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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 A1l 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.’

Table Al: Infrastructure and Non-Infrastructure Industries

US (2012 NAICS Code) China (2017 NEIC Code) EU (NACE Rev.2)
Production and supply of electricity, Electricity, gas, steam and air
Utilities (22)
gas and water (D) conditioning supply (35)

Water supply (36)
Management of Water Conservancy,

Sewerage, waste management and
Environment and Public Facilities (N)

remediation activities (37-39)

Air transportation (481) Air transport (56) Air transport (51)
Infrastructure
Water transportation (483) Water transport (55) Water transport (50)
Railroad transportation (482) Railway transport (53)
Truck transportation (484) Land transport and transport via
. Road transport (54) o
Transit and ground passenger pipelines (49)
transportation (485)
Pipeline transportation (486) Transport via pipelines (57)
Other transportation and support Loading, unloading and forwarding
activities (487,488) 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

Zy= Y RFAj+ )  RFA}, (A1)
jeJ(2) heH(Z)

where Z € {G,K}. J(Z) is the set of infrastructure industries (Z = @) or non-infrastructure
industries (Z = K) listed in Table Al. We omit time subscript ¢ when its absence does not
cause confusion. In equation (A1), RF Af 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

'Bai 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.



nonresidential and residential capital stock for RF Af . For infrastructure industries (j € J(G)),
we use the fixed-cost net capital stock of private nonresidential capital stock for RF Af .

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

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

Infrastructure Petroleum and natural gas
5 Highways and streets Air transportation
Transportation Other transportation

Other railroad
Track replacement
Local transit structures

Other land transportation

6 Other Structures Other Structures
Non-infrastructure 7 Equipment Equipment
8 Intellectual Property Products Intellectual Property Products

Denote by NF A;? and RF Aﬁ the total government nominal and real fixed capital of asset group
h, respectively. >, H(Z) RF Ag 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, N F Af , and
the total nonresidential nominal and real private capital stock by asset group, NF Aﬁ and RFA?,
respectively. Finally, we calculate the government real fixed capital of asset group h, RF Ag , using
the following equation:

_ RFA],

RF A3, = WNFA%-

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).



Table A3: Asset Type Classification in EuroStat

Dwellings

Total Construction Other buildings and structures

Transport equipment

Computer hardware

Telecommunications equipment

Other machinery and equipment and weapons systems

Machinery and equipment and weapons systems

Cultivated biological resources

Research and development

I 11 1
ntellectual property products 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 ¥F 4 We assume that this share is representative
across all countries and use 974 to adjust the capital stock in industry H for all countries.

Denote by RF A,,j; 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

Lt = Z RFE Apji,
i€J(2)
where J(Z) is the set of infrastructure or non-infrastructure industries defined in Table Al. Z,,; 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



corresponding notations.

Table A4: National-Level Investment Data

Notation  Definition Sample Period Data Source

NFCF, Nominal Aggregate Fixed Capital Formation 1952-2022 NBS website

NFAIL Nominal Aggregate Fixed Asset Investment 1952-2022 CYS + NBS website + NBS (2009)
NFAI; Nominal Fixed Asset Investment of Use e 1952-2022 NBS website + NBS (2009)
NFAI;;  Nominal Fixed Asset Investment in Industry j 1985-2022 CYS + SYFAI + NBS website
NFAI;; Nominal Fixed Asset Investment of Use e in Industry j = 2004-2022 CYS

PFCF, Aggregate Price Index for Fixed Capital Formation 1952-1995 NBS (1997)

PFAIL Aggregate Price Index for Fixed Asset Investment 1990-2019 NBS website

PFAI 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 NF Alj;. Section A.2.2 explains
how to construct real aggregate fixed capital formation RFCF; and categorize it into industry-
specific fixed capital formation RFCF}; using the industry composition of NFAIj;. 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 NFCF; and NFAI by an
average of 1.3% and 30.7%, respectively, for the period 2004-19.2 In this paper, we use the latest
revised NFCF; and NFAI;. However, the NBS has not yet revised the disaggregate investment
data. Therefore, we adjust NFAI,, NFAI;;, and NFAI.j by the same proportion as the NBS’s
revision to NFAI.

While we rely on NFAlj; to back out sectoral investment and capital, it is not entirely com-
parable over time for two reasons. First, > j NFAIj; is not always equal to NFAI;. In addition,
prior to 2004, NBS only reported “Capital Construction” and “Innovation” in NF Alj; by indus-
try, except for 1996-98 and 2002-03 when complete data on each subcomponent in NFAI;; was
available.?

To address these inconsistencies, we make the following assumptions. (1) The industry-specific
share of “Capital Construction” and “Innovation” in N F AI}; 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.

SNFAI was also classified into “Capital Construction”, “Innovation”, “Real Estate Development”, and “Others”
by the “Channel of Management”. The NBS discontinued this classification in 2004.



post-2004 NF Alj;, which excludes fixed asset investments in rural areas or by rural households,
we assume the share of rural investments in NF Al is identical to the share in NF AI;. Table A5

summarizes our adjustments and data sources.

