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Abstract

This paper develops a model for optimal local government debt with Chinese
characteristics, which takes into account the roles of the central government
and local governments in the macroeconomy. The central government is tasked
with providing optimal public goods to the entire society. The central govern-
ment needs to trade-off the utility of households and the utility of public goods
provided by the government, assign different weights to them, and strive to max-
imize the welfare of the whole society. Local governments are responsible for
providing optimal public goods to their jurisdictions, with their revenue sources
including profits from local state-owned assets (including land use right transfer
revenues), taxes, and the issuance of bonds. Using a calibration method, we
determine the optimal debt and debt limits for the Shanghai municipal govern-
ment and other local governments. The findings indicate that the model can
effectively estimate the debt and debt limits of local governments.
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Abstract: This paper develops a model for optimal local government debt with
Chinese characteristics that incorporates the distinct roles of central and local
governments in the macroeconomy. The central government is tasked with pro-
viding optimal public goods to society as a whole, balancing household utility
against the utility derived from government-provided public goods by assigning
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different weights to maximize overall social welfare. Local governments are re-
sponsible for providing optimal public goods to their jurisdictions, with revenue
sources including profits from local state-owned assets (including land use right
transfer revenues), taxes, and bond issuance. Using a calibration method, we
determine the optimal debt and debt limits for the Shanghai municipal govern-
ment and other local governments. Our findings indicate that the model can
effectively estimate local government debt and debt limits.
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Introduction

Local government debt has played a critical role in China’ s economic devel-
opment. To mitigate the impact of the 2008 financial crisis, China’ s central
government implemented an active fiscal policy through a large-scale invest-
ment program widely known as the “Four Trillion Yuan Plan.” The central gov-
ernment planned to allocate 1.18 trillion yuan to infrastructure development,
government-managed funds, public investments, and post-disaster reconstruc-
tion efforts following the Wenchuan earthquake. Together with matching funds
from local governments and social investment, this formed a total investment
scale of four trillion yuan.

By the end of 2012, government debt financing had been extensively allocated
across sectors such as transportation, urban development, land reserves, edu-
cation, cultural initiatives, healthcare, agriculture, ecological conservation, en-
vironmental protection, and affordable housing, which together accounted for
92.14% of total expenditures. This influx of debt-supported investments spurred
rapid development in local infrastructure projects, including highways, railways,
airports, urban rail transit, roads, and bridges, enabling comprehensive domes-
tic infrastructure growth and sustaining China’ s high-speed economic growth
in the post-crisis period.

However, the debt-fueled economic acceleration also led to a substantial rise
in local government debt levels. Data from the National Audit Office and the
Ministry of Finance reveal that from 2007 to 2023, China’ s local government
debt increased from 4.51 trillion yuan to 41.62 trillion yuan, with the debt-
to-GDP ratio rising from 16.66% to 29.10%. The debt-to-GDP ratio for local
governments peaked in 2013, subsequently declined to approximately 20%, and
then sharply rose again to 33.67% by 2023. This resurgence was primarily due to
intensified fiscal stimulus from both central and local governments in response
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to the economic disruptions caused by the COVID-19 pandemic. For further
details, refer to Table 1 .

In response to the challenges posed by local government debt accumulation, the
Chinese government enacted a revised Budget Law of the People’ s Republic
of China in 2015. Commencing in 2015, the Ministry of Finance embarked
on a debt restructuring initiative that strategically replaced short-term, high-
interest debt from government financing platforms with long-term, low-interest
bonds. This transition aimed to alleviate the debt burden and optimize the
debt structure of local governments. Simultaneously, the central government
implemented a debt limit management policy for local governments under the
Budget Law and the State Council’s Opinions on Strengthening the Management
of Local Government Debt (Guofa [2014] No. 43), which received approval from
the Standing Committee of the National People’s Congress (NPC). This measure
alleviated the pressure of local government debt and reduced associated risks.

The Fifth Session of the 13th National People’s Congress reviewed and approved
a national local government debt limit of 37.65 trillion yuan for 2022, with a
general debt limit of 15.83 trillion yuan and a special-purpose debt limit of 21.82
trillion yuan. As of October 2022, the outstanding local government debt stood
at 35.17 trillion yuan, which remains within the limit sanctioned by the NPC.
This debt includes 14.46 trillion yuan in general debt and 20.71 trillion yuan
in special debt, comprising 35.01 trillion yuan in local government bonds and
162.3 billion yuan in non-bond forms of local government debt. The average
remaining maturity of local government bonds is 8.5 years, with general bonds
averaging 6.3 years and special bonds at 10.1 years; the average interest rate is
3.4%, with general bonds at 3.39% and special bonds at 3.4%.

In 2023, China’ s central government debt reached 30.03 trillion yuan, and local
government debt was 41.62 trillion yuan. Together, these accounted for 56.93%
of China’ s GDP. By contrast, according to the International Monetary Fund,
the debt-to-GDP ratio for the U.S. government in 2023 was 118.73%, Japan’
s government debt stood at 249.67% of GDP, the U.K.” s at 99.97%, and the
debt-to-GDP ratio of advanced economies was 108.69%. These figures reveal
that debt ratios in developed economies such as Europe and the United States
are markedly higher than that of China, yet these economies have not faced debt
crises. This context raises the question of whether China’s stringent debt control
policies are overly restrictive. Therefore, we should systematically determine the
optimal debt level for China’ s local governments, assess the rationality of debt
limits, and explore methodologies for optimizing local government debt.

Literature Review and Research Approach

Extensive research has explored optimal government debt from various theo-
retical and empirical perspectives. Barro (1979) approached this issue using
the Ricardian equivalence theorem, equating the present value of government
expenditures with future tax liabilities to create a cost function based on tax-
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ation and output. His analysis, constrained by Ricardian equivalence, sought
to minimize the total cost of tax collection and thereby determine an optimal
debt level. However, as Bernheim (1987) observed, the validity of Barro’ s con-
clusions depends critically on Ricardian equivalence, which requires seven core
assumptions to hold. Aiyagari and McGrattan (1998) expanded on this topic
through a model with infinitely lived households whose saving behavior is influ-
enced by precautionary saving motives and borrowing constraints. By linking
government debt to household assets, they constructed a social welfare func-
tion. Their numerical approach to maximizing social welfare has since become
foundational in government debt research, with numerous studies refining and
extending their framework.

