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Abstract

This paper studies how preferential allocation of urban land to manufacturing affects productivity,
output and welfare through firm selection and rural-urban migration. Using evidence from
China’s primary urban land market, I document that prefectures with larger industrial land price
discounts allocate more land and employment to manufacturing and sustain more firms, yet have
lower average productivity and only modestly higher manufacturing output. Firm-level patterns
point to weaker selection, while rural migrants account for much of the associated manufacturing
employment. I develop and calibrate a spatial equilibrium model with heterogeneous firms,
rural-urban migration and land allocation between industrial and residential uses to quantify
the aggregate and distributional consequences of industrial land price discounts. Equalizing
within-prefecture land prices between industrial and residential uses reduces manufacturing
output by 5.2% but raises average manufacturing productivity by about 7% through stronger
firm selection. Urban welfare rises by 2.3%, mainly driven by cheaper housing, whereas rural
welfare falls by 0.6% as urban manufacturing labor demand contracts. A welfare-maximizing
land allocation that preserves manufacturing output raises aggregate welfare by 0.8% while
reducing the aggregate industrial land share by only 0.5 percentage points. These results
highlight the importance of where industrial land is allocated and how firm selection and
migration shape the distributional consequences of industrial policy.
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1 Introduction

Governments commonly use place-based policies to support certain locations and sectors. A
central question is whether these policies attract firms and create jobs in targeted areas (Busso
et al., 2013; Criscuolo et al., 2019). Yet local expansion does not necessarily translate into higher
aggregate productivity or welfare: some local gains may reflect the relocation of economic activity
from elsewhere rather than the creation of new activity (Kline and Moretti, 2014; Fajgelbaum
and Gaubert, 2020). Changes in wages and land prices also redistribute policy benefits across
workers, landowners, and firms (Suédrez Serrato and Zidar, 2016). Firm heterogeneity adds
another dimension to this assessment, as the productivity and spatial distribution of firms shape
aggregate outcomes (Gaubert, 2018). Evaluating a policy that lowers local production costs
therefore requires understanding not only where production takes place, but also which firms

operate and who takes the additional jobs.

This paper studies the aggregate and distributional consequences of land-use policy as a form
of place-based industrial policy. Allocating more land to industrial production directly lowers
firms’ land costs, but its ultimate effects depend on equilibrium adjustments of other margins,
including residential land supply and housing costs, wages, firm entry and exit, and workers’
sectoral and location choices. These considerations are particularly relevant in developing

economies, where rural workers can supply additional manufacturing labor but face barriers to

urban employment and residence.

China’s primary urban land market, in which local governments sell land-use rights, provides
a rich setting for this analysis. Urban land is owned by the state, and local governments
designate its use before sale. These designations segment the market across uses, allowing local
governments to influence both manufacturing costs and housing supply through land allocation.
Between 2007 and 2013, industrial parcels accounted for approximately 40 percent of transacted
urban construction land. Industrial land also sells at substantially lower prices than residential
land. Existing research links these allocation and pricing patterns to fiscal incentives and
local economic objectives (He et al., 2022; Henderson et al., 2022; Lu et al., 2024). Following
He et al. (2022), I use parcel-level transactions from 2007 to 2013 to estimate industrial land
prices relative to residential prices, adjusting for observable parcel characteristics, location, and
lease duration. The pooled estimate implies that industrial land transacts at approximately 37
percent of the price of comparable residential land. The estimated discounts vary substantially

across prefectures, administrative jurisdictions encompassing urban districts and surrounding



counties. Their magnitude and spatial variation allow me to examine how land allocation relates

to manufacturing activity.

The empirical patterns distinguish manufacturing presence from manufacturing productivity.
Prefectures with larger industrial land price discounts allocate a greater share of transacted
land to industrial use, have more manufacturing firms, and devote a larger share of employment
to manufacturing. Their manufacturing workforces also contain a larger share of rural migrants.
This source of labor is quantitatively important: rural migrants account for a substantial share
of manufacturing employment in 2010. Employer-provided dormitories offer migrants housing
at rents well below market levels, often at no charge. These arrangements help sustain migrant

labor supply to manufacturing despite relatively high urban housing rents.

Prefectures with larger discounts nevertheless have lower manufacturing output per worker;
therefore, the expansion in manufacturing land and workers does not proportionately translate
to output. Firm-level evidence further connects land price discounts to selection. Among firms
entering during 2007-2013, the negative relationship between productivity and the land price
discount is concentrated near the bottom of each prefecture’s entrant productivity distribution.
The relationship becomes weaker moving toward the most productive entrants. Among firms
operating in 2006, survival is generally higher in high-discount prefectures. During the first three
years of follow-up, the survival gap is larger among initially less productive firms. Together,
these patterns indicate that the greater manufacturing presence in high-discount prefectures

includes a larger share of marginal producers.

Land allocation in one prefecture also affects other locations as workers adjust their location
choices. To quantify the aggregate production and welfare consequences of industrial land
discounts, I develop a spatial equilibrium model with heterogeneous manufacturing firms,
rural-urban migration, and land allocation between industrial production and housing.
Manufacturing firms differ in productivity and use industrial land both as a variable input and
as a fixed operating requirement. Entry and profit-dependent survival determine the number
and productivity distribution of active producers. Urban workers choose their location and
employment in manufacturing or local services. Rural workers choose between remaining in the
rural economy and migrating to an urban manufacturing job, subject to destination-specific
migration frictions. The two groups differ in their exposure to urban housing costs. Competitive
developers produce housing services using residential land and structures capital. Each

prefecture has a fixed urban land endowment, so allocating land to industrial production affects



both firms’ costs and housing prices.

I calibrate the model to 276 Chinese prefectures and an aggregate rural location. Matching
estimated land price discounts, manufacturing output per worker, industrial land per firm,
urban worker allocations, and rural migration patterns allows me to recover local fundamentals
and the implied baseline land allocation. I then conduct two counterfactual exercises to evaluate

the observed land-use policy.

First, I consider a competitive land market within each prefecture, in which industrial and
residential land prices are equalized and land allocation adjusts endogenously. Equalizing local
land prices strengthens firm selection but contracts manufacturing. The number of active
firms falls by 21.1 percent, while average manufacturing TFP rises by approximately 7 percent.
Operating productivity cutoffs rise most in groups of prefectures with larger baseline discounts.
Manufacturing employment falls by 0.95 percent, much less than the number of firms, and the
remaining firms operate at a larger average scale. Manufacturing output nevertheless falls by 5.2
percent. Improved productivity among active firms does not offset the reduction in industrial

land and the number of producers.

The welfare consequences differ sharply across worker groups. Urban consumption-equivalent
welfare rises by 2.27 percent. Although urban workers’ wage income falls as manufacturing
contracts, lower housing costs more than offset this loss. Rural welfare, by contrast, falls by 0.63
percent because lower manufacturing wages and fewer urban employment opportunities outweigh
the smaller benefit from lower destination housing costs. Rural migrants account for roughly 90
percent of the decline in manufacturing employment. Equalizing land prices therefore improves
the productivity composition of manufacturing and benefits urban households, while reducing

manufacturing output and rural households’ access to the gains from urban employment.

The second exercise asks whether an alternative land allocation can preserve manufacturing
output while improving welfare for both groups. I solve a planner’s problem that chooses
industrial land shares across prefectures to maximize population-weighted welfare, while requiring
aggregate manufacturing output to remain at its baseline level. The resulting allocation raises
population-weighted consumption-equivalent welfare by 0.82 percent, with gains of 1.26 percent
for urban households and 0.11 percent for rural households. Manufacturing employment also
rises modestly. These gains accompany a decline of only 0.5 percentage points in the national
industrial land share. Substantial scope for welfare improvement therefore remains even when

manufacturing output is preserved and aggregate industrial land allocation changes little.



The output-preserving allocation continues to feature discounted industrial land, but the
geography of support changes substantially. Industrial land expands where additional
manufacturing output can be supported at a lower marginal welfare cost and contracts in more
costly locations. The resulting spatial allocation depends on local productivity fundamentals,
housing scarcity and the equilibrium responses of firms and workers. Rural migrants broadly
follow manufacturing opportunities, while urban workers also respond to lower housing costs in

locations that release industrial land for residential use.

Taken together, the results reveal a central tradeoff in place-based industrial policies. Preferential
industrial land supports more manufacturing firms, expands manufacturing employment, and
creates migration opportunities for rural workers. Part of this expansion, however, is sustained
by the continued operation of relatively unproductive firms. Its benefits and costs also differ
across urban and rural households. Evaluating such policies therefore requires accounting
for which firms operate, where production occurs, and who gains or loses from the resulting

adjustment, alongside their local effects on output and employment.

Literature Review The paper speaks to several strands of the literature. A large literature
studies how land zoning and land regulation affect land values, aggregate and spatial distributions
of economic activities, including productivity, employment, wages, population and demographic
distribution, etc. (Stull, 1974; McMillen and McDonald, 2002; Ahlfeldt et al., 2015; Shertzer
et al., 2016; Hsieh and Moretti, 2019; Parkhomenko, 2023; Duranton et al., 2015; Duranton
and Puga, 2023; Song, 2025). Turner et al. (2014) discuss the welfare implications through
housing supply, and a few discussions focus on the optimal land policy design (Rossi-Hansberg,
2004; Arkolakis, 2016). Hsieh and Moretti (2019) show how housing supply constraints limit
worker reallocation toward productive cities and reduce aggregate output. Harari (2020) brings
the discussion to the development context, and Blakeslee et al. (2022) show that rezoning
agricultural land for industrial use promotes firm creation, employment and non-agricultural
activity in India. The productivity consequences of land institutions also connect to the broader
literature on resource misallocation. In agriculture, Chen (2017) shows how restrictions on
land transfers distort occupational choice, and Adamopoulos et al. (2024) emphasize that land
market frictions affect both resource allocation across producers and selection across sectors.
I examine these selection considerations in urban manufacturing, where allocating land to
industry also affects housing supply. This links the productivity distribution of active firms to

the spatial allocation of production and the welfare of urban and rural households.



The paper is closely aligned with the literature on place-based policy and heterogeneous firms
in space. Place-based policy usually helps promote local investment and output, employment
and wages through firm and worker sorting (Busso et al., 2013; Combes et al., 2012; Behrens
et al., 2014; Gaubert, 2018; Gaubert et al., 2025). However, the aggregate impacts complicate
the discussion of these local policies. The impacts may spill over to nearby locations, either
strengthening or weakening the effectiveness of place-based policy (Kline and Moretti, 2014;
Fajgelbaum and Gaubert, 2020). Fajgelbaum et al. (2019) also show how geographically
heterogeneous policy wedges generate spatial misallocation in general equilibrium. One major
debate on the place-based policy is that the policies do not pass through fully to their intended
beneficiaries. Criscuolo et al. (2019) show that the local subsidies benefit small firms and lead to
aggregate productivity loss. Another reason is that any place-specific shocks will be more or less
absorbed jointly by adjustment at the price margin; Sudrez Serrato and Zidar (2016) estimate
that firm owners end up capturing only around 40% of the tax cut benefit, with the rest split
between worker wage gains and gains to landowners. Those unintended losses will partially
offset or even overturn the positive gains. This paper complements the literature by studying
how the place-based policy affects average productivity and welfare distribution through the
change in firms’ production cost, with a local pro-manufacturing land allocation policy as an
example. The paper emphasizes that whether the policy can be fully passed through and achieve
the targeted goals largely depends on local labor and housing supply.

The paper complements a growing literature on firm selection and misallocation. Hsieh
and Klenow (2009), Restuccia and Rogerson (2008) and Bartelsman et al. (2013) start the
pioneering work in misallocation by measuring the dispersion of incumbent firm productivity
and size. Another strand of work emphasizes the misallocation through firm dynamics and
firm selection (Hopenhayn and Rogerson, 1993; Foster et al., 2008, Cosar et al., 2016; Buera
et al., 2011; Jaef, 2018; Midrigan and Xu, 2014). This paper is closely linked to two recent
papers. Adamopoulos et al. (2022) study misallocation and endogenous selection in the Chinese
agricultural land market, demonstrating that land institutions can affect aggregate productivity
through occupational producer selection, not merely through the land quantity. Yang (2021)
shows that endogenous selection will magnify the impacts of distortions on productivity loss
by creating too many low-productivity active firms and too many productive inactive firms.
This paper connects the abstract selection distortion to a measurable policy, an implicit urban
industrial land discount through land allocation, and quantifies its consequences for productivity

and welfare.



The paper is also related to the literature on the aggregate and distributional effects of labor
supply and internal migration. Starting with the foundational model of migration as the long-run
local labor-supply response in Topel (1986), several studies show that labor market adjustments
matter substantially to local economic activity (Bryan and Morten, 2019), spatial misallocations
(Munshi and Rosenzweig, 2016), wage and employment adjustment (Monras, 2020), as well
as the distribution of benefits and welfare among heterogeneous groups (Suérez Serrato and
Zidar, 2016; Notowidigdo, 2020; Lagakos et al., 2023). Migration patterns and migration costs
play an important role in labor market adjustments, especially labor supply responses. Howard
(2020) further shows that migration does more than shift labor supply; it also shifts local goods
demand and housing. The channel is more than strengthened in the developing context as there
exist a large potential rural labor supply and rural-urban migration (Cadena and Kovak, 2016;
Tombe and Zhu, 2019; Fan, 2019; Imbert and Papp, 2020; Garriga et al., 2023). This paper
shows that rural-urban migration and the resulting local labor supply response are essential in

shaping the aggregate and distributional effects of place-based policies.

Finally, the paper complements the study of the Chinese land market. Lichtenberg and Ding
(2009) explore the incentives of agriculture-to-urban land conversion, while Yu (2019) studies
its welfare consequences. Another strand of literature focuses on the causes and consequences
of observed pro-manufacturing urban land allocation and discounted industrial land in China.
Empirical studies identify a series of explanations, including auction mechanism design (Cai
et al., 2013, 2017; Li, 2019; Chen and Kung, 2019), local economic growth incentives (Henderson
et al., 2022; Tao et al., 2010; Cai et al., 2024), future tax revenue incentives (He et al., 2022),
spillovers (Tian et al., 2022), firm sorting and spatial clustering under comparative advantage
and agglomeration (Fei, 2020). With a quantitative structural model featuring endogenous
land allocation decisions, Henderson et al. (2022), Lin and Zheng (2024) and Lu et al. (2024)
demonstrate that local authorities” preferences over economic performance and industrial land,
rather than households’ welfare, will rationalize the observed land allocation and pricing pattern.
This paper complements the study by examining the impacts of China’s urban land allocation
on average productivity and output through the interaction of heterogeneous firm selection and
rural-urban migration channels. The paper also indicates opposite welfare effects of the urban

land allocation between rural and urban households.

The remainder of the paper proceeds as follows. Section 2 describes the institutional setting,
and Section 3 introduces the data. Section 4 documents the empirical patterns, and Section

5 develops the selection and labor-supply mechanism. Section 6 presents and calibrates the



spatial model. Section 7 reports the counterfactuals, and Section 8 concludes.

2 Institutional Background

Urban land in China is owned exclusively by the state, while rural land is generally collectively
owned. Reforms beginning in the late 1980s, including Land Administration Law of the People’s
Republic of China, established a system of transferable land-use rights while retaining state
ownership. This paper focuses on the primary urban land market, in which local governments
grant firms and real estate developers the right to use a parcel for a specified period in exchange

for payments?.

2.1 Land Allocation

The supply of new urban land is constrained by higher-level land-use plans and annual
construction land quotas. Within this framework, local governments have substantial discretion
in organizing the supply of urban land and determining each parcel’s designated uses, including

industrial production, housing, commercial activities, and public infrastructure.

A parcel’s designated use is specified before its land-use rights are offered to buyers. Purchasers
must develop and use the parcel according to the contract and applicable planning requirements.
Changing its use requires government approval, revision of the contract, and adjustment of the
associated payment. Typically, the purchase of land-use rights involves an upfront lump-sum

payment, with installments allowed over a short period?.

Table 1 shows that among all land traded from 2007 to 2013, 25% of the urban construction
land is zoned for residential use, 10% for commercial services, and nearly 40% is allocated for
industrial purposes®. Local governments have both fiscal and economic incentives to influence
land allocation. They receive revenue from land grants, while industrial investment can generate
future tax receipts and contribute to local economic growth. Existing research shows how public
finance considerations and local officials’ incentives to promote economic performance shape the

allocation of land between industrial and residential uses (He et al., 2022; Henderson et al., 2022).

