady state

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Calibrated from equation

for initial steady state

Estimated from OLS regression

Calibrated from equation (2.127)

for initial steady state
Calibrated from equation
for initial steady state
Calibrated from equation (|2.95))
for initial steady state
Calibrated from equation
for initial steady state
Calibrated from equation
for initial steady state

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
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Ynd Elasticity of labour productivity to FDI inward 0.392 Estimated from OLS regression
(long run)
Yns Labour productivity exogenous improvement 0.0375 Estimated from OLS regression
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Abstract

This paper develops an empirical ecological stock-flow consistent model for China. It embeds
the Chinese balance sheet and transaction flow matriz and describes institutions’ behaviours to
mimic the Chinese economy. By including the material and energy balance, the model can link
the economy to its effect on the environment. We also include the linkage that there is a negative
relationship between inequality and environmental quality. We use the in-sample prediction to
validate the model and find that the fitness of the data is fairly good. We run a baseline scenario
under a promised green transition from 2019 to 2035, giving a reference to future predictions.
It shows that green transition alone is insufficient to prevent emissions from increasing before
2030 in China (policy target). Then, we compare a working hour reduction shock to a wage
increase policy and income redistribution policy. All three policies reduce real GDP, income
inequality and emissions. A working hour reduction reduces income equality and unemployment
more significantly but may trigger inflation in the short run. A wage increase only shows
short-run effects in reducing income inequality and emissions and results in high inflation and
more unemployment. A redistribution policy will have a long-lasting negative effect on economic

growth, but it reduces income inequality and emissions to the air more significantly.
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3.1 Introduction

Stock-flow consistent (SFC) models, as a branch of macroeconomic models, are tools to answer
macroeconomic research questions. Theoretical models are clean and tight to explain a specific
economic phenomenon. When it comes to a national economy, an empirical model has the ad-
vantage of capturing some specific features of the economy Zezza and Zezza (2019)). Theoretical
models assume the economy starts with a balanced growth path or an initial steady state to
avoid spikes in the beginning periods of the simulation and focus on the second moment fitness
to the data, i.e. variance and covariance. It requires some parameters and initial value of vari-
ables to be chosen to calibrate to guarantee this assumption, losing some degree of freedom and
introducing distortion. When the system is small, it is very likely that the calibrated parame-
ters or initial variables have bizarre values because it ignores many channels of the real world.
Empirical models, unlike theoretical models that are built from simple to more complex, start
directly from the complete system and attempt to simplify without breaking the completeness
of the system; for example, if we drop the deposits held by the rest of the world, then we need to
assume the same amount of money appear somewhere in the assets side or cancelled out in the
liability side so that the foreign net worth does not change; moreover, the interest generated by
these deposits also has to be dropped and appear somewhere in the current account. Empirical
models do not require an initial steady state assumption since they describe the full system, and
the system never has a balanced growth path. It allows the model to directly validate the first
moment of the data, e.g., the level and the long-term trend, and it does not require calibration
to distort the value of the parameters and the initial value of the variables.

Recently, studies employing an empirical SFC framework for some economies have been
emerging: the Argentina model (Valdecantos, 2022)), the Denmark model (Byrialsen and Raza,
2021)), the French model (Mazier and Reyes, |2022), the Italian model (F. Zezza and Zezza, [2022),
the Netherlands model (Meijers and Muysken, 2022), the UK model (George and Dafermos,
2023), and a few to name. Most of the studies are on developed countries because of data
availability. Very few of them have integrated the ecological side, which has become one of the
biggest trends in the theoretical framework (Jacques et al., [2023). SFC models, as a type of
demand-driven model of economic growth, have the advantage of studying social transformation

to achieve sustainable growth, such as sustainable consumption, reduced working time, and the
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rebound effect (Rezai et al., |2013)).

This paper presents an empirical ecological SFC model of China. It develops the first
existing empirical SFC model of the Chinese economy and is one of the few that attempt to
integrate the ecological side with the country’s material and energy balance. Over the past
decades, China has shown incredible economic growth. The tremendous economic performance
of China, however, accompanies some costs. China has become the largest carbon emitter in
the world. The income gap in China has risen and remains at a high level between the working
class and the capitalists. In this paper, we attempt to give a near-future prediction of China
and policy advice to solve these issues.

The National Bureau of Statistics has reported that the average working hour per week has
reached 48.6 in the first half of 2024, which has peaked in the past two decades. The ”996”
work regime has become a hot word in China in recent years, which means working from 9 am
to 9 pm daily and six working days weekly. While, according to the Labor Law of the People’s
Republic of China issued on 07/05/1994, the State shall practice a working hour system wherein
labourers shall work for no more than eight hours a day and no more than 44 hours a week on
the average.

Long working hours are considered one of the major risk factors for workplace accidents
and workers’ health (Lee and Lee, 2016, and Berniell and Bietenbeck, [2020). Reducing working
hours, in traditional belief, is considered a policy for increasing employment since firms have to
hire additional workers, i.e. work sharing. While it may also increase wage pressure, causing
more unemployment (Skans, [2001). In this paper, we investigate the effect of a working hour
reduction shock on unemployment, income inequality and material emissions. In comparison,
we also test a wage increase policy and an income redistribution policy.

The following section describes the model. Section [3.3] discusses the data management and
parameters estimations. Section [3.4]discusses the model validation. Section shows the model

prediction for the near future and policy scenarios. And, last, we conclude and remark.

3.2 The Model

The economy comprises five sectors: households, firms, banks, governments, and the rest of the
world (RoW). Households and governments consume the final good according to their consump-
tion functions. Investments are made by households (mainly real estate acquisition), firms and
governments (final good production) through their investment decisions. Banks receive deposits
and issue bonds and loans to fulfil money demand (endogenous money). The Central Bank,

which is included in the banking sector, runs an inflation-biased Taylor rule by adjusting the
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policy rate. Accounting equations such as changes in loans and bonds and the accumulation
of assets and liabilities are modelled to guarantee stock-flow consistency. Behaviour equations,
e.g., consumption and investment decisions and financial instruments saving/borrowings, follow
Post-Keynesian economic theory and adjust to the econometric regression results. Prices are
endogenous and depend on production costs.

The ecological block includes the material balance and energy balance of China (see Table
. They account for material and energy inflows and outflows, which are linked to economic

activities.
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Table 3.1: Physical flow matrix

Material balance

Energy balance

Inflows

Biomass extraction

Fossil energy material extraction

Metal ores extraction

Non-metallic material extraction

Renewable energy

Biomass import

Fossil energy material import
Metal ores import
Non-metallic material import
Other products import
Balancing items

Recovery of energy
Outflows

Biomass consumption

Fossil energy material consumption

Metal ores consumption

Non-metallic ores consumption

Other products consumption
Energy consumption
Biomass export

Fossil energy material export
Metal ores export
Non-metallic material export
Other products export
Emissions to air

Dissipative use of products
FEmissions to water
Balancing items

Change in stock

Total

+DE,
+DE;
+DE;,
+DEpm,

+MIM,
+MIM;
+MIM,,
+MIM,m,
+MIM,
+BI;

—DMGC,
—~DMCy
—~DMCh,
—DMChp,
—DMC,

~MEX,
~MEX;
—~MEX,,
~MEXum
~MEX,
~DPO,
—~DPOguy
—DPO,,
—Blout
—~NAS

0

+EN

+ER

+EIM

+RoFE

—-EC

—EFEX

—-EB
+ESC
0

Note: + denotes inflows, - denotes outflows. Other product consumption

is a mismatched item. Energy stock change is recorded as an inflow.
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3.2.1 Energy

According to the energy balance sheet from the National Bureau of Statistics of China (NBSC),

energy consumption, ECy, follows,

ECy=FEP,— EEX;+ FEIM; + RoE, + ESC, — EB;, (3.1)

where EP; denotes primary energy production, EE X, denotes energy exports, F1M; denotes
energy imports, RoE; denotes recovery of energy, ESCy denotes energy stock change, and EB;
is a balancing item. The last three terms are assumed to be exogenous because their level is
negligible from the data.

Primary energy production is driven by energy intensity and aggregate demand,

EP; = ey, (3:2)

where y; denotes real GDP and &; denotes energy intensity. Jun et al. (2011)) show there is a
negative relationship between income distribution and environmental quality in China, which
supports the hypothesis in Boyce 1994, We assume that a larger income distribution gap would

cause people to consume more energy-intensive goods to capture this relationship,

Alneg, =e1Alny +ex[lnegi—y —e3 —eqglnginig—1 —esIny,_1], (3.3)

where £; < 0 is the short-run elasticity of energy intensity to real GDP (Kaldor-Verdoon law),
—1 < g9 < 0 is the long-run correction parameter of energy intensity, €3 is the level of energy
intensity in logarithm when the Gini coefficent equals 1 and real GDP equals 100 million rmb,
g4 > 0 is the elasticity of energy intensity to the Gini coeflicient, and €5 < 0 is the long-run
elasticity of energy intensity to real GDP (Kaldor-Verdoon law).

Primary energy production consists of fossil energy production and renewable energy pro-

duction. Renewable energy production is determined by the green share,

ER, = 6,EP, (3.4)

where 6; denotes the share of renewable energy production, which is exogenous.

Fossil energy production fulfils the remaining energy production needs,

EN, = EP, — ER,. (3.5)
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Energy exports depend on exports in Volume,
EEXt = Eexlt, (36)

where €., is the energy intensity of exports, which is exogenous, and x; is exports in volume.

Similarly, energy imports depend on imports in volume,
EIMt = &imMy, (37)
where €;,, is the energy intensity of imports, also exogenous, and m; is imports in volume.

3.2.2 Materials

The accounting structure of material flows follows Chen et al. (2022)). We separate materials
into five categories: biomass, fossil energy materials, metal ores, non-metallic materials, and
other products.

Aggregate domestic material input consists of aggregate domestic extraction and aggregate
material import,

DMI; = DE, + MIM;, (3.8)

where DFE; denotes aggregate domestic extraction and MIM; denotes aggregate material im-
port.

Similarly, domestic biomass input, domestic fossil energy materials input, domestic metal
ores input, and domestic non-metallic input are the sum of their domestic extraction and im-
ports,

DMIi,t = DEi,t + MIMi,ta = b7 fa m,nm, (39)

where the subscript ¢ = b, f, m, nm represents biomass, fossil energy materials, metal ores, and
non-metallic materials, respectively.

Other product inputs, specifically, are only imported,
DMI1,; = MIM,;, (3.10)

where the subscript o represents other productsﬂ

Aggregate domestic extraction equals the sum of biomass extraction, fossil energy materials

!Other products are balancing instruments for the physical trade balance, which are only recorded in material
exports and imports.
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extraction, metal ores extraction, and non-metallic extraction,

DE; = DEy; + DE¢; + DEy ¢ + DEpp (3.11)

Domestic extractions, except fossil energy materials, are demanded directly from economic
activities,

DEZ’J = HKiYt, Vi 7é fa (312)

where p; denotes the respective material intensity, which is exogenous.

Domestic fossil energy material extraction is driven by fossil energy production,

DEj; = : (3.13)

car

where car is the coverage ratio of fossil energy production, which is exogenous.

Aggregate material imports contain all five types of material imports,

MIM; = MIMy; + MIMgy+ MIMy; + MIMyy, + MIM,,. (3.14)

Material imports, except fossil energy materials, are driven by imports in volume,

MIM; s = piimme, Vi # f, (3.15)

where ;. ;y, denotes the respective import material intensity.

Fossil energy material import is determined by the imported energy,

IM,
MIM;; = E1M, (3.16)

QAT im,

where car;,, is the coverage ratio of energy imports.
Aggregate domestic material consumption equals aggregate domestic material input sub-

tracts aggregate material export,

DMC, = DMI, — MEX,, (3.17)

where M E X, denotes aggregate material export. The same for all types of materials,

DMC;y = DMI;, — MEX;,, Vi. (3.18)
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Aggregate material exports contain all five types of material exports,

MEX; = MEXy,+ MEX 4+ MEX,; +MEXpm: +MEX,;. (3.19)

Material exports, except fossil energy materials, are driven by exports in volume,

MEXi,t = HiexTt, Vi 7é f? (320)

where 1; ., denotes the respective export material intensity.

Fossil energy material export is determined by the exported energy,

EEX
MEX;; = L (3.21)

CQTex

where care, is the coverage ratio of energy exports.

Aggregate material stock follows,

MS; = MS, 1 + NAS; + 0CS,, (3.22)

where N AS; denotes net additions to material stock, and OC'S; denotes other changes in ma-
terial stock, which is a discrepancy item assumed to be exogenous.

Net additions to material stock follow,

NAS; = DMC; + Bl — DPOy — Bloys (3.23)

where BI;,; denotes material inflows balancing items, DPO; denotes aggregate domestic pro-
cessed output, and B, ; denotes material outflows balancing items.

Material inflow balancing items are mainly oxygen required in the combustion process of
fossil energy,

BIm’t = commeMCﬁt, (3.24)

where comb;,, denotes the combustion inflow coefficient.

The aggregate domestic processed output follows,

DPO; = DPOqyt + DPOgyp, + DPOy 4, (3.25)

where DPO,; denotes emissions to air, DPOgq,,: denotes dissipative use of products, and

DPQO,,; denotes emission to water.
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Emissions to air are mainly C'Os, SO», etc released from the fossil energy combustion process,

DPO,; = vaDMCy,, (3.26)

where v, is the coefficient of emission to air, which is exogenous.
The dissipative use of products mainly consists of materials dissipated by fertilizer use. It

is driven by biomass extraction,

DPOdup,t = VdupJDEb,ta (327)

where g, is the coefficient of dissipative use of products. We assume a larger income dis-
tribution gap would cause more dissipative use of products under the same level of biomass
extraction to capture the negative relationship between income distribution and environmental

quality (Boyce, 1994 and Jun et al., 2011]),

Alnvgyp: = dupy + dupi Aln gingy + dups [In Vgyp—1 — dups — dups In ginig_q — dups Iny, 1],
(3.28)
where dupy < 0 denotes the short-run exogenous reduction of dissipative use of products to
biomass extraction, dup; > 0 is the short-run elasticity of the coefficient of dissipative use of
products to the Gini coefficient, —1 < dups < 0 is the long-run correction parameter of the
coefficient of dissipative use of products, dups is the level of the coefficient of dissipative use of
products in logarithm when the Gini coefficient equals 1 and real GDP equals 100 million rmb,
dupyg > 0 is the long-run elasticity of the coefficient of dissipative use of products to the Gini
coefficient, and dups < 0 is the elasticity of the coefficient of dissipative use of products to real
GDP (Kaldor-Verdoorn law).
FEmissions to water are mainly materials released in industrial and municipal wastewater.

They are driven by economic activities,

DPOw,t = V’u;,tyty (329)

where v,,; is the emissions to water intensity. Similar to energy intensity and the coefficient
of dissipative use of products, we assume a larger income distribution gap would cause more

wastewater to real GDP,

Alnvy; = v AIny, + vyo [In vy -1 — Vg — Vya Inginig_1 — vys Inye—1] , (3.30)
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where v,,1 < 0 denotes the short-run elasticity of emissions to water intensity to real GDP
(Kaldor-Verdoorn law), —1 < w2 < 0 is the long-run correction parameter of emissions to
water intensity, 14,3 is the level of emissions to water intensity in logarithm when the Gini
coefficient equals 1 and real GDP equals 100 million rmb, v,4 > 0 is the elasticity of emission
to water intensity to the Gini coeflicient, and v,5 < 0 is the long-run elasticity of emissions to
water intensity to real GDP (Kaldor-Verdoorn law).

Material outflow balancing items are mainly water vapour from the combustion process of
fossil energy,

BIout,t = ComboutDMCf,ty (331)

where comb,,; denotes the combustion outflow coefficient, which is exogenous.

3.2.3 Macroeconomy

This section is an improved version of the macroeconomic model in An (2024b). The economy
comprises five sectors: firms, banks, governments, households, and the rest of the world (RoW)
(see Table . Firms, banks, governments, and households hold fixed capital, K¢, K1y, K14
and Ky, respectively. Firms and governments hold inventories, Koy and Ksg4, which include
both output and input inventories. Firms, banks, and governments hold other non-financial
assets (NFA), Ks¢, Kg, and K3g, respectively, which include patents and nationally owned
construction land, etc. Banks hold international reserves, G. Households hold currencies issued
by the central bank, H. Banks issue deposits, D. Sectors borrow money from each other
through bonds or loans, B and L. Firms’ and banks’ equity on the liability side account for
both equity issued and net assets, so their net worth is 0 (China’s National Balance Sheet 2018).
In this case, the net worth of firms and banks is transferred to their owners (the other sectors)
through equities holding, FE. Investing banks issue investment fund shares to investors, IF'S.
Firms and households buy insurance from banks, Ay and A, respectively. Other accounts
payable/receivables, Z, capture the statistic misallocation and net position of all the other
instruments by sectors that are not included in the modelﬂ Net worth represents the net asset
position of the sectors, in other words, wealth. The economy’s total wealth should equal total
physical capital, aggregate fixed capitals, inventories, and other NFA, V, +V,, +V, = K =
Ky 4+ Ky + Ks.

2For simplicity, we drop net positions of the instruments held by sectors that are negligible in their size, for
example, currencies held by sectors other than households and foreign bonds held and issued.
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Table 3.3: The national balance sheet

Firms Banks Governments Households RoW Total
Fixed capitals +K1¢ +Kip +Ki1g +Kp +K;
Inventories +K2f +K29 +Ko
Other NFA +K3y +K3p +K3g +K3
International reserves +G -G 0
Currencies —H +H 0
Deposits +Df +Dy — D +Dg +Dy, 0
Bonds —By +Bgap — By —Bgy +By, 0
Loans —Ly +Ly —Lyp, +Lar — Ly, 0
Equities +Eqf — Ery +Eq., — Epp +Eq +Ey +E, 0
Investment funds shares +IFS,, — IFSy, +IFSy +I1FSy 0
FDI +FDIoyt — FDI;p, +FDI;, — FDIoyt 0
Insurance +Af —A +Ap 0
Other accounts payable/receivable +Zy +Zy +Zg +Zy +Zr 0
(+/-)
Networth 0 0 Vg Vi Vr +K

Note: + denotes assets, - denotes liabilities.

The transaction flow matrix shows the transaction received and paid between sectors (see

Table (3.4). Each column has to sum up to zero to satisfy the vertical consistency, meaning

that transactions received and paid have to even out in every sector (see equation for the

example of households). Each row also has to sum up to zero for horizontal consistency. It

guarantees that there is no black hole; any transaction received/paid by a sector has to be

paid/received by another sector.

11
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Table 3.4: Transaction flow matrix

Production Firms Banks Governments Households RoW Total
GDP -Y +Y; +Y3 +Yy +Y 0
+Yadj
Consumption +C —Cy —Cp 0
Fixed capital formation +1I —Iif —1Iqy —I4 —1Iy 0
Change in inventories +1Io 712f 7129 0
Acquisition less disposals of —1I3 +1I3 0
other NFA
Export +X —-X 0
Import —M “+M 0
Net export adjustment +NXqa5 —NXga5 0
‘Wages -Wy Wy Wy +W — Wy, —Wi 0
Net taxes on production —TLy —TLy +TL —TLy 0
Interest on deposits +INTgy +INTgy +INTgq +INTgp 0
—INT,
Interest on bonds —INTyp +INTyp —INTy, +INTyp, 0
—INTypp
Interest on loans —INTyz +INTy, —INT)y, +INTyy 0
—INTpy
Distributed income of +DIVTf +DIV,y +DIVy, +DIVy, +DIVy, 0
Corporations —DIVy,¢ —DIVyy,
Other income from properties +OIPf —OIP, +OIP, +OIPy, —OIP, 0
Taxes on income and wealth =Ty —Ty +T =T, 0
Social contributions +SC —-sC 0
Social benefits —SB +SB 0
Other current transfers —Oy +0y +Og4 —Op, —Op 0
Social transfers in kind —STR +STR 0
Capital transfers +TRK —TRK 0
Errors and omissions —EO +EOf +EO, +EOy +EOyp +EO, 0
International reserves —AG +AG 0
Currencies +AH —AH 0
Deposits —ADy —AD, —ADy —ADy, 0
+AD
Bonds +ABf —ABygyp +ABy —ABy, 0
+AByy,
Loans +ALf —ALy, +ALy, —ALg, 0
+ALy,
Investment fund shares —AIFSg,, —AIFSgy —AIFSy 0
+AIFSy,
FDI inward +AFDI;, —AFDI;, 0
FDI outward —AFDIoyt +AFDIoyt 0
Insurance 7AAf +AA —AA 0
Other account payable —AZy —AZy —AZg —AZy, —AZy 0
/receivables (+/-)
Total 0 0 0 0 0 0 0

Note: + denotes transactions received, - denotes transactions paid. According to the National Bureau of Statistics of China,
acquisition less disposals of other NFA are mainly transfers from firms to governments, and there are no data for banks, which
are inconsistent with the balance sheet. Adjustment variables and errors and omissions are included to solve the data

mismatch because of different sources and statistical methods.

Same with An (2024b)), firms’ and banks’ equity on the liability side account for both equity
issued and net assets, so their net worth is 0 (China’s National Balance Sheet 2018, see Table
2.2). Equity flows reported by National Bureau of Statistics of China are 0 (see Table [2.3)).
Therefore, we have the following treatment for equity liabilities of firms and banks, i) the value

of firms’ and banks’ equity on the liability side of the balance sheet satisfies the following

12
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conditions to guarantee their net worth is zero,

Eipr=Kife+ Kot + Kape + Dpr — Bre — Lyt + Eapt + FDlours — FDLing + Apr + Zgy

(Vi =0), (3.32)

Ey, ¢
=K+ K1 +Gy—Hy+ Dy — Dy + Bayy — Bipy + Lyt + Eap g + TFSap s — ITF Sy — Ar + Zp g

(Vb =0), (3.33)
ii) since there are no equity flows, the revaluation effect accounts for all the changes in value,
RE‘/;ilj,t = Elj,t - Elj,tflv .7 = ba f7 (334)

iii) we derive the implicit equity price indicesﬂ

REV,, .

o 1——2—, i =0b,f. 3.35
lj!t 1 Elj,t_l ’j 7f ( )

Pelj,t :Pe

The following subsections present the main equations of the sectors. Behaviour equations
follow the Post-Keynesian macroeconomic theory (e.g. Godley and Lavoie, 2006|) and are prag-
matically verified by econometrics employing historical annual data from 2000 to 2019 (National
Bureau of Statistics of China, China’s National Balance Sheet and World Bank)ﬁ Other sim-

plified behaviour equations and accounting equations are shown in detail in the Appendix.

Final good equilibrium

Final good production, Y;, fulfills the aggregate demand, which consists of households con-
sumption, Cj;, government consumption, Cy;, fixed capital formation by firms, banks, and
governments, Iy, Iy, and T4, respectively, fixed capital formation by households (mainly
dwelling acquisition), I, +, change in inventories by firms and governments, Iof; and o4, net
exports, X; — My, net exports adjustment, N X4, errors and omissions, EQ;, and GDP ad-

justment, Y4 ¢,

Yi =Chi+Coi+Tipe+ T +Tige+Ins+ 1o+ 1og e+ Xe — My +NXygjt — EOp + Yag i (3.36)

3We have tried using the stock market price index to estimate equity flows, but it would increase the mismatch
of net financial investment between the real account and financial account in the transaction-flow matrix.

4Our method is pragmatic in the sense that we try to follow economic theories as closely as possible but drop
the determinants in the behaviour equations that are not statistically significant.
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Aggregate demand in real term (in volume),

Yt = Cht + Cgt + 015t + tibt + G1gt + Ght + G251 + G2gt + Tt — My + NTagit — €0t + Yagje, (3.37)

_ Chy _Cot - Dipe _ T _ hg _ I _ Iapy
where Chit = ..o Cgt = Py Lt = Py’ bt = Py’ 1g,t = Py thit = Pry, 0 Laft = Peypoi’
. _ IZg,t _ X4 M —_ NXadj,t _ EOt _ Yadj,t
129t = Py o’ T = Pl M = pl Mladjip = —p,, > €0t = Py and Yqqi¢ = B, are the

aggregate demand components in volumeﬂ P, is the consumer price index (CPI). Py, ; is the
general capital price index. Py, ; is the capital price index of households. P, ot and szg,t
are the price of inventories held by firms and governments, respectively. P, ; and P,,; are the
export and import price index, respectively. We assume net export adjustment is deflated by
export price. Pe, ¢, price of errors and omissions is calculated to make sure equation and

(3.37) are consistent. By definition, then, GDP deflator is P, ; = %

Labour market

Following Keynes (1937), the employment level is determined by aggregate demand. Then,
employment in our model, Ny, is simply real GDP over labour productivity times working

hours,

N, =2t (3.38)
YNt

where 7 is working hours standardize to 1 in the in-sample prediction and baseline scenario,
and yy; is labour productivity, measured in real GDP per labour, referring to Reati (2001)@
Labour productivity follows the Kaldor-Verdoorn Law,

Alnynt =y Ayt 1+ Yo A Y + Yng M YN t1 — Yy — Yns MYNt—2 — Yng In Y1), (3.39)

where 0 < 9,1 < 1 is the short-run persistence of labour productivity, y,2 > 0 captures the
short-run Kaldor-Verdoorn effect, —1 < y,3 < 0 is the parameter of labour productivity long-
run correction, y,4 is the intercept of the long-run equation of labour productivity in logarithm,
0 < yns < 1 is the long-run persistence of on labour productivity and y,¢ > 0 captures the

long-run Kaldor-Verdoorn effect]

®Capital letters denote variables in value (nominal term), and small letters denote variables in volume (real
term).