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

Data Available Adjustment Data Source
1985-1995 NFAI;; in “Capital Same share of “Capital CYS + SYFAI
Construction” and Construction” and
“Innovation” only “Innovation” in NFAIl;; as
in 1996
1996-1998 Complete - SYFAI
1999-2001 NFAIj; in “Capital Linear Interpolation CYS

Construction” and
“Innovation” only

2002-2003 Complete - SYFAI

2004-2010 NFAIj; in Urban Areas Same share of rural

2011-2022 NF Al;; without Rural investments in NFAI;; as in CYS + SYFAI
Households NFAIL

Note: See Table A4 for definitions of CYS and SYFAIL

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 NF'AIj; 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. RF Al = NFAI.; | PFAIL, is
straightforward. However, since PFAl.j; is not available, we assume PFAl.; = PFAIL;. It
is important to note that PF Al is only available after 1990 (see Table A4). We make two



assumptions. (1) PF Al = PFAI for years prior to 1990. (2) PFAI, = PFCF,, 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 RF Al ;; =
NFAIj/PFAly, RFAI; =% RFAl.j and RFAI, =), RFAI*

The NBS does not produce a price index for fixed capital formation. Following Bai, Hsieh, and
Qian (2006), we utilize PF Al to derive RECF;. Specifically, we categorize N FCF; into NFCFy;
based on the proportion of NFAI, in NFAI:

NFAIL,

NECFa = Spar
t

NFCF,. (A2)

We then deflate NFCF,; by PF Al to obtain RFCF,;, which leads to RFCFy:

NFCFy

— PFAI ' (A3)

RFCE::E:RFCEﬁz

Next, we use real fixed asset investment RF'AIj;; to construct real fixed capital formation

RFCF}; for each infrastructure industry j € J (G):

RFAI},
RF AL

RFCFj; = RFCF,. (Ad)

The assumption is that the industrial composition in RFCF; is identical to that in RF AI;. This

allows us to infer the sector-specific investments:
Iqt= Y  RFCFy,
J€J(G)

Iy = RECFE;, — Iy

A.2.3 Sector-Specific Capital Stock

We impute infrastructure and non-infrastructure capital using the perpetual inventory method:
Zyy1r = Ize + (1 = 67) 2y,

where Z € {G,K}. To implement this method, we need to know d¢g, dx, and the initial capital
stocks Gy, and Ky,.
Calibrating Capital Depreciation Rate
Denoted by 4. the depreciation rate for capital of use e. NBS set d. 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 J; as the weighted average of de: 07 = > wzede,
e

4NFAIejt is only available after 2004 (Table A4). For years prior to 2004, we assume the share of NF Al in
NFAIj is equal to the share in 2004.



where wy, is the proportion of real investment of use e in the sector-specific real investment. To
obtain wz., we first categorize RF'CFj; into RE'CF,j; for infrastructure industry j € J (G) as in

equation (A4):
RF Al

FCF.;; = ———9°
RECFej1 S RFALj

RFCF;,. (A5)

We then calculate

Igee= Y, RFCF.,
JjeJ(G)

IKet = RFCFet - IGet'

Next, we compute wyt = IIZZe: As wyze: remains stable over time, we set wyz. to the average of wzet
between 1993 and 2022. This gives the calibrated value of 6z in Table 2.

Determining Initial Capital Stock

We first construct a long time series for the aggregate capital stock, starting from 1952, based
on RFCF,; obtained from equation (A3). We then use the earliest data on RFCF} from equation
(A4) to decompose the aggregate capital stock in 1985 into sector-specific capital stock, giving us
the initial Zgg5.

Specifically, the aggregate capital stock, denoted by RF Ay, is imputed by Y, RF A, where
RFAet+1 - RFCFet + (1 - (Se) RFAet,

and

RFCFei952

RF A, = .
992 7 1og (RFCF 1955/ RFC Fa1952) /3 + 6.

We then obtain Z19g5 by decomposing RF A.1985:

Ratio%
G =198 ppg , A6
1985 = TR0 oG, 1985 (A6)
K985 = RF A1985 — G19ss, (A7)

where Ratio%85 is the ratio of G19g5 to Ki9s5, approximated by

Ratiol .. — 161985 (108 (I 1088/ Trc1985) /3 + 0K )
atiotggs = :
Ix1985 (log (Ic19ss/Ic19ss) /3 + 6c)

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.



= NRAR e f ional FA _ NRALZTse
Denote by 9 = —NFAL, the share of non-regional FAI and by 9,¢ JE = “NFAL oy

the share for infrastructure industry j. We need to replace RFCF; and RFCFjcjq) with
ional ional

RFCF/*®'"™ = (1 — ;) RFCF, and RFCF;Zg}‘()g?t = (1 —tjeyc)) RFCFjcj(g)- Table AG de-

Inon—regional

t

tails the data availability for aggregate-level NF' A and methodologies to address missing

data. The industry-specific N FAI?;E}E%OM] are adjusted in a similar way.

Table A6: Constructing the Share of Non-Regional Investment Projects (1))

Data Availability for Adjustment Data
NFAIt"O“’regiO“al Source
1952 N.A. Same as in 1953
1953-1979 Only for “Capital Construction” Same as the share for “Capital SYFAI
Construction”

1980-1981 Only for “Capital Construction” Same as the share for “Capital SYFAI
and “Innovation” Construction” and “Innovation”

1982-1992 Complete - SIFAC

1993-2003 Complete - CYS

2004-2010 N FAIe™eg°mal i Urban Areas Same as the share for NFAI in CYS
A urban areas
2011-2017 NFAItnon‘reglonal without Rural The same as the share for NFAI; CYS
Household without rural households
2018-2022 NF AT} e&°mal 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 SYFAIL

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, N EF'CF;; and N F Al;;, where
1 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).°The NBS provides the price index for provincial fixed asset investment, PF Al but
does not publish the price index for provincial fixed capital formation. The NBS also reports
provincial fixed asset investment by use, NF Al.;, and by industry, NF AlLj;.

Adjusting the Raw Data

The NBS has adjusted the aggregate investments NFCF; and NFAI; 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 N FCFj; for
the period 2004-17 following the methodology of Chen, Chen, Hsieh, and Song (2019).

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



Table A7: Provincial-Level Investment Data

Notation Definition Sample Period Source

NFCFy Nominal Provincial Fixed Capital Formation 1952-2022 NBS website + NBS (2009)
NFAI; Nominal Provincial Fixed Asset Investment 1952-2022 NBS website + CYS + NBS (2009)
NFAI:* Nominal Provincial Fixed Asset Investment of Use e 1996-1998, 2002-2022 NBS website + SYFAI

NFAIj Nominal Provincial Fixed Asset Investment in Industry j 1993-2022 CYS + SYFAI

PFAIL; Provincial Price Index for Fixed Asset Investment 1993-2022 NBS website

PFAI; Provincial Price Index for Fixed Asset Investment of Use e  1993-2022 NBS website

Note: * NFAI.;: 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, ]X,I;ﬁﬁ’: , 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 ) NFCF;; = NFCF;. Similar adjustments are made to align
provincial and national data for output ), Yj; = Y; and for tax revenue ), 7Yy = 74 Y5.