3In this paper, the word “transfer”, “transaction”, or “trade” will only refer to trade in usage rights, rather
than ownership. Therefore, it is equivalent to a long-term leasing contract. With few exceptions, usually the
leasing term is 70 years for residential land, 50 years for industrial land, and 40-50 years for commercial land.
According to PRC Civil Code Article 359, the term of the right to use land shall be renewed upon expiration.
The payment, reduction, or exemption of the renewal fee shall be handled in accordance with the provisions of
laws and administrative regulations.

4See Appendix A.2 for more details about the process of government land allocation decisions.

STable C.1 summarizes contextual indicators of industrial land share in some other countries.


https://www.12371.cn/2020/06/05/ARTI1591371037656542.shtml
https://www.12371.cn/2020/06/05/ARTI1591371037656542.shtml

These incentives help explain the use of land supply to attract industrial investment.

Table 1: Land Use Share: 2007-2013

Mean SD Min Max N

Residential  0.251 0.103 0.028 0.934 330
Industrial 0.391 0.140 0.018 0.764 330
Commercial 0.101 0.081 0.012 0.857 330
Others 0.256 0.155 0.013 0.858 330

Notes: The table summarizes the area shares of primary-market land transactions designated for
residential, industrial, commercial, and other uses in 2007-2013. For each prefecture, a use’s share is
its transacted area divided by the total area transacted for all uses across all sample years. The table
reports the unweighted mean, standard deviation, minimum, and maximum across 330 prefectures.
The statistics describe transacted land rather than the existing land stock.

2.2 Land Market Segmentation and Price Formation

Reforms during the 2000s® expanded the use of public bidding in the primary land market. In
2002, the central government required land for commercial activities and housing developed for
market sale to be supplied through public tenders, auctions, and listing”. The requirement was
extended to industrial land in 2006. Following these regulatory changes, 42.6% of industrial land
and 82.3% of residential land transactions have been conducted via the three market-oriented

transaction methods during 2007-2013, as shown in Table C.2.

Since local governments specify each parcel’s use before the land is offered for public bidding,
restrictions on converting land between uses keep industrial and residential land markets
segmented. Within this system, local governments can influence firms’ costs by adjusting
industrial land supply, while shaping the scope for housing development through the amount of

land supplied for residential use.

2.3 Rural-Urban Migration

The employment and welfare consequences of industrial land allocation depend partly on
workers’ ability to take up urban jobs and the cost of living in cities. In China, rural-urban
migration is shaped by the household registration system, known as hukou. The registration
system distinguished rural from urban status and linked individuals to particular localities.

Moving to a city for work did not automatically confer local urban registration. Rural migrants

6 Provisions on Assignment of State-owned Land Use Rights by Means of Bidding, Auction and Listing (Order
No. 11, Ministry of Land and Resources, April 2002)
"See details on transaction methods in appendix A.3.



could therefore work in cities while facing restricted access to local public services and social
benefits. Requirements for obtaining local registration also differed across cities, with larger

cities generally maintaining more stringent requirements.

Housing arrangements are another relevant feature of migrant employment. Employer-provided
accommodation, including dormitories, was common among rural migrant workers, and many

received accommodation free of charge®.

3 Data

The empirical analysis primarily documents patterns across Chinese prefectures, supplemented
by firm-level evidence on productivity and firm dynamics. A prefecture is an administrative
jurisdiction that typically includes an urban core and surrounding districts and counties. It is
therefore broader than a single built-up city. I exclude autonomous prefectures and county-level
jurisdictions administered directly by provincial governments. Those prefectures typically
receive preferential policies that differ from those applied to regular prefectures. The main

matched sample contains 276 prefectures.

3.1 Plot-level Land Transaction Data

I use parcel-level records of primary market land transactions from the China Land Market
website?. Each record!” reports the transaction price, parcel area, designated use, transaction

method, date, land-quality tier, land source!!, and geographic location.

The land-price analysis focuses on residential and industrial parcels transacted between 2007
and 2013'2. T exclude observations with missing or non-positive prices and those with unit
prices above RMB 100, 000 per square meter, and those with missing or invalid values for the
characteristics required in the hedonic regression. There is a total number of 639,701 records

incorporated in the final sample.

I link parcel locations to NASA’s SRTMGL1 Version 3 elevation data, which have a spatial

8See details in 2012 National Migrant Worker Monitoring Survey Report.

9The Norms on the Assignment of State-owned Land Use Rights by Means of Bidding, Auction, and Listing
(Trial) issued by the Ministry of Land and Resources in 2006 require all urban land transactions to be publicly
disclosed.

1 Appendix A.5 provides an example of a transaction record.

HAppendix A describes the categorical land characteristics.

12Fjgure B.3 shows a clear tradeoff between industrial and residential land shares, whereas the tradeoff between
commercial land shares is much weaker.
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resolution of approximately 30 meters, to construct elevation and slope for each parcel. I also
identify the nearest urban-center coordinates, which I combine with land coordinates to measure
each parcel’s distance to the city center. These characteristics enter the hedonic regression

described in Section 4.1.

Table C.2 compares selected characteristics of residential and industrial parcels. Its first two
columns report pooled parcel means. The third column reports average industrial-residential
differences for parcels transacted in the same prefecture and year. It shows whether the
differences in the pooled means also appear within local markets. Industrial parcels are farther
from the city center on average. In contrast, the large pooled elevation difference is almost

absent in the within-prefecture comparison.

3.2 Annual Surveys of Industrial Firms (ASIF)

The Annual Surveys of Industrial Firms (ASIF) are conducted by China’s National Bureau
of Statistics (NBS). The survey covers industrial enterprises meeting the applicable reporting
criterial®. I restrict the analysis to manufacturing firms. To make the sample comparable across
years, | further restrict the analysis to firms with annual sales revenue above RMB 20 million

throughout the analysis.

The records contain firm identifiers, location, industry classification, establishment year, and
detailed production and financial information including gross output, sales revenue, employment,
and capital stock. I clean the data following Brandt et al. (2012), excluding observations
with fewer than five employees and with invalid or missing inputs required for productivity

estimation.

I utilize the data to document firm-level patterns in productivity and firm dynamics. I measure
labor productivity as the log of output per worker and use the Solow residuals as the baseline
measure of total factor productivity. I also construct alternative measures using the procedures
of Levinsohn and Petrin (2003) and Ackerberg et al. (2015). Tables C.3 and C.4 compare the
productivity measures at the firm and prefecture levels, respectively. Labor productivity, the
Solow residual, and the LP and ACF measures exhibit strong positive correlations, with the
relationship even stronger after aggregation. These comparisons quantify the agreement among

the productivity measures.

13From 1998 to 2006, the reporting population included all state-owned enterprises and non-state-owned
enterprises with annual revenue of at least 5 million RMB. During 2007-2010, the 5 million RMB threshold
applied regardless of ownership. The threshold increased to 20 million RMB in 2011.
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3.3 China Migrants Dynamic Survey (CMDS)

I use the 2011-2013 waves of the China Migrants Dynamic Survey (CMDS), a national survey
administered by the National Health Commission. The survey covers all 31 provinces, and records
respondents’ demographic characteristics, household registration (hukou) status, employment,

migration history, income, housing, household expenditure, and sampling weights.

For each survey year, I use the sampling weights to estimate the joint distribution of employed
rural migrants across destination prefectures and sectors. I distinguish manufacturing from other
nonagricultural employment and average the annual shares equally across 2011-2013. I combine
these shares with the 2010 national migrant-worker benchmark and census employment totals to
estimate rural migrants’ shares in each urban employment sector. Table 2 reports that roughly
12% of workers in manufacturing are rural migrants. The survey’s income and expenditure
information also informs the share of migrant household income spent at the destination and

the housing share of local expenditure. Table C.6 reports these moments.

3.4 Prefecture-Level Data

2010 Population Census of China (County-Level Tabulations). 1 obtain prefecture-level
population, migration, and sectoral employment totals from the county-level tabulations of the
2010 Population Census. These totals provide the population and employment benchmarks
used with the CMDS to construct rural migrants’ shares of sectoral employment. See details in

Appendix A.6.

China City Statistical Yearbooks. 1 supplement these sources with annual socioeconomic statistics
from the China City Statistical Yearbooks for 2007-2013, including population density, number
of manufacturing firms, sectoral output and employment, GDP per capita, and public finances.
Unless otherwise noted, annual prefecture-level variables are averaged over 2007-2013, while
census employment measures refer to 2010. Monetary variables are expressed in 2010 yuan.

Table 2 reports the summary statistics of each variable.

4 Stylized Facts

This section documents how industrial land pricing varies across prefectures and how this
variation relates to manufacturing activity and the composition of firms and workers. I first

estimate industrial land price discounts relative to residential land, adjusting for observable parcel
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Table 2: Summary Statistics for the Main Prefecture Outcomes

Variable N Mean  Std. dev. Min Max
Panel A. Land allocation
Industrial land share 276 0.593 0.115 0.058 0.902
Residential parcel size (ha) 276 2.69 3.14 0.09 46.41
Industrial parcel size (ha) 276 4.69 2.49 1.26 29.23
Residential land price (yuan/m?) 276 1,139.22 952.81 96.51 7,375.08
Industrial land price (yuan/m?) 276 163.51 94.08 17.26 1,231.68
Residential parcels 276 209 307 9 2,799
Industrial parcels 276 127 117 7 685
Panel B. Manufacturing activity
Number of manufacturing firms 276 1,209 1,584 25 10,996
Manufacturing employment share 276 0.264 0.130 0.000 0.751
Rural migrant share in manufacturing 276 0.123 0.192 0.003 0.824
Average firm size (employees) 276 120.93 99.04 7.89 899.64
Mean log TFP 276 5.389 0.373 1.937 5.924
Exit rate 276 0.231 0.071 0.000 0.483
Panel C. Socioeconomic characteristics
Urban population (thousands) 276 2,054.57  1,654.23 216.36 10,641.41
Population density (persons/km?) 276 416.77 304.64 5.10 2,522.52
GDP per capita (yuan) 276 32,809.15  23,776.48 5,568.56  150,671.09
Fiscal self-sufficiency 276 0.478 0.228 0.074 1.089

Notes: The table reports unweighted summary statistics across 276 prefectures in the main matched sample.
Industrial land share is industrial transacted area divided by the combined industrial and residential transacted
area. Unless otherwise indicated, annual variables are averaged over 2007-2013; manufacturing employment
shares use the 2010 Population Census. Rural migrant shares in manufacturing are constructed from the
2011-2013 CMDS and 2010 benchmarks as described in Appendix A.6. Nominal variables are expressed in
2010 yuan. Parcel areas are measured in hectares. Fiscal self-sufficiency is defined as the ratio of fiscal revenue
to fiscal expenditure in each prefecture. Prefecture-level productivity is the employment-weighted average of
firm-level Solow Residuals estimated using ASIF data.

characteristics. I then examine land allocation, manufacturing employment, and productivity

before turning to firm entry and incumbent survival.

4.1 Industrial Land Price Discount

Land market segmentation allows industrial and residential land prices to differ even though
local governments are encouraged to supply land through public bidding. Figure B.2 shows
that the average residential land price is more than twice the industrial land price in 2007.
Furthermore, the residential land prices rose sharply between 2007 and 2013, while the industrial
land prices increased more slowly. Because the two types of parcels also differ in location and
other characteristics, I use a hedonic regression to construct a comparable measure of their

relative prices.
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Following He et al. (2022), I estimate:
log(Pipe) = 0Indipe + 1 Xip + Indipe X 77X + Yt + €1t (1)

The dependent variable log(P;,) is the log unit transaction price of parcel 4 in prefecture p in
year ¢, adjusted for the length of the land-use right: log(Pj,) = log(P;:") — log [1 -1+ r)_Ti},
where T; is the reported lease term, and the discount rate is r = 0.05. Ind,,; is the parcel’s
designated use with Ind;,; = 1{parcel ¢ is designated for industrial use}. X;, is a collection of
parcel controls including parcel area, distance to the city center, slope, and elevation, with
continuous characteristics entering in levels and squares, as well as indicators for transaction
method, land-quality tier, and land source'®. I center the controls at pooled reference parcel
characteristics and interact them with the industrial-use indicator, allowing the relationship

between characteristics and prices to differ by land use. Prefecture-by-year fixed effects v, are

included to absorb local factors common to the two uses in a given year.

Table 3: Industrial Land Price Discounts

(1) (2) (3) (4)
log(price) log(price) log(price) log(price)

industrial land -1.346%*F  _1.346% % _0.997*F*  _(0.932%**
(0.049) (0.037) (0.089) (0.183)
Prefecture x Year FE Y Y Y Y
Land Controls Y Y Y Y
Land Controls x Prefecture Y Y
Land Controls x Ind,p Y Y
Mean Dep. Var 5.46 5.46 5.46 5.46
R? 0.439 0.596 0.458 0.643
N 639,701 639,701 639,701 639,701

Notes: The sample contains 639,701 industrial and residential parcel transactions in 2007-2013. The
dependent variable is the log unit transaction price adjusted for lease length as described in Section
4.1. The reported coefficient is on the industrial use indicator. Controls include parcel area, distance
to the city center, slope, and elevation in levels and squares, and indicators for transaction method,
land-quality tier, and land source. Controls are centered at pooled reference parcel characteristics.
All columns include prefecture-by-year fixed effects. Columns (2) and (4) add interactions between
parcel characteristics and prefecture indicators. Columns (3) and (4) add interactions between parcel
characteristics and the industrial use indicator. Standard errors clustered by prefecture are reported
in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

With this specification, the coefficient 6 is the negative of the industrial land price discount in

14Gee Appendix A.4 for detailed descriptions of land characteristic measures.
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log points at the reference parcel characteristics.

A A

0= log( ind) - log(Pres)

where Ppq and P are predicted prices of a parcel with characteristics X, if designated

for industrial and residential uses, respectively. Table 3 reports estimates under alternative

specifications. In column (3), the coefficient —0.997 implies an adjusted industrial-to-residential
—0.997

price ratio of % =e ~ 0.37. Industrial land is therefore priced at about 37 percent of

comparable residential land in this specification.

Throughout the remainder of the paper, I define the industrial land price discount as
Price Discount = —0

Therefore, a larger discount corresponds to a lower industrial land price relative to residential

land.

Are industrial land price discounts this large in every prefecture, or do they vary across regions?
I then estimate prefecture-specific industrial land price discounts with the same specification,

by allowing the coefficient 6 to vary across prefectures:
IOg(Pipt> = QPIndipt + nng + Indipt X 7’]/1sz + ’th + Gipt (2)

Figure 1 shows substantial dispersion across prefectures. The estimated discount is positive
in 91.3 percent of samples. Its interquantile range extends from 0.516 to 1.295 log points,
corresponding to industrial-to-residential price ratios of approximately 0.6 and 0.27, respectively.

Table C.5 reports additional distributional statistics.

Large industrial land price discounts are not confined to economically lagging regions. Panel C of
Table 4 shows that high-discount prefectures have larger urban populations, greater population
density, and somewhat higher GDP per capita than low-discount prefectures. Average GDP
per capita is approximately 33,800 yuan in the high-discount group, compared with 31,800
yuan in the low-discount group, at 2010 prices. High-discount prefectures also have higher fiscal
self-sufficiency. The maps in figure B.4 complement these comparisons: large discounts are

found in coastal as well as inland prefectures.

Local governments can favor industrial production through the allocation of urban land between

14



N

Ndﬁal average

Density
(=}
Il
|

l =e=s===lk=s===b===s=dt=fj==d====1 -

) %MT
T T T
-2 -1 0 1 2 3

Industrial Land Price Discount

Figure 1: Distribution of Industrial Land Price Discount across Prefectures

Notes: The figure shows the distribution of estimated industrial land price discounts across the 276
prefectures in the main sample. The discount is —6, from equation (2) estimated using industrial
and residential land transactions in 2007-2013. Positive values indicate lower industrial prices relative
to residential prices at the common reference parcel characteristics. The red dashed line marks the
pooled national estimate from Table 3 column (3). The grey dashed line marks the equal adjusted
prices with —f, = 0. Each prefecture receives equal weight.

industrial and residential uses. The pricing pattern is accompanied by differences in land
allocation. Figure 2 shows that prefectures with larger discounts devote a larger share of
transacted land to industrial use. Here the industrial land share is the area transacted for
industrial use divided by the combined area transacted for industrial and residential uses.
Approved development zone area provides a complementary measure of government land
allocation: transacted industrial land share reflects completed land transfers, whereas approved
zone boundaries capture land formally designated for industrial development. Appendix Figure
B.6 shows that the ratio of approved national- and provincial-level development zone area to

urban construction land is higher in larger-discount groups'®.

