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A.1 Estimation of Infrastructure Investment and Capital

In this paper, we estimate infrastructure capital as the total capital stock in the infrastructure

industries. Table A1 presents the infrastructure industries by industry code for the U.S., China

and the European Union countries. The detailed estimation procedures for the U.S., EU countries,

and China are provided in Supplemental Appendix A.1.1, A.1.2, and A.2, respectively.1

Table A1: Infrastructure and Non-Infrastructure Industries

US (2012 NAICS Code) China (2017 NEIC Code) EU (NACE Rev.2)

Infrastructure

Utilities (22)
Production and supply of electricity,

gas and water (D)

Electricity, gas, steam and air

conditioning supply (35)

Management of Water Conservancy,

Environment and Public Facilities (N)

Water supply (36)

Sewerage, waste management and

remediation activities (37-39)

Air transportation (481) Air transport (56) Air transport (51)

Water transportation (483) Water transport (55) Water transport (50)

Railroad transportation (482) Railway transport (53)

Land transport and transport via

pipelines (49)

Truck transportation (484)
Road transport (54)

Transit and ground passenger

transportation (485)

Pipeline transportation (486) Transport via pipelines (57)

Other transportation and support

activities (487,488)

Loading, unloading and forwarding

agency (58,59)

Non-Infrastructure The other industries

A.1.1 The U.S. Data

All data used for the U.S. are from the Bureau of Economic Analysis (BEA). We calculate the real

infrastructure and non-infrastructure capital according to

Zt =
∑

j∈J(Z)

RFAP
jt +

∑
h∈H(Z)

RFAS
ht, (A1)

where Z ∈ {G,K}. J(Z) is the set of infrastructure industries (Z = G) or non-infrastructure

industries (Z = K) listed in Table A1. We omit time subscript t when its absence does not

cause confusion. In equation (A1), RFAP
j in the first component on the right-hand side represents

privately-owned real fixed capital in industry j, which is directly available from the BEA. For non-

infrastructure industries (j ∈ J (K)), we use the sum of the fixed-cost net capital stock of private

1Bai and Qian (2010) provide a detailed account of China’s development of infrastructure in three sectors:
electricity, highways, and railways. See also Zhang and Barnett (2014). Jiang, Miao, and Zhang (2022) and Chen
et al. (2023) include the two-digit industries “storage” and “post” and one-digit industry “information transmission,
computer services, and software” in the infrastructure sector.
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nonresidential and residential capital stock for RFAP
j . For infrastructure industries (j ∈ J (G)),

we use the fixed-cost net capital stock of private nonresidential capital stock for RFAP
j .

However, data on government capital by industry is not available. Instead, the BEA reports

the nominal government capital stock by asset type (Current-Cost Net Stock of Government Fixed

Assets). Table A2 classifies these asset types into eight asset groups, five for infrastructure and

three for non-infrastructure, for the reason that will be clear below.

Table A2: Infrastructure and Non-Infrastructure Asset Groups

Asset Group h Asset Type for Government Capital Asset Type for Nonresidential Private Capital

Infrastructure

1 Water systems Water Supply

2 Sewer systems Sewage and waste disposal

3 Conservation and development Highway and conservation and development

4 Power Wind and solar

Electric

Petroleum pipelines

Petroleum and natural gas

5 Highways and streets Air transportation

Transportation Other transportation

Other railroad

Track replacement

Local transit structures

Other land transportation

Non-infrastructure
6 Other Structures Other Structures

7 Equipment Equipment

8 Intellectual Property Products Intellectual Property Products

Denote by NFAS
h and RFAS

h the total government nominal and real fixed capital of asset group

h, respectively.
∑

h∈H(Z)RFA
S
h in equation (A1) represents the total government infrastructure or

non-infrastructure capital for Z = G or K, respectively, where H(Z) is the set of the infrastructure

or non-infrastructure asset groups. We assume the price index for government capital to be identical

to the price index for nonresidential private capital of the same type. However, the asset types for

private capital (the third column of Table A2) are not identical to those for government capital. To

achieve concordance, we classify all asset types into eight groups, as shown in the first column of

Table A2. We then obtain the total nominal government capital stock by asset group, NFAS
h , and

the total nonresidential nominal and real private capital stock by asset group, NFAP
h and RFAP

h ,

respectively. Finally, we calculate the government real fixed capital of asset group h, RFAS
h , using

the following equation:

RFAS
ht =

RFAP
ht

NFAP
ht

NFAS
ht.

A.1.2 The EU Data

All data used for the EU countries are from the EuroStat database. EuroStat provides data on real

fixed assets by both industry and asset type. However, EuroStat’s classification of asset type is

considerably less granular than that of the BEA (see Table A3). So, our estimation of infrastructure

capital remains based on industry classification (NACE Rev.2).
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Table A3: Asset Type Classification in EuroStat

Total Construction
Dwellings
Other buildings and structures

Machinery and equipment and weapons systems

Transport equipment
Computer hardware
Telecommunications equipment
Other machinery and equipment and weapons systems

Cultivated biological resources

Intellectual property products
Research and development
Computer software and databases

The data for real capital stock by industry begins in 2000. Our sample covers the period from

2003 to 2017, encompassing 23 countries (Austria, Belgium, Czechia, Denmark, Estonia, Finland,

France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands,

Norway, Poland, Romania, Slovakia, Slovenia, Spain, and Sweden). We aim to exclude capital

from two-digit industries under the one-digit industry “Transportation and Storage” (H) from

our infrastructure calculations: “Warehousing and support activities for transportation” (52) and

“Postal and courier activities” (53). However, data for industries 52 and 53 are only available for

8 countries. To address this, we first compute the share of capital in industries 52 and 53 within

industry H for these 8 countries, denoted by ϑRFA
t . We assume that this share is representative

across all countries and use ϑRFA
t to adjust the capital stock in industry H for all countries.

Denote by RFAmjt the real capital stock of fixed assets in industry j, country m, in year t. We

calculate the real infrastructure and non-infrastructure capital for each country m as

Zmt =
∑

j∈J(Z)

RFAmjt,

where J(Z) is the set of infrastructure or non-infrastructure industries defined in Table A1. Zmt is

the EU data used for Figure 1.

A.2 China’s Sectoral Investment and Capital

Unlike the U.S. and EU countries, capital stock data is not directly available for China. The

National Bureau of Statistics of China (NBS) provides two time-series for aggregate investment:

nominal fixed capital formation (NFCF) and nominal fixed asset investment (NFAI). A key differ-

ence is that NFAI includes expenditures on land purchases and used capital, which are excluded

from NFCF in national accounts (see, e.g., Bai and Qian (2010); Brandt and Zhu (2010); Chen,

Chen, Hsieh, and Song (2019)). However, the NBS provides industry-specific NFAI, which is cru-

cial for constructing sector-specific investment. Moreover, NBS categorizes NFAI into three uses:

“Construction and Installation”, “Purchase of Equipment and Instruments”, and “Others”. For

each of these categories, NBS provides a price index and depreciation rate. We will employ these

use-specific price indices and depreciation rates to derive sector-specific real investment and de-

preciation rates. The following table summarizes the data directly available from NBS and their
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corresponding notations.

Table A4: National-Level Investment Data

Notation Definition Sample Period Data Source

NFCFt Nominal Aggregate Fixed Capital Formation 1952-2022 NBS website
NFAIt Nominal Aggregate Fixed Asset Investment 1952-2022 CYS + NBS website + NBS (2009)
NFAIet Nominal Fixed Asset Investment of Use e 1952-2022 NBS website + NBS (2009)
NFAIjt Nominal Fixed Asset Investment in Industry j 1985-2022 CYS + SYFAI + NBS website
NFAIejt Nominal Fixed Asset Investment of Use e in Industry j 2004-2022 CYS
PFCFt Aggregate Price Index for Fixed Capital Formation 1952-1995 NBS (1997)
PFAIt Aggregate Price Index for Fixed Asset Investment 1990-2019 NBS website
PFAIet Price Index for Fixed Asset Investment of Use e 1990-2019 NBS website

Note: CYS refers to China Statistical Yearbook. SYFAI refers to Statistical Yearbook of the Chinese Investment
in Fixed Assets. NBS (1997) refers to Gross Domestic Product of China 1952-1995. NBS (2009) refers to China
Compendium of Statistics 1949-2008.

The rest of this section is divided into three subsections. Section A.2.1 details the adjustments

for the raw data on industry-specific nominal fixed asset investment NFAIjt. Section A.2.2 explains

how to construct real aggregate fixed capital formation RFCFt and categorize it into industry-

specific fixed capital formation RFCFjt using the industry composition of NFAIjt. Section A.2.3

outlines the estimation of sector-specific initial capital stock and depreciation rates, followed by

the application of the perpetual inventory method to impute infrastructure and non-infrastructure

capital.

A.2.1 Adjusting the Raw Data

China’s official investment data was severely inflated since the mid-2000s (Chen, Chen, Hsieh, and

Song 2019). The recent revisions made by NBS adjust downwards NFCFt and NFAIt by an

average of 1.3% and 30.7%, respectively, for the period 2004-19.2 In this paper, we use the latest

revised NFCFt and NFAIt. However, the NBS has not yet revised the disaggregate investment

data. Therefore, we adjust NFAIet, NFAIjt, and NFAIejt by the same proportion as the NBS’s

revision to NFAIt.

While we rely on NFAIjt to back out sectoral investment and capital, it is not entirely com-

parable over time for two reasons. First,
∑

j NFAIjt is not always equal to NFAIt. In addition,

prior to 2004, NBS only reported “Capital Construction” and “Innovation” in NFAIjt by indus-

try, except for 1996-98 and 2002-03 when complete data on each subcomponent in NFAIjt was

available.3

To address these inconsistencies, we make the following assumptions. (1) The industry-specific

share of “Capital Construction” and “Innovation” in NFAIjt for the years prior to 1996 is identical

to the share in 1996. (2) We linearly interpolate the industry-specific shares for 1999-2001. (3) For

2We infer the revisions by comparing the official data in China’s Statistical Yearbooks with the latest data
available on the NBS website.

3NFAIt was also classified into “Capital Construction”, “Innovation”, “Real Estate Development”, and “Others”
by the “Channel of Management”. The NBS discontinued this classification in 2004.
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post-2004 NFAIjt, which excludes fixed asset investments in rural areas or by rural households,

we assume the share of rural investments in NFAIjt is identical to the share in NFAIt. Table A5

summarizes our adjustments and data sources.

