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1 Introduction

Real estate development is an inherently capital-intensive industry where firms rely heavily
on external financing for land acquisition and project development. The extended devel-
opment cycles and substantial upfront capital requirements create acute sensitivity to credit
market conditions, as restricted access to financing can force developers to forego profitable
land investments or delay project completion (Brown, 2000; Favara and Imbs, 2015; Field-
house et al., 2018; Justiniano et al., 2019; Blickle, 2022). This vulnerability is amplified by the
industry’s heavy dependence on leverage, where developers typically finance 60-80% of their
investments through debt, creating a direct transmission mechanism from credit markets to
real investment decisions. Consequently, financing constraints are particularly relevant for
understanding real estate investment patterns and market dynamics. However, while exten-
sive literature demonstrates that financing constraints generally reduce investment intensity
(e.g., Fazzari et al., 1988; Whited, 1992; Caggese, 2007; Czarnitzki and Hottenrott, 2011; Li,
2011; Campbell et al., 2012; Cohn and Wardlaw, 2016; Caggese et al., 2019), a critical gap
remains: how do these effects vary when firms have differential access to credit markets?
When some firms enjoy implicit government support while others face pure market disci-
pline, do financing constraint policies achieve their intended deleveraging goals, or do they
inadvertently concentrate market power in the hands of privileged firms?

We address this question using China’s Three-Red-Line (TRL) policy as a natural experi-
ment. Introduced in August 2020, the policy aimed to deleverage the real estate sector while
mitigating systemic financial risks in the banking sector by constraining the debt financing of
highly leveraged developers. Commercial banks, as the main providers of developer debt,
play a central role in the sector’s leverage accumulation, and the policy effectively targeted
this channel. To achieve its objectives, the TRL policy imposed step-wise limits on allowable
annual debt growth for real estate developers based on existing leverage ratios, generating
exogenous variation in financing constraints while preserving differences in firms” access to

credit markets through implicit government guarantees.
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This combination of policy design and firm-level heterogeneity creates a compelling
natural experiment, particularly suited to the Chinese real estate market, which is not only
massive in scale but also systemically important to the national economy. The sector’s size,
leverage, and rapid expansion over past decades make it especially sensitive to financing
constraints, meaning that policy-driven shocks can produce measurable structural effects.
Indeed, the TRL policy’s significance became immediately apparent when Evergrande, with
outstanding debts of CNY 2 trillion (nearly 2% of China’s GDP), collapsed shortly after
implementation, raising concerns about widespread financial distress and contributing to
a roughly 20% decline in residential land acquisitions during 2020-2022. Leveraging this
shock, we investigate whether and how financing constraints produce structural effects in
the real estate market, focusing on developers’ land acquisition and home sales in the retail
market, and the associated risk implications for commercial banks.

To answer the questions, we compile a large proprietary dataset of developers in China
during the period between 2016 and 2022 after obtaining their quarterly financial perfor-
mance information. The dataset covers 139 publicly listed developers and 722 private de-
velopers. After merging with land-parcel-level transaction data, our sample of developers
cover 46% of the total transactions in the residential land market.!

Using difference-in-differences estimation, we document a notable decline in the prob-
ability of land purchases, and the amount of land purchases of developers that violated at
least one red line during the pre-TRL period (i.e., treated group, subject to the cap on the
annual debt growth of up to 10%) following the TRL policy than those with no violation of
any red lines (i.e., control group, subject to the cap on the annual debt growth of 15%). In
economic sense, the reduction of land purchases in a given quarter of the average developer
from the treated group is approximately 22,964 square meters (or CNY 236 million).

Moreover, evidence suggests that the negative effect of the TRL policy on land purchases

1The limited existing studies on the effects of the TRL policy primarily focus on publicly listed firms (Chen et al., 2024; Jin
et al.,, 2026). In contrast, our study incorporates both listed and private developers, thereby providing a more comprehen-
sive view of market-wide responses to the policy.



intensifies with the severity of financing constraints—specifically, as the number of red lines
violated in the pre-policy period increases—and is more pronounced among developers who
had longer debt maturity structures prior to the policy.

Next, we find striking differences in the policy effects on land purchases among develop-
ers of different ownership types. First, the impediment of the TRL policy on land purchasers
is more prominent for non-state-owned (non-SOE) developers. This is consistent with our
working hypothesis that SOE developers carry implicit government guarantees and there-
fore benefit from better capability of improving financial performance to satisfy the policy
requirements for higher cap on allowable debt growth. Second, we also find remarkable
differences in the policy effects within the group of SOE developers. We document that local
government financing vehicles (LGFVs) increase their land purchases following the policy
more than non-LGFV SOE developers. The results echo the finding in Chang et al. (2025)
that, LGFVs, as the off-balance-sheet borrowers of local governments, have the motivation to
acquire lands for the purpose of upholding land prices to maintain governments” land sales
revenues.

To deepen the understanding of the relationship between the TRL policy and developers’
land purchases, we explore the channels underlying their association. First, we document
that non-SOE developers, particularly those in the treated group, experience a significant
decline in access to both bank loans and bond financing following the TRL policy, while SOE
developers are not similarly affected. Second, we show that the TRL policy increases the
cost of debt for developers, as measured by bond yields at issuance, with this effect being
less pronounced for SOE developers. Together, these findings suggest that the TRL policy
operates through tightening external financing conditions, with its impact concentrated on
tirms facing weaker implicit credit guarantees.

After analyzing the effect of the TRL policy on the land acquisition decisions of individual
developers, we assess whether the aggregate effect is significant enough to restructure the

land market. The statistics suggest an affirmative answer. We show that, the total transaction



value of residential lands slumps by over 35% from 2020 to 2022, and importantly, the market
share of non-SOE developers shrunk by half (from 64% in 2020 to below 30% in 2022) during
the post-TRL period. This contraction is particularly pronounced in cities whose fiscal
revenues depend more heavily on land purchases by non-SOE developers, where LGFVs
increasingly step in to acquire land, helping sustain local governments’ land sale revenues.

Importantly, our estimates suggest that this reallocation comes at an efficiency cost: as
SOEs, and especially LGFVs, acquire a larger share of land, their average revenue generated
per unit of land declines, implying a measurable deterioration in land-use efficiency and
indicating that the policy-induced shift entails tangible economic costs beyond changes in
market structure.

Moreover, we find that the TRL not only affects developers’ land purchases, but also their
home sales on the retail market. Specifically, non-SOE developers experience a decline in
home sales following the policy, potentially reflecting buyers’ concerns about the negative
impact of financing constraints on developers’ ability to deliver projects on time or maintain
construction quality. These findings imply that policy-driven financing restrictions can
transmit beyond the upstream land market into downstream housing demand, highlighting
the broader market consequences of credit tightening for developers without preferential
access to debt.

Furthermore, we examine how debt financing constraints imposed on developers influ-
ence the risk profiles of commercial banks. While our evidence confirms that banks with
greater loan exposure to the real estate sector (i.e., treated banks) substantially reduced their
lending to the sector following the TRL policy, we find limited evidence of a systematic effect
on overall bank risk. If anything, the results suggest that banks more exposed to the real
estate sector may have experienced a slight increase in short-term financial vulnerability.
This pattern points to a potential trade-off between the policy’s credit-tightening objectives
and short-term financial stability, highlighting the nuanced and transitional nature of banks’

risk adjustments in response to sudden sector-specific constraints.



One concern is that the observed reductions in land purchases and home sales may reflect
the impact of COVID-19 rather than the TRL policy, as the pandemic overlapped with the
policy’s rollout and could have tightened financing or dampened demand. To separate these
effects, we leverage the TRL's sharp debt-burden thresholds in a Regression Discontinuity
Design, comparing developers just above and below the regulatory cutoffs. The results
confirm that stricter TRL constraints, rather than pandemic disruptions, drove lower land
acquisitions and home sales for non-SOE developers, and these findings remain robust
across multiple specifications. Overall, the evidence reinforces our main DiD estimates and
supports a causal interpretation of the TRL policy’s impact.

Collectively, the paper makes four important contributions. First, this study contributes
to the literature examining the distributional and structural effects of government interven-
tions in the real estate market. While prior research primarily examines policies such as
government guarantees, tax credits, and credit shocks imposed on homebuyers and their
impact on wealth concentration among households (e.g., Jeske et al., 2013; Floetotto et al.,
2016; Favilukis et al., 2017; Gete and Zecchetto, 2018; Beraja et al., 2019; Di Maggio et al.,
2020; Bosshardt et al., 2024; Greenwald and Guren, 2025), our analysis considers a setting in
which credit constraints and implicit government guarantees apply to real estate developers.
We show that tightening credit conditions leads to a reallocation of market shares toward
state-owned developers benefiting from implicit government backing. By shifting the fo-
cus from household income heterogeneity to developer ownership heterogeneity, this paper
extends the literature from household-level wealth inequality to firm-level market concen-
tration, providing new insights into the unintended structural consequences of government
interventions. In particular, it complements Agarwal et al. (2024), who document the democ-
ratization of housing ownership following regulatory reforms on developer transparency,
by providing evidence of market concentration following leverage regulation targeting real
estate developers. More broadly, the study contributes to research on how financial policies

shape firm dynamics and market allocation (e.g., Acharya et al., 2025).



Second, the paper contributes to the literature on the economic implications of financial
constraints. Prior studies have extensively examined how financing constraints influence
tirm behavior and outcomes (Fazzari et al.,, 1988; Whited, 1992, Moyen, 2004; Caggese,
2007; Li, 2011, Campbell et al., 2012; Lin and Paravisini, 2013; Cohn and Wardlaw, 2016;
Carvalho, 2018; Caggese et al., 2019), as well as their specific effects on mortgages and housing
markets (Blickle and Brown, 2019; Justiniano et al., 2019; Van Straelen, 2024). Our study
extends this line of research by examining real estate developers with heterogeneous access
to credit, providing novel evidence that financial constraint policies—while intended to
enhance stability—may inadvertently amplify market concentration and create new systemic
risks by favoring financially privileged firms.

Third, the paper adds to the literature on SOEs’ preferential access to debt and its eco-
nomic consequences in China. While prior studies document persistent credit misallocation
between politically connected firms and private firms, and the resulting inefficiencies in re-
source allocation (Song et al., 2011; Chen et al., 2015; Cong et al., 2019; Bai et al., 2020; Huang
et al., 2020; Li et al., 2022; Chen et al., 2023; Geng and Pan, 2024), as well as the economic
implications of implicit government guarantees (Chen et al., 2020; Allen et al., 2023; Ang
etal., 2023; Huang et al., 2023; Jin et al., 2023), our study advances this literature by showing
that implicit guarantees can also distort market competition in the presence of tightening
financial regulation. Specifically, the paper links implicit guarantees not only to credit al-
location inefficiency but also to increasing market concentration and structural imbalances
within the real estate industry.

Finally, the paper deepens the understanding of the evolving landscape of China’s real
estate market, offering timely perspectives on policy-induced market dynamics. On one
hand, the sustained 20-year boom in the Chinese real estate market has captured global
attention, prompting efforts to comprehend its origins and ramifications (Cai et al., 2013;
Deng et al., 2012; Wu et al.,, 2012; Fang et al., 2016; Chen and Wen, 2017; Chen et al., 2017;
Chen et al., 2019; Rogoff and Yang, 2021; He et al., 2023). On the other hand, since the



onset of the COVID -19 pandemic, changes have been observed in the real estate markets of
both the US and China. For instance, Gupta et al. (2022) find that the COVID-19 pandemic
flattens the bid-rent curve in most U.S. metropolitan areas, and D’Lima et al. (2022) document
a decline in sales for housing markets under a shutdown during the COVID. In contrast,
scant evidence has been provided to the real estate market in China during the post-COVID
period when it started to slow down, with the exception of Chang et al. (2025). Chang
et al. (2025) detect the anomaly of a divergence between the transaction volume and price in
Chinese land market and attributes it to the active management of land and housing prices
by local governments (through LGFVs). However, the plummet of land transactions remains
unexplained in their research. Therefore, our paper complements to Chang et al. (2025) and
deepens the understanding of China’s land market by elaborating the shrink in land parcel

demands since 2021.

2 Institutional background

This section presents the institutional background of China’s land market, beginning with
the land finance system—which is essential for understanding the broader context in which
the land market operates—followed by an introduction to the TRL policy and the potential

changes it may bring.

2.1 Land finance system

In China, local governments rely heavily on land sales to generate revenues (i.e., land finance
system, also known as tu di cai zheng) particularly since the "Tax Sharing Reform" in 1994.
This reform reduced the portion of tax revenue retained by local governments from 80%
to about 50%, with the rest being allocated to the central government. However, the local
governments experienced only a slight reduction in fiscal responsibilities and their incentives

to boost local economic growth (e.g., through expanded investments) for career promotion



purposes remain intact, leading to budget deficits and prompting them to seek alternative
sources of funding. Against this backdrop, urban land parcels have become increasingly
valuable assets for local governments, not only for generating land-related profits but also
for their crucial role in supporting debt financing activities.

According to the constitution, while all land in China is owned by the state, the "land
usage rights" (LURs) are allowed for transactions since 1988. * LURs transactions are the
basis of China’s land finance system, which has been essential in driving the remarkable
urban development and economic growth over the past decades. Specifically, the land
finance system generates profits for local governments through the differences between
the LURs acquisition costs and the revenues from selling LURs plus the developer-based
and transaction-based tax revenues associated with real estate developments.> While it
is challenging to gauge the precise statistics of local governments’ land-sale profits due
to the data inavailability of their LUR acquisition costs, Gyourko et al. (2022) provides
rough estimates that, in 2018, local governments’ land-related profits totaled CNY 4 trillion,
accounting for over 41% of their total budgetary income.

Local governments were prohibited from directly engaging in debt financing before 2014.
To circumvent the constraint, local governments began establishing local government financ-
ing vehicles (LGFVs) in the early 2000s to alleviate fiscal pressure following the 1994 tax re-
form. LGFVs are commonly perceived in the existing literature as "local government-owned
and government-controlled legal entities that carry out government investment projects”,
which are allowed to conduct debt financing activities (Ambrose et al., 2015; Bai et al., 2016;

Zhang and Xiong, 2020; Fan et al., 2022; Gyourko et al., 2022; Chang et al., 2025).4

’The lease period for the LURs varies with the type of land parcels. For industrial lands designated for industrial and
manufacturing projects, the LURs can be leased for up to 30 years, and the lease period for the commercial lands designated
for business establishments and for the residential lands designated for housing is up to 40 years and 70 years, respectively.