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.

NFAI; for Sichuan prior to 1997 includes investments in both Sichuan and Chongqing. To
separate Chongqing’s N F Al;;, we assume that its share in Sichuan’s N F Al;; before 1997 is equal
to its share in 1997.

Real Sectoral Investment and Capital

Given the potential manipulation of NF Al;, the reliability of provincial price index PF Al
is also questionable. We opt to set PF'Al;.; = PF Al instead of using PF Al;.; in the data. This

gives

NFCF;
RFCFy Ee:R CFiet Ze PFAIL; "’
where
NFAIL,
NFCF;p = —————NFCFj.
CFiee = Npap, N FCT

The next step is to disaggregate RF'C'Fj; into REFCF}j;;. Following the same strategy in equation

(A4), we assume

_ RF AT
RFCE]'“: = mRFCFZt, (Ag)
where
NFAI;
RFAIZt == ~ m

The key assumption is to trust the industrial composition of provincial fixed asset investment. To



obtain RFAlj; in equation (A8), we employ the following procedures. We first break NFAILj;
into NF' Alj; by assuming the industry-specific composition of use e in NF Alj;; is identical across
provinces. We then set PF Al j;; = PF Al to obtain

NFALj;

RF ALy =» RFALjy=>» PEAL, -

It follows immediately

Igii= Y RFCFyy,
JEJ(G)

Iyt = RFCFy — Igit,

Zitg1 = Izie + (1 = 02) Zy.

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 (GWTI) 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.” 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 Dy, the outstanding local government debt at the end of year ¢:

Dy= DFX +LGFV, - LGFVFX, (A9)
——
explicit debt implicit debt

where DFX denotes the explicit debt, LGFV; is the total outstanding interest-bearing debt of
LGFVs, and LGF VtEX is the explicit debt component in LGFV;.8

Explicit Debt

Table A8 summarizes our data sources and methodologies for addressing missing data. DF¥
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 D, for 1997, 1998, and 2008-10, as well as average growth rates of D; in 1998-02 and 2002-07.
Using these growth rates and assuming that annual growth of D; within the 1999-02 and 2003-07
periods is identical to the annualized growth rate of D; in 1998-02 and 2002-07, respectively, we
reconstruct DFX for 1996-09. For the earliest years in our sample period, we set DFX = 0 in 1992
and use linear interpolation to estimate DFX for 1993-95.

Implicit Debt

LGFV, is directly available from 2003 onwards. NAO (2011, 2013) and the NPC report in 2016
provide LGFV,FX for the end of 2010 and 2014, and June 2013. We linearly interpolate LG FV,FX

"Following 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
1993-95 Linear interpolation 1992-07 Set to Zero
1996-2009 Inferred from NAO (2011) + Linear interpolation
2010 NAO report (2011)
2011 Linear interpolation
2012 NAO (2013) 2008-22 Outstanding interest-bearing LGFV debt from WIND -
2013 Linear interpolation Explicit LGFV debt®
2014 NPC report in 2016*
2015-2022 Ministry of Finance”

Note: * http://www.npc.gov.cn/zgrdw/npc/zgrdzz/2016-03/29/content_1986294.htm.

> Ministry of Finance data available from ¢“China Electronic Local Government Bond Market Access” at
http://www.celma.org.cn.

¢ 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,®X in LGFV; is 100% before 2008. We linearly
interpolate this share for 2008 and 2009.

The share of LGFV,FX further decreases after 2015 due to new State Council’s regulations that
prohibit local government from raising debt through LGFVs.? This is evidenced by decomposing
DEX into

DEX = LGB; + LGFVFX + others,

where LG B; stands for outstanding local government bonds at the end of year {. The share of
LGB, in DFX 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 LGEFV,®X = 0 in 2020. We linearly interpolate LGEFV,®X for 2015-19 and assume
LGFVFX =0 continues to hold after 2020. Finally, we use equation (A9) to impute D.

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. DgX is directly available for 2012, 2015, and subsequent years. For 2007-11, missing
values are estimated by assuming that Df;X grows at the same rate of LGFVy, adjusted by a
constant common to all provinces to ensure Y, DFX = DFX. Provincial-level data before 2007 is
scarce. We construct DgX for these years by assuming it grows at the same rate of DFX.

Implicit Debt

LGFVy is directly available from WIND for 2003-22. For years prior to 2003, we construct
LGFV; assuming it grows at the same rate as LGFV;. Data on LGF fo 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;FX for that month. We then estimate
LGF VfX at the end of 2012 by assuming that LGFVEY is identical to the June ratio, adjusted by

EX
Dit

9ink for the official document.
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http://www.zgnj.gov.cn/njxrmzf/c106420/202111/33e78707266e4a4fb54bd7adc703c7de/files/49068df144e94193a4d4c05a42d43564.pdf

a constant common to all provinces to ensure ), (LGFVit — LGFVigEX) = LGFV; — LGFVtEX.lO
We next construct LGF VfX for 2008-22 by assuming that the implicit local government debt,

LGFVy — LGFVifX, grows at the same rate as LGF'Vj, adjusted, again, by a common factor in
each period to ensure Zl (LGFVZ-t — LGFVifX) = LGFV; — LGFVtEX.