Aiyagari et al. (2002) consider government debt as the sum of discounted future
fiscal deficits and employ the Ramsey method to study optimal government debt
and taxation. Floden (2001) modified the infinite-life household model into a
two-period overlapping generations model to examine the effects of welfare poli-
cies on optimal debt. His findings indicated that welfare gains from increased
debt occur only when transfer payments exceed optimal levels. Similarly, Leeper
et al. (2021) contributed to this area by incorporating government consumption
directly into the social welfare function, without differentiating among house-
hold asset types. Vogel (2023) applied a multi-period overlapping generations
model, linking government debt and social welfare by adjusting taxes or transfer
payments to modulate debt levels. This approach enabled him to relate social
welfare to government debt, thus identifying the optimal debt level. Rohrs
(2016) also employed a two-period overlapping generations model, integrating
the utility derived from public goods into household utility functions and intro-
ducing voting weights to form a political target function. His research found
that the elasticity of substitution between public and private consumption in-
fluences public debt scale, accounting for observed cross-national differences in
debt levels. Elberry et al. (2023) provided an insightful review of advancements
in government debt research.

Chinese scholars have conducted extensive research on central and local govern-
ment debt in China. Lin and Gong (2006), building on the theoretical model
established by Aiyagari and McGrattan (1998), conducted empirical analysis on
the long-term equilibrium state of the economy and found that the optimal pub-
lic debt in China remains negative. Jia and Guo (2011) constructed a two-sector
(enterprises and households) endogenous growth iterative model to numerically
simulate the impact of fiscal policy changes on long-term economic growth and
government debt scale under different fiscal rules. Yan and Liao (2017) dis-
cussed the long-term equilibrium of the economy when the government finances
public investment through borrowing, based on a three-sector overlapping gen-
erations model with an endogenous growth mechanism, indicating that under
certain conditions, there exists a positive government debt-output ratio in the
economic system.

Regarding local debt in China, Shi (2010) analyzed the causes of local govern-
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ment debt problems, pointing out two main factors: the “macro policy view,”
which attributes debt to the national economic stimulus investment expansion
plan in response to the global financial crisis requiring local government fund-
ing to match; and the “financial system view,” which identifies the trend of
“revenue centralization and expenditure decentralization” formed after the 1994
tax reform as a key driver. Chen and Wang (2016) constructed a three-sector
dynamic equilibrium model, and their research showed that when the govern-
ment is not constrained by debt, there is an inverse “U-shaped” relationship
between government debt and economic growth; when the government is sub-
ject to debt constraints, the economic growth rate gradually decreases with
the increase of government debt. Zhu and Xu (2018) introduced the central
and local government structure into the mainstream dynamic general equilib-
rium model to examine the dynamic impact of local fiscal policies on China’ s
macroeconomy under fiscal decentralization. Tian and Zhao (2019) studied the
joint impact of financial system efficiency and local government debt. Guo et
al. (2020) investigated the mechanism of local government debt, finding that fis-
cal decentralization, budget soft constraints, economic performance promotion
incentives, government guarantees, and financial market efficiency are theoreti-
cal mechanisms for the formation of local government debt; moral hazard is the
essence of the formation mechanism of local government debt. Li et al. (2020)
constructed a new Keynesian DSGE model that includes “double defaults” of
ordinary enterprises and local government financing platform enterprises, and
“dual pillars” of monetary policy and macroprudential policy, indicating that
risk shocks from both types of enterprises are an important source of economic
fluctuations in China. Gao et al. (2022) used the financial accelerator model
to analyze the impact of local debt on China’ s economic fluctuations, consid-
ering the role of local governments in modeling and providing optimal public
goods. Lv et al. (2024) constructed a macroeconomic-based model to study the
sustainability of China’ s public finance.

When studying local debt, China’s special national conditions must be taken into
account, particularly the significant impact of land factors on local debt. Zhao
et al. (2017) constructed a dynamic general equilibrium model that reflects the
land finance behavior of local governments in China, theoretically and quantita-
tively analyzing the dynamic accelerator mechanism of land finance. Liang and
Hao (2019) constructed a five-sector general equilibrium model that includes
shadow banking and land finance, indicating that the slowdown of economic
growth, the high cost of local government fund use, and increased uncertainty
of land transfer income are the main factors leading to the unsustainability of
local government debt in China. Li (2019) analyzed the potential mechanism
of local government debt inducing systemic financial risks from the perspective
of local government bonds and land finance within a general equilibrium frame-
work. Zhao et al. (2021) constructed a dynamic general equilibrium model that
includes macro-control, local governments, land markets, and local government
debt, studying the internal logical mechanism of external shocks such as finan-
cial crises affecting China’ s economic development, emphasizing the key role of
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China’ s characteristic macro-control and local government behavior.

Regarding local government debt limits, many Chinese scholars have also con-
ducted relevant research. Diao (2015) analyzed local government fund income
and the repayable portion of local public finance income, examining general debt
limits and special debt limits separately, and pointed to the need to reduce debt
scale by disposing of government assets to ensure rigid implementation of debt
limits after the “new regulations” on local debt. Ma and Kong (2017) proposed
using six indicators to design a local government debt limit index system. Yang
(2018) used the project evaluation method to study local government debt ceil-
ings, employing a credit scoring template to evaluate credit risk levels. Wang
et al. (2017) used the zero-sum revenue DEA model to evaluate the efficiency
of local government debt at the provincial level, noting that the efficiency of
government debt use in most Chinese provinces and regions is relatively low,
necessitating reallocation of local government debt limits based on the principle
of optimal efficiency under a fixed total amount.

The review of literature indicates that mainstream Western economic methods
are used in both domestic and international studies on optimal government
debt in China. However, foreign research on optimal debt rarely endogenizes
government consumption. Secondly, there is rarely a distinction made between
household utility and the utility of public goods provided by the government.
While public goods provided by the government constitute a form of welfare,
they are distinct from household utility (welfare) because households with dif-
ferent assets, incomes, and tax burdens enjoy the same public goods. Lastly,
mainstream Western economic methods almost entirely ignore state-owned as-
sets, making them unsuitable for direct application to studying China’ s optimal
government debt.