Table A5: Constructing Industry-Specific Nominal Fixed Asset Investment (NFAIjt)

Data Available Adjustment Data Source

1985-1995 NFAIjt in “Capital
Construction” and
“Innovation” only

Same share of “Capital
Construction” and
“Innovation” in NFAIjt as
in 1996

CYS + SYFAI

1996-1998 Complete - SYFAI

1999-2001 NFAIjt in “Capital
Construction” and
“Innovation” only

Linear Interpolation CYS

2002-2003 Complete - SYFAI
2004-2010 NFAIjt in Urban Areas Same share of rural

investments in NFAIjt as in
NFAIt

CYS + SYFAI
2011-2022 NFAIjt without Rural

Households

Note: See Table A4 for definitions of CYS and SYFAI.

The second reason is the changes in industry classification. The issue is less severe at the sec-

tor level, where the infrastructure industries j ∈ J (G) correspond to two one-digit infrastructure

industries: “Production and supply of electricity, gas and water” and “Management of Water Con-

servancy, Environment and Public Facilities”, along with the group of “Transportation industries”

that includes all two-digit transportation industries. To make J (G) comparable over time, we

make the following adjustments. (1) Remove the industries of storage, post and telecommunication

services from the one-digit industry “Transportation, Storage, Post and Telecommunication Ser-

vices” for 1985-92. (2) Remove the industry of geological prospecting from the one-digit industry

“Geological Prospecting and Water Conservancy“ for 1985-92 and 2002. (3) Add the industries of

environment and public facilities to the one-digit industry of “Management of Water Conservancy,

Environment and Public Facilities” for 1985-2002. The adjustments are based on the assumption

that the industry composition of NFAIjt prior to 2003, when classified according to the 2003

industry classification system, is identical to the composition in 2003.

We make two more minor adjustments. NBS has stopped releasing the level of fixed asset

investment since 2018. We use the growth of the investment to infer the level. NBS has also

stopped releasing all the investment price indices since 2019. We extend the time series by assuming

investment price indices have same change rate as GDP deflator in the post-2019 period.

A.2.2 Sector-Specific Real Investment

We begin by converting nominal investments into real terms. RFAIet = NFAIet / PFAIet is

straightforward. However, since PFAIejt is not available, we assume PFAIejt = PFAIet. It

is important to note that PFAIet is only available after 1990 (see Table A4). We make two
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assumptions. (1) PFAIet = PFAIt for years prior to 1990. (2) PFAIt = PFCFt, the price

index for fixed capital formation implied by the nominal and real fixed capital formation in “The

Gross Domestic Product of China 1952-1995” published by NBS. We then calculate RFAIejt =

NFAIejt/PFAIet, RFAIjt =
∑

eRFAIejt and RFAIt =
∑

eRFAIet.
4

The NBS does not produce a price index for fixed capital formation. Following Bai, Hsieh, and

Qian (2006), we utilize PFAIet to derive RFCFt. Specifically, we categorize NFCFt into NFCFet

based on the proportion of NFAIet in NFAIt:

NFCFet =
NFAIet
NFAIt

NFCFt. (A2)

We then deflate NFCFet by PFAIet to obtain RFCFet, which leads to RFCFt:

RFCFt =
∑
e

RFCFet =
∑
e

NFCFet

PFAIet
. (A3)

Next, we use real fixed asset investment RFAIjt to construct real fixed capital formation

RFCFjt for each infrastructure industry j ∈ J (G):

RFCFjt =
RFAIjt
RFAIt

RFCFt. (A4)

The assumption is that the industrial composition in RFCFt is identical to that in RFAIt. This

allows us to infer the sector-specific investments:

IGt =
∑

j∈J(G)

RFCFjt,

IKt = RFCFt − IGt.

A.2.3 Sector-Specific Capital Stock

We impute infrastructure and non-infrastructure capital using the perpetual inventory method:

Zt+1 = IZt + (1− δZ)Zt,

where Z ∈ {G,K}. To implement this method, we need to know δG, δK , and the initial capital

stocks Gt0 and Kt0 .

Calibrating Capital Depreciation Rate

Denoted by δe the depreciation rate for capital of use e. NBS set δe to 0.08, 0.24 and 0.15 for

“Construction and Installation”, “Purchase of Equipment and Instruments”, and “Others”, respec-

tively (Bai, Hsieh, and Qian 2006). We calibrate δZ as the weighted average of δe: δZ =
∑
e
ωZeδe,

4NFAIejt is only available after 2004 (Table A4). For years prior to 2004, we assume the share of NFAIejt in
NFAIjt is equal to the share in 2004.
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where ωZe is the proportion of real investment of use e in the sector-specific real investment. To

obtain ωZe, we first categorize RFCFjt into RFCFejt for infrastructure industry j ∈ J(G) as in

equation (A4):

RFCFejt =
RFAIejt∑
eRFAIejt

RFCFjt. (A5)

We then calculate

IGet =
∑

j∈J(G)

RFCFejt,

IKet = RFCFet − IGet.

Next, we compute ωZet =
IZet
IZt

. As ωZet remains stable over time, we set ωZe to the average of ωZet

between 1993 and 2022. This gives the calibrated value of δZ in Table 2.

Determining Initial Capital Stock

We first construct a long time series for the aggregate capital stock, starting from 1952, based

on RFCFet obtained from equation (A3). We then use the earliest data on RFCFj from equation

(A4) to decompose the aggregate capital stock in 1985 into sector-specific capital stock, giving us

the initial Z1985.

Specifically, the aggregate capital stock, denoted by RFAt, is imputed by
∑

eRFAet, where

RFAet+1 = RFCFet + (1− δe)RFAet,

and

RFAe1952 =
RFCFe1952

log (RFCFe1955/RFCFe1952) /3 + δe
.

We then obtain Z1985 by decomposing RFAe1985:

G1985 =
RatioG1985

1 +RatioG1985
RFA1985, (A6)

K1985 = RFA1985 −G1985, (A7)

where RatioG1985 is the ratio of G1985 to K1985, approximated by

RatioG1985 =
IG1985 (log (IK1988/IK1985) /3 + δK)

IK1985 (log (IG1988/IG1985) /3 + δG)
.

A.2.4 Robustness Check: Removing Non-Regional Projects

To conduct the robustness checks for the sensitivity of our main findings to the inclusion of “non-

regional projects” in local infrastructure investments (see Supplemental Appendix A.8), this section

outlines the procedures of adjusting sectoral capital stocks by assuming non-regional projects are

entirely financed by the central government.
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Denote by ψt ≡ NFAInon-regionalt
NFAIt

the share of non-regional FAI and by ψj∈J(G)t ≡
NFAInon-regional

j∈J(G)t

NFAIj∈J(G)t

the share for infrastructure industry j. We need to replace RFCFt and RFCFj∈J(G)t with

RFCF regional
t = (1− ψt)RFCFt and RFCF

regional
j∈J(G)t =

(
1− ψj∈J(G)t

)
RFCFj∈J(G)t. Table A6 de-

tails the data availability for aggregate-level NFAInon-regionalt and methodologies to address missing

data. The industry-specific NFAInon-regionalj∈J(G)t are adjusted in a similar way.

Table A6: Constructing the Share of Non-Regional Investment Projects (ψt)

Data Availability for
NFAInon-regionalt

Adjustment Data
Source

1952 N.A. Same as in 1953
1953-1979 Only for “Capital Construction” Same as the share for “Capital

Construction”
SYFAI

1980-1981 Only for “Capital Construction”
and “Innovation”

Same as the share for “Capital
Construction” and “Innovation”

SYFAI

1982-1992 Complete - SIFAC
1993-2003 Complete - CYS

2004-2010 NFAInon-regionalt in Urban Areas Same as the share for NFAIt in
urban areas

CYS

2011-2017 NFAInon-regionalt without Rural
Household

The same as the share for NFAIt
without rural households

CYS

2018-2022 NFAInon-regionalt is not available Same as in 2017 -

Note: SIFAC refers to “Statistical on Investment in Fixed Assets of China (1950-2000)”. See Table A4 for definitions
of CYS and SYFAI.

A.2.5 Provincial-Level Sectoral Investment and Capital

Table A7 summarizes the provincial-level official statistics, excluding Tibet. The NBS provides

provincial nominal fixed capital formation and fixed asset investment, NFCFit and NFAIit, where

i is the province index. Data for the post-1993 period are obtained from the NBS website, while

data for 1952-1992 are obtained from “China Compendium of Statistics 1949-2008” compiled by

NBS (2009).5The NBS provides the price index for provincial fixed asset investment, PFAIit, but

does not publish the price index for provincial fixed capital formation. The NBS also reports

provincial fixed asset investment by use, NFAIeit, and by industry, NFAIjit.

Adjusting the Raw Data

The NBS has adjusted the aggregate investments NFCFt and NFAIt downwards but has

not yet revised the regional statistics. Moreover, applying the NBS’s aggregate-level adjustment

uniformly across provinces would be inappropriate, as the extent of data manipulation varies sig-

nificantly among provinces (Chen, Chen, Hsieh, and Song 2019). Therefore, we adjust NFCFit for

the period 2004-17 following the methodology of Chen, Chen, Hsieh, and Song (2019).

5We rely on Hsueh and Li (1999) for the following missing NFCFit: Hubei and Ningxia 1952-77, Guangdong
1978-92, and Zhejiang 1952-92. We break out Sichuan and Chongqing using the sum from Hsueh and Li (1999) and
the Sichuan data from NBS (2009). For Jiangxi and Hainan 1952-77, we estimate NFCFit by assuming that the
share of NFCFit in the province’s expenditure GDP is equal to that of Hubei and Guangdong, respectively.
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Table A7: Provincial-Level Investment Data

Notation Definition Sample Period Source

NFCFit Nominal Provincial Fixed Capital Formation 1952-2022 NBS website + NBS (2009)
NFAIit Nominal Provincial Fixed Asset Investment 1952-2022 NBS website + CYS + NBS (2009)
NFAIeit

a Nominal Provincial Fixed Asset Investment of Use e 1996-1998, 2002-2022 NBS website + SYFAI
NFAIjit Nominal Provincial Fixed Asset Investment in Industry j 1993-2022 CYS + SYFAI
PFAIit Provincial Price Index for Fixed Asset Investment 1993-2022 NBS website
PFAIeit Provincial Price Index for Fixed Asset Investment of Use e 1993-2022 NBS website

Note: a NFAIeit is directly accessible for 1996-1998 and 2002-2019 in SYFAI. To extend the data until 2022, we
utilize growth rates sourced from the NBS website. The missing values are obtained under the assumption that the
change in the proportion of investment by use for each province, NFAIeit

NFAIit
, aligns with the national-level change. The

proportions are normalized so that their sum equals 1 for each province.