Table A9: Constructing Provincial-Level Local Government Debt

Period Explicit Debt DEX Period Implicit Debt
1992 Set to zero
1993-06 Growing at the same rate of DFX 1992-07 Set to zero
2007-11 Growing at the same rate of LGF'V,
+ Adjustment 2008-22 Outstanding interest-bearing LGFV debt from WIND -
2012 Provincial Auditing Reports on Government Debt Explicit LGFV debt®
2013-14 Same for 2007-11
2015-22 Ministry of Finance®

Note: * Ministry of Finance data available from “China Electronic Local Government Bond Market Access” at
http://www.celma.org.cn.
P 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 TtY G TtY ¢ and ¢; 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 71" 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

YData for Guizhou and Tianjin’s DEX 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
LGFVifX for Hainan and Guizhou exceeds LG FV;, suggesting LG FV;; might be underestimated. For these two
provinces, we set LGFVj; equal to the estimated LGFV;EX.
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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

TYe 9.3 10.0 10.7 11.1 11.6 9.8
Ye 2.6 44 5.9 8.0 8.0 7.7
o 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 ¢;; for 2018-22 equal to the average land sale revenue to GDP ratio in 2019-21.
A.5.2 Central Government Debt

Denote by DtCG the outstanding central government debt at the end of year t. While data for
DE€ is not available before 2005, the NBS publishes two relevant metrics in the China Statistical
Yearbook: “Central Government Debt Issuance”, denoted by ADtCG, and “Central Government
Payment for the Principal and Interest of Debt”, denoted by RD{E. These metrics allow us to
back out DFC in 1992-04 by

DFY = DFS — ADES + RD(S.
A.5.3 National-level Employment Data

Table A11l: Employment Data

Notation Definition Sample Period Source
L Employed Population 1952-2023 NBS website
Njo€ 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.!! 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

1We 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}, as his region’s output, which might differ
from the actual output Yj. If the governor overreports the log output ¥}, by an amount m;, where
Yl = yit + mjy and the actual log output y;; is given by equation (9), then the reported log output
is yl, = af“;i? + 7+QG < log(Git) + my up to a constant. While the local government collects a tax
of 7Y;; based on the actual output, it must transfer a fraction of the tax revenue to the central
government at a rate of 7. < 7 based on the reported output level Y},. Thus, the residual tax

revenue for the local government is
Tip = 7Yy — 15 = 7Y (1 — (7/T)e™").

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

invest G, in infrastructure and overreport by m},. It then constructs a sufficient statistic:

zip = (1—ar) vy — (v + ag)log(G}y) — (1 — akx)m
= ait +€it + (v + ag) [log(Gir) — log(G)] + (1 — ak) (my —my).

From the central government’s perspective, log(Gi:) = log(G},) and m; = m},, 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 G; and m; are under his control and directly affect his
performance evaluation.

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

we have

Ve (WtG | Gy, Y}) = max log C’tG + klog Gyy1 + Kmmy
CtG,GtJrl,mt (Al())
+BaVY (Wi | Gy, Vi)

where k., > 0 represents the incentive to overreport. The output inflation m; reduces the current
period budget: W& = Y;(1 — 7.e™), which is allocated by the governor: C& + Gyy1 = WE.

Proposition A1 (Output Overreporting)
. 1-B¢ szG 1*ﬁc¥j§G
The governor overreports its output by my = log ( )—log + —— |+log | —— | .

T 1
Te Km 1+k

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 Al provides comparative statics indicating that such overreporting increases

with the career incentives (k,,) and decreases with the associated fiscal cost (7).

A.7 Constructing Five-Year Variables

This appendix details the conversion of annual variables to five-year variables. For time-invariant
annual parameters X € {B,ﬁg, 1-— 6Z€{G,K}}v the conversion is straightforward: the five-year
counterpart is X°. Time-variant variables require a more involved process. For expositional ease,
we denote Xy as the annual variable X in year yt, and X; 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 X,; € {1 + 7y 1+ ryt}, X, =
Iy Xy

Iz
The technology th is set equal to the five-year relative price %, where PtIZ is the five-year price
index for investment in sector Z € {G, K}, and PtY is the five-year price index for output. These

NXy
Xt

X € {Igt,Ikt,Y:}. Five-year nominal variables are obtained by simple summation: NX; =

price indices are obtained from

, where N X; and X, are the five-year nominal and real variables,
Zyt NXy. Five-year real sector-specific investment is inferred from Iz, = Zy11 — (1 —0z) Z,

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

year real output simply follows Y; = Zyt Y.
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Finally, real local government debt is given by D; = gf)t, where N D, denotes nominal local
t—1

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 ki 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 v and
ry. We try v = 0 and 0.05. The externality parameter v affects M RG;; and is relevant for
institutional accounting. For post-2008 interest rates, r; = r{ for t € [4,6]. The correlation
of kg and Af, | 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 . 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:

Yie = Ait _1Tee it
Y+ ag+ag
=75 (vtagtak)
g—1 | o1 All
-+ (1 — _|_’Y—}_O_[|_G) Kito ] ( )
YT oG T K

l—ag—ag
X Ly,

)

where o is the elasticity of substitution between G; and K. We try ¢ = 0.5 and 0 =
1.5. Equation (39) and, therefore, the calibrated values of w; remain unchanged. The only
difference in equation (40) is the derivative of Yj; with respect to G;, 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 o. 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.

17



5. Assume that changes to k; and w; are unanticipated and perceived as permanent. Infer these
changes by matching G¢;1 and D;y 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 ag and agi to vary over time. Recall that ag and ax 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 o and ap are
reported in Table A22, and the main results, presented in Tables A23 and A24, are robust to

time-varying ag and ag.