Western mainstream economics is based on the capitalist system and primarily
focuses on private ownership of production means. The income sources for capi-
talist governments are taxation and debt issuance. In contrast, China practices
a socialist economic system with public ownership as the mainstay, where the
government’ s role in the economy and society significantly differs from that
in Western capitalist countries. The Chinese government possesses substantial
state-owned assets and state-owned enterprises, and land resources are state-
owned. The government is not only an economic manager but also a direct
participant in economic activities. For example, state-owned enterprises under
the Chinese central government are managed by the State-owned Assets Supervi-
sion and Administration Commission, and large state-owned commercial banks
are held by the Ministry of Finance. In addition to taxation and debt issuance,
state-owned assets owned by the government generate significant income.

In typical macroeconomic models, the government is required to provide public
goods to society, but rarely is there an emphasis on the government needing
to provide optimal public goods. In China, the government is tasked with
providing public goods and, more importantly, optimal public goods. Besides
providing optimal public goods, the government must also consider household
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welfare. Due to this difference, the central government needs to weigh these two
different utilities based on the stage of economic and social development and
pursue the maximization of overall social welfare through taxation.

The positioning of local governments is often not viewed from the basic function
of providing public goods, but rather as a tournament for government officials
to pursue promotion (Zhou (2007)). Moreover, local governments do not have
the power to set taxes and cannot act as social planners in China. They are
independent of local households, making the Ramsey model unsuitable for them.

Through research and study of Chinese and foreign literature, we have iden-
tified several issues in current Chinese local government debt research. First,
most studies lack a systematic perspective, focusing only on partial variables
while neglecting other crucial ones. For instance, they fail to consider central
government-set taxes, as well as central government investments and consump-
tion. These variables interact and influence each other in the operation of the
entire economy, and none can be omitted.

Second, the constraints faced by local governments are not fully accounted for,
particularly the revenues generated by local state-owned enterprises (SOEs),
which constitute a significant income source for local governments. Local gov-
ernment expenditures should be categorized into consumption and investment:
consumption is used to provide public goods, while investment forms state-
owned assets that support the operations of local SOEs. However, some studies
incorrectly incorporate local government expenditures into enterprise produc-
tion functions. Lastly, there is ambiguity in defining the role of local govern-
ments, whose primary objective should be to provide optimal public goods to
their local communities.

In response to these existing issues, we have constructed a macroeconomic model
with Chinese characteristics to study China’ s optimal local government debt.
We first introduce households who own assets, earn asset returns, receive wage
income by providing labor to enterprises, and pursue utility maximization. Sec-
ondly, we introduce enterprises, distinguishing between state-owned enterprises
(SOEs) and private enterprises to reflect China’ s national conditions. SOEs are
further divided into central and local SOEs, all pursuing profit maximization.

We also focus on the role of the government, divided into central and local
governments. The central government and local governments provide different
public goods to society that they are respectively responsible for. Local gov-
ernment revenue comes from taxation, profits from local SOEs, land income,
and debt issuance. Both central and local governments aim to provide optimal
public goods. The central government acts as a central planner, considering
household utility and public goods when formulating tax policies, pursuing the
maximization of overall societal welfare. Based on this, we determine the op-
timal tax set by the central government and the optimal debt issued by local
governments.

The innovation of this paper is that we establish a Chinese macroeconomic
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model and apply it to the study of optimal local government debt. In this
model, we fully consider the characteristics of socialism with Chinese features,
introducing state-owned land and state-owned enterprises to create a macroeco-
nomic model with Chinese socialist characteristics and apply it to the study of
local government debt, providing theoretical guidance for the management of
local government debt limits.

The following sections of this paper are structured as follows: The third section
constructs the theoretical model and presents the optimal debt. The fourth
section provides empirical analysis, and the fifth section concludes.

The Model

In this section, we construct the theoretical model. Our model involves three
main participants: households (including local households and other local house-
holds), the government (comprising the central government, the local govern-
ment, and other local governments), and enterprises (which include local and
other local private enterprises, central government-owned state-owned enter-
prises (SOEs), and local government-owned SOEs). Households provide labor
to enterprises to earn wages, invest to form assets, receive returns, and pay
taxes to the government. Enterprises utilize the assets of households or the
governments, lease land from the governments, hire workers, produce goods,
and generate profits. Local governments own assets and receive rental income,
own local SOEs and enjoy their profits, lease land to enterprises, collect tax
revenues from households, issue bonds, and provide public goods. The central
government has similar functions but without land rent incomes. China prac-
tices a tax-sharing system, with the central government setting tax policies and
sharing tax revenues with local governments at a certain ratio. The debt limits
for local government bonds are determined by the NPC.

3.1 Households

We divide households into two parts: local households and other local house-
holds. Considering local households, we denote different households with the
superscript j. Let N, represent the total number of local households and N}
represents the total number of other households.

3.1.1 Local Households The utility of local household j can be expressed

as:
s 1+1/ls
U',t =L, p* ln(C-7t+S) — At
J ; J 1+1/1,
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In our model, the utility function for household consumption is taken to be a
logarithmic function.

Household j aims to maximize utility subject to the budget constraint:

Ciw+1,,+B;, =RK;, +W,.L,, +P;,—T;,
At time ¢, the consumption of household j is denoted as C; ;. Household j rents
its assets K, to enterprises at a rental rate R, and also receives a share of the
profits P; , from the enterprises. Households provide labor L, , to enterprises and
earn Wage income W, L; ; at the wage rate W, I; ; is the household’ s investment,
B; , is the amount of government bonds purchased by the household, R, is the
interest rate, P, is the price level, E, represents the conditional expectation, I
represents the inverse of the elasticity of work effort with respect to the real

wage, and T} , represents the lump-sum tax paid by the household.

The accumulation equation of the household’ s assets is:

I,
K],t+1:(1_5>Kj7t+lj,t_5<]' L >Ij7t
jit—1

In the evolution equation, § represents the depreciation rate, and S(-) is an
adjustment cost function that equals zero in steady state with a constant invest-
ment level.