3According to Gyourko et al. (2022), there are two ways for local governments to acquire LURs: one is to convert rural-
collective-owned land into new developable urban land after compensating rural collectives and farmers for the rural land
ownership, and the other is to repurchase LURs of a land parcel by compensating the current LUR holder. In both cases,
local governments may also bear with the costs associated with developing infrastructure on the new developable land
parcel.

4Tt is common that a local government has multiple LGFVs. A LGFV is typically established by the government at province,
city or county level. In our sample, the 636 LGFVs are registered in 141 cities. The number of LGFVs in a given city is, on
average 9.53, ranging from 1 to 21.



It is noteworthy that LGFVs differ from other state-owned developers in their opera-
tional objectives. LGFVs primarily undertake the investment and financing functions of
local governments, participating in infrastructure construction and public service projects.
They typically focus on public welfare, with some engaging in quasi-public and commercial
activities.” In contrast, the primary goal of non-LGFV SOE developers is to pursue prof-
its through land development, property construction and sales. With such differences in
operating objectives, LGFVs are subject to more oversights and control by corresponding
local governments, while other SOE developers have more autonomy in their operations
and decision-making processes. Moreover, since LGFVs tend to fund infrastructure projects
that typically cannot generate sufficient returns to repay debts, they are more reliant on
refinancing or government support to remain viable, and therefore, "local rating agencies,
lenders, and investors tend to assess LGFVs based on the fiscal strength of the LGFV’s parent
LG[local government]". ©

The usage of LGFVs for off-balance-sheet debt financing (including bank loans and bonds)
have intensified since the global financial crisis and the subsequent economic stimulus plan.
According to Fan et al. (2022), the debt accumulated by LGFVs accounted for over 70% of
local governments’ total debt, rising from CNY 1.7 trillion in 2007 to CNY 6.6 trillion by
2010, and then doubling again by 2014. In 2015, the Budget Law was amended to allow local
governments to directly raise funds by issuing government bonds.

For local governments’ debt financing, whether through the indirect use of LGFVs or the
direct issuance of government bonds, LURs play a crucial role in providing support. First,
a local government can transfer LURs to its LGFVs and the LURs could serve as collateral
to support LGFVs’ debt financing. Second, the local government can also provide implicit
guarantees employing its future land-sale profits to support its LGFVs’ debt financing or its

direct bond issuance (Liu and Xiong, 2020; Gyourko et al., 2022). Therefore, the profitability

5See https://www.pimco.com/eu/en/insights/local-government-financing-vehicles-a-growing-risk-for-chinas-economy
and https://www2.deloitte.com/cn/zh/pages/finance/articles/municipal-investment-development.html (in Chinese).
6See https://www.pimco.com/eu/en/insights/local-government-financing-vehicles-a-growing-risk-for-chinas-economy.
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of LUR sales is likely to have a substantial impact on local governments” and their LGFVs’
ability to borrow and the overall risk level of their debts. Indeed, Ang et al. (2023) provide
evidence that rising real estate values lead to lower yields on bonds issued by LGFVs,
highlighting the crucial role of a robust real estate market in offering implicit guarantees for
local government debt.

The land finance system plays a crucial role in supporting economic growth but also
creates a self-reinforcing cycle. Local governments reinvest revenues from land sales and
debt financing to stimulate the local economy, which drives up land prices and further
strengthens their financing capacity. However, this cycle also exposes the system’s inherent
vulnerability and unsustainability, particularly when adverse shocks occur in land supply

or demand, or when local economic growth slows.

2.2 Pre-TRL landscape of real estate sector in China

China’s real estate sector during the pre-TRL period is characterized by overinvestment and
overleverage. Local bureaucrats, motivated by career concerns, have been prioritizing local
economic growth, creating incentives to overinvest in infrastructure to solicit businesses
(Li and Zhou, 2005; Song and Xiong, 2018; Xiong, 2023). These incentives amplify local
governments” demand for funding which heavily relies on (expected) land prices and land
sales revenues, as described in the previous section. To ensure the sustainability of the
self-reinforcing cycle, local governments have motivation to provide explicit and implicit
guarantees to the real estate sector. Anticipating these governmental guarantees, real estate
developers are motivated to overbuild properties and engage in excessive leveraging (Xiong,
2023). The high leverage of developers could be further exaggerated by favorable credit
policies where banks are pushed to lend to developers, which were present for a long period
of time (Glaeser et al., 2017).

Our calculation shows that during the period of 2016Q1-2020Q2, the average annual debt

growth for a sample of 861 Chinese developers reached 28%, and the average debt-to-asset
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ratio reached 61%. In comparison, the average debt-to-asset ratio was just over 40% for non-
developer firms for publicly listed Chinese firms during the same period, and the statistic
was around 50% (45%) for real estate developers in the US (Europe) as of early 2020.”
According to Liu and Xiong (2020), in 2016, real estate-related debt comprises approxi-
mately 25% of banks” assets in China. This significant exposure of banks to the real estate
sector renders it systemically important (Xiong, 2023), making the slowdown of China’s
urbanization process and the real estate market since 2016 particularly concerning for the
central and local governments. Moreover, the outbreak of the COVID-19 pandemic ex-
erted additional adverse pressure on the real estate market by diminishing housing demand

(Chang et al., 2025).

2.3 Institutional details of the TRL policy

Alongside the high leverage and systemic importance of the real estate sector, the state
introduced the Three-Red-Line policy in August 2020, aiming to curb debt accumulation
among developers and mitigate the financial risks associated with the real estate market.
Specifically, the policy states that real estate developers should adhere to the three rules to
maintain a healthy financial condition: (i) the liability to asset ratio after excluding advance
receipts (i.e., red line 1) not exceeding 70%, (ii) the net gearing ratio (i.e., red line 2) not
exceeding 100%, and (iii) cash to short-term debt ratio (i.e., red line 3) greater than 100 %.
With no red lines violated, a developer is allowed to have an annual growth in interest-
bearing debts of 15%; the violation of any one red line reduces the allowable interest-bearing
debt growth to 10%, and the upper limits go down to 5% and 0% if a developer violates
two and three red lines, respectively. In sum, while all developers are subject to the limit on
annual interest-bearing debt growth of 15%, those currently with higher financial burdens
will be subject to more stringent debt financing constraints.

Given the high leverage of developers during the pre-policy period, it is reasonable to

"The data is available at https://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/dbtfund.html.
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conjecture that financing constraints would limit developers’ ability to raise new debt and
repay existing obligations, potentially leading to a contraction in their investments, including
land acquisitions. By mapping this shock to developers onto the land finance system, we
argue that the Three-Red-Line policy has the potential to trigger a chain reaction, beginning
with a reduction in developers” demand for land parcels, followed by a decline in local
governments’ land sales revenues and financing capacity, lower economic prospects, and
ultimately depressing land prices, creating a vicious cycle within the land finance system.
Additionally, since banks are heavily exposed to developers” debts, if the policy’s financing
constraints cause financial distress for developers, financial risks in the real estate sector
could spread to the broader financial market, increasing the likelihood of systemic risk.
However, in light of arguments presented by Xiong (2023) and Chang et al. (2025), that
governments typically intervene in the market to prevent potential real estate and financial

crises 8

, we conjecture that local governments would take actions (e.g., through more land
purchases by LGFVs) to address the decline in land parcel demand in an effort to maintain

the stability of the real estate and financial markets.

3 Data collection and empirical strategy

3.1 Data collection

We first obtain a complete list of transactions of residential land parcels from January 2016
to December 2022 from China Real Estate Information (CREI) website.” The dataset en-
compasses 170,584 transactions distributed across 293 prefecture-level cities and 4 direct-
administered municipalities in China during the sample period.

For each land parcel transacted, we collect information of the transaction date, transaction

8Xiong (2023) provides the example of Evergrande, that the state privately instructed local governments to address Ev-
ergrande’s financial situation and organize a partial bailout through state-owned banks and firms. Chang et al. (2025)
documents that local governments managed land prices through land purchases by LGFVs during the post-COVID period.

9See http://www.crei.com.cn/. The website is maintained by the State Information Center (Administration Center of
China E-government Network), which is a public institution directly affiliated to the National Development and Reform
Commission (NDRC).
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price, land area, and the name of purchaser. We identify the ownership type of each land
purchaser by the ownership label retrieved from Qiyeyujingtong, a widely used financial
database for firm registration and operation information.!” Based on this information, for
each city, we calculate the ratio of the land purchase value by non-SOE developers to the
total land transaction value in each year (denoted as NSOEdep), to measure how much the
residential land market of a city relies on non-SOE developers’ transactions.

For each of the 297 cities in the sample, we collect the annual information of its total
land sales revenues from WIND and of its general public budget revenue from CSMAR,
and calculate a city’s fiscal reliance on land sales revenues (Landdep) as the ratio of land
sales revenues to the sum of general public budget revenue and land sales revenues. By
multiplying Landdep with NSOEdep, we quantify the fiscal reliance of a city on non-SOE
developers’ residential land purchases (denoted as NSOElanddep).

The proprietary dataset of developers’ financial performance is sourced from China Real
Estate Index System (CREIS), a recognized commercial real estate data provider in China.
CREIS identifies 2,801 developer firms, including 246 publicly listed firms and 2,555 private
tirms in China. To merge the dataset of developers with that of land purchases, we first
compile a list of subsidiaries for each developer firm. This is motivated by the fact that
developers typically set up local subsidiaries for land acquisition and development purpose,
rather than conducting such activities at the parent firm level. We retrieve each developer’s
subsidiary list from Qiyeyujingtong, and identify 159,356 subsidiaries for the 2,801 devel-
opers in total. Second, we match names of developers (or corresponding subsidiaries) with
names of land purchasers in the dataset of land parcels transacted.

After the merge, we identify that the residential land transaction value of the 2,801
developers accounts for 59% of the total transaction value on the residential land market,

highlighting the large coverage of the developer sample.!! After screening out developers

0The dataset of Qiyeyujingtong has been used by Chang et al. (2025).
11f only publicly listed listed firms are considered, their transaction value only accounts for 30% of all transactions on the
market.
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with no valid financial data, with no financial data in either the pre- or post-policy period
and with no land purchases during the sample period, our final sample of 861 developers
covers 46% of the total transaction value on the residential land market. Additionally, to
identify whether a developer is a LGFV, or a non-LGFV SOE developer, we manually search
developer names via Qiyeyujingtong which labels such information for each registered firm.
The manual search gives us 122 non-SOEs, 103 non-LGFV SOEs and 636 LGFVs. While
non-SOEs only represent 14% of the sample, their land purchases constitute over 50% of the

total transaction value. Panel A of Table 1 presents the sample screening process.

3.2 Empirical strategy and summary statistics

In order to understand the role of financing constraints on developers’ land purchases, we
utilize the TRL policy as the exogenous shock to developers. While all developers are subject
to the policy, developers with varying debt burdens will be exposed to different degrees of
financing constraints. In light of this, we classify a developer into the treated or the control
group according to the number of red lines it violated based on the statistics of the three
red-line metrics over two years prior to the policy introduction (Q3 of 2020).'? Specifically,
we define the violation of the first red line if the debt-to-asset ratio after excluding advance
receipt (Redlinel) of a developer was greater than 70% in every quarter during the period of
2018Q3 - 2020Q2. The same approach to define red-line violation is also applied to the net
gearing ratio (Redline2) and the cash to short-term debt ratio (Redline3).

Panel B of Table 1 reports the number of developers by sub-groups according to the
number of red-line violations. It shows that out of the 861 developers in the sample, 440
developers violated no red lines during the pre-policy period, 289, 101, and 31 developers
violated one, two and all the three red lines, respectively. We define the treated group

of developers as those that violated at least one red line over two years prior to 2020Q3

2We limit the calculation to the two years immediately preceding the policy, as financial performance from a more distant
past is less likely to accurately reflect the current financial condition of a given developer.
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(indicated by the dummy Treat), and the control group as those that did not violate any red
lines during the same period.

To quantify developers’ land acquisition activities, we construct four variables. Purchase
is an indicator for a developer purchasing any land parcels over a quarter, Parcel measures the
number of land parcels purchased in a quarter, Area is the total area of land parcels purchased
in a quarter, and Value is the total CNY amount of land parcels purchased in a quarter. We
also construct control variables capturing developers’ financial performance characteristics,
including total assets (Asset), return on assets(ROA), net profit margin(Netpro fitmargin), and
sales growth rate (Salegrowth).

Panels A-C of Table 2 report the summary statistics of the above variables covering the
sample period between 2016Q1 and 2022Q4, for the whole sample, the non-SOE developers
and SOE developers, respectively. It suggests that non-SOE developers have a higher ten-
dency to purchase lands (41.9% versus 23.6%), and purchase more lands in terms of number
of land parcels (2.24 versus 0.67), area (1.20 versus 0.32 million square meter) and value (CNY
1,409 versus 278 million) of land parcels than SOE developers per quarter. Meanwhile, the
statistics of the three red-line metrics suggest that non-SOE developers are, on average, more
indebted as they have higher debt-to-asset ratio, and net gearing ratio than SOE developers.

The higher leverage of non-SOE developers is consistent with the fact that, despite ex-
hibiting higher returns on assets, these firms have lower net profit margins, possibly because
their higher financing costs and interest burdens offset the gains from more efficient asset
utilization. Despite these differences in firm characteristics, there are a large fraction of
developers in both groups that violated at least one red line prior to the policy introduction
(65.6% for non-SOE developers and 46.1% for SOE developers).

To formally test the impact of the policy on developers’ land purchase decisions, we

estimate the following Difference-in-Differences (DiD) model,

LandPurchase;; = o + fTreat; X Post; + y'FirmControls;;_; + 0; + u; + €;; (1)

16



where the dependent variable can be one of the four variables: Purchase, Parcel, Area and
Value. Given the large dispersion of Parcel, Area and Value, Poisson regressions are adopted
in their specifications whereas OLS regressions are adopted in the specifications for Purchase.
Treat; is an indicator for developers in the treated group, and Post; is an indicator for the
period after 2020Q3 when the TRL policy was introduced. FirmControls;;_; indicates a set
of developers’ characteristics including natural logarithm of total assets (LnAsset), return on
assets(ROA), net profit margin(Netprofitmargin), and sales growth rate (Salegrowth) in the
previous quarter. 6; and u; indicates developer- and quarter-fixed effects. All the continuous

variables in the regressions are winsorized at 1% and 99% level.