7. Allow ag and ak to differ across provinces. We use the 2007 provincial IO tables to cali-
brate province-specific ag and ax.'?> The mean values of ag and ax 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 ag and ag, respectively. Nevertheless, the correlations be-
tween career incentives and provincial leaders’ characteristics, presented in Table A25 are
robust to province-specific g and a . The correlation between career incentives and provin-
cial TFP growth is also robust. The coefficient on x; is 0.003, significant at the 5 percent

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

12\When calibrating province-specific aq, 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 s 10% Winsorization ;¢
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. R? 0.4657 0.5002

Table A13: Career Concerns and TFP Growth

Dep. Variable Af L
Kit 0.0035
(0.0018)
ki¢ under 5% Winsorization 0.0032
(0.0020)
ki¢ under 10% Winsorization 0.0041
(0.0025)
Time FE Yes Yes Yes
Province FE Yes Yes Yes
Observations 150 150 150
Adj. R? 0.4636 0.4567 0.4582
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Alternative v and r;

Table Al4: Institutional Accounting under Different v and 7y

t1(1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)

Panel A: v =0

Kt 1.10 1.31 0.88 0.51 0.45
wi - - - 1.15 0.83

Panel B: v = 0.05

Ke 1.05 1.27 0.84 0.46 0.39
wr ; - - 1.15 0.83

Panel C: r; = r{ for t € [4, 6]

Kt 1.08 1.29 0.86 0.48 0.41
wr - - - 1.28 0.90

Table A15: Age and Career Concerns under Different v and 7

Dep. Variable kit under v =0 kit under v = 0.05 k¢ under ry = rf 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. R? 0.4636 0.4637 0.4649

Table A16: Career Concerns and TFP Growth under Different + and ry

Dep. Variable AL
kit under v =0 0.0037
(0.0017)
kit under v = 0.05 0.0033
(0.0018)
kit under r = rf for t € [4, 6] 0.0035
(0.0018)
Time FE Yes Yes Yes
Province FE Yes Yes Yes
Observations 150 150 150
Adj. R? 0.4922 0.4339 0.4636
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CES Production Function

Table A17: Institutional Accounting under CES Production

t1(1993-97)

2 (1998-02)

3 (2003-07)

4 (2008-12) 5 (2013-17)

Panel A: 0 =0.5

Kt 0.95 1.20 0.79 0.36 0.27

we - - - 1.15 0.83
Panel B: 0 = 1.5

Kt 1.11 1.32 0.88 0.52 0.46

we - - - 1.15 0.83

Table A18: Age and Career Incentives under CES

Dep. Variable

kit under o = 0.5

kit under o = 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. R? 0.4608 0.4642

Table A19: Career Incentives and TFP Growth under CES

Dep. Variable Af L

kit under o = 0.5 0.0029

(0.0019)
kit under o = 1.5 0.0037
(0.0018)
Time FE Yes Yes
Province FE Yes Yes
Observations 150 150
Adj. R? 0.3344  0.4871

Removing Non-Regional Projects

Unanticipated and Permanent Change in x; and w;

Time-Varying or Province-Specific ag and ax

We allow ag and ax to vary over time or differ across provinces. Recall that ag and ax
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
gl 1.01 1.21 0.87 0.55 0.55
Kt 0.84 1.08 0.77 0.42 0.39
Panel B: Financial Discipline
disciplining wedge - - - 0.74 0.71
% - - - 1.48 1.15
ws - - - 1.10 0.82

Table A21: Institutional Accounting under Unanticipated and Permanent Change in s and w;

t1(1993-97) 2 (1998-02) 3 (2003-07) 4 (2008-12) 5 (2013-17)
K 1.10 1.23 0.79 0.48 0.42
we 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 ag and ax
are reported in Table A22, and the main results, presented in Tables A23 and A24, are robust to

time-varying ag and ag.

Table A22: Pre- and Post-2008 a¢ and ag

ag aK

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 (0812) 5 (13-17) 6 (18-22)
A - 0.022 0.044 0.143 0.010 0.017
annual & (%) 25.19 16.74 19.67 12.37 5.08 4.33
Kt 1.07 1.28 0.86 0.49 0.42 0.51
Wt - - - 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

g 0.29 0.47 0.62 0.63
c 0.11 0.24 0.21 0.21
e 0.02 0.16 0.41 0.42
re (%) 0.21 3.09 0.81 0.51
Alog ¥ 0.085 0.069 0.038 0.018

G
Note: g+ = % and ¢; = % All the variables are averaged over t. We further annualize g, r¢, and A log L% (without

detrending).

A.8.2 CRRA Household Preferences

We extend the model by generalizing household preferences to CRRA (Constant Relative Risk
Aversion), with the ¢ representing the elasticity of intertemporal substitution. We re-calibrate the
household bequest parameter b; under ( = 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 Kit
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. R? 0.3301 0.3336 0.3282 0.3402 0.3871

Note: The dependent variable is k¢, the career incentive parameter for local leaders in province i at period ¢, 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 b; under Different ¢

1(93-97) 2 (98-02) 3 (03-07) 4(0812) 5 (13-17) 6 (18-22) Assumptions for > 6
C=05 0.00 0.20 2.10 7.72 6.30 10.38 B
(=15 0.06 0.70 1.19 1.90 1.81 2.12 equal to the value at t =6

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 — v of its tax revenue at the start of each period, while the remaining fraction v at the end. The
liquidity shock v, a random variable drawn from the distribution f(v) for v € (v, 1) with v € (0,1),
follows fyl fw)dv=1.

At the beginning of each period, the local government must repay (6; + ) Diz. A liquidity
shortage occurs when the received tax revenue (1 — v) 7;;Yj; falls short of the debt payment.

A liquidity shortage occurs when 1 — v < e;;, where 1 — v 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

(=05 (=15
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
ce 0.11 0.24 0.21 0.21 0.11 0.24 0.21 0.21
er 0.02 0.17 0.42 0.41 0.02 0.17 0.42 0.41
re (%) 0.21 3.09 1.05 1.35 0.21 3.09 1.06 1.36
Alog ¥ 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 g;, 7+, and A log {—i (without detrending).