An additional challenge is the potential discrepancy between the sum of provincial statistics

and the national aggregate. To address this, we scale each province’s fixed capital formation by

the same proportion to ensure
∑

iNFCFit = NFCFt. Similar adjustments are made to align

provincial and national data for output
∑

i Yit = Yt and for tax revenue
∑

i τitYit = τtYt.

In line with the adjustments outlined in Section A.2.1, we make the following modifications to

the provincial data. For 2003, remove the industries of storage and post. For 1993-02, (1) remove

the industries of storage, post, and telecommunication services; remove the industry of geological

prospecting; add the industries of environment and public facilities.

NFAIit for Sichuan prior to 1997 includes investments in both Sichuan and Chongqing. To

separate Chongqing’s NFAIit, we assume that its share in Sichuan’s NFAIit before 1997 is equal

to its share in 1997.

Real Sectoral Investment and Capital

Given the potential manipulation of NFAIit, the reliability of provincial price index PFAIiet

is also questionable. We opt to set PFAIiet = PFAIet instead of using PFAIiet in the data. This

gives

RFCFit =
∑
e

RFCFiet =
∑
e

NFCFiet

PFAIet
,

where

NFCFiet =
NFAIiet
NFAIit

NFCFit.

The next step is to disaggregate RFCFit into RFCFjit. Following the same strategy in equation

(A4), we assume

RFCFjit =
RFAIjit
RFAIit

RFCFit, (A8)

where

RFAIit =
∑
e

NFAIeit
PFAIet

.

The key assumption is to trust the industrial composition of provincial fixed asset investment. To
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obtain RFAIjit in equation (A8), we employ the following procedures. We first break NFAIjit

into NFAIejit by assuming the industry-specific composition of use e in NFAIjit is identical across

provinces. We then set PFAIejit = PFAIet to obtain

RFAIjit =
∑
e

RFAIejit =
∑
e

NFAIejit
PFAIet

.

It follows immediately

IGit =
∑

j∈J(G)

RFCFjit,

IKit = RFCFit − IGit,

Zit+1 = IZit + (1− δZ)Zit.

The procedure for determining the initial capital stocks for 1993 follows the same methodology as

outlined in Section A.2.

A.3 The Share of Infrastructure: International Comparison

The literature offers three approaches to define infrastructure: by industry, government ownership,

or asset type. Regardless of the methodology employed, all these approaches consistently demon-

strate that China’s share of infrastructure investment or capital is substantially higher than the

world average.

The first approach combines government investment with private infrastructure investment.

Using disaggregated cross-country budget data, Fay et al. (2019) estimate China’s infrastructure

investment at 16% of GDP in 2011, significantly higher than the 5.2% world average. However, this

approach may incorrectly include non-infrastructure government spending or exclude infrastructure

investment by state-owned enterprises. Our data suggests a lower figure of 9.3% for China in 2011.

The second approach aggregates investment in Energy, Transport infrastructure, Water and

Sanitation and Telecoms, the four broadly defined infrastructure industries in Mirabile, Marchal,

and Baron (2017). Using our own data for China, these industries account for an average of 26.2%

of total investment in China between 2004 and 2017, again, significantly exceeds the world average.
6

Infrastructure investments can also be classified by asset type (Bennett, Kornfeld, Sichel, and

Wasshausen 2020). A McKinsey’s report (Dobbs, Leung, and Lund 2013) defines infrastructure by

roads, rail, ports, airports, power, water, and telecom and obtains the data from various sources

such as International Transport Forum (ITF) for transport, Global Water Intelligence (GWI) for

6Using data from World Development Indicators (https://databank.worldbank.org/source/world-development-
indicators), we find the infrastructure investment share to be 5.2% for Algeria in 2005, 4.6% for Brazil in 2011, 5.0%
for Colombia in 2006, 4.7% for Indonesia in 2017, and 20.6% for Peru in 2015. Only these five countries have complete
data for the corresponding years.
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water, and IHS Global Insight (IHS) for energy and telecom. According to Inderst (2016), which

is based on the McKinsey’s report, China’s infrastructure investment was 8.5% of its GDP in

1992-2011, more than double the world average of 3.8%.

A.4 China’s Local Government Debt

Our definition of local government debt encompasses both explicit and implicit debt. Data for

explicit local government debt is sourced from official channels, including the National Auditing

Office (NAO), the National People’s Congress (NPC), and the Ministry of Finance. Following NAO

(2013), explicit debt refers to “the debt that government has the responsibility to repay”. Implicit

local government debt includes “the debt to which the government would fulfill the responsibility

of guarantee” and “the debt to which the government would bailout when the debtor encounters

difficulty in repayment” (NAO, 2013). The majority of the implicit debt is in local government

financing vehicles (LGFVs). We collect balance sheet data from the WIND database for a total of

2833 LGFVs that have issued bonds since 2003.7 A caveat is that WIND may miss some LGFVs

that are no longer active, potentially leading to an underestimation of LGFV debt in earlier years.

Importantly, not all LGFV debt is implicit. We will identify the proportion of LGFV debt that

belongs to explicit debt to avoid double-counting. The following equation shows our construction

of Dt, the outstanding local government debt at the end of year t:

Dt = DEX
t︸ ︷︷ ︸

explicit debt

+ LGFVt − LGFV EX
t︸ ︷︷ ︸

implicit debt

, (A9)

where DEX
t denotes the explicit debt, LGFVt is the total outstanding interest-bearing debt of

LGFVs, and LGFV EX
t is the explicit debt component in LGFVt.

8

Explicit Debt

Table A8 summarizes our data sources and methodologies for addressing missing data. DEX
t

is directly available for 2010, 2012, June 2013, 2014, and subsequent years. We derive the missing

values for 2011 and 2013 through linear interpolation. NAO (2011) reports annual growth rates

of Dt for 1997, 1998, and 2008-10, as well as average growth rates of Dt in 1998-02 and 2002-07.

Using these growth rates and assuming that annual growth of Dt within the 1999-02 and 2003-07

periods is identical to the annualized growth rate of Dt in 1998-02 and 2002-07, respectively, we

reconstruct DEX
t for 1996-09. For the earliest years in our sample period, we set DEX

t = 0 in 1992

and use linear interpolation to estimate DEX
t for 1993-95.

Implicit Debt

LGFVt is directly available from 2003 onwards. NAO (2011, 2013) and the NPC report in 2016

provide LGFV EX
t for the end of 2010 and 2014, and June 2013. We linearly interpolate LGFV EX

t

7Following Bai, Hsieh, and Song (2016), we exclude LGFVs that are part of the same holding group and share
the consolidated balance sheet.

8We define interest-bearing debt as the sum of short- and long-term debt (Huang, Pagano, and Panizza 2020).
Short-term debt comprises short-term borrowing, notes payable, non-current liabilities due within one year, other
current liabilities, and short-term bonds payable. Long-term debt equals long-term borrowing plus bonds payable.
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Table A8: Constructing Local Government Debt

Period Explicit Debt Period Implicit Debt

1992 Set to Zero
1992-07 Set to Zero1993-95 Linear interpolation

1996-2009 Inferred from NAO (2011) + Linear interpolation
2010 NAO report (2011)

2008-22
Outstanding interest-bearing LGFV debt from WIND -
Explicit LGFV debtc

2011 Linear interpolation
2012 NAO (2013)
2013 Linear interpolation
2014 NPC report in 2016a

2015-2022 Ministry of Financeb

Note: a http://www.npc.gov.cn/zgrdw/npc/zgrdzz/2016-03/29/content 1986294.htm.
b Ministry of Finance data available from “China Electronic Local Government Bond Market Access” at
http://www.celma.org.cn.
c See the text for estimation of explicit LGFV debt.

for 2011-13. Since implicit local government debt was strictly regulated before 2008, we assume

zero implicit debt, meaning the share of LGFV EX
t in LGFVt is 100% before 2008. We linearly

interpolate this share for 2008 and 2009.

The share of LGFV EX
t further decreases after 2015 due to new State Council’s regulations that

prohibit local government from raising debt through LGFVs.9 This is evidenced by decomposing

DEX
t into

DEX
t = LGBt + LGFV EX

t + others,

where LGBt stands for outstanding local government bonds at the end of year t. The share of

LGBt in DEX
t increases from 32.7% in 2015 to 99.3% in 2020, according to Ministry of Finance

data available at the China Electronic Local Government Bond Market Access (www.celma.org.cn).

This implies LGFV EX
t = 0 in 2020. We linearly interpolate LGFV EX

t for 2015-19 and assume

LGFV EX
t = 0 continues to hold after 2020. Finally, we use equation (A9) to impute Dt.

A.4.1 Provincial-Level Local Government Debt

Explicit Debt

Similar to Table A8, Table A9 summarizes our data sources and methodologies for addressing

missing data. DEX
it is directly available for 2012, 2015, and subsequent years. For 2007-11, missing

values are estimated by assuming that DEX
it grows at the same rate of LGFVit, adjusted by a

constant common to all provinces to ensure
∑

iD
EX
it = DEX

t . Provincial-level data before 2007 is

scarce. We construct DEX
it for these years by assuming it grows at the same rate of DEX

t .

Implicit Debt

LGFVit is directly available from WIND for 2003-22. For years prior to 2003, we construct

LGFVit assuming it grows at the same rate as LGFVt. Data on LGFV EX
it is limited. Provincial

Auditing Reports on Government Debt in 2013 provide the explicit local government debt for

each province in June 2013, from which we infer LGFV EX
it for that month. We then estimate

LGFV EX
it at the end of 2012 by assuming that

LGFV EX
it

DEX
it

is identical to the June ratio, adjusted by

9link for the official document.
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a constant common to all provinces to ensure
∑

i

(
LGFVit − LGFV EX

it

)
= LGFVt − LGFV EX

t .10

We next construct LGFV EX
it for 2008-22 by assuming that the implicit local government debt,

LGFVit − LGFV EX
it , grows at the same rate as LGFVit, adjusted, again, by a common factor in

each period to ensure
∑

i

(
LGFVit − LGFV EX

it

)
= LGFVt − LGFV EX

t .