Land prices provide an important channel through which allocation decisions affect firms
and workers: industrial land costs enter firms’ production and operating decisions, while the
allocation of residential land affects housing supply and workers’ location choices. I therefore
use the estimated industrial land price discount as the main empirical measure of preferential

industrial land-use policy, to organize the evidence on firm and worker outcomes.

15The establishment and spatial boundaries of recognized development zones are subject to government review
and approval. The national development-zone catalogue and accompanying administrative guidance document
the approved areas and boundaries of these zones (National Development and Reform Commission, Ministry of
Land and Resources, and Ministry of Construction, 2007)
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Table 4: Prefecture Characteristics by Industrial Land Price Discount

Variable Low discount High discount
Panel A. Land allocation
Industrial land share 0.582 0.605
Residential parcel size (ha) 2.39 2.99
Industrial parcel size (ha) 4.93 4.46
Residential land price (yuan/m?) 896.52 1,381.92
Industrial land price (yuan/m?) 165.24 161.79
Residential parcels 273 145
Industrial parcels 95 158
Panel B. Manufacturing activity
Number of manufacturing firms 902 1,515
Manufacturing employment share 0.230 0.297
Rural migrant share in manufacturing 0.109 0.138
Average firm size (employees) 128.17 113.69
Mean log TFP 5.405 5.374
Exit rate 0.248 0.214
Panel C. Socioeconomic characteristics
Urban population (thousands) 1,871.70 2,237.45
Population density (persons/km?) 331.15 502.39
GDP per capita (yuan) 31,825.17 33,793.13
Fiscal self-sufficiency 0.432 0.524

Notes: The table reports unweighted means for prefectures classified as low- and high-discount by the median of
the estimated industrial land price discount. Industrial land share is industrial transacted area divided by the
combined industrial and residential transacted area. Annual variables are averaged over 2007-2013, except for
manufacturing employment shares from the 2010 Population Census. Rural migrant shares in manufacturing
are constructed from the 2011-2013 CMDS and 2010 benchmarks described in Appendix A.6. Nominal variables
are expressed in 2010 yuan. Other variable definitions follow Table 2.

4.2 Price Discount and Manufacturing Activity

This section examines how manufacturing activities vary with the industrial land discount.
Figure 3 shows that prefectures with larger industrial price discounts are associated with an
expanded manufacturing sector. In particular, prefectures with larger industrial land price
discounts have more manufacturing firms, and a larger manufacturing employment share. The
remaining evidence examines how this greater manufacturing presence is reflected in worker

composition and firm productivity.

Worker Composition

Rural migrant workers play an essential role in manufacturing production in China. In 2010,
there were approximately 88 million rural migrants working in the urban manufacturing sector.

Figure 4a shows that rural migrants account for a larger share of manufacturing employment in

16



75

slope = 0.036 (0.010)

Share of Industrial Land

Industrial Land Price Discount

Figure 2: Land Allocation and Industrial Land Price Discount

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into 50
approximately equal-sized bins. Each point reports the bin means of the discount and industrial
land’s share of the combined area transacted for industrial and residential uses. Land shares are
averaged over 2007-2013. The line and reported slope are estimated by OLS using the underlying
prefecture-level observations rather than the bin means. Shading denotes a 95% confidence band.
Each prefecture receives equal weight.

prefectures with larger discounts, suggesting that rural migrants take up most of the additional
job opportunities brought by discounted industrial land. Therefore, instead of competing with
alternative service sectors for urban workers, manufacturing firms promote employment through
the extensive margin by stronger migrant participation rather than a pronounced wage gradient.

Figure 4b shows that manufacturing wages, by comparison, vary little with the discount: the

slope is -0.005 with a standard error of 0.026.

Labor Productivity and Entrant Composition

However, greater manufacturing activity is accompanied by lower labor productivity, as displayed
in Figure 5. Therefore, the expansion effects do not translate proportionately to manufacturing
output. Appendix Figure B.5 shows a weaker positive relationship between industrial land
discount and total manufacturing output. Together, these patterns distinguish the scale of

manufacturing activity from the productivity of the firms and workers engaged in it.

I examine entrant productivity to understand this composition margin. Within each prefecture,
I rank all firms entering during 2007-2013 by productivity, and divide them into decile groups

accordingly. For each decile group g, I estimate

log(TFP;sp) = B,Price Discount, + v + €ispt

where ¢ indexes firms, s two-digit manufacturing industries, p prefectures, and t years.
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Figure 3: Manufacturing Activity and Industrial Land Price Discount

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into 50
approximately equal-sized bins. Each point reports the bin means of the discount and the outcome.
Panel (a) plots the log number of manufacturing firms, using annual data averaged over 2007-2013
from China City Statistical Yearbooks. Panel (b) plots manufacturing employment as a share of
gross employment in primary, secondary and tertiary sectors in the 2010 Population Census. The
lines and reported slopes are estimated by OLS using the underlying prefecture-level observations
rather than the bin means. Shading denotes 95 percent confidence bands. Each prefecture receives
equal weight.
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Figure 4: Manufacturing Worker Composition and Wages

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into
50 approximately equal-sized bins. Each point reports the bin means of the discount and the
outcome. Panel (a) plots rural migrants as a share of manufacturing employment, constructed from
survey-weighted destination and sector shares in the 2011-2013 CMDS and the 2010 population
and migrant-worker benchmarks described in Appendix A.6. Panel (b) plots the log of the average
annual manufacturing wage in each prefecture over 2007-2013, calculated from ASIF firm-level wage
data and expressed in 2010 yuan. The lines and reported slopes are estimated by OLS using the
underlying prefecture-level observations. Shading denotes 95% confidence bands. Each prefecture
receives equal weight.

18



slope =-0.061 (0.010)

log(Output Per Worker)
6.9

6.8

Industrial Land Price Discount

Figure 5: Manufacturing Labor Productivity and Industrial Land Price Discount

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into
50 approximately equal-sized bins. Each point reports the bin means of the discount and log
manufacturing output per worker. Prefecture-level labor productivity is constructed as the log of
aggregate manufacturing output divided by the number of manufacturing workers, and averaged over
2007-2013. Output is measured in 2010 yuan. The line and reported slope are estimated by OLS
using the underlying prefecture-level observations. Shading denotes a 95% confidence band. Each
prefecture receives equal weight.

Productivity is measured by the Solow residual'®, and ~,; denotes industry-by-year fixed effects.
Each coefficient compares entrant productivity across prefectures at the same position in their

local entrant distributions.

Figure 6 shows that the negative productivity relationship is concentrated at the bottom of
the entrant distribution. The coefficients are most negative in the lowest deciles and become
smaller in magnitude moving up the distribution. At the top, the estimates are close to zero or
positive, with confidence intervals that include zero. High-discount prefectures therefore differ
most clearly in the productivity of their least productive entrants. The pattern is consistent
with weaker selection into production, rather than a uniform productivity difference across all

entrants.

Incumbent Survival

Discounted industrial land also impacts incumbent firms through the survival margin. Figure 7
follows firms operating in 2006. I assign firms to quintiles of their initial productivity using
pooled rankings and divide prefectures into high and low discount groups at the median discount.
Each panel reports the high-minus-low difference in survival rates at a horizon of one to six
years. Survival is higher in high-discount prefectures for most productivity groups and horizons.

During the first three years, the gap is generally larger among initially less productive firms.

16The results are robust to alternative TFP measures including standard LP and ACF approaches.
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Figure 6: New Entrants’ Distribution vs. Industrial Land Price Discount
Notes: Within each prefecture, I rank all firms that entered during 2007-2013 by productivity and
divide them into decile groups. For each decile group, I regress firm-level total factor productivity
(TFP) on estimated prefecture industrial land price discounts; each point on the figure represents
the estimated coefficient within each decile productivity group, with the bars representing the 95%
confidence intervals.
At longer horizons, survival gaps remain positive across the distribution, but the productivity
gradient is less pronounced. Appendix Figure B.7 reports the corresponding comparison for the

2000 cohort. That cohort does not exhibit the same concentration of larger early survival gaps

among less productive firms.

Taken together, the evidence links larger industrial land discounts to a greater manufacturing
presence, stronger migrant participation, and a larger role for less productive firms at both
entry and survival margins. These patterns motivate a framework in which land costs affect
firm selection while migration, wages, and housing costs jointly determine the employment and

welfare consequences.

5 Mechanism

Lower industrial land costs can support entry and continued operation by less productive
firms. The effect on selection nevertheless depends on how other costs adjust. An expansion of
manufacturing raises labor demand, which can increase wages. If additional industrial land is
supplied at the expense of residential land, housing costs may also rise and reduce a location’s
attractiveness to workers. The net effect therefore depends on employment, wage, and housing

market responses.
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Figure 7: Incumbent Survival Differences by Initial Productivity

Notes: The sample consists of manufacturing firms operating in 2006. Firms are assigned to quintiles
of their 2006 TFP using pooled rankings. Group 1 contains the least productive firms while group
5 contains the most productive firms. Prefectures are classified as high- or low-discount according
to whether their estimated 2007-2013 industrial land price discount is above or below the median
across prefecture samples. Each point reports the high-minus-low difference in survival rates for
the corresponding productivity quintile, in percentage points. Panels report horizons of one to six
years after 2006, covering 2007-2012. A firm is classified as surviving in year t if it is observed in the
sample in a subsequent year. The sample is restricted to firms with annual sales revenue above RMB
20 million, so this measure captures continued sample presence above the sales threshold. Vertical
bars denote 95% confidence intervals based on standard errors clustered at the prefecture level.
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5.1 A Simple Model of Selection and Labor-Market Adjustment

Consider a continuum of manufacturing firms operating under monopolistic competition and
CES demand, with elasticity of substitution ¢ > 1. Firms differ in productivity z and use
labor as their only variable production input. This exercise isolates the role of the fixed land
requirement, while the full model also allows land to enter variable production costs. Let w
denote the wage. Firms’ variable profits are

e

w

where R summarizes demand shifters, including aggregate expenditure and the price index, and
is held fixed in this illustration. Each active firm also requires a fixed quantity of industrial
land 12, priced at r,,. A firm operates when variable profits are large enough to cover this fixed

operating cost. The productivity cutoff is therefore

0\ 7
T (2) >l = 2w, ) =w (UT]T; m)

Holding the wage and demand fixed, a lower industrial land price r,,'" reduces the cutoff
productivity z* directly. Firms with lower productivity can then cover the fixed cost of

operation.

Wages and employment

To illustrate labor-market adjustment, suppose local labor demand and supply have constant
elasticities:

log L” =log A(ry,) — eplogw, log L® = log B + €glogw
where ep > 0,e5 > 0, and B holds living costs and outside opportunities fixed. Let

Olog A
=———"—>0
ca dlogr,,

denote the outward shift in labor demand induced by a lower industrial price at a given wage.

This shift can include changes in the number and scale of active firms, which is taken as given

17 Assuming the residential land price remains fixed, a reduction in industrial land price ,, corresponds to a
larger industrial land price discount.
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in this parsimonious model. Then the manufacturing wage and employment responses are

dlogw € dlog L €€y
dlogr,,  ep—+es dlogr,  ep+eg

For a finite positive labor supply elasticity, both wages and employment increase when industrial
land prices fall. A more elastic labor supply reduces the wage response and increases the

employment response.

Firm Selection

Combining the wage response with the cutoff condition gives the total effect of the industrial

land price on firm selection:

dlogz* 1 €A
dlogrm_a—l €p + €g
dl 1 1
dlnz* = nwdlnrm—i——dlnrm: __“ + dlnr,,
dlnr,, o—1 ept+es o—1

Therefore, a reduction in industrial land price weakens firm selection (dIn z* < 0) if and only if

the local labor supply elasticity exceeds the threshold

€ =ealc—1)—€p
When eg > €*, the direct saving in land costs exceeds the wage increase induced by stronger

labor demand.

5.2 Employment Adjustment and Rural-Urban Migration

An implication from the simple model is that firms’ responses to a relatively cheap industrial
land price depend on local labor supply elasticity, which determines both equilibrium wage
and employment adjustment. The labor market evidence in Section 4.2 helps motivate this
mechanism. Prefectures with larger discounts have higher manufacturing employment shares
and greater rural-migrant representation in manufacturing; therefore, rural migration can make
local labor supply more elastic by allowing manufacturing employment to expand through the
arrival of workers from outside the urban sector. Average manufacturing wages show little
systematic association with discounts: the slope in Figure 4b is -0.005 with a standard error of
0.026. These patterns are consistent with substantial employment adjustment and a modest
wage response. When local governments allocate more land to industrial use, they also create

employment opportunities that attract rural migrants. The presence of a large pool of potential
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rural workers makes the labor supply elastic, limiting wage increases despite a stronger labor
force. As a result, cheap industrial land can lower effective production costs and support the

survival of marginal, less productive firms.

6 Model

In this section, I build a stationary spatial equilibrium model to quantify how the allocation of
urban land affects manufacturing activity, firm selection, and household welfare. Manufacturing
firms differ in productivity and use industrial land for both production and a fixed operating
requirement. Workers respond to local wages and living costs through sectoral reallocation and
rural-urban migration. Housing combines residential land with structures capital, so expanding

industrial land changes both firms’ costs and households’ cost of living.

The framework connects the firm-selection mechanism in Melitz (2003) to the interactions
between production, worker mobility, and local land scarcity emphasized in quantitative spatial

models (Redding and Rossi-Hansberg, 2017).

6.1 Model Environment and Land Policy

There are J urban prefectures, indexed by 7,5 € {1,2, ..., J}, and one pooled rural location,
indexed by 0. The economy contains NV urban workers with urban hukou, and N¥ workers
with rural hukou. Their hukou registration status does not change when they move. Each urban
prefecture produces differentiated manufacturing varieties, a local service good, and housing
services. Manufacturing varieties are traded frictionlessly across the nation. Workers live and

work in the same prefecture.

Prefecture j has a fixed endowment of developable urban land, L;, divided between industrial

land L,, ; and residential land Ly, ;:
Ej == Lmd -+ Lh,j

Let r,,; and 7, ; denote the land prices of the two types of land. Local land-use restrictions
permit these prices to differ. I summarize the local land allocation by the industrial land price

discount

x; = log(ra;) —1og(rm,;)
A larger x; means a larger industrial land discount. In the baseline model, x; is given and
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disciplined by the endogenous allocation of land between residential and industrial uses. The
counterfactuals can instead prescribe L,, ;, in which case x; is an equilibrium outcome. These
are alternative ways of specifying land policy: for a given exercise, the model imposes either a
land price discount or a land allocation. This allows the paper to focus on the productivity and

welfare consequences without explicitly modelling the specific local government objectives.

6.2 Production

6.2.1 Manufacturing Sector
Manufacturing Demand

Each manufacturing firm produces a differentiated variety w. All varieties are tradable across
the nation. With elasticity of substitution ¢ > 1, the national manufacturing composite is a

CES aggregation across all varieties:

o—1

on= [ L o0

where (2, is the set of active varieties produced in prefecture j. With the frictionless trade
assumption, each variety has the same destination price in every prefecture. Therefore, the
composite price index is the same across locations, which is then set as the numeraire and is

normalized to 1: X

1—0

Z/eg‘pmyj(w)l_adw] =1 (3)

Let E,, denote total expenditure on the composite. The demand and revenue for each variety

Pp;=PF,=

priced at p; in prefecture j are

¢j(w) = En P77 ()77, Ry(w) = EnPy pi(w) ™" (4)

Technology

A manufacturing firm with productivity z combines labor n,, and variable industrial land [,,
according to

q=zn2l" 0<a<l
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Urban and rural workers are perfect substitutes within manufacturing and receive the same

local wage w,, ;. The unit cost of the input bundle is

_ o~ -1l1-o),,a ,l1-a
Crj =« (1 - Oé) wm,j m,j

Monopolistic competition implies a constant markup ~%; over marginal cost

g C[,j

pj(z)za—l z

where CI7J is the firm’s marginal cost with productivity z. Firms’ aggregate revenue is
therefore

1—0o
R;(z) = B, P (LCI_J)

oc—1 z
In addition to variable industrial land, each active firm requires a fixed amount ), ; of industrial
land every period, independently of its output. A firm’s operating profit is therefore

0
- Tmajlm,j

Industrial land thus affects both variable production costs and the fixed cost of remaining in
operation. The fixed requirement accounts for a larger share of revenue among less productive

firms, making selection an important margin of adjustment.