4 Financing constraints and land purchases

4.1 Baseline results

Panel A of Table 3 reports the results after estimating Eq. (1), with the first and last four
columns showing the results without and with control variables, respectively. It shows
that all the coefficients of Treat X Post are negative and statistically significant at 1 percent,
suggesting that the reduction in the probability of land purchases, and in the number, area
and value of land acquisitions by the treated group of developers after the TRL policy is
greater than those for the control group of developers.

In terms of economic magnitude, specification (1) suggests that following the policy,
treated developers were 6.5 percentage points less likely to purchase lands in a given quar-
ter, corresponding to a 25% reduction relative to the overall probability of acquiring lands
in a quarter (26.2%). Specifications (2) - (4) further suggest that the TRL policy reduces
the number (area or value) of land purchases of the developers faced with more stringent
financing constraint by 40.9% (41.5% or 42.9%) relative to those exposed to less stringent

constraint. This translates to a reduction of approximately 0.44 land parcel (22,964 square
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meters or CNY 236 million) for the average developer per quarter.”® Specifications (5)-(8)
show qualitatively similar results after controlling for developers’ operating performance in
the previous quarter.

To test whether the negative impact of TRL policy varies with ownership types of devel-
opers, we repeat the estimation of Eq.(1) on non-SOE and SOE developers separately, with
the results being presented in Panels B and C of Table 3, respectively. The results suggest that
all the coefficients of Treat X Post in the specifications for non-SOE developers are negative
and highly statistically significant at 1 percent, whereas only three out of eight coefficients of
Treat X Post are statistically significant at 10 percent in the specifications for SOE developers.
Moreover, the magnitudes for the coefficients of Treat X Post in Panel B are all greater than
those for the corresponding specifications in Panel C, suggesting that the negative impact of
TRL policy on non-SOE developers is economically stronger than on SOE developers.

To visualize the dynamic effects of the TRL policy on developers’ land purchases and
to test the parallel trend assumption, we plot the coefficients after estimating Eq. (2). To
conserve space, we report only the results based on Value, which serves as a comprehensive
measure of developers’ land acquisition activities.

Value;; = a + ‘BlD;f + ﬁzDi_f + -+ ﬁmDZt + ﬁ14D§t + y'FirmControls; ;4

()

+0; + U +€iy

where the dummies ('D's) equal to zero except that D~/ equals one for developers in the
jth quarter prior to 2020Q3 (indicators for quarters prior to 2019Q1 are subsumed to D),
and D"/ equals one for developers in the jth quarter post 2020Q3 (indicators for quarters
post 2022Q3 are subsumed to D®). We exclude the quarter with the introduction of the
TRL policy, thus estimating the dynamic effect of TRL policy on land purchases relative to

quarter 2020Q3. Panels (a)-(c) of Figure 1 plot the coefficients results and the 99% confidence

BFor the calculation of economic impact on number of land parcels purchase: the percentage change in number of land
parcels is Exp(-0.526) - 1 = -40.9%. The mean of the number of land parcels purchased by the treated group per quarter
during the pre-policy period is 1.07, therefore the change in number of parcels is 1.07 X (-40.9%) = -0.44.
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intervals for the full sample, the non-SOE developers and SOE developers, respectively.

Figure 1 highlights two findings. First, for all the three panels, the land purchase value
does not differ statistically significantly between the treated and the control groups of devel-
opers prior to the TRL policy. Second, the impact of the TRL policy on land purchases differs
strikingly between the non-SOE and SOE developers: the non-SOE developers exposed to
stricter financing constraints significantly reduce their land purchase amount, whereas the
reduction is not observed for SOEs. The results suggest that the parallel trend condition
in absence of the TRL policy is satisfied and that the effects of debt financing constraints
on non-SOE developers’ land purchases could persist for (at least) quarters after the policy
introduction.

To test the robustness of the results, we perform the estimation on placebo treatment
samples. To address the concern of omitted variables or random factors driving the results,
we randomly select the treated group of developers and treated quarters, and repeat the
draws 500 times to obtain the distributions of the estimates of Treat X Post after estimating
Eq.(1) on the full sample. Panels (a)-(d) of Figure 2 plot the results corresponding to the
specifications for Purchase, Parcel, Area and Value after controlling for developers” financial
performance, respectively. For all specifications, the estimated coefficients of Treat X Post
mostly concentrate around zero, with the "true" coefficient of Treat X Post (indicated by the
vertical dash line) distant from the means of placebo distributions. Therefore, the placebo
tests reinforce our inference that the negative effects of the TRL policy on developers’ land
purchases are neither random nor driven by omitted factors.

Overall, this section provides consistent evidence that financing constraints reduce de-
velopers’ land purchases. Importantly, the effect is less pronounced for SOE developers.
The evidence is in line with our hypothesis that SOE developers’ land purchase activities
are less adversely affected by the TRL policy, possibly arising from the implicit government

guarantees prevalent in SOEs.
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4.2 Cross-sectional analysis
4.2.1 Stringency of the financing constraints

To further validate the observed results, we examine the heterogeneity effects with the
stringency of the financing constraints. Given the policy design, which imposes lower debt
growth caps on more heavily indebted developers, it is natural to expect that developers
who violated more red lines during the pre-policy period would experience greater financial
distress and, as a result, make more significant reductions in land purchases following the
policy implementation. To empirically test this conjecture, we estimate the following DiD

model,

LandPurchase;; = a + BoTreatl; X Post; + p1Treat2; X Post+ ;
B2Treat3; X Post, + y'FirmControls;;_1 + 0; + u; + €;; ©
where Treatl; (Treat2;, or Treat3;) is an indicator for developers in the treated group that
violated one (two, or all three) red line(s) during the pre-policy period.

Table 4 reports the results after estimating Eq.(3). The first column shows that the
coefficients of Treatl X Post, Treat2 X Post and Treat3 X Post are all negative and statistically
significant at 1-5% level. Importantly, the coefficient magnitude is greatest (smallest) for
Treat3 X Post (Treatl x Post). Qualitatively similar patterns are observed when Parcel, Area
and Value are examined. The consistent evidence suggests that the negative effect of TRL
policy on developers’” land purchasing strengthens with the stringency of the financing

constraints imposed.

4.2.2 Pre-TRL debt term structure

To further strengthen the causal interpretation that the TRL policy drove the observed re-
duction in developer land purchases, we conduct a cross-sectional analysis partitioning

developers based on their pre-policy debt term structure. The rationale is that if the TRL
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policy truly constrained land purchases by tightening financing conditions, developers that
relied more heavily on long-term debt prior to the policy should be disproportionately af-
tected. This is because developers with longer debt maturity structures would face greater
difficulty in quickly adjusting their balance sheets to comply with the red-line thresholds. In
contrast, if unobserved factors or confounding shocks were driving the results, we would
expect no systematic difference in treatment effects across debt term structures.

Table 5 reports the results in Panels A and B for subsamples of developers with high and
low (above and below the median) pre-TRL long-term debt reliance, measured as the average
ratio of long-term interest-bearing debt to total interest-bearing debt over the two years prior
to the policy introduction. The estimates indicate that the coefficient for Treat X Post is larger in
both economic magnitude and statistical significance for the high long-term debt subsample.
The results provide additional support that the TRL policy operated as a genuine financial
constraint, with its impact amplified by developers’ rigid balance sheets and inability to

quickly reduce long-term debt.

4.3 LGFVs’ land purchases in response to TRL policy

As discussed in Section 2, local governments’ fiscal health and their plans to stimulate
economic development heavily depend on land sales. In our sample, land sales revenues
account for 36.2% of the total fiscal revenues for the average city. While the TRL policy
reduces the land purchases of non-SOE developers, would local governments step in to
alleviate its negative effects on fiscal revenues and the systemic risks in the real estate and
financial markets?

Chang et al. (2025) document that local governments managed land prices through land
purchases by LGFVs. Following this line of thoughts, we conjecture that LGFVs may acquire
more lands in comparison with other developers in response to the TRL policy, for the
purpose of upholding land sales revenues of local governments. Specifically, if the conjecture

is true, we should observe that LGFVs have higher propensity to purchase lands than non-
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LGFV SOE developers following the TRL policy, although they both may carry implicit
government guarantees and are immune to the negative shock of financing constraints.

To empirically test the conjecture, we compare the land purchase of LGFVs and non-LGFV
SOEs following the TRL policy within the sample of SOE developers. Table 6 reports the
results after controlling for developer characteristics, developer- and quarter-fixed effects.
It shows that all the coefficients of LGFV X Post are positive and statistically significant at 5
or 1 percent, regardless of the dependent variable used. In economic sense, the TRL policy
is associated with a 10 percentage point increase in the likelihood for LGFVs to buy lands
relative to non-LGFV SOE developers, raising the probability from 20.2% during the pre-
policy period to 30.2% following the policy. It corresponds to an increase of approximately
0.17 land parcel (or CNY 100.3 million) purchased by the average LGFV per quarter.

While LGFVs typically buy lands within the cities where they are registered for infras-
tructure construction purposes, it is possible that they participate in land purchases in other
cities for profit-pursuing purpose. Therefore, one could argue that the increase in LGFVs’
land purchases may not be driven by their motivation to uphold land sales revenues for their
parent local governments, but rather due to their profit-pursuing motives. To rule out this
alternative explanation for LGFVs’ land purchase activities, we conduct a land-parcel-level
analysis to assess whether LGFVs are more likely to purchase land in their parent cities. It is
reasonable to expect that profit-driven land purchases would not necessarily result in more
acquisitions within the same city where the LGFV is registered. Formally, we estimate the

following model,

LGFV;;; = a + By Samecity; ; + Samecity; ; X Post; + y'FirmControl;
4)
p’Landprice ;Wi T €
where LGFV; ;; is a dummy indicating that the developer i that purchases a land parcel

j at time t is a LGFV. Samecity; ; is a dummy indicating that developer i and the land parcel

j it purchases are located in the same city, Landprice; is the price of a parcel, and p;; is the
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City X Quarter-fixed effects.

Table 7 reports the results. The first column shows the results when the interaction term of
Post x Samecity is not included in the specification. It suggests that, on average, LGFVs tend
to buy lands in the cities where they are registered, which is consistent with their operational
objective of stimulating the land and economic development of local governments. The
positive coefficient of Post suggests that LGFVs’ propensity of land purchasing relative to
other developers increases post the TRL policy, which is consistent with the findings in Table
6. The second column, with City X Quarter-fixed effects, further shows that the coefficient
of Post x Samecity is positive and statistically significant at 1 percent, suggesting that the
propensity for LGFVs to buy lands in their parent cities becomes stronger post the policy.

To validate the results further, we split the sample by whether the city where a land
locates relies heavily on non-SOE developers’ land purchases. It is natural to expect that if a
LGFV purchases lands in an attempt to uphold its local land market in response to the TRL
policy, its intervention should be more prominent (or at least no less prominent) in cities
whose fiscal revenues rely more heavily on non-SOE developers’ land purchases prior to the
policy. Specifically, we define a city relies heavily on non-SOE developers” land purchases
if NSOElanddep is greater than the median across all cities as of 2019. The results presented
in the last two columns in Table 7 suggest that for both groups of cities, LGFVs become
more likely to buy lands within their parent cities post the policy, while the effect is slightly
greater for the cities with stronger reliance on non-SOE developers (i.e., the coefficient of
the interaction term is 0.095 and 0.091 for cities with high and low reliance on non-SOE
developers, respectively).

Overall, this section provides consistent evidence in support of the conjecture that LGFVs
intensify their land purchases in response to the shrink in the land sales to non-SOE devel-
opers triggered by the TRL policy. The evidence highlights the role of LGFVs (and local
governments) in supporting the land market in the presence of external financing constraints

imposed on developers.
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4.4 Impact on the land market structure

So far, we have established that the financing constraints imposed by the TRL policy alter
developers’ land purchase decisions, which varies among developers with different owner-
ship nature. Would the changes in developer-level land purchase decisions aggregate and
re-structure the land market, and to what extent?

To answer this question, panels (a) and (b) of Figure 3 plot the total value (in CNY 10
billion) and the value fraction of land purchases by the non-SOE developers, non-LGFV SOE
developers and LGFVs separately in each year between 2016 and 2022, when the developers
in the sample are considered. Two key findings are observed: (i) the total transaction value
of residential lands slumps from CNY 2,342 billion in 2020 to CNY 1,074 billion in 2022, by
over 50%; (ii) the shrink in total transaction value for non-SOE developers over doubles that
for non-LGFV SOE developers (i.e. 81% vs. 36%), while the total value of lands purchased by
LGFVs increases by 30%; and this corresponds to the fact that the market share of non-SOE
developers has shrunk by over half, that of non-LGFV SOEs has grown by 40%, while that
of LGFVs has tripled, as shown in plot (b).

Panels (c) - (d) and (e) - (f) of Figure 3 plot analogous statistics for the transactions of
lands in cities that have high and low dependence on non-SOE developers’ land purchases,
respectively. They suggest that the previously observed pattern is more prominent for lands
in cities with high NSOElanddep. Specifically, while the market share of non-SOE developers
reduces by 34 percentage points from 2020 to 2022 in cities of low NSOElanddep, the decline
for cities of high NSOElanddep reaches 45 percentage points. In contrast, the market share of
LGFVs in cities of low NSOElanddep increases by 21 percentage points, which is only half of
the increase in their market share in high NSOElanddep cities.

Figure 3 visualizes the statistics based on the developers in our sample (i.e., that have
financial data). To rule out the possibility that the sample is not representative, we draw the
plots analogous to those in Figure 3 based on all the transactions on the land market, and

qualitatively similar patterns are obtained, as shown in Figure 4.
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To further assess whether the observed reallocation of land purchases entails efficiency
costs, we examine developers’ efficiency in converting acquired land into revenue. Specifi-
cally, we regress the ratio of revenue to land area (or CNY value amount of lands) acquired
on ownership indicators interacted with the post-TRL policy period. The results, reported
in Appendix B Table B3, reveal that SOE developers generate lower revenue per unit of land
compared with non-SOE developers in the post-policy period (statistically significant at 1%
level). Within SOEs, LGFVs exhibit even lower revenue per unit of land than non-LGFV
SOEs after the policy.

Combining these estimates with the observed changes in market shares, we provide a
back-of-the-envelope assessment of the aggregate efficiency loss. The market share of non-
SOE developers declined by approximately 36 percentage points between 2020 and 2022,
while SOE developers’ revenue per unit of land is roughly 9% lower than that of non-SOEs.
Multiplying these numbers suggests that the shift in land market shares corresponds to an
approximate 3% reduction in aggregate land-use efficiency, highlighting that the observed
reallocation is not only substantial in scale but also costly in terms of revenue-generating
efficiency. These findings are consistent with the misallocation framework documented in
Hsieh and Klenow (2009).