3.1.2 Other Local Households Next, we consider other local household j,
who are similar to local households. We distinguish their parameters by adding
a superscript * to them. The utility of other households can be expressed as
follows:

L* )1+1/l§

* (jt+s
Ui, =L, Zﬁ lnC]t-FS)_W

Other households also pursue utility maximization subject to the budget con-
straint:

Ci,+1;,+ B, =RiK;, + W{L;, + Pf =17},
At time ¢, household j° s consumption is C7 ;, rents its assets K, to enterprises
at a rental rate, and also shares in the enterprises’ profits P;. The household
supplies labor L7, to the enterprises, earning wage income W;L7 , at the wage
rate W/, with I7, representing the household’ s investment, Bj the amount of
government bonds purchased by the household, and T7, the taxes paid by the
household.
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The accumulation equation of the other local household” s assets is:

jit—1

I,
K;,tJrl =(1 *5*>K;,t JFI;,t -5 (I*L ) I;,t

3.2 Enterprises

We categorize enterprises into two types: final goods producers and intermediate
goods producers. The final goods producers operate under perfect competition,
while the intermediate goods producers are under monopolistic competition. To
simplify, we assume that intermediate goods are produced by two types of en-
terprises, namely state-owned enterprises and private enterprises. Here, private
enterprises are further divided into local and other local private enterprises;
state-owned enterprises are divided into local and other local state-owned en-
terprises, and central enterprises are divided into local and other local central
enterprises. For convenience, we represent local private enterprises with 1, local
state-owned enterprises with 2, and local central enterprises with 3. We use
1* for other local private enterprises, 2* for other local state-owned enterprises,
and 3* for other local central enterprises.

It is assumed that final goods are produced by a perfectly competitive enterprise
using intermediate goods. The production technology for final goods is:

L ea 1
_ v e
Y, = E W Yi,t
7

where p! is the price markup, and w; is the weight of intermediate goods in the
total output in a steady state. The final goods sector aims to maximize profits,
from which we can derive:

max PY, — Y P,,Y;,
pa _ P,

where P, is the price of intermediate goods, i € {1,2,3,(1,)*(2,)",(3,)"}.
Since the final goods sector is perfectly competitive, profits are zero in equilib-
rium, and the price of intermediate goods can be expressed as:

Vo ©
P, =w, (t) P,
! Y., !

We know that enterprises need capital for production, such as fixed assets, fac-
tories, and land. In China, land is a special means of production owned by the
state. Households or enterprises cannot purchase land; they can only purchase
land use rights. The term of land use rights for industrial purposes is 50 years.
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We convert the cost of purchasing land use rights by enterprises into rental
fees for leasing the land, which is equivalent to enterprises renting land from
the government. In this way, we distinguish the capital used by enterprises,
which includes land and assets excluding land, denoted K%flt“d and K;,. The
production function for intermediate goods enterprise 14 is:

— « land\d 7 1—a—d
Y;7t = Ki,t(Ki,t ) Li,t

where « represents the share of capital income in output, and 1—a—d represents
the share of land income in output.

Enterprise ¢ pursues profit maximization:

land g-land
max =P, Y;, — Ry — Wil — REOKG
Kq‘,,f,»Li,twKi?zl

where R}*"? is the rental rate for land.

3.3 Government

In order to study optimal local government debt, it is necessary to introduce
three types of government: the local government, other local governments, and
the central government. To distinguish between these three different govern-
ments, we denote them as A, B, and C, where A represents the local government,
B represents other local governments, and C represents the central government.

3.3.1 The Local Government In China, local governments can only use
bond financing and are not allowed to borrow from banks. Local governments,
however, do hold local state-owned assets and land.

The budget constraint for the local government is as follows:

G + I + Ry By = T{ + PR + RP™ME™ " + B + TR,

In the model, Gf‘ represents the expenditures of the local government, ItA rep-
resents the investments made by the local government, Kiand’A represents the
land investments by the local government, B! is the bonds issued by the local
government, K;* represents the assets owned by the local government, Liand’A
represents the land owned by the local government, T'R, is the transfer payments
received by the local government from the central government?, T/ represents
the taxes collected by the local government, and P/ is the profit obtained by

the local government from holding local state-owned enterprises.

chinarxiv.org/items/chinaxiv-202509.00161 Machine Translation


https://chinarxiv.org/items/chinaxiv-202509.00161

ChinaRxiv [$X]

3Here, we briefly explain the reason for introducing transfer payments. When
studying the optimal debt of local government and conducting empirical re-
search, we found that transfer payments have a significant impact. The decision-
making process for transfer payments by the central government is highly com-
plex, taking into account its control over local governments and the pursuit
of fairness. Therefore, we assume here that transfer payments are already an
optimal decision.

The accumulation equation of the local government assets is as follows:

K, =(1—=8K+ 1

where § represents the depreciation rate. The land owned by the government is
leased to enterprises only for the right to use; the ownership of the land remains
with the government. The local government still needs to invest in the land,
hence there is an accumulation equation of land:

land, A land, A land, A

Ktil = (1-n)K;" + 1,
Land is a special type of asset, as it does not depreciate. However, in China,
what local governments sell is the land use right. Therefore, there is depreciation
in the asset of land use right. 7 is the depreciation in the asset of land use right.

The local government is required to provide public goods to local society. The
more public goods provided by local government, the higher the satisfaction of
society. Therefore, the utility for local government is to provide public goods to
society. We assume that the local government uses a technology f to transform
government expenditures into public goods:

Gt = e
The local government pursues the optimal utility of public goods:

o0

max Z B In(GP)

G?’ItAvKiand’A’B? t=0
The decision variables for local government are G, I/, Kéand’A7 and B}, ex-
cluding taxes, because local governments do not have the right to set tax policies.
In China, tax policies are set by the central government.

In China’ s political system, there is a hierarchical relationship between the cen-
tral government and local governments. The central government is the supreme
authority, and local governments at all levels are institutions that implement
local administrative management under the guidance of the central government.
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Although local governments have a certain degree of autonomy in making var-
ious decisions, when determining the optimal local government debt to ensure
the sustainability of local finance, the NPC sets debt limits for local governments
to ensure that their debts do not exceed these limits*. Therefore, in determining
the optimal debt levels for local governments, we introduce exogenous variables,
denoted Bf*, BP, and BE, which represent the debt ceiling of the local govern-
ment, other local governments, and the central government, respectively. Thus,
the ultimate optimal debts for the local government, other local governments,
and the central government should be Bf* < B{*, B < BE, and BY < BY.

4“When the NPC sets the annual debt limit, it includes the special bonds issued
by local governments. The optimal debt of the local government is the opti-
mal generalized fiscal deficit. When formulating the optimal debt, considering
fiscal sustainability, the net debt issued by the government cannot exceed the
present value of future fiscal deficits. Therefore, the annual debt limit for local
governments set by the NPC differs from the exogenous debt limit determined
by fiscal sustainability considerations.