Entry, Survival and Firm Selection

New Entrants There is an infinite number of ex ante identical prospective entrants in every
prefecture. Prospective entrants in prefecture j incur a sunk cost of ¢ ; units of manufacturing
labor and then draw their productivity z from a Pareto distribution G;(z) with density
9;(2):

o\ Az
Gi(z)=1— (Zm—;‘f) 2>z >0, A >0 (5)

The location-specific lower bound 2z, ; captures productivity fundamentals, while the shape
parameter A\, is common across prefectures. Productivity remains fixed over a firm’s life.
Successful entrants then choose optimal land and labor to produce, and thereafter evolve

according to the same process as incumbent firms.

Incumbent Firms Each period, active firms face an exit probability that decreases with their
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profitability

(5max - 5min
5](2) = 5min + /61 0< 6min < 5max < 1, 51 >0 (6)
1+ (m;(2))

The lower bound d,,;, guarantees that this value remains finite.

Successful Entry With no time discounting, the value of an operating firm upon entry is

Since v;(2) is non-decreasing in productivity, there exists a cutoff productivity level 27 for each
prefecture such that only new entrants with their productivity draw above 27 will stay in the

market.

7;(27) =0 (ZCP)

Define z; = max{z}‘,zmin’j} which represents the lowest productivity of an active firm in

prefecture j. With the assumption of an infinite supply of entrants, ex ante potential entrants

expected value should exactly cover the sunk entry cost in equilibrium

| 021z = e, (FE) @

Zj

Stationary Firm Distribution

Let M. ; be the number of prospective entrants that pay the entry cost each period, and let M;
be the mass of active producers. Stationarity requires inflows at each productivity to equal
exits.

M;pi(2)05(2) = Mcjg;i(2), 22> z;

=7

The density of active firms and the entrant-to-incumbent ratio are therefore

9;(2)/0;(2)

) = < 9;(2)
SR RPTET T

T [ md] ®

z

v
k3

The number of successful entrants is M, ; [1 — G; (gj)}. The distribution of active firms differs

from that of successful entrants because more profitable firms remain in operation longer.

The restriction A\, > 0 — 1 ensures finite firm-side revenue and input demands at finite positive

prices. Appendix D.3 establishes this condition and derives the aggregation formulas. Aggregate
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operating profits exactly cover aggregate entry costs in stationarity, so there is no net profit
dividend to households.
6.2.2 Local Urban Non-manufacturing Sector

A competitive local sector produces the non-manufacturing goods with labor as the only

production input.

Wg 5

_ U _ Wsy
Qsj=2sNejr  Psj =
S7~]

where z, ; > 0 is exogenous productivity and ws ; is the local wage. Only urban workers supply

labor to this sector in the model.

6.3 Workers
6.3.1 Urban Workers

Urban-hukou workers are ex ante identical and perfectly mobile across prefectures. They reside

and work in the same prefecture.

Consumption and deterministic utility

Urban workers employed in prefecture j and sector k € {m, s} consume the manufacturing
composite ¢, xj, the local non-manufacturing good c¢,;;, and housing services cpi; with
Cobb-Douglas preferences

_ Bm ﬁs ﬁh
Ulery) = Crn ki Cs ki Ch kj

where ,,, Bs, Bn > 0 are their expenditure shares with 3,, + s + 8, = 1. Each urban worker
receives the same land-revenue transfer 7. The deterministic utility from employment in sector

k and prefecture j is therefore

wk,- + T
Vei = o k€ {m,s}
Pal" P jPhj

Sectoral Choice

Conditional on living in prefecture j, worker ( receives a sector-specific Fréchet taste shock

Gk,j(C)

Pr(eg;(¢) <e) = e_AgJ(U, A,cU’j >0, v>1

28



The sectoral inclusive value and conditional employment shares are

1/v
AU (wk -+ T)V
VU= AV (v, wl= kg \Whsj ] (9)
J ke%s} k,J( k:,J) K|j Zre{m,s} Ag,j (wm‘ +T)

Prefecture Choice

Workers also receive a prefecture-specific Fréchet taste shock &;(¢) with shape £ > 1 and scale

B; > 0. The resulting population and employment allocations are

Ny B; (V)"

U J
TOONY S BV o)
Urban population and sectoral employment in prefecture j are therefore
NY =NY=Y, N, =N/my; (11)

The parameters v and x govern within-prefecture sectoral adjustment and relocation across
prefectures. When v = k, the joint employment shares coincide with a single Fréchet choice over

prefecture-sector pairs. The appendix provides the derivation with the nested formulation.

Urban Welfare

Ex ante urban welfare, before the realization of either location or sector preferences, is

proportional to

7 1/k

> BV

i=1

WY = (12)

6.3.2 Rural Workers

The rural economy contains N workers. Each rural worker may stay in the rural location and
receive reservation utility Vi, or migrate to an urban prefecture and work in the destination
manufacturing sector. Rural migrants receive w,, ; and do not receive the land-revenue transfer
T. A migrant spends a fraction p € (0, 1) of earnings at the urban destination and remits the
remainder to the rural household. Within local expenditure, the shares %, 8% g > 0 sum
to one and may differ from urban workers’ shares. With a Cobb-Douglas allocation between

destination consumption and rural consumption, rural migrants’ deterministic indirect utility
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from migrating and working in prefecture j is therefore

W, j

VR —
BE BR B _
(PP pp)P (PP

J

where PI is the exogenous rural consumption price index. Thus migrants’ exposure to the

urban housing-service price is pS¥, compared with 3, for urban workers.

Rural Migrants’ Location Choice

Since rural migrants do not have full access to social welfare and public services such as social
security, health care, education, etc., let
B
BR -1
J 7

denote the attractiveness of prefecture j to rural migrants, where 7; summarizes limited access to

public services due to hukou restrictions, distance, and other destination-specific barriers.

Conditional on migrating, rural workers also receive an idiosyncratic Fréchet taste draw with
the same shape parameter x, and scale parameter BJR. The share of rural workers migrating to

prefecture j is -
B (Vs _
R_ J_J NE — NEgR 13
e B T e

and the share of workers staying in the rural economy is

e W
"V L BRO)

Ngt = Nfglt (14)

Rural Welfare

Ex ante rural welfare includes both migrants and workers who remain rural:

1/k

WHE = (Vi + ) BRV" (15)

Land policy therefore affects manufacturing employment through urban sector choice, urban
relocation, and rural migration. Wages adjust jointly with these quantities. A more responsive
supply of migrant labor can accommodate stronger labor demand with a smaller wage

increase.
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6.4 Housing Service

Let urban disposable income and migrants’ local expenditure in prefecture j be

U _ AU AU
I] - wmvj Nm,] + wS,j Ns,j

U R _ R
+ TNy, E;'=pwm Ny, ;
Total expenditure on housing services is

Ey; = Bl + BLET

In each prefecture, competitive developers combine residential land and structures capital K}, ;

to produce a flow of housing services:
1—
Hj = 2, ;L7 K5, 0<vy <1

where zj, ; is housing productivity and -, is the land share in housing costs. Structures capital
is elastically supplied at a common user cost Rx > 0, expressed in manufacturing units. Capital
payments do not enter the incomes of the modelled urban and rural households. Taking input

prices as given, developers’ optimality conditions and local housing-market clearing imply

PhiH; = Enj, ThiLng = mEn;, RxKnj=(1—)EL;

Consequently, the housing and residential land prices in prefecture j are

1 Ty j Th RK 1= 'VhEh j
Phj=—\|—=—" v Thy = —F/——
Zhj \ Vh I — Ly ;

Only a fraction v, of housing expenditure accrues to residential land; the remainder pays for

structures. Holding housing expenditure and productivity fixed, a one-percent reduction in

residential land raises the housing service price by ~; percent.

6.5 Market Clearing and Stationary Equilibrium
Land Revenue

A national land authority rebates revenue from industrial and residential land equally to urban

workers:
> Ly +raiLlng) D0 (TmjLmg + 1 Eny;)

= NU NU
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This common rebate abstracts from local fiscal retention while retaining the income effects of

land revenue.

Labor Market

Manufacturing employment includes workers producing varieties and workers undertaking entry;

therefore

NG+ Nl = Mgty 4 M [ (@) (10

Local non-manufacturing goods-market clearing requires
we ;N = BI] + BEES
The worker-counting identities are

Nﬂg,j+N€{{j:NJU’ ZNJU:NU
J

for urban workers, and

J
for rural workers.

Land Market Clearing

Industrial land demand includes variable production land and the fixed operating

requirement:

L = Mj/ [l (2) + 10, 5] 1y (2)dz
)

The prefecture’s fixed developable urban land endowment is divided between industrial and

residential uses

LhJ + Lmﬂ' - Lj (17)

Manufacturing Goods

With frictionless national trade, manufacturing trade need not balance separately in every

prefecture. Instead, the integrated national goods market clears. Aggregate manufacturing
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expenditure is

=> " (Bul! + BLES)
J

and demand for each variety is given by equation (4). Together with the CES price index in

equation (3), these conditions imply national manufacturing market clearing.

Stationary Equilibrium Given worker endowments (N UN R) rural fundamentals (VOR, POR),
and urban prefecture fundamentals {B;, 7;, A%j, Ag], Zmin j» s, L], lmj, Ce.j}i, and industrial
land price discounts {log(ry ;) — log(rm,;)};, and preference and technology parameters, a
stationary equilibrium is a collection of land allocations {L,, ;, Ly ;};, worker allocations
{ mj,NSU],NR -} and N{', wages and prices {wy, j, Ws i, Tm.j, Thj» Dsj }, housing quantities
{H;}; and a national transfer T, and firm objects {z;, Mj, M, ;}; such that (1) workers
choose locations and sectors optimally; (2) firms price, enter, operate, and exit optimally
and the distribution of firms is stationary; (3) land, labor, housing, local services, and national

manufacturing goods markets clear; (4) the land authority’s transfer budget balances, up to a

normalization.

The quantitative exercises compare stationary equilibria, allowing entry, survival, wages, housing
supply, and worker allocation to adjust together. Appendix E.4 sets out a numerical solution

algorithm.

6.6 Calibration

This section outlines the calibration of the quantitative model. I calibrate a reference economy
with 276 urban prefectures and one aggregate rural location. I first assign common preference
and technology parameters, then invert the model to recover prefecture fundamentals that
reproduce the baseline targets. Table 5 summarizes the parameters, their sources, and the

moments used in the inversion.

6.6.1 Parameter Calibration

Panel A of Table 5 reports the externally calibrated parameters. Urban expenditure shares
are (B, Bs, Brn) = (0.40,0.35,0.25). I set the housing share to 0.25 based on expenditure data
from the National Bureau of Statistics (NBS), and allocate the remaining expenditure between
manufacturing and local non-manufacturing goods using their relative value-added shares in
2010. The local non-manufacturing sector aggregates value added from all non-agricultural

sectors other than manufacturing.
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Table 5: Calibration and Model Inversion

Model Parameters Value Source/Moments

Panel A: Externally Calibrated

By Bss B urban expenditure shares (0.4, 0.35, 0.25)  National Bureau of Statistics (NBS)
BE BE pE rural expenditure shares (0.47, 0.41, 0.12) NBS and CMDS

a labor share in production 0.88 Tombe and Zhu (2019)
K=V location-sectoral choice elasticity 1.5 Tombe and Zhu (2019)

o elasticity of substitution 4 Hsieh and Ossa (2016)

A productivity shape parameter 3.5 Hsieh and Ossa (2016)

p rural migrants’ destination expenditure share 0.42 CMDS

Yh land share in housing 0.25 National Bureau of Statistics
(Oumin; Omax;, 01) exit rule parameters (0.05,0.5,3) ASIF

Panel B: Internally Calibrated

{[L';”j ti land allocation estimated land price discount
{Zminj }; productivity fundamentals manufacturing output per worker
{8} fixed operating land requirement industrial land per firm

Ej =DB; z? }” composite amenity population distribution
{AY AUy, Urban worker sector preference shifter sectoral emp share: urban workers
VE rural reservation utility rural-urban migration ratio
{7}, migration cost rural migrants’ destination share

Panel C: Normalization

{cej}; entry cost {1}, —
PE rural consumption price index 1

Notes: Panel A reports preference, technology, mobility, and exit parameters assigned from external evidence
or estimated outside the model inversion. Panel B lists the prefecture fundamentals and equilibrium land
allocations recovered to match the baseline targets. Panel C reports normalizations and scale choices. Baseline
land allocations reproduce the estimated prefecture-specific industrial land price discounts. The moment targets
are described in Sections 3 and 6.6 and Appendix A.6.

Rural migrants have different destination expenditure shares. Table C.6 uses the 2011-2013
CMDS to estimate the fraction of household income spent at the destination p, and the housing
share of that local expenditure 8. The annual estimates average approximately 0.42 and 0.12,

respectively. I preserve the urban manufacturing-to-services expenditure ratio within migrants

remaining destination expenditure:

B = (1- Bf)ﬁ—jﬁ ~ 047, BF=(1- R

Bs

2~ 041
Bm + Bs

I set the labor share in manufacturing production to o = 0.88. Using the non-agricultural labor

and land shares of 0.22 and 0.03 reported by Tombe and Zhu (2019), the implied share within

0.22

092008 — 0.88. The urban location-choice and sector-choice elasticities are

these two inputs is
set to kK = v = 1.5, using their migration-elasticity estimate as the benchmark. The baseline
specification is consistent with the joint-choice formulation discussed in D.4. The robustness

exercises allow the two elasticities to vary separately.

The elasticity of substitution across manufacturing varieties is 0 = 4, and the Pareto productivity

shape parameter governing the dispersion of firm productivity is set to A, = 3.5. The baseline
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satisfies A\, > 0 — 1, which ensures that the relevant firm-side aggregates are finite. I set the
residential land cost share in housing production to v, = 0.25. This parameter governs the

response of housing-service prices to residential land scarcity.

The exit rule is disciplined by the relationship between profitability and continued sample
presence in ASIF. I rank firms by deflated profits, divide them into 50 bins, and calculate the
average exit rate in each bin. The highest and lowest profit bins discipline the lower and upper
exit probabilities, while 9; is chosen to match the empirical elasticity of exit probability to

profitability across bins. The baseline values are (Omin, Omax, 01) = (0.05,0.5, 3).

6.6.2 Model Inversion

Based on the externally calibrated parameters, Panel B of Table 5 summarizes the data moments

that are exactly matched to invert the model fundamentals.

The inversion recovers prefecture fundamentals jointly with the baseline equilibrium. Given the

estimated prefecture-specific industrial land price discounts,

x; = log(rp,;) — log(rm,;)

I solve for the allocation of each prefecture’s land between manufacturing and housing that
reproduces this observed relative price. Thus, baseline industrial land shares are equilibrium

outcomes chosen to match the estimated discounts.

I recover the manufacturing productivity shifter 2y, ; from manufacturing output per worker
in each prefecture. Given the model’s selection mechanism, this shifter captures remaining

productivity differences across prefectures. The fixed operating land requirement in each

0

m.j 1s disciplined by industrial land use per firm.

prefecture [

The distribution of urban workers identifies a composite of local amenities and non-manufacturing

productivity. Let
1/v

37;' = Z Ag’j(wkﬂ' + T)V

ke{m,s}

denote the sectoral income inclusive value before deflating by local consumption prices.

Substituting p, ; = 7“:] into the location choice equation gives
55

S

U Bsk

~ K
Yj
Pl

35



Without credible information on prefecture-level local service prices, population distribution

Bsk

identifies the composite B; = Bjz5

rather than B; and z,; separately. I therefore recover the

composite Bj to match the distribution of urban workers across prefectures.

Urban sectoral employment shares identify the relative sectoral preference shifters. I normalize
A,l,]w- = 1 and recover ASUJ to match urban workers” manufacturing employment share within

each prefecture. The target construction is described in Appendix A.6.

Finally, I recover the rural outside option V{ and destination frictions 7; from the aggregate
migration rate and distribution of migrants across urban destinations. The rural outside option
disciplines the total number of migrants; destination frictions discipline where they work. These

targets use the rural migrant employment estimates described in Appendix A.6.

6.6.3 Normalization and Scale Choices

Table 5 Panel C lists parameters that are not separately identified from the available moments,

and are therefore normalized appropriately.

First, I normalize the entry cost c.; to one in every prefecture. Combining the stationary

distribution of firms (8) with the free entry condition (7) gives

s = [ o = [T w2
Z z €J 77

> 9;(2)
=W, jCe,jMe; = M; / mi(2) 5].(2) dz
Z; J

incumbent firm average profit

J/

Aggregate operating profits therefore equal the labor cost of entry. The calibration does not
independently target the flow of all entrants paying the entry cost M, ;. I use the common

entry requirement in the baseline and let the model determine the entry flow.