Overall, this section provides evidence that changes in individual developers’ land pur-
chase decisions are significant in aggregate, effectively re-structuring the land market. This
reallocation is characterized by a sharp decline in the market share of non-state-owned de-
velopers, particularly in cities where fiscal revenues rely heavily on non-SOE land purchases.
Moreover, the shift toward SOE and LGFV developers is not without cost: these developers
generate lower revenue per unit of land compared with non-SOEs, implying a non-negligible

reduction in aggregate land-use efficiency.
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5 Mechanism analysis

To deepen the understanding of the relationship between the TRL policy and developers’
land purchases, this section explores the underlying mechanisms by exploring the effects of

TRL policy on the access to and costs of debts for developers.

5.1 Access to debts

The TRL policy explicitly links allowable debt growth to developers” existing leverage posi-
tions, implying that more highly leveraged developers face tighter constraints on incremental
borrowing capacity. Accordingly, we expect the policy to reduce the amount of new debt
financing accessible to indebted developers. We further conjecture that this negative effect
is weaker for SOE developers. This is because SOE developers are typically perceived as
having stronger implicit guarantees and better access to credit markets, which may allow
them to maintain compliance with regulatory thresholds more effectively and thus sustain
higher permissible levels of debt growth, ceteris paribus.

To test the conjectures, we estimate the DiD model following Eq.(5) on the sample of all
publicly listed firms to examine the impact of the TRL policy on developers” access to debts.
Given that bank loans and bond financing constitute the two primary sources of external

debt financing for developers, we examine both channels in our analysis.

Debt;; = a + pDeveloper; X Post; + y’FirmControlsilt +06; + U + €y (5)

where Debt;; could be LoantoAsset;; (i.e., the ratio of loan to total assets) or Ln(Bond);, (i.e.,
the logarithm of one plus the amount of bonds payable) of firm i at time ¢, at the end of
June or December of a calendar year due to the semi-annual data available. Developer; is an
indicator equal to one if firm i is a developer, and Post; indicates the period after 2020 Q3.

FirmControls;; indicate a set of variables that may affect firm i’s access to debts, including

14Tn this analysis, only listed firms are considered in the sample given the unavailability of bank loan data of unlisted firms.
y y ple g y
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tirms” Tobin’s Q (TobinQ), return on assets (ROA), sales growth rate (Salegrowth), net profit
margin (Netprofitmargin) and logarithm of total assets (LnAsset). 6; and y; indicate firm and
semi-annual fixed effects, respectively.

The first and last three columns of Table 8 report the results after estimating Eq.(5) using
LoantoAsset and Ln(Bond) as the dependent variable, respectively. The first column shows
that the loan to asset ratio of the average developer declines by 3% after the TRL policy
relative to non-developer firms, statistically significant at 1 percent. This decline is also
economically significant given that the mean loan to asset ratio of the sample firms is 16.2%.

Moreover, the next two columns show that the adverse effect of TRL policy on developers’
access to bank loans is stronger for non-SOE developers, both statistically and economically;,
than for SOE developers. Similarly, the last three columns suggest that while there is a
reduction in bonds payable for non-SOE developers in comparison with firms from other
sectors (statistically significant at 5 percent), SOE developers issue more bonds post the
policy in comparison with non-developer firms, albeit with no statistical significance.

The results confirm our conjecture that the negative impact of the TRL policy on access to
debt financing differs between SOE and non-SOE developers. Specifically, SOE developers
appear to be better positioned to maintain debt financing capacity and adjust their financing
structures following the policy implementation, thereby enabling them to satisfy regulatory
requirements associated with higher permissible debt growth for both bank loans and bond
issuance.

Next, we restrict the sample to developers only, to examine whether the negative effect on
access to debts differs between the treated and control groups of the developers, as specified

in Eq.(6).

Debt;; = a + fTreat; X Post; + y’FirmControlsilt +06; + Uy + €y (6)

where Treat; indicates that developer i comes from the treated group, i.e., violates at least

one red line during the pre-TRL period, Post; indicates the period after 2020 Q3. FirmControl;;
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indicates the same set of control variablesasin Eq. (5). 6; and u; indicate firm and semi-annual
tixed effects, respectively.

Panels A and B of Table 9 present results when LoantoAsset and Ln(Bond) is the dependent
variable, respectively. The first three columns of Panel A show that the loan to asset ratio of
developers in the treated group declines following the TRL policy (statistically significant at
5 percent), and such effect is more pronounced for non-SOE developers than for SOE devel-
opers, both statistically and economically. The unbalanced adverse effect of the TRL policy
on access to bank loans between SOE and non-SOE developers leads to higher LoantoAsset for
SOE developers in comparison with non-SOE developers following the policy (as indicated
by the positive coefficient of SOE X Post in the fourth column, statistically significant at 5
percent).

Qualitatively similar findings are observed for bonds payable as reported in Panel B.
While the negative impact of the TRL policy on developers” access to bonds is statistically in-
significant for the two sub-groups, the coefficient of Treat X Post for the non-SOE specification
is greater than that for the SOE specification. Consistently, the fourth column suggests that
following the policy, the increase in SOE developers’ level of bonds payable is statistically
higher than that of non-SOE developers.

Overall, this section documents evidence consistent with the hypothesis that SOE devel-
opers benefit from implicit government guarantees, which provide advantages over non-SOE

developers in maintaining access to debt financing under explicit financing constraints.

5.2 Costs of debts

Building on the evidence that the TRL policy reduces developers” access to debt financing,
we next examine whether the policy also increases debt financing costs. Existing literature
suggests that tighter financial constraints are associated with higher expected risks and, con-
sequently, a higher cost of capital (Whited and Wu, 2006; Campbell et al., 2012; Carvalho,
2018; Buehlmaier and Whited, 2018). In the context of the TRL policy, higher debt financing
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costs may further weaken developers” ability to repay outstanding obligations and adjust
their financing structures, thereby making it more difficult for them to satisfy the financing
conditions required to qualify for higher permissible debt growth. Consistently, we conjec-
ture that the TRL policy would drive up the costs of debts for developers, especially those
carrying less government guarantees.

To test the conjecture, we compile a dataset of bond issuance by both developers and non-
developer firms, and measure a firm’s cost of debt by its bond yield at issuance.” Formally,
we estimate the DiD model as shown by Eq.(7) on the sample of bonds issued by all listed

firms, consistent with the sample used in Section 5.1.

Yield; ;; = a + fDeveloper; X Post; + y’FirmControlsi,t + A'BondControls it
7)

+0; + Ok + Uy + €

where the dependent variable Yield; ;; represents the yield at issuance of bond j of issuer
i at time t, Developer; is an indicator equal to one if the issuer i is a developer firm, and Post,
indicates the period after 2020 Q3. FirmControls;; indicate a set of variables measuring the
characteristics of issuer firm i including firms’ sales growth rate (Salegrowth), the debt-to-
asset ratio (Leverage) and the credit rating of the issuer (Rating).'® BondControls;; indicate
a set of variables measuring the characteristics of issued bond j: the CNY value of the
issuance (Issuanceamount), the time to maturity (Maturity) and the yield of treasury bonds
with a maturity matching that of bond j (TreasuryYield). 6;, Ok, and u; indicate firm, bond
market and quarter fixed effects, respectively. For the pre- and post-TRL policy comparison,
we restrict the sample to firms that issue bonds in both periods. Table B5 in the Appendix
presents the summary statistics of the characteristics of bonds and bond issuers.

Columns (1) and (2) in Table 10 report the results after the estimation of Eq.(7) on the

non-SOE firms and the SOE firms, respectively. Column (1) shows that the coefficient of

3 The bonds in the sample include corporate bonds, enterprise bonds, medium-term notes, and short-term notes, while ex-
cluding debt instruments such as bonds issued by financial firms, asset-backed securities, exchangeable bonds, convertible
bonds and negotiable certificates of deposit.

16We assign values of 1 to 5 to issuers rated "A+" "AA-", "AA" "AA+", and "AAA", respectively.
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Developer X Post is positive and statistically significant at the 10% level, indicating that, on
average, the yield at issuance for bonds issued by non-SOE developers increases by 19 basis
points (bps) following the TRL policy, relative to that for non-SOE non-developer issuers.
This increase corresponds to 4.7% of the mean yield across all issued bonds. Column (2)
suggests that the increase in bond yields is less prominent for SOE developers: the increase
following the TRL is minimal with no statistical significance. The results for the control
variables are consistent with the existing literature that yields at issuance increase with the
issuance amount and the maturity of bonds (Reeb et al., 2001; Walker et al., 2021).
Moreover, Column (3) presents results when the sample is restricted to only developers, in
order to compare any different effects of the TRL policy on SOE and non-SOE developers. It
suggests that, in comparison with non-SOE developers, the yield at issuance for the average
SOE developer declines by 18 bps following the TRL policy (statistically significant at 10
percent), corresponding to 4.8% of the mean yield across all bonds issued by developers.
Overall, the section documents evidence suggesting that while the bond yield at issuance
for non-SOE developers surges following the TRL policy, it remains stable for SOE-developer
issuers. The evidence supports our conjecture that SOE developers carry implicit government
guarantees and therefore enjoy lower perceived risks and bond yields, particularly when

exposed to external financing constraints.

6 Additional analysis

6.1 Impact on home sales

The previous sections establish the negative shock of the TRL policy to developers” land
purchase decisions. Next, we ask the question of whether the effect of the policy could spill
over to the retail market, i.e., developers’ home sales. The motivation to ask this question
is the dominance of pre-sale transactions in China’s new home market. Statistics suggest

that, as at the end of 2020, the area (CNY value) of pre-sold new homes accounts for 87.3%
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(99.9%) of the total area (CNY value) of new homes sold."” Therefore, it is natural to expect
that, under the TRL policy, potential home buyers would raise concerns about developers’
tinancing stability and the subsequent delays and worsen quality of home delivery, which
would result in shrink in developers” home sales and sale price. Moreover, if home buyers
anticipate the "immunity" of SOE developers to the financing constraints, we would observe
that any shrink in home sales and price is weaker for SOE developers.

To empirically test the above conjectures, we collect developers” home sales data from
CREIS, which reports the total number, area, value, and the average price per square meter
of homes transacted during a period of time for individual buildings and the name of the
developer a building belongs to. We collect the information for each calendar quarter during
the sample period for each of the buildings located in 147 cities of China, where the sample
buildings belong to 39,997 developers (including subsidiaries).'®

Since developers in the home sales dataset may act as subsidiaries of those in the financial
performance dataset, we first extract shareholder information for all 39,997 developers from
Qiyeyujingtong. The home sales data is then merged with the financial performance data by
matching shareholders” names for subsidiaries and the developers” own names for parent
companies, yielding a consolidated dataset of 736 developers. For each of the 736 developers
in each quarter, we calculate the total number, area and CNY value of homes transacted
across all buildings located in the 147 cities (denoted as Numpope, Arearome and Valuerope,
respectively). Moreover, for each developer, we define Pricep,y. as the average price per
square meter across homes transacted for all buildings in the 147 cities in a given quarter.
Table B6 in the Appendix reports the summary statistics of the four variables. It suggests
that, on average, the number (area and value) of home sales by non-SOE developers is over
tive times that of SOE developers, while the average price of homes per square meter is

comparable between the two groups of developers.

17See details at https://www.bosidata.com/data/057504SJMLhtml.
I8CREIS provides home sales data for 147 cities, which together account for 29.2% of the total home sales area and 44% of
the total home sales value as of 2022.
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With developer-level home sales data, we estimate the following DiD model to examine

the impact of the TRL policy on the retail market,

Homesale;; = a + pTreat; X Post; + y’FirmControls; ;1 + 6; + p; + €;; (8)

where the dependent variable can be one of the four variables: Numigome, Areariome ,
Valuepome and Pricepom.. Treat; is an indicator for developers in the treated group, and Post;
is an indicator for the period after 2020Q3 when the TRL policy was introduced. Control
variables include those used in the specifications for developers’ land purchase analysis, plus
developer- and quarter-fixed effects. Poisson regressions are adopted in the specifications to
account for the large dispersion of the dependent variables.

Panels A and B of Table 11 report the results after the estimation of Eq.(8) on non-SOE
and SOE developers, respectively. Panel A suggests that the coefficients of Treat X Post
are all negative, with six out of the eight coefficients being statistically significant at 1-5%
percent. The evidence supports our working conjecture that non-SOE developers” home
sales decline following the TRL policy, possibly driven by home buyers’ expectations of the
policy’s negative impact on developers’ financing conditions. However, Panel B suggests
that the statistically significant negative impact of the TRL policy on developers” home sales
is not observed for SOE developers.

Figure 5 plots the dynamic effects of the TRL policy on developers’ home sales.” It
confirms that there are no meaningful differences between the treated and control groups of
developers in the value of home sales during the pre-TRL period and that the adverse effects
of the financing constraints on home sales only exhibit for non-SOE developers.

Overall, the evidence in this section indicates that home buyers can distinguish the
differing effects of external financing constraints on the financial conditions of SOE and non-

SOE developers, and, as a result, exhibit distinct home purchasing behaviors towards the

YConsistent with the parallel trend assumption test in Section 4.1, to conserve space, we present the results for the dynamic
effects when Valuep,y,. is the dependent variable, which is a more comprehensive measure for a developer’s home sales.
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two groups of developers under the policy.

6.2 Impact on bank risk

Commercial banks, as loan providers, take a crucial role in the debt accumulation of devel-
opers. One major aim of the TRL policy is to mitigate financial risks in the banking sector by
constraining debt financing of indebted developers. However, the previous sections have
established that the TRL policy worsens developers’ capability of renewing debt contracts
and subsequently the ability of repaying debts. Therefore, whether the policy objective of
reducing bank risk is achieved, or whether developers’ financial distress spills over to their
lenders and thereby increases bank risk, remains an empirical question.

To shed light on the question, we collect annual financial performance data, including
loan loss provision, loan assets, industry exposure of loan assets, total assets, net income,
equity, non-interest revenues, total revenues of 380 commercial banks in China. According
to our calculations, during the pre-TRL period of 2016-2020, the loans offered to the real
estate sector of the average commercial bank account for 6.19% of the total loans it offers in
a given year, with the percentage ranging from zero to 41%.