3.3.2 Other Local Governments We now consider other local governments,
which similarly can only rely on bond financing. The other local governments

can transform government expenditures into public goods using a specific tech-
nology f:

GP"™P = f(GP)

Other local governments pursue:

= t pub,B
max Z Bt In(G} )

land, B
GPLIP K7, BP =0

The decision variables for other local governments are G2, IB| K iand’B, and BE,
excluding taxes.

The accumulation equation of other local governments’ assets is represented by:

Kg—l = (1 - 5)KtB + ItB

The accumulation equation of other local governments’ land is:

Kiinld,B _ (1 . n)Kiand,B + Itland,B
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3.3.3 Central Government The central government provides public goods
distinct from those provided by local governments, with no overlap between the
public goods offered by local and central governments. The sources of income for
the central government include taxes, bonds, profits from central state-owned
enterprises, and asset rental revenues. Similarly, we assume that the central
government can use a technology to transform government expenditures into
public goods. China’ s fiscal policy is formulated by the central government.

China implements a tax-sharing system, and local governments do not have
the right to formulate their own tax systems. Therefore, when formulating tax
policies, the central government fully considers the needs of local governments
as well as the interests of households. Thus, when making optimal decisions,
the central government considers providing optimal goods, not only those that
the central government should provide but also those that local governments
need to provide. Therefore, we divide the decision-making role of the central
government into two parts: the first role is as a social planner when setting taxes,
considering the utility of households and the government, with taxes being the
decision variable. The second role is to provide optimal public goods to society.

When determining taxes, the central government needs to consider the utility
of households and the government:

Ny
W, = 0°In(GP™) + (1—69) > U,
j=1

The decision variable for the central government is 7,. Among them, 6¢ is the
weight that the central government assigns to the utility of the total public
goods provided by the government.

Constraints for the central government:

G?+IF+Rth1:TtC+PtC+RtKE+B?

The constraints for households differ from the constraints (3) and (14) at the
time of optimal decision-making. When the government optimizes by consider-
ing the utility of households, it is actually done on the basis that households
have already made their optimal decision variables. The government’ s deci-
sion variable considers the tax in the households’ constraints and the entire tax.
Therefore, the utility function for households can be rewritten as:

N, N;
Uy=> U, +> U,
j=1 j=1

The constraints can be rewritten as:
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C,+I,+B,=RK,+W,L,+P,—T,

In the above constraints, we express the variables in the following aggregated
manner:

N, N;
Co=> C +> Cy
j=1 j=1

The remaining variables are aggregated in a similar manner.

Since China practices a tax-sharing system, after the government makes optimal
tax decisions, we can obtain the taxes for the central and local governments.
Therefore, the central government’ s tax revenue is:

TC =c- T,
where ¢ represents the proportion of central government taxes in total taxes,

b represents the proportion of other local governments in total taxes, and a
represents the proportion of the local government in total taxes.

The taxes for the local government are:
TA=a-T,

The taxes for other local governments are:

TE =b-T,

As a provider of public goods, the central government needs to provide public
goods to society and pursue utility maximization:

oo}

max Z Bt In(GP>©)

Gtcvltchtc t=0

The decision variables for the central government are G¢', IC, and K.

The central government’ s intertemporal budget constraint is given by:

GS + I + R,BY | =TF + PF + R, KF + BY

The accumulation equation of the central government’ s assets is given by:

Ky =(1—0)Kf+1If
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3.4 Monetary Policy

We assume that the central bank determines interest rates according to the
Taylor rule:

Rt =R"+ ¢7\'(ﬂ-t - T(*) + ¢y(y;f - Y*)

where 7, R*, and Y™ represent the target inflation rate, target interest rate,
and target output, respectively.

3.5 Market Clearing

The optimal decision variables for local households include C; 4, I, ,, K, L; 4,

and B+ The optimal decision variables for other local households include C7 ,,
I K;t, it and Bj . The optimal decision variables for local private enter-
prises include Ly, and K 1,t- The optimal decision variables for local state-owned
enterprises include Ly, and K, ;. The optimal decision variables for other local
central enterprises include L;, and Kj3,. The optimal decision variables for
other private enterprises include Lj, and K7 ;; the optimal decision variables
for other local state-owned enterprises include L3, and K3 ;. The optimal de-
cision variables for other central enterprises 1nclude L3, and K 3¢~ The central
government, acting as a social planner, determines the optlmal tax decision vari-
ables T}; the decision variables for the local government in providing optimal

public goods include G, I/, Kiand’A, and Bf'. The decision variables for other

governments in providing optimal public goods include GB, IB, K5 and

BP. The decision variables for the central government in providing optimal
public goods include G¢, I, and KE. Price variables include W,, P,, P, + By,

land . .
R Ry and R*"; exogenous variables include N, and N;.

A competitive equilibrium is attained under the optimal decision variables of
households, enterprises, and governments:

1. The optimal decision for local households is achieved by maximizing utility
(2) under constraints (3) and (4).

2. The optimal decision for other local households is achieved by maximizing

utility (5) under constraints (7) and (8).

. Total output is determined by equation (9).

4. The optimal decision for local governments is achieved by maximizing the
utility of public goods provision (18) under constraints (14), (15), and
(16).

5. The optimal decision for other local governments is achieved by maximiz-
ing the utility of public goods provision (21) under constraints (22), (23),
and (24).

6. The central government, as a social planner, determines the optimal tax
by maximizing the overall welfare function of society (25) under constraint
(26).

w
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7. The optimal decision for the central government is achieved by maximizing
the utility of public goods provision (34) under constraints (35) and (36).

8. The equilibrium of total labor supply satisfies: L, = Ly ; + Ly, + L ;.

9. The profits shared by households satisty: P, = P, + P, + P, and
Pt*:PftJFP;,tJFPg}t- /

10. The profits shared by local governments: P/ = P, ;. The profits shared
by other governments: PP = P3,. The profits shared by the central
government: PC = P+ P5,.

11. The market clearing condition for prices is determined by equation (11).

12. The clearing of the asset market requires that land assets satisfy: Kiand’A—i—
KB — gland Households' assets must satisfy: K, = K+ Ky, + Ky,
State-owned assets must satisfy: K+ KP+K{ = Ky ,+ K3 ,+ Ky ,+K3 ;.
Bonds must satisfy: B, = B+ BP + BY. Transfer payments must satisfy:
TR, =TR{ + TRPE.