R
I also normalize the rural consumption price index to P = 1. Define V¥ = Ll,; then
0 7 (PSR) p

equation (14) implies that the share of the rural labor force that remains in the rural sector can

be written as

o
)+ 5, e (V)

J .
Ty =

Therefore, a common rural price affects every migrant destination’s utility through the factor
(Pf) """ Baseline migration choices identify this factor only relative to the rural outside option,

so its level can be absorbed into the calibrated value of V. Both objects remain fixed in the
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land policy counterfactuals.

7 Counterfactual Analyses

This section uses the calibrated model to quantify the aggregate and distributional consequences
of land-use policy. The first equalizes industrial and residential land prices within every
prefecture. It evaluates how the observed price discounts affect manufacturing, firm selection,
migration, and welfare. The second chooses land allocations to maximize population-weighted
welfare while keeping national manufacturing output at its baseline level. It asks whether that

output can be produced with a land allocation that delivers higher welfare.

The exercises reveal two distinct features of the baseline policy. Discounted industrial land
supports many active manufacturing firms and sustains rural access to urban employment, but
weakens firm selection and raises housing costs. At the same time, its spatial allocation leaves
room to improve welfare while preserving manufacturing output and avoiding the rural welfare

loss generated by equalizing local land prices.

7.1 Equalizing Industrial and Residential Land Prices

I first set x; = 0 in every prefecture and solve for the resulting stationary equilibrium. The
land allocation shares for industrial and residential uses adjust until the two uses face the same
transaction price, with firm entry and survival, employment, migration, wages, housing supply,

and transfers adjusting in equilibrium.

7.1.1 Manufacturing Activity, Firm Selection, and Productivity

Table 6 reports a substantial contraction in industrial land alongside a smaller decline in
manufacturing activity. The national industrial land share falls by 18.01 percentage points,
manufacturing employment falls by 0.95 percent, and manufacturing output falls by 5.16 percent.
The number of active firms declines by 21.1 percent. Firm numbers therefore respond much
more strongly than aggregate employment or output, implying an increase in average firm

scale.
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Table 6: Aggregate Effects by Equalizing Industrial and Residential Land Prices

Panel A. Manufacturing output and its components

Agg mfg output Manufacturing employment Output per worker avg TFP
Total No. firms Avg firm size
Effect (%) —5.16 —0.95 —21.10 +20.15 —4.21 +6.97

Panel B. Employment, land allocation, and migration

Urban mfg emp Rural-migrant mfg emp Agg ind land share Rural migration rate

Effect —0.22% —1.50% —18.01 p.p. —0.585 p.p.

Panel C. Welfare

Aggregate Welfare Urban welfare Rural welfare
Effect +1.16% +2.27% —0.63%

Notes: The table reports changes from the calibrated baseline to the stationary equilibrium in which industrial
and residential land prices are equal within each prefecture. Panel A and the employment outcomes in Panel B
report ordinary percentage changes. Changes in the national industrial land share jLim,j /> y Ej, and the
rural migration rate are reported in percentage points. Panel C reports consumption-equivalent welfare changes.
Average manufacturing TFP is constructed using the model-consistent CES aggregator. Average firm size is
manufacturing employment per active firm.
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0.1
0.08 1
0.06 1
0.04 1

0.02 1

0
-0.02 1 (
= smallest discount; 10 = largest discount
T T T T

T T T T T T
1 2 3 4 5 6 7 8 9 10
Industrial land price discount decile

Log change in average operating cutoff

Figure 8: Change in cutoff TFP by Price Discount Decile

Notes: Prefectures are assigned to deciles of the baseline industrial land price discount, from smallest
to largest. Each point reports the log change in the mean operating productivity cutoff for prefectures
in the corresponding decile, comparing the equal-price equilibrium with the calibrated baseline. The
horizontal zero line indicates no change.

The substantial manufacturing contraction is accompanied by stronger selection. Figure 8
orders prefectures from the smallest baseline discount in decile 1 to the largest in decile 10.
The operating productivity cutoff rises in all but the lowest-discount decile, and the largest
increases occur toward the high-discount end of the distribution. Model-consistent average
manufacturing TFP rises by 6.97 percent. Appendix Figure B.10 shows the corresponding

change in the distribution of active firm productivity.
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Selection gains do not eliminate the production cost of withdrawing industrial land and reducing
the number of active producers. Aggregate manufacturing output and output per worker fall
despite the improvement in the productivity composition of firms. The baseline policy therefore
supports manufacturing partly by accommodating more producers, including firms near the

operating cutoff.

7.1.2 Employment, Migration and Distributional Welfare

Most of the manufacturing employment decline occurs among rural migrants. Urban
manufacturing employment falls by 0.22 percent, whereas rural migrant manufacturing
employment falls by 1.5 percent. Translated into the number of jobs, approximately 26,000
urban workers reallocate from manufacturing to the local service sector, while roughly 240,000
fewer rural workers migrate to urban prefectures, accounting for the remaining 90.2 percent
of manufacturing job loss. Therefore, rural migrants account for roughly 90 percent of the

national manufacturing employment decline.

This asymmetry produces opposite welfare effects for the two groups of workers. Urban
consumption-equivalent welfare rises by 2.27 percent, whereas rural welfare falls by 0.63 percent.
Population-weighted aggregate welfare rises by 1.16 percent. Figure 9 decomposes the welfare
effects into underlying income and price components. Urban workers lose wage income as
manufacturing contracts and receive a smaller land-revenue transfer, but benefit from lower
local nonmanufacturing prices and, in particular, cheaper housing as more land is allocated
towards residential use and housing supply expands. The housing price contribution more than

offsets the income losses.

Rural households also benefit from lower destination prices, but their exposure to urban housing
costs is smaller. The fall in manufacturing wages and urban employment opportunities instead
dominates their welfare responses. Lower returns to manufacturing migration lower the rural

migration rate by 0.585 percentage points, reducing rural ex ante welfare.

This experiment makes the distributional tradeoff explicit. In the model, industrial land discounts
sustain rural access to manufacturing employment while accommodating less productive firms
and limiting residential land supply. Equalizing prices improves urban welfare and average firm

productivity, but lowers manufacturing output and rural welfare.
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(a) Welfare Decomposition: Urban Worker (b) Welfare Decomposition: Rural Worker

Figure 9: Welfare Decomposition

Notes: Panels (a) and (b) decompose the change in ex ante log welfare between the calibrated
baseline and equal-price equilibria for urban and rural workers, respectively, using Shapley
decomposition. Components distinguish manufacturing wage income, local-service wage income, the
urban land-revenue transfer, local service prices, and housing service prices, as applicable to each
group. Positive contributions raise welfare. Contributions are measured in log points.

7.1.3 Spatial Adjustment

The national contraction conceals substantial differences across prefectures. Appendix Figure
B.9 maps the change in each prefecture’s industrial land share: shares fall across much of the
country, but increase in some prefectures. Equalizing local land prices therefore produces an

uneven spatial reallocation as well as a decline in the national industrial share.

Figure B.11 panel (a) shows that industrial land contracts more in large-discount deciles. Panels
(c) and (d), which instead rank prefectures by their productivity fundamentals, show larger
average contractions in industrial land and manufacturing employment in low-productivity
groups. This suggests that although more manufacturing output is generated by this preferential
land allocation, those additional production resources may not be directed to the most productive
places. Employment need not move one-for-one with industrial land: the manufacturing

employment response across discount deciles in panel (b) is not monotonic.

7.2 Land Allocation with a Manufacturing-Output Target

The local competitive land market changes both the level and location of manufacturing
production, and allocates the production factors towards prefectures with higher productivity
fundamentals. However, productivity alone is not a sufficient efficiency criterion. The welfare
impact of industrial land also depends on housing scarcity, migration frictions, and the general

equilibrium effects of residential land crowd-out. Therefore, to isolate the industrial land spatial

40



allocation from the government’s objective of supporting manufacturing, this section evaluates
whether the baseline manufacturing output can be supported at a lower welfare cost. I then let
a planner choose industrial land in each prefecture to maximize population-weighted welfare,
subject to a national manufacturing output target. Land allocation is the planner’s only policy
instrument; prices, firm selection, employment allocation, and rural-urban migration adjust

endogenously in equilibrium.

This is a constrained welfare benchmark'®. Maintaining manufacturing output leaves room for
land policy to favor industrial production while permitting its location to change. It therefore
provides a benchmark for distinguishing the welfare cost of supporting manufacturing from the

additional cost generated by poorly targeted cheap industrial land.

Table 7: Output-Target Welfare-maximizing vs. Baseline

Panel A. Manufacturing output and its components

Agg mfg output Manufacturing employment Output per worker avg TFP
Total No. firms Avg firm size
Effect (%) 0 +0.25 —1.96 +2.26 —0.25 +0.97

Panel B. Employment, land allocation, and migration

Urban mfg emp Rural-migrant mfg emp Agg ind land share Rural migration rate

Effect +0.24% +0.26% —0.50 p.p. 0.10 p.p.

Panel C. Welfare

Aggregate welfare Urban welfare Rural welfare

Effect +0.82% +1.26% 4+0.11%

Notes: The table reports changes from the calibrated baseline to the planner allocation that maximizes
population-weighted log welfare subject to national manufacturing output being fixed at its baseline level.
Industrial land in each prefecture is the policy instrument; prefecture land endowments and the remaining
fundamentals are fixed. Panel A and the employment outcomes in Panel B report ordinary percentage changes.
Changes in the national industrial land share and rural migration rate are reported in percentage points.
Panel C reports consumption-equivalent welfare changes. Average manufacturing TFP is constructed using the
model-consistent CES aggregator. Average firm size is manufacturing employment per active firm.

7.2.1 Aggregate Effects

Table 7 summarizes the aggregate effects of the output-target allocation. Population-weighted
consumption-equivalent welfare rises by 0.82 percent while national manufacturing output
remains at its baseline level. Urban welfare rises by 1.26 percent and rural welfare by 0.11

percent. Manufacturing employment increases by 0.25 percent, and the national industrial

18 Appendix E.4.2 describes the algorithm used to solve the planner’s problem.
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land share declines by only 0.5 percentage points. The small net land adjustment accompanies

substantial reallocation across prefectures.

The employment expansion includes both urban and rural workers. Urban manufacturing
employment rises by 0.24 percent and rural migrant manufacturing employment by 0.26 percent.
Urban sectoral reallocation accounts for about 40 percent (28,000 jobs) of the national increase
and additional rural migration for about 60 percent (41,0000 jobs). The rural migration rate
rises by approximately 0.1 percentage points. The planner therefore preserves manufacturing
output while improving welfare for both groups and modestly expanding rural access to urban

manufacturing work.

The composition of production also changes. The number of active manufacturing firms falls
by 1.96 percent, average firm size rises by 2.26 percent, and average manufacturing TFP rises
by 0.97 percent. Taken together, these results indicate a small improvement in firm selection
and a substantial welfare gain from rearranging production across space, suggesting that the
main inefficiency lies in where industrial land is allocated rather than in its aggregate quantity.
Table C.7 reports the aggregate effects of a stricter planner problem that fixes both aggregate
manufacturing output and industrial land at their baseline levels, which produces nearly the
same employment, productivity and welfare effects, confirming that the gain comes primarily

from reallocating industrial land across prefectures, rather than reducing its national total.

7.2.2 Welfare-output Elasticities and Land Reallocation

The planner’s optimality condition indicates where industrial land should be allocated. Let W

denote the population-weighted log consumption-equivalent welfare objective:
W = wlog(WY) + wilog(WH)

where wY and w® are urban and rural worker weights with w? +w® = 1. The planner maximizes
W subject to log Y = log Y4 where Y is national manufacturing output and Y9 its data

baseline value. For an interior allocation, the first-order condition for prefecture j is

ow dlogY

+ 1

0
0Ly, ' 0L,
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Define the prefecture-specific welfare-output elasticity as

OW/OLy;  OW

%:_m%ymum__m%y

The derivatives incorporate all general-equilibrium responses to marginal industrial land,
including changes in prices, firm entry, employment, sectoral choice, and migration. Where
additional industrial land raises national output, 1); measures the marginal welfare cost per

unit of log manufacturing output generated by increasing industrial land in prefecture j.

At the output-target optimum, the planner equalizes 1); = 1* across prefectures. At the
optimum, ¥* is approximately 0.39, implying that a marginal 1 percent increase in the output
target lowers the welfare equivalent by approximately 0.39 percent locally around the constrained

optimum.

Figure 10 orders prefectures from the smallest to the largest baseline discount. The baseline
marginal welfare cost increases across these deciles. It is close to zero in low-discount prefectures
and rises substantially as the price discount increases. The largest observed discounts are
therefore concentrated in groups where additional manufacturing output carries a higher
marginal welfare cost. Appendix Figure B.14 displays the two derivatives underlying the
ratio. The welfare derivative falls strongly across discount deciles, whereas the marginal output

response has no comparable monotonic pattern.
4.5 7

—&— Mean baseline w}’a“

= = = Output-target optimum, 7;’:*

=-MV./(MY/Y)

/base _

Welfare cost per log point of M output
.

1 2 3 4 5 6 7 8 9 10
Baseline industrial land price discount decile

Figure 10: Welfare Cost for Additional Output by Price Discount Decile

Notes: Prefectures are grouped into deciles of the baseline industrial land price discount, from smallest to
largest. Each point represents the mean baseline marginal welfare cost within each decile. The number indicates
the percentage of welfare loss from supporting additional manufacturing output through that prefecture. The
dashed line marks the common welfare cost at the output-target welfare-maximizing allocation.

Therefore, in the planner’s welfare-maximizing allocation, Figure 1la shows the planner

withdrawing industrial land from high welfare cost groups and increasing it in low welfare cost
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groups. The reallocation shifts support toward locations where the output target can be met at
lower marginal welfare cost. Figure B.12 further shows the spatial distribution of industrial

land reallocation.
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Figure 11: Production Factor Reallocation versus Marginal Welfare Cost

Notes: Prefectures are grouped into deciles of the baseline marginal welfare cost 1;, from lowest to highest.
Panel (a) reports changes in log industrial land between the baseline and output-target allocation. Panel (b)
reports changes in prefectures’ share of manufacturing employment, separately for all workers, urban workers,
and rural migrants, in percentage points. Horizontal zero lines indicate no change.

7.2.3 Urban and Rural Employment Reallocation

Urban and rural workers respond to this land reallocation through different margins. Figure
11b shows rural migrant manufacturing employment shifting toward prefectures with low
baseline welfare cost, broadly following the reallocation of industrial land. Urban manufacturing
employment moves in the opposite direction: it rises where industrial land is withdrawn and

falls where industrial land expands.

Figure 12a separates urban manufacturing employment into the location and sectoral-choice
components according to

AlogNrgJ = AlogNjU + Alog 7Y

mlj

In prefectures that release industrial land, additional residential land lowers housing costs
and attracts urban workers. Figure 12b shows that the housing price component is the main
contributor to the improvement in these locations’ urban attractiveness. Within prefectures,
sectoral choice moves toward manufacturing in land-receiving locations and away from
manufacturing in land-losing locations. The location response is larger, so it determines the net

pattern of urban manufacturing employment. Figure B.13a shows the spatial reallocation of
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urban workers, indicating that the planner will incentivize workers to move towards eastern

coastal regions.

Urban workers
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Figure 12: Urban Worker Reallocation and Welfare Decomposition

Notes: Prefectures are grouped into deciles of the baseline marginal welfare costs, from lowest to highest. Panel
(a) decomposes urban manufacturing employment changes into the location and sectoral-choice components.
Panel (b) decomposes changes in consumption-equivalent urban worker welfare using Shapley decomposition.
All changes compare the output-target allocation with the calibrated baseline and are measured in log points.

Rural migrants place less weight on destination housing costs. Figure 13 shows that higher
manufacturing wages in land-receiving groups outweigh the associated increase in housing and
local service prices. Rural migrant destination utility rises, attracting migrants even as higher
housing costs make the same locations less attractive to urban workers. Figure B.13b further
validates that the rural migrants’ spatial reallocation exactly replicates the industrial land

spatial reallocation.

The planner therefore reallocates industrial land and the two worker groups in different directions.
Migrants supply manufacturing labor in expanding industrial locations, while urban workers

are drawn toward the housing gains in locations that release land for residential use.