Table A28: Steady State Aggregates in the Counterfactuals

Weakening Career Concerns Strengthening Career Concerns

(=05 (=15 (=05 (=15
(1) (2) (1) (2) 3) (4) (5) () (4) (5)
g+ 0.10 0.59 0.09 0.59 1.03 0.56  0.99 1.03  0.56  0.99
Cx 0.28 0.17 0.28 0.18 0.14 0.21 0.15 0.14 0.21 0.15
€ 0.26 0.91 0.25 0.91 0.56 0.00 0.00 0.56 0.00 0.00
7+(%) 0.53 3.98 0.56 3.84 2.14 0.03 0.03 2.11 0.03  0.03

logV.CF —logVBM 0209 -0.167 -0.212 -0.158 0.0243 0.075 0.158 0.027 0.076 0.159

Note: g.,r+ are all annualized. logV.PM and logV,CF denote logY, 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 & Pr (e;141 > 1 — v), where ; reflects the severity of the punishment.

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

Ylog(/y) ¢, ¢ [v,1]
flv) = i N
0 if v € [0,v),

where v > 0 is a fixed parameter that determines both the lower bound and the mean E[v] = bé(ﬁ'
We assume W; = —ﬁ, 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 [v]) should incur harsher penalties. By further assuming v — 0, the

high career cost disciplines the governor from taking leverage levels above 1.
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If e;441 > 1, the local government’s high leverage will surely induce a liquidity shortage, resulting
in a career cost of wy log(1/v), which approaches infinity as v — 0. If e;441 < 1, the expected career

cost is finite, given by —w; log (1 — ej141).

A.10 Equilibrium with Exogenous Interest Rate

In this appendix, we analyze the equilibrium by fixing the interest rate exogenously at r; = 7 for all
t, with Bg(1+7) < 1. We denote the policy functions that solve equation (32) as Dy = HP” (WtG)
and Gyy1 = HY (WE). The law of motion for W is WS, = HW (W), where

YK

Ytag

Y 11—«
HW (WtG) =T <OZK (1 -7 )) K AﬁHG (WtG) T—ap

7+ 0K (A12)

+ (1= de)HE (W) — (1 +7)HP (WF).

When local governments can use debt, their net worth WtG may drop below zero, leading
to a potential liquidity shortage. Lemma A1l below shows that there exists a non-empty region
W = (W, W] such that for WtG € 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., D11 < 0).

1
1

Lemma A1l (Desire to Borrow) Assume 0 > 0 = 6@%. For any given w > 0, the following

properties hold for the local government’s optimal strategy:

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

unique value function VG (W), which is continuous and concave.
2. There exists a non-empty set W = (W, W] such that YWE € W, HP (W) > 0.

3. If k is sufficiently small, YWE € W, HWV (W) ¢ 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 w is below a threshold level w, and takes no debt

ifw> .
Proposition A2 (Steady State under )

1. If k € (0,R) and w € (0,w) (i.e., modest career incentives and financial discipline), where &
and @ are defined in Supplemental Appendixz 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« (1) € (0,1). The levemge e (1) is gz’ven in Supplemental Appendiz A.11.8 and has

the following properties:

(b) The steady-state infmstructure investment is Gy = g*( ) Y., where g, (7) is given in
Supplemental Appendiz A.11.3 and satisfies: ag*(r) > 0, ag*(T) <0, and 89*( ) <.

. %ﬁ( —Ba(1+7))
2. If w > w (i.e., strong discipline on leverage) and k < TG

TeK

exists a set WH = (W W | C W such that YW € W, ’HD (WE) =0 (i.e., zero debt)
and HW (W) € W,

, with ¢ = 1, there

In the first case, it is intuitive that the interior steady state of local government leverage e,
decreases with financial discipline w and the interest rate 7, but increases with career incentives k.
The increase in leverage with career incentives complicates the long-run effect of x 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):

dc. (1) 1 —Ba (14 7) Oey (7)

ok w 0+7) o 0 (AL3)

09« (1) Ocy (1) 7 Oes (7)
o T T on ToiF om (A14)

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

the steady state, as in the baseline model without debt. However, equation (A14) shows that

86*(” 60*(r) < 0 in determining the sign of aggéf). Similarly, ag*ogf) 6957212)

> 0 may offset and are

also ambiguous. However, sufficiently low x and w ensure that 895,?) > 0, 8‘%"0?2) < 0, and 898*77@ < 0.

In the second case, strong discipline (w > @) combined with other conditions is sufficient to
reduce local government debt to zero. This makes the economy identical to the baseline model,
where 89*(r) > 0 and ag*( ) = .

A.11 Proofs

A.11.1 Proof of Proposition 1

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

form solutions for CtG and Gii1 as

6 paxctel
Cf =¥, = 71 Ty,
k+ Boiiss
Gi1 =gV = ﬁTYt
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Y
For g < 1, we have r, = @ — di. Equation (2) implies

[e3

K

ag (1—77)\ 2w e 1 ytag

}/* — AlfaKf'yfaGglfaKf’yf(xG
s + 5K

= (Ag7+ac SOCK) W .

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

G. K+ Bg e

_ 1-—ak

Y.  wba+1-Pa(l—6a)

A.11.2 Lemma Al and Proof

. K 1 _
To simplify notation, we define A = <%5_:/)) 17K AT-ox . We first prove that if 6 > 6 =

, value function (32) has a unique solution Ve (WtG), which is continuous and concave, for

ytac
5G l—ag

W& > W, where

1

I—ag\ T=7=ag-ag
W=-(1-v-ag—ag) ((’YJFO‘G)VMG <(9+f)TA )> >

(1—ax

< 0.

Note that the local government cannot avoid a certain liquidity shortage for WtG < W. This can
be seen from the fact that for WtG < W, the local government is unable to lower the leverage ratio
et+1 below 1 conditional on C'tG > 0 and Gy1q > 0.