To formally assess the impact of the TRL policy on bank risk, we estimate the following

DiD model specified in Eq. (9),
LoanExpREsector,, or Bankrisk;; = o+ pTreatyy,; X Post, + y'BankCOntrolsl-,t_l +0;i+ui+e€ir (9)

where LoanExpREsector;; represents bank i’s loan exposure to the real estate sector, calculated
as the ratio of outstanding loans to the real estate sector for the total loan assets at year t,
Bankrisk;; represents bank i’s risk in year ¢, measured by either the Z-score developed for
banks (i.e., the ratio of a bank’s return on assets plus equity-to-asset ratio to the standard
deviation of the return on assets) following Tan (2016), or the ratio of loan loss provision

to total loan assets (LLPTL) of a bank. Treaty,,; is an indicator for banks more exposed to
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risks from the real estate sector during the pre-TRL period, i.e., whose average share of
loans to the real estate sector exceeds 10% of the total loans during years 2016-2020; Post;
is an indicator for the post-TRL period. Year2021 and Year2022 are indicator variables for
the individual years 2021 and 2022, respectively. BankControls;;_; indicate a set of bank
characteristics variables including logarithm of bank i’s total assets (LnSize), the ratio of total
loans to total assets of a bank (Liquidity), the ratio of non-interest revenues to total revenues
(Diversi fication) and net profit margin (Netprofitmargin) in the previous year. 6; and y; are
bank- and year-fixed effects.

Columns (1)-(2) of Table 12 present the results with LoanExpREsector as the dependent
variable. The coefficients indicate that the three-red-line policy significantly reduces banks’
loan exposure to the real estate sector, consistent with prior evidence that the policy constrains
developers’ access to bank credit.

Columns (3)-(4) and (5)—(6) report the results for Z-score and LLPTL, respectively. Overall,
the DiD coefficients are generally not statistically significant, suggesting that the TRL policy
does not have a systematic effect on banks’ overall financial risk. However, when we examine
the two years following the TRL implementation separately, the coefficient on Treatx Year2022
in column (4) is negative and statistically significant at the 10 percent level. This indicates
that, in the short run, banks with greater exposure to the real estate sector experienced an
increase in financial risk (a decline in Zscore) following the policy introduction, contrary to
the policy’s intended stabilizing effect.

Overall, this section documents little evidence that the TRL policy affects financial risks
in the banking sector. If any, it reduces the financial stability of the banks more exposed to
the real estate sector two years after the introduction of the policy. The evidence implies that
the the immediate adjustment in banks’ loan exposures may have temporarily increased risk
for the most exposed banks, highlighting a potential trade-off between credit tightening and

short-term financial stability.
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6.3 Rule out alternative explanation

One potential concern is that the COVID-19 pandemic, rather than the TRL policy itself,
may have driven the observed negative relationship between developer debt burdens and
outcomes such as land purchases and home sales. While our DiD estimates suggest a causal
impact of the TRL policy, the policy’s implementation timeline overlapped significantly
with the pandemic onset, raising the possibility that COVID-19 independently tightened
developers’ financing constraints and depressed market activity—particularly for highly
leveraged firms. The pandemic could have amplified the effects of pre-existing debt burdens
through disrupted supply chains, weakened housing demand, or reduced credit availability,
thereby confounding our DiD results.

To address this concern and rule out the pandemic as an alternative explanation, we
employ a Regression Discontinuity Design (RDD). The TRL policy established specific cutoff
thresholds for developers” debt burdens, creating a sharp discontinuity in regulatory pres-
sure based on their debt conditions. By comparing developers with debt burdens just above
versus just below the regulatory thresholds—whose underlying debt conditions are other-
wise similar—and examining their land purchases and home sales around the policy cutoff,
we can isolate the policy-induced effect from potential confounding influence of COVID-19.

Table B7 and B8 in Appendix B present the estimates obtained from RDD for developers’
land purchase probability and home sales values. Since previous sections establish that
the TRL policy effects are driven primarily by non-SOE developers, we perform the RDD
analysis on the non-SOE developer sample during the post-TRL period, using each of the
three red-line metrics as the cutoff in turn.

The RDD estimates yield results consistent with the main findings: non-SOE developers
just above (or below, depending on the threshold) the red-line cutoffs exhibited a lower
probability of land purchases and lower home sales than those just on the compliant side of
the corresponding thresholds. These results remain robust across higher-order polynomial

specifications, donut-hole tests, bandwidth sensitivity checks, and alternative kernel func-
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tions. Overall, the RDD estimates support our main DiD findings and rule out COVID-19 as

the driver of the observed reductions.

7 Conclusion

The Chinese real estate market, after decades of rapid expansion, has encountered significant
shifts in recent years. The implementation of the “Three-red-line” (TRL) policy in August
2020 marked a pivotal moment aimed at deleveraging the real estate sector by imposing
stringent limits on annual debt growth for developers. Exploiting this natural experiment,
this paper provides insights into the real effects of external financing constraints on real
estate developers’ investment decisions.

Using a large proprietary dataset encompassing both publicly listed and unlisted devel-
opers, which cover nearly half of the transactions on the residential land market, we observe
a significant reduction in the likelihood and scale of land acquisitions by developers subject
to more stringent TRL-policy constraints. This reduction is particularly pronounced among
non-state-owned developers. Consistently, mechanism analysis reveals that the TRL policy
reduces the access to bank loan and bond issuance and escalates costs of debts for develop-
ers, particularly for non-SOE developers compared to their SOE counterparts. The evidence
supports the conjecture that SOEs carry implicit government guarantees and thereby are
in a favored position when it comes to adjusting financial conditions to satisfy regulation
requirements for higher cap on allowable debt growth.

Furthermore, our findings illuminate nuanced differences within the group of SOE devel-
opers, revealing that LGFVs increase their land purchases post-TRL policy implementation,
a strategic move likely aimed at stabilizing land prices and safeguarding local government
revenues derived from land sales. This evidence echos Chang et al. (2025) by highlighting the

intertwined relationship between LGFVs and local governments, where financial constraints
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on (non-SOE) developers may amplify LGFVs’ incentives to intervene actively in the land
market.

Additionally, our study evaluates broader systemic impacts, including the restructuring
of the land market, the impact of the financing constraints on developers” home sales on
the retail market, and implications for financial stability of commercial banks. We observe a
substantial reduction in overall residential land transaction values post-TRL policy, coupled
with a notable shift in market share towards SOE developers. This restructuring highlights
the policy’s intended and unintended consequences, shaping market dynamics in favor of
SOE developers while exposing non-SOE developers to heightened financial vulnerabilities.
Overall, our analysis deepens insights into the evolving landscape of China’s real estate

market, offering timely perspectives on policy-induced market adjustments.
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Figure 1: Dynamic effects of the impact of the TRL policy on developers’ land purchase value
This figure assesses the parallel trends assumption prior to the introduction of TRL policy. Dynamic effects of the TRL policy are estimated
when the dependent variable is Value, corresponding to the specification presented in column (8) of Table 3. Panel (a) plots estimated
coefficients and 99% confidence intervals based on the full sample. Panel (b) and (c) plots estimated coefficients and 99% confidence
intervals based on the non-SOE and SOE developer sample, respectively. The vertical axis displays coefficient estimates, and the horizontal
axis indicates event quarter relative to the TRL introduction quarter.
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Figure 2: Placebo distribution of estimated treatment effects
This figure shows the distribution of coefficients for the interaction term Treat X Post generated using 500 random draws of pseudo Treat
or Post. Panel (a)-(d) plots the distribution of the pseudo Treat X Post when Purchase, Parcel, Area and Value is the dependent variable,
respectively. The histogram summarizes the range and frequency of placebo estimates, with the actual estimated coefficient from the main
specification (Panel A of Table 3, columns (5)-(8)) marked for reference.
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Figure 3: Land purchases by different groups of developers in the sample
This figure shows the value (panels (a), (c) and (e)) and value fraction (panels (b), (d) and (f)) of land purchases by different groups of
developers in the sample, i.e., non-SOE, non-LGFV SOE and LGFV developers. Panels (a)-(b) are based on statistics calculated for all cities,
panels (c)-(d) are based on statistics calculated for the cities with high land sales dependence on non-SOE developers, and panels (e)-(f)
are based on statistics calculated for the cities with low land sales dependence on non-SOE developers.
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Figure 4: Land purchases by different groups of developers on the market
This figure shows the value (panels (a), (c) and (e)) and value fraction (panels (b), (d) and (f)) of land purchases by different groups of
developers on the whole market, i.e., non-SOE, non-LGFV SOE and LGFV developers. Panels (a)-(b) are based on statistics calculated for
all cities, panels (c)-(d) are based on statistics calculated for the cities with high land sales dependence on non-SOE developers, and panels
(e)-(f) are based on statistics calculated for the cities with low land sales dependence on non-SOE developers.
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Figure 5: Dynamic effects of the impact of the TRL policy on developers” home sales value
This figure assesses the parallel trends assumption prior to the introduction of TRL policy. Dynamic effects of the TRL policy are estimated
when the dependent variable is Valuep,ye, corresponding to the specification presented in column (8) of Table 11. Panels (a) and (b) plots
estimated coefficients and 99% confidence intervals based on the non-SOE and SOE developer sample, respectively. The vertical axis
displays coefficient estimates, and the horizontal axis indicates event quarter relative to the TRL introduction quarter.
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Table 1: Sample construction

Panel A outlines the step-by-step construction of the final developer-level sample from the initial
universe of all developers covered by CREIS between 2016 and 2022. Panel B reports the composition
of the developer sample partitioned by the number of red lines violated during the pre-TRL period.

Panel A. Sample construction

# Developers % Land purchase # Publicly # Unlisted

on whole market listed
Sample from CREIS 2,801 59% 246 2,555
After excl. developers with no 1,323 47% 244 1,079
financial information
After excl. developers with no 1,203 46% 237 966
obs. in pre- or post-TRL period
After excl. developers with no 861 46% 139 722

land purchase activities

Panel B. By # red lines violated

# Developers # Non-SOE # Non-LGFV # LGFV

SOE
No violation 440 42 47 351
1 red line violation 289 55 29 205
2 red lines violation 101 13 19 69
3 red lines violation 31 12 8 11
Total 861 122 103 636
% Land purchase value in the 100% 52% 23% 25%
sample
#0Obs. 24,107 3,415 2,884 17,808
#0Obs. with control variables 10,530 2,369 1,496 6,665
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Table 2: Summary statistics

Panel A reports summary statistics for developer-level variables for the full sample. Panel B and C
provides summary statistics for non-SOE and SOE developers, respectively. Variable definitions are
provided in Table Al.

Mean Median  Std.Devw. 10prct 90prct Obs

Panel A. All developers

Treat 0.489 0.000 0.500 0.000 1.000 24,107
Purchase 0.262 0.000 0.440 0.000 1.000 24,107
Parcel 0.888 0.000 2.366 0.000 3.000 24,107
Area (Mil m?) 0.441 0.000 1.238 0.000 1.301 24,107
Value (10Mil CNY) 43.845 0.000 142.881 0.000 105.866 24,107
Asset (Bil CNY) 130.613 41.699 490.741 12.094 241.061 17,512
ROA (%) 1.328 0.832 1.657 0.050 3.340 16,786
Netprofitmargin 0.103 0.095 0.237 0.009 0.261 14,967
Salegrowth 0.572 0.415 1.490 -0.759 1.537 16,648
Redlinel (%) 60.386 61.710 13.581 42.240 76.730 17,036
Redline2 (%) 85.526 72.580 69.540 16.726 162.490 17,129
Redline3 2.936 0.910 10.595 0.230 3.910 16,920

Panel B. Non-SOE developers

Treat 0.656 1.000 0.475 0.000 1.000 3,415
Purchase 0.419 0.000 0.494 0.000 1.000 3,415
Parcel 2.239 0.000 4.071 0.000 9.000 3,415
Area (Mil m?) 1.196 0.000 2.218 0.000 4.994 3,415
Value (10Mil CNY) 140.896 0.000 263.897 0.000 582.773 3,415
Asset (Bil CNY) 266.478 80.224 825.306 13.748  453.631 3,111
ROA (%) 2.513 2.180 2.476 0.020 5.810 2,990
Netprofitmargin 0.050 0.085 0.269 -0.098 0.211 2,688
Salegrowth 0.456 0.402 1.140 -0.751 1.422 2,991
Redlinel (%) 67.979 70.190 13.983 49.380 83.445 3,043
Redline2 (%) 100.473 79.065 87.614 9.895 206.110 3,048
Redline3 3.385 0.980 13.349 0.202 3.244 3,010

Panel C. SOE developers

Treat 0.461 0.000 0.499 0.000 1.000 20,692
Purchase 0.236 0.000 0.424 0.000 1.000 20,692
Parcel 0.665 0.000 1.853 0.000 2.000 20,692
Area(Mil m?) 0.316 0.000 0.930 0.000 0.983 20,692
Value (10Mil CNY) 27.828 0.000 102.384 0.000 65.243 20,692
Asset (Bil CNY) 101.262 37.676 375.368 11.882 185.895 14,401
ROA (%) 1.071 0.700 1.282 0.055 2.600 13,796
Netprofitmargin 0.115 0.097 0.228 0.012 0.270 12,279
Salegrowth 0.598 0.419 1.555 -0.761 1.556 13,657
Redlinel (%) 58.735 60.220 12.915 41.360 73.279 13,993
Redline2 (%) 82.290 70.960 64.518 17.520 153.061 14,081
Redline3 2.839 0.899 9.897 0.240 4.080 13,910
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Table 3: Impact of TRL policy on land purchases

This table reports the difference-in-differences estimation results examining the effects of the TRL
policy on developers’ land purchase activities. Panel A presents the estimation results based on the
full sample, Panels B and C present the results based on non-SOE and SOE developers, respectively.
Columns (1)-(4) and (5)-(8) report the results before and after controlling for firm-level characteristics,
respectively. Purchase is an indicator for a developer purchasing at least one land parcel in a calendar
quarter. Parcel, Area and Value is the number, total area and value of land parcels purchased over
a quarter. Treat is an indicator for the firms that violated at least one red line during two years
prior to the Three Red Line Policy. Post is an indicator for the post-policy period, since Q4 of 2020.
Control variables include the one-quarter lag for: the natural logarithm of total assets of a developer
in a given quarter (LnAsset), quarterly return on assets ratio (ROA) , quarterly net profit margin
(Netpro fitmargin), and quarterly growth rate of sales(Salegrowth). Standard errors are in parentheses.
*** ** and * indicate statistical significance at 1%, 5% and 10%, respectively.