5We standardize working hour to 1 because there is no sufficient data to model it. Labour productivity is
measured as annual real GDP per worker, which results in a caveat that the model does not capture the positive
effect of working hour reduction on labour productivity (Collewet & Sauermann, 2017).

"We introduce the Kaldor-Verdoorn Law in labour productivity to offset the fluctuation of real GDP to
employment and, as a consequence, to stabilize the unemployment rate in the model.
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The unemployment rate, by definition, is unemployment over the labour force,

_LF, - N,

!
LF, (3.40)

Ut

where LF; = vy1,rtPOP; denotes labour force, with vz, the share of labour force in population
and POP; total population. The share of the labour force depends on the labour market
condition; the higher the unemployment rate, the less the opportunity for the unemployed to

find a job, and the less they want to enter the labour market,

Avpre = Ufo + 1L 1IAYLE—1 + Lfouy, (3.41)

where [fy > 0 denotes the exogenous change of the labour force share, 0 < [f; < 1 is the
persistence of the change of labour force share, and [fs < 0 is the sensitivity of the change of
labour share to the unemployment rate.

nom

The nominal wage, wy*°™, adjusts to CPI and depends on labour productivity and unem-

ployment,

Alnw”™ = wiAln Py + weAln %
t

+ w3 (ln wT —ws —wsIn Py — wew—1 — wrln ]Z<;—1 > , (3.42)
t—1

where wy > 0 denotes the short-run elasticity of nominal wage to CPI, wy > 0 is the short-
run elasticity of nominal wage to labour productivity, —1 < w3 < 0 is the long-run correction
parameter of nominal wage, wy is the nominal wage level in logarithm with full employment, CPI
equals 1 and labour productivity equals 1 rmb per labour, ws > 0 is the long-run elasticity of
nominal wage to CPI, wg < 0 denotes the sensitivity of nominal wage to unemployment and w; >
0 denotes the long-run elasticity of nominal wage to labour productivityﬁ The unemployment
rate has a negative effect on the nominal wages because it decreases the probability of finding
new jobs for workers, and consequently, the value of their outside options is reduced. Conversely,
firms have a higher probability of filling their vacancy under a higher unemployment labour
market. In summary, workers are worse off, and firms are better off in the wage bargaining
process as the unemployment rate increases (Pissarides, 2000).

The total wage bill, W}, equals the nominal wage times labour,

Wt = w?’omNt. (343)

8In equation (3.42) we have }{,—: rather than yn : for the working hour reduction scenario shown in section

because our nominal wage, wi°™, is measured by annually per workers rather than hourly per workers.
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Unit labour cost, by definition, is the total wage bill divided by real GDP,

ULC; = % (3.44)
Yt

Inequality

Income inequality can be caused by three aspects, i. inequality driven by unemployment, ii.
wage inequality, iii. distributional income inequality (Checchi & Garcia-Penalosa, 2008). This
model does not study wage inequality between skilled and unskilled workers. We focus on the
two other aspects.

We employ the Gini coefficient to measure income inequality. By definition, it consists of
the product of the employment share, %tpt, and the wage share, %ﬁ (Bowles & Halliday, 2022).

In addition, we include the social benefit to nominal GDP to capture the income redistribution

effect,
N, W, SB
gini, = ginio + gz’m‘lﬁtptft + gim27t, (3.45)

where ginig ~ 1 is the area below the equality line times two, gini; ~ —1 by definition, and

ginisz < 0 is the sensitivity of the Gini coeflicient to the ratio of social benefits to nominal GDP.

Prices

Producers fulfil aggregate demand but set their prices based on their cost of production. The

consumer price index (CPI) is determined by import price and unit labour cost,

AInP.; =paAnPei 1+ peeAIMULC, + pe3s(In Pey—1 — pes — Pes In Pey—2 — pes InULCy—1),
(3.46)
where 0 < pe1 < 1 is the short-run persistence of CPI, p.o > 0 is the short-run elasticity of
CPI to unit labour cost, —1 < p.3 < 0 is the parameter of long-run correction of CPI, p.4 > 0
denotes the mark-up of CPI, 0 < p.5 < 1 is the long-run persistence of CPI, and p.s > 0 is the
long-run elasticity of CPI to unit labour cost.
Similarly, the price of productive fixed capital depends on the import price and unit labour

cost,

Aln Py, s = i Aln Py, i+ AInULCi+o3(In Py, y—1—as—asIn Py 1—agInULCy_y), (3.47)

where a7 > 0 is the short-run elasticity of the price of fixed capital to import price, ag > 0

is the short-run elasticity of the price of fixed capital to unit labour cost, —1 < a3 < 0 is the
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long-run correction parameter, ay > 0 is the mark-up of the price of fixed capital, as > 0 is
the long-run elasticity of the price of fixed capital to import price, and ag > 0 is the long-run
elasticity of the price of fixed capital to unit labour cost.

The housing price, Py, ¢, is driven by housing demand, kj, ¢,

Aln Py, ¢ = peri A kp g + prao (I0 Prng—1 — pen3 — Prra 0 Py t—2 — prers Inkpg—1),  (3.48)

where pgp1 > 0 is the short-run inversed demand elasticity of housing, —1 < pgpo < 0 is the
long-run correction parameter of housing price, pgps denotes the nominal housing price level in
logarithm when the lagged level equals 1 and housing stock equals 100 million rmb, 0 < pgps < 1
is the persistence of housing price, and pgps > 0 is the long-run inversed demand elasticity of
housing.

Export price is determined by unit labour cost and the nominal effective exchange rate (rise

= appreciation), X Ry, (imperfect pass-through, Goldberg and Knetter, 1996)),

AP, =pa AInULCy + proAIn X Ry + pp3(In Py 1 — ppa — pos MULC—1 — pes In X Ry—1),
(3.49)
where p;1 > 0 denotes the short-run elasticity of export price to unit labour cost, p,o < 0
denotes the elasticity of export price to the exchange rate, —1 < p,3 < 0 is the long-run
correction parameter of export price, p.4 is the level of export price in logarithm when the unit
labour cost and the exchange rate equal 1, p,5 > 0 is the long-run elasticity of export price to
unit labour cost, and p;g < 0 is the elasticity of export price to the exchange rate.
For simplicity, we assume the price of imports, firms’ inventories, government inventories,

and other non-financial assets are exogenous.

Households

Households earn revenues, wages, interest from deposits and bonds, dividends, other income
from properties, social benefits, and social transfers in kind. They pay taxes, interest on loans
and social contributions.

Households’ consumption depends on their consumption level in the past (habit formation),

their disposable income deflated by consumption good price, 1;,?: (income effect), and their
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currencies and deposit deflated by consumption good price, Ht*%lzh’“ (wealth effect),

Y Dy

c,t—1

Alncpy = co+c1Aln

YD;_ H;_ Dy
+ co <ln Chi—1—C3—Calncpi_o—csln =1 celn M) , (3.50)
Pc,t—l Pc,t—l

where ¢y > 0 denotes the autonomous consumption growth, ¢; > 0 captures the short-run
income effect, —1 < ¢ < 0 is the long-run correction parameter, c¢s > 0 denotes the autonomous
consumption, 0 < ¢4 < 1 captures consumption habit formation, c; > 0 captures the long-run
income effect, cg > 0 captures the wealth effect.

Housing demand depends on the population. We introduce a lag for housing demand to

capture speculation behaviour in the housing market with equation ((3.48)),

Alnkpy = kpAlnkp 1 + knoAIn POP; + kps(Inkp 41 — kpa — kps Inkp o — kpg In POP,_q),
(3.51)
where kp1 > 0 captures the short-run speculation behaviour, kpo > 0 denotes the short-run
elasticity of housing demand to population, —1 < kp3 < 0 is the long-run correction parameter,
kp4 is the intercept of the long-run correction equation, kps > 0 captures the long-run speculation
behaviour, kpg > 0 is the long-run elasticity of housing demand to population.
Financial assets and liabilities follow Tobin’s portfolio theory (Tobin, 1982) as in Godley
and Lavoie (2006]). Households have liquidity preferences on currencies. They keep a proportion

of their net worth as cash in hand and hold more when income increases,

H,; YD,
— =ho+ ht , 3.52
Vit Vit (3:52)
where hg > 0 is the preference for currencies and hq > 0 captures the income effect.
Households’ deposit savings close their budget constraint,
ADh’t = NFIhﬂg — AH; — ABh,t + ALth — AAM — Zh,t~ (3.53)

Households invest in bonds to earn interest, 7,4 ; — 7, ¢, where r,, ; denotes the nominal rate

of interest households receive and m,; = ﬁ]zy’tl is the GDP deflator inflation rate. They would
b

invest more with more disposable income.
Bht-1 Y Dy

By, 4
—— = bpo + bp1 + bpa(rrne — myt) + bn3 ;
Vit Vht—1 (s wt) Vit

(3.54)
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where by is the preference for bonds, 0 < by,1 < 1 is the persistence of the share of households’
bonds held, bpe > 0 is the sensitivity of households’ bonds held to real interest rate received,
and bp3 > 0 captures the income effect.

Households borrow loans, mainly mortgages, to buy houses. They borrow more when the
real rate of interest received from other savings increases or the real housing price increases and

less when the borrowing cost increases,

ALp 4

T = lh(] + lhl(Trh,t - 7Ty,t) + th (Tph,t - 7Ty,t) + lhg(A In th,t - 7Ty7t), (355)
t

where [;,o denotes the preference for loan borrowing, l;; > 0 denotes the sensitivity of household
loans borrowing ratio to the real rate of interest received, lps < 0 denotes the sensitivity of
household loans borrowing ratio to the real rate of interest paid, and I3 > 0 is the sensitivity

of households loan borrowing to real housing price growth.

Firms

Firms earn revenue from production, interest from deposits, and dividends from equity owner-

ship. They also pay taxes, wages, and interest on debt and distribute profit through dividends.

Firms fixed capital formation rate, ,ﬁ fltf_tl, is driven by the net profit rate in one lag,

Oy o1 =INTpf-1
Prii1kifi—2

(Kaleckian), and capacity utilization rate, Uy, (Straffian),

Ak IMey 1 —INT, ¢4
Ut — By + gLt PRL L BoUes, (3.56)
kigi—1 Py, t—1k1pi—2

where 5y denotes the autonomous firms’ fixed capital formation rate, 81 > 0 is the sensitivity
of firms’ fixed capital formation rate to the net profit rate, and B > 0 is the sensitivity of firms’
fixed capital formation rate to capacity utilization rate. Capacity utilization rate by definition,

is the ratio of firms’ utilized fixed capital in volume to firms’ total fixed capital in volume,

. klfu,t

Upt = - , (3.57)
11t

)

where ki, denotes firms’ utilized fixed capital in volume, driven by firms’ production in

Yf,t

volume, y7; = Yo and capital productivity, which depends on the scale of firms’ fixed capital

in volume (scale effect),
Aln klfu,t = UlA In Yt + 'UQA In klfﬂg + Ug(A In klfu,tfl — V4 — Vs In Yfrt—1— Ve In klf,tfl), (358)

where v; > 0 denotes the short-run elasticity of firms’ utilized fixed capital to firms’ production
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in volume, vo > 0 captures the short-run decreasing return to scale of firms’ fixed capital,
—1 < w3 < 0 is the long-run correction parameter of firms’ utilized fixed capital, v4 is the
level of firms’ utilized fixed capital in logarithm when firms’ production and firms’ fixed capital
equal 100 million rmb, vs > 0 is the long-run elasticity of firms’ utilized fixed capital to firms’
production, and vg > 0 captures the long-run decreasing return to scale of firms’ fixed capital.

Firms hold deposits as a proportion of their net worth, i.e. Ejs;, in need of operation

expenditure. They increase savings in deposits as their net cash flow increases, gl f tt.
Dy, P
= =dr+dn , 3.59
By, o ting (3.59)

where dyp > 0 denotes the liquidity preference of firms, and dy; > 0 is the sensitivity of firms’
deposits to net disposable income.

Firms issue bonds to finance and less when they have sufficient cash flow,
By, FP

=bso+ b1 , (3.60)
1f.t Eipq

where brp > 0 is the preference for issuing bonds and by; < 0 is the sensitivity of firms’ bonds
to net disposable income.
Firms would invest abroad in the form of outward foreign direct investment (FDI) when

domestic investment is less profitable, and they would invest less if the borrowing cost increases,

Tpfit — Tyt

FDIus s, — INT,

+ fdioua(rppe — myt), 3.61
Elf,t Pkl,tklf,t—l f OU‘tQ( pfit y7t) ( )

where fdig g > 0 is the preference for outward FDI, fdi,u < 0 is the sensitivity of outward
FDI to the net profit rate of domestic investment, fdige < 0 is the sensitivity of outward FDI

to the real rate of interest paid by firms.

Banks

Banks earn revenues, interest from lending, and dividends. They pay wages, taxes, interest on
deposits and inter-bank lending, dividends, and insurance indemnity. As the closing sector of
the model, the vertical consistency of the banks’ transaction flows, i.e., budget constraint, is
inherently fulfilled.

The central bank is included in the banking sector and runs an inflation-biased Taylor rule
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by adjusting the policy rate,
T5t = T50 + T51Ts0—1 + To2T, (3.62)

where m; = SPet denotes CPI inflation, 5y > 0 is the lower bound of the policy rate, 0 < r51 < 1

Pc,t—l
denotes the persistence of the policy rate, and rgo > 0 is the sensitivity of the policy rate to
CPI inflation.

Domestic interest rates, except governments’ rate of interest paid and received, positively

correlate to the policy rate (see Appendix)ﬂ

Banks’ fixed capital formation rate, kA Fin.e depends on banks’ gross profit rate in one lag,

1b,t—1"
Iy 1
Py t—1k1pt—27
Akypy Iyt —1
—— = 1p0 T W1 :

k1p,t—1 Pryi—1k1pi—2’ (8:63)
where 459 is banks’ autonomous fixed capital formation rate and i;; > 0 is the sensitivity of
banks’ fixed capital formation rate to gross profit rate.

Banks have liquidity preference for holding deposits and increase their holding if the real

rate of interest received increases, 1, — Ty ¢,

)

Byt

= dyo + dp1 (77t — Ty ), (3.64)

where dpy > 0 is banks’ liquidity preference for holding deposits and dp; > 0 is the sensitivity
of banks’ deposits to the real rate of interest received.

Banks issue bonds in case of shortage of funds because banks face liquidity risk by holding
long-term assets, e.g. firm loans, and short-term debts, e.g. household deposits, and would

issue less if the real rate of interest paid rises, 7pp+ — Ty ¢,

Bt
Ey, ¢

= bypo + bip1 (Tpbe — Ty 1), (3.65)

where bjg > 0 is banks’ liquidity demand for issuing bonds and b;; < 0 is the sensitivity of

banks’ bonds issued to the real rate of interest paid.

Governments

Governments receive taxes, interests from deposits, dividends, and social contributions. They
pay wages, interest for bonds, social benefits and social transfers in kind to households and

capital transfers to firms.

9We failed to find any correlation between the policy rate and the rate of interest received by the governments.
Including the rate of interest paid by the governments endogenously worsens the model’s performance in Section

B4
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Governments’ consumption consists of goods and services provided to society. It is pro-
cyclical because demand for public goods and services increases when economic activity in-

creases. For simplicity, we assume it is proportional to real output,

Cqt = fycgyh (366)

where 7., denotes the share of governments’ consumption.

,ﬁ kltg tl , targets the unemployment rate and depends
o

Government fixed capital formation rate,

GP,
’ Py oikigt—1’

on their net disposable income per fixed capital deflated by the price of fixed capital

Aklgﬂg . GP;
=1 1
g
k1gt—1 P ik1g,t—1

+ iggut, (367)

where 441 > 0 is the sensitivity of government investment to their net disposable income, and

ig2 > 0 is the sensitivity of government investment to the unemployment rate.

The rest of the world

The rest of the world demands export goods, supplies import goods, and other current transfers
and financial transfers between the domestic sectors.
The nominal effective exchange rate (rise = appreciation) follows the uncovered interest

parity, which depends on the policy rate of the central bank, r5; and federal funds rate, f fry,

1+T‘§t
AlnXR; = In | ———, 3.68
n f xr1n<1+ffrt> ( )

where 0 < xr; < 1 is the imperfection of interest parity caused by currency hierarchy and
capital controls.

The federal funds rate, ffr; and foreign GDP (nominated in US dollar), Y;.;, are exogenous
in the model.

Due to the conversion of currencies, the rate of interest paid by the foreign sector includes

the change in exchange rate within the maturity,
Tprit = (1 — Tprl — TpTQ)Tpr,tfl + TprlA In XRy + TpTfoTta (369)

where 7,1 < 0 is the sensitivity of the interest rate paid by the foreign sector to nominal
effective exchange rate growth and 7,2 > 0 is the sensitivity to federal funds rate. Whereas,

the rate of interest received by the foreign sector, 7., is assumed to be exogenousm

10We did not find any statistical explanation for the rate of interest received by the foreign sector.
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Exports depend on foreign demand converted into domestic currencies and deflated by export

price, %, and the economic complexity index (Hidalgo & Hausmann, 2009), EC;,
Alnz =x A]IIL—FCL' AMmECTE +x3|Inxi—1 —x 1HL—$ In ECIT
¢ 1 P XR, 2 t 3 t—1 4 Pri X R 5 t—1 | »

(3.70)
where x1 > 0 is the short-run elasticity of export to foreign demand, xo > 0 is the short-run
elasticity of export to the economic complexity, —1 < x3 < 0 is the export long-run correction
parameter, x4 > 0 is the long-run elasticity of export to foreign demand, and x5 > 0 is the
long-run elasticity of export to the economic complexity.

For simplicity, imports are proportional to real GDP,

M = YmYt, (3.71)

where 7, > 0 is the share of import in volume.
The foreign sectors lend loans to the domestic sectors depending on the rate of interest

received, the higher the return, the more they supply,

ALar,t

Lar,tfl = larlrrr,t; (372)

where l4r1 > 0 is the sensitivity of foreign loan lending to the rate of interest received by the

foreign sector.

Hf,t

Inward FDI depends on the domestic firms’ gross profit, Pe dhiris
Ltk

with higher domestic
economic growth, cheaper labour, lower taxes, and lower fixed asset prices, the domestic sector
will attract more inward FDI,

AFDI;y, . . Iy,
——— = fdi; dijn] ——— 3.73
FDI;, fdiio + f Zmlpkl,tklf,t—l’ (38.73)

where fdi;ng is the autonomous inward FDI accumulation rate and fdi;,1 > 0 is the sensitivity
of inward FDI to domestic firms’ gross profit rate.
3.3 Data and parameters

Table [3.6] and [3.7] in the Appendix give an overall description of the variables and parameters.

Our data covers a maximum range of the years 1992 to QOQBH Material flows are obtained

" The specification of the behavioural equations is determined by the maximum range of the data period, but
the parameters employed in the simulation are estimated based on data from the years 2002 to 2019, which is
the period that all variables are available.

23



CHAPTER 3

from Chen et al. (2022), and material stocks are obtained from Song et al. (2021). The energy
balance is obtained from the National Bureau of Statistics of China (NBSC). The economy
balance sheets, e.g., non-financial assets and financial assets and liabilities, are obtained from
China’s National Balance. Transaction data are obtained from NBSC.

The GDP deflator is obtained from World Development Indicators. Other price variables
are obtained or estimated from NBSC. The nominal effective exchange rate is obtained from the
Furopean Central Bank. Fiscal tax rates and interest rates are estimated using the transaction
data and stock data, dividing the flows by the stocks. The Central Bank policy rate is obtained
from the International Financial Statistics (IFS) of the IMF. The federal funds rate is obtained
from the Federal Reserve Economic Data (FRED). Employment, labour force and population
data are obtained from the World Bank. The foreign nominal GDP is the world’s nominal
GDP subtracts China’s nominal GDP, based on data from the World Bank. The nominal wage
is calculated by the wage bill payment over employment. Equity price indices are calculated
by the revaluation effect over the lagged stock in value. The revaluation effect of equities is
calculated by the equity accumulation equation. Adjustment variables and errors and omissions
are calculated based on the accounting equations to solve the mismatch in the data. Other
changes in values are calculated based on the stock accumulation equations to ensure stock-flow
consistency.

Parameters in the behaviour equations are estimated by running simple OLS regressions with
the Durbin-Watson test to ensure they do not reject the homoskedasticity hypothesis. Moreover,
we run Augmented Dickey-Fuller (ADF) tests on the residuals to ensure co-integrations between

the variables. Other parameters, such as ratios and shares, are calculated based on the data.

3.4 Model validation

We run an in-sample prediction to check the model performance. Specifically, we run a dynamic
simulation of the model from 2002 to 2023 and compare it with the dataE-] Endogenous variables
only employ the 2002 values as the initial values. Exogenous variables employ the data. Ratios
and shares become moving parameters and employ the data.

Figure [3.1] shows the in-sample prediction results. The black solid line represents the data,
the blue dashed line represents the simulation results, and the vertical dashed line represents

the year 2019, which is the last period of available data for the stock variables. Real GDP from

12A dynamic simulation accumulates model errors over time. we could also run a static simulation, which will
have a better performance but only show model errors of each year because it employs the data for the lagged
variables. This model is built for future scenario prediction. It would be reasonable to check the model validation
dynamically.
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the dynamic simulation performs more fluctuation than the data in certain periods but follows
closely to the trend of the data. (Figure . The unemployment rate and capacity
utilization rate measure the disequilibrium between the demand and supply of the production
inputs, labour and capital, respectively. The model simulation performs more fluctuation than
the data. Still, it is stable within a range and follows the long-term trend (Figure and
3.1d)). The consumer price index in the model grows closely to the inflation rate of the data
(Figure[3.1€). The Gini coefficient is more volatile than the data because of the volatility of the
unemployment rate (Figure . Firms’ leverage ratio and public debt to GDP closely follow
the data, showing that the model is capable of explaining the financial side of the Chinese
economy. Regarding the ecological part, energy intensity follows the long-term with some
misalignment (Figure . Emissions to air, dissipative use of products and emissions water

fit relatively well with the data (Figure [3.13} [3.1k| and [3.11)).

Overall, the model is capable of mimicking the Chinese economy and its connection to

ecology fairly well. After many trials and errors, we are confident in the validation.
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Figure 3.1: In-sample prediction

Note: The black solid line is the data. The blue dashed line is the dynamic simulation starting

from 2002. The black vertical dashed is the year 2019, which is the last period of data availability

for the stock variables.
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Figure 3.1: In-sample prediction
Note: The black solid line is the data. The blue dashed line is the dynamic simulation starting
from 2002. The black vertical dashed is the year 2019, which is the last period of data availability

for the stock variables.
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3.5 Prediction

After validating the model, we run a baseline scenario of the model from 2019 to 2035 as a
prediction reference. Then, we run a working hour reduction scenario, a wage policy scenario,
and an income redistribution scenario. We compare the three scenarios, namely, working hours,
wage policy, and redistribution policy, with the baseline to check their impulse response.
Before doing that, we employ the latest available data for the variables and extrapolate the
exogenous variables under certain assumptions. We assume all adjustment variables, errors and
omissions, and other changes in values are 0. For exogenous domestic prices, we use the last

eight years 4-year mean growth rate to extrapolate them, i.e.

|: Mean(Variable;_g,Variable;_7,Variable;_g,Variable;_s)

1
1 . .
Mean(Vam'ablet_4,Vam'ablet_g,Vam'ablet_z,\/ariablet_1)] — 1. We assume forelgn nominal GDP grows

at a rate of 5% and foreign price, i.e. import price, grows at a rate of 3%. Population employs
the World Bank prediction. The share of renewable energy is assumed to grow at a rate of
2.57% to reach 25% in 2030, which is one of the policy targets of China (14th Five-Year Plan).

Other shares and ratios are assumed to be constant.

3.5.1 Baseline

The baseline scenario gives a blurry vision of the Chinese economy in the future, which we
consider as a reference. However, we do not claim that the baseline is a precise prediction for
the future since it relies on many assumptions on exogenous variables, ratios, and shares and
does not consider any structural change.

Figure shows the prediction simulation results. The vertical dashed line signifies the end
of the data period, where the simulation result starts to display. The Chinese economy slows
down after COVID mainly because of the recession of the housing market, which is driven by
population, decreasing according to the World Bank’s prediction (Figure and . The
economy recovers steadily, mainly driven by household consumption, because of the deposit

wealth effect since households increase their deposit savings from less investment in housing

(Figure |3.2al |3.2¢| and [3.2d). Inflation falls sharply, close to 0 in 2024, because of the high

unemployment rate resulting from the recession and recovers back between 2% to 3% in the
long run as GDP growth increases and unemployment falls because of the decreasing population
(Figure and . Income inequality peaks in 2021 and decreases over time, mainly driven
by the increasing wage shares because of decreasing unemployment (Figure and .
FEmissions to air intensity decrease over time because of the commitment to green transition
and because of the decreasing energy intensity resulting from GDP growth and decreasing

income inequality (Figure [3.2i). However, emissions to air still increase over time because of
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economic growth, showing that green transition alone is insufficient to stop emissions to air

from increasing, which is one of the policy targets of China (14th Five-Year Plan, Figure [3.2])).

Similarly, the dissipative use of products increases over time (Figure [3.2k]). While emissions to

water decrease over time cause emissions to water intensity decrease sufficiently (Figure [3.21).
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Figure 3.2: Baseline scenario

Note: The vertical dashed line signifies the end of the data period, where the simulation result

starts to display.
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Figure 3.2: Baseline scenario
Note: The vertical dashed line signifies the end of the data period, where the simulation result

starts to display.