7.2.4 Industrial Land Price Discounts

The output-constrained allocation retains positive industrial land price discounts while changing
their distribution. Figure 14a shows a modestly lower mean discount and a much more
concentrated distribution than in the baseline. Therefore, what is inefficient is not necessarily
the existence of industrial land discounts; it is the magnitude of the wedges and their spatial
targeting instead. Figure 14b further shows that the welfare-maximizing land price discount
is nearly uncorrelated with the baseline discount. Many prefectures offer industrial land at

an unnecessarily deep discount, while the locations that can support manufacturing output at
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Figure 13: Rural Migrants’ Welfare Decomposition

Notes: Prefectures are grouped into deciles of the baseline marginal welfare cost, from lowest to highest. Bars
decompose changes in rural migrants’ destination utility into manufacturing wage, local service wage, and
housing service components. The line reports the total change in log destination utility between the baseline
and output-target allocations. Positive values indicate a more attractive urban destination.

lower welfare cost are not systematically favored.

Taken together, the welfare-maximizing allocation under the output target thus combines
continued support for manufacturing with different spatial targeting. The observed geography
of discounts provides little guidance to the constrained-optimal geography. Better targeting,
rather than uniform elimination of industrial land support, can raise aggregate welfare, improve

welfare for both urban and rural households, and maintain rural access to manufacturing

employment.
2.5
Baseline PDF
= = = Qutput-target optimum PDF ‘Eﬁ
------------- Baseline mean \ 3
A e Output-target optimum mean J: | 2
HI 3
H kD
154 11 E'GE
2 1 E® :
| ! S5 .
14 1 52 0 > = = = - 45-degree line
1 %D 7 Linear fit
1 / ‘:I:‘ 0.5 L
051 A £ -1 A7
1 S e
1 ! S
7 \ e
0 - y T = T ™ 1 T T T T T T T T T T
-3 -2 -1 0 1 2 3 4 -5 -1 -05 0 0.5 1 15 2 2.5 3
Industrial land price discount, log(rh)-log(rm) Baseline price discount, log(rh)-log(rm)
(a) PD Distribution (b) Industrial Land Price Discount

Figure 14: Industrial Land Price Discount: Output-Target vs. Baseline

Notes: Panel (a) compares the cross-prefecture distributions of industrial land price discounts in the calibrated
baseline and output-target allocation. Vertical lines mark their respective means. Panel (b) plots each prefecture’s
output-target discount against its baseline discount, together with the 45-degree line and a linear fit. Discounts
are defined as log(ry, ;) —log(ry, ;). Positive values indicate a lower industrial land price relative to the residential
land price.
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7.3 Robustness

This section assesses the sensitivity to the parameters governing production, housing supply,
and worker mobility. The first exercise varies o, o, \,, k, v and 7, one at a time over five-point
grids. For each alternative parameter value, I recalibrate the baseline to the same data targets
and recompute the competitive local land market counterfactual. Appendix Figures B.15
to B.17 report the results. The main qualitative findings remain stable. Eliminating the
within-prefecture industrial land price discount reduces aggregate manufacturing output and
total employment, raises average manufacturing TFP, and shifts land toward housing. Urban
welfare rises and rural welfare falls, while population-weighted aggregate welfare increases. The
manufacturing labor share «, the elasticity of substitution across manufacturing varieties o,
and the residential land cost share in housing production 7, account for much of the variation
in the estimated magnitudes. The rural migration elasticity 7 is particularly important for the
employment and migration responses. Variations in the urban location and sectoral elasticities

have smaller effects on most reported outcomes.

I next examine whether interactions among these parameters can overturn the main findings.
Because A\, and o jointly determine the upper tail of the firm revenue and size distributions with
the restriction A, > o — 1, I select low and high values spanning empirically plausible ranges
for a, v, n and the linked ()., o) block, and implement a full 2% factorial design. Appendix
Figures B.18 to B.19 report the range and mean of the counterfactual effects, together with the
baseline result. The main aggregate and welfare conclusions remain unchanged. Across the joint
specifications, eliminating the within-prefecture industrial land discount reduces manufacturing
output by approximately 3.5 to 8 percent and the number of manufacturing firms by 15 to 32
percent, while raising average manufacturing TFP by roughly 5 to 12 percent. The aggregate
industrial land share falls in every specification. Urban consumption-equivalent welfare rises
by approximately 1.5 to 3.2 percent, whereas rural welfare falls by about 0.4 to 1.0 percent.
Nevertheless, population-weighted aggregate welfare increases by approximately 0.7 to 1.7

percent across all specifications.

The labor and housing market responses are also broadly stable. Rural-migrant manufacturing
employment declines across all 16 specifications, housing supply increases, and housing prices
and sectoral wages fall. The only sign ambiguity concerns urban manufacturing employment:
its response is quantitatively small and ranges from a modest decline to a slight increase. This

reflects alternative combinations of the urban location and sectoral reallocation margins, but it
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does not overturn the decline in total manufacturing employment. Overall, the joint exercise

therefore preserves the paper’s central selection and distributional results.

8 Conclusions

This paper studies how urban land allocation shapes industrial development through firm
selection, worker mobility, and housing cost. In China, larger industrial land price discounts are
associated with more manufacturing firms and employment, greater rural-migrant participation,
and lower output per worker. Firm-level patterns link these differences to the productivity of
entrants and the continued operation of less productive incumbents. These findings motivate a
framework in which the value of industrial land support depends on which firms it sustains and

which workers can take the jobs it creates.

The quantitative model highlights a tradeoff between stronger selection and access to
manufacturing employment. Equalizing the local industrial and residential land prices raises
average manufacturing TFP by about 7 percent, but reduces manufacturing output by 5.2
percent, and the number of active producers by 21.1 percent. Urban households gain from
lower housing cost as their consumption-equivalent welfare rises by 2.27 percent. Rural welfare
falls by 0.63 percent as manufacturing wages and migration opportunities decline. Industrial
land support therefore has distributional benefits that are not captured by its effects on average

firm productivity alone.

Furthermore, the paper shows that land-use policy can deliver higher welfare for both groups
while preserving national manufacturing output. Consumption-equivalent welfare increases by
1.26 percent for urban households and 0.11 percent for rural households, while the industrial
land share falls by only 0.5 percentage points. The allocation continues to favor industrial use in
many locations, with different spatial targeting. The welfare cost of supporting manufacturing
depends on housing scarcity, worker reallocation as well as production responses. Accounting
for these costs makes it possible to preserve manufacturing output while improving household

welfare and maintaining rural access to urban employment.

More broadly, the evaluation of industrial policy should account for firm composition, spatial
allocation, and the distribution of gains from urban growth. Local manufacturing expansion
is an incomplete measure of success when it changes selection and raises the cost of housing.
Rural-urban migration can accommodate additional labor demand and spread the benefits of

manufacturing employment, while also allowing marginal firms to remain in operation. The

48



design of land policy must account for these interactions.

The analysis compares stationary equilibria. Extending the framework to transitional dynamics
would clarify how the short-run costs of firm exit, migration, and land conversion relate to the
longer-run gains from reallocation. Estimating worker mobility and sectoral- choice responses
with richer worker-level data would further discipline the magnitude and distribution of these

gains.
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A Additional Institutional Background and Data

A.1 Evolution of Land Allocation Methods

Stage 1: From Administrative Allocation to Transfer for Consideration During the
planned economy era, urban construction land was allocated under a regime of state-owned land
characterized by three principles: free of charge, indefinite duration, and prohibition of transfer.
The first breach of the “free of charge” principle can be traced back to the establishment
of Sino-foreign joint ventures. Article 5 of the Law of the People’s Republic of China on
Chinese-Foreign Equity Joint Ventures (1979) states that “The investment contributed by the
Chinese partner may include the right to use the site during the joint venture’s operation. If
the site-use right is not part of the Chinese partner’s investment, the joint venture is required
to pay a land-use fee to the Chinese government”. The Interim Provisions of the State Council
on the Use of Construction land by Chinese-Foreign Equity Joint Ventures (1980) further
specified that “For the land used by Chinese-foreign joint ventures, whether newly acquired or
consisting of an existing enterprise’s site, a site-use fee shall be charged. The calculation of the
site-use fee shall take into account factors such as compensation for land acquisition, demolition
costs of existing buildings, resettlement expenses, and the apportioned investment in off-site
infrastructure directly supporting the joint venture, including roads, pipelines, and other public

facilities”.

It is important to note that the introduction of paid use at this stage was unrelated to
either land ownership or land use rights. A significant turning point occurred in 1987, when
Shenzhen pioneered China’s first land transfer by assigning a 5,300-square-meter parcel for
approximately one million yuan. One year later, the 1988 constitutional amendment revised the
original provision that “land may not be transferred” to “land use rights may be transferred
in accordance with the provisions of laws”. Following the amendment, the separation of land
ownership and land use rights was formally established in legislation through the Provisional
Regulations of the PRC on the Grant and Transfer of the Right to use State-owned Land in

Urban Areas.

Although the series of reforms initiated the paid transfer of land, the level of marketization
remained low throughout the 1990s. Only a small proportion of land was allocated through

paid transfer, with most transactions still conducted through negotiation.

Stage 2: From Negotiation to marketization To improve the allocation efficiency and
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realize the market value of land, the central government began promoting market-oriented land
conveyance mechanisms. The Circular of the State Council on Strengthening of Administration
of State-owned land Assets (2001) explicitly states that “To embody the principles of a market
economy and insure openness, fairness and impartiality in the transfer of land use rights,
local governments are required to vigorously promote the use of bidding and auction for land
use right transactions...For land designated for commercial real estate development and other
parcels included in the land supply plan, if two or more parties express interest in the same
parcel, the land use rights must be provided by the municipal or county land administration
authority through bidding or auction in accordance with the law...Only in cases where bidding
or auction is truly not feasible may land be supplied through negotiation”. The Provisions on
the Assignment of the Right to Use State-owned Land through Bidding, Auction, and Listing
(2002) went a step further by mandating that “various operational land, such as commercial,
tourism, entertainment, and commodity residential land, must be transferred through public
transactions by means of bidding, auction, or listing.” Subsequently, the 2006 Provisions on the
Assignment of State-owned Construction Land Use Rights by Means of Bidding, Auction, and
Listing, issued by the Ministry of Land and Resources, extended this requirement to industrial
land. It further stipulated that industrial land must be transferred at a price not lower than

the specified minimum standard.!”

A.2 Local land bureau land zoning decisions

Step 1: Land Use Plan The central government sets limits on the maximum amount of
newly developed urban land for each locality. Given the overall plan and relevant constraints,
the local land use plan is prepared by an independent committee composed of representatives
from several bureaus, including the local Bureau of Natural Resources, Development and
Reform Commission, Housing and Urban-Rural Development Bureau, Industry and Information
Technology Bureau, and Finance Bureau. This committee coordinates zoning decisions and
formulates a formal annual plan at the beginning of each year, taking into account the economic
and social development plan, industrial policies, urban planning, and land market conditions.
Note that key zoning decisions, such as how much land should be allocated for residential,
industrial or other uses, are determined at this stage. After obtaining approval from both the

local and higher-level governments, the plan is publicly released.

19The central government classifies all land into 15 levels, with minimum prices decreasing as the level
increases.
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Step 2: Detailed Transfer Scheme Subsequently, the local land bureau drafts specific
transfer schemes in accordance with the annual land transfer plan. In particular, these schemes
specify, for each parcel, the spatial boundaries, designated land use, term of use, transfer
method, and other relevant conditions. After obtaining approval from the local government,
the bureau determines the reserve price based on a formula that incorporates appraised values

provided, in principle, by independent appraisal companies.

Step 3: Prepare Land and Initiate Transfer Process The local land bureau then prepares
the corresponding transaction documents. The subsequent transfer process is described in detail

in section A.3.

A.3 Price Formation Process
A.3.1 Land Transaction Methods

Except for auction, bidding, listing and negotiation, there are some other types of transaction
methods which are uncommon in practice, which account for approximately 0.35% of the total

sample. This section provides a detailed overview of how each transaction method works.

Auction (Paimai) This refers to a standard English auction. The process typically begins
with a public announcement issued 20 working days in advance, providing basic information
such as land use restrictions, reserve price, parcel size and location, etc. Any interested buyers
must submit an application to gain access to more details with a cash deposit, usually about
5%-20% of the reserve price. The auction is fully public and is required to be videotaped. As in
a standard ascending auction, bidders gather in a room and submit progressively higher bids;

the bidder who offers the highest bid will win the land use rights with a specified term.

Listing (Guapai) Similar to a standard English auction, a listing process begins with a
public announcement issued at least 20 weekdays in advance, including basic land information
and the required deposit amount. What differs is that it is a two-stage auction. In the first
stage, typically lasting about 10 weekdays, qualified participants submit ascending bids either
in person or online. Bid prices are publicly updated in real time, though the identity of the
bidders remains anonymous. If only one active bidder remains at the end of the first stage, the
bidder automatically wins and acquires the land at their bid price. If multiple qualified bidders
remain, then the process is converted to a standard English auction, using the highest first-stage
bid as the new reservation price. In addition to the two-stage structure, another distinctive

feature of listing is that only pre-qualified bidders are allowed to participate. These eligibility
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requirements make the two-stage auction less market-oriented as some studies suggest that
sometimes requirements are so strict that they are tailored to meet specific firms’ qualifications
that are closely tied to local governments, thereby reducing the degree of market competition.
As a result, the listing occupied a middle ground between fully market-oriented and non-market

allocation mechanisms.

Negotiation (Xizeyi) The process of negotiation typically involves the following procedures.
After the land user submits an application to the local Bureau of Natural Resources, a qualified
appraisal agency will conduct a land price valuation. Then, collectively with the local government,
the land bureau determines the transfer price based on the valuation which, in principle, must not
be lower than the minimum stipulated price. Then the agreed transfer result is publicly disclosed,

and after the disclosure period, a formal land-use right transfer contract is signed.

Land Contributed as Capital or Equity Stake (Zuojia Chuzi/Rugu) In this
arrangement, land use rights are injected into a company or project as a form of capital
contribution or equity. This typically occurs when the government or a state-owned enterprise
provides land to participate in the ownership or profits of a project, instead of transferring land

through a direct sale.

Administrative Allocation (Xingzheng Huabo) This refers to the non-market allocation
of land by the government, typically at no cost, for specific public interest purposes such as
infrastructure, education, public utilities, or government facilities. The land remains publicly

owned and is not traded through competitive bidding.

Authorized Operation (Shouquan Jingying): In this case, the government authorizes an
enterprise to use and manage a piece of land for a certain period without transferring ownership.
The enterprise may develop, lease, or operate on the land, but the underlying land rights remain
with the state. This is commonly used in the context of industrial parks or public-private

partnerships.

Land Leasing (Tudi Zulin) Instead of selling land use rights, the government leases them to
enterprises for a fixed term, often 20, 30, or 50 years. During the lease period, the enterprise
has the right to use the land for agreed-upon purposes. Leasing allows for more flexible
and temporary arrangements, especially in cases where full transfer of land rights is not

desirable.
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A.4 Land Characteristics Measures
A.4.1 Land Quality Measure

Land is classified into fifteen levels, with higher levels generally indicating either lower relative
land quality or location in economically less developed areas. In addition, some parcels are
designated as “unassessed areas”, which typically refer to land located on the urban fringe,
newly listed rural collective land, or plots in newly developed industrial parks. These areas
have not yet been incorporated into the formal land evaluation system. The sample includes all

land from level one to level fifteen, including the “unassessed land”.

A.4.2 Land Source

Newly Designated Construction Land: Refers to land newly converted from agricultural
or other non-construction uses into construction land, through land use planning and official
approval procedures. Typically, this type of land requires land acquisition, compensation to
original users, and installation of basic infrastructure before development. Usually, the land is
located in suburban or newly developed areas; therefore, the land price may be lowered due to
its disadvantaged location or underdeveloped infrastructure. However, the price may involve

higher land preparation and development costs.

New Construction Land from the Inventory Pool Refers to construction land that has
been approved for development in previous years but has not yet been released to the market,
and is stored in the “inventory pool” under the land quota management system. This type
of land may be located in relatively more developed areas than newly designated land, and

development conditions are often more mature.

Existing Construction Land: Refers to land that was previously developed and used and is

now re-entering the market.