Model: OLS Poisson OLS Poisson
Dependent variable: Purchase Parcel Area Value Purchase Parcel Area Value
(€] (2 3 @ ®) 6) ) ()]
Panel A. All developers
TreatxPost -0.065"  -0.526"*  -0.536™*  -0.560"*  -0.089"*  -0.617**  -0.638"*  -0.576""
(0.016) (0.099) (0.104) (0.120) (0.022) (0.113) (0.112) (0.121)
Controls No No No No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm Firm Firm
Observations 24,107 24,107 24,107 24,107 10,530 10,314 10,314 10,314
Adjusted R? 0.257 0.290
Pseudo R? 0.422 0.531 0.606 0.485 0.602 0.626
Panel B. Non-SOE developers
TreatxPost -0.111*  -0.662™*  -0.587**  -0.533**  -0.131"*  -0.655"*  -0.617"*  -0.516""
(0.043) (0.140) (0.137) (0.154) (0.043) (0.133) (0.132) (0.151)
Controls No No No No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm Firm Firm
Observations 3,415 3,415 3,415 3,415 2,369 2,313 2,313 2,313
Adjusted R? 0.421 0.464
Pseudo R? 0.592 0.713 0.682 0.609 0.747 0.718
Panel C. SOE developers
Treatx Post -0.024* -0.125 -0.147 -0.209 -0.023 -0.214 -0.287* -0.250*
(0.014) (0.108) (0.118) (0.151) (0.022) (0.151) (0.151) (0.148)
Controls No No No No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm Firm Firm
Observations 20,692 20,692 20,692 20,692 8,161 8,001 8,001 8,001
Adjusted R? 0.229 0.239
Pseudo R? 0.339 0.432 0.533 0.373 0.479 0.558
P-value for test on Diff. in
Treat x Post between Panels B and C 0.010 0.002 0.012 0.084 0.064 0.016 0.082 0.230
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Table 4: Impact of TRL policy on land purchases: stringency heterogeneity

This table reports the difference-in-differences estimation results examining the heterogeneous effects
of the TRL policy with different caps on debt growth rates on developers’ land purchase activities.
Purchase is an indicator for a developer purchasing at least one land parcel in a calendar quarter. Parcel,
Area, and Value denote the number, total area, and value of land parcels purchased in a quarter. Treatl
(Treat2 and Treat3) indicates firms that violated one (two or three) red line(s) during the two years
prior to the Three Red Lines policy. Post is an indicator for the post-policy period (since Q4 2020).
Control variables include the one-quarter lag of the natural logarithm of total assets (LnAsset), return
on assets (ROA), net profit margin (Netpro fitmargin), and sales growth (Salegrowth). Standard errors
are in parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Model: OLS Poisson
Dependent variable: Purchase Parcel Area Value
(1) 2) 3) (4)
Treat1xPost -0.077*** -0.531*** -0.543** -0.481**
(0.027) (0.125) (0.124) (0.124)
Treat2xPost -0.090** -0.625* -0.672"** -0.543*
(0.036) (0.202) (0.196) (0.233)
Treat3xPost -0.176™* -1.206* -1.200%* -1.418™*
(0.052) (0.215) (0.218) (0.257)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 10,530 10,314 10,314 10,314
Adjusted R? 0.291
Pseudo R? 0.486 0.603 0.629
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Table 5: Impact of TRL policy on land purchases: debt term structure heterogeneity

This table reports the difference-in-differences estimation results examining the heterogeneous ef-
fects of the TRL policy on the land purchase activities of developers with different pre-TRL debt
term structures. Panels A and B present estimation results for subsamples with above-median and
below-median long-term debt ratios (long-term interest-bearing debt / total interest-bearing debt),
respectively, measured over the two years prior to the TRL policy. Purchase is an indicator for a
developer purchasing at least one land parcel in a calendar quarter. Parcel, Area and Value is the
number, total area and value of land parcels purchased over a quarter. Treat is an indicator for the
firms that violated at least one red line during two years prior to the Three Red Line Policy. Post is an
indicator for the post-policy period, since Q4 of 2020. Control variables include the one-quarter lag
for: the natural logarithm of total assets of a developer in a given quarter (LnAsset), quarterly return
on assets ratio (ROA) , quarterly net profit margin (Netprofitmargin), and quarterly growth rate of
sales(Salegrowth). Standard errors are in parentheses. ***, ** and * indicate statistical significance at
1%, 5% and 10%, respectively.

Model: OLS Poisson
Dependent variable: Purchase Parcel Area Value
1) () 3) (4)
Panel A. Developers with high reliance on long-term debts
TreatxPost -0.072% -0.464**  -0.606"*  -0.435*
(0.040) (0.169) (0.173) (0.176)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 3,978 3,860 3,860 3,860
Adjusted R? 0.281
Pseudo R? 0.416 0.540 0.627

Panel B. Developers with low reliance on long-term debts

TreatXPost -0.033 -0.409* -0.301" -0.297
(0.038) (0.175) (0.170) (0.192)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 4,086 3,966 3,966 3,966
Adjusted R? 0.276
Pseudo R? 0.531 0.646 0.620

P-value for test on Diff. in
Treat X Post between Panels B and C 0.180 0.368 0.018 0.174
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Table 6: Impact of TRL policy on LGFVs’ land purchases: developer-level analysis

This table examines the impact of TRL policy on LGFVs’ land purchase activities. Purchase is an
indicator for a developer purchasing at least one land parcel in a calendar quarter. Parcel, Area
and Value is the number, total area and value of land parcels purchased over a quarter. LGFV is an
indicator for LGFVs. Post is an indicator for the post-policy period, since Q4 of 2020. Control variables
include the one-quarter lag for the natural logarithm of total assets of a developer in a given quarter
(LnAsset), quarterly return on assets ratio (ROA) , quarterly net profit margin (Netpro fitmargin), and
quarterly growth rate of sales(Salegrowth).Standard errors are in parentheses. ***, ** and * indicate
statistical significance at 1%, 5% and 10%, respectively.

Model: OLS Poisson
Dependent variable: Purchase Parcel Area Value
(1) (2) 3) 4)
LGFV X Post 0.100"* 0.389** 0.480™* 0.657**
(0.029) (0.170) (0.171) (0.143)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 8,161 8,001 8,001 8,001
Adjusted R? 0.241
Pseudo R? 0.375 0.482 0.563
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Table 7: Impact of TRL policy on LGFVs’ land purchases: land-level analysis

This table examines the impact of the TRL policy on LGFVs’ probability of acquiring land parcels
in local cities. Columns (1)-(2) are based on all cities, column (3) and (4) is based on the cities with
NSOElanddep is above and below the sample median, where NSOElanddep indicates a city’s fiscal
reliance on non-SOE developers’ residential land purchases. Samecity is an indicator for the land
purchaser being registered in the same city of the purchased land parcel. Landprice is the price of the
land transacted. Definitions of other variables are presented in Table Al in Appendix A. Standard
errors are in parentheses. ***, ** and * indicate statistical significance at 1%, 5% and 10%, respectively.

Dependent variable: LGFV
City group: All All High NSOElanddep  Low NSOElanddep
) (2) ) (4)
Post 0.057*
(0.012)
Samecity 0.618™  0.528" 0.593 0.480™
(0.049) (0.060) (0.084) (0.084)
PostxSamecity 0.077* 0.095* 0.091*
(0.029) (0.052) (0.037)
LnAsset -0.043**  -0.039™* -0.028" -0.047"
(0.008) (0.010) (0.009) (0.018)
ROA -0.030™  -0.054™ -0.040" -0.064™
(0.004) (0.006) (0.010) (0.007)
Netprofitmargin 0.132* 0.233" 0.043 0.315"
(0.053) (0.068) (0.094) (0.094)
Salegrowth 0.011 0.009* 0.016™ 0.006
(0.003) (0.004) (0.007) (0.004)
Landprice -0.023**  -0.017 0.005 -0.017*
(0.006) (0.006) (0.009) (0.006)
City FE Yes No No No
CityxQuarter FE No Yes Yes Yes
Clustering City City City City
Observations 15,911 15,087 6,499 6,952
Adjusted R? 0.735 0.793 0.797 0.795
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Table 8: Impact of TRL policy on access to debts: developers vs. non-developer firms

This table reports the results examining the impact of the TRL policy on developers” access to debts.
Given data availability, the analysis is based on listed firms. The dependent variable is LoantoAsset,
the loan to asset ratio in the first three columns, and Ln(Bond), the logarithm of one plus the amount
of bonds payable in the last three columns. Developer is an indicator for developer firms. Post is
an indicator for the post-policy period, since Q4 of 2020. Control variables include firms” Tobin’s Q
(TobinQ), return on assets (ROA), sales growth rate (Salegrowth), net profit margin (Netpro fitmargin)
and the logarithm of a firm’s total assets (LnAsset). Standard errors are in parentheses. ***, ** and *
indicate statistical significance at 1%, 5% and 10%, respectively.

Dependent variable: LoantoAsset Ln(Bond)
Sample: All Non-SOE SOE All Non-SOE SOE
(1) ) €) (4) ) (6)
DeveloperxPost -0.027* -0.044™ -0.009 -0.108** -0.238"** 0.010
(0.006) (0.009) (0.008) (0.046) (0.076) (0.049)
TobinQ 0.001 -0.000 0.003 0.003 0.002 0.012**
(0.001) (0.001) (0.003) (0.003) (0.003) (0.006)
ROA -0.258" -0.227* -0.335"** -0.346™ -0.367** -0.328"
(0.017) (0.020) (0.037) (0.065) (0.083) (0.100)
Salegrowth -0.000 0.001 -0.002 -0.014™ -0.013"* -0.018**
(0.001) (0.001) (0.002) (0.004) (0.005) (0.007)
Netprofitmargin -0.012* -0.007 -0.020* 0.048™ 0.063"* 0.015
(0.005) (0.006) (0.008) (0.019) (0.026) (0.019)
LnAsset 0.031** 0.027*** 0.037*** 0.187*** 0.174™* 0.214™*
(0.004) (0.004) (0.007) (0.013) (0.016) (0.026)
Firm FE Yes Yes Yes Yes Yes Yes
Semi-annual FE Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm
Observations 34,433 21,499 12,934 34,433 21,499 12,934
Adjusted R? 0.764 0.726 0.804 0.843 0.745 0.880
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Table 9: Impact of TRL policy on access to debts: treated vs. control groups of developers

This table reports the results comparing the impact of the TRL policy on the access to debts between
the treated and control groups of developers. Given data availability, the analysis is based on listed
developers. Panel A presents the results when the dependent variable is LoantoAsset, the loan to asset
ratio. Panel B presents the results when the dependent variable is Ln(Bond), the logarithm of one
plus the amount of bonds payable. Treat is an indicator for developers from the treated group, i.e.,
that violated at least one red line during the pre-TRL period. Post is an indicator for the post-policy
period, since Q4 of 2020. SOE is an indicator for state-owned developers, and LGFV is an indicator for
LGFVs. Control variables include firms’ Tobin’s Q (TobinQ), return on assets (ROA), sales growth rate
(Salegrowth), net profit margin (Netprofitmargin) and the logarithm of a firm'’s total assets (LnAsset).
Standard errors are in parentheses. ***, ** and * indicate statistical significance at 1%, 5% and 10%,
respectively.

Panel A. Impact on access to bank loans

Dependent variable: LoantoAsset
Sample: All " Non-SOE SOE All
(1) (2) 3) (4)
TreatxPost -0.023*  -0.026" -0.015
(0.011) (0.015)  (0.015)
SOEX Post 0.022*
(0.011)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Semi-annual FE Yes Yes Yes Yes
Clustering Firm Firm Firm  Firm
Observations 1,754 835 919 1,754
Adjusted R? 0.678 0.664 0.700 0.678
Panel B. Impact on access to bonds
Dependent variable: Ln(Bond)
Sample: All' Non-SOE SOE All
1) (2) 3) (4)
TreatxPost -0.168" -0.193 -0.118
(0.078) (0.124)  (0.085)
SOExPost 0.217
(0.084)
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Semi-annual FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 1,754 835 919 1,754
Adjusted R? 0.874 0.860 0.898 0.875
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Table 10: Impact of TRL policy on costs of debts

This table reports the results examining the impact of the TRL policy on cost of debts. The first
three columns report the results based on the bonds issued by all listed firms and the last column
reports the results based on the bonds issued by the listed developers. The dependent variable Yield
is the yield at issuance of a bond. Developer is an indicator for developer firms. SOE is an indicator
for state-owned firms. Post is an indicator for the post-policy period, since Q4 of 2020. Variable
definitions are presented in Table Al in Appendix A. Standard errors are in parentheses. ***, ** and *
indicate statistical significance at 1%, 5% and 10%, respectively.

Dependent variable: Yield
Sample: All Developers
Sub-sample: Non-SOE SOE All
(1) (2) )
Developerx Post 0.198" 0.006
(0.113) (0.048)
SOEX Post -0.177*
(0.094)
Issuance amount -0.001 0.007*** 0.030
(0.008) (0.003) (0.025)
Maturity 0.165"* 0.138™* 0.151
(0.026) (0.011) (0.021)
Rating 0.073 -0.052 0.018
(0.129) (0.067) (0.076)
TreasuryYield 0.062 0.307*** 0.224™
(0.094) (0.030) (0.056)
Leverage -0.005 0.005 -0.004
(0.006) (0.004) (0.006)
Salegrowth -0.025 -0.019 0.012
(0.055) (0.031) (0.030)
Firm FE Yes Yes Yes
Quarter FE Yes Yes Yes
Bond Market FE Yes Yes Yes
Clustering Firm Firm Firm
Observations 1,271 5,959 1,720
Adjusted R? 0.909 0.876 0.904
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Table 11: Impact of TRL policy on home sales

This table reports the difference-in-differences estimation results examining the effects of the TRL
policy on developers” home sales. Poisson regressions are used for the estimation. Panel A presents
the estimation results based on the non-SOE developer sample, and Panel B presents the results
based on SOE developers. Columns (1)-(4) and (5)-(8) present the results before and after controlling
for firm characteristics, respectively. Numigon, is the total number houses sold by a developer in a
calendar quarter. Areapone is the total area of the houses sold by a developer in a calendar quarter
(in m?). Valuerome is the total value amount (in 10 thousand CNY) of the houses sold by a developer
in a calendar quarter. Pricepom, is the average price per m? of the houses sold by a developer in a
calendar quarter(in CNY). Treat is an indicator for the firms that violated at least one red line during
the pre-TRL period. Post is an indicator for the post-policy period, since Q4 of 2020. Control variables
include the one-quarter lag for: the logarithm of total assets of a developer in a given quarter (LnAsset),
quarterly return on assets ratio (ROA) , quarterly net profit margin (Netprofitmargin), and quarterly
growth rate of sales(Salegrowth). Standard errors are in parentheses. ***, ** and * indicate statistical
significance at 1%, 5% and 10%, respectively.