3.5.2 Working hours reduction, wage increase and social benefits

In this section, we study the impulse response of three permanent shocks from 2025 separately:
a 1% reduction in working hours, a 1% increase in the nominal wage, and a 1% increase in

social benefit to GDP to households (ysp) financed by firms’ production tax. We would like to
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compare the effect of a working hour reduction policy to a wage increase policy and an income
redistribution policy.

Figure|3.3|shows the impulse response functions of the shocks, which are the deviations from

Shocky

s Baseliner — 1 for variables in level and Shock; — Baseline; for variables in

the baseline scenario
rate. The black line is the working hour reduction scenario (Working hour). The blue line is
the wage increase scenario (Wage policy). The orange line represents the income redistribution
scenario (Redistribution policy). All three shocks harm real GDP as expected, mainly because
firms’ investment falls. The redistribution policy scenario increases real GDP in 2025 because
firms react to the profit rate in one lag (Figure and . Household consumption increases
under the redistribution scenario because households receive more social benefits. Under the
working hour reduction and wage increase scenarios, although households received more wage
income, household consumption in volume decreases due to inflation (Figure and
H Firms’ investment decreases in all three scenarios because the cost of production
increases, firms are paying more wages under working hour reduction and wage policy scenario,
paying more taxes under the redistribution scenario (Figure . Exports decrease under a
working hour reduction and a positive wage shock mainly because domestic products become
more expensive (Figure and . Firms raise prices under higher wages and shorter
working hours because they face a higher unit labour cost. In the long run, prices are lower under
a working hour reduction shock because of the overshooting of the unemployment rate, which
is caused by the adjustment of the labour force to the unemployment rate and its persistence
(Figure and equation . Unemployment rises under the wage policy scenario
and redistribution policy scenario because of the reduction of real GDP. Although real GDP
decreases under the working hour reduction scenario, unemployment decreases because its direct
effect on labour demand dominates. In the long run, unemployment rises because of more
labour force (Figure . Income inequality decreases under the working hour scenario because
employment and the wage share increase. Although the unemployment rate is higher and the
wage share is lower in the long run, income inequality under the working hour scenario is still
lower than the baseline because there is a larger share of workers in the total population. A
positive wage shock decreases income inequality by increasing the wage share. The redistribution
policy scenario also decreases income inequality because of the income redistribution effect

(Figure [3.31] [3.3g] and [3.3h)). Energy intensity decreases in all scenarios because of lower income

inequality (Figure . Emissions of all types are reduced in the three scenarios because of

less production and less emissions intensity (Figure |3.3j] [3.3k| and (3.31).

13The spikes of household consumption are because of the habit formation in equation (3.50).
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We summarize the effects of the three policies in five different aspects: 1) Real GDP, 2) CPI,
3) Income inequality, 4) Unemployment and 5) Emissions to air; and standardize the effects into
-1% reduction of real GDP (Table[3.5)). All three policies have a negative effect on real GDP and
reduce income inequality and emissions into the air. Reducing working hours and increasing
wages only show a short-run negative effect on economic growth because firms can raise the
price to compensate for higher labour costs. Working hour reduction and income redistribution
policy both have a long-lasting effect in reducing income inequality, while the effect of income
redistribution is more significant. In the short run, only reducing working hours can reduce
unemployment, whereas the other two policies raise unemployment. As for reducing emissions
into the air, working hour reduction has the lowest effect but lasts in the long run. Increasing the
wage only shows a short-run effect. The income redistribution policy has the most significant

effect on reducing emissions.
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Figure 3.3: Policy shocks
Note: The black line is the impulse response to a 1% permanent reduction in working hours.
The blue line is the impulse response to a 1% increase in the real wage. The orange line is the
impulse response to a 1% permanent increase in social benefits to households financed by the

production tax for firms.
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Figure 3.3: Policy shock
Note: The black line is the impulse response to a 1% permanent reduction in working hours.
The blue line is the impulse response to a 1% increase in the real wage. The orange line is the
impulse response to a 1% permanent increase in social benefits to households financed by the

production tax for firms.
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Table 3.5: The effect of policy shocks (standardized to -1% reduction of real GDP)

Real GDP CPI Income inequality Unemployment Emissions to air

Working hour short-run -1%  short-run +1.1% short-run -0.7% short-run -0.4% short-run -1.4%
long-run -0.5% long-run -0.2% long-run +0.1% long-run -0.7%

Wage policy short-run -1%  short-run +3.3% short-run -1.3% short-run +0.3%  short-run -1.7%
Redistribution policy  long-run -1% short-run -1% long-run -5% short-run +0.3%  long-run -10.3%

3.6 Conclusion and Remark

This paper develops an empirical ecological stock-flow consistent model for China. It embeds
the Chinese balance sheet and transaction flow matrix and describes institutions’ behaviours
to mimic the Chinese economy. By including the material and energy balance, the model can
link the economy to its effect on the environment. We use the in-sample prediction to validate
the model and find that the fitness of the data is fairly good. We run a baseline scenario under
a promised green transition, giving a reference to future predictions. The baseline scenario
shows that green transition alone is insufficient to reduce emissions. It calls for additional
policy interventions. Then, we compare a working hour reduction shock to a wage increase
policy and income redistribution policy. All three policies reduce real GDP, income inequality
and emissions. A working hour reduction reduces income equality and unemployment more
significantly but may trigger inflation in the short run. A wage increase only shows short-
run effects in reducing income inequality and emissions and results in high inflation and more
unemployment. A redistribution policy will have a long-lasting negative effect on economic
growth, but it reduces income inequality and emissions to the air more significantly.

The model can be further explored in some directions. The model does not capture any
feedback from the environment to the economy. We could evaluate the damage function of
emission; however, within an empirical framework, sufficient detailed data is required. Another
perspective is to study the link between material intensity and prices. The cost of production
will increase if a type of material is over-demanded. This would happen in a technology change,

e.g., batteries for storing renewable energy are made with raw materials.

Appendix

Production:
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Final goods or services are produced by domestic sectors given a fixed proportion,
ij,t = ’YYJ(Y% - Yadj,t)7 Z’YY] = 17 (374)
J

where j = f,b, g, h denotes firms, banks, governments, and households.

Total errors and omissions in value,
EO; =Y EOiy, (3.75)
i

where ¢ = f, b, g, h,r denotes firms, banks, governments, households and the rest of the world.
Households:

The gross operating surplus of households is defined as,
Myt =Yne + Wy —TLpy, (3.76)

where Wy, ; = yw, W; is the wage paid by households with vy, , the share of wage paid by
households, and T'Lj, ; = 71, Y3+, the net production tax paid by households with 77, is the net
production tax rate paid by households.

The gross disposable income of households is,
YDy =1y + Wy +INT, s — INTy, 4 + DIVy  + OI Py, (3.77)

where INT,}, ; = INTy, +1NTyy; is the total interest received by households, which is the sum
of households’ deposit interest, INTyp ; = 1 ¢ Dp t—1, and households’” bond interest, INTy;, s =
TrhtBht—1, INTiht = rpntLnt—1 is households’ loans interest paid, DIVy: = vprv, (Ent—1 +
IFSp4-1) is the dividend received by households with vypry, the dividend rate received by
households, and OIP,; = vorp,Y Dy is households other income form properties received,
which is a fixed proportion of households’ gross disposable income for simplicity, yorp-

The net disposable income of households is,
YD =YDy —Thy — SCy + SBy + STRy — Op g, (3.78)

where T}, ; is the income tax paid by households, T}, ; = 7,:Y Dy, SC; is the social contribu-
tion paid by households to the governments, proportional to total wages, SC; = 75.Ws, SB;
and STR; are the social benefits and social transfers in kind received from the governments,

respectively, and Oy, ; = 70, Y D; is households other current transfers paid, proportional to net
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disposable income for simplicity.

Household savings are disposable income minus consumption, and errors and omissions,

Sh,t - YDt - Ch,t' (379)

Households’ fixed capital in value equals housing price times the volume,

Kpy = Py, iknyg- (3.80)

Households’ fixed capital formation in value,

Ing = Kny — Kny1(1 = 68,) — REVy, ; — OCVi, &, (3.81)

where 6}, denotes the depreciation rate of households’ fixed capital, REV;, + is the revaluation
effect, and OCV}, ; is the other changes in value, which is exogenous.

Households’ fixed capital formation in volume,

tht = 55— (3.82)

Households fixed capital revaluation equals the price change times the stock in volume in
the previous period,

REVy, + = APy, ikni—1. (3.83)

Households’ net financial investment equals households’ savings minus fixed capital forma-

tion and plus errors and omissions,

NFIh; = Sht — Ing + EOpy, (3.84)

where FOy,; is errors and omissions of households, which is the mismatch between the house-
hold’s real account and financial account, assumed to be exogenous.

Households’ currencies savings equal to the change in stock subtracts other changes in value,

AH, = H; — Hy_y — OCVjy, (3.85)

where OCV), ; are the other changes in value of households’ currencies, which are exogenous.
Households’ deposit,
Dyt = Dpy—1 +ADy i + OCVy, 4, (3.86)
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where OCVj, + is the other changes in value of households’ deposits, which is exogenous.

Household bonds held in volume equal to bonds held in value over the bond price,

bh,t = —. (387)

Household bonds savings equal to the change in stock value minus the revaluation effect of

bonds and other changes in value,

ABjy = Byt — Bpi—1 — REV,, 1 — OCVy, 4, (3.88)

where REV}, ; is the revaluation effect of households’ bonds held, and OCV, ; is the other
changes in value of households’ bonds held, which is exogenous.

Households’ bonds held revaluation equal to the price change times the stock in volume in
the previous period,

RE%h,t = Ath,tbh,t~ (389)

The price of households’ bonds held is approximated as the inverse of its interest rate as in

Godley and Lavoie, 2006,

Py, o= —. (3.90)
Trht
The accumulation of households’ loans is
Lpt = Lpt—1+ ALpg +OCV, 4, (3.91)

where OCV}, ; are the other changes in value of households’ loan issued, which are exogenous.
Households’ equity held in value equals the stock in value in the previous period plus the
revaluation effect,

Eny = Epi1+ REV,, 4, (3.92)

where REV, ; is the revaluation effect of households equity held.

Households’ equity held in volume,

Ep
ept = ——, 3.93
=g (393)
where P, ; is the price of households’ equity held, assumed to be exogenous.
Households’ equity held revaluation,
REVYeh’t = APeh,teh,t—l- (394)

38



CHAPTER 3

Households invest a proportion of their net worth in investment fund shares,
IFSh 1 = v1Frs, Vit (3.95)

where vyrrg, is the share of household investment fund shares held.

Households’ investment fund shares held in volume,

[FS),

) 3.96
Pifs,t ( )

ifsh,t =

where Py, is the price of investment fund shares, which is exogenouSE
Households’ investment fund shares savings equal to the change in stock value subtracts the

revaluation effect and other changes in value,
AIFSy; =1FSy; —IFShi—1 — REVigg, 1 — OCVigg, 1 (3.97)

where REVy,, ; is the revaluation effect of households’ investment fund shares held, OCVy,, ;
is the other changes in value of households’ investment fund shares held, which is exogenous.

Households’ investment fund shares held revaluation,
REVifs, + = APjps i fshi—1- (3.98)
We assume households’ insurance is proportional to households’ net worth for simplicity,
Ant =v4, Vit (3.99)

where 7,4, is households’ insurance held to net worth ratio.

Households’ insurance savings equal the change in stock value minus other changes in value,
AAy=A — A1 — OCVy, 4, (3.100)

where OC'Vj, ; is the other changes in value of households’ insurance held, which is exogenous.
We assume other accounts payable/receivables are proportional to households’ net worth for
simplicity,

Znt =72, Vhi-1, (3.101)

where vz, is households’ other accounts payable/receivables to net worth ratio.

“Tncluding it as an endogenous variable would break the model simulation convergence.
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Households’ change in other accounts payable/receivables is
AZyy = Zng — Zpy—1 + OCV,, 4, (3.102)

where OCV, ; is the other changes in value of households’ other accounts payable/receivables,
which is exogenous.

Households’ net worth is

Vit =Knt +Hy+Dpy+ By — Ly + Eng + Ang + Zny- (3.103)

Firms:

The gross operation surplus of firms is
Hf,t - Yth - TLf,t - Wf,ta (3104)

where T'Ly; = 77, ¢Ys; is the net production tax paid by firms. W}, denotes wages paid by
firms, assumed to be a proportion of the total wage bill, Wy = yw, W;.

The gross disposable income of firms is
FPyy =1y +INTy s — INTyp4 + DIV, — DIVyyy — OIPyy, (3.105)

where INTy s = r,p 4Dy 1 is the deposit interest received by firms, INT, s = INTyz;+INTjs;
is the total interest paid by firms, which is the sum of bonds interest paid, INTy;; = 7)1 Bfi—1
and loans interest paid, INTjs¢ = rpriLypi—1, DIVigr = D1V, (Eqft—1+ FDIoysp—1) is the
dividend received by firms with vpyv,, the dividend rate received by firms, DIV is dividend
paid by firms, and OIPf; = o P F Py is firms other income from properties paid, which is a
fixed proportion of firms’ gross disposable income for simplicity.

Firms’ dividend paid is the sum of dividends received by all sectors minus dividends paid

by banks,
DI1V,py = DIVygy + DIV + DIVy g+ DIV + DIV, — DIV 4. (3.106)
Firms’ net disposable income is
FP, =FPy; —T¢iy — Oypy, (3.107)

where Ty = 771 F Py is the income tax paid by firms and Oy = 10, F'P; is firms’ other current
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transfers paid, assumed as fixed a proportion of firms’ net disposable income.

Firms fixed capital held in value is
Kipr = Kipe—1(1 = 6p4) + Lipe + REV ;0 + OCViy 4, (3.108)

where ¢ denotes the depreciation rate of firms’ fixed capital, REVj, , ; is the revaluation effect,
and OCVj, , ; are the other changes in value of firms’ fixed capital.

Firms’ fixed capital in volume is

Ky
ki = = 3.109
=B (3.109)
Firms’ fixed capital formation in volume,
0rK 154
inge = Akyps+ %. (3.110)
kq,t
Firms’ fixed capital revaluation,
REVy, ,t = APy, tkift-1. (3.111)
Firms’ inventories in value,
Kopr = Kopi—1+ Ioft + REVi,, 1, (3.112)
where REV}, ot is the revaluation effect.
Firms’ inventories in volume,
K
kyjy = =20t (3.113)
Pk2f7t

We assume firms’ changes in inventories as a fixed share of real GDP for simplicity,

12ft = Vigy Yt- (3.114)
Firms’ inventories revaluation,
REVy,,t = APy, thogi—1. (3.115)
Firms’ other non-financial assets in value,

Kspi = Pryksyy. (3.116)
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Firms’ other non-financial assets in volume is proportional to real GDP (accelerator effect),

k.?)f,t = ’Yk‘gfyta (3117)

where i, is the accelerator effect parameter of firms’ other non-financial assets.

Firms’ acquisition less disposal of other non-financial assets in value,
Ispe = Kspr — Kapi—1 — REVj, 1 — OCVig, 1, (3.118)

where REVj,, ; is the revaluation effect and OCVj, st is the other changes in value of firms’
other non-financial assets, which is exogenous.

Firms’ acquisition less disposal of other non-financial assets in volume,

i3ft = . (3.119)
Firms’ other non-financial assets revaluation,
REVy,t = APy, tkspi—1- (3.120)
Firms’ net financial investment,
NFI;; = FP,+TRKy — LI — Iops — 137 + EOgy, (3.121)

where T'RK; is the capital transfers received by firms, and EQOy; is the errors and omissions of
firms, which is exogenous.

The firms’ deposit savings are the change in deposit stock value,
ADyy=Dyy — D1 — OCVq;y, (3.122)

where OCVy, ; is the other changes in value of firms’ deposit, which is exogenous.

Firms’ bond borrowing,
ABjpy= By — Bpy—1 — REVy, 1 — OCVp, 4, (3.123)

where REV) ot is firms’ bond issued revaluation, and OCV} ot is the other changes in value of

firms’ bond, which is exogenous.
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Firms’ bonds issued in volume,

byt = ﬁbff’i, (3.124)
where Py, ; = o is the price of firms’ bond.
Firms’ bond revaluation,
REVy, 1 = APy, 1bfi-1. (3.125)

Firms’ equity held in value is the stock value in the previous period plus the revaluation

effect,
Eapt = Eaft—1+ REVe, 11 (3.126)
Firms’ equity held in volume,
E
Cafit = #f’ia (3127)
af>

where P, is the price of firms’ equity held, assumed to be exogenousm

Firms’ equity held revaluation,

RE‘/eafvt = APeaf,teaf,t—l- (3.128)
Outward FDI stock in volume,
FDI
fdiouts = —5 ", (3.129)
fdiout,t

where Pyg;, ..+ is the price of outward FDI, which is exogenous by assumption.

Outward FDI flow,

AFDIyyy = FDIpuyy — FDIouiy—1 — REV;gi,, 1, (3.130)

where REVg;, .+ is the revaluation effect of outward FDI.

Outward FDI revaluation,

REVfdiout,t = Apfdiout,tfdiout,t' (3131)

Firms’ insurance held is proportional to its net worth,

Afe =7arEif4, (3.132)

BIncluding the price of firms’ equity held as an endogenous variable would break the model simulation con-
vergence.
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where 4y is the share of firms insurance held.

Firms’ insurance savings,
AAfy=Aps — App1 — OCVq, (3.133)

where OCV, st 18 the other changes in value of firms’ insurance held.
We assume other accounts payable/receivables are proportional to the firm’s net worth for
simplicity,

Zyy =z g1 (3.134)

Firms’ change in other accounts payable/receivables is

AZsy=Zyy — Zgs—1 — OCV, (3.135)

£l

where OCV, ; is the other changes in value of firms’ other accounts payable/receivables.
Firm loans issued,

Lf,t == Lf,t—l + ALf,t —|— OC‘/lf,ta (3136)

where OC'V st 1s the other changes in value of firms’ loans issued.

Firms’ loan borrowing closes the financial constraint,
ALsi =ADygy — ABgr + AFDIpytt — AFDIin g + AApy + AZypy — NFgy. (3.137)

Banks:
Domestic interest rates, except the government’s rate of interest paid, are correlated to the
policy rate,

rie =10 + (1 = 10)r0-1 + 1174, (3.138)

where j = {pb,pf,ph,rb,rf,rh} denotes paid by banks, paid by firms, paid by households,
received by banks, received by firms, received by governments and received by households,
respectively, 7jo > 0 is the interest rate premium, and 7j; > 0 is the sensitivity to the policy
rate.

Banks’ gross operating surplus is
My, =Yy — Wy — TLyy, (3.139)

where Wy = ~yw,W; is the wage paid by banks, proportional to the total wage bill, and
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TLyt = 71,Yp; is the net production tax paid by banks.

Banks’ gross disposable income is
BP,; =1y + INT.t — INTpp s + DIV — DIV — OIP,, (3.140)

where INT,,; = INTy,; + INTyp s + INTy; is banks’ interest received, which is the sum of
banks’ deposit interest received, INTg,; = rp Dy 1—1, banks’ bond interest received, INTy, 4,
and banks’ loans interest received, INTy, ¢, INTyp = INTgy + INTyy is banks’ interest
paid, which is the sum of banks’ deposit interest paid, INTy; and banks’ bond interest paid,
INTypot = mpbtBivi—1, DIViey = vp1v,,(Eapt—1 + IFSgp4-1) is banks’ dividend received,
DIVppt = vp1vy, (Ewi—1 + IFSpy—1) is banks’ dividend paid, and OIP,; = yorp,BFy: is
banks’ other income from properties, assumed to be fixed proportion of banks’ gross disposable
income.

Banks’ bond interest received is the sum of all sectors’ bond interest paid minus households’

bond interest received,
INTbrb,t = INbe’t + INTbg,t + INTbrb,t — INTbh,t~ (3141)

Similarly, banks’ loan interest received is the sum of all sectors’ loan interest paid minus the

RoW loan interest received,
INTyp; =INTip; +INTjp s + INTpry — INT . (3.142)
Banks’ deposit interest paid is the sum of all sectors’ deposit interest received,
INTy; =INTg s+ INTgys +INTyy + INTyp . (3.143)
Banks’ net disposable income is
BP, = BPy; — Ty + Opy, (3.144)

where Tj, ; = 7, BP; ; denotes banks’ income tax paid and Oy ; = vo, BF; is banks’ other current
transfer received, assumed to be a fixed proportion of banks’ disposable income.

Banks’ fixed capital held in value,

Kipy = Kipg—1(1 = 0p) + Iyt + REV,, + + OCVyy, 1, (3.145)
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where d;, is the depreciation rate of banks’ fixed capital, REV},, ; is the revaluation effect of
banks’ fixed capital, and OCV},, ; is the other changes in value of banks’ fixed capital.

Banks’ fixed capital held in volume,

kit = 5—- (3.146)

Banks’ fixed capital formation in volume,

0w Kipt—1

P16t = Akipe + (3.147)
Pk:l,t
Banks’ fixed capital revaluation,
REVy 0 = APy tk1p—1- (3.148)
Banks’ other non-financial assets in value,
K3t = Py, tkap s (3.149)

where Py, + is the price of banks’ other non-financial assets, which is exogenous for simplicity.
Since there is no banks’ acquisition less disposal of other non-financial assets, banks’ other
non-financial assets in volume, ks, is constant. And we assume the change in stock value is

caused by the revaluation effect,

REVyy, 1+ = Kapt — Kap 1. (3.150)

Banks’ net financial investment,

NFIyy = BP; — Iips + EOyy, (3.151)

where EQy; is the banks’ errors and omissions, which is the mismatch between the real account
and financial account, assumed to be exogenous.

Banks’ deposit savings,

ADyy = Dyt — Dpy1— OCVqy 4, (3.152)

where OCVy, ; is the other changes in value of banks’ deposit held, which is exogenous.
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Banks’ deposit issued

Dy =Dy 1+ AD; + OCVq,, (3.153)

where OCVy; is the other changes in value of banks’ deposit issued.

Banks receive deposit savings from all sectors,
ADy = ADyy +ADysy + ADy; + ADp ;. (3.154)

Banks’ deposits issued other changes in value is the sum of all deposits’ other changes in

value,

OCVdﬂg = OCde,t + OCVdfjt + OCVdg,t + OCth’b (3.155)

Banks’ bonds held in value,
Bupt = Bapy + ABgpy + REV,,, + + OCVy, 4, (3.156)

where REV, , ; is the revaluation effect of banks’ bonds held, and OCV}, , ; is the other changes
in value of banks’ bonds held.

Banks’ bonds savings equal the sum of bonds issued by all sectors minus households’ bonds
savings,

ABayy = ABfy + ABy i+ ABpy — ABjy. (3.157)

Similarly, banks’ bonds held revaluation equals the sum of the revaluation of bonds issued

by all sectors minus the revaluation of households’ bonds held,
REVp,,+ = REVy, 1 + REVy, 1 + REVy, 1 — REV,, . (3.158)
Equivalently, banks’ bonds held other changes in value,
OCVy,,t = OCVp, + + OCVp, 1 + OCVy,, + — OCVy, 4. (3.159)

Banks’ bonds issued in volume,

Byt
bt =5, 3.160
=B, (3.160)
where Py, = T is the price of banks’ bonds issued.
po,
Banks’ bonds borrowing,
ABypy = Byt — Biyi—1 — REVy, 1 — OCVy,, 4, (3.161)
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where REV, ; is the revaluation effect of banks” bonds issued, and OCV},, ; is the other changes
in value of banks’ bonds issued, which is exogenous.

Banks’ bonds issued revaluation,

REVy, + = APy, tbip 1. (3.162)

Banks’ loans issued,

Lyt = Lyg1+ ALy + OCV, 4, (3.163)

where OCV}, ; is the other changes in value of banks’ loans issued.
Banks fulfill the demand for domestic loan borrowing, that is, total loan demand minus

foreign loan supply,

ALyt =ALgt + ALpt + ALyt — ALy (3.164)

Similarly, banks’ loans issued other changes in value,

OCVZ}”t = chf,t + chhﬂf + chlmt - char,t‘ (3165)
Banks’ equity held in value,
Eapt = Eabi—1 + REVe,, 1, (3.166)
where REV,,, + is the revaluation effect of banks’ equity held.
Banks’ equity held in volume,
Eab t
= d 3.167
Cab,t Peab,t ’ ( )
where P, , ; is the price of banks’ equity held, which is exogenousm
Banks’ equity held revaluation,
REV,,, + = AP, t€abt—1- (3.168)
Banks’ investment fund shares held in value is proportional to banks’ net worth,
IFSab,t = ’YIFSabElb,t- (3169)

18Tncluding it as an endogenous variable would break the model simulation convergence.
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Banks’ investment fund shares held in volume,

I1F'S,
ifSaby = 5t (3.170)
Pifs,t
Banks’ investment fund shares investing,
AIFSayt = TFSapt — TFSap -1 — REVigsuyt — OCVigsy, b, (3.171)

where REVf . + is the revaluation effect of banks’ investment fund shares held and OCVy, ,
is the other changes in value of banks’ investment fund shares held, which is exogenous.

Banks’ investment fund shares held revaluation,

REVifsut = APigstif sabg—1- (3.172)

Banks’ investment fund shares issued,

IFSlb’t = IFSlb,t_1 + AIFSlb,t + REVz‘fslb,t + OCVifslb,ty (3.173)

where REV; ¢, + is the revaluation effect of banks’ investment fund shares issued, and OCViyg, ;
is the other changes in value of banks’ investment fund shares issued.

Banks supply investment fund shares to the investment demand,

AIFSlbyt = AIFSab’t + AIFSQJ + AIFS}M. (3174)

Same for banks’ investment fund shares issued revaluation and other changes in value,

REVifs,t = REVifs,+ + REVifs, 1 + REVigs, 1, (3.175)

OCV;fslb,t — OCV;fsath + OC‘/jifsg7t + OCV;‘fSth. (3176)

Banks’ insurance issued,

A=A 1+ AA +OCVyy, (3.177)

where OCV,; is the other changes in value of banks’ insurance issued.