We next show that 6 > 0 ensures that for VIWS > W, local government can choose e;1 < 1
and W, > W. Note that if the current-period government with W, > W can avoid absolute
liquidity shortage and, at the same time, keep the next-period government wealth Wﬁrl > 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

err1 < 1and WS, > W. Specifically, we find that CF | 0, Gy T (W — %m > 0 and
Dy = —%w > 0 can satisfy the government budget constraint and guarantee:
o 1—
(0 +7) Dysy (0+7) (~ a4 W)
€t+1 = Trag Yrag

TA(Ge) w14 (WtG — K W) oK

l—ag—vy—ag—
~ 1—
_ 049 (W)

Ytag T

A ( Ytag W) T—ag

T l-ag—y—ag—
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0+7)D .
W, = (etJ)rlHlJr(l(;G)GtH — (14 7) Dyya
1—ag ¥+ ag
> |=(1-10) +(1—dc) (-W)>WwW.

l—ag —7v—ag 1l—ag —7v—ag

Then, we apply Theorem 4.6 in Stokey and Lucas (1989) to prove that equation (32) has a
unique solution V¢ (WtG) for W& > W. We can also establish the continuity and concavity of
%45 (WtG) 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 G =
l—ap Ytag

(%) FTOKTITYG and W= 7AG Tk +(1 — 6¢) G such that M RG equals 7 - i.e., F+dg =
l—ap—v—a

L lrag—y-ag _
TIE2CAGT T ok The set W= (W, W].
Suppose there exists WtG € W such that HP (WtG) < 0. Then, the envelope condition, the

G G
WE) W) Shich implies

first-order condition w.r.t. Dyy1, and g (1 4+ 7) < 1 guarantee

owe owg,
WE, < WE by the strict concavity of the value function. WS, < W& < W and D1 < 0 are
_ . Jfeq _
sufficient for Wtc_,’;l + (14 7)Diy1 < W or, equivalently, TAGt:fK + (1 = d¢) Gi1 < W. Since

o
TAthJ:f K 4+ (1 = d¢) Gty is monotonically increasing in Gy41, we have Gyy1 < G, which implies

M RGt_H > 7.
However, HP (WtG) < 0 also implies the following first-order conditions:

1 _ s v (Wi)
e = A+ B (1 MRGypy)
' G ) oW,
! ov (WS,)
- = 1 + r _—
e =P e
which give
1 K
— (r — MRG =——(1+7).
g (P = MRGL) = g (147

Since k > 0, # > M RG¢41. Contradiction. This proves the second part of this lemma.

For the third part of this lemma, we only need to prove that when x is sufficiently small,
YIWE € W, HW (WtG) < W. This proof is accomplished by contradiction. Suppose there exists
WtG € W such that H"W (WtG) > W. This, together with Dy;; > 0 by the second part of the
lemma, implies 7Yi11 4+ (1 — dg) Gr1 = Wﬁrl + (14 7) Dy > W, which further implies Gy > G
and 7 > M RG41.

We next show that # < M RG4+1 must be true for any government optimal choice Dy41 > 0.

First notice that for any interior solution of D;y1 > 0, we can combine equations (35) and (36) and
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obtain

1+MRGt+1:(1+T~,)(1_KC'tG) Ytag wer CF W,

Gi1 1—ag1—e1 Gy Dy

(A15)

¥+ ag Wett1 CtG
+(1- Y a2 et
( 1—Oq<> ( ) 1—et11 D

since Wﬁl > W > 0, for sufficiently small k, # < MRG;,1 is a necessary condition for equation
(A15) to hold true.

For corner solution Dyt = 0, the optimality conditions imply

1 K
— (r — MRG < 14+7).
CtG( t+l)_Gt+1( )

As k| 0, the inequality cannot hold unless 7 < M RGyy1.

A.11.3 Proof of Proposition A2

For notational ease, we define

R—R(f) =119 1
T l—ag®(F)’
~ 1— _
§= 051100 b e (0.0).,
T YK (1= Ba) + Bada (1 - Yfgﬁ)
where .
K+ Baiss 7
M) = — "Clax _cg1), @(F)=— 1 >0

= s O S O

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

under AP = 0, and then show that w < @ ensures an interior solution in the steady state. Denote

G
Cx = ?,* and g, = % In the steady state, equations (35), (36) and the government budget

constraint become . .
W (7) O+ 7 e

= Al6
I—e. 7 7 (A16)
we, v+ ag v+ ag
1= Bg(1-0a)) ge = . , Al
(1-Bc(1-dc))yg <KJ+1—6*1—O¢K>C Mk p— (A17)
toege =7 (1 (A18)
Cx +0qgs =T 0+fe* .
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By plugging equations (A16) and (A18) into equation (A17), we obtain

, (A19)

w—w
W—w +w

Q:»x

0

+Wors

<3

We have assumed 6 > 6 in Lemma A1, so § < 6 implies § > 6. When w < @, equation (A19)
implies e, € (0,1).
By substituting e, into equation (A16), we obtain

é A~
e (7) = 7 (1 — 1 ()) (1 ~ 0%) >0, (A20)
and by substituting e, and ¢, into equation (A18), we obtain
M=t (1= e )+ (=T e | > 0 (A21)
PTG o+7 " 0+7 ‘
hence there is an interior solution in the steady state.
Differentiating equation (A19) yields
de. (7) DG
= T <0,
Ow " +7
(w - w9+f>
de.(F) _ Wi w(k,7)
= - ,
Ok ((D B W§I§> Ok
-0 (_8
Oes () _ “(ovsp (1—HG(F~> M “’)
— = 2 <.
or (f _ m)
W Wy
Since % > 0, we obtain 86*( ) < 0, 8e*( ) > 0 and ae*( ) <.
Moreover, equation (A21) can be rewrltten as
RO 7 RE(F)—k A29
g (F) = e () + O+7 4+ 1—506(1—56') N ( )
G

where ﬁ (R (7) — k) is decreasing in 7. When k < R, this equation implies ag*( ) < 0and 89* (T) <
Bg*( )

0. To see the sign of , we combine equations (A16) and (A18) and obtam

g (7) = é (1— Hifw@l(f)) +w7c;gt9j-f <<I>1f) —w> ex (7). (A23)