A.5 A Typical Transaction Record

The document attached shows what a typical land transaction record looks like.
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A.6 Rural Migrants’ Destination and Sectoral Share Estimation

I use the sampling weights to estimate the joint distribution of employed rural migrants across
destination prefectures and sectors. In particular, each year the share of rural migrants working
in prefecture j and sector k is calculated as

W;SMDS _ >, weight;1{dest; = j, rural hukou; = 1, migration; = 1, sector; = k}
7‘7

>, weight, 1{rural hukou; = 1, migration; = 1, sector; € {m, s}}

In 2010, the number of out-migrating rural workers is reported to be approximately 153.35
million?’. I then estimate the number of rural migrants employed by prefecture and sector

as
R,data __  CMDS R,MS R,data __  CMDS R,MS
Noi = Wmg X Nujg Noj o =wsy X Ny
RMS . . . . .
where N .77 is the adjusted total number of rural migrants employed in non-agricultural

sectors:

NEMS _ 153 35million x Pr (k € {m, s}|migrate = 1)

mig

20According to the Statistical Communiqué of the People’s Republic of China on the 2010 National Economic
and Social Development, the rural labor force was approximately 393.62 million, of whom 153.35 million migrated
to work in urban prefectures. I therefore target an aggregate rural-urban migration rate of égg:gg = 0.39.
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Urban employment is then measured residually
U,data __ data R,data U,data __ data R,data
Nm,j - Nm,j B Nm,j ’ NSJ’ - NSJ o NSJ

The urban manufacturing employment share used to discipline urban sectoral preferences is

therefore
U,data
data m,j
ot =
mj data
Nm?j

An analogous expression is used for rural migrants’ sectoral employment.

62



B Additional Figures
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Figure B.1: Land Use Shares over Time

Notes: The figure reports annual shares of land transacted for residential, industrial, and commercial
uses during 2007-2013. Each share is calculated as the area transacted nationwide for a given use
divided by the combined nationwide area transacted for these three uses in the same year. With the
exception of 2009, the shares remain relatively stable over time.
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Figure B.2: Residential vs. Industrial Land Prices over Time

Notes: The figure reports annual mean transaction prices per square meter for residential and

industrial land in 2007-

2013. Prices are expressed in nominal yuan and are adjusted for lease length.

Means are calculated using parcel area as the weight.
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Share of Industrial Land
Share of Industrial Land

Share of Residential Land Share of Commercial Land

(a) Industrial vs. Residential (b) Industrial vs. commercial

1

Share of Residential Land
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Share of Commercial Land

(c) Residential vs. Commercial

Figure B.3: Land Use Tradeoff

Notes: Fach point represents a prefecture. Panels plot the shares of transacted land designated for
industrial, residential, and commercial uses against one another. Each share is calculated as the area
transacted within a prefecture for a given use divided by the combined prefecture area transacted for
those three uses and is averaged over 2007-2013. Panel (a) shows a clear tradeoff between industrial
and residential land use, while panel (b) and panel (c) indicate that the tradeoff is much weaker with
commercial land.
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Figure B.4: Geographic Distribution of Industrial Land Shares and Price Discounts

Notes: Panel (a) maps industrial land’s share of the combined area transacted for industrial and
residential uses, averaged over 2007-2013. Panel (b) maps the estimated industrial land price discount.
Prefectures are divided into quintiles separately for each measure; darker shades indicate higher
values. Land shares in the legend are expressed as percentages, and discounts are expressed in log
points. Gray areas indicate prefectures outside the sample or without data.
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Figure B.5: Manufacturing Output and Industrial Land Price Discount

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into

50 approximately equal-sized bins.

Each point reports the bin means of the discount and log

manufacturing output. Output is measured in 2010 yuan and averaged over 2007-2013. The line and
reported slope are estimated by OLS using the underlying prefecture-level observations. Shading
denotes a 95% confidence band. Each prefecture receives equal weight.
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Figure B.6: Industrial Park Area across Industrial Land Price Discount Deciles

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into
ten approximately equal-sized groups. Each bar reports the mean industrial park area divided
by urban construction land area in its group. Groups are ordered from the smallest to largest
discount. Industrial-park zone area is calculated by summing the approved areas of national- and
provincial-level industrial parks within each prefecture. The data are from Nie and Liu (2022),
who compile information from the 2006 and 2018 editions of the China Development Zone Audit
Announcement Catalogue, jointly issued by the National Development and Reform Commission and
other central government agencies. Zones below the provincial level are excluded. The reported share
divides total approved development-zone area by the prefecture’s total urban construction land area.
Each bar is an unweighted mean within each group.
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Figure B.7: Incumbent Survival Differences by Initial Productivity: 2000 Cohort

Notes: The sample consists of manufacturing firms operating in 2000. Firms are assigned to quintiles
of their 2000 TFP using pooled rankings. Group 1 contains the least productive firms while group
5 contains the most productive firms. Prefectures are classified as high- or low-discount according
to whether their estimated 2007-2013 industrial land price discount is above or below the median
across prefecture samples. Each point reports the high-minus-low difference in survival rates for
the corresponding productivity quintile, in percentage points. Panels report horizons of one to six
years after 2000, covering 2001-2006. A firm is classified as surviving in year ¢ if it is observed in the
sample in a subsequent year. The sample is restricted to firms with annual sales revenue above RMB
20 million, so this measure captures continued sample presence above the sales threshold. Vertical
bars denote 95% confidence intervals based on standard errors clustered at the prefecture level.
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Figure B.8: Rural Migrants’ Houseowner Share and Industrial Land Price Discount

Notes: Prefectures are sorted by the estimated industrial land price discount, and divided into 50
approximately equal-sized bins. Each point reports the bin means of the discount and share of rural
migrants who own a house in their destination urban prefectures. Houseowner data come from the
2010 Population Census. The line and reported slope are estimated by OLS using the underlying
prefecture-level observations. Shading denotes a 95% confidence band. Each prefecture receives equal
weight.
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Figure B.9: Industrial Land Share Change: Competitive Local Land Market vs. Baseline

Notes: The map reports the change in each prefecture’s industrial land share between the calibrated
baseline and equal-price equilibrium, calculated as 100 [(Ly;/L;) — (Ly, ;j/L;)]. Red shades indicate
decreases and blue shades indicate increases; darker shades indicate larger absolute changes. Gray

areas indicate locations without a mapped model value.
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Figure B.10: Shifts in Productivity Distribution

Notes: The figure compares firm productivity distributions in the calibrated baseline and equal-price
equilibria. Productivity is expressed in logs relative to the baseline median. Solid and dashed lines
denote the baseline and equal-price equilibria, respectively.
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(b) Manufacturing Employment vs. PD

0.01 A

-0.01 A

-0.02 +

-0.03

-0.04 4 1 =lowest; 10 = 'highest 'productzvity

1 2 3 4 5 6 7 8 9 10
Productivity-fundamental decile

(d) Manufacturing Employment vs. zpyin

Figure B.11: Mechanism Distribution

Notes: Panels (a) and (b) group prefectures into deciles of the baseline industrial land price discount,
from smallest to largest. Panels (¢) and (d) instead use deciles of the calibrated productivity
fundamental zmin ; from lowest to highest. Panels (a) and (c) report changes in log industrial land;
panels (b) and (d) report changes in log manufacturing employment. All changes compare the
equal-price equilibrium with the calibrated baseline. Horizontal zero lines indicate no change.
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Figure B.12: Industrial Land Share Change: Output-Target vs. Baseline

Notes: The map reports the change in each prefecture’s industrial land share between
the calibrated baseline and output-target welfare-maximizing equilibrium, calculated as
100 [(LGF;/Ly) — (Ly, ;/L;)]. Red shades indicate decreases and blue shades indicate increases;
darker shades indicate larger absolute changes. Gray areas indicate locations without a mapped
model value.
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(a) Urban Worker Share (b) Rural Worker Share

Figure B.13: Worker Reallocation: Output-Target vs. Baseline

Notes: The map reports the change in each prefecture’s urban and rural workers’ reallocation between
the calibrated baseline and output-target welfare-maximizing equilibrium. Red shades indicate
decreases and blue shades indicate increases; darker shades indicate larger absolute changes. Gray
areas indicate locations without a mapped model value.
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Figure B.14: Derivatives Underlying the Baseline Welfare Cost

Notes: Prefectures are grouped into deciles of the baseline industrial land price discount, from smallest
to largest. The solid red series reports the welfare derivative OW /0L, ; on the left axis. The dashed
blue series reports the output derivative 9Y/0L,, ; on the right axis. Here W is population-weighted
log welfare and Y is national manufacturing output. Both derivatives incorporate general equilibrium
adjustments.
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Figure B.15: Parameter Sensitivity: Production and Land Allocation

Notes: Each series varies one parameter over a five-point grid. At each value, the model is recalibrated
to the same baseline data targets and the equal-price counterfactual is recomputed. The horizontal
axis reports the parameter’s percentage deviation from its baseline value. Panels (a)-(c¢) report
percentage changes in manufacturing output, manufacturing employment, and average manufacturing
TFP. Panel (d) reports the percentage point change in the national industrial land share. Changes
are relative to the corresponding recalibrated baseline; diamonds mark the baseline parameter
specification.
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Figure B.16: Parameter Sensitivity: Welfare

Notes: Each series varies one parameter over a five-point grid. At each value, the model is recalibrated
to the same baseline data targets and the equal-price counterfactual is recomputed. The horizontal
axis reports the parameter’s percentage deviation from its baseline value. Panels (a)-(c¢) report
consumption-equivalent percentage changes in urban, rural, and population-weighted aggregate
welfare. Panel (d) reports the percentage change in the urban-to-rural welfare ratio. Changes
are relative to the corresponding recalibrated baseline; diamonds mark the baseline parameter

specification.
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Figure B.17: Parameter Sensitivity: Employment and Migration

Notes: Fach series varies one parameter over a five-point grid. At each value, the model is recalibrated
to the same baseline data targets and the equal-price counterfactual is recomputed. The horizontal
axis reports the parameter’s percentage deviation from its baseline value. Panels (a) and (b) report
percentage changes in urban and rural migrant manufacturing employment. Panel (¢) reports the
percentage point change in the rural migration rate. Changes are relative to the corresponding
recalibrated baseline; diamonds mark the baseline parameter specification.
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Figure B.18: Joint Parameter Sensitivity: Production and Land Allocation

Notes: The figure summarizes the equal-price counterfactual across the 16 joint parameter
specifications. The model is recalibrated to the same baseline targets for each specification, and
its equal-price counterfactual is recomputed. Vertical ranges show minima and maxima across
specifications, squares their means, and diamonds the baseline specification. Panels (a)-(c) report
percentage changes in manufacturing output, average TFP, and number of active firms. Panel (d)
reports the percentage point change in the national industrial land share. Ranges describe parameter
sensitivity.
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Figure B.19: Joint Parameter Sensitivity: Welfare

Notes: The figure summarizes the equal-price counterfactual across the 16 joint parameter
specifications. The model is recalibrated to the same baseline targets for each specification, and
its equal-price counterfactual is recomputed. Vertical ranges show minima and maxima across
specifications, squares their means, and diamonds the baseline specification. Panels (a)-(c) report
consumption-equivalent percentage changes in urban, rural and population-weighted aggregate
welfare. Panel (d) reports the percentage change in the urban-to-rural welfare ratio. Ranges describe
parameter sensitivity.
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Figure B.20: Joint Parameter Sensitivity: Manufacturing Employment

Notes: The figure summarizes the equal-price counterfactual across the 16 joint parameter
specifications. The model is recalibrated to the same baseline targets for each specification, and
its equal-price counterfactual is recomputed. Vertical ranges show minima and maxima across
specifications, squares their means, and diamonds the baseline specification. Panels report percentage
changes in total manufacturing employment, urban manufacturing employment, and rural migrant
manufacturing employment, relative to the corresponding recalibrated baseline. Ranges describe
parameter sensitivity.

(a) Total housing supply (b) Housing price

noving the land-price

Effect of rem

() Manufacturing wage (@ Nonmanufucturing wage

5.
g

Effect of remov

Figure B.21: Joint Parameter Sensitivity: Housing and Wage

Notes: The figure summarizes the equal-price counterfactual across the 16 joint parameter
specifications. The model is recalibrated to the same baseline targets for each specification, and
its equal-price counterfactual is recomputed. Vertical ranges show minima and maxima across
specifications, squares their means, and diamonds the baseline specification. Panels report percentage
changes in total housing supply, housing-service prices, manufacturing wages, and local service wages,
relative to the corresponding recalibrated baseline. Ranges describe parameter sensitivity.
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C Additional Tables

Table C.1: Selected Measures of Industrial Land Share

Country

Share (%) Measure and coverage

Source

Panel A. Land-use stock measures

United States 19.5

(2019)

Singapore ~ 16
Malaysia 10-13

(2008-2010)

Satellite-mapped industrial built-up area divided by
mapped industrial plus nonindustrial built-up area;
national coverage.

Combined industrial and commercial land divided by
built-up land; national coverage, using the MND
(2013) source compiled in the report.

Industrial land divided by built-up land in four
selected conurbations; range across cities, not a
national average.

Calculated from Yoo et
al. (2024), Fig. 2 and
accompanying text.

World Bank (2015),
pp- 23-24, Table 2-1 and
Fig. 2-13.

World Bank (2015), p. 24,
Fig. 2-13 and discussion.

Panel B. Statutory zoning measures

Japan 24.9
(2025)
South Korea 23.6

(2017)

Industrial, exclusively industrial, and
quasi-industrial zones divided by all designated
use-zone land; national coverage.

Industrial zoning divided by urban zoning excluding
green zones; undesignated urban zones remain in the
denominator; national coverage.

Calculated from MLIT
(2025), Overview, p. 3.

Calculated from OECD
(2019), Table 1.2.

Panel C. Indicative planning guidelines

India
(2014
guidelines)

7-10

India
(2014
guidelines)

30-35

Recommended industrial allocation as a share of
developed area in ordinary urban centres; range
varies by city-size category.

Recommended industrial allocation as a share of
developable area in specialized industrial towns.

Ministry of Urban
Development (2014),
Table 5.2, p. 141.

Ministry of Urban
Development (2014),
Table 5.6, p. 167.

Notes: The table reports industrial land indicators with their definitions, dates, geographic coverage, and
sources for selected countries. Panel A reports land-use stocks, Panel B statutory zoning, and Panel C planning
guidelines. These measures have different denominators and should be interpreted using the definitions in each
row. The satellite-based shares for the US are calculated as 100 x IND/(IND + NIN D), using the reported
areas: IND = 22,366 and NIND = 92,506 km?. Singapore’s category combines industrial and commercial land.
The Malaysian range covers Greater Kuala Lumpur, Johor Bahru, George Town, and Kota Kinabalu. Excluding
quasi-industrial zones gives a Japanese share of 13.9%; including green zones in the denominator gives a Korean
share of 6.7%. India’s figures are recommended allocations rather than observed shares.
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Table C.2: Characteristics of Residential and Industrial Land Transactions

Characteristic Residential Industrial Within-prefecture
Mean Mean Ind. minus res.
Panel A. Physical characteristics and location
Distance to city center (km) 14.99 19.26 2.25
Distance percentile within prefecture-year 47.3 54.3 10.7
Elevation (m) 341.30 193.97 -0.74
Slope 5.55 4.28 0.15
Panel B. Land-quality tiers
Unassessed (%) 7.2 13.7 6.4
Tier 1 (%) 23.5 11.5 -8.5
Tier 2 (%) 16.6 7.0 -8.4
Tier 3 (%) 18.0 13.4 -1.9
Tier 4 (%) 9.4 12.5 2.8
Tier 5 (%) 4.1 7.4 3.4
Tiers 6-10 (%) 7.8 17.0 3.2
Tiers 11-15 (%) 13.4 174 3.1
Panel C. Transaction methods
Apportion (%) 2.4 0.6 -2.7
Negotiation (%) 54.9 16.9 -6.6
Auction (%) 10.8 4.2 -12.4
Bidding (%) 0.9 0.9 -0.5
Listing (%) 30.9 7.2 22.1
Panel D. Land sources
Newly developed land (%) 30.2 74.6 28.3
Existing construction land (%) 69.8 25.4 -28.3
Number of Parcels 396,764 242937 -

Notes: The sample contains 396,764 residential and 242,937 industrial parcel transactions in 2007-2013. The
first two columns report pooled parcel means or category shares for each land use. The third column reports the
mean of industrial-minus-residential differences within prefecture-year cells. Differences in category shares and
distance percentiles are expressed in percentage points; differences in other continuous characteristics retain the
units shown in the row labels. The unit of slope is degrees.

Table C.3: Correlation among Firm Productivity Measures

Labor prod. Solow resid. ACF LP
Labor prod. 1.000 0.711 0.708
Solow resid. 0.772 0.691 0.755
ACF 0.731 1.000 0.697
LP 0.712 0.712 1.000

Lower triangle: Pearson correlation; upper triangle: Spearman rank correlation. N

= 916,732.

Notes: The table reports pairwise correlations among log output per worker and three TFP measures: the
Solow residual and the measures of Levinsohn and Petrin (2003) and Ackerberg et al. (2015). The lower triangle
reports Pearson correlations and the upper triangle Spearman rank correlations. Correlations are calculated
using the common sample of 916,732 observations in 2007-2013, subject to the restrictions in Section 3.2.