Table A9: Constructing Provincial-Level Local Government Debt

Period Explicit Debt DEX
it Period Implicit Debt

1992 Set to zero
1992-07 Set to zero

1993-06 Growing at the same rate of DEX
t

2007-11 Growing at the same rate of LGFVit

+ Adjustment
2008-22

Outstanding interest-bearing LGFV debt from WIND -

Explicit LGFV debtb2012 Provincial Auditing Reports on Government Debt
2013-14 Same for 2007-11
2015-22 Ministry of Financea

Note: a Ministry of Finance data available from “China Electronic Local Government Bond Market Access” at
http://www.celma.org.cn.
b See the text for estimation of explicit LGFV debt.

A.5 The Other Chinese Data

A.5.1 Composition of China’s Local Government Revenue

We set τY G
t , τY C

t and ϕt equal to the ratio of local general budget revenue, net transfers from

central government and land sale revenue to GDP in each period, respectively. For local budget

revenue, we use budgetary and extra-budgetary revenue from the NBS website. The latter was

phased out by 2010. Net transfers are calculated by subtracting “Transfers to Central Government”

from “Transfers to Local Government” as reported in Finance Yearbook of China (for 1993-2021)

and National Government Final Account (for 2022). Land revenue data is from China Land &

Resources Almanac (for 1998-2004), China Land and Resources Statistical Yearbook (for 2005-

17), and Statistical Bulletin of China’s Natural Resources 2022 by Ministry of Natural Resources

(for 2018-22). Land revenue prior to 1998 is unavailable and assumed to be zero. It’s important

to note that before selling pre-occupied land, local governments must relocate existing occupants,

incurring significant expenses for compensation and land preparation. Net proceeds from land sales

after deducting these costs can be substantially less than the gross revenue. However, since these

expenses contribute to government investment outlays, we incorporate the entire revenue from land

sales into the government’s fiscal budget.

Provincial budget revenue data is from the Finance Yearbook of China (for 1993-21) and the

NBS website (for 2022). Provincial net transfer data is available from the Finance Yearbook of

China (for 1995-21). We set τTr
it for 1993-97 and 2018-22 equal to the average provincial net transfer

GDP ratio in 1995-97 and 2018-21, respectively. Provincial land revenue data comes from the same

10Data for Guizhou and Tianjin’s DEX
it in 2012 are missing. We assume that their explicit debt as a share of

China’s total explicit debt at the end of 2012 is identical to their respective share in June 2013. The estimated
LGFV EX

it for Hainan and Guizhou exceeds LGFVit, suggesting LGFVit might be underestimated. For these two
provinces, we set LGFVit equal to the estimated LGFV EX

it .
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Table A10: Local Government Revenue (in Percent of GDP)

1993-97 1998-02 2003-07 2008-12 2013-17 2018-22

τY G 9.3 10.0 10.7 11.1 11.6 9.8
τY C 2.6 4.4 5.9 8.0 8.0 7.7
ϕ 0.0 1.0 3.9 5.4 5.6 6.5

source as country-level data (for 1998-17) and the China Natural Resources Statistical Yearbook

(for 2019-21). We set ϕit for 2018-22 equal to the average land sale revenue to GDP ratio in 2019-21.

A.5.2 Central Government Debt

Denote by DCG
t the outstanding central government debt at the end of year t. While data for

DCG
t is not available before 2005, the NBS publishes two relevant metrics in the China Statistical

Yearbook: “Central Government Debt Issuance”, denoted by ∆DCG
t , and “Central Government

Payment for the Principal and Interest of Debt”, denoted by RDCG
t . These metrics allow us to

back out DCG
t in 1992-04 by

DCG
t = DCG

t+1 −∆DCG
t+1 +RDCG

t+1.

A.5.3 National-level Employment Data

Table A11: Employment Data

Notation Definition Sample Period Source

Lt Employed Population 1952-2023 NBS website
Nage

t Total Population by Age 2022-2100 World Population Prospects 2022

The data on employed population is sourced from the NBS. For post-2023 projections, we assume

the employed population grows at the same rate as the working-age population.11 Total population

by age is projected using the United Nations’ World Population Prospects 2022, specifically, in line

with existing literature (Attanasio, Kitao, and Violante 2007; Papetti 2021).

A.5.4 Provincial-Level Employment Data

Provincial-level employed population data are available in China Statistical Yearbook for 1993-05,

2007-10, and 2020-22. However, as Brandt, Tombe, and Zhu (2013) point out, official province-

level data often include migrants in their province of residence (or Hukou) rather than in their

workplace province. To address this issue, we use provincial-level employment data from census or

one-percent population surveys, adjusted by provincial-level population, to disaggregate national-

level employment into provincial-level figures. For years prior to 2020 without census or population

11We define the working age as 22 to 57 years old, which represents a weighted average of male and female
retirement ages (Song, Storesletten, Wang, and Zilibotti 2015).
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surveys, we obtain data through linear interpolation. Post-2020 data are derived by assuming that

employment in each province grows at the same rate as the provincial population reported by the

NBS.

A.6 Output Overreporting

Powerful incentives may also lead to short-termist behaviors in local officials, contributing to some

of China’s key economic challenges. In this subsection, we examine output overreporting by local

officials.

China features a complex hierarchical structure for reporting economic data. The National

Bureau of Statistics (NBS) is responsible for compiling national statistics, while local statistics

bureaus, which operate under the significant influence of local governments, manage regional data.

Studies by Chen, Chen, Hsieh, and Song (2019) and Hortacsu, Liang, and Zhou (2017) have noted

that the aggregate of provincial GDP figures consistently exceeds the national GDP by approxi-

mately five percent. This significant discrepancy indicates that local statistics bureaus collectively

tend to overreport provincial GDP figures. Additionally, Chen, Chen, Hsieh, and Song (2019)

conducted a forensic analysis further validating the overreporting of provincial GDP and capital

investment figures, highlighting systemic issues in China’s statistical reporting practices.

To analyze overreporting, we adjust the model for this subsection by assuming that the central

government cannot directly observe regional output in the current period and instead depends on

each governor’s report. To curb overreporting, the central government collects a portion of the

reported output as tax revenue, consistent with the tax-sharing arrangement between the central

and local governments in China. Consequently, overreporting local output results in larger tax

transfers to the central government.

Specifically, we assume that a governor can report Y ′
it as his region’s output, which might differ

from the actual output Yit. If the governor overreports the log output y′it by an amount mit, where

y′it = yit +mit and the actual log output yit is given by equation (9), then the reported log output

is y′it =
ait+εit
1−αK

+ γ+αG
1−αK

log(Git) +mit up to a constant. While the local government collects a tax

of τYit based on the actual output, it must transfer a fraction of the tax revenue to the central

government at a rate of τc < τ based on the reported output level Y ′
it. Thus, the residual tax

revenue for the local government is

Tit = τYit − τcY
′
it = τYit(1− (τc/τ)e

mit).

In assessing the reported output, the central government anticipates that the local governor will

invest G∗
it in infrastructure and overreport by m∗

it. It then constructs a sufficient statistic:

z′it ≡ (1− αK) y′it − (γ + αG) log(G
∗
it)− (1− αK)m∗

it

= ait + εit + (γ + αG) [log(Git)− log(G∗
it)] + (1− αK) (mit −m∗

it).

From the central government’s perspective, log(Git) = log(G∗
it) and mit = m∗

it, meaning that it
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filters out the impacts of infrastructure investment and overreporting in equilibrium. However,

from the governor’s perspective, both Git and mit are under his control and directly affect his

performance evaluation.

By expanding the governor’s optimization in equation (14) and omitting regional subscript i,

we have

V G
(
WG

t | Gt, Yt
)
= max

CG
t ,Gt+1,mt

logCG
t + κ logGt+1 + κmmt

+ βGV
G
(
WG

t+1 | Gt+1, Yt+1

)
,

(A10)

where κm > 0 represents the incentive to overreport. The output inflation mt reduces the current

period budget: WG
t = Yt(τ − τce

mt), which is allocated by the governor: CG
t +Gt+1 =WG

t .

Proposition A1 (Output Overreporting)

The governor overreports its output bymt = log
(

τ
τc

)
−log

(
1
κm

+
1−βG

γ+αG
1−αK

1+κ

)
+log

(
1−βG

γ+αG
1−αK

1+κ

)
.

This mechanism, whereby regional governors overreport output, is conceptually similar to earn-

ings manipulation by publicly listed firms, as discussed in Stein (1989).

Proposition A1 highlights that the lack of reliable economic statistics in China might not merely

be random noise but could represent a systematic issue rooted in the Mandarin system. Further-

more, Proposition A1 provides comparative statics indicating that such overreporting increases

with the career incentives (κm) and decreases with the associated fiscal cost (τc).

A.7 Constructing Five-Year Variables

This appendix details the conversion of annual variables to five-year variables. For time-invariant

annual parameters X ∈
{
β, βG, 1− δZ∈{G,K}

}
, the conversion is straightforward: the five-year

counterpart is X5. Time-variant variables require a more involved process. For expositional ease,

we denote Xyt as the annual variable X in year yt, and Xt as the corresponding five-year variable

at period t in the model.

For capital stocks and local government debt, we set them to their corresponding annual variable

at the beginning of the first year at period t. For interest rates Xyt ∈
{
1 + rwyt, 1 + ryt

}
, Xt =

ΠytXyt.

The technology qZt is set equal to the five-year relative price
P

IZ
t

PY
t
, where P IZ

t is the five-year price

index for investment in sector Z ∈ {G,K}, and P Y
t is the five-year price index for output. These

price indices are obtained from NXt
Xt

, where NXt andXt are the five-year nominal and real variables,

Xt ∈ {IGt, IKt, Yt}. Five-year nominal variables are obtained by simple summation: NXt =∑
ytNXyt. Five-year real sector-specific investment is inferred from IZt = Zt+1 − (1− δZ)Zt,

Z ∈ {G,K}, ensuring consistency with five-year real capital stocks and depreciation rates. Five-

year real output simply follows Yt =
∑

yt Yyt.
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Finally, real local government debt is given by Dt =
NDt

PY
t−1

, where NDt denotes nominal local

government debt. This allows us to express the local government budget constraint in real terms

as in equation (26).

A.8 Robustness Check

A.8.1 Institutional Accounting

We conduct the following robustness exercises, all of which confirm our main findings from Section

IV on institutional accounting.