Banks fulfill insurance demand,

AA; = AAg; + AAy,. (3.178)
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Banks’ insurance issued other changes in value,
OCVar = OCVq, 1+ OCVy, 1. (3.179)
Banks’ other accounts payable/receivables are assumed to be proportional to their net worth,
Zot = Vz, Et- (3.180)
Changes in banks’ other accounts payable/receivables,
AZyy = Zpy — Zyi—1 — OCV, 4, (3.181)

where OCV, ; is the other changes in value of banks’ other accounts payable/ receivablesm

Banks’ other accounts payable/receivables other changes in value,
OCV,, 1 = -0CV,, — OCV,,  — OCV,, + — OCV, 4. (3.182)

Governments:

Governments’ gross operating surplus is
Mgt =Yg — Wy, (3.183)

where Wy ¢ = yw, W} is the wage paid by governments, proportional to the total wage bill.

Governments’ gross disposable income is
GP,; =1lg,t +TL; +INTy51 — INTyy; + DIV, + OIP, (3.184)

where T'L; = T'Ly;+TLyp;+T Ly, is the net production tax received by governments, INTy, ; =
TrgtDgt—1 is government deposit interest received, INTy; = 19+ Bg¢—1 is government bond
interest paid, DIV, ; = vp [Vg(Eg7t_1 + IFSy;_1) is government dividend received with a fixed
dividend rate vpyy,, and OIP,; is government other income from properties received.
Governments receive other income from properties from other sectors minus households’

other income from properties,

OIP;; = OIP;; +OIPy; + OIP,.; — OIP,;. (3.185)

1"We do not let changes in banks’ other accounts payable/receivables close the instrument account because it
would make the model fragile.
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Governments’ net disposable income is
GP = Gpgﬂf + T+ SC; — SB; — STR; + Og,t, (3186)

where Ty = T, + Ty + T} is the total income tax received by governments, SB; = yspY; is

the social benefits paid to households, proportional to nominal GDP, STR; = vsrRrY; is social

transfers in kind, also proportional to nominal GDP, and O, is other current transfers.
Governments receive other current transfers from other sectors minus banks’ other current

transfers received,

Og,t = Of,t + Oh,t + Or,t — Ob,t- (3187)

Government savings equal net disposable income minus government consumption,
Sgt =GP —Cyy. (3.188)
Governments’ fixed capital depreciates at a fixed rate, d,. Government fixed capital in value,
Kigr = Kigr—1(1 = 6y) + Iigs + REV, o + OCVy, 4, (3.189)

where REVy,,+ 18 the revaluation effect of government fixed capital, OCVklg,t is the other
changes in value of government fixed capital, which is exogenous.

Governments’ fixed capital in volume
bl

Kigt
kigr = —2=. 3.190
g7t Pk17t ( )
Governments’ investment in volume,
Kigi—
i1gs = Akigy + 0.025 271 (3.191)
Pt
Governments’ fixed capital revaluation,
REVj, 0 = APy, tkigi—1. (3.192)
Governments’ inventories in value,
Kogt = Kogt—1+ logt + REVy, 1, (3.193)
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where REVy, , is the revaluation effect.

Governments inventories in volume,

Kog
kogt = —2 (3.194)
97 szg
Government changes in inventories in volume targets to government production,
: Yyt
129, = YViag 7Pg, ) (3.195)
Y5t

where v;,, > 0 is the share of government changes in inventories to government production.

Governments’ inventories revaluation,
REVy,,t = APy, tkagt—1- (3.196)
Government other non-financial assets in value,
Ksgt = Ksgr-1(1 = 0.1) + I3g ¢ + REViy, t + OCVigy, 4, (3.197)

where 0.1 is the depreciation rate of the government’s other non-financial assets (China’s Na-
tional Balance Sheet 2018), REV,, 1 is the revaluation effect, and OCVy,, ; is the other changes
in value, which is exogenous.

Government other non-financial assets in volume are proportional to real GDP,

k3g.t = Yk, Yt- (3.198)
Governments sell other non-financial assets to ﬁrms@

I3g s = —1I3p4. (3.199)
Governments’ other non-financial assets’ revaluation effect,

REViy, 1 = APy tk3g 1. (3.200)

8This accounting equation is based on the transaction flow matrix. There is a mismatch between the national
balance sheet and the transaction flow matrix from the data, governments’ other non-financial assets are increasing
over time with negative funds paid (positive funds received). The classification of governments’ other non-financial
assets includes state-owned construction land (China’s National Balance Sheet 2018), which mainly comes from
legislation.
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Governments’ net financial investment,
NFIgﬂg = Sgﬂg —TRK; — Ilg,t — Igg’t — 139715 + EOW, (3201)

where TRK; = vyrriY: is capital transfers to firms, which is a fixed proportion of nominal
GDP, and EO; is governments’ errors and omissions, which is exogenous.

Governments save part of their net worth as deposits,
Dyt =vp, Vgt (3.202)
Governments’ deposit savings,
ADyt= Dyt — Dyt —OCVq,y, (3.203)

where OC'Vy, 4 is the other changes in value of governments’ deposits held.

Governments’ equities held in value,
Egi=FEgt1+ REV,, 4, (3.204)

where REV,, ; is the revaluation effect of government equities held.

Governments’ equities held revaluation closes the revaluation account of equities,
REVe, + = REVe,+ + REVe, + — REV, ,+ — REV,,, 1 — REV,, + — REV,, ;. (3.205)
Governments invest a proportion of net worth in investment fund shares,
IFSyt=v1rs, V- (3.206)
Governments’ investment fund shares savings,
AIFS;; =IFSy; —IFSy41 — REVigs, s — OCVigs, 1, (3.207)

where REV;zs  is the revaluation effect and OCVjys, ; is the other changes in value of govern-
ments’ investment fund shares held, which is exogenous.

Governments’ investment fund shares held in volume,

IFS,
ifsgq = Tw‘ (3.208)
ifs,t
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Governments’ investment fund shares held revaluation,
REVigs,t = APigs1ifsgr. (3.209)
Governments’ other accounts payable/receivables are proportional to net worth,
Zgt =2,V (3.210)
Governments’ changes in other accounts payable/receivables,
AZyy = Zgy — Zgit—1 — OCV, 4, (3.211)

where OCV, ; is the other changes in value of governments’ other accounts payables/receivables,
which is exogenous.

Governments’ bonds close the fiscal constraint,

ABgiy =ADg;+AIFS,; + AZy; — NF1g;. (3.212)
Governments’ bonds issued in value,

Byt = Bgi-1+ ABgi + REV,,  + OCVy 4, (3.213)

where REVy, ; is the revaluation of government bonds, and OCngﬂg is the other changes in
value of government bonds, which is exogenous.

Governments’ bonds issued in volume,

By
by = =2, 3.214
gvt Pbg’t ( )
where Py ; is the price of government bonds.
Governments’ bonds revaluation,
REVy,+ = APy, tbg1—1 (3.215)

Assuming each unit of government bonds pays 1 rmb after one year, then the price of

government bonds can be derived by the inverse of its interest rate (Godley and Lavoie, 2006),

1
Pg, ;= —. (3.216)

Tpg,t
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Government net worth,

Vot = Kigt + Kogi + Ksgi + Dot — B+ Egu + 1FSg + Zg 1. (3.217)

The rest of the world:

Net exports, by definition, equal exports minus imports plus net export adjustment,

NX;, =Xy — M, + NXadj,t- (3218)

Foreign savings is the net current transfers received by the rest of the world,

Syt =—~NX; — Wyy + INTpy — INTypy + DIVypy — OIP,; — Oy, (3.219)

where W, ; is the foreign wage paid, INT,..; = 7rr¢Lqri—1 is the rest of the world interest
received, INT,y s = 7prtLiri—1 is the rest of the world interest paid, DIV, = vprv,, (Eri—1 +
F DI, 1) is the dividend received by the rest of the world, OIP,; = vorp, S+ is the other
income from properties paid by the rest of the world, assumed to be proportional to foreign
savings, and O,; = 70, Syt are the other current transfers paid by the rest of the world, also
assumed to by proportional to foreign savings for simplicity.

Foreign wages paid close row of wage payments,

Wit =Wy =Wy = Wy = Wyt — Wiy (3.220)

The current account,

CA; = -S4 (3.221)

Foreign net financial investment,

NFI; = Sp;+ EO,, (3.222)

where EQO,; is the errors and omissions of the rest of the world, which is exogenous.

The rest of the world loans held,

La'r,t = LaT,t—l + ALar,t +0CV, (3223)

arsts

where OC'V,,, ; is the other changes in value of the rest of the world loans held, which is

exogenous.
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We assume the rest of the world loans borrowing stands for a fixed share of the capital

account, i.e. NFI.4,

ALy = yaL, NFl.. (3.224)

The rest of the world’s loans issued,

Lyt = Lipy + ALy + OCV), 4, (3.225)

where OCV}, ; is the other changes in value of the rest of the world’s loans issued.

The rest of the world’s equities held in value,

Eri=Ery1+ REV,, 4, (3.226)

where REV, ; is the rest of the world equities’ revaluation effect.

The rest of the world’s equities held in volume,

Er,t

= — 3.227
er,t Per,t ( )
The rest of the world’s equities held revaluation,
RE‘/eT,t = APET’tem,l. (3228)
Inward FDI stock in value,
FDIm,t = FDIm’t_l + AFDIm’t + REVfdim,ty (3.229)
Inward FDI stock in volume,
FDI;
fdisn s = mt (3.230)
Pfdiinat
where Pyg;,. + is the price of inward FDI, which is exogenous by assumptionH
Inward FDI revaluation,
REViis 1 = APpais 1 fdiini—1. (3.231)

The rest of the world’s changes in other accounts payable/receivables close the horizontal
line,

AZyy=—AZps — AZyy — NZgy — Ay (3.232)

19YWe failed to find any statistical explanation for the price of inward FDI.
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The rest of the world’s other accounts payable/receivables,

Iyt = Zri—1 +AZ + OCV,, 4, (3.233)

where OCYV, ; is the other changes in value of the rest of the world’s other accounts receiv-
ables/payables, which is exogenous.

Changes in international reserves close the balance of payment,

AGy = ALgpy — ALjpy + AFDIy — AFDIyy; + AZyy — NFIL;. (3.234)

International reserves in value,

Gy = Gi_1 + AGy + REth,t, (3235)

where REV,; is the revaluation effect of international reserves.

International reserves in volume,

Gy
g = =+, (3.236)
Py
where P ; is the price of international reserves, which is exogenous by assumptionm
International reserves revaluation,
REngt == A.Pg7tgt. (3237)
The rest of the world’s net worth,
Vit =—G¢+ Lart — Lirg + Ery + FDIip g — F DIyt + Zry. (3.238)
Table 3.6: Variables and their values in 2019
Symbol Description Value Remark/sources
A Banks’ insurance issued (100 million rmb) 185272 Calculated from A = Ay + A,
Ay Firms’ insurance held (100 million rmb) 55582 Based on China’s National Balance
Sheet
Ap, Households’ insurance held (100 million rmb) 129690 Based on China’s National Balance
Sheet
Bap Banks’ bonds held in value (100 million rmb) 827160 Calculated from
Bay = By + Bg + By — By,
By Firms’ bonds in value (100 million rmb) 220142 Based on China’s National Balance

Sheet

29We did not find any statistical explanation for the price of international reserves.
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BIout
BP

BPg

Ch

CA

Ch

Cg

Dy

Dy

Dy,

DE
DE,
DEy
DE,
DEnm
DIV,

DIV},

DIVyy,

DIV,
DIV,

Government bonds in value (100 million rmb)

Banks’ bonds issued in value (100 million rmb)

Households’ bonds in value (100 million rmb)

Material inflow balancing items (Mt)
Material outflow balancing items (Mt)

Banks’ net disposable income (100 million rmb)

Banks’ gross disposable income

(100 million rmb)

Firms’ bonds in volume (100 million rmb)
Governments’ bonds in volume (100 million rmb)
Households’ bonds in volume (100 million rmb)
Banks’ bonds issued in volume (100 million rmb)

Governments consumption (100 million rmb)
Households consumption (100 million rmb)
Current account surplus/deficit (100 million rmb)
Households consumption in volume

(100 million rmb )

Governments consumption in volume

(100 million rmb)

Total deposits (100 million rmb)

Banks’ deposits held (100 million rmb)

Firms’ deposits (100 million rmb)

Governments’ deposits (100 million rmb)
Households’ deposits (100 million rmb)
Aggregate domestic extraction (Mt)

Domestic biomass extraction (Mt)

Domestic fossil energy materials extraction (Mt)
Domestic metal ores extraction (Mt)

Domestic non-metallic materials extraction (Mt)
Governments’ dividend received (100 million rmb)
Households’ dividend received (100 million rmb)

Banks’ dividend paid (100 million rmb)

Firms’ dividend paid (100 million rmb)
Banks’ dividend received (100 million rmb)
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352935

281419

27336

11402

7734

26706

34833

5339

9141

920

7077

102986

449646

7116
413119

94620

2279930

198935

621147

339179

1120669

12423

2047

4181

1321

4874

11257

3467

7175

26165
1229

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on Chen et al.

Based on Chen et al. (2022)

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics

of China

Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Based on National Bureau of Statistic
of China

Based on National Bureau of Statistic

of China

Calculated from equation (|3.221))
Ch

c

Calculated from cp, =

Calculated from c¢g = =%
prices are 1

Calculated from

D = Dy+ Dy + Dy + Dy,

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation
Based on National Bureau of Statistics

of China
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DIV, ;

DIV

pMC
DMGC,,
DMCy
DMCh,
DMChm
DMC,
DMI
DMT,
DMI;
DMI,,
DMTI,m,
DMI,
DPO
DPO,
DPOgy,
DPO,,
AA
AAg

AA,

AByy
ABy

AB,

ABj,

ABlb

AD
ADy

AD;

AD,

ADy,

AFDI;y,

AFDIoyt

AG

Firms’ dividend received (100 million rmb)

The rest of the world’s dividend received

(100 million rmb)

Aggregate domestic material consumption (Mt)
Domestic biomass consumption (Mt)

Domestic fossil energy material consumption (Mt)
Domestic metal ores consumption (Mt)

Domestic non-metallic material consumption (Mt)
Domestic other products consumption (Mt)
Aggregate domestic material input (Mt)
Domestic biomass input (Mt)

Domestic fossil energy materials input (Mt)
Domestic metal ores input (Mt)

Domestic non-metallic materials input (Mt)
Domestic other products input (Mt)

Aggregate domestic processed output (Mt)
Emissions to air (Mt)

Dissipative use of products (Mt)

Emissions to water (Mt)

Banks’ insurance borrowing (100 million rmb)

Firms’ insurance savings (100 million rmb)

Households’ insurance savings (100 million rmb)

Banks’ bonds savings (100 million rmb)

Firms’ bonds borrowing (100 million rmb)
Governments’ bonds borrowing

(100 million rmb)

Households’ bonds savings (100 million rmb)

Banks’ bonds borrowing (100 million rmb)

Total deposits saving (100 million rmb)
Banks’ deposits saving (100 million rmb)

Firms’ deposits saving (100 million rmb)

Governments’ deposits saving (100 million rmb)

Households deposits saving (100 million rmb)

FDI inward flow (100 million rmb)

FDI outward flow (100 million rmb)

Change in international reserves

(100 million rmb)
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8435

8952

14504
2295
5051
2457
4820
-119
15202
2359
5182
2680
4962
19.77
12712
12334
376
1.24
23543
1448

22095

118211
28476

46025

2406

46116

146868
-1608

35310

8700

104466

10749

6740

-1331

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022

Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)
Based on Chen et al. (2022)

)

Based on Chen et al. (2022

Calculated from equation
Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation
Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation
Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics

of China
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AH

AIF Sy

AIFS,

AIFS),

AIFSy,

ALgy

ALy

ALy

ALy,

ALy,

AZ,

AZ;

AZ,

AZy,

AZy

Elf

E,

EB

EC

Currencies savings (100 million rmb)

Banks’ investment fund shares savings

(100 million rmb)

Governments’ investment fund shares savings

(100 million rmb)

Households’ investment fund shares savings

(100 million rmb)
Banks’ investment fund shares borrowing

The rest of the world’s loans savings

(100 million rmb)
Banks’ loans savings (100 million rmb)

Firms’ loans borrowing (100 million rmb)

Households loans borrowing (100 million rmb)

The rest of the world’s loans borrowing
(100 million rmb)
Banks other payable/receivables flows

(100 million rmb)

Firms’ change in other accounts
payable/receivables (100 million rmb)
Governments change in other accounts
payable/receivables (100 million rmb)
Households’ change in other accounts
payable/receivables (100 million rmb)
The rest of the world’s change in other
accounts payable/receivables

(100 million rmb)

Banks’ equities held in value

(100 million rmb)

Firms’ equities held in value

(100 million rmb)

Governments’ equities held in value
(100 million rmb)

Households’ equities held in value
(100 million rmb)

Banks’ equities issued in value

(100 million rmb)

Firms’ equities issued in value

(100 million rmb)

The rest of the world’s equities held
in value (100 million rmb)

Energy balancing items (10kt SCE)

Energy consumption (10 kt SCE)
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3537

488365

374

2380

4095

-402

148274

67631

79539

702

-5581

8259

-17699

31511

-16489

333067

61154

850000

1702111

287758

2692202

33628

5690

487488

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation
Based on National Bureau of Statistics

of China

Calculated from equation
Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from

AZ, =NFI, — AG+ AH — AD,
+AD — ABy, + AByjp, — ALy
—AIFS., + AIFS), + AA

Calculated from equation

Calculated from equation (|3.212))

Calculated from equation (3.53)

Calculated from equation (|3.234))

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
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ECI
EEX

EIM

EN

EO

EO,

EOy

EO,

EO,

EO:

EP

ER

ESC

€ab

€af

€h

Er

€o

FDI;

FDIout

FP

FPy

fdiout

fir

Economic complexity index

Energy exports (10 kt SCE)

Energy imports (10 kt SCE)

Fossil energy production (10 kt SCE)

Total errors and omissions in value

(100 million rmb)

Banks errors and omissions in value

(100 million rmb)

Firms errors and omissions in value

(100 million rmb)

Governments errors and omissions in value
(100 million rmb)

Households errors an omissions in value
(100 million rmb)

The rest of the world’s errors an omissions
in value (100 million rmb)

Primary energy production (10 kt SCE)

Renewable energy production (10 kt SCE)

Energy stock change (10 kt SCE)

Banks’ equities held in volume

(100 million rmb)

Firms’ equities held in volume

(100 million rmb)

Households’ equities held in volume

(100 million rmb)

The rest of the world’s equities held in volume

(100 million rmb)
Total errors and omissions in volume

(100 million rmb)

FDI inward stock in value (100 million rmb)

FDI outward stock in value (100 million rmb)

Firms’ net disposable income (100 million rmb)

Firms’ gross disposable income
(100 million rmb)

Inward FDI stock in volume
(100 million rmb)

Outward FDI stock in volume
(100 million rmb)

Federal funds rate
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1.3612
14151

119064

321827

2563

10602

31154

-31730

-2324

-5138

397317

75490

-9052

300496

432700

983856

28048

-10939

205340

146886

188667

220044

223130

97956

0.005

of China

Based on Hidalgo and Hausmann (2009))

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation

Calculated from equation (3.151))
Calculated from equation (|3.121))

Calculated from equation ([3.201))

Calculated from equation (3.84)

Calculated from equation (|3.222))

Based National Bureau of Statistics

of China

Based National Bureau of Statistics

of China

Based on National Bureau of Statistics

of China
Calculated from equation (3.167))

Calculated from equation (3.127))

Calculated from equation (3.93)

Calculated from equation (3.227)
Calculated from equation (3.37)

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics

of China
Calculated from equation (|3.230))

Calculated from equation ([3.129))

Based on Federal Reserves Economic
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GP

GP,

Ip,

Iay

Iag

VEY:

IFSy,

IFS,

IFS,

IFSy

INTy;

INT,,

INTy,

INTyprp

INTyp

INT,

INTy

International reserves in value

(100 million rmb)

Governments’ net disposable income
(100 million rmb)

Governments’ gross disposable income
(100 million rmb)

International reserves in volume

(100 million rmb)

Share of labour force in population

Currencies (100 million rmb)

Banks’ fixed capital formation in value

(100 million rmb)

Firms’ fixed capital formation in value

(100 million rmb)

Governments’ fixed capital formation

in value (100 million rmb)

Households’ fixed capital formation

in value(100 million rmb)

Firms’ changes in inventories in value

(100 million rmb)

Governments’ changes in inventories

in value (100 million rmb)

Firms’ acquisition less disposal of other
non-financial assets in value (100 million rmb)
Governments’ acquisition less disposal of other
non-financial assets in value (100 million rmb)
Banks investment fund shares held

(100 million rmb)

Governments’ investment fund shares held
(100 million rmb)

Households’ investment fund shares held

(100 million rmb)

Banks’ investment fund shares issued

(100 million rmb)

Firms’ bonds interest paid (100 million rmb)

Governments’ bonds interest paid
(100 million rmb)

Households’ bonds interest received
(100 million rmb)

Banks’ bonds interest received

(100 million rmb)

Banks’ bonds interest paid

(100 million rmb)

Banks’ deposits interest paid

(100 million rmb)

Banks’ deposits interest received
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217797

159352

124632

229387

0.5508
63840

2161

259056

43891

117344

4812

10.34

23942

-23941

488365

96545

192424

777334

4695

8015

885

18252

6428

65306

4100

Data
Based on China’s National Balance

Sheet
Calculated from equation (|3.186))

Based on National Bureau of Statistics

of China
Calculated from equation (|3.236))

Calculated from vpp = %

Based on China’s National Balance
Sheet

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics

of China
Calculated from equation (|3.199))

Based on National Bureau of Statistics
of China

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Calculated from

IFS)y, =I1FSq, +IFSy + I1FS),
Calculated from

INTy; =rpp By 1

Calculated from

INTyy = rpgBg,—1

Calculated from

INTyp = rppBp,—1

Calculated from equation

Calculated from
INTyp, = mpp By, —1
Calculated from equation ([3.143))

Calculated from
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(100 million rmb) INTqp =176 Dp,—1
INTy Firms’ deposits interest received 20017 Calculated from
(100 million rmb) INT4 =rr.pDy 1
INTy, Governments’ deposits interest received 7437 Calculated from
(100 million rmb) INT g =rrgDg,—1
INTyp Households’ deposits interest received 33752 Calculated from
(100 million rmb) INTqp, =rrpDp,—1
INTy Banks’ loans interest received 43889 Calculated from equation
(100 million rmb)
INTf Firms’ loans interest paid (100 million rmb) 26673 Calculated from
INTg =rpyLly,—1
INTy, Households’ loans interest paid (100 million rmb) 12517 Calculated from
INT, =rppLlp,—1
INTy Banks’ interest paid (100 million rmb) 71734 Calculated from
INT,, = INT; + INTyy
INT,f Firms’ interest paid (100 million rmb) 31367 Calculated from
INT,y = INTyy + INT;5
INTy, The rest of the world’s interest paid 6307 Calculated from
(100 million rmb) INpr = rprLir,—1
INT, Banks’ interest received (100 million rmb) 66241 Calculated from
INT,., = INTyy, + INTy, + INTy,
INT,p, Households’ interest received (100 million rmb) 34636 Calculated from
INT,, = INT4, + INTy,
INT,, The rest of the world’s interest received 1608 Calculated from
(100 million rmb) INT;r = rrrLar,—1
i1p Banks’ fixed capital formation in volume 1900 Calculated from i1; = }%’1
(100 million rmb)
i1f Firms’ fixed capital formation in volume 227789 Calculated from iy = }I;TJ;
(100 million rmb)
i1g Governments’ fixed capital formation in volume 38593 Calculated from i14 = }%"1
(100 million rmb)
i Households’ fixed capital formation in volume 82431 Calculated from i, = Plk—h'h
(100 million rmb)
iaf Firms’ changes in inventories in volume 3454 Calculated from ipy = %
(100 million rmb)
i2g Governments’ changes in inventories in volume 8.02 Calculated from igg = PI:Qgg
(100 million rmb)
izy Firms’ acquisition less disposal of other 21064 Calculated from equation
non-financial assets in volume (100 million rmb)
ifSap Banks’ investment fund shares held in 389235 Calculated from equation
volume (100 million rmb)
ifsg Governments’ investment fund shares held in 76948 Calculated from equation
volume (100 million rmb)
ifsp Households’ investment fund shares held in 153365 Calculated from equation
volume (100 million rmb)
K Banks’ fixed capital in value (100 million rmb) 15928 Based on China’s National Balance
Sheet
Ky Firms’ fixed capital in value (100 million rmb) 1751211  Based on China’s National Balance
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Sheet
Kig Governments’ fixed capital in value 209337 Based on China’s National Balance
(100 million rmb) Sheet
Ky, Households’ fixed capital in value 2499331 Based on China’s National Balance
(100 million rmb) Sheet
Kag Governments’ fixed capital in value 9335 Based on China’s National Balance
(100 million rmb) Sheet
Koy Firms’ inventories in value (100 million rmb) 1193439  Based on China’s National Balance
Sheet
K3y Banks’ other non-financial assets in value 18282 Based on China’s National Balance
(100 million rmb) Sheet
K3y Firms’ other non-financial assets in value 474852 Based on China’s National Balance
(100 million rmb) Sheet
Ksg Governments’ other non-financial assets in value 447314 Based on China’s National Balance
(100 million rmb) Sheet
k1p Banks’ fixed capital in volume (100 million rmb) 14006 Calculated from equation
kyy Firms’ fixed capital in volume (100 million rmb) 1539850  Calculated from equation
k1fu Firms’ fixed capital utilized in volume 1156581  Calculated from equation
(100 million rmb)
kig Governments’ fixed capital in volume 184071 Calculated from equation
(100 million rmb)
kn Households’ fixed capital in volume 1755710  Calculated from equation
(100 million rmb)
ko Firms’ inventories in volume (100 million rmb) 856711 Calculated from equation
kag Governments’ inventories in volume 7240 Calculated from equation
(100 million rmb)
k3 Firms’ other non-financial assets in volume 417768 Calculated from equation
(100 million rmb)
k3g Governments’ other non-financial assets 447314 Calculated from k3g = I;:;’
in volume (100 million rmb)
Lar The rest of the world’s loans held 57843 Based on China’s National Balance
(100 million rmb) Sheet
Ly, Banks loans held (100 million rmb) 1820063  Calculated from
Ly=Lys+ Lp+ Liy + Lar
Ly Firms’ loans (100 million rmb) 1180596  Based on China’s National Balance
Sheet
Ly, Households loans (100 million rmb) 609179 Based on China’s National Balance
Sheet
Ly, The rest of the world’s loans issued 88131 Based on China’s National Balance
(100 million rmb) Sheet
LF Labour force (100 million) 7.7532 Based on World Bank
M Imports in value (100 million rmb) 172444 Based on World Bank
MEX Aggregate material export (Mt) 698 Based on Chen et al. (2022
MEX, Biomass export (Mt) 64.06 Based on Chen et al. (2022
MEX; Fossil energy materials export (Mt) 131 Based on Chen et al. (2022
MEXn, Metal ores export (Mt) 222 Based on Chen et al. (2022
MEXnm Non-metallic materials export (Mt) 142 Based on Chen et al. (2022
MEX, Other products export (Mt) 139 Based on Chen et al. (2022
MIM Aggregate material import (Mt) 2779 Based on Chen et al. (2022
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MIM,
MIM;
MIM,,
MI M,
MIM,
MS