Dependent variable: Numpome  Areapome  Valuerome  Pricegome  Numpome  Areapome  Valuepome — Pricemome

) @ ®) 4) ©) (6) @) ®)
Panel A. Impact on Non-SOE developers

Treat X Post -0.192* -0.177 -0.263"™* -0.074 -0.179** -0.160"* -0.197* -0.038
(0.056) (0.058) (0.082) (0.047) (0.057) (0.058) (0.082) (0.047)
Controls No No No No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm Firm Firm
Observations 4,367 4,367 4,367 3,985 3,066 3,066 3,066 2,851
Pseudo R2 0.947 0.950 0.948 0.640 0.963 0.965 0.961 0.688

Panel B. Impact on SOE developers

Treat X Post -0.181 -0.172 -0.194 -0.003 0.057 0.048 -0.016 -0.074
(0.169) (0.166) (0.149) (0.044) (0.124) (0.122) (0.098) (0.052)
Controls No No No No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm Firm Firm
Observations 9,287 9,287 9,287 7,188 4,364 4,364 4,364 3,429
Pseudo R? 0.866 0.874 0.893 0.634 0.917 0.923 0.929 0.664

P-value for test on Diff.
in Treat X Post 0.432 0.494 0.098 0.008 0.000 0.006 0.012 0.126
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Table 12: Impact of TRL policy on bank risk

This table reports the difference-in-differences estimation results examining the effects of the TRL
policy on commercial banks’ risk. The dependent variable is LoanExpREsector (a bank’s loan exposure
to the real estate sector, i.e., the ratio of a bank’s outstanding loans to the real estate sector to its total
outstanding loans) in columns (1)-(2), Zscore (with higher values indicating lower bank insolvency
risk) in columns (3)-(4) and is LLPTL (the ratio of loan loss provision to loan assets) in columns (5)-(6).
Treatp,,x is an indicator for banks from the treated group, i.e. for which the loans offered to the real
estate sector accounts for over 10% of the total loans offered prior to TRL policy introduction. Post is
an indicator for the post-policy period, after 2020. Year2021 and Year2022 is an indicator for year 2021
and 2022, respectively. Control variables include the one-year lag of LnSize, the natural logarithm of
total assets of a bank, Liquidity, the ratio of total loans to total assets of a bank, Diversification, the
ratio of non-interest revenues to total revenues, and Netprofitmargin, the net profit margin of a bank.
Standard errors are in parentheses. ***, ** and * indicate statistical significance at 1%, 5% and 10%,
respectively.

Dependent variable: LoanExpREsector Zscore LLPTL
1) (2) 3) 4) ) (6)
Treaty, . X Post -3.350" -3.499 -0.034
(0.501) (3.337) (0.137)
Treatyy, X Year2021 -2.920% 0.718 -0.065
(0.505) (3.138) (0.136)
Treatpg X Year2022 -3.788** -8.073* -0.003
(0.528) (4.477) (0.150)
LnSize -0.389 -0.368 2.419 2.633 -0.087 -0.089
(0.694) (0.700) (5.015) (5.034) (0.208) (0.209)
Liquidity -1.715 -1.691 30.847* 32.053* -1.912* -1.919*
(2.171) (2.162) (16.953) (17.059)  (0.841) (0.843)
Diversification -0.025 -0.043 -2.931 -2.856 0.421* 0.420"
(0.679) (0.683) (4.877) (4.891) (0.227) (0.228)
Netpro fitmargin 0.329 0.381 20.863*  21.080* -0.158 -0.160
(1.423) (1.417) (9.029) (9.038) (0.482) (0.482)
Bank FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Clustering Bank Bank Bank Bank Bank Bank
Observations 1,174 1,174 1,566 1,566 1,342 1,342
Adjusted R? 0.884 0.884 0.206 0.207 0.825 0.825
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Appendix A

Table A1: Variable definition

Variable Definition

Treat An indicator for the developers that violated at least one red line during the period
over two years prior to the TRL policy.

Treatl An indicator for the developers that violated one red line during the period over
two years prior to the TRL policy.

Treat2 An indicator for the developers that violated two red lines during the period over
two years prior to the TRL policy.

Treat3 An indicator for the developers that violated three red lines during the period
over two years prior to the TRL policy.

Post An indicator for the post-policy period, i.e. 2020Q4-2022Q4 for Tables 2-11, and
years 2021 and 2022 for Table 12.

LGFV An indicator for LGFV developers.

High NSOElanddep An indicator for cities of which the fiscal reliance on non-SOE developers residen-
tial land purchases (NSOElanddep) is greater than the median, where NSOElanddep
is calculated as the ratio of the total purchase value of residential lands in a city
to the sum of general public budget revenue and land sales revenues in that city
during the pre-policy period, i.e. 2016-2019.

Samecity An indicator for a developer and the land parcel it purchases being located in a
same city.

Landprice The inflation-adjusted price of a land parcel (2012 as the base year).

Purchase Anindicator for a developer purchasing at lease one land parcel in a given quarter.

Parcel The number of land parcels a developer purchases in a given quarter.

Area The total area of the land parcels a developer purchases in a given quarter.

Value The total CNY value of the land parcels a developer purchases in a given quarter.

Asset The total assets of a developer as at the end of a given quarter.

Numgome The total number of homes transacted across all buildings located in the sample
cities for a developer over a calendar quarter.

Areapome The total area of homes transacted across all buildings located in the sample cities
for a developer over a calendar quarter.

Valuegome The total CNY amount of homes transacted across all buildings located in the
sample cities for a developer over a calendar quarter.

Priceyome The average price per square meter across homes transacted for all buildings
located in the sample cities for a developer over a calendar quarter.

ROA The return on assets of a developer as at the end of a given quarter.

Netprofitmargin The net profit margin of a developer as at the end of a given quarter.

Salegrowth The growth rate of sales of a developer as at the end of a given quarter.
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Variable Definition

Redlinel The debt to asset ratio after excluding advance receipts of a developer as at
the end of a given quarter, calculated by: (Debt — advance receipts)/(Asset —
advance receipts).

Redline2 The net gearing ratio of a developer as at the end of a given quarter, calculated
by: (Interest-bearing Debt — Cash)/Equity.

Redline3 The cash to short-term debt ratio of a developer as at the end of a given quarter,
calculated by: Cash/Short-term Interest-bearing Debt.

Yield The yield at issuance of a bond.

Issuance amount
Maturity
Rating

TreasuryYield
Developer
SOE

TobinQ
Leverage

LoantoAsset

Bond

Size

Treaty,x

Liquidity

Diversification

LoanExpREsector

Z-score

LLPTL

The bond issuance amount in CNY.

The maturity of a bond.

The rating of a bond issuer, with the value 1 of 5 indicating the rating of A+, AA-,
AA, AA+and AAA.

The yield of treasury bonds with maturity matched with individual bonds.

An indicator for developer firms.

An indicator for SOE developers/non-developer firms.

A publicly listed firm’s Tobin’s Q as at the end of a quarter.

A firm’s debt-to-asset ratio at the end of a quarter.

The ratio of the amount of bank loans to the total asset of a publicly listed firm as
at the end of June and December of a year.

The CNY amount of bonds payable of a publicly listed firm as at the end of June
and December of a year.

The total assets of a bank as at the end of a year.

An indicator for banks from the treated group, i.e. for which the loans offered
to the real estate sector accounts for over 10% of the total loans offered during
2016-2020.

The ratio of total loans to total assets of a bank as at the end of a year.

The ratio of non-interest revenues to total revenues of a bank as at the end of a
year.

A bank’s loan exposure to the real estate sector, i.e., the ratio of a bank’s outstand-
ing loans to the real estate sector to its total outstanding loans.

The ratio of a bank’s return on assets plus equity-to-asset ratio to the standard
deviation of the return on assets, following Tan (2016).

The ratio of loan loss provision to loans of a bank as at the end of a year.
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Appendix B

Table B2: Impact of TRL policy on land purchases: Alternative dependent variables

This table reports the difference-in-differences estimation results examining the effects of the TRL
policy on developers’ land purchase activities. Panel A presents the estimation results based on the
full sample, Panels B and C present the results based on non-SOE and SOE developers, respectively.
Columns (1)-(3) and (4)-(6) report the results before and after controlling for firm-level characteristics,
respectively. Ln(1 + Parcel), Ln(1 + Area) and Ln(1 + Value) is the natural logarithm of one plus the
number, total area and value of land parcels purchased over a quarter. Treat is an indicator for the
firms that violated at least one red line during two years prior to the Three Red Line Policy. Post is an
indicator for the post-policy period, since Q4 of 2020. Control variables include the one-quarter lag
for: the natural logarithm of total assets of a developer in a given quarter (LnAsset), quarterly return
on assets ratio (ROA) , quarterly net profit margin (Netprofitmargin), and quarterly growth rate of
sales(Salegrowth). Standard errors are in parentheses. ***, ** and * indicate statistical significance at
1%, 5% and 10%, respectively.

Dependent variable: Ln(1+Parcel)  Ln(1+Area)  Lm(1+Value)  Ln(1+Parcel) Ln(1+Area) Lm(1+Value)
@) ) ®) @) ©) (6)
Panel A. All developers
TreatxPost -0.116™ -0.813" -0.782 -0.189 -1.176™ -1.156™
(0.024) (0.186) (0.183) (0.038) (0.268) (0.268)
Controls No No No Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm
Observations 24,107 24,107 24,107 10,530 10,530 10,530
Adjusted R? 0.398 0.285 0.299 0.477 0.328 0.339

Panel B. Non-SOE developers

Treatx Post -0.322"* -1.566" -1.546™ -0.402"* -1.879 -1.859"
(0.074) (0.517) (0.519) (0.082) (0.516) (0.521)
Controls No No No Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm
Observations 3,415 3,415 3,415 2,369 2,369 2,369
Adjusted R? 0.629 0.472 0.476 0.657 0.517 0.519

Panel C. SOE developers

TreatxPost -0.031 -0.283* -0.248 -0.038 -0.310 -0.276
(0.020) (0.164) (0.159) (0.031) (0.251) (0.248)
Controls No No No Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes Yes Yes
Clustering Firm Firm Firm Firm Firm Firm
Observations 20,692 20,692 20,692 8,161 8,161 8,161
Adjusted R? 0.301 0.246 0.255 0.352 0.261 0.274

P-value for test on Diff. in
Treat x Post between Panels B and C 0.000 0.000 0.000 0.000 0.024 0.028
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Table B3: Land use efficiency following TRL policy

This table compares the land use efficiency between different groups of developers following the TRL
policy. The dependent variable in columns (1) and (3) is a developer’s ratio of revenues to the total
area of lands acquired in a quarter (Revenug/land area). The dependent variable in columns (2) and (4)
is a developer’s ratio of revenues to the total value of lands acquired in a quarter (Revenue/land value).
Columns (1)-(2) are based on all developers, columns (3)-(4) are based on SOE developers. SOE is an
indicator for SOE developers. LGFV is an indicator for LGFVs. Post is an indicator for the post-TRL
period, i.e., since 2020 Q4. Control variables include the one-quarter lag for the natural logarithm
of total assets of a developer in a given quarter (LnAsset), quarterly return on assets ratio (ROA) ,
quarterly net profit margin (Netpro fitmargin), and quarterly growth rate of sales(Salegrowth).Standard
errors are in parentheses. ***, ** and * indicate statistical significance at 1%, 5% and 10%, respectively.

Sample: All developers SOE developers
) (2) ®) (4)

Dependent variable:  Revenue/land area ~ Revenuelland value  Revenuefland area  Revenue/land value

SOE X Post -0.005** -0.009**

(0.001) (0.003)
LGVF X Post -0.004** -0.004

(0.001) (0.003)

Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Quarter FE Yes Yes Yes Yes
Clustering Firm Firm Firm Firm
Observations 3,147 3,147 2,112 2,112
Adjusted R? 0.382 0.316 0.365 0.299
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Table B4: Summary statistics for access to loans and bond

This table reports summary statistics of variables related to firms’ access to debts and firm characteristics. Panels A-F present summary
statistics based on all listed firms, non-SOE listed firms, SOE listed firms, all listed developers, listed non-SOE developers and listed SOE
developers, respectively. Variable definitions are provided in Table A1 in Appendix A.

Mean Median Std.Dev. 10prct 90prct Obs

Panel A. All listed firms

LoantoAsset 0.162 0.143 0.120 0.021 0.327 34,433
Bond (Bil CNY) 0.870 0.000 3.555 0.000 1.317 34,433
Developer 0.051 0.000 0.220 0.000 0.000 34,433
Asset (Bil CNY) 21.523 5.457 54.128 1.380 42.432 34,433
TobinQ 2.007 1.637 1.226 1.038 3.360 34,433
ROA 0.020 0.021 0.057 -0.018 0.073 34,433
Netprofitmargin 0.037 0.059 0.250 -0.081 0.203 34,433
Salegrowth 0.471 0.815 0.971 -0.587 1.541 34,433
#Firms (#Developers) 3,146 (143)

Panel B. Non-SOE listed firms

LoantoAsset 0.151 0.134 0.109 0.022 0.301 21,499
Bond (Bil CNY) 0.401 0.000 2.175 0.000 0.557 21,499
Developer 0.039 0.000 0.193 0.000 0.000 21,499
Asset (Bil CNY) 12.747 4.029 36.733 1.197 21.301 21,499
TobinQ 2.189 1.798 1.292 1.152 3.642 21,499
ROA 0.021 0.024 0.063 -0.022 0.079 21,499
Netprofitmargin 0.031 0.066 0.265 -0.097 0.199 21,499
Salegrowth 0.468 0.810 0.958 -0.587 1.537 21,499
#Firms (#Developers) 2,062 (68)

Panel C. SOE listed firms

LoantoAsset 0.181 0.160 0.133 0.020 0.371 12,934
Bond (Bil CNY) 1.649 0.000 4.980 0.000 3.500 12,934
Developer 0.071 0.000 0.257 0.000 0.000 12,934
Asset (Bil CNY) 36.109 10.364 72.225 2.089 83.521 12,934
TobinQ 1.705 1.360 1.039 0.968 2.795 12,934
ROA 0.018 0.017 0.047 -0.012 0.061 12,934
Netprofitmargin 0.046 0.050 0.224 -0.054 0.214 12,934
Salegrowth 0.475 0.825 0.992 -0.586 1.548 12,934
#Firms (#Developers ) 1,084 (75)