1. Winsorize κit at 5% and 10% levels, then rerun the regressions in Section IV.B. The results

are presented in Table A12 and A13.

2. Redo national- and provincial-level institutional accounting with different values of γ and

rt. We try γ = 0 and 0.05. The externality parameter γ affects MRGit and is relevant for

institutional accounting. For post-2008 interest rates, rt = rPt for t ∈ [4, 6]. The correlation

of κt and ∆a
t+1 is 0.87. The main institutional accounting results and external validity checks

in Table 4 and 6 are replicated in Table A14 and A15. Moreover, we re-estimate provincial-

level TFP using these alternative values of γ. Table A16 shows their correlation with career

incentives.

3. Redo national- and provincial-level institutional accounting with the production technology

generalized to a Constant Elasticity of Substitution (CES) form:

Yit = Ait

[
γ + αG

γ + αG + αK
G

σ−1
σ

it

+

(
1− γ + αG

γ + αG + αK

)
K

σ−1
σ

it

] σ
σ−1

(γ+αG+αK)

× L1−αG−αK
it ,

(A11)

where σ is the elasticity of substitution between Git and Kit. We try σ = 0.5 and σ =

1.5. Equation (39) and, therefore, the calibrated values of ωt remain unchanged. The only

difference in equation (40) is the derivative of Yit with respect to Git, which will follow

equation (A11). The institutional accounting results are replicated in Table A17 and A18.

We re-estimate provincial-level TFP using the CES production technology under alternative

values of σ. Table A19 shows their correlation with career incentives.

4. Redo national-level institutional accounting using infrastructure capital constructed from

investments without non-regional projects (see Supplemental Appendix A.2.4). The main

results in Table 4 are replicated in Table A20.
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5. Assume that changes to κt and ωt are unanticipated and perceived as permanent. Infer these

changes by matching Gt+1 and Dt+1 implied by the full-fledged model to the data. The

results, presented in Table A21, are very close to those in Table 4 under perfect foresight.

6. Allow αG and αK to vary over time. Recall that αG and αK are calibrated to match the

aggregate share of capital income, averaged over the sample period. We calibrate these

elasticities separately for the pre- and post-2008 periods, using the 2002 and 2007 input–

output (IO) tables to estimate the pre-2008 elasticities, and the 2012 and 2017 IO tables

to estimate the post-2008 elasticities. The re-calibrated pre- and post-2008 αG and αK are

reported in Table A22, and the main results, presented in Tables A23 and A24, are robust to

time-varying αG and αK .

7. Allow αG and αK to differ across provinces. We use the 2007 provincial IO tables to cali-

brate province-specific αG and αK .12 The mean values of αG and αK are 0.068 and 0.436,

respectively. The two elasticities exhibit significant variation across provinces, with standard

deviations of 0.02 and 0.06 for αG and αK , respectively. Nevertheless, the correlations be-

tween career incentives and provincial leaders’ characteristics, presented in Table A25 are

robust to province-specific αG and αK . The correlation between career incentives and provin-

cial TFP growth is also robust. The coefficient on κit is 0.003, significant at the 5 percent

level (after controlling for period and province fixed effects).

12When calibrating province-specific αG, we face the data limitation that “Transportation” cannot be separated
from “Transportation, Storage and Post” at the provincial level. We therefore assume that the share of “Transporta-
tion” within “Transportation, Storage and Post” is identical across all provinces to that at the national level.
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Winsorization

Table A12: External Validity: Winsorization

Dep. Variable 5% Winsorization κit 10% Winsorization κit

Gov.’s Age -0.0977 -0.0680
(0.0382) (0.0318)

Gov.’s Age*Gov.’s Age>60 0.0142 0.0099
(0.0061) (0.0051)

Gov.’s Central Experience 0.2985 0.1484
(0.2759) (0.2297)

Gov.’s faction (CYLC) 0.7231 0.6044
(0.2714) (0.2260)

Time FE Yes Yes
Province FE Yes Yes
Observations 150 150
Adj. R2 0.4657 0.5002

Table A13: Career Concerns and TFP Growth

Dep. Variable ∆a
it+1

κit 0.0035

(0.0018)

κit under 5% Winsorization 0.0032

(0.0020)

κit under 10% Winsorization 0.0041

(0.0025)

Time FE Yes Yes Yes

Province FE Yes Yes Yes

Observations 150 150 150

Adj. R2 0.4636 0.4567 0.4582
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Alternative γ and rt

Table A14: Institutional Accounting under Different γ and rt

t 1 (1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)

Panel A: γ = 0

κt 1.10 1.31 0.88 0.51 0.45

ωt - - - 1.15 0.83

Panel B: γ = 0.05

κt 1.05 1.27 0.84 0.46 0.39

ωt - - - 1.15 0.83

Panel C: rt = rPt for t ∈ [4, 6]

κt 1.08 1.29 0.86 0.48 0.41

ωt - - - 1.28 0.90

Table A15: Age and Career Concerns under Different γ and rt

Dep. Variable κit under γ = 0 κit under γ = 0.05 κit under rt = rPt for t ∈ [4, 6]

Gov.’s Age -0.1064 -0.1079 -0.1071
(0.0438) (0.0436) (0.0436)

Gov.’s Age*Gov.’s Age>60 0.0142 0.0145 0.0143
(0.0070) (0.0069) (0.0070)

Gov.’s Central Experience 0.6400 0.6230 0.6321
(0.3161) (0.3148) (0.3153)

Gov.’s faction (CYLC) 0.7171 0.7184 0.7176
(0.3109) (0.3096) (0.3101)

Time FE Yes Yes Yes
Province FE Yes Yes Yes
Observations 150 150 150
Adj. R2 0.4636 0.4637 0.4649

Table A16: Career Concerns and TFP Growth under Different γ and rt

Dep. Variable ∆a
it+1

κit under γ = 0 0.0037

(0.0017)

κit under γ = 0.05 0.0033

(0.0018)

κit under rt = rPt for t ∈ [4, 6] 0.0035

(0.0018)

Time FE Yes Yes Yes

Province FE Yes Yes Yes

Observations 150 150 150

Adj. R2 0.4922 0.4339 0.4636
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CES Production Function

Table A17: Institutional Accounting under CES Production

t 1 (1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)

Panel A: σ = 0.5

κt 0.95 1.20 0.79 0.36 0.27
ωt - - - 1.15 0.83

Panel B: σ = 1.5

κt 1.11 1.32 0.88 0.52 0.46
ωt - - - 1.15 0.83

Table A18: Age and Career Incentives under CES

Dep. Variable κit under σ = 0.5 κit under σ = 1.5

Gov.’s Age -0.1103 -0.1062
(0.0439) (0.0437)

Gov.’s Age*Gov.’s Age>60 0.0149 0.0142
(0.0070) (0.0070)

Gov.’s Central Experience 0.5985 0.6420
(0.3170) (0.3156)

Gov.’s faction (CYLC) 0.7218 0.7167
(0.3118) (0.3104)

Time FE Yes Yes
Province FE Yes Yes
Observations 150 150
Adj. R2 0.4608 0.4642

Table A19: Career Incentives and TFP Growth under CES

Dep. Variable ∆a
it+1

κit under σ = 0.5 0.0029

(0.0019)

κit under σ = 1.5 0.0037

(0.0018)

Time FE Yes Yes

Province FE Yes Yes

Observations 150 150

Adj. R2 0.3344 0.4871

Removing Non-Regional Projects

Unanticipated and Permanent Change in κt and ωt

Time-Varying or Province-Specific αG and αK

We allow αG and αK to vary over time or differ across provinces. Recall that αG and αK

are calibrated to match the aggregate share of capital income, averaged over the sample period.

We first calibrate these elasticities separately for the pre- and post-2008 periods, using the 2002

and 2007 input–output (IO) tables to estimate the pre-2008 elasticities, and the 2012 and 2017
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Table A20: Institutional Accounting: Removing Non-Regional Projects

t 1 (1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)

Panel A: Career Incentives

investment wedge 0.84 0.89 0.89 0.77 0.70
qGt Gt+1

CG
t

1.01 1.21 0.87 0.55 0.55

κt 0.84 1.08 0.77 0.42 0.39

Panel B: Financial Discipline

disciplining wedge - - - 0.74 0.71
(1−et+1)Dt+1

et+1C
G
t

- - - 1.48 1.15

ωt - - - 1.10 0.82

Table A21: Institutional Accounting under Unanticipated and Permanent Change in κt and ωt

t 1 (1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)

κt 1.10 1.23 0.79 0.48 0.42

ωt 2.83 4.01 2.53 1.12 0.84

IO tables to estimate the post-2008 elasticities. The re-calibrated pre- and post-2008 αG and αK

are reported in Table A22, and the main results, presented in Tables A23 and A24, are robust to

time-varying αG and αK .

Table A22: Pre- and Post-2008 αG and αK

αG αK

Pre-2008 0.05 0.42
Post-2008 0.04 0.38

Table A23: Time-Varying Parameters and Institutional Accounting

Value
t 1 (93-97) 2 (98-02) 3 (03-07) 4 (08-12) 5 (13-17) 6 (18-22)

∆a
t - 0.022 0.044 0.143 0.010 0.017

annual ξt (%) 25.19 16.74 19.67 12.37 5.08 4.33
κt 1.07 1.28 0.86 0.49 0.42 0.51
ωt - - - 1.15 0.83 0.73
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Table A24: Aggregates by the Calibrated Model

1993-2007 2008-2022 2023-2037 steady state

gt 0.29 0.47 0.62 0.63
ct 0.11 0.24 0.21 0.21
et 0.02 0.16 0.41 0.42

rt (%) 0.21 3.09 0.81 0.51
∆ log Yt

Lt
0.085 0.069 0.038 0.018

Note: gt ≡ Gt
Yt

and ct ≡ CG
t

Yt
. All the variables are averaged over t. We further annualize gt, rt, and ∆ log Yt

Lt
(without

detrending).