When k < K, we have @ < ﬁ, thus w < ﬁ. Therefore, equation (A23) implies that 895,?) > 0.
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(*)

To see the 2nd-order derivative, we further differentiate % w.r.t. w and obtain

D%, (7) 0 — 000 (r,7) @ +wi
Okdw  O0+7 Ok (_ 9+T:>3

Moreover, equation (A21) implies aggy) = T% o (H_;(TA;;Z 5G)) 86505 ), and we further differentiate
°a
it w.r.t. x and obtain
1-Ba(1-6
0. () ¢ T T al (0e ()
Ordw —O+F 5 (1 s T ow
+
A — A 82 . (7
p ROk Pal)
0 +7 5¢ (:‘i—i- _ﬂcci(c_ G)) OKkOw
+
We now analyze the case with w > @w. Define
l—ap Ytag

wt = (TA)1 vag-ek (k)76 K

l—ag

X (w(047)(1—1I(k)) + Ba(l + 7)) "7 2c 2k >0,

We first show W+ ¢ (E, W) W' > W is obvious. W+ < W is guaranteed by w > @ and

G (1-Ba(147))

1+7— 7+aG

l—ap Ytag

K“r S (TA)l—'y—aG—aK H( )1 Yy—ag—aK <W

We next show that YW,& € W+, HP (WtG) = 0. We guess H” (WtG) = 0. Since D;y; < 0 has
been ruled out by Lemma A1, we can use equation (36) to obtain H% (W) = II (k) W, which

. ytao to
further implies H¢ (WE) = (1 - (k) W and HWV (WF) = Al (H)lﬂf( WtGF“IG(. We then
plug the policy functions into equation (35) and back out the multiplier:

1 1 & 1+7
Af):: —~4?§‘+(U g-t;r BG’( +_T)
G 1 — e Wt+1 Wi = Giya
. ta
—TAIl (k)= on (WG)1 on +w(l =T (k) WE (0 + )+ BaWE (1 +7)

ytoeg

(1—1I(x)) WETAI (k )fai (W) =or

Therefore, AP > 0 if and only if W% > W, which verifies our guess of H? (W) =0

The last step is to show VW& € W+, HW (WtG) e Wt. #W (WtG) < W is immediate from
Lemma A1l as WT C W. We then show H"W (WtG) > HW (wﬂ > W™. The first inequality comes
from the monotonicity of H"W (WtG) and the second inequality is ensured by the condition w > @.

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

Y
K. ag(1-7 D Te
steady state, v = 775%}( ), v = g

and the capital market constraint requires

aK(l—TY) T
e + 0K +9+T*e

«(ry) = 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 7, g,

¢ and e,. We can rewrite equation (A24) as

(S_aK(l—TY)> 0+ r, e (r)

re + 0K T

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 w and 7, but increasing in . This gives % >0

Y Y
ol o k(=) girs of o k(=) girs
Txt0 g T rx oK T
Oex —

Ors : Ors
and G* < 0. Moreover, since Ors > 0, we have RI G2 >0
ol s— aK(liTY) O+7x
T ) T
Oes __ *HoK Ors 0
and ow ors Ow <V

A.11.5 Proof of Proposition A1l

Setting up the governor’s optimization at ¢:

max  log Of + klog Gip1 + kmmy + BaVE (WS | Gigr, Yig)

CE,Gry1,me

— M (C’tG + G =Y (7 — Tcemt)) .

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

for m; gives

emt = ftm
ATeYy
Th 1 dition establishes \; = 2. B d verificati have S8, = p, =
e envelope condition establishes Ay = zg. By guess and verification, we have g = pm =
1-8g1tea '
— L. ..
— 5 =, which in turn implies
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Thus,

emt — l (,l,Lm)

=

—Ba Ytog 1-Ba Ttag
The governor overreports its output by m; = log (%) —log (;ﬂ + 1_:,;”{) +log <1+1;“K>

A.11.6 Optimization Problem for Institutional Accounting

Denote by Xt = i T)t the detrended variable X;, where X; € {Yt,C’t ,Gt,Dt} and g7 =1+

5
AyT=ak-ac=7 — 1 is the trend growth rate of X;. Assuming perfect foresight for local governors,

g
their optimization problem can be formulated as follows.

o
G (AG A
max . Z BcUit. (Ct+Lv Giyott, 6t+L+1) )

“a A
{Ct+L 7Gt+L+1 st +1 }LIO 1=0

subject to the budget constraint:

Cf +aqf ((1 +9") G — (1= ¢) ét) =7V, = (147r) Dy + (14 g") Dysa,

where Dt+1 for t € {1,2 3} are exogenously determined by the central government, Y; follows

equation (2), and A; = The initial condition is {Gy, Dy }.

(1+ A)St 3 . .

We only consider interior solution in the accounting exercise. So, UtG (CtG NEAER et+1) = log CtG
+ K¢ log ét+1 + wy log(l — et+1) for e;41 € [0,1). For t < 3, the first-order conditions w.r.t. ét—H
gives equation (38). For ¢t > 4, the first-order conditions w.r.t. Dt+1 and ét+1 establish equations

(39) and (40).

A.11.7 First-best Allocation

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

social planner’s optimization problem is given by:

P8
B B _ max log CO 1
{Gi11, K41, Fo1,CF CH,LCH | 322, e
oo
+ Z ﬁtc_l (log CE + plog C’ﬁ (A25)
t=1
+ IOB IOg étl,{f—&—l) ’
subject to the resource constraint:
Co+CR+CH + P I +¢f T + (14 ¢7) Fr =Y + (L + 1), (A26)
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and the borrowing constraint F; > Ft*, where ftG = (1 + gT) ét+1—(1 —da) G, I;K = (1 + gT) INQH—
(1—0g) Ky, Yy = AtéeraGf(fKL%*aG*o‘K, and the initial state {G1, K1, Y1, F1} is given.
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