Panel D. All listed developers

LoantoAsset 0.187 0.179 0.103 0.059 0.320 1,754
Bond (Bil CNY) 4.792 0.991 7.821 0.000 18.608 1,754
Developer 1.000 1.000 0.000 1.000 1.000 1,754
Asset (Bil CNY) 85.058 30.379 114.931 5.101 324.540 1,754
TobinQ 1.268 1.054 0.672 0.889 1.757 1,754
ROA 0.013 0.012 0.036 -0.009 0.044 1,754
Netprofitmargin 0.046 0.073 0.295 -0.116 0.283 1,754
Salegrowth 0.616 0.613 1.259 -0.705 2.406 1,754
#Developers (#Ireated developers) 143 (72)

Panel E. Listed Non-SOE developers

LoantoAsset 0.174 0.160 0.101 0.059 0.313 835
Bond (Bil CNY) 4.890 0.000 8.351 0.000 21.246 835
Developer 1.000 1.000 0.000 1.000 1.000 835
Asset (Bil CNY) 94.809 32.842 120.121 4.838 339.223 835
TobinQ 1.393 1.087 0.878 0.907 2.120 835
ROA 0.012 0.013 0.043 -0.020 0.052 835
Netprofitmargin 0.019 0.069 0.336 -0.213 0.262 835
Salegrowth 0.597 0.599 1.230 -0.688 2.317 835
#Developers (#Treated developers) 68 (35)

Panel F. Listed SOE developers

LoantoAsset 0.198 0.194 0.103 0.058 0.322 919
Bond (Bil CNY) 4.703 1.684 7.309 0.000 14.795 919
Developer 1.000 1.000 0.000 1.000 1.000 919
Asset (Bil CNY) 76.197 29.852 109.317 5.745 318.853 919
TobinQ 1.155 1.030 0.367 0.880 1.585 919
ROA 0.013 0.012 0.029 -0.003 0.040 919
Netprofitmargin 0.071 0.074 0.249 -0.060 0.302 919
Salegrowth 0.633 0.647 1.285 -0.722 2.580 919
#Developers (#Ireated developers) 75 (37)
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Table B5: Summary statistics for bond issuance

This table reports summary statistics of the characteristics of bonds and bond issuers. For the pre- and post-TRL policy comparison, we
restrict the sample to firms that issue bonds in both periods. Panels A-F present summary statistics based on all listed firms, non-SOE listed
firms, SOE listed firms, all listed developers, listed non-SOE and listed SOE developers, respectively. Variable definitions are provided in
Table Al in Appendix A.

Mean Median Std.Dev. 10prct 90prct Obs

Panel A. All listed firms

Yield (%) 3.312 3.030 1.248 2.000 5.000 7,230
Developer 0.238 0.000 0.426 0.000 1.000 7,230
Issuance amount (Bil CNY) 2.007 1.000 3.303 0.500 4.000 7,230
Maturity (year) 1.684 0.750 1.826 0.240 5.000 7,230
Rating 4.715 5.000 0.564 4.000 5.000 7,230
TreasuryYield 2.362 2.290 0.556 1.715 3.190 7,230
Leverage 66.548 69.373 13.431 46.471 81.013 7,230
Salegrowth 0.425 0.513 0.773 -0.771 1.232 7,230
#Firms 319

Panel B. Non-SOE listed firms

Yield (%) 4.086 3.600 1.664 2.250 6.800 1,271
Developer 0.348 0.000 0.476 0.000 1.000 1,271
Issuance amount (Bil CNY) 1.501 1.000 3.000 0.400 2.500 1,271
Maturity (year) 1.987 1.000 1.816 0.230 5.000 1,271
Rating 4.543 5.000 0.644 4.000 5.000 1,271
TreasuryYield 2.482 2.418 0.561 1.809 3.300 1,271
Leverage 62.867 63.928 11.298 48.154 75.330 1,271
Salegrowth 0.449 0.527 0.873 -0.794 1.387 1,271
#Firms 67

Panel C. SOE listed firms

Yield (%) 3.147 2.960 1.070 1.950 4.700 5,959
Developer 0.214 0.000 0.410 0.000 1.000 5,959
Issuance amount (Bil CNY) 2.115 1.500 3.354 0.500 4.000 5,959
Maturity (year) 1.620 0.750 1.822 0.240 5.000 5,959
Rating 4.752 5.000 0.538 4.000 5.000 5,959
TreasuryYield 2.336 2.260 0.551 1.670 3.170 5,959
Leverage 67.333 71.452 13.717 46.093 81.496 5,959
Salegrowth 0.420 0.513 0.750 -0.768 1.220 5,959
#Firms 252

Panel D.All listed developers

Yield (%) 3.756 3.480 1.483 2.100 6.000 1,720
SOE 0.743 1.000 0.437 0.000 1.000 1,720
Issuance amount (Bil CNY) 1.084 1.000 0.747 0.400 2.000 1,720
Maturity (year) 2.431 3.000 2.058 0.250 5.000 1,720
Rating 4511 5.000 0.691 3.000 5.000 1,720
TreasuryYield 2.475 2.440 0.542 1.793 3.190 1,720
Leverage 63.335 66.719 12.696 45.393 76.927 1,720
Salegrowth 0.581 0.565 0.965 -0.834 1.757 1,720
#Developers 88

Panel E.Listed non-SOE developers

Yield (%) 4.846 4.440 1.679 2.950 7.300 442
Issuance amount (Bil CNY) 1.336 1.000 0.809 0.500 2.500 442
Maturity (year) 3.273 3.000 1.864 0.740 5.000 442
Rating 4572 5.000 0.603 4.000 5.000 442
TreasuryYield 2.688 2.650 0.484 2.200 3.420 442
Leverage 69.740 69.880 8.273 61.530 78.550 442
Salegrowth 0.653 0.661 1.092 -0.862 2.155 442
# non-SOE developers 19

Panel F. Listed SOE developers

Yield (%) 3.379 3.195 1.197 2.000 4.990 1,278
Issuance amount (Bil CNY) 0.997 0.900 0.703 0.370 2.000 1,278
Maturity (year) 2.140 0.750 2.042 0.250 5.000 1,278
Rating 4.490 5.000 0.717 3.000 5.000 1,278
TreasuryYield 2.402 2.365 0.541 1.715 3.170 1,278
Leverage 61.121 63.555 13.200 42.920 76.330 1,278
Salegrowth 0.556 0.531 0.916 -0.805 1.619 1,278
#Developers 69
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Table B6: Summary statistics for home sales

Panel A reports summary statistics for developer-level home sales variables for the full sample.
Panel B and C provides summary statistics for non-SOE and SOE developers, respectively. Variable
definitions are provided in Table Al.

Mean Median  Std.Dev.  10prct  90prct Obs

Panel A. All developers

NUMome 779.879 45000 3150.715  0.000  1377.000 14,284
Areapiome (1,000m2) 90.332 5403  365.693  0.000  159.478 14,284
Valuepome(Million CNY) 1304550  55.401 5120269  0.000  2325.176 14,284
Pricepome(1,000CNY/m?) 12981 11.698 7.575 5.852  20.897 11,183

#Developers 736

Panel B. Non-SOE developers

Numyiome 1796.787  220.000 5174.323  1.000  4162.000 4,411
Areagome (1,000m) 207.779 26.254 600.703 0.089 464.447 4411

Valuepome(Million CNY)  2953.777  310.241  8232.193  0.607  7121.798 4,411
Priceiome(1, 000CNY/m?) 14.322 13.376 7.456 7.166 21.532 3,986

#Developers 186

Panel C. SOE developers

Numpome 325.550 18.000  1316.750  0.000 565.000 9,873
Areaggome (1,000m2) 37.860 2.318 152.880 0.000 65.977 9,873

Valuepome (Million CNY)  567.718 22421 2428900  0.000  929.841 9,873
Pricefome(1, 000CNY/m?) 12.238 10.474 7.538 5.460 20.441 7,197
#Developers 550
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Table B7: Regression Discontinuity estimates on developers’ land purchase probability

This table reports the Regression Discontinuity (RD) estimates of the effect of each red-line threshold
on non-SOE developers’ probability of land purchase during the post-TRL period. All specifications
use local polynomial regression with a uniform kernel (unless noted otherwise) and control for
developer characteristics (LnAsset, ROA, Netprofitmargin, and Salegrowth). Robust bias-corrected
inference is applied throughout. Panel A presents baseline estimates using first-order polynomial
regression with MSE-optimal bandwidth. Panel B presents higher-order polynomial estimates. Panel
C presents donut-hole estimates excluding observations within +0.5 of the cutoff for debt-to-asset ratio
threshold, within +1 of the cutoff for net gearing ratio threshold and within +0.05 of the cutoff for Cash-
to-short term debt ratio threshold. Panel D present bandwidth sensitivity tests using 0.75x and 1.25x
the MSE-optimal bandwidth. Panel E uses alternative kernels for estimations, i.e., Trianguluar and
Epanechanikov kernel. ***, ** and * indicate statistical significance at 1%, 5% and 10%, respectively.

Coefficient Optimal Observations Effective
Bandwidth observations

Panel A. Baseline test
T = 1[Debt-to-Asset Ratio >70%] -0.036 5.220 1,911 532
T = 1[Net gearing ratio >100%] -0.193* 30.041 1,911 505
T = 1[Cash-to-short term debt ratio <1] -0.175%* 0.192 1,911 280
Panel B. Polynomial order: 2
T = 1[Debt-to-Asset Ratio >70%] -0.178 4.343 1,911 445
T = 1[Net gearing ratio >100%] -0.245%** 37914 1,911 681
T = 1[Cash-to-short term debt ratio <1] -0.178** 0.297 1,911 454
Panel C. Donut RDD Test
T = 1[Debt-to-Asset Ratio >70%] -0.217** 4.091 1,838 363
T = 1[Net gearing ratio >100%] -0.146** 29.700 1,902 496
T = 1[Cash-to-short term debt ratio <1] -0.655*** 0.141 1,827 134
Panel D. Bandwidth Robustness
Bandwidth = 0.75 x Optimal bandwidth
T = 1[Debt-to-Asset Ratio >70%] -0.216 N/A 1,911 418
T = 1[Net gearing ratio >100%] -0.176% N/A 1,911 351
T = 1[Cash-to-short term debt ratio <1] -0.191 N/A 1,911 218
Bandwidth = 1.25 X Optimal bandwidth
T = 1[Debt-to-Asset Ratio >70%] -0.067 N/A 1,911 576
T = 1[Net gearing ratio >100%] -0.087*** N/A 1,911 639
T = 1[Cash-to-short term debt ratio <1] -0.057** N/A 1,911 355
Panel E. Kernel Function Robustness
Triangular Kernel
T = 1[Debt-to-Asset Ratio >70%] -0.088 5.572 1,911 541
T = 1[Net gearing ratio >100%] -0.218*** 25.069 1,911 433
T = 1[Cash-to-short term debt ratio <1] -0.020 0.452 1,911 684
Epanechnikov Kernel
T = 1[Debt-to-Asset Ratio >70%] -0.106 5.000 1,911 516
T = 1[Net gearing ratio >100%] -0.216*** 22.872 1,911 365
T = 1[Cash-to-short term debt ratio <1] -0.049 0.298 1,911 472
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Table B8: Regression Discontinuity estimates on developers” home sales

This table reports the Regression Discontinuity (RD) estimates of the effect of each red-line threshold
on non-SOE developers” home sales values (in 10K CNY) during the post-TRL period. All specifi-
cations use local polynomial regression with a uniform kernel (unless noted otherwise) and control
for developer characteristics (LnAsset, ROA, Netprofitmargin, and Salegrowth). Robust bias-corrected
inference is applied throughout. Panel A presents baseline estimates using first-order polynomial
regression with MSE-optimal bandwidth. Panel B presents higher-order polynomial estimates. Panel
C presents donut-hole estimates excluding observations within +0.5 of the cutoff for debt-to-asset
ratio threshold, within +1 of the cutoff for net gearing ratio threshold and within +0.05 of the cutoff
for Cash-to-short term debt ratio threshold. Panel D present bandwidth sensitivity tests using 0.75x
and 1.25x the MSE-optimal bandwidth. Panel E uses alternative kernels for estimations, i.e., Trian-
guluar and Epanechanikov kernel. ***, ** and * indicate statistical significance at 1%, 5% and 10%,
respectively.

Coefficient Optimal Observations Effective
Bandwidth observations

Panel A. Baseline test
T = 1[Debt-to-Asset Ratio >70%] -0.544*** 3.423 1,340 300
T = 1[Net gearing ratio >100%] -0.126*** 19.008 1,340 192
T = 1[Cash-to-short term debt ratio <1] -0.768%** 0.086 1,340 94
Panel B. Polynomial order: 2
T = 1[Debt-to-Asset Ratio >70%] -0.138** 3.106 1,340 273
T = 1[Net gearing ratio >100%] -0.215*** 26.832 1,340 317
T = 1[Cash-to-short term debt ratio <1] -0.778%** 0.118 1,340 111
Panel C. Donut RDD Test
T = 1[Debt-to-Asset Ratio >70%] -0.312 2.175 1,281 120
T = 1[Net gearing ratio >100%] -0.051 18.068 1,236 149
T = 1[Cash-to-short term debt ratio <1] -1.058%** 0.181 1,292 107
Panel D. Bandwidth Robustness
Bandwidth = 0.75 x Optimal bandwidth
T = 1[Debt-to-Asset Ratio >70%] -0.181 N/A 1,340 197
T = 1[Net gearing ratio >100%] -0.150*** N/A 1,340 137
T = 1[Cash-to-short term debt ratio <1] -0.719%** N/A 1,340 85
Bandwidth = 1.25 X Optimal bandwidth
T = 1[Debt-to-Asset Ratio >70%] -0.154*** N/A 1,340 342
T = 1[Net gearing ratio >100%] -0.484*** N/A 1,340 272
T = 1[Cash-to-short term debt ratio <1] -0.193*** N/A 1,340 111
Panel E. Kernel Function Robustness
Triangular Kernel
T = 1[Debt-to-Asset Ratio >70%] -0.131%** 2.805 1,340 224
T = 1[Net gearing ratio >100%] -0.180*** 22.279 1,340 235
T = 1[Cash-to-short term debt ratio <1] -0.315%** 0.242 1,340 217
Epanechnikov Kernel
T = 1[Debt-to-Asset Ratio >70%] -0.137%** 2.419 1,340 197
T = 1[Net gearing ratio >100%] -0.161*** 17.955 1,340 192
T = 1[Cash-to-short term debt ratio <1] -0.234%** 0.135 1,340 111
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