A.8.2 CRRA Household Preferences

We extend the model by generalizing household preferences to CRRA (Constant Relative Risk

Aversion), with the ζ representing the elasticity of intertemporal substitution. We re-calibrate the

household bequest parameter bt under ζ = 0.5 or 1.5. Then, we re-do all the counterfactuals using

the re-calibrated model. The results in Table 7 to 9 are replicated in Table A26 to A28. All the

counterfactual results are quantitatively robust.
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Table A25: External Validity

Dep. Variable κit

Gov.’s Age -0.0782 -0.1463 -0.1111
(0.0371) (0.0586) (0.0573)

Gov.’s Age*Gov.’s Age>60 0.0141 0.0155
(0.0093) (0.0091)

P.S.’s Age 0.0259 -0.0086
(0.0382) (0.0749)

P.S. Age*P.S.’s Age>60 0.0047
(0.0106)

Gov.’s Central Experience 0.8697 0.7406
(0.4259) (0.4139)

P.S.’s Central Experience -0.0550
(0.3747)

Gov.’s faction (CYLC) 1.1268 1.0752
(0.3947) (0.4071)

P.S.’s faction (CYLC) -0.0486
(0.3947)

Gov.’s faction (Shanghai) -0.1776
(0.7001)

P.S.’s faction (Shanghai) 0.0670
(0.6768)

Time FE Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes
Observations 150 150 150 150 150
Adj. R2 0.3301 0.3336 0.3282 0.3402 0.3871

Note: The dependent variable is κit, the career incentive parameter for local leaders in province i at period t, inferred
from institutional accounting. Explanatory variables include governors’ (Gov.’s) and party secretaries’ (P.S.’s) age,
their interactions with a dummy equal to one for ages above 60, indicators for central experience, and factional
dummies (CYLC and Shanghai, denoting affiliation with the “Communist Youth League of China” and “Shanghai
Gang”). All variables are tenure-month–weighted averages. Standard errors are reported in parentheses. Each
observation represents a province–period of five years, covering 1993–2017.

Table A26: Calibrated bt under Different ζ

1 (93-97) 2 (98-02) 3 (03-07) 4 (08-12) 5 (13-17) 6 (18-22) Assumptions for ≥ 6

ζ = 0.5 0.00 0.20 2.10 7.72 6.30 10.38
equal to the value at t = 6

ζ = 1.5 0.06 0.70 1.19 1.90 1.81 2.12

A.9 Micro Foundation of Financial Discipline

We let each period in our model be a long interval (taken as five years in our quantitative analysis)

and is divided into two subperiods: beginning and end. The local government receives a fraction

1− ν of its tax revenue at the start of each period, while the remaining fraction ν at the end. The

liquidity shock ν, a random variable drawn from the distribution f(ν) for ν ∈ (ν, 1) with ν ∈ (0, 1),

follows
∫ 1
ν f (ν) dν = 1.

At the beginning of each period, the local government must repay (θt + rt)Dit. A liquidity

shortage occurs when the received tax revenue (1− ν) τitYit falls short of the debt payment.

A liquidity shortage occurs when 1− ν ≤ eit, where 1− ν represents the minimum liquid cash

flow needed to avoid financial distress, as discussed in Titman and Tsyplakov (2007). Unlike typical

cases where financial distress harms firm cash flows, we emphasize liquidity shortages affect the
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Table A27: Aggregates by the Calibrated Model

ζ = 0.5 ζ = 1.5

1993-07 2008-22 2023-37 steady state 1993-07 2008-22 2023-37 steady state

gt 0.29 0.46 0.62 0.61 0.29 0.46 0.62 0.61
ct 0.11 0.24 0.21 0.21 0.11 0.24 0.21 0.21
et 0.02 0.17 0.42 0.41 0.02 0.17 0.42 0.41

rt (%) 0.21 3.09 1.05 1.35 0.21 3.09 1.06 1.36
∆ log Yt

Lt
0.082 0.069 0.039 0.019 0.082 0.069 0.038 0.019

Note: All the variables are averaged over t. We further annualize gt, rt, and ∆ log Yt
Lt

(without detrending).

Table A28: Steady State Aggregates in the Counterfactuals

Weakening Career Concerns Strengthening Career Concerns

ζ = 0.5 ζ = 1.5 ζ = 0.5 ζ = 1.5

(1) (2) (1) (2) (3) (4) (5) (3) (4) (5)

g∗ 0.10 0.59 0.09 0.59 1.03 0.56 0.99 1.03 0.56 0.99

c∗ 0.28 0.17 0.28 0.18 0.14 0.21 0.15 0.14 0.21 0.15

e∗ 0.26 0.91 0.25 0.91 0.56 0.00 0.00 0.56 0.00 0.00

r∗(%) 0.53 3.98 0.56 3.84 2.14 0.03 0.03 2.11 0.03 0.03

log Y CF
∗ − log Y BM

∗ -0.209 -0.167 -0.212 -0.158 0.0243 0.075 0.158 0.027 0.076 0.159

Note: g∗,r∗ are all annualized. log Y BM
∗ and log Y CF

∗ denote log Y∗ in the benchmark calibrated economy and
corresponding counterfactual, respectively.

central government’s evaluation of local governors.

When a liquidity shortage occurs, the local government must report the issue to the central

government, which provides temporary fiscal support. Although this intervention does not result

in any fiscal or financial consequences for the local government or lender, it signals financial risk to

the central government, negatively affecting the local governor’s performance review. The expected

negative impact is ω̂t Pr (eit+1 ≥ 1− ν), where ω̂t reflects the severity of the punishment.

We adopt the following right-skewed distribution for the liquidity shock ν:

f(ν) =


1/ log(1/ν)

ν if ν ∈ [ν, 1],

0 if ν ∈ [0, ν),

where ν > 0 is a fixed parameter that determines both the lower bound and the mean E[ν] = 1−ν
log(1/ν) .

We assume ω̂t = − ωt
E[ν] , meaning the punishment for liquidity shortage is scaled by the expected

severity of tax revenue delay. The rationale is that liquidity shortages in scenarios with more

available liquidity (lower E [ν]) should incur harsher penalties. By further assuming ν → 0, the

high career cost disciplines the governor from taking leverage levels above 1.
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If eit+1 ≥ 1, the local government’s high leverage will surely induce a liquidity shortage, resulting

in a career cost of ωt log(1/ν), which approaches infinity as ν → 0. If eit+1 < 1, the expected career

cost is finite, given by −ωt log (1− eit+1).

A.10 Equilibrium with Exogenous Interest Rate

In this appendix, we analyze the equilibrium by fixing the interest rate exogenously at rt = r̂ for all

t, with βG(1+ r̂) < 1.We denote the policy functions that solve equation (32) as Dt+1 = HD
(
WG

t

)
and Gt+1 = HG

(
WG

t

)
. The law of motion for WG

t is WG
t+1 = HW

(
WG

t

)
, where

HW
(
WG

t

)
= τ

(
αK

(
1− τY

)
r̂ + δK

) αK
1−αK

A
1

1−αK HG
(
WG

t

) γ+αG
1−αK

+ (1− δG)HG
(
WG

t

)
− (1 + r̂)HD

(
WG

t

)
.

(A12)

When local governments can use debt, their net worth WG
t may drop below zero, leading

to a potential liquidity shortage. Lemma A1 below shows that there exists a non-empty region

W = (W, W̄ ] such that for WG
t ∈ W, the local government can always avoid a liquidity shortage,

and its value function is continuous and concave. The lemma also provides sufficient conditions to

rule out local government saving (i.e., Dt+1 < 0).

Lemma A1 (Desire to Borrow) Assume θ > θ̄ ≡ δG
γ+αG
1−αK

. For any given ω > 0, the following

properties hold for the local government’s optimal strategy:

1. There exists W < 0 such that for WG
t > W , the optimization problem in equation (32) has a

unique value function V G(WG
t ), which is continuous and concave.

2. There exists a non-empty set W = (W, W̄ ] such that ∀WG
t ∈ W, HD(WG

t ) ≥ 0.

3. If κ is sufficiently small, ∀WG
t ∈ W, HW (WG

t ) ∈ W.

This lemma leads to the local government’s optimization problem in equation (34).

With the two first order conditions in equations (35) and (36), Proposition A2 characterizes the

steady state of the economy under two scenarios. The local government accumulates positive debt

if the central government’s discipline on leverage ω is below a threshold level ω̄, and takes no debt

if ω ≥ ω̄.

Proposition A2 (Steady State under r̂)

1. If κ ∈ (0, κ̄) and ω ∈ (0, ω̄) (i.e., modest career incentives and financial discipline), where κ̄

and ω̄ are defined in Supplemental Appendix A.11.3, the equilibrium in steady state has the

following properties:
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(a) There exists an interior steady state where the local government takes positive leverage

e∗ (r̂) ∈ (0, 1). The leverage e∗ (r̂) is given in Supplemental Appendix A.11.3 and has

the following properties: ∂e∗(r̂)
∂κ > 0, ∂e∗(r̂)

∂ω < 0, and ∂e∗(r̂)
∂r̂ < 0.

(b) The steady-state infrastructure investment is G∗ = g∗ (r̂)Y∗, where g∗ (r̂) is given in

Supplemental Appendix A.11.3 and satisfies: ∂g∗(r̂)
∂κ > 0, ∂g∗(r̂)

∂ω < 0, and ∂g∗(r̂)
∂r̂ < 0.

2. If ω ≥ ω̄ (i.e., strong discipline on leverage) and κ <
γ+αG
1−αK

(1−βG(1+r̂))

1+r̂− γ+αG
1−αK

, with δG = 1, there

exists a set W+ ≡
(
W+, W̄

]
⊆ W such that ∀WG ∈ W+, HD

(
WG

)
= 0 (i.e., zero debt)

and HW
(
WG

)
∈ W+.

In the first case, it is intuitive that the interior steady state of local government leverage e∗

decreases with financial discipline ω and the interest rate r̂, but increases with career incentives κ.

The increase in leverage with career incentives complicates the long-run effect of κ on the steady-

state share of local government infrastructure investment g∗. To explore this, we differentiate the

steady-state budget constraint and Euler equation (35):

∂c∗ (r̂)

∂κ
= −τ 1− βG (1 + r̂)

ω (θ + r̂)

∂e∗ (r̂)

∂κ
< 0, (A13)

δG
∂g∗ (r̂)

∂κ
= −∂c∗ (r̂)

∂κ
− τ

r̂

θ + r̂

∂e∗ (r̂)

∂κ
. (A14)

Equation (A13) shows that higher κ reduces the local government’s propensity to consume in

the steady state, as in the baseline model without debt. However, equation (A14) shows that
∂e∗(r̂)
∂κ > 0 may offset ∂c∗(r̂)

∂κ < 0 in determining the sign of ∂g∗(r̂)
∂κ . Similarly, ∂g∗(r̂)

∂ω and ∂g∗(r̂)
∂r̂ are

also ambiguous. However, sufficiently low κ and ω ensure that ∂g∗(r̂)
∂κ > 0, ∂g∗(r̂)

∂ω < 0, and ∂g∗(r̂)
∂r̂ < 0.