NAS

NFI,

NFI;

NFI,

NFI,

NFI,

NX

N X a5

nxa@

Vdup

Uy

Oy

Og

On

ocs
OCV,

OCVa,

oCV,,

ocV,,

OCW,

Biomass import (Mt)

Fossil energy materials import (Mt)
Metal ores import (Mt)
Non-metallic materials import (Mt)
Non-metallic materials import (Mt)
Aggregate material stock (Mt)
Imports in volume (100 million rmb)
Employment (100 million)

Net additions to material stock (Mt)

Banks’ net financial investment

Firms’ net financial investment

(100 million rmb)

Governments’ net financial investment
(100 million rmb)

Households’ net financial investment
(100 million rmb)

The rest of the world’s net

financial investment (100 million rmb)

Net exports (100 million rmb)

Net exports adjustment in value
(100 million rmb)
Net exports adjustment in volume

(100 million rmb)

Coefficient of dissipative use of products

Emissions to water intensity
(Mt/100 million rmb)

Banks’ other current transfers paid
(100 million rmb)

Firms’ other current transfers paid

(100 million rmb)

Governments’ other current transfers received

(100 million rmb)

Households’ other current transfers paid
(100 million rmb)

The rest of the world’s other current
transfers paid (100 million rmb)
Other change in material stock (Mt)
Other changes in value of banks’
insurance issued (100 million rmb)
Other changes in value of firms’
insurance held (100 million rmb)
Other changes in value of households’
insurance held (100 million rmb)
Other changes in value of banks
bonds held

Other changes in value of firms

bonds issued
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311

1001

1359

87.68

19.77

187670

149380

7.3997

5460

35147

-55099

-54651

86856

-12254

9174

-0.0024

-0.0022

0.18
1.39e-06

749

2949

9226

6319

706

-2339

4928

-7267

-8570

-22773

Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
Based on Chen et al. (2022
M

Calculated from m = o

Based on World Bank

Based on Chen et al. 2022

Calculated from NFI, = —(NFIy
+NFIy;+ NFI, + NFI,)

Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics

of China
Calculated from equation (|3.218))

NX g4
Px

Calculated from nzqq; =

Calculated from equation (3.27)
Calculated from equation (3.29)

Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation

Calculated from equation (3.187))

Based on Chen et al. (2022))
Calculated from equation (3.177))

Calculated from equation (|3.133))
Calculated from equation (3.100))
Calculated from equation (|3.156})

Calculated from equation (|3.123))
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OCV, Other changes in value of governments -13469 Calculated from equation
bonds issued

OCVy, Other changes in value of households -457 Calculated from equation
bonds held

OCVy,, Other changes in value of banks -8636 Calculated from equation
bonds issued

oCcVy Other changes in value of banks 30554 Calculated from equation
deposits issued (100 million rmb)

oCVy, Other changes in value of banks 16232 Calculated from equation
deposits held (100 million rmb)

OC’Vdf Other changes in value of firms -3268 Calculated from equation
deposits held (100 million rmb)

OCVy, Other changes in value of governments 4160 Calculated from equation
deposits held (100 million rmb)

ocvy, Other changes in value of households 13430 Calculated from equation
deposits held (100 million rmb)

OCVifs,, Other changes in value of banks -21235 Calculated from equation

investment fund shares held
(100 million rmb)

OCVigs, Other changes in value of governments 9420 Calculated from equation (3.207)
investment fund shares held
(100 million rmb)

OCVifrs, Other changes in value of households 16588 Calculated from equation (3.97)
investment fund shares held

(100 million rmb)

OCVigsp, Other changes in value of banks -21235 Calculated from equation
investment fund shares issued
(100 million rmb)

OCVy,, Other changes in value of banks -1208 Calculated from equation
fixed capital (100 million rmb)

OCVklf Other changes in value of firms -16817 Calculated from equation
fixed capital (100 million rmb)

OCVklg Other changes in value of government -15938 Calculated from equation
fixed capital (100 million rmb)

OCVy, Other changes in value of households -19540 Calculated from equation
fixed capital (100 million rmb)

OCVksf Other changes in value of firms other 35314 Calculated from equation
non-financial assets (100 million rmb)

OCngg Other changes in value of governments other 72383 Calculated from equation

non-financial assets (100 million rmb)

ocvy,,. Other changes in value of the 2472 Calculated from equation
rest of the world loans held
(100 million rmb)

OCVlf Other changes in value of firms 13259 Calculated from equation
loans (100 million rmb)

ocvy, Other changes in value of banks 9071 Calculated from equation
loans issued (100 million rmb)

ocvy, Other changes in value of households 840 Calculated from equation

loans (100 million rmb)
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ocvy,,.

ocv;,

ocv:,

oCVs,

ocvs,

oCV;,

OIP,

OIP;

OIP,

oIP,

OIP;

Peo
Ptdiy,
Prdigu
Py

Py,

Other changes in value of the rest of world
loans issues (100 million rmb)

Other changes in value of banks’ other
accounts payable/receivables

(100 million rmb)

Other changes in value of firms’ other
accounts payable/receivables

(100 million rmb)

Other changes in value of governments’ other
accounts payable/receivables

(100 million rmb)

Other changes in value of households’ other
accounts payable/receivables

(100 million rmb)

Other changes in value of the rest of the
world’s other accounts payable/receivables
(100 million rmb)

Banks’ other income from properties paid
(100 million rmb)

Firms’ other income from properties paid
(100 million rmb)

Governments’ other income from properties
received (100 million rmb)

Households other income from properties
received (100 million rmb)

The rest of the world’s other income from
properties paid (100 million rmb)

Price of firms’ bonds

Price of government bonds

Price of households bonds

Price of banks bonds issued

Consumer price index (2015 = 1)

Price of banks equity held (2015 = 1)
Price of firms equity held (2015 = 1)

Price of households equity held (2015 = 1)
Price governments equity held (2015 = 1)

Price of banks equity issued (2015 = 1)
Price of firms equity issued (2015 = 1)
Price of the rest of the world equity held
(2015 = 1)

Price of errors and omissions (2015 = 1)
Price of inward FDI (2015 = 1)

Price of outward FDI (2015 = 1)

Price of investment fund shares (2015 = 1)

Price of international reserves (2015 = 1)

Fixed capital price index (2015 = 1)
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-2556

11721

-16621

22243

-31510

14166

1561

7848

4785

5900

1276

41.23
38.59
29.71
39.76
1.0884
1.1084
0.14
1.73
1.8017

1.5822
1.323
1.1989

-0.2343
0.9203
1.5
1.2547

0.9495
1.1373

Calculated from equation (|3.225))

Calculated from equation (|3.181))

Calculated from equation (|3.135))

Calculated from equation (|3.211))

Calculated from equation (|3.102))

Calculated from equation (|3.233))

Calculated from equation (|3.140)
Calculated from equation (3.105|)
Calculated from equation (|3.184))

Calculated from equation (3.77)

Calculated from equation (|3.185))

1

Tpf
Calculated from equation (|3.216))
Calculated from equation (3.90)

Calculated from By, =

Calculated from Py, =

1

pr
Based on World Bank
Calculated from equation (|3.168))
Calculated from equation (|3.128))
Calculated from equation (3.94)

Calculated from
APey _ REV,

P, ~ E

g:—1 g,—1

Calculated from equation (3.35)
Calculated from equation (3.35)
Calculated from equation (|3.228))

Calculated from Pe, = %?

Calculated from equation (|3.231))
Calculated from equation (|3.131))

Calculated from equation
APy, REVig,

Pifs,—1 ~ IFSpp,—1

Calculated from equation (3.237))

Based on National Bureau of Statistics
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P,
Py,

Py

REV;,,

REVy,

REVy,

REVs,

REV,,

REV.,,

REV.,,

REV.,

REV.,

REVe,,

REVe,,

REV,,

Housing price index (2015 = 1)

Price of firms inventories (2015 = 1)
Price of government inventories (2015 = 1)

Price of other non-financial assets (2015 = 1)

Price of banks’ other non-financial assets
(2015 =1)
Import price index (2015 = 1)

Export price index (2015 = 1)

GDP deflator (2015 = 1)

Total population (100 million)
Banks’ gross operating surplus (100 million rmb)
Firms’ gross operating surplus (100 million rmb)
Governments’ gross operating surplus
(100 million rmb)

Households’ gross operating surplus
(100 million rmb)

CPI inflation

Banks’ bonds held revaluation

(100 million rmb)

Firms’ bonds revaluation

(100 million rmb)

Governments’ bonds revaluation

(100 million rmb)

Households’ bonds revaluation

(100 million rmb)

Banks’ bonds issued revaluation

(100 million rmb)

Banks’ equity held revaluation

(100 million rmb)

Firms’ equity held revaluation

(100 million rmb)

Governments’ equity held revaluation
(100 million rmb)

Households’ equity held revaluation
(100 million rmb)

Banks’ equity issued revaluation

(100 million rmb)

Firms’ equity issued revaluation

(100 million rmb)

The rest of the world’s equity held

revaluation (100 million rmb)
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1.4235

1.393

1.2894

1.1366

1.2415

1.1544

1.0886

1.1081

14.08

47833

256972

11535

136534

0.029
-14633

-14966

11081

-902

-11650

5836

9312

91000

244924

33615

323045

5588

of China

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Calculated from equation
Calculated from equation

Based on National Bureau of Statistics
of China and China’s National Balance

Sheet
Calculated from equation ([3.150)

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on World Development
Indicators

Based on World Bank

Calculated from equation
Calculated from equation
Calculated from equation

Calculated from equation (3.76)

AP,
Pe 1

Calculated from equation (|3.158))

Calculated from « =

Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation

Calculated from equation (|3.226)
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REV;q;,.. Inward FDI revaluation (100 million rmb) -61 Calculated from equation

REVy4;,,, Outward FDI revaluation (100 million rmb) 3659 Calculated from equation

REV International reserves revaluation 2643 Calculated from equation
(100 million rmb)

REVifs,, Banks’ investment fund shares held -15389 Calculated from equation
revaluation (100 million rmb)

REV; sg Governments’ investment fund shares issued -2627 Calculated from equation
revaluation (100 million rmb)

REV;ys, Households’ investment fund shares held -5252 Calculated from equation
revaluation (100 million rmb)

REVifs, Banks’ investment fund shares issued -23268 Calculated from equation
revaluation (100 million rmb)

REVy,, Banks’ fixed capital revaluation 389 Calculated from equation
(100 million rmb)

REVy, ¢ Firms’ fixed capital revaluation 39902 Calculated from equation
(100 million rmb)

REV,, Governments’ fixed capital revaluation 4711 Calculated from equation
(100 million rmb)

REVY, Households’ fixed capital revaluation 189286 Calculated from equation
(100 million rmb)

REV, f Firms’ inventories revaluation 98056 Calculated from equation
(100 million rmb)

REVy,, Governments’ inventories revaluation 1321 Calculated from equation
(100 million rmb)

REVy,, Banks’ other non-financial assets revaluation 968 Calibrated from equation

REVka Firms’ other non-financial assets revaluation 12812 Calculated from equation
(100 million rmb)

REngy Governments’ other non-financial assets revaluation 13616 Calculated from equation
(100 million rmb)

RoE Recovery of energy (10 kt SCE) 0 Based on National Bureau of Statistics

of China
rs Discount rate 0.029 Based on International Financial
Statistics
Tpb Banks rate of interest paid 0.0251 Based on National Bureau of Statistics

of China and China’s National Balance

Sheet

Tpf Firms rate of interest paid 0.0243 Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Tpg Governments rate of interest paid 0.0259 Based on National Bureau of Statistics

of China and China’s National Balance
Sheet

Tph Households rate of interest paid 0.0237 Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Tpr The rest of the world rate of interest paid 0.0701 Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Trb Banks rate of interest received 0.0222 Based on National Bureau of Statistics
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Trf

Trr

Sg
Sh

SB

SC

STR

Ty

Ty

Th

TL

TL,

TLy

TLy,

TRK

Uk
ULC

Firms’ rate of interest received

Governments’ rate of interest received

Households’ rate of interest received

The rest of the world’s rate of interest

received

Governments’ savings (100 million rmb)

Households’ savings (100 million rmb)
The rest of the world’s savings

(100 million rmb)

Social benefits (100 million rmb)
Social contributions (100 million rmb)

Social transfers in kind (100 million rmb)

Income tax received by governments

(100 million rmb)

Income tax paid by banks (100 million rmb)

Income tax paid by firms (100 million rmb)

Income tax paid by households

(100 million rmb)

Net production tax received by
governments (100 million rmb)

Net production tax paid by banks
(100 million rmb)

Net production tax paid by firms

(100 million rmb)

Net production tax paid by households
(100 million rmb)

Capital transfers to firms (100 million rmb)

Share of renewable energy production

Capacity utilization rate

Unit labour cost (rmb)

0.034

0.0228

0.0337

0.0288

9928

206525

-7116

70238

64049

62458

47703

8876

28428

10399

97632

7593

88546

1493

12890

0.19

0.7511
0.5767

of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Based on National Bureau of Statistics
of China and China’s National Balance
Sheet

Calculated from equation
Based on National Bureau of Statistics

of China
Calculated from equation (|3.219))

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from

T=T;+Tp+Th

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from
TL=TLy+TLy,+TLp

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on Wang and Zeng (2022
Calculated from equation

2Chinese article. Wang and Zeng (2022). Research on the Macro Measurement Indicators and Methods of

Capital Utilization Rate. Statistical Research, 39(7), 43-55.
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Vi

4

Wh

Wi

nom

Ya dj
Y,

Y

Yr

YD

YD,

Yadj
YN

Zp

Zy

Zn

Unemployment rate

Energy intensity

Households’ net worth (100 million rmb)
Governments’ net worth (100 million rmb)
The rest of the world’s net worth

(100 million rmb)

Total wage bill (100 million rmb)

Wage paid by banks (100 million rmb)

Wage paid by firms (100 million rmb)

Wage paid by governments (100 million rmb)

Wage paid by households (100 million rmb)

Wage paid by the rest of the world
(100 million rmb)

Nominal wage (rmb)

Exports in value (100 million rmb)
Nominal effective exchange rate
Exports in volume (100 million rmb)

Nominal GDP (100 million rmb)

Nominal GDP adjustment (100 million rmb)
Banks’ output (100 million rmb)

Firms’ output (100 million rmb)

Governments’ output (100 million rmb)

Households’ output (100 million rmb)
(100 million rmb)

Nominal GDP of the rest of the world
(100 million US dollar)

Households’ net disposable income

(100 million rmb)

Households’ gross disposable income

(100 million rmb)

Real GDP (100 million rmb)

Real GDP adjustment (100 million rmb)
Labor productivity (rmb per employment)
Banks’ other accounts payable/receivables
(100 million rmb)

Firms’ other accounts payable/receivables
(100 million rmb)

Governments’ other accounts
payable/receivables (100 million rmb)

Households other accounts payable/receivable
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0.0456

0.4509

5126224

1628347

-135543

513472

20824

266647

89253

136534

214

69391

181617

0.9086

166830

986515

-0.0077
76251

612165

100788

197312

4610107

656170

604242

890305

-0.007

120317

-44044

-5991

29572

2.39

Based on World Bank
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Calculated from equation

Based on World Bank

Based on European Central Bank
Calculated from Piw
Based on National Bureau of Statistics
of China

Calculated from equation

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on National Bureau of Statistics
of China

Based on World Bank

Based on National Bureau of Statistics
of China
Based on National Bureau of Statistics

of China

Calculated from PL
Y
Y .
Calculated from y,q4 = —5
Y

Calculated from equation (3.38)
Calculated from equation (3.33)

Calculated from equation (3.32)
Based on China’s National Balance

Sheet

Calculated from equation
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(100 million rmb) Zy=—(Zv+Zs+ Zg+ Zyr)
Zr The rest of the world other accounts 20460 Based on China’s National Balance
payable/receivables (100 million rmb) Sheet

Table 3.7: Values for parameters

Symbol Description Value Remark/sources

[o%1 Short-run elasticity of the price of fixed capital to 0.2346 Estimated from OLS regression
import price

asg Short-run elasticity of the price of fixed capital to 0.4646 Estimated from OLS regression
unit labour cost

as Long-run correction parameter of the price of -0.2993 Estimated from OLS regression
fixed capital

ay Mark-up of the price of fixed capital 0.3591 Estimated from OLS regression

as Long-run elasticity of the price of fixed capital to 0.2178 Estimated from OLS regression
import price

ag Long-run elasticity of the price of fixed capital to 0.5407 Estimated from OLS regression

unit labour cost

bro Firms bond issued preference 0.1539 Estimated from OLS regression

br1 Sensitivity of firms bonds to -1.1726  Estimated from OLS regression
net disposable income

bro Households bond held preference -0.0062 Estimated from OLS regression

bn1 persistence of the share of households’ 0.7566 Estimated from OLS regression
bonds held

bno sensitivity of households’ bonds held to real 0.0312 Estimated from OLS regression

interest rate received

b3 Income effect on households’ bonds 0.0523 Estimated from OLS regression
bivo Banks liquidity demand for issuing bonds 1.0519 Estimated from OLS regression
bip1 Sensitivity of banks bonds issued to -5.6078  Estimated from OLS regression

real rate of interest paid
Bo Autonomous firms’ fixed capital formation rate -0.312 Estimated from OLS regression
51 Sensitivity of firms’ fixed capital formation 0.5812 Estimated from OLS regression
rate to the net profit rate
B2 Sensitivity of firms’ fixed capital formation 0.4589 Estimated from OLS regression

rate to capacity utilization rate

co Autonomous consumption growth 0.0532 Estimated from OLS regression
c1 Households consumption short-run income effect 0.4225 Estimated from OLS regression
co Households consumption long run correction -0.2812  Estimated from OLS regression
c3 Households autonomous consumption 0.3521 Estimated from OLS regression
ca Households consumption habit formation 0.632 Estimated from OLS regression
cs Households consumption long-run income effect 0.241 Estimated from OLS regression
c6 Households consumption wealth effect 0.0899 Estimated from OLS regression
car Coverage ratio of fossil energy production 76.97 Calculated from equation (3.13)
CcaTex Coverage ratio of energy exports 107.86 Calculated from equation (3.21))
carim Coverage ratio of energy imports 118.92 Calculated from equation (3.16))
combin, Combustion inflow coefficient 2.257 Calculated from equation (3.24)
comboyt  Combustion outflow coefficient 1.531 Calculated from equation (3.31))
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dupo

dup

dupa

dups

dupy

dups

O

On

n
fdioutO
fdioutl

fdioutZ

fdiino
fdiin1

ginig

giniy

ginio

YAy
YAy
Yeg

YDy

DIV,

Banks deposit held preference

Sensitivity of banks deposits held to

real rate of interest received

Liquidity preference of firms

Sensitivity of firms deposits to

real rate of interest received

Sensitivity of firms deposits to

net disposable income

Short-run exogenous reduction of dissipative

use of products to biomass extraction

Short-run elasticity of the coefficient of dissipative

use of products to the Gini coefficient

Long-run correction parameter of the coefficient of

dissipative use of products
Level of the coefficient of dissipative use of
products in logarithm when the Gini coefficient

equals 1 and real GDP equals 100 million rmb

long-run elasticity of the coefficient of dissipative

use of products to the Gini coefficient
Elasticity of the coeflicient of dissipative use of
products to real GDP

Banks’ fixed capital depreciation rate

Firms’ fixed capital depreciation rate

Governments’ fixed capital depreciation rate

Households’ fixed capital depreciation rate

Working hours

Firms outward FDI preference

Sensitivity of outward FDI to firms net profit
rate

Sensitivity of outward FDI to the real rate of
interest paid by firms

Autonomous FDI inward accumulation rate

Sensitivity of FDI inward to domestic firms’

Area below the equality line times two
Coefficient of the product of employment share
and wage share

Sensitivity of the Gini coefficient to the ratio of
social benefit to nominal GDP

Firms’ insurance held to net worth ratio
Households’ insurance held to net worth ratio
Share of governments’ consumption

Share of governments’ deposits held

Governments rate of dividend received
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0.7014
5.5918

0.1726
0.5008

1.595

-0.0187

0.672

-0.4124

0.4768

1.0128

-0.1805

0.025

0.0428

0.025

0.0193

-0.2912

-0.2119

-0.0823
0.8986

0.9276
-1.6148

-1.5237

0.0206
0.0253
0.1063
0.2083
0.0148

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Based on China’s National Balance
Sheet

Standardized

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression
gross profit rate

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Calculated from equation (3.132])
Calculated from equation (|3.99))

Calculated from equation (3.66)
Calculated from equation (|3.202])

Calculated from

DIV,

IDIVy = B, 1 +1FS, 1
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YD1V, Households rate of dividend received 0.0021 Calculated from
_ DIV,
IDIVh = E, 1 +1FS, _1
VDIV, Banks rate of dividend paid 0.0069 Calculated from
_ DIV,
IDIVpy = By 1+ 1F S, 1
YD1V, Banks rate of dividend received 0.0014 Calculated from
_ DIV,
IDIVey = By 1 +1FS., 1
YDIV,; Firms rate of dividend received 0.0448 Calculated from
B DIV,
IDIVep = Bop 1+ FDIous,—1
YDIV, The rest of the world rate of dividend received 0.0677 Calculated from
_ DIV,
VDIVer = By i +FDIiy, 1
VAL, Share of the rest of the world loans borrowing -0.0573  Calculated from equation (|3.224))
VIFS,p Share of banks investment fund shares held 1.6971 Calculated from equation (3.169)
YIFS, Share of government investment fund shares held 0.0593 Calculated from equation ({3.206))
VIFS), Share of household investment fund shares held 0.0375 Calculated from equation (3.95))
Yig s Share of firms’ changes in inventories in volume 0.0063 Calculated from equation (3.114))
Yiag Share of government changes in inventories in volume  8.8e-05  Calculated from equation (3.195))
Vi s Accelerator effect of firms’ other non-financial 0.4692 Calculated from equation (3.117))
assets
Vesg Accelerator effect of governments’ other non-financial — 0.442 Calculated from equation ({3.198)
assets
Ym Share of import in volume 0.1678 Calculated from equation (3.71))
Y0y Share of banks other current transfers received 0.028 Calculated from vo, = Bo—lgg
Yo, Share of households other current transfers paid 0.0096 Calculated from vo, = %
Yo Share of firms other current transfers paid 0.0156 Calculated from o F = FO—ng
Yo, Share of the rest of the world -0.0993  Calculated from vp, = %
other current transfers paid
YoIp, Share of banks other income from 0.0448 Calculated from yorp, = %I}gl’
properties paid
YoIP; Share of firms other income from 0.0357 Calculated from Yorp; = OFI]:;
properties received
YoI1p, Share of households other income from 0.0098 Calculated from vyorp, = (2/1];9:
properties received
YoIP, Share of the rest of the world other -0.1793  Calculated from vorp, = Oéif"
income from properties paid
YSB Social benefit to GDP 0.0712 Calculated from vsp = %
YSTR Social transfers in kind to GDP 0.0633 Calculated from vsrr = @
YTRK Capital transfers to GDP 0.0131 Calculated from yrrx = %
W, Share of banks’ wage paid 0.0406 Calculated from vy, = %
YW Share of firms’ wage paid 0.5193 Calculated from YWy = %
W, Share of governments wage paid 0.1738 Calculated from MW, = %
YWy, Share of households wage paid 0.2659 Calculated from vy, = %
YW, Share of the rest of the world wage paid 0.0004 Calculated from vy, = %
VY Share of banks’ output 0.0773 Calculated from equation (3.74)
Yy Share of firms’ output 0.6205 Calculated from equation (3.74))
Ty, Share of governments’ output 0.1022 Calculated from equation (3.74))
V2, Banks’ other accounts payable/receivables -0.1531  Calculated from equation (3.180)
to net worth ratio
Yz, Firms’ other accounts payable/receivables -0.0022  Calculated from equation (3.134))
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Yz,
Yz,
ho
h1

b0

b1

kn1

kna

kns3

kna

khs

kne

laTl

lho

lh1

lh2

lns3

lfo
lf1
lfa

Hy
Hb,ex
Hb,im
Hm
Hm,ex
Hm,im
Hnm
Hnm,ex

Mnm,im

to net worth ratio

Governments’ other accounts payable/receivables

to net worth ratio

Households’ other accounts payable/
receivables to net worth ratio

Households preference for currencies

Income effect on household currencies

Banks autonomous fixed capital accumulation
rate

Sensitivity of banks fixed capital accumulation
rate to gross profit rate

Sensitivity of government investment to net
disposable income

Sensitivity of government investment to

the unemployment rate

Short-run speculation behaviour of housing
demand

Short-run elasticity of housing demand to
population

Long-run correction parameter of housing
demand

Intercept of the long-run correction equation of
housing demand

Long-run speculation behaviour of housing
demand

Long-run elasticity of housing demand to
population

Sensitivity of RoW loan held to

rate of interest received by the RoW
Preference for loan borrowing

Sensitivity of household loans borrowing ratio
to the real rate of interest received