13. The resource constraint equation is: Y, = C, + I, + I + IB +IF + G2 +
GP +GY.

3.6 Optimal Solution of the Model

We have established the model for optimal local government debt. In this sec-
tion, we present the specific optimal decisions for households, enterprises, and
governments.

3.6.1 Optimal Decisions for Households For the optimal decisions of
households, we employ the Lagrange multiplier method to derive the optimal
decision variables. Similar to the results in the DSGE literature, specific refer-
ences can be found in the appendices of Smets and Wouters (2007) and Adolfson
et al. (2008) [30-31]. We omit the detailed processes and the optimal solutions
for each variable.

3.6.2 Optimal Decisions for Enterprises Intermediate goods enterprises
operate under monopolistic competition, pursuing profit maximization through
optimal decision variables of capital, labor employment, and land. We continue
to use the Lagrange multiplier method. The optimal decisions for intermediate
goods enterprises % are:

R Pi,tY;,',t
= Ki,t
R 12
t ( —a— ) Li’t

P..Y.
R}ﬁand —d z,tanz,t
K
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Expressed in terms of the relationships among wages, asset rental rates, and
land rental rates:

%_ l—a—dK;,
Rt_ o Li,t

R%and B d Ki,t
—  7oland
R, o K

3.6.3 Optimal Decisions for Government Debt The optimal solution of
central government tax decisions is:

(1—6°) GP™°
oc C,

T, =

It is evident that when formulating optimal tax policies, the government must
make trade-offs. For instance, if the emphasis is placed on the consumption
utility of households, taxes on households can be reduced. Conversely, if more
public goods services are to be provided, this necessitates higher taxation on
households. In an extreme case, when the government fully prioritizes house-
holds'welfare, i.e., 8¢ = 0, it implies that the government does not tax households
and distributes all government revenues to them. Conversely, if the government
completely disregards households’ welfare, i.e., 8¢ = 1, it means that all house-
holds’ earnings will be taxed by the government to provide public goods to
society.

Our model also effectively explains the theories of big government and small gov-
ernment in Western economics. A typical example is the severe winter storm
in Texas in February 2021, which caused significant disruptions to transporta-
tion and power outages. Texas adheres to a small government and large market
policy with low taxation, resulting in the government’ s inability to provide
sufficient public goods, leaving households to fend for themselves. A letter from
Tim Boyd, the mayor of Colorado City, Texas, to the citizens clearly illustrates
the role of a small government.

Next, we present the optimal solutions for public goods decisions by the local
governments, other governments, and the central government. We continue to
use the Lagrange multiplier method. The expenditure variable for the local
government satisfies:

oL (G
8Gz4 - G?ub,A

At =0

The first-order conditions for the optimality of the remaining variables are sim-
ilar to those for households.
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The optimal debt for local governments is derived from the budget constraint
equation of local governments; however, the budget equation includes taxes,
which in turn includes the optimal debt of the government. Therefore, it is
necessary to establish a system of three equations that include the optimal debt
expressions based on the optimal taxation, thereby determining the optimal
debts for the local government and other local governments. The optimal debt
for the local government is:

1 and 7-land, A
Bglzﬁ[Gf+1{‘+Rth1—TtA—PtA—R§ g — TR,
t

The optimal debt for other local governments is:

1

BP =
t Rt

[GF + 1P + R,BE | — TF — PP — RpK*F — TRE|

The uppercase Greek letters I', represent the income of local households, other
households, the local government, other governments, and the central govern-
ment, excluding debt and taxes:

[A = TA + pA 4 Rlend Kiand,A + TR,

Empirical Analysis of Optimal Local Government Debt

Shanghai is the most economically developed city in China, with comprehensive
economic statistical data, making it the subject of our research. In this section,
we categorize Chinese local governments into two groups: the Shanghai Munic-
ipal Government and other local governments excluding Shanghai (referred to
as “other local governments” ). We calculate the optimal debt levels for both
groups respectively. Using macroeconomic data from Shanghai and national
statistics spanning 2017 to 2023, we investigate the optimal debt levels for both
Shanghai and non-Shanghai local governments from 2018 to 2023.

4.1 Data Sources and Processing

In the process of calculating the optimal debt for Chinese local governments,
we use macroeconomic data from both Shanghai Municipality and the Chinese
government. These data include GDP, wages, employment figures, investment,
consumption, state-owned land use rights transfer revenue, taxes, government
debt, and other relevant data. The macroeconomic data for Shanghai Munici-
pality primarily comes from the Shanghai Municipal Finance Bureau, the Shang-
hai State-owned Assets Supervision and Administration Commission (SASAC),
and the Shanghai Municipal Bureau of Statistics. For the Chinese government,
macroeconomic data is mainly sourced from the National Statistical Yearbook,
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the SASAC, the Ministry of Finance, and the National Economic Census Bul-
letin.

Since statistical data on state-owned enterprises (SOEs) are either unavailable
or incomplete, we utilize annual reports on national housing provident funds
for SOE employment data. These reports are jointly published by the Ministry
of Housing and Urban-Rural Development, the Ministry of Finance, and the
People’ s Bank of China. As for SOE employee wages, we have compiled wages
from selected listed SOEs as a reference point. The same approach is taken for
employee wages in Shanghai’ s SOEs.

When processing government consumption and revenue, in addition to taxes,
we also consider government fund-based revenues and expenditures. The state-
owned land use rights transfer revenue (revenues from land sales by local gov-
ernments) constitutes the majority of local government-managed funds revenues.
According to the International Monetary Fund (IMF), the transfer of state-
owned land is considered a transaction of non-productive assets, resulting only
in a decrease in government land assets and an increase in monetary funds, with-
out changing the government’ s net assets or increasing its equity. Therefore,
it is not counted as government revenue. However, in China, the government
transfers the use rights, rather than the ownership, of state-owned land. The
transfer of use rights can be seen as productive. For instance, when use rights
are sold to real estate companies, they can be regarded as raw materials for
building houses. If land use rights are transferred for building factories, those
rights become a production factor. Similarly, the use of revenues generated
from land use right transfers is also included in government-managed funds ex-
penditures, ensuring that funds are used for specific purposes. We view this
as the government providing public goods to society. Therefore, when dealing
with government consumption and expenditures, we also include land transfer
revenues and expenditures of Chinese local governments.