In the second case, strong discipline (ω ≥ ω̄) combined with other conditions is sufficient to

reduce local government debt to zero. This makes the economy identical to the baseline model,

where ∂g∗(r̂)
∂κ > 0 and ∂g∗(r̂)

∂r̂ = 0.

A.11 Proofs

A.11.1 Proof of Proposition 1

When δG = 1, we combine Euler equation (18) and the budget constraint (13), and obtain closed-

form solutions for CG
t and Gt+1 as

CG
t = cYt ≡

1− βG
γ+αG
1−αK

1 + κ
τYt,

Gt+1 = gYt ≡
κ+ βG

γ+αG
1−αK

1 + κ
τYt.
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For δG ≤ 1, we have r∗ =
αK(1−τY )

s − δK . Equation (2) implies

Y∗ =

(
αK

(
1− τY

)
r∗ + δK

) αK
1−αK−γ−αG

A
1

1−αK−γ−αG g
γ+αG

1−αK−γ−αG

=
(
Agγ+αGsαK

) 1
1−γ−αG−αK .

Together with the Euler equation (18) and the budget constraint (13), we obtain

G∗
Y∗

=
κ+ βG

γ+αG
1−αK

κδG + 1− βG (1− δG)
τ

A.11.2 Lemma A1 and Proof

To simplify notation, we define Ǎ ≡
(
αK(1−τY )

r̂+δK

) αK
1−αK A

1
1−αK . We first prove that if θ > θ̄ ≡

δG
γ+αG
1−αK

, value function (32) has a unique solution V G
(
WG

t

)
, which is continuous and concave, for

WG
t > W , where

W ≡ − (1− γ − αG − αK)

(
(γ + αG)

γ+αG

(
τǍ

(θ + r̂) (1− αK)

)1−αK
) 1

1−γ−αG−αK

< 0.

Note that the local government cannot avoid a certain liquidity shortage for WG
t ≤ W . This can

be seen from the fact that for WG
t ≤W , the local government is unable to lower the leverage ratio

et+1 below 1 conditional on CG
t > 0 and Gt+1 > 0.

We next show that θ > θ̄ ensures that for ∀WG
t > W , local government can choose et+1 < 1

and WG
t+1 > W . Note that if the current-period government with WG

t > W can avoid absolute

liquidity shortage and, at the same time, keep the next-period government wealth WG
t+1 > W , then

there must exist a sequence of policy choices that can avoid certain liquidity shortage for all future

periods. The feasibility is established by constructing the current-period policy choices that deliver

et+1 < 1 and WG
t+1 > W . Specifically, we find that CG

t ↓ 0, Gt+1 ↑ (WG
t − 1−αK

1−αK−γ−αG
W ) > 0 and

Dt+1 = − 1−αK
1−αK−γ−αG

W > 0 can satisfy the government budget constraint and guarantee:

et+1 =
(θ + r̂)Dt+1

τǍ (Gt+1)
γ+αG
1−αK

=
(θ + r̂)

(
− 1−αK

1−αK−γ−αG
W
)

τǍ
(
WG

t − 1−αK
1−αK−γ−αG

W
) γ+αG

1−αK

<
(θ + r̂)

(
− 1−αK

1−αK−γ−αG
W
)

τǍ
(
− γ+αG

1−αK−γ−αG
W
) γ+αG

1−αK

= 1.
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WG
t+1 =

(θ + r̂)Dt+1

et+1
+ (1− δG)Gt+1 − (1 + r̂)Dt+1

>

[
− (1− θ)

1− αK

1− αK − γ − αG
+ (1− δG)

γ + αG

1− αK − γ − αG

]
(−W ) > W.

Then, we apply Theorem 4.6 in Stokey and Lucas (1989) to prove that equation (32) has a

unique solution V G
(
WG

t

)
for WG

t > W . We can also establish the continuity and concavity of

V G
(
WG

t

)
by applying Theorem 4.6 and 4.8 in Stokey and Lucas (1989), respectively.

We prove the second part of the lemma by contradiction. To ease notation, we define Ḡ ≡(
(γ+αG)τǍ

(1−αK)(r̂+δG)

) 1−αK
1−αK−γ−αG and W̄ ≡ τǍḠ

γ+αG
1−αK +(1− δG) Ḡ such thatMRG equals r̂ - i.e., r̂+δG =

τ γ+αG
1−αK

ǍḠ
− 1−αK−γ−αG

1−αK . The set W ≡
(
W, W̄

]
.

Suppose there exists WG
t ∈ W such that HD

(
WG

t

)
< 0. Then, the envelope condition, the

first-order condition w.r.t. Dt+1, and βG (1 + r̂) < 1 guarantee
∂V (WG

t )
∂WG

t
<

∂V (WG
t+1)

∂WG
t+1

, which implies

WG
t+1 < WG

t by the strict concavity of the value function. WG
t+1 < WG

t < W̄ and Dt+1 < 0 are

sufficient for WG
t+1 + (1 + r̂)Dt+1 < W̄ or, equivalently, τǍG

γ+αG
1−αK
t+1 + (1− δG)Gt+1 < W̄ . Since

τǍG
γ+αG
1−αK
t+1 + (1− δG)Gt+1 is monotonically increasing in Gt+1, we have Gt+1 < Ḡ, which implies

MRGt+1 > r̂ .

However, HD
(
WG

t

)
< 0 also implies the following first-order conditions:

1

CG
t

=
κ

Gt+1
+ βG (1 +MRGt+1)

∂V
(
WG

t+1

)
∂WG

t+1

,

1

CG
t

= βG (1 + r̂)
∂V
(
WG

t+1

)
∂WG

t+1

,

which give
1

CG
t

(r̂ −MRGt+1) =
κ

Gt+1
(1 + r̂) .

Since κ ≥ 0, r̂ ≥MRGt+1. Contradiction. This proves the second part of this lemma.

For the third part of this lemma, we only need to prove that when κ is sufficiently small,

∀WG
t ∈ W, HW

(
WG

t

)
≤ W̄ . This proof is accomplished by contradiction. Suppose there exists

WG
t ∈ W such that HW

(
WG

t

)
> W̄ . This, together with Dt+1 ≥ 0 by the second part of the

lemma, implies τYt+1+(1− δG)Gt+1 =WG
t+1+(1 + r̂)Dt+1 > W̄ , which further implies Gt+1 > Ḡ

and r̂ > MRGt+1.

We next show that r̂ ≤ MRGt+1 must be true for any government optimal choice Dt+1 ≥ 0.

First notice that for any interior solution of Dt+1 > 0, we can combine equations (35) and (36) and
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obtain

1 +MRGt+1 = (1 + r̂)

(
1− κ

CG
t

Gt+1

)
+
γ + αG

1− αK

ωet+1

1− et+1

CG
t

Gt+1

WG
t+1

Dt+1

+

(
1− γ + αG

1− αK

)
(1− δG)

ωet+1

1− et+1

CG
t

Dt+1
,

(A15)

since WG
t+1 > W̄ > 0, for sufficiently small κ, r̂ < MRGt+1 is a necessary condition for equation

(A15) to hold true.

For corner solution Dt+1 = 0, the optimality conditions imply

1

CG
t

(r̂ −MRGt+1) ≤
κ

Gt+1
(1 + r̂) .

As κ ↓ 0, the inequality cannot hold unless r̂ ≤MRGt+1.

A.11.3 Proof of Proposition A2

For notational ease, we define

ω̄ = ω̄ (κ, r̂) ≡ r̂

(θ + r̂) Φ (r̂) (1−Π(κ))
,

κ̄ = κ̄ (r̂) ≡ γ + αG

1− αK

1

Φ (r̂)
,

θ̃ = δG
γ + αG

1− αK

1− βG

(1− βG) + βGδG

(
1− γ+αG

1−αK

) ∈
(
0, θ̄
)
,

where

Π (κ) ≡
κ+ βG

γ+αG
1−αK

κ+ 1−βG(1−δG)
δG

∈ (0, 1) , Φ(r̂) ≡ r̂

1− βG (1 + r̂)
> 0.

We first analyze the case with ω < ω̄. We start with the first-order conditions (35) and (36)

under λD = 0, and then show that ω < ω̄ ensures an interior solution in the steady state. Denote

c∗ ≡ CG
∗

Y∗
and g∗ ≡ G∗

Y∗
. In the steady state, equations (35), (36) and the government budget

constraint become

1 =
ωΦ (r̂)

1− e∗

θ + r̂

r̂

c∗
τ
, (A16)

(1− βG (1− δG)) g∗ =

(
κ+

ωe∗
1− e∗

γ + αG

1− αK

)
c∗ + βGτ

γ + αG

1− αK
, (A17)

c∗ + δGg∗ = τ

(
1− r̂

θ + r̂
e∗

)
. (A18)
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By plugging equations (A16) and (A18) into equation (A17), we obtain

e∗ (r̂) =
ω̄ − ω

ω̄ − ω + ω θ−θ̃
θ+r̂

, (A19)

We have assumed θ > θ̄ in Lemma A1, so θ̃ < θ̄ implies θ > θ̃. When ω < ω̄, equation (A19)

implies e∗ ∈ (0, 1).

By substituting e∗ into equation (A16), we obtain

c∗ (r̂) = τ (1−Π(κ))

(
1− θ̃ + r̂

θ + r̂
e∗

)
> 0, (A20)

and by substituting e∗ and c∗ into equation (A18), we obtain

g∗ (r̂) = τ
1

δG

((
1− r̂

θ + r̂
e∗

)
Π(κ) + (1−Π(κ))

θ̃

θ + r̂
e∗

)
> 0. (A21)

hence there is an interior solution in the steady state.

Differentiating equation (A19) yields

∂e∗ (r̂)

∂ω
= −

ω̄ θ−θ̃
θ+r̂(

ω̄ − ω θ̃+r̂
θ+r̂

)2 < 0,

∂e∗ (r̂)

∂κ
=

ω θ−θ̃
θ+r̂(

ω̄ − ω θ̃+r̂
θ+r̂

)2 ∂ω̄ (κ, r̂)

∂κ
,

∂e∗ (r̂)

∂r̂
= −

ω θ−θ̃
(θ+r̂)2

(
βG

1−Π(κ) + ω
)

(
ω̄ − ω θ̃+r̂

θ+r̂

)2 < 0.