Sensitivity of household loans borrowing ratio
to the real rate of interest paid

Sensitivity of households loan borrowing to
real housing price growth

Exogenous change of the labour force share
Persistence of the change of labour force share
Sensitivity of the change of labour share to the
unemployment rate

Biomass intensity

Biomass export intensity

Biomass import intensity

Metal ores intensity

Metal ores export intensity

Metal ores import intensity

Non-metallic materials intensity

Non-metallic materials export intensity

Non-metallic materials import intensity

(0]

0.0182

4.66e-7

-0.0358

0.3846

-0.0304

0.2837

0.1458

2.7609

0.1468

6.3169

-0.1271

-3.573

0.4697

4.2459

1.1193

0.3711
16.31

-17.79

1.4617

0.0056
0.7581
-0.1359

0.0023
0.0004
0.0021
0.0015
0.0013
0.0091
0.0055
0.0009
0.0006

Calculated from equation (3.210)

Calculated from equation (3.101))

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation (|3.20))
Calculated from equation
Calculated from equation
Calculated from equation
Calculated from equation
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Mo,ex Other products export intensity 0.0008 Calculated from equation (3.20)
Ho,im Other products import intensity 0.0001 Calculated from equation (3.15))
Va1 Short-run elasticity of emissions to water -1.8949  Estimated from OLS regression

intensity to real GDP

Vw2 Long-run correction parameter of emissions to -0.0623  Estimated from OLS regression
water intensity

Va3 Level of emissions to water intensity in 10.45 Estimated from OLS regression
logarithm when the Gini coefficient equals 1
and real GDP equals 100 million rmb

Vapd Elasticity of emissions to water intensity to the 12.66 Estimated from OLS regression
Gini coefficient

Vw5 Long-run elasticity of emissions to water -2.0985 Estimated from OLS regression

intensity to real GDP

Pel Short-run persistence of CPI 0.2604 Estimated from OLS regression
Pe2 Short-run elasticity of CPI to unit labour cost 0.5116 Estimated from OLS regression
Pc3 Parameter of long-run correction of CPI -0.5989  Estimated from OLS regression
Ped Mark-up of CPI 0.3355 Estimated from OLS regression
Pcs Long-run persistence of CPI 0.2699 Estimated from OLS regression
Pc6 Long-run elasticity of CPI to unit labour cost 0.4958 Estimated from OLS regression
Pkhl Short-run inversed demand elasticity of housing 1.3932 Estimated from OLS regression
Pkh2 Long-run correction parameter of housing price -0.1213  Estimated from OLS regression
Pkh3 Nominal housing price level in logarithm when -3.8105 Estimated from OLS regression

the lagged level equals 1 and housing stock

equals 100 million rmb

Pkha Persistence of housing price 0.8221 Estimated from OLS regression
DPkh5 Long-run inversed demand elasticity of housing 0.273 Estimated from OLS regression
Pl Short-run elasticity of export price to unit 0.443 Estimated from OLS regression

labour cost

Pz2 Elasticity of export price to the exchange rate -0.6409 Estimated from OLS regression
Px3 Long-run correction parameter of export price -0.3595  Estimated from OLS regression
Paa Level of export price in logarithm when the 0.2198 Estimated from OLS regression

unit labour cost and the exchange rate equal 1
Pax5 Long-run elasticity of export price to unit 0.4146 Estimated from OLS regression

labour cost

Pz6 Elasticity of export price to the exchange rate -0.8931 Estimated from OLS regression
50 Lower bound of the policy rate 0.0124 Estimated from OLS regression
r§1 Persistence of the policy rate 0.4927 Estimated from OLS regression
52 Sensitivity of the policy rate to CPI inflation 0.1315 Estimated from OLS regression
Tpbo Banks rate of interest paid premium -0.0015 Estimated from OLS regression
Tpbl Sensitivity of banks rate of interest paid to 0.8777 Estimated from OLS regression

the policy rate

Tpfl Sensitivity of firms rate of interest paid to 0.4831 Estimated from OLS regression
the policy rate

Tphl Sensitivity of Households rate of interest paid 0.6258 Estimated from OLS regression
to the policy rate

Tpri Sensitivity of the rest of the world rate of -0.1623  Estimated from OLS regression
interest paid to NEER growth

Tpr2 Sensitivity of the rest of the world rate of 0.2077 Estimated from OLS regression

interest paid to federal funds rate
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Trb0

Trbl

Trfi1

Trhl

Tb

Tf

Th

’TLb

TLf

TLh

v1

v2

U3

V4

Vs

ve

1

z2

Banks rate of interest received premium
Sensitivity of banks rate of interest received to
the policy rate

Sensitivity of firms rate of interest received to

the policy rate

Sensitivity of households rate of interest

received to the policy rate

Income tax rate paid by banks

Income tax rate paid by firms

Income tax rate paid by households

Net production tax rate paid by banks

Net production tax rate paid by firms

Net production tax rate paid by households
Social contribution ratio over wage bill

Short-run elasticity of firms’ utilized fixed capital
to firms’ production in volume

Short-run decreasing return to scale of firms’ fixed
capital

Long-run correction parameter of firms’ utilized
fixed capital

Level of firms’ utilized fixed capital in logarithm
when firms’ production and firms’ fixed capital
equal 100 million rmb

Long-run elasticity of firms’ utilized fixed capital
to firms’ production

Long-run decreasing return to scale of firms’ fixed
capital

Energy intensity of exports

Energy intensity of imports

Short-run elasticity of energy intensity to real GDP
Long-run correction parameter of energy intensity
Level of energy intensity in logarithm when the
Gini coefficent equals 1 and real GDP equals

100 million rmb

Elasticity of energy intensity to the Gini coefficient
Long-run elasticity of energy intensity to real GDP
Short-run elasticity of nominal wage to CPI
Short-run elasticity of nominal wage to labour
productivity

Long-run correction parameter of nominal wage
Nominal wage level in logarithm with full
employment, CPI equals 1 and labour
productivity equals 1 rmb per labour

Long-run elasticity of nominal wage to CPI
Sensitivity of nominal wage to unemployment
Long-run elasticity of nominal wage to labour
productivity

Short-run elasticity of export to foreign demand

Short-run elasticity of export to the economic

7

-0.0017
0.5628

0.2013

0.4178

0.2548
0.1292
0.0172
0.0996
0.1446
0.0076
0.1247
0.2787

0.7817

-0.3601

-1.0238

0.2841

0.7871

0.0798
0.7398
-0.3989
-0.2183
1.9875

3.815

-0.308
1.0118
1.1172

-0.5551
-2.9218

0.752
-4.5625
1.2158

1.033
1.2726

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Calculated from 7, = Bng
Calculated from 7y = FLIJD;
Calculated from 7, = Y%g
Calculated from TL, = TTLbb
Calculated from 7y, ;= TTLff
Calculated from 7, = T),Lh’h
Calculated from 7s. = %

Estimated from OLS regression
Estimated from OLS regress
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression

Calculated from equation
Calculated from equation
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
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3
T4

T5

xry
Ynl
Yn2

Yn3

Yna

Yns

Yné

complexity

Export long-run correction parameter

Long-run elasticity of export to foreign demand

Long-run elasticity of export to the economic

complexity

Elasticity of NEER to interest rate parity
Short-run persistence of labour productivity
Short-run Kaldor-Verdoorn effect
Parameter of labour productivity long-run
correction

Intercept of the long-run equation of labour
productivity in logarithm

Long-run persistence of on labour productiv

Long-run Kaldor-Verdoorn effect

ity

-0.5425
0.7564
1.4791

0.8275
0.2505
0.7143
-0.1702

-0.6425

0.4765
0.4955

Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
Estimated from OLS regression
Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression

Estimated from OLS regression
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Abstract

This paper develops a New Keynesian model under the same structure as an empirical ecological
stock-flow model. Instead of having demand-led and endogenous money, the model is supply-
driven, and money is neutral. To purely compare the differences between the theories, we employ
the same methodology to estimate the parameters as in an empirical SEC framework, which does
not rely on finding a steady state and calibration to data but uses long-term correction and is
purely based on regression. We employ the implication of a DSGE model and transform it into
structural equations. This allows us to compare the performance of the two models in terms of
fitting the historical data. It shows that the New Keynesian model performs relatively poorly
compared to the SFC model because the behaviour equations generated from the optimisation
problem are more restricted. Then, we run baseline scenarios for prediction using the two
models to compare the economic growth demand-led and supply-led. Lastly, we run a nominal
wage increase shock. The baseline scenario shows that supply-led growth is much smoother and
mainly driven by capital accumulation. On the contrary, household consumption is the main
driver in the SFC model baseline scenario. Real GDP in the New Keynesian model shares
a similar response to a positive nominal wage shock with the SFC model, but causes more
unemployment because of the substitution effect between capital and labour. Unlike the results
from the SFC model, a nominal wage increase may worsen income inequality and result in more

air emissions in the New Keynesian model.
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4.1 Introduction

A model, we shall say, is a story with a specific structure: to explain this catch
phrase is to explain what a model is. The structure is given by the logical and
mathematical form of a set of postulates, the assumptions of the model. .... Often
the assumptions of a model are chosen not to approximate reality, but to exaggerate
or isolate some feature of reality. .... The hypothesis may be that the conclusions of
an applied model are approximately true, and that that is because its assumptions
are sufficiently close to the truth. In some such cases, the hypothesis is tested
casually; in others, econometrically; quite different kinds of models lend themselves
to the two kinds of testing. The hypothesis may, on the other hand, be that a
conclusion of the applied model depicts a tendency of the situation, and that this is
because the assumption caricature features of the situation and conclusion is robust

under changes of caricature (Gibbard & Varian, [1978)).

Economic models, as tools, have been evolving throughout history to explain economic
phenomena. Starting from the Classical economics models, dominated by Marshall (1890), they
could not solve the Great Depression during the 1930s. Those models identified high wages as
the cause of high unemployment, but cutting wages did not solve the problem then. It gave
rise to Keynesian economics, showing the link between the goods market and labour market,
low demand for goods results in low demand for labour (Keynes, [1937). Hicks (1937) simplifies
Keynes’ idea into the well-known IS/LM model. Later, in the 1970s, the major challenge for
macroeconomists was stagflation, which expansionary fiscal policy, as suggested by the IS/LM
model, failed to solve. New tools were needed, giving rise to the Neo-classical theory and New
Keynesian theory, which have become the mainstream economics until now. However, the failure
to forecast the Global Financial Crisis in 2007 has brought attention to the financial side of
the economy, i.e. credit. And the recent modelling needs to face Climate Change has brought
researchers to seek alternative tools, e.g. heterodox economics (Fontana & Sawyer, [2016)).

Stock-flow consistent (SFC) models, rooted back to the so-called pitiful approach, in Tobin’s
Nobel prize lecture (Tobin, 1982)), were developed by Godley and Lavoie (2006)), explicitly

including the financial account in a demand-led model. This approach has flourished in studying
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ecological macroeconomics (Dafermos et al., 2017, Dafermos et al., 2018, Jacques et al., [2023,
Carnevali et al., 2024)).

Lavoie (2022) has criticised orthodox economics, arguing that the mainstream theory is unre-
alistic, and has given a list of theoretical proofs showing the limitations of orthodox economics in
capital controversies and the Cobb-Douglas production function. However, the literature has no
concrete example of comparing the two theories, New-Keynesian economics and Post-Keynesian
economics.

This paper provides a modelling exercise on the case of China, comparing a New Keynesian
model (based on Smets and Wouters, 2003) with an SFC model (An, [2024a)) in the same
accounting structure. We employ the same methodology to estimate the parameters as in an
empirical SFC framework, which does not rely on finding a steady state and calibration to data
but uses long-term correction and is purely based on regression (G. Zezza & Zezza, [2019). We
compare the two models in terms of fitting historical data, predicting the future, and responding
to a nominal wage increase shock. Social policies, such as wage policy, could be as effective as
green growth policy in reducing emissions and, additionally, achieve long-lasting reduction in
inequality (D’Alessandro et al., [2020]).

The following section describes the New Keynesian model. Section briefly introduces the
data sources and parameter estimations. Section [£.4] presents the in-sample predictions of the
New Keynesian and SFC models. Section shows the baseline scenario for future predictions
of the two models with a nominal wage increase shock. Lastly, section concludes the paper

and discusses the theoretical and technical issues.

4.2 The New Keynesian model

The ecological block contains the energy and material balance as in An (2024a)). Material and
energy use are driven by real GDP. The share of renewable energy is exogenous, which deter-
mines the emission intensity. Energy intensity, emission to water intensity, and the coefficient
of dissipative use of products depend on real GDP (Kaldor-Verdoon law) and income inequality
(Boyce, |1994 and Jun et al., 2011)), measured in Gini coefficient.

Asin An (2024a)), the economy comprises five institutional sectors: households, firms, banks,
governments, and the rest of the world (RoW). Households and governments consume the fi-
nal good according to their consumption functions. Through investment decisions, households
(mainly real estate acquisition), firms and governments (final good production) make invest-
ments. Banks receive deposits and issue bonds and loans. The Central Bank, which is included

in the banking sector, runs an inflation-biased Taylor rule by adjusting the policy rate. Account-
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ing equations, such as changes in loans and bonds, and the accumulation of assets and liabilities,
are modelled to guarantee stock-flow consistency. The ecological block includes China’s mate-
rial and energy balance. They account for material and energy inflows and outflows linked to
economic activities.

The New Keynesian model shares the same accounting equations with the empirical stock
flow consistent model in An (2024al), except that real GDP is supply driven, i.e. the production
function. The main differences are the behaviour equations of the private sectors, i.e. house-
holds, firms and banks, which are derived from the optimisation problem of the agents and then

verified by econometric regression based on historical data (Table .

Table 4.1: Behaviour equations

Stock flow consistent New Keynesian

Household consumption Habit formation (+), income effect (+), Real deposit rate (+), population (+)
wealth effect ()

Housing investment Population (+) Population (+), housing depreciation rate (-),

shadow price (+), real housing price (-)

Firm investment profit rate (+), capacity utilization (+) Total factor productivity (+), firm lending rate (-),

real price of capital (-), nominal wage (+)

Prices

Production function

Labour productivity

Nominal wage

Capital productivity

Financial assets/liabilities

Unit labour cost (+), import price (+),
housing demand (+), exchange rate (-)
Leontieff

Kaldor-Verdoorn law
CPI (+), labour productivity (+),
unemployment rate (-)

Kaldor-Verdoorn law, scale effect (-)

Tobin profolio theory

Nominal wage(+)

Cobb-Douglas

Total factor productivity (+), nominal wage (+),

firm lending rate (-), price of capital (-)

Inflation (+), shadow price (+), employment share (+),
social contribution rate (-)

Total factor productivity (+), firm lending rate (+),
real price of capital (4+), nominal wage (-)

Shadow price (+), rate of interest return (4),

rate of interest payment (-), population (+)
Government consumption Fixed share of real GDP
Government investment Government disposable income (+), price of capital (-), unemployment rate (+)
Foreign demand (4), export price (-), exchange rate (+), economic complexity index (+)

Fixed share of real GDP

Export
Import
Exchange rate Uncovered interest rate parity
Inflation biased Taylor rule
Policy rate (+)

Wage share (+4), employment share (+), social benefits to GDP (+)

Central bank policy rate
Interest rates
Income inequality

Labour force Population (+), unemployment rate (-)

(+) denotes a positive effect and (-) denotes a negative effect.

4.2.1 Households

The model consists of a unit mass of 1 of representative households maximize their intertemporal
utility with respect to consumption, ¢y, ¢, housing, kj 4, currencies, Hy, deposits, Dj, ;, bonds held,

bp¢, and loans borrowed, Ly ¢, subjected to their budget constraint,

max
Ch,tskn,t,He, Dy g, 6, Ln ¢

o
By B'u(cng, Niykng, Hi by, Lig)
t=0

(4.1)
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s.t. Peyeny + Py, tkne + Hy + Dy + Py, tbp e — Lt

= (1 = Tse,t)weNt + (Pryt — OnPryt—1)kng—1 + Hi—1 4+ (L + 7rppe) Dng—1

Py
+ <Pht + Trh,,t> Py, t—1bni—1 — (L +7rpne)Ln—1 4+ Qny, (4.2)
bp,t—1

where 0 < B < 1 denotes the subjective discount rate of households, u"(-) denotes the utility
function of households, F.; denotes the consumer price index, Py, ; denotes the housing price,
P, ; denotes the price of bonds, 7,.; denotes the social contribution payment rate, w; denotes
the nominal wage, N; denotes employment, d, ; is the housing depreciation rate, r.j, ; and rpp 4
denote the rate of interest received and paid by households, respectively, and €, ; includes
other transactions in the household budget constraint that are not related to the optimization
problem (see equation in Appendix).

We solve the household problem by constructing a Lagrange function with the Lagrange

multiplier, A,

oo
L=FE Z Btuh(Ch,t, Ni,kng, He by gy Lig) — At [Pc,tch,t + By, tkne +Hi+ Dy + Py, tbpy — Ly
t=0

-(1- Tsc,t)tht - (th,t - 5thh,t—1)k'h,t—1 -Hi -1+ r'r‘h,t)Dh,t—l

P,
— (Pht + Trh,t) By i—1bni—1 + (L4 rpng) Lng—1 — Qne |- (4.3)
bp,t—1

Taking the partial derivative with respect to consumption, housing, currencies, deposits,

bonds held and loans borrowed, we get the following first-order conditions,

oL oup
— — — MPes, 4.4
Ochy  Ocny Mo .
oL oul
0= =~ — A\Piy ¢ + BEN41(Pry 1 — 05t Pryt)]s (4.5)
akm 8kh,t
oL  oul
0= 871{15 = 67Ht — At + BEAi11, (4'6)
oL
0= = =t + BE (M1 + rrpgt1)]s (4.7)
ODp
oL ul Py, 141
_ _ . P E h> P 4.
by Obny M 08 [AtH < Py, 1 ki ) ot )
oL oul
0= OLp - aL;.t + At = BEM 1 (1 + Tph1)- (4.9)
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Equation (4.4]) gives us the shadow price, A\, equals the marginal utility of consumption

(MHMEdby(HH,@%g?H'

Combining equation (4.4]) and (4.7)), we get the Euler equation,

oul /oc oul, , /oc

4LLJ£:5E —ﬁﬂLiﬁH1+nm). (4.10)
Pc,t Pc,t+1

h
Assuming rational expectation and an Isoelastic utility for consumption, such that c'?cqitt =
c};‘t’, 0 <o <1, we get,

c 7 1

(h:t> _ i’ (4.11)

Chit—1 B(L+7rrn)

AP, . .
where m; = 5 tc’tl denotes CPI inflation.
c,t—

After empirical verification, we get the household consumption function in our model,

Ch,t 147

Al — oy In it
Ypop T MM I,

(4.12)

where PO P, denotes population, ¢y & % denotes the inverse of household constant relative risk
aversion coefficient. We employ consumption per capita in our model because we assume a unit

mass of 1 for the representative household when solving the decision of the households.

Combining equation (4.4]) and (4.5)), we have,

Piyt Ouf _ Ouf + BE, Oy 1 /dch, 41

= P — Opt P . 4.13
Pc,t 66};/775 8kh7t Pc,t—i—l ( Foft ot kh’t) ( )

Assuming static expectation and rearranging the equation, we have,

oul oul Py,
=1-6(1-¢ —h 4.14
on == B0 =85 L (4.14)
After empirical verification, we get the housing demand in our model,
Knt Ch,t Py,
Al —— = kp1Alnd kpoAl : kpsAln —=
nPOPt R1A N Opt + Kp2 nPOPt + Kp3Aln P
knt—1 Cht—1
kpa | In =——=— — kps — kpgIndp+—1 — kprIn ——— 4.15
+ Kha (nPOPtl h5 h6 1N Oh t—1 h7 nPOPt,l  ( )

where kp; < 0 denotes the short-run elasticity of housing per capita to housing depreciation
rate, kpo > 0 denotes the short-run elasticity of housing per capita to household consumption
per capita, kn3 < 0 denotes the short-run elasticity of housing per capita to real housing price

per capita, —1 < kpyg < 0 is the long-run correction parameter of housing per capita, kp5 is the
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level of housing per capita in logarithm under full depreciation rate and household consumption
per capita is 1 million rmb, kpg < 0 is the long-run elasticity of housing per capita to housing
depreciation rate, and kp7; > 0 is the long-run elasticity fo housing per capita to household

consumption per capita.

Combining equation (4.4) and (4.6, we have,

h h
Ou _ dut/0ct g O /Octiy (4.16)
8Ht Pc,t Pc,t+1
Assuming static expectation and rearranging the equation, we have,
au? au? / ocy ¢
—=1-p8)—=. 4.17
o = -9~ (417)
After empirical verification, we get the currency demand in our model,
H; Ch,t
Al = hi1Al : 4.18
“prop, ~ T POR, (4.18)

where h; > 0 denotes the sensitivity of the growth rate of currency per capita to the growth

rate of household consumption per capita.

Similarly, from equations (4.4) and (4.8)), and by assuming Py, ; = —L_ (Godley & Lavoie,

Trh,t

2006)), we have household bonds demand,

bn ¢

Al
Y PoOP,

=bp1Alnrpy, (4.19)

where b1 > 0 is the sensitivity of the growth rate of household bonds per capita to the growth
rate of interest rate received by households.

And, from equations (4.4) and (4.9)), we have household loans borrowed,

Ly, Ch.t
Aln Pt — - 4.2
Ypop, T MM pop (4.20)

where [p; > 0 is the sensitivity of the growth rate of household loans borrowed to the growth
rate of household consumption.

Households supply a unit mass of one heterogeneous labourer. Labourers are bundled
through a Dixit-Stiglitz constant elasticity substitution (CES) technology. The labour bundler

solves the following profit maximisation problem,

1
maxtht/ wj7th,tdj (421)
0

gt
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1 tn—1 %
st N, = < / N, ) , (4.22)
O b

where j € [0,1] is the subscript of a specific type of labour, and ¢, € (0,1) U (1,400) is

the elasticity of substitution between labours. Solving the first-order condition, we derive the

specific labour demand for type 7,

Yn
N = N, (wt> . (4.23)

Wyt

Substituting equation (4.23) into equation (4.22)), we get the aggregation of wage,

1 =
1—1m
wy = ( / w;’;¢"dj> . (4.24)
0

We assume sticky wages a la Calvo (Calvo, [1983). In period ¢, a 6,, fraction of households
cannot choose their wages and their wages only update with the inflation rate in a one-period
delay, wj; = (1+m—1)wji—1. The other 1—46,, fractions of households that can choose wages in
period ¢ knows that, even choosing optimal wages w3, for the period, it faces a 6 probability
of these wages equal wj¢ H];:l(l + mys—1) for k future periods. They solve the following

optimisation problem to supply labour,

9] k
max ;Y (86u)" {u?(Nj,t-&-k) = Attk [—(1 — Teer)wie [ J(1 + 7Tt+sl)Nj,t+k:] } , o (4.25)
w],t

t=0 s=1

P

Wtk

s.t. N',t—&-k = Nt+k . (426)
’ wi [Ty (14 1)

From the first-order condition, we derive the optimal wage for labour j,

\ n [ DA (Oul', /N4 1) P ir

< _ 3 . (4.27
3t (1 - Tsc,t)(l - ¢n) tau?/ach,t ! 1 (8u?+k/8ch7t+k) H];:I(l + 7Tt+s—1)] ( )

Assuming static expectation, we have,

" an(l + Wt)PC t@u?/@Nt
T J . 4.28
Wit (1 —Toer)(1 — @Dn)wt@u?/@ch,t ( )

Also, from equation (4.24)), we get the aggregate wage,

Ow 1
wy, = /0 [(1+ 7)) we] ¥ dj + /9 (w) " dj,
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wp = {01 = moy )] TV (1= 6,) (wf) Y (4.29)

After empirical verification, we get the labour supply in our model,

P,
Cht woAln — S

Alnw; = wiAl _fet
= ma 5P [—

— Ny
+ w3 {ln wi—1 — wyg In[(1 — m_2)wi_2] — ws In ;%Ptl—l — we In POtPtl_l} , (4.30)

where w; > 0 denotes the short-run elasticity of nominal wage to real consumption per capita,
wg > 0 denotes the short-run elasticity of of nominal wage to CPI over one minus social
contribution rate, —1 < w3 < 0 denotes the long-run correction parameter of nominal wage,
0 < wyg < 1 represents the stickiness of nominal wage, ws > 0 denotes the long-run elasticity
of nominal wage to real consumption per capita, and wg > 0 denotes the elasticity of nominal

wage to employment per capita.