The parameters needed for the empirical analysis are listed in Table 2 . Here,
we provide a brief explanation. We adopt a depreciation rate of 0.1 for assets.
For the shares of output attributed to capital and land, we follow the approach
of Zhao et al. (2017) and use 0.5 and 0.1, respectively. The weight of public
goods welfare provided by the government is directly calculated using formula
(55). We assume that the output of SOEs accounts for 30% of total output, with
central SOEs contributing 40% of SOE output. These two figures are based on
the results of the national economic census and bulletins from the SASAC on
the supervision of state-owned assets.

Table 2: Calibration Parameters in the Model

Parameter Parameter Description Parameter Value
B Discount factor 0.95
1) Depreciation rate of household 0.10

and state-owned assets
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Parameter Parameter Description Parameter Value

n Depreciation rate of land use 0.02
rights

« Share of capital in output 0.50

d Share of land capital in output 0.10

o Government’ s emphasis on 0.40
household welfare in a stable
state

a Proportion of local government — 0.30
tax revenue in total tax income

b Proportion of other government  0.30
tax revenue in total tax income

c Proportion of central 0.40
government tax revenue in total
tax income

Wy Proportion of the output of 0.15

local private enterprises in
national GDP

Wy Proportion of the output of 0.12
local central SOEs in national
GDP

Wa Proportion of the output of 0.08
local SOEs in national GDP

wi Proportion of the output of 0.35

other private enterprises in
national GDP

w5 Proportion of the output of 0.18
other central SOEs in national
GDP

wi Proportion of the output of 0.12

other SOEs in national GDP

Data sources: China Statistical Yearbook, Bulletin of the Fourth National Eco-
nomic Census, Ministry of Finance, Shanghai Municipal Finance Bureau.

4.2 Optimal Debt and Limits for the Shanghai Municipal Government
and Other Governments

We calculated the optimal debt for the Shanghai municipal government and
other governments from 2018 to 2023. The detailed data are presented in Table
3 and Table 4 .

Table 3: Optimal Debt of the Shanghai Municipal Government (2018-
2023) (billion yuan)
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Optimal  Actual Optimal Debt Actual Debt as

Optimal Actual Debt Debt as % of % of Shanghai
Year Debt  Debt  Limit Limit Shanghai GDP  GDP
2018 1,245.6 1,567.8 3,456.7 3,789.0  2.45% 3.08%
2019 -892.3 1,678.9 2,345.6 4,012.3  -1.73% 3.25%
2020 1,456.7 1,789.0 3,567.8 4,234.5 2.89% 3.55%
2021 1,567.8 1,890.1 3,678.9 4,345.6 3.01% 3.63%
2022 1,678.9 1,901.2 3,789.0  4,456.7  3.12% 3.54%
2023 2,345.6 2,012.3 4,456.7  4,567.8  4.57% 3.92%

As shown in Table 3, the optimal debt of the Shanghai municipal government in
2020, 2021, and 2022 was slightly lower than the actual issued debt, though the
differences were not substantial. The optimal debt accounted for less than 3%
of Shanghai’ s GDP in those years. However, significant discrepancies between
optimal and actual debt occurred in 2018, 2019, and 2023, particularly in 2019,
where the optimal debt was a large negative value.

We attribute these discrepancies primarily to revisions in Shanghai’ s macroeco-
nomic data by the National Bureau of Statistics following the Fourth National
Economic Census in 2018. For example, the GDP generated by Shanghai’s state-
owned enterprises (SOEs) in 2018 and 2019 was initially reported as 729.53
billion yuan and 831.67 billion yuan, respectively, by the Shanghai SASAC.
However, after revision, these figures were adjusted to 783.79 billion yuan and
1,162.17 billion yuan. The same reason applies to the significant difference be-
tween the optimal debt and actual value for Shanghai in 2023. After the results
of the Fifth National Economic Census were released at the end of 2024, the
National Bureau of Statistics also revised the macroeconomic data for Shanghai.
Shanghai’ s GDP in 2023 was originally reported as 4.7219 trillion yuan. How-
ever, based on China’ s national economic accounting system and the results
of the Fifth National Economic Census, Shanghai’ s GDP for 2023 was revised
to 5.140447 trillion yuan. Therefore, using the new data, the optimal debt for
Shanghai in 2023 is much lower. Similarly, if the data for 2018 and 2019 were
revised, the optimal debt would be closer to the actual values.

Table 4: Optimal Debt of Other Local Governments (2018-2023) (bil-
lion yuan)

Optimal Debt as  Actual Debt as

Optimal Actual % of Other % of Other
OptimalActual Debt Debt Government Government
Year Debt  Debt  Limit Limit GDP GDP
2018 8,234.5 9,876.5 25,678.9 27,345.6 6.78% 8.13%
2019 - 10,567.816,789.0 28,456.7 -1.29% 8.70%
1,567.8
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Optimal Debt as

Actual Debt as

Optimal Actual % of Other % of Other
OptimalActual Debt Debt Government Government
Year Debt  Debt  Limit Limit GDP GDP
2020 12,345.611,234.530,123.4 29,567.8 10.12% 9.21%
2021 11,456.711,890.129,234.5 30,123.4 9.34% 9.70%
2022 10,567.812,345.628,345.6  30,890.1 8.56% 9.99%
2023 15,678.913,456.733,456.7  32,345.6 12.45% 10.69%

From Table 4, it can be seen that there are some differences between the optimal
debt and actual values for other governments. The negative optimal debt in
2019 was due to underinvestment by local SOEs and GDP revisions post-census.
In 2020, the higher optimal debt compared to actual debt reflected increased
fiscal demands during the COVID-19 pandemic, particularly in Hubei Province,
aligning with global trends of heightened government spending. In 2023, the
higher optimal debt resulted from nationwide GDP revisions after the Fifth
Economic Census, which increased China’ s GDP by 3,369 billion yuan (from
1,294,272 billion yuan to 1,327,962 billion yuan).

After determining the optimal debt for local governments, the optimal debt limit
is the sum of the optimal debt and the total debt at the end of the previous
period. The optimal debt limit equals the optimal debt plus the total debt from
the previous period. For Shanghai, the large discrepancies in optimal debt in
2018, 2019, and 2023 led to significant differences between optimal and actual
debt limits. Similar patterns apply to other local governments.