Since ∂ω̄(κ,r̂)
∂κ > 0, we obtain ∂e∗(r̂)

∂ω < 0, ∂e∗(r̂)
∂κ > 0 and ∂e∗(r̂)

∂r̂ < 0.

Moreover, equation (A21) can be rewritten as

g∗ (r̂) =
τ

δG

(
Π(κ) +

r̂

θ + r̂

κ̄ (r̂)− κ

κ+ 1−βG(1−δG)
δG

e∗

)
, (A22)

where r̂
θ+r̂ (κ̄ (r̂)− κ) is decreasing in r̂. When κ < κ̄, this equation implies ∂g∗(r̂)

∂ω < 0 and ∂g∗(r̂)
∂r̂ <

0. To see the sign of ∂g∗(r̂)
∂κ , we combine equations (A16) and (A18) and obtain

g∗ (r̂) =
τ

δG

(
1− r̂

θ + r̂

1

ωΦ(r̂)

)
+

τ

ωδG

r̂

θ + r̂

(
1

Φ (r̂)
− ω

)
e∗ (r̂) . (A23)

When κ < κ̄, we have ω̄ < 1
Φ(r̂) , thus ω <

1
Φ(r̂) . Therefore, equation (A23) implies that ∂g∗(r̂)

∂κ > 0.
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To see the 2nd-order derivative, we further differentiate ∂e∗(r̂)
∂κ w.r.t. ω and obtain

∂2e∗ (r̂)

∂κ∂ω
=
θ − θ̃

θ + r̂

∂ω̄ (κ, r̂)

∂κ

ω̄ + ω θ̃+r̂
θ+r̂(

ω̄ − ω θ̃+r̂
θ+r̂

)3 > 0.

Moreover, equation (A21) implies ∂g∗(r̂)
∂ω = τ r̂

θ+r̂
κ̄(r̂)−κ

δG

(
κ+

1−βG(1−δG)
δG

) ∂e∗(r̂)
∂ω , and we further differentiate

it w.r.t. κ and obtain

∂2g∗ (r̂)

∂κ∂ω
= τ

r̂

θ + r̂

1−βG(1−δG)
δG

+ γ+αG
1−αK

1
Φ(r̂)

δG

(
κ+ 1−βG(1−δG)

δG

)2 (−∂e∗ (r̂)∂ω

)
︸ ︷︷ ︸

+

+ τ
r̂

θ + r̂

κ̄ (r̂)− κ

δG

(
κ+ 1−βG(1−δG)

δG

) ∂2e∗ (r̂)
∂κ∂ω︸ ︷︷ ︸

+

> 0.

We now analyze the case with ω ≥ ω̄. Define

W+ ≡ (τǍ)
1−αK

1−γ−αG−αK Π(κ)
γ+αG

1−γ−αG−αK

×
(
ω(θ + r̂)

(
1−Π(κ)

)
+ βG(1 + r̂)

) 1−αK
1−γ−αG−αK > 0.

We first show W+ ∈
(
W, W̄

)
. W+ > W is obvious. W+ < W̄ is guaranteed by ω ≥ ω̄ and

κ <
γ+αG
1−αK

(1−βG(1+r̂))

1+r̂− γ+αG
1−αK

:

W+ ≤
(
τǍ
) 1−αK

1−γ−αG−αK Π(κ)
γ+αG

1−γ−αG−αK < W̄ .

We next show that ∀WG
t ∈ W+, HD

(
WG

t

)
= 0. We guess HD

(
WG

t

)
= 0. Since Dt+1 < 0 has

been ruled out by Lemma A1, we can use equation (36) to obtain HG
(
WG

t

)
= Π(κ)WG

t , which

further implies HCG (
WG

t

)
= (1−Π(κ))WG

t and HW
(
WG

t

)
≡ τǍΠ(κ)

γ+αG
1−αK WG

t

γ+αG
1−αK . We then

plug the policy functions into equation (35) and back out the multiplier:

λDt = − 1

CG
t

+ ω
1

1− et+1

θ + r̂

WG
t+1

+
βG (1 + r̂)

WG
t+1 −Gt+2

=
−τǍΠ(κ)

γ+αG
1−αK

(
WG

t

) γ+αG
1−αK + ω (1−Π(κ))WG

t (θ + r̂) + βGW
G
t (1 + r̂)

(1−Π(κ))WG
t τǍΠ(κ)

γ+αG
1−αK

(
WG

t

) γ+αG
1−αK

.

Therefore, λDt > 0 if and only if WG
t > W+, which verifies our guess of HD

(
WG

t

)
= 0.

The last step is to show ∀WG
t ∈ W+, HW

(
WG

t

)
∈ W+. HW

(
WG

t

)
≤ W̄ is immediate from

Lemma A1 as W+ ⊆ W. We then show HW
(
WG

t

)
> HW

(
W+

)
≥W+. The first inequality comes

from the monotonicity of HW
(
WG

t

)
and the second inequality is ensured by the condition ω ≥ ω̄.

With the closed-form policy functions, it is straightforward to derive the steady state.
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A.11.4 Proof of Proposition 2

We build on the proof of Proposition A2, which treats interest rate at an exogenous level. In the

steady state, K∗
Y∗

=
αK(1−τY )

r∗+δK
, D∗

Y∗
= τe∗

θ+r∗
, and the capital market constraint requires

αK

(
1− τY

)
r∗ + δK

+
τ

θ + r∗
e∗(r∗) = s, (A24)

where e∗(·) is given by equation (A19). Proposition A2 shows that e∗(r∗) is decreasing in r∗. So,

the left-hand side of equation (A24) is monotonically decreasing in r∗, ensuring a unique solution

r∗(s), which is decreasing with s.

Equation (A24), together with equations (A16), (A17) and (A18), can jointly pin down r∗, g∗,

c∗ and e∗. We can rewrite equation (A24) as(
s−

αK

(
1− τY

)
r∗ + δK

)
θ + r∗
τ

= e∗ (r∗) ,

where the left-hand side is monotonically increasing in r∗. Proposition A2 shows that the right-hand

side of the equation is monotonically decreasing in ω and r∗ but increasing in κ. This gives ∂r∗
∂κ > 0

and ∂r∗
∂ω < 0. Moreover, since

∂

(
s−

αK(1−τY )
r∗+δK

)
θ+r∗

τ

∂r∗
> 0, we have ∂e∗

∂κ =
∂

(
s−

αK(1−τY )
r∗+δK

)
θ+r∗

τ

∂r∗
∂r∗
∂κ > 0

and ∂e∗
∂ω =

∂

(
s−

αK(1−τY )
r∗+δK

)
θ+r∗

τ

∂r∗
∂r∗
∂ω < 0.

A.11.5 Proof of Proposition A1

Setting up the governor’s optimization at t:

max
CG

t ,Gt+1,mt

logCG
t + κ logGt+1 + κmmt + βGV

G
(
WG

t+1 | Gt+1, Yt+1

)
− λt

(
CG
t +Gt+1 − Yt (τ − τce

mt)
)
.

where λt is the Lagrangian multiplier of the governor’s budget constraint. The first order condition

for mt gives

emt =
κm

λtτcYt
.

The envelope condition establishes λt = 1
CG

t
. By guess and verification, we have

CG
t

WG
t

= µm ≡
1−βG

γ+αG
1−αK

1+κ , which in turn implies

emt =
κm

λtτcYt
= µm

(
κm
τc
τ − κme

mt

)
.
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Thus,

emt =
τ

τc

(µm)(
1
κm

+ µm

) .
The governor overreports its output by mt = log

(
τ
τc

)
− log

(
1
κm

+
1−βG

γ+αG
1−αK

1+κ

)
+log

(
1−βG

γ+αG
1−αK

1+κ

)
.

A.11.6 Optimization Problem for Institutional Accounting

Denote by X̃t ≡ Xt

(1+gT )t
the detrended variable Xt, where Xt ∈

{
Yt, C

G
t , Gt, Dt

}
and gT = (1 +

gA)
5

1−αK−αG−γ − 1 is the trend growth rate of Xt. Assuming perfect foresight for local governors,

their optimization problem can be formulated as follows.

max
{C̃G

t+ι,G̃t+ι+1,et+ι+1}∞
ι=0

∞∑
ι=0

βιGU
G
t+ι

(
C̃G
t+ι, G̃t+ι+1, et+ι+1

)
,

subject to the budget constraint:

C̃G
t + qGt

((
1 + gT

)
G̃t+1 − (1− δG) G̃t

)
= τtỸt − (1 + rt) D̃t +

(
1 + gT

)
D̃t+1,

where D̃t+1 for t ∈ {1, 2, 3} are exogenously determined by the central government, Yt follows

equation (2), and Ãt ≡ At

(1+gA)5t
. The initial condition is {G̃1, D̃1}.

We only consider interior solution in the accounting exercise. So, UG
t

(
C̃G
t , G̃t+1, et+1

)
= log C̃G

t

+ κt log G̃t+1 + ωt log
(
1 − et+1

)
for et+1 ∈ [0, 1). For t ≤ 3, the first-order conditions w.r.t. G̃t+1

gives equation (38). For t ≥ 4, the first-order conditions w.r.t. D̃t+1 and G̃t+1 establish equations

(39) and (40).

A.11.7 First-best Allocation

Same as in Supplemental Appendix A.11.6, the detrended variable of Xt is denoted by X̃t. The

social planner’s optimization problem is given by:

max
{G̃t+1,K̃t+1,F̃t+1,C̃G

t ,C̃H
t,t,C̃

H
t−1,t}∞t=1

ρβ

βC
log C̃H

0,1

+

∞∑
t=1

βt−1
C

(
log C̃G

t + ρ log C̃H
t,t

+ ρβ log C̃H
t,t+1

)
,

(A25)

subject to the resource constraint:

C̃G
t + C̃H

t,t + C̃H
t−1,t + qGt Ĩ

G
t + qKt Ĩ

K
t +

(
1 + gT

)
F̃t+1 = Ỹt + (1 + rw)F̃t, (A26)
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and the borrowing constraint F̃t ≥ F̃ ∗
t , where Ĩ

G
t =

(
1 + gT

)
G̃t+1−(1− δG) G̃t, Ĩ

K
t =

(
1 + gT

)
K̃t+1−

(1− δK) K̃t, Ỹt = ÃtG̃
γ+αG
t K̃αK

t L1−αG−αK
t , and the initial state {G̃1, K̃1, Ỹ1, F̃1} is given.
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