4.2.2 Firms

The production process occurs in two processes; a unit mass of one wholesale firm produces
heterogeneous intermediate goods, v; ¢, for i € [0, 1], and competes in a monopolistic competition
market; retail firms bundle intermediate goods to produce four types of final goods, namely,
consumption good, capital good, housing, export good, and compete in a perfect competition
market.

Wholesale firms employ fixed capital and labour to produce intermediate goods. They
minimize their expenditure with respect to labour and fixed capital subject to their production

technology in the form of a Cobb-Douglas function,

min W N+ 7ppPry i—1kiifi—1 + 7L, Vit (4.31)
Nit.kiirt
sit.yip = TFPiki ;N % 0<a <1, (4.32)

where 7, denotes the interest rate paid by firms, Py, ; denotes the price of fixed capita, k; 1y
denotes the fixed capital in volume of firm ¢, 0 < 77,; < 1 is the net production tax rate paid
by firms, TF'P;; denotes the total factor productivity of firm .

We divide both side of equation by TFP;; and N;; (Solow, 1956),

Yit kivge—1\"
: = = . 4.33
TFP; ;N < N; ¢ > (4:33)

Assuming wholesale firms are identical, we run the following regression and get our produc-
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tion equation in the model,

kigi—
AIHL:ylAIH 1jt-1 (4.34)

where y1 &~ a denotes the elasticity of effective labour productivity to capital labour intensity.
Let’s denote p;; as the marginal cost of production of wholesale firm ¢. We construct a

Lagrange function to solve the above expenditure minimisation problem,
L = w Ny + 1y Pry i 1kinfi—1 + TLytYit + Mie[Yit — TFPz‘,tkff1f,t_1Ni1,;a]- (4.35)

Solving the first-order condition, we have,

oct Vit
0= = wy — (1 — o)ty g2 4.36
8Ni7t wt ( a)ul,t Ni’t’ ( )
oLt :
0= = Et <Tpf,t+1pk1,t — Ol 41 yl’t—H) . (4.37)
Ok; 114 kit
Assuming static expectation, equation (4.37)) becomes

P — o Yit
Tpfadient = ity (4.38)

2,0

)

One can derive the marginal cost of production from equations (4.31)), (4.32)), (4.36]) and
(4.37)) (see Appendix),

1 wy \17¥ FtPi -1\
o pfitTkt=1 , 4.39
Mt = TFp, (1 — a> < a ) Ly (4.39)

From equations (4.36]) and (4.39)), we run the following regression and get the determinant

of labour demand in our model,

Aln % = nlA ln(T'pf,thht) + nZA In W, (440)
t

where n; < 0 denotes the sensitivity of the growth rate of labour productivity to the growth
rate of capital cost of production and ns > 0 denotes the sensitivity of the growth rate of labour

productivity to the growth rate of labour cost of production, i.e. nominal wage.

Similarly, from equations (4.37)) and (4.39)), we have capital demand in the model determined
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by,

Aln ki — ki AINTFP, + keAn(rype Pr, 1) + ks Inwy
1f,t

Yy <ln Nl s — keInTFPy — krln wt_1> . (4.41)
1f,t—1

where k1 > 0 denotes the short-run elasticity of capital productivity to total factor productivity,
ko > 0 denotes the short-run elasticity of capital productivity to the capital cost of production,
ks < 0 denotes the short-run elasticity of capital productivity to the labour cost of production,
—1 < k4 < 0 denotes the long-run correction parameter of capital productivity, k5 is the level of
capital productivity in logarithm when total factor productivity equals one and nominal wage
equals 1 million rmb, kg > 0 denotes the long-run elasticity of capital productivity to total factor
productivity, and k7 < 0 denotes the long-run elasticity of capital productivity to nominal wage.

Retail firms buy the intermediate goods produced by the wholesale firms and produce final
goods through a Dixit-Stiglitz CES technology. They solve the following profit maximisation
problem,

1
max me = Ptyt — / F)i,tyi,tdiy (442)
Yi,t 0

¥
sty = </0 Yid ) , (4.43)

where ¢ € (0,1) U (1, 4+00) denotes the elasticity of substitution between intermediate goods.

Solving the first-order condition, we derive the demand for intermediate good 1,

Yig = <yt>w (4.44)

Yit

Substituting equation (4.44]) into equation (4.43)), we get the aggregation of price,

Lo =
P, = ( / medz'> : (4.45)
0

Similarly to sticky wages, we assume sticky prices a la Calvo (Calvo, 1983). In period t, a 6
fraction of wholesale firms cannot change their prices and their only update is with the inflation
rate in one period delay, P;; = (1 4+ m;—1)P;;—1. The other 1 — @ fractions of whole-sale firms
that can choose prices in period ¢ know that, even choosing optimal prices Pz*t for the period,

it faces a 0% probability of these prices equal P ngl(l + my4s—1) for k future periods. They

10
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solve the following profit maximisation problem to set prices,

00 k
max EY (B0 | Pia [T+ mugsm1)¥iesn — Mi,t+kyz‘,t+k] ; (4.46)
’ k=0 s=1
P
Pk
8.t Yit+k = Yttk . (4.47)
' PigTTE (1 + Tegs—1)
From the first-order condition, we derive the optimal price for wholesale firm 7,
Py = v fis + Ey f: Mtk : (4.48)
Y1 =1 TLm (14 megs—1)
Assuming static expectation, we have,
* 17[)(1 + 7Tt)
P = .. 4.49
it (w — 1)7Tt it ( )
Also, from equation (|4.45]), we get the aggregate price,
1 0 1
P :/ (14 m1)Pra]' Vi +/ (P Vi,
0 0
_ 1-9 1-yy 125
Py ={0[(1 = m1)Pa] P + (1= 0)(B) "} 17 (4.50)

After empirical verification, we get CPI, price of fixed capital, price of housing and price of
exports, Py ¢, in our model,

Aln Py = pe1Alnwy, (4.51)

where ( = cp, k1, kn, x denotes the subscript for consumption goods, fixed capital, housing and
exports, respectively. p¢1 > 0 is the sensitivity of the price growth of a specific final good to
the growth of the nominal wage.

As for firm financial investment or borrowing decision, they have preferences in saving
deposits, Dy, borrowing bonds, br;, and investing abroad in the form of outward foreign
direct investment (FDI), fdz'out,tH They maximise their utility with respect to these financial

instruments, subject to their budget constraint,

o
max F Cuf (Dyy,bry, fdiouts), 4.52
5 Fr 3 (s Fi) (15

!The purpose of assuming preferences on firm assets and liabilities is to derive the demand or supply of these
assets and liabilities from the optimization problem through a non-linear utility function.

11
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s.it. Dy + (beﬂg — Tpf,thf,t—l)bf,t—l + Praigu,t f diout t

=L+ 7rept —1ppt)Dyp1+ Pos it + [Prdigust + (YD1V,; — Tpf.t) Prdigus t—11f diout 1—1 + Qg 1,
(4.53)

where uf (+) denotes the utility function of firms, P, ;+ denotes the price of firm bonds, P, ¢
denotes the price of outward foreign direct investment, r,.¢; and 7,7 ; denote the rate of interest
received and paid by firms, respectively. ypry,, denotes the dividend rate received by firms,
and Qy; includes other transactions in the firm budget constraint that are not related to the
optimization problem (see Appendix equation . Since the subjective discount factor is
already determined by household deposit demand, i.e. the Euler equation (equation , we
consider firm loan interest payment as an opportunity cost when they save in deposits, borrowed
through bond, or invest abroad through outward FDI in equation .

We construct a Lagrange function as in the household problem with the shadow price, A,

as the multiplier,

LJ: = Et Z Bt{uf(Df,ta bf,ta fdiou,t)
t=0

= M[Dyge+ (Poyt — rpf,Post—-1)0f -1 + Praig t fdiouts — (1 +1rps — rpre) D]} (4.54)

Taking the partial derivative with respect to deposits, bonds, and outward FDI, we get the

following first-order conditions,

oL” oul
0= 8th = aD;t — At + BE 1 (1 + Trfttl — Tpf,t+1)7 (4.55)
oc”  oul
0= 8bft = Wftt + )\t(be,t — Tpf7thf,t_1) — BEtAtJrlef,t_;’_l’ (4.56)
oLt au{

0

= afdiout,t = 8fd7:o’u,t,t - )\tPfdiout ,t + /BEt)\t"Fl [Pfdioutat"!‘l + (’YDIVTf - rpf:t'i'l)Pfdiout:t} : (457)

Similarly to the household problem, from equations (4.4) and (4.55)), we get firm deposit

demand,

Dy Ch,it—1
AL g o desn g o B
POPt,1 3 fainl POPtfl f5(r7’f:t 1 Tpf.t 1) ’

(4.58)

Ch,t
POP,

D
Aln—IL — d;Aln

dro |1
DPOPt +dygo [In

where dgy > 0 denotes the short-run elasticity of firm deposit per capita to real household

consumption per capita, —1 < dyo < 0 denotes the long-run correction parameter of firm

deposit per capita, d 3 denotes the level of firm deposit per capita in logarithm when household

12
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consumption per capita equals 100 million rmb and the rate of interest received and paid by firms
are equal, dys > 0 denotes the long-run elasticity of firm deposit per capita to real household
consumption per capita, and dy5 > 0 denotes the semi-elasticity of firm deposit per capita to

the difference between the rates of interest received and paid by firms.

From equations (4.4)) and (4.56)), we get firm bond supply,

bf,t B Cht
Aln POB, — bpAln POB,’ (4.59)

where by > 0 denotes the sensitivity of the growth rate of firm bond in volume per capita to
the growth rate of real household consumption per capita.

And from equations (4.4]) and (4.57), we get outward FDI demand,

fdioutt . Ch,t
Al == out1 A1 :
2 pop, A temA o p
. fdioutt—1 . . Cht—1 . Praigust—1
dou In —+—— — dou - dou In ——F——— — dou In —>=— ’ 4.
+ fdi t2(n POP,_; fdiouts — fdiouta L OB — 1 fdiouts In Prvs (4.60)

where fdio1 > 0 denotes the short-run elasticity of outward FDI in volume per capita to real
household consumption per capita, —1 < fdioe < 0 denotes the long-run correction parameter
of outward FDI in volume per capita, fdigs denotes the level of outward FDI in volume per
capita in logarithm when real households consumption per capita equal 100 million rmb and
the price outward FDI equal CPI, fdiyyug > 0 denotes the long-run elasticity of outward FDI in
volume per capita to real household consumption per capita, fdis < 0 denotes the elasticity

of outward FDI in volume per capita to the price of inward FDI deflated by CPIL.

4.2.3 Banks

Banks set interest rates based on the policy rate. They receive currencies and deposits, buy
bonds, and provide loans to the other sectors. Bank fixed capital, k15, interbank assets and
liabilities, i.e. deposits held by banks, Dy ;, and bonds issued by banks By, is determined by

the following optimization problem, subject to bank budget constraint,

o0
max E ub(Dy4, b 4.61
k16,4, Db, t,b1b,¢ ! ; ( bt lbﬂf)’ ( )

s.t. Py tkine + Doy + (14 1p0¢) Pryy i~ 1b1p,0-1

= (1 = 714,6) Pyt + Pyt — ) k1v—1 + (1 +7p¢) Dy g1 + Poyy ibine + Qpy,  (4.62)

13
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where u?(-) denotes the utility function of banks, rpb,t denotes the rate of interest paid by
banks, P, ;—1 denotes the price of bank bond issued, 77, ; denotes the net production tax rate
paid by banks, P,; denotes the GDP deflator, y;; denotes bank value added in volume,
denotes bank fixed capital depreciation rate, r,;; denotes the rate of interest received by banks,
and ) ; includes other transactions in the bank budget constraint that are not related to the
optimization problem (see equation in Appendix).

We construct a Lagrange function as in the household and firm problems with the shadow

price, A¢, as the multiplier,

£ =FE Z 5t{ub(Db,t, bin,t) — Ae[Pry tkine + Dot + (14 mpye) Py, t—101m,0—1
t=0

— (L= 70,0 ) Pyayo — (Pry e — 6)k1ve—1 — (L +7rpt) Dye—1 — Poyy tbine — D]} (4.63)

Taking the partial derivative with respect to fixed capital in volume, deposits held, and

bonds issued, we get the following first-order conditions,

oLe Oyt

0= I =M | Pryt — (1-— TLb,t)Py,tm + BEt)‘tJrl(Pkl,t+15b,t+1Pk1,t)7 (4.64)
oL oub
OZ&M%t:éﬂit*Af+5EMHJUf%nm+ﬁ, (4.65)
oL oub
— ablbt = 3blbtt + )\thlb,t - ,BEt)\t+1(1 + rpb7t+1)Pblb,t- (466)

Combining equations (4.4) and (4.64), and by assuming y; = T'F Ptk?§7t, 0<ap <1, we

get bank fixed capital demand after empirical verification,

(L +7rp)(1 = 71,0) Py TFP,

k1p,t
Al " =k Aln
o (Trht + Ob,t) Pyt

Y Pop,

, (4.67)

where kp; > 0.
Similarly to household and firm problems, from equations (4.4) and (4.65)), we get bank

deposit demand,

D
by Aln

Al
" PoP, POP,

+ dpoAln Trbt (4.68)

where dy; > 0 and dpz > 0 denote the sensitivity of the growth rate of bank deposits held per
capita to the growth rate of household consumption per capita and to the growth rate of bank

interest rate received, respectively.

14
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And, from equation (4.4) and (4.92)), we get bank bond supply,

byt

Al
Y Pop,

= by, (4.69)

where b1 > 0 denotes the sensitivity of the growth rate of bank bonds issued per capita to CPI

inflation.

4.2.4 Final good market

The difference between aggregate supply and aggregate demand for final goods results in changes

in firm inventories,

doft = Yt — (Chit + Cgp Fi1fe +irpe +i1g,e +Ght + G2, + Tt — My + NTagjt — €0t + Yadjt), (4.70)

where ¢, ; denotes government consumption in volume, 7;7; denotes firm fixed capital formation
in volume, i1;; denotes bank fixed capital formation in volume, i14; denotes government fixed
capital formation in volume, 7 ; denotes housing investment in volume, i, ; denotes changes
in government inventories, x; denotes exports in volume, m; denotes imports in volume, nxqq; ¢
denotes net exports adjustment in volume, eo; denotes total errors and omissions in volume,

Yadj,t denotes real GDP adjustment.

4.3 Data and parameters

We employ the same data set of An (2024a) with an additional variable, total factor productivity,
from the Federal Reserve Economic Data (FRED). Table in the Appendix gives an overall
description of parameters for the New Keynesian model behaviour equations in Section
Parameters in the behaviour equations are estimated by running simple OLS regressions with
the Durbin-Watson test to ensure they do not reject the homoskedasticity hypothesis. Moreover,
we run Augmented Dickey-Fuller (ADF) tests on the residuals to ensure co-integrations between
the variables. Other parameters, such as ratios and shares, are calculated based on the data,

same with An (2024a).

4.4 Model validation

We run an in-sample prediction to check the model’s performance. Specifically, we run a dy-

namic simulation of the model from 2002 to 2023 and compare it with the data and the in-sample
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prediction of the SFC model in An (2024a)E| Endogenous variables only employ the 2002 values
as the initial values. Exogenous variables employ the data. Ratios and shares become moving
parameters and employ the data.

Figure shows the in-sample prediction results. The solid black line represents the data.
The solid red line is the in-sample prediction of An (2024al). The blue dashed line is the in-
sample prediction of the New-Keynesian model. The vertical dashed line represents the year
2019, which is the last period of available data for the stock variables. Compared to the SFC
model, the New-Keynesian model performs some business cycle features and underestimates
GDP growth in the long run. (Figure . It can also be observed from the production
inputs, fixed capital of firms and labour (Figure and [4.1d). The New-Keynesian model
performs more stably than the SFC model in predicting CPI inflation (Figure . The Gini
coefficient is more volatile because of the volatility of the unemployment rate (Figure . The
financial side is poorly predicted (Figure 4.1i)). Energy intensity fluctuates significantly because
of the fluctuation of real GDP and Gini coefficient (Figure . Emissions to air, dissipative
use of products and emissions water fit relatively bad with the data, compared to the SFC

model (Figure [4.1j] [4.1k| and [4.11)).

Overall, the New-Keynesian model in the paper performs worse than the SFC model in
fitting the historical trend, except for price inflation. Our results partly provide evidence that
New-Keynesian models, e.g., DSGE models, aim to explain the economy in the short run, but

not to describe longer-run movements in capital, output, or employment (Vines & Wills, |2020).

2A dynamic simulation accumulates model errors over time. We could also run a static simulation, which will
have a better performance but only show model errors of each year because it employs the data for the lagged
variables. This model is built for future scenario prediction. It would be reasonable to check the model validation
dynamically.
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Figure 4.1: In-sample prediction

Note: The black solid line is the data. The red solid line is the in-sample prediction of An
(2024a)). The blue dashed line represents the in-sample prediction of the New Keynesian model.

The black vertical dashed line is the year 2019, which is the last period of data availability for

the stock variables.
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Figure 4.1: In-sample prediction

Note: The black solid line is the data. The red solid line is the in-sample prediction of An

(2024a)). The blue dashed line represents the in-sample prediction of the New Keynesian model.

The black vertical dashed line is the year 2019, which is the last period of data availability for

the stock variables.
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4.5 Prediction

In this section, we run a model’s baseline scenario from 2019 to 2035 as a prediction reference.
Since the New Keynesian model cannot explain the long-term trend well, we calibrate the real
GDP of the New Keynesian model to be close to that of the SFC model, extrapolating a total
factor productivity decrease at a rate of 0.35% after 2019 (Figure EI Then, we run a wage
policy scenario (nominal wage increases by 1%). We compare the wage policy scenario with the

baseline to check its impulse response and with the same impulse responses of the SFC model.
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Figure 4.2: Total factor productivity

Note: The vertical dashed line signifies the end of the data period.

Before doing so, we utilise the latest available data for the variables and extrapolate the
exogenous variables under specific assumptions. We assume that all adjustment variables, errors
and omissions, and other changes in values are 0. For exogenous domestic prices, we use the

4-year mean growth rate of the last eight years to extrapolate them,

1
Mean(Variable;_g,Variable,_7,Variable;_¢,Variable;_5) | 4
Mean(Variablet_4,Variables—3,Variable;_2,Variables_1)

ie. — 1. We assume that the nominal foreign
GDP grows at a rate of 5% and the foreign price, i.e., the import price, grows at a rate of
3%. The population uses the prediction of the World Bank. The share of renewable energy is
expected to grow at a rate of 2.57% to reach 25% in 2030, which is one of the policy goals of

China (14th Five-Year Plan). Other shares and ratios are assumed to be constant.

3We do not find any reliable future prediction on China’s total factor productivity.
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4.5.1 Baseline

Figure shows the prediction simulation results. The solid black line is the simulation of the
SFC model. The solid blue line is the simulation of the New Keynesian model. The vertical
dashed line indicates the end of the data period, at which point the simulation results begin to
display. The New Keynesian model exhibits smoother economic growth compared to the SFC
model (Figures and . Capital accumulation is the primary driver of economic growth
in the New Keynesian model. At the same time, household consumption is the primary driver
of economic growth in the SFC model (Figures and [4.3d)). Inflation in the New Keynesian
is exceptionally stable, remaining around 1.5% for a decade (Figure . The simulation of
unemployment exhibits a larger inverted hump-shaped curve than the SFC model (Figure.
Income inequality decreases in large part in the long run due to the increase in the wage share
(Figures [4.3g| and . Emissions to air intensity decrease over time due to the commitment
to the green transition and due to the decreasing energy intensity resulting from GDP growth
and decreasing income inequality (Figure . Emissions to the air continue to increase over
time due to economic growth, indicating that the green transition alone is insufficient to halt
the rise in emissions, which is one of China’s policy objectives (14th Five-Year Plan). However,
the New Keynesian model predicts lower air emissions in the long run due to reduced income
inequality (Figure . Similarly, the dissipative use of products in the New Keynesian model
slows down in the long run (Figure . However, there is no significant difference in emissions

to water between the New Keynesian model and the SFC model (Figure [4.31).
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Figure 4.3: Baseline scenario
Note: The solid black line is the simulation of the SFC model. The solid blue line is the
simulation of the New-Keynesian model. The vertical dashed line signifies the end of the data

period, where the simulation result starts to display.
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Figure 4.3: Baseline scenario
Note: The solid black line is the simulation of the SFC model. The solid blue line is the
simulation of the New-Keynesian model. The vertical dashed line signifies the end of the data

period, where the simulation result starts to display.

4.5.2 Wage policy

Figure shows the impulse responses to an 1% increase in nominal wage in 2025. The black
line is the impulse response of the SFC model. The blue line is the impulse response of the
New Keynesian model. The two models show a similar response of real GDP to a nominal wage

shock regarding the magnitude of GDP reduction and recovery timing (Figures and [4.4b]).
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However, with respect to production inputs, the New Keynesian model shows less reduction
in firm fixed capital but a larger reduction in labour due to the substitution between labour
and capital. When labour becomes more expensive, firms would invest more in fixed capital for
production (Figure and ﬁ Income inequality in the New Keynesian model does not
decrease but slightly increases, because of the rise in unemployment in the short term and the
drop in the wage share in the medium term (Figure and . Energy intensity increases
with more income inequality. As a consequence, emissions to air in the New Keynesian model
increase in the long term, though it decreases in the short term because of the drops in real

GDP (Figure and [4.4h]).

4Unemployment in the New Keynesian model increases in the short run and starts to recover as the economy
recovers. But it shows an overshooting effect in the medium run, because the labour force adjusts to unemploy-
ment. Workers leave the labour market when the unemployment rate is high.
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Figure 4.4: Nominal wage increase
Note: The black line is the impulse response of the SFC model. The blue line is the impulse

response of the New Keynesian model.
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Figure 4.4: Nominal wage increase
Note: The black line is the impulse response of the SFC model. The blue line is the impulse

response of the New Keynesian model.

4.6 Conclusion and discussion

Economic theories help us understand the economy by linking variables. However, the story can
be very different under different assumptions. This paper compares a New Keynesian model,
which is supply-driven, with an SFC model, in which the economy is demand-driven. We run
in-sample predictions to examine the performance of the two models. The results show that
the New Keynesian model cannot explain the historical trend of the data compared to the SFC
model, except that inflation simulated by the New Keynesian model is more stable. We argue
that the behaviour equations derived from the agent optimisation problem are too restricted.
For example, household consumption depends solely on intertemporal substitution, i.e., the
Euler equation, which neglects any income or wealth effects. Also, Vines and Wills (2020)

raises the point,

We no longer think that this [microfounded manner| is an appropriate restriction
of the macroeconomic research programme; structural economic models must be
constructed alongside models of the NK-DSGE (New Keynesian Dynamic Stochastic

General Equilibrium) kind, in which behaviour need not be fully microfounded.

Then, we run a baseline scenario simulation for future predictions from 2019 to 2035. The
New Keynesian model exhibits smoother real GDP growth compared to the SFC model. The
former is mainly driven by firm investment. The latter is due to household consumption.
Regarding income inequality and environmental quality, the New Keynesian model yields more

optimistic long-term results, characterised by lower income inequality and reduced emissions.
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Our results coincide with Rezai et al. (2013]), which argues that this unrealistic smoothness is
a common shortcoming of supply-led models.

Based on the baseline scenario, we tested a wage policy shock: a 1% increase in nominal
wage. A nominal wage shock in the New Keynesian model yields a similar response in real
GDP to that in the SFC model. We arrive at the same conclusion using two different economic
theories, suggesting that the impact of a wage shock on real GDP is robust. However, due to the
substitution between capital and labour, firm fixed capital is more favoured in the production
process, which declines significantly less than the SFC model, and labour demand decreases fur-
ther than the SFC model. Consequently, the wage share decreases, income inequality increases,
energy intensity increases, and air emissions increase. Our findings suggest that policymakers
should be aware of these differences when making policy decisions based on a specific economic
theory to model the economy.

An issue with the New Keynesian model in this paper is that it lacks a fiscal policy response.
One may argue that the model should not close the final good market by firm inventories, but
with household consumption, which determines the real interest rate. But this is not the case
when introducing nominal rigidities and monetary policy, in which the central bank determines
the real interest rate by setting the nominal interest rate, in response to developments in the
inflation rate, according to a Taylor rule (Vines & Wills, 2020)). An alternative approach is to
incorporate feedback from inventories into firm price setting. When there is more excess supply
of goods, firm inventories increase, and prices should fall. When there is excess demand, firm

inventories fall, and prices should rise. However, we did not find a robust negative relationship

between firm inventories and CPI in the data (see Figure equation (4.94] |4.95| and [4.96 in

Appendix). It is challenging to introduce public expenditure into a supply-led context (Costa,
2018, p.190). One possible solution is to introduce public consumption in the form of goods
consumed by households, thereby affecting household utility. However, the effect of public
consumption in this setup leads to a reduction in labour supply, i.e., nominal wage increases,
because the shadow price increases, and also reduces private consumption due to the substitution
effect (Aiyagari et al., 1992). In contrast, a demand-led model does not need this additional
assumption to introduce public spending.

We found a technical issue in this modelling exercise: the simultaneity between real GDP and
firm fixed capital. China has experienced remarkable economic growth over the past few decades,
driven by robust investment. Firm fixed capital formation, as a significant component of real
GDP, makes the model unstable when both firm fixed capital and real GDP are simultaneously
determined. Omne solution is to employ the lag variable as in equation . But when the
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final good market closes on the demand side components, taking the lag does not make any

sense from a theoretical perspective; alternative solutions will be needed.