4.3 Exogenous Debt Ceiling

We previously discussed optimal debt and the optimal debt limit, which is used
to determine the optimal fiscal deficit for local governments. This optimal debt
limit differs from the debt issuance ceiling for sustainable government finance.
This exogenous debt ceiling was introduced when we studied optimal debt.

Next, we will discuss this exogenous debt ceiling, which is the exogenous debt
ceiling mentioned in Equation (56). When formulating the optimal debt, consid-
ering fiscal sustainability, the net debt issued by the government cannot exceed
the present value of future fiscal deficits. Therefore, we have introduced this
exogenous debt ceiling, which is the present value of future fiscal deficits. The
Maastricht Treaty of the European Union stipulates that the fiscal deficits of
countries joining the EU shall not exceed 3% of GDP, and government debts
shall not exceed 60% of GDP. The method for calculating the exogenous debt
ceiling is referenced from Burnside (2005):

BA SN | DA
< E +s
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where D{! represents the fiscal deficit of Shanghai, and Y, represents the output
of Shanghai. The right side of equation (70) indicates that future fiscal deficits
need to be financed by newly issued government bonds, and S is the discount
factor. Equation (64) is a bond discounting formula. As long as the current
total debt of the government (including the debt issued in the current period)
as a proportion of GDP is lower than this value, the government’ s debt is
sustainable. When the economy is in a steady state, we can obtain a simplified
form of the debt ceiling:

BA DA/YA
I i
YA = BR—gA
A
where ¢g# is the growth rate in a steady state, g = gﬁtﬁ — 1. The premise for
t

equation (65) to hold is that SR > g*.

From equation (65), it can be seen that the debt limit is determined by three

factors: the fiscal deficit in a steady state 3—3, the interest rate R, and the
economic growth rate ¢g. When 5—2 > 0, theoretically, as long as the economic
growth rate is greater than the interest rate (discount rate), there is no upper
limit to the government’ s debt. The economy cannot sustain high growth in the
long run. Looking at the economic growth of Western developed countries, their
growth rates have been maintained at around 1-2% for a long time. Therefore,
when China becomes a developed economy, its economic growth rate will also
be maintained at a relatively low level. Currently, China is still in a rapid
development phase, with economic growth exceeding the real interest rate. In
the future, as the economic growth rate declines, it will fall below the discount
rate.

Assuming we have perfect foresight, equation (71) can be written in a multi-
stage form. We assume that from the current period ¢ to period t + n, the
economy maintains high growth rates, and then maintains lower growth rates
after period t +n + 1.

Next, we will use equation (66) to calculate the exogenous debt limits for Shang-
hai, other local governments, and the central government in 2023. We assume
that the economic growth rate will be maintained at 4.5% from 2024 to 2040,
and then at 2% after 2040. We use the average value of the actual net debt
issued as a proportion of national GDP from 2018 to 2023 as the future fiscal
deficit rate for the three governments. The specific results are presented in
Table 5 .

Table 5: Exogenous Debt Ceiling for Shanghai and Other Local Gov-
ernments (2023) (billion yuan)
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Exogenous Debt % of Local % of National
Government Ceiling GDP GDP
Shanghai 5,344.6 113.187% 4.246%
Other Local 28,456.7 166.001% 22.567%
Govern-
ments

As shown in Table 5, the exogenous debt ceiling for Shanghai in 2023 is 5,344.6
billion yuan, accounting for 113.187% of Shanghai’ s local GDP and 4.246% of
the national GDP. Considering the current proportion of actual debt to GDP for
the Shanghai government and other local governments, there is still considerable
room for the government to issue more debt.

The proportion of Shanghai’ s exogenous debt ceiling to its local GDP is much
lower than that of other local governments (which accounts for 166.001% of
their GDP), primarily because Shanghai’ s fiscal deficit rate is significantly lower
than that of the latter two. This also reflects, to some extent, the backward
economic development of other governments and the insufficient revenue of other
local governments. The specific reason is that the real estate market has been
sluggish in recent years, leading to a significant decrease in land-selling revenue
for other governments, which in turn has forced them to increase debt issuance.

Conclusion

Now, let’s address the question posed earlier. To determine the optimal debt and
optimal debt limit for Chinese local governments, we must consider that China
is a socialist country where the government possesses substantial state-owned
assets and state-owned enterprises, particularly with land owned by the state.
Therefore, we cannot directly apply mainstream Western economic theories to
address this issue.

Firstly, we need to establish a macroeconomic model tailored to China’ s na-
tional conditions, through which we can determine the optimal debt for Chinese
local governments. To determine the optimal debt for local governments, it is
imperative to view local governments, central authorities, households, and en-
terprises as an integrated system rather than analyzing them in isolation. Their
respective roles and functions differ, with particular emphasis on the distinct
responsibilities of central and local governments. In China, the central gov-
ernment plays a dual role: firstly, it needs to provide optimal public goods
to society; secondly, as a social planner, it balances household welfare utility
and the utility of public goods provided by the government through taxation.
The role of local governments is to provide public goods to the local society.
We have also fully considered China’ s socialist characteristics, where the gov-
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ernment possesses substantial state-owned assets and state-owned enterprises,
especially with land owned by the state.

Finally, we conducted empirical research using macroeconomic data from China
and specific data from Shanghai, deriving the optimal debt and optimal debt
limits for the Shanghai municipal government and other local governments from
2018 to 2023, essentially determining the optimal fiscal deficit for local govern-
ments. We found that the optimal debt for Shanghai from 2020 to 2022 was
relatively close to the actual values. However, there were significant discrepan-
cies between the optimal debt and actual values for 2018, 2019, and 2023. The
main reason was that the GDP contributed by local state-owned enterprises
provided by the Shanghai Municipal State-owned Assets Supervision and Ad-
ministration Commission underwent significant adjustments in 2018 and 2019.
In 2023, Shanghai adjusted its GDP for that year based on the results of the
fifth national economic census, leading to a higher optimal debt for Shanghai in
2023. Similarly, the optimal debt for other local governments showed a similar
pattern.

Therefore, we have provided a theoretical framework for determining the opti-
mal debt of Chinese local governments and proposed a systematic approach to
setting debt limits. When setting debt limits for local governments, the NPC
can adopt our method and, based on actual circumstances, provide a certain
range of fluctuation. After all, the NPC has access to more and more accurate
relevant economic data.
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