Table C.4: Correlation among Prefecture Productivity Measures

Solow resid. ACF LP
Solow resid. 1.000 0.958 0.941
ACF 0.962 1.000 0.948
LP 0.953 0.957 1.000

Lower triangle: Pearson correlation; upper triangle: Spearman

rank correlation.

Notes: The table reports correlations among prefecture-level averages of the Solow residual and
the measures of Levinsohn and Petrin (2003) and Ackerberg et al. (2015). Prefecture averages are
constructed using employment-weighted firm-level measures over 2007-2013. The lower triangle
reports Pearson correlations and the upper triangle Spearman rank correlations across 276 prefectures.

Table C.5: Distribution of Estimated Industrial Land Price Discount

Statistic Value
Panel A. Distribution across prefectures
Number of prefectures 276
Mean 0.886
Standard deviation 0.695
10th percentile 0.043
25th percentile 0.516
Median 0.931
75th percentile 1.295
90th percentile 1.765
Panel B. Shares of prefectures (%)
Positive estimated discount 91.3
Estimated discount above pooled national estimate (0.99) 45.3
Individual 95% confidence interval entirely above zero 76.4

Notes: This table summarizes industrial land price discounts estimated from 2007-2013 transactions using
equation (2) for the 276 prefectures in the main sample. Each prefecture receives equal weight. Panel A reports
the distribution in log points. Panel B reports the percentages of prefectures with a positive discount, a discount
above the pooled estimate from Table 3, column (3), and a 95 perceent confidence interval entirely above zero.
Confidence intervals are based on standard errors clustered at the county level.

Table C.6: Income and Expenditure of Rural Migrant Manufacturing Workers

Year  Family Income Local Expenditure Rent Share Paying Rent Implied p Implied 55

2011 3916.13 1642.85 296.72 0.71 0.420 0.127
2012 4718.10 1942.93 318.03 0.71 0.412 0.116
2013 5133.04 2124.38 334.62 0.76 0.414 0.120
Mean 0.415 0.121

Notes: The sample consists of rural migrants employed in urban manufacturing in the 2011-2013 CMDS using
survey weights. Income and local expenditure are monthly household amounts. Rent is the mean monthly
payment conditional on paying positive rent. “Share paying rent” reports the fraction with positive rent

payments. The implied destination expenditure share is calculated as p = LocalExpenditure. ) 51 h1ied housing
Family Income
Rent

share is calculated as 87 = Tocal Expenditure Share Paying Rent. The final row reports the equally weighted
average of the three annual parameter estimates.
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Table C.7: Output and Aggregate Land Target Welfare-maximizing Allocation

Panel A. Manufacturing output and its components

Agg mfg output Manufacturing employment Output per worker avg TFP
Total No. firms Avg firm size
Effect (%) 0 +0.25 —1.95 +2.26 —0.25 +0.47

Panel B. Employment, land allocation, and migration

Urban mfg emp Rural-migrant mfg emp Agg ind land share Rural migration rate

Effect +0.24% +0.26% 0 by construction 0.10 p.p.

Panel C. Welfare

Aggregate welfare Urban welfare Rural welfare

Effect +0.82% +1.26% +0.11%

Notes: The table reports changes from the calibrated baseline to the planner allocation that maximizes
population-weighted welfare such that both aggregate manufacturing output and national industrial land
equal their observed data baselines. The land allocation is assumed to be the only policy instrument.
Production outcomes in Panel A and the employment outcomes in Panel B are ordinary percentage changes.
Changes in industrial land share and rural migration rate are reported in percentage points. Panel C reports
consumption-equivalent welfare changes. Average manufacturing TFP is constructed using the model-consistent
CES aggregator. Average firm size is manufacturing employment per active firm.
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D Model Derivations

D.1 Selection, Stationary Firm Moments, and Aggregation

With operating profit m;(z) = R;(2)/0 — 7 13, ;, the zero-profit condition implies

. o OTm gl ; =) (18)
2= ——cpi | ——— :
i1 E,,
Define z; = max{z;, Zminj; as the lowest productivity of active firms in prefecture j. For

b e {0,0 — 1}, define

o Oozbgj(z) 5
I, = / RS (19)

A stationary distribution implies inflows exactly balance exits: M;u;(2)0;(z) = M. ;g;(2).

Therefore,
Me; 1 9i(2)/6;(2)
Yoo — -_—, Iu zZ) = . 20
Mj [O,j J ( ) IO,j ( )
Thus, active firms are weighted by expected operating duration. The mean revenue of active

firms is

l1—0o
= o Iy 1
R;=FE, ; T 21
j (0_1@4) To.; (21)

Combining the standard variable-factor shares with the fixed operating land and entry labor

requirements yields

M; = g a5 (22)

-1 R, »
NU 4 NE =M |of =220 4 Ced

(23)

o Wpj oy

The second term in brackets counts manufacturing labor used for entry. The CES mean
productivity within prefecture j is Z; = (I,_1;/Io;)"“~Y; its national counterpart is z =

2 MyZT=t ) 50, M) e,

The mean exit rate is 6; = [1 — G;(2;)]/Io;, equal to successful entry relative to the active
mass. Substituting the stationary density into aggregate profits and the free entry condition

gives
= 7;(2)

. (%)

Successful entry equals exit in stationarity, while aggregate operating profits after paying for

Mj/ mj(2)pi(2) dz = M, ; 9j(2) dz = w, jce ; M, ;. (24)

J
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the fixed land requirement finance entry labor. For a stationary incumbent cohort, survival

after ¢ periods is S;(t) = f;o[l —0;(2)]'p (2) dz.

D.2 Local Markets and the Land-Revenue Transfer

Local Service Sector Recall that urban labor income and expenditure are [; V' = Wy, N, v it
ws jNg ; v ; +TN; U and rural migrants’ destination expenditure is ER = pWp,; 1N, Substltutmg

these budgets into local service market clearing gives the service sector wage rate

By (wm i NU .+ TNU) + pEET
(1 - 55)

’LUSJ' == (25)
Local Housing Market Housing expenditure is Ej, ; = 8,1 ]U + ﬁ,le]R. The standard cost-share
conditions imply K ; = (1 —v,)Eh;/Rk and 1, ; = v,Eh;/ Ly j. Substitution into housing
production then gives the housing price

1_ )
= RK Yh Eh,j Yh (26)
Tz (=) \ Ly '

Land Revenue Transfer The transfer must account for different expenditure shares across

worker groups and for the part of housing revenue paid to residential land. Define

Ay = E wm] m]’ AR = E wm] m]’ RM:E :Tm,ijJ
J

Using (25), aggregate housing expenditure becomes

R
Z hi = T (AU +TNY) + (5}? + %) pAR. (27)

Substituting this expression into TNY = Ry, 4+, Y i E}, ; yields

Ry + anAy + bppAr YhOn R BuBE
T = - h = by, = . 2
— a0 , where a; = 1= 5 o Y\ Br + (28)
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D.3 Finiteness of Firm-Side Aggregates

At finite positive prices, revenue and variable input demands are proportional to z°~!. Since

0< 5min < 5](2) < 5max < 17

1

o0 1 oo
/ 27 gi(2)dz < I, 15 < 5 / 27 gi(2) dz. (29)

5max min

o—A—2

For Pareto productivity, the integrand is proportional to z , so these moments are finite if

and only if A, > o — 1. Moreover, M;l?, < Ly, ; < L; bounds the mass of active firms, and
(20) bounds the entry flow. Thus the same restriction guarantees finite firm-side revenue and

labor-demand aggregates in a feasible equilibrium with positive production.

D.4 Nested Choice Formulation and Joint-Choice Equivalence

The general nested formulation permits two distinct margins of adjustment: the sectoral
reallocation governed by v, and a spatial reallocation governed by x with different elasticities.
Baseline employment shares identify the sector and location scale parameters conditional on
v and k, but do not separately identify both shape parameters. The baseline quantitative
implementation therefore imposes the parsimonious restriction v = k; then the joint probability
of choosing pair (k, j) simplifies to

U U BjAl[c],j (Vk{]j)fi

U
’ ’ ! Zj:l Z'ré{m,s} BjAT[{j (‘/7‘[{7)

which is equivalent to a single Fréchet choice over all prefecture—sector pairs, with a pair-specific
scale parameter BjAk[{ ;- Keeping the nested formulation remains useful because it separates a
prefecture’s general attractiveness B; from its sector-specific employment shifters, A,E;',j, and

permits robustness exercises with v # k.
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E Computational Details and Solution Algorithms

E.1 Productivity Integration

The firm block requires integrals over an unbounded productivity distribution. Let s§ =
1 - Gj(z;) = (2ming/ gj)’\z be the probability of successful entry. The change of variable
z=z;/(1—u), with 0 < u < 1, gives g;(2) dz = s§A.(1 — u)**~" du. Consequently,

1 1— u))\z—b—l
I, = s°\, b,/ ( du. 31
b,j S] gj 0 5j(§j/(1_u)) U ( )

For numerical evaluation, use m equally spaced nodes w,, from zero to 1 — ¢,, where ¢, > 0
controls the upper-tail truncation. Let t,, be the trapezoidal weights: half the grid spacing at

the two endpoints and the full spacing at interior nodes. Define

_ =y 7 _ e Az—1
T, T SiAtn (1 = un)™ 7" (32)

The required moments and free-entry value are then approximated by

I j ~ Zw /00 v(2)gj(2) dz ~ Zw:’;’j gjéj:j; (33)

Zj

Free entry equates the second expression to w,, ;c. ;. Define normalized duration-adjusted

weights as
o Wi/ 05 (2n;)
MWl 0i(zy)

Average firm productivity in prefecture j is

o—1 1/(0 1)
Zwm “nj

(34)

and revenue of firms with average productivity z; in prefecture j is
R Z wy R i i (Znj)

The unbounded upper tail is controlled by &,. Denote by If‘; the integral truncated at u = 1 —¢;
then

6)\2
0<1I;— I

< I b
bj — 6m1n(>\z _ b) Eq (35)
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The revenue moment converges more slowly when A, is close to o — 1. Integration accuracy is

assessed by refining the grid and reducing ¢,.

E.2 Marginal Welfare and Output from Industrial Land

This section derives the marginal welfare and marginal aggregate output utilized for solving the
planner’s problem. For these derivatives, industrial land quantities are policy instruments and
the price discounts are equilibrium outcomes. A marginal increase in L, j reduces Lj, ; by the

same amount because L; is fixed.

Let Ly, = (Lma,---,Lmy) and let x collect the independent endogenous variables in the
normalized equilibrium system, including prices, the transfer, and worker allocations, as well
as firm objects. Denote the independent equilibrium system as F'(z, L,,) = 0. The conditions
include free entry, factor-market clearing, worker choice, local non-manufacturing and housing

clearing, the transfer budget, and the manufacturing numeraire.

Differentiating these conditions with respect to industrial land L,, gives a linear system for the
equilibrium responses:
dx

F,— =—-F 36
L Lm (36)

Column j of dde contains the changes in all endogenous variables per additional unit of industrial

land in prefecture j.

The Jacobians are partial derivatives evaluated at the converged equilibrium

F(x, Ly, + h;e;) — F(x, L, — h;e;
(FLm)'j ~ ( J ])2h ( J J)’ (37)
J

where z is held fixed and e; selects prefecture j. Each evaluation changes residential land
consistently with L ; = L; — L,,; and recomputes derived quantities entering the residuals
without updating the independent state variables. Columns of F). are calculated analogously by
perturbing one component of x while holding land fixed. The same state parameterization is

used for all Jacobians and outcome derivatives.

The planner maximizes the population-weighted welfare subject to a manufacturing output
target
max W = wY log WY + w®log WE s.t. Y > ydaa (38)

where the weights are w9 = N9/(NY + N¥), NV is the number of urban workers, and N is the
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number of rural workers including those who stay in the rural sector. Define marginal welfare

and marginal output in land-quantity units as

daw dx ay dx
- WL + Wx(m)], MYJ - - YL -+ Y}c(m)]

MV, = .
J dLmJ' I dLm,j e

(39)

The direct terms hold x fixed at equilibrium levels; the terms involving ddx capture induced

responses in every prefecture. With P,, = 1, aggregate manufacturing output changes through

both firm masses and mean revenues:

The log-output derivative is dlogY/dL,, ; = MY,/Y.

Totally differentiating equations (12) and (15) gives
dlogWV = Z m/dlog VY, dlog WH = Z midlog VE, (40)

where the rural outside option is fixed. With fundamentals and P,, fixed, the local utility

changes are

dwk ; + dT
dlog V' = b — B.dlogps; — Brdlog pp; 41
Ogv; Z ﬂ-k\z Wi + T ﬁsd 08 Ps,i 5h O Phi ( )
ke{m,s} ’
dlog Vi = dlog w; — pBdlogps; — pBrdlog p.. (42)

dx
dLm

Substituting the responses from column j of into these expressions provides the group-specific

welfare derivatives and hence MV;. Therefore, the partial derivatives of W and Y can be

evaluated numerically and combined with d%in in (39).

An independent check perturbs land and fully re-solves the equilibrium:

df J(@™, Ly + hje;) — f(x™, Ly, — hje;)
~ Y 4
L oh, o Fe{wyl, (43)

where F(z%, L, + hje;) = 0. Unlike the partial derivative in (37), this comparison allows the
equilibrium state to change. The IFT calculation applies locally where F, is nonsingular and
the cutoff regime is unchanged; one-sided perturbations are used at changes in the binding

support constraint.
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E.3 Using the Marginals in the Planner Problem

The planner’s Lagrangian is £ = W + ¢ (logY — log Y9%2). The interior first-order conditions

and the prefecture-specific welfare-output measure are

MY
Y

MV,
MY, /Y

MV, +ih—2L =0, 1 = — ¢ if MY, #0. (44)

1; > 0 represents a welfare cost when additional industrial land raises output.

The numerical optimization uses the land share s; = L, ;/L; and its logit ¢; = log[s;/(1 — s;)].

The chain rule gives

a7 = Ejsj‘(l - Sj) (Mvj + wM;]) . (45>

E.4 Solution Algorithms

The procedures below summarize the solution algorithms. Productivity integration, equilibrium

derivatives, and the planner gradient are described in Appendix E.

E.4.1 Stationary Equilibrium

Hold fundamentals and population endowments fixed. Price discounts are denoted as x;. Write

S; = Lm,j/f/j and set Lh,j = Lj — Lm,j-

1. Initialize. Guess wages W, j, Ws j, industrial land prices 7, ;, housing prices py, ;, the
transfer 7', and worker allocations (N}, N ., N ), and the industrial land share s;. For

the local competitive land market counterfactual, use the baseline equilibrium as the

initial guess.

2. Solve manufacturing. Given manufacturing employment Nn[{,j + anf,j and land L,, ;, solve
free entry and factor-market clearing for w,, ;, r., ;, and the firm mass M;, using (22)-(23)
and the entry integral in (33). Recover entry M, ; and the active-firm density f;(2) from
(20).

3. Solve local markets. Jointly obtain wy j, ps ;, and T from (25), (26), and (28). Recover

residential land prices ry, ; = v, Eh ;/ Ly, ; and housing quantities.

4. Update allocations. Calculate implied worker allocations and update N]U, Nféj,

and NJ
with damping. Update land allocation s; to match prefecture-specific industrial land

discounts 7, ;/rp; = e X3,
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5. Iterate to convergence. Repeat Steps 2-4 until prices, per capita land transfer 7', worker
allocations, and industrial land price discounts converge. Recompute the final objects

and verify market clearing and P, = 1.

E.4.2 Output-Target Land Allocation

Keep fundamentals fixed and set Y9%® to the baseline aggregate manufacturing output

level.

1. Initialize. Start from baseline land shares s;, form their logits ¢; = log[s;/(1 — s;)], and

set the output multiplier ¢ = 0.

2. Evaluate the allocation. For L, ; = Ejsj, solve the fixed-land equilibrium using the
procedure in E.4.1. Calculate welfare W and output Y from (38), and their marginal
responses MV; and MY from (39).

3. Improve the allocation. Holding 1 fixed, update ¢; using the planner gradient 0L£/0¢; in
(45) and a backtracking step. Re-solve the equilibrium at each trial allocation and repeat

until the fixed-multiplier optimality conditions are satisfied.

4. Update the multiplier. Raise 1 if Y < Y42t and lower it if Y > Y92t Bracket the target

and bisect the multiplier interval, repeating Steps 2-3 at each trial value.

5. Check the solution. Stop when Y = Y9 within tolerance and the land-allocation
optimality conditions hold: use (44) for interior choices and the corresponding inequalities
at numerical land bounds. Re-solve the final equilibrium and verify the target, land

bounds, and equilibrium residuals.
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