Appendix

Households

Household budget constraint,

Poieng +1Iny + Wiy +TLpy +rpniLp -1+ Thy + TseqwiNg 4+ Opy
+ AH; + ADhﬂg + ABh’t + A[FShyt + AAh’t + AZh,t

= Yh,t + wy Ny + rrh,ch,t—l + Trh,tBh,t—l + DIVh’t + OIPh’t + SB:+ STR; + th,t + ALh,t,
(4.71)

where I}, ; denotes household fixed capital formation in value (mainly housing), W}, + denotes the
wage bill paid by households, T'Lj, ; denotes net production tax paid by households, T}, ; denotes
income tax paid by households, Oy, ; denotes other current transfers paid by households, ATF'S}, ;
denotes the household investment in investment fund shares, A A; denotes household acquisition
of insurance, AZp; denotes household acquisition of other accounts payable/receivable, Y}, ;
denotes household value added, DIV}, ; denotes dividend received by households, OI P} ; denotes
household other income from properties, SB; denotes social transfers received by households,
STR; denotes social transfers in kind received by households, FOy,; denotes household errors
and omissions.

Household fixed capital formation in value,
Ing = Py, tkny — Py p—1kni—1(1 = 6n ) — APy, thni—1 — OCVy, 4, (4.72)

where OCV}, + denotes other changes in value of household fixed assets.

Household currency savings,
AHy=Hy — Hi_1 — OCVyy, (4.73)

where OCV},+ denotes other changes in value of household currencies.

Household deposit saving,

ADpy=Dpi — Dpi1 — OCVy, 4, (4.74)
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where OCVy, + denotes other changes in value of household deposits.

Household bond investment,
ABpt = Py, tbht — Py, t—1bpt—1 — OCVy, 4, (4.75)

where OCV}, ; denotes other changes in value of household bonds held.

Household loan borrowing,
ALpt = Lpt — Lpg—1 — OCV, 4, (4.76)

where OCV}, ; denotes other changes in value of household loans borrowed.
Substituting equations (4.72), (4.74)), (4.75)), (4.75) and (4.76|) into equation (4.71), we get
equation (4.2]), with

Qh,t = Yh,t — Whﬂg - TLh,t + DIV}M + OIPhJ - Th7t + SBy + STR; — Oh,t + EP}M

— AIF Sy, — AApy — AZyy + OCVy,  + OCViyy + OCVi,  — OCV,, 4. (4.77)

Firms:

Combining equations (4.36|) and (4.37)), we get the labour-capital production frontier,

(1 — a)rpstPry t—1kipi—1
QW ’

N =

)

(4.78)

Substituting equation (4.78) into equation (4.32)), we derive capital demand in terms of

production and input cost ratio,

-«
Yit awy
R 7 4.79
i, 1f,t—1 TFP;, [(1 — a)Tpf’thl,t1:| )
Same for labour,
—a
Yit awy
N ’ 4.80
ut TFP;; [(1 - a)rpf,tpkhtl] ( )

Substituting equations (4.79) and (4.80)) into (4.31]), we get the total cost of whole-sale firm

production,

ey, = Vit (w0 T (TopePhiam S (4.81)
it TFB,t 1— o o Lf,tyz,t- .

By definition, we derive the marginal cost of production of whole-sale firms by taking the

partial derivative of the total cost of whole-sale firm production with respect to the quantity of

production, f;; = agy(ji’t, and get equation (4.39).
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Firm budget constraint,

+ ADf’t + AFDIoutyt + AAfyt + AZﬁt
=Y +repiDpi—1+v01v, (Bafi—1 + Praigus t—1f dioutt—1) + OIPry + TRK; + EOy,

+ ABf,t + ALﬁt + AFDIZ'n?t, (482)

where I, ; denotes firm fixed capital formation in value, I, ; denotes firm change in inventories
in value, I3¢; denotes firm acquisition/disposal of other non-financial assets, Wy denotes the
wage bill paid by firm, T'L¢; denotes the net production tax paid by firms, DIV, denotes the
dividend paid by firms, T denotes the income tax paid by firms, Of; denotes other current
transfers paid by firms, AD;; denotes firm deposits savings, AF DI, ; denotes the flow of
outward foreign direct investment in value, AAy; denotes firm insurance acquisition, AZy;
denotes firm changes in other account payable/receivables, Y}, denotes firm value added, E,
denotes firm equity held, OIPy; denotes the other income from properties received by firms,
TRK; denotes capital transfers received by firms, EQyf; denotes firm errors and omissions,
ABjy; denotes firm bond borrowing in value, AFDI;, ; denotes the flow of inward FDI in value.
Firm deposit savings,

ADypy = Dygy — D1 — OCVq, (4.83)

where OCVy, ; denotes other changes in value of firm deposits.

Firm bond borrowing,
AByy = Py, 1(byt —bpi-1) — OCVp, 4, (4.84)

where OCV, + denotes other changes in value of firm bonds.

Firm equity issued (zero net worth),

Eipr =K1, i+ Ko, i+ Ks, i+ Dye— Py tbpi— Lyt Eoft+ Praig tfdioutt— FDIing+Ags+Zg 1,

(4.85)
where K ot denotes firm fixed capital in value, Ko ot denotes firm inventories in value, K3 ot
denotes firm other non-financial assets in value, F'DI;,; denotes the stock of inward FDI in

value, Ay, denotes firm insurance held, and Z;; denotes firm other account payable/receivables.
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From equation (4.85)), we get firm loan issued satisfies

Lyt = Kip o+ Kop o+ K30+ Dy —Pop byt Eap = Eigt+ Prdiout f dioutt — FDIin g+ Ao+ Zp.
(4.86)

Firm outward FDI flow in value,

AFDIoytt = Praiyy, t(fdioutt — fdiout,t—1)- (4.87)

Substituting equations (4.83), (4.84), (4.86]) in one lagged, and (4.87) into equation (|4.82)),
we get equation (4.53]), with

Qﬁt =Y+ ’YDIVTfEaf,tfl + OIPﬁt +TRKy; + EOfyt + ALﬁt +AFDIiy + OCVdfyt
—D, i —Top 10— I3 —Wye—7pp (K1 01— Koy i1+ Eape1—Eipp1—FDIing 1+ Ape 1+ 254 1)
—DIVyps — Ty — Of,t — AAf’t — AZﬁt — OC'be,t. (4.88)

Banks:
Bank budget constraint,

Iy ¢ + Wyt + 1p4 Py tbiwg + DIVt + OIFPy ¢ + Ty 4
+ AG; + ADb’t + ABab,t + AL(M + AIFSab,t + AZbﬂg
= (1= 7r00) Pyayps + rrvgDps—1 + INTy , o + INTypy + DIViyy 4 Oy + EOy,

+AH; +ADy+ ABjpy + ATFSp . + AAy, (4.89)

where Iy, ; denotes bank fixed capital formation in value, W} ; denotes the wage bill paid by
banks, DIV, ; denotes the dividend received by banks, OIP,; denotes the other income from
properties paid by banks, 7 denotes the income tax paid by banks, AG; denotes changes
in international reserves, ADy; denotes bank deposit savings, AB;; denotes bank acquisition
of bonds, ALy; denotes bank loan lending, AIF Sy, ; denotes bank acquisition of investment
fund shares, AZp; denotes bank changes of other accounts receivable/payable, INT;, , ; denotes
bank interest received from bonds, INTj,; denotes bank interest received from loans, DIV,
denotes the dividends received by banks, Oy ; denotes other current transfers received by banks,
EOy; denotes bank errors and omissions, AD; denotes total deposits received by banks, ABy,
denotes bank bond issuing, AIFSy,; denotes bank investment fund shares issuing, and AA;

denotes total insurance received by bank.
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Bank fixed capital formation in value,
Iyt = Pry (k1,0 — k1, 0-1) + 06,0 Pry p—1k1,0-1 — OCViy, 4, (4.90)

where OCV},, + denotes the other changes in value of bank fixed capital.

Bank deposit savings,

ADyps =Dyt — Dy — OCVy, 4, (4.91)

where OCVy, ; denotes the other changes in value of bank deposit held.

Bank bond issuing,

ABipt = Py, t(bipt — bipt—1) + OCVy, 4, (4.92)

where OCV},, ; denotes the other changes in value of bank bond issued.

Substituting equations (4.90)), (4.91)) and (4.92) into equation (4.89)), we get equation (4.62])

with

Dy =INTy,, + + INTy, + + DIV + Opy + EOp
+ AH; +AD; + AIFS[(M + AA; + OCVklb,t + OCde’t
— Wit = INTyy — DIVypy — OIF — Tpy

— AGy — ABupy — ALpy — AIF Sy — AZyy — OCVy, . (4.93)

CPI and firm inventories
Figure [4.5shows the time series of CPI inflation (left axis) and firm inventories growth (right
axis). It shows a positive relationship between CPI inflation and firm inventory growth, which

contradicts our expectation.
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We run regressions by adding firm inventories to the CPI equation. It shows a negative
correlation of firm inventories to CPI in the long-run equation (equation . However, we fail
to find a robust result from the short-run equation with error correction. In equation , the
coefficient of firm inventories growth is not significant, with a T-statistic of -0.91. After dropping

it, the coefficient of the error correction term is not significant anymore, with a T-statistic of

-1.65 (equation [4.96)).

Long-run regression of CPI to firm inventories,

In Pqt == 05586(639) In Pc7t_]_ - 0'0822(—5.06) In kgf?t + 0105(517) In Wt

- 0.0181(_2.42) DUTTLQQQQ + 0.0241(3.23) Dum2008 - 0.0237(_3.35) Dum2009 + 0.0192(2.57) DUTTLQOH,
(4.94)

where the numbers in brackets are the T-statistic, ko ; denotes firm inventories in volume, and
Dum; denotes the dummy variable of year t.

Short-run regression of CPI to firm inventories,

Aln Pcﬂf = —01209(_091)A In k2f7t + 02108(773)A In we — O.792(_2_44)€Cmt_1
— 0.0255(_3,56)Dum2002 + 0.031(3,77)Dum2008 — 0.0246(_3,53)Dum2009 + 0.0203(2,78)Dum2011,
(4.95)

where ecm;_1 denotes the error correction term of the long-run equation in one lag.

Short-run regression of CPI to firm inventories without the firm inventories log-difference,

Aln Pc,t == 0'1973(11.66)A1n wg — 0.5681(_1'65)66’”’%71

— 0.0268(_3.39)Dum2002 + 0.0271(3.04)Dum2008 — 0.0254(_3.28)Dum2009 + 0.02(2.48)Dum2011.
(4.96)

Table 4.3: Parameters of the New Keynesian model

Symbol  Description Value T-statistic

br1 Sensitivity of the growth rate of firm bond in volume per capita to the 2.519 5.16
growth rate of real household consumption per capita
bn1 Sensitivity of the growth rate household bonds per capita to the growth rate 0.7981 12.59

of interest rate receive by households

bip1 Sensitivity of the growth rate of bank bond issued per capita to CPI inflation 3.6634 3.36
Chi Inverse of household constant relative risk aversion coefficient 3.5002 8.35
dp1 Sensitivity of the growth rate of bank deposit held per capita to the growth 3.6807 5.76

rate of household consumption per capita
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dgs

fdioutl

fdioth
fdioutS

fdiout4

fdioutS

h1

k1
ko
k3
k4
ks

ke

k7

kb1
kp1
kp2
ks
kpa

kns
kne

kn7

lh1

n2

Pec1
Pk1

Sensitivity of the growth rate of bank deposit held per capita to the growth
rate of bank rate of interest received

Short-run elasticity of firm deposit per capita to real household consumption
per capita

Long-run correction parameter of firm deposit per capita

Level of firm deposit per capita in logarithm when household consumption
per capita equals 100 million rmb and the rate of interest received and paid
by firms are equal

Long- run elasticity of firm deposit per capita to real household consumption
per capita

Semi-elasticity of firm deposit per capita to the difference between the rates
of interest received and paid by firms

Short-run elasticity of outward FDI in volume per capita to real household
consumption per capita

Long-run correction parameter of outward FDI in volume per capita

Level of outward FDI in volume per capita in logarithm when real households
consumption per capita equal 100 million rmb and the price outward FDI
equal CPI

Long-run elasticity of outward FDI in volume per capita to real household
consumption per capita

Elasticity of outward FDI in volume per capita to the price of inward FDI
deflated by CPI

Sensitivity of the growth rate of currency per capita to the growth rate of
household consumption per capita

Short-run elasticity of capital productivity to total factor productivity
Short-run elasticity of capital productivity to the capital cost of production
Short-run elasticity of capital productivity to the labour cost of production
Long-run correction parameter of capital productivity

Level of capital productivity in logarithm when total factor productivity
equals 1 and nominal wage equals 1 million rmb

Long-run elasticity of capital productivity to total factor productivity

Long-run elasticity of capital productivity to nominal wage

Short-run elasticity of housing per capita to housing depreciation rate
Short-run elasticity of housing per capita to household consumption per capita
Short-run elasticity of housing per capita to real housing price per capita
Long-run correction parameter of housing per capita

Level of housing per capita in logarithm under full depreciation rate and
household consumption per capita is 1 million rmb

Long-run elasticity of housing per capita to housing depreciation rate
Long-run elasticity fo housing per capita to household consumption per capita
Sensitivity of the growth rate of household loans borrowed to the growth rate
of household consumption

Sensitivity of the growth rate of labour productivity to the growth rate of
capital cost of production

Sensitivity of the growth rate of labour productivity to the growth rate of
labour cost of production

Sensitivity of inflation to nominal wage growth

Sensitivity of capital price growth to nominal wage growth
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Pkhl Sensitivity of housing price growth to nominal wage growth 0.5921 8.47
Pzl Sensitivity of export price growth to nominal wage growth 0.1004 1.94
w1 Short-run elasticity of nominal wage to real consumption per capita 1.2768 27.08
wa Short-run elasticity of of nominal wage to CPI over one minus social -0.0119 -0.47

contribution rate

w3 Long-run correction parameter of nominal -0.2984 1.79
w4 Stickiness of nominal wage 0.7714 19.97
ws Long-run elasticity of nominal wage to real consumption per capita 0.3317 6.22
we Elasticity of nominal wage to employment per capita 1.2732 5.12
Y1 Elasticity of effective labour productivity to capital labour intensity 0.5674 15.58

34



Bibliography

Aiyagari, S. R., Christiano, L. J., & Eichenbaum, M. (1992). The output, employment, and interest rate
effects of government consumption. Journal of Monetary Economics, 30(1), 73-86.

Aleti, S., & Hochman, G. (2020). Non-constant elasticity of substitution and intermittent renewable
energy. Agricultural and Resource Economics Review, 49(2), 321-359.

An, D. (2024a). An empirical ecological stock flow consistent model of china. FMM conference paper.

An, D. (2024b). Modelling the green transition of the chinese economy. Furopean Journal of Economics
and Economic Policies, 1(aop), 1-34.

Berniell, I., & Bietenbeck, J. (2020). The effect of working hours on health. Economics & Human Biology,
39, 100901.

Bezemer, D. J. (2010). Understanding financial crisis through accounting models. Accounting, organiza-
tions and society, 35(7), 676-688.

Bowles, S., & Halliday, S. D. (2022). Microeconomics: Competition, conflict, and coordination. Oxford
University Press.

Boyce, J. K. (1994). Inequality as a cause of environmental degradation. Ecological economics, 11(3),
169-178.

Byrialsen, M. R., & Raza, H. (2021). Assessing the macroeconomic effects of covid-19 in an empirical sfc
model for denmark. International Journal of Political Economy, 50(4), 318-350.

Calvo, G. A. (1983). Staggered prices in a utility-maximizing framework. Journal of monetary Economics,
12(3), 383-398.

Carnevali, E., Deleidi, M., Pariboni, R., & Veronese Passarella, M. (2020). Cross-border financial flows
and global warming in a two-area ecological sfc model. Socio-Economic Planning Sciences.

Carnevali, E., Deleidi, M., Pariboni, R., & Veronese Passarella, M. (2024). Economy-finance-environment-
society interconnections in a stock-flow consistent dynamic model. Review of Political Economy,
36(2), 844-878.

Carraro, C., & Massetti, E. (2013). Energy and climate change in china. In Nature, environment and
culture in east asia (pp. 353-380). Brill.

Checchi, D., & Garcia-Pefialosa, C. (2008). Labour market institutions and income inequality. Economic

Policy, 23(56), 602-649.

35



BIBLIOGRAPHY

Chen, C., Qi, J., Li, N., Ji, T., Wang, H., Huang, Y., Guo, J., Lu, X., Han, R., Wei, J., et al. (2022).
China economy-wide material flow account database from 1990 to 2020. Scientific Data, 9(1),
502.

Cheung, K.-y., & Ping, L. (2004). Spillover effects of fdi on innovation in china: Evidence from the
provincial data. China economic review, 15(1), 25-44.

Collewet, M., & Sauermann, J. (2017). Working hours and productivity. Labour economics, 47, 96-106.

Costa, C. (2018). Understanding dsge models: Theory and applications. Vernon Press.

Dafermos, Y., Nikolaidi, M., & Galanis, G. (2017). A stock-flow-fund ecological macroeconomic model.
Ecological Economics, 131, 191-207.

Dafermos, Y., Nikolaidi, M., & Galanis, G. (2018). Climate change, financial stability and monetary
policy. Ecological Economics, 152, 219-234.

D’Alessandro, S., Cieplinski, A., Distefano, T., & Dittmer, K. (2020). Feasible alternatives to green
growth. Nature Sustainability, 3(4), 329-335.

Fontana, G., & Sawyer, M. (2016). Towards post-keynesian ecological macroeconomics. Ecological Eco-
nomics, 121, 186-195.

George, A., & Dafermos, Y. (2023). Green fiscal policy in an empirical uk e-sfc model. Conference paper.

Gibbard, A., & Varian, H. R. (1978). Economic models.

Godley, W., & Lavoie, M. (2006). Monetary economics: An integrated approach to credit, money, income,
production and wealth. Springer.

Goldberg, P. K., & Knetter, M. M. (1996). Goods prices and exchange rates: What have we learned?

Hicks, J. R. (1937). Mr. keynes and the” classics”; a suggested interpretation. Fconometrica: journal of
the Econometric Society, 147-159.

Hidalgo, C. A., & Hausmann, R. (2009). The building blocks of economic complexity. Proceedings of the
national academy of sciences, 106(26), 10570-10575.

Huang, B., Punzi, M. T., & Wu, Y. (2021). Do banks price environmental transition risks? evidence from
a quasi-natural experiment in china. Journal of Corporate Finance, 69, 101983.

Jacques, P., Delannoy, L., Andrieu, B., Yilmaz, D., Jeanmart, H., & Godin, A. (2023). Assessing the
economic consequences of an energy transition through a biophysical stock-flow consistent model.
Ecological Economics, 209, 107832.

Jetin, B., & Reyes Ortiz, L. (2020). Wage-led demand as a rebalancing strategy for economic growth in
china. Journal of Post Keynesian Economics, 43(3), 341-366.

Jun, Y., Zhong-kui, Y., & Peng-fei, S. (2011). Income distribution, human capital and environmental
quality: Empirical study in china. Energy Procedia, 5, 1689-1696.

Keynes, J. M. (1937). The general theory of employment. The quarterly journal of economics, 51(2),
209-223.

Lavoie, M. (2022). Essentials of heterodox and post-keynesianeconomics. In Post-keynesian economics
(pp. 1-74). Edward Elgar Publishing.

Lee, J., & Lee, Y.-K. (2016). Can working hour reduction save workers? Labour Economics, 40, 25-36.

36



BIBLIOGRAPHY

Lin, J. Y. (2016). Will china continue to be the engine of growth in the world. Journal of Policy Modeling,
38(4), 683-692.

Lorenczik, S., Kim, S., Wanner, B., Bermudez Menendez, J. M., Remme, U., Hasegawa, T., Keppler, J. H.,
Mir, L., Sousa, G., Berthelemy, M., et al. (2020). Projected costs of generating electricity-2020
edition (tech. rep.). Organisation for Economic Co-Operation and Development.

Marshall, A. (1890). 1920. principles of economics. London: Mac-Millan, 1-627.

Mazier, J., & Reyes, L. (2022). A stock flow consistent model for the french economy. In Macroeconomic
modelling, economic policy and methodology (pp. 89-112). Routledge.

Meijers, H., & Muysken, J. (2022). The macroeconomic implications of financialisation on the wealth
distribution: A stock-flow consistent approach.

Monnin, P., et al. (2015). The impact of interest rates on electricity production costs. Council on Eco-
nomic Policies: Zurich, Switzerland.

Pachauri, R. K., Reisinger, A., et al. (2007). Ipcc fourth assessment report. IPCC, Geneva, 2007(673),
044023.

Pissarides, C. A. (2000). Equilibrium unemployment theory. MIT press.

Reati, A. (2001). Total factor productivity-a misleading concept. PSL Quarterly Review, 54 (218).

Renard, M.-F. (2018). L’économie de la chine. La Découverte.

Revankar, N. S. (1971). A class of variable elasticity of substitution production functions. Econometrica:
Journal of the Econometric Society, 61-71.

Rezai, A., Taylor, L., & Mechler, R. (2013). Ecological macroeconomics: An application to climate change.
Ecological Economics, 85, 69-76.

Skans, O. N. (2001). The effects of working time reductions on wages, actual hours and equilibrium
unemployment (tech. rep.). IFAU-Institute for Evaluation of Labour Market and Education
Policy.

Smets, F., & Wouters, R. (2003). An estimated dynamic stochastic general equilibrium model of the euro
area. Journal of the European economic association, 1(5), 1123-1175.

Solow, R. M. (1956). A contribution to the theory of economic growth. The quarterly journal of economics,
70(1), 65-94.

Song, L., Han, J., Li, N., Huang, Y., Hao, M., Dai, M., & Chen, W.-Q. (2021). China material stocks
and flows account for 1978-2018. Scientific Data, 8(1), 303.

Sorrell, S., & Dimitropoulos, J. (2008). The rebound effect: Microeconomic definitions, limitations and
extensions. Fcological Economics, 65(3), 636-649.

Su, X., Ghersi, F., Teng, F., Le Treut, G., & Liang, M. (2022). The economic impact of a deep decarbon-
isation pathway for china: A hybrid model analysis through bottom-up and top-down linking.
Mitigation and Adaptation Strategies for Global Change, 27(1), 11.

Tobin, J. (1982). Money and finance in the macroeconomic process. Journal of money, credit and banking,

14(2), 171-204.

37



BIBLIOGRAPHY

Valdecantos, S. (2022). Endogenous exchange rates in empirical stock-flow consistent models for periph-
eral economies: An illustration from the case of argentina. Journal of Post Keynesian Economics,
45(4), 636-666.

Vines, D., & Wills, S. (2020). The rebuilding macroeconomic theory project part ii: Multiple equilibria,
toy models, and policy models in a new macroeconomic paradigm. Ozford Review of Economic
Policy, 36(3), 427-497.

Wang, Y., Zhou, Y., Yu, X., & Liu, X. (2021). Is domestic consumption dragged down by real estate
sector?’—evidence from chinese household wealth. International Review of Financial Analysis,
75, 101749.

Yang, X., & Teng, F. (2018). Air quality benefit of china’s mitigation target to peak its emission by 2030.
Climate Policy, 18(1), 99-110.

Yoo, P. S. (1995). Capacity utilization and prices within industries. Review, 77.

Zezza, F., & Zezza, G. (2022). A stock-flow consistent quarterly model of the italian economy. In Macroe-
conomic modelling, economic policy and methodology (pp. 113-142). Routledge.

Zezza, G., & Zezza, F. (2019). On the design of empirical stock—flow consistent models. Furopean Journal

of Economics and Economic Policies: Intervention, 16(1), 134-158.

38



Acknowledgements

I would like to thank my parents who supported me to do a PhD.

I would like to thank all of my colleagues in Siena who accompanied me on this four-year
journey and shared many happy memories. I would like to name some of them from the PhD
37th cycle: Dario Chiaiese, Haomiao Niu, Lorenzo Pinna, Valentina Ciriotto, Vinicius Da Silva
Centeno, Yusuf Ziya Sen.

I would like to thank my supervisor, Professor Simone D’Alessandro, who is always sup-
portive.

I would like to thank Professor Yannis Dafermos, who guided me during my research visiting
period at the University of SOAS in London.

I would like to thank Professor Luis Reyes-Ortiz, who was my master’s supervisor and
continues to advise me to this day.

I would like to thank Guilherme Spinato Morlin, my first discussant at the Pontignano
annual meeting, for providing me with advice on my first paper.

I would like to thank Professor Gennaro Zezza and Francesco Zezza for their support in
developing an empirical stock-flow consistent model for China.

I would like to thank many people whom I have forgotten to mention, but with whom I met

during my PhD.

39



	Introduction
	Modelling the Green Transition of the Chinese Economy
	Introduction
	The Model
	Energy Sector
	Carbon Emissions
	Macroeconomy

	Simulation
	Initial values and parameters specifications
	Results

	Conclusion and Remark

	An Empirical Ecological Stock Flow Consistent Model of China
	Introduction
	The Model
	Energy
	Materials
	Macroeconomy

	Data and parameters
	Model validation
	Prediction
	Baseline
	Working hours reduction, wage increase and social benefits

	Conclusion and Remark

	A Comparison of an Empirical Stock Flow Consistent Model and a New Keynesian Model of China
	Introduction
	The New Keynesian model
	Households
	Firms
	Banks
	Final good market

	Data and parameters
	Model validation
	Prediction
	Baseline
	Wage policy

	Conclusion and discussion

	Acknowledgements

		2025-09-04T21:38:14+0200
	Siena
	David Yi An




