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Abstract: China is in a transitional period between urban renewal and industrial change. In this period, the focus has been on the sub-
urbanization of enterprises and land transformation in old industrial areas, particularly areas with chemical industries. A life cycle theor-
etical framework was established to develop chemical industrial zones in the context of urban expansion and land function conversion.
The long-term historical processes and mechanisms that transformed a typical old chemical industry area along the Yangtze River, Yan-
ziji Area of Nanjing City were unveiled and comparatively analyzed. The study found that the entire life cycle of the case study area was
formed through the combined action of different influencing factors. Traditional industrial location factors played important roles dur-
ing  the  rise  and  continuity  of  the  chemical  industry  zone,  while  unconventional  environmental  regulations  and  government  policies
drove its decline and transformation. In the transformation of the old chemical zone, the renewal and redevelopment of industrial land
into higher-value residential land is a key link determining the feasibility of government fund compensation and the circulation of capit-
al. These findings demonstrate that regional control and environmental regulation play crucial roles in determining the location of pollut-
ing industries and the renewal of urban industrial areas. This research enhances the understanding of the development history and recon-
struction of chemical industry clusters and plots within megacities at a finer geographic scale.
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1　Introduction

In the process  of  globalization,  changes in  manufactur-
ing  structure  and  location  are  gaining  momentum  in
many  developed  and  developing  countries  (Zhu,  2000;
Niu et al., 2020; Yang et al., 2020). This has also led to
changes  in  land  use  for  urban  manufacturing  clusters
and surrounding areas. The expansion of urban areas in

developing  countries  has  meant  that  the  mixed  use  of
residential  and  industrial  land  has  become  relatively
common (Leaf, 2002). For a typical urban area in China,
industrial  land accounts for 30%–50% of the total non-
agricultural land, with clear interference from space and
industrial  land  (Tian  et  al.,  2017).  Among  the  various
land use types,  the supply of industrial  land has played
an important role in promoting the growth of the manu-
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facturing  industry  and  local  development  (Zhou  et  al.,
2019). Although the mixed use of  residential,  commer-
cial, and  recreational  land  is  desirable  to  attain  a  com-
pact city model, the mixed use of residential and indus-
trial land has long been considered harmful to the living
environment (Tian et al., 2017). This equates to disturb-
ances in  the  lives  of  urban  residents  and  has  an  in-
creased detrimental  impact  on  the  ecological  environ-
ment.

It is  inevitable  that  economic  development  will  trig-
ger urban expansion, changes in industrial structure and
environmental impact, industrial transfer, and the trans-
formation of old industrial  bases.  The dynamic interac-
tion  between  the  local  government  and  the  market  has
greatly  affected  the  urban  development  model,  and  the
transformation of industrial land is no exception (Zhang
et al., 2018). The tendency for manufacturing industries
to  migrate  from  dense  central  cities  to  spacious  urban
fringe  areas  is  referred  to  as  ‘manufacturing  suburbs’
and may  be  traced  back  to  trends  in  developed  coun-
tries  in  the  mid-19th  century,  particularly  in  North
American  metropolitan  areas  (Nicolaides,  2006). Al-
though researchers  have  acquired  a  better  understand-
ing on the general phenomenon of industrial suburbaniz-
ation (White, 1976), this research is still in its infancy as
regards  developing  countries  (Shen  and  Wu,  2013;
Zhang  et  al.,  2018; Wu  et  al.,  2020).  Europe  and  the
United  States  have  rich  experiences  in  the  renovation
and renewal  of  old  industrial  areas.  However,  in  de-
veloped countries and regions, the transformation of old
industrial areas  is  mainly  carried  out  for  economic  de-
velopment  to  a  certain  stage  and  industrial  growth,
whereas in China, such transformation is based more on
considerations  for  ecological  environment  protection,
health  risk  avoidance,  and  urban  land  appreciation.  As
an  economic  practice,  the  relocation  of  enterprises  and
the transformation  of  industrial  areas  take  place  in  dif-
ferent  economic  and  institutional  environments  (Hud-
son, 2002; Kapitsinis, 2018). In the past, there has been
considerable attention on the migration process of enter-
prises from old industrial areas to the suburbs. However,
the historical process and mechanisms underpinning the
growth  and  transformation  of  old  industrial  areas  have
been ignored.

Existing  studies  have  focused  on  the  evolution  and
driving of industrial spaces before and after the suburb-
anization  of  the  manufacturing  industry  (White,  1976;

Wu  et  al.,  2020). They  tend  to  study  how  the  govern-
ment  uses  intervention  policies  to  attract  enterprises  to
relocate to the suburbs (Zheng and Shi, 2018), but often
ignore how the government can force enterprises to re-
locate through improved environmental  regulations and
special policies. Existing research on industrial land and
the transformation  of  old  industrial  areas  mostly  fo-
cuses on land use policies and land prices (Chen et  al.,
2018); however, research on the origin of industrial land
and  its  entire  life  cycle  process  is  scarce.  At  the  same
time,  in terms of the government’s role,  the research is
keen  to  analyze  the  government’s  ‘race  to  the  bottom’
behavior,  while  ignoring  the  government’s  ‘race  to  the
top’ behavior. In some of China’s large cities where the
economy has developed to a higher level, local govern-
ments  are  not  merely  pursuing  economic  growth  and
maintaining enterprises,  but  actively  optimizing  the  in-
dustrial structure  and  layout  to  improve  the  environ-
ment  and  residents’ health  and  welfare.  In  these  cities,
the  role  of  the  government  is  unclear  and  the  lack  of
cases is  a  challenge.  Therefore,  it  is  necessary  to  con-
duct  a  comprehensive  investigation  and  research  on  a
long-term scale on typical  cases to reveal  the historical
driving forces behind the transformation process of  old
industrial areas.

The development  of  the  polluting  manufacturing  in-
dustry  as  represented  by  the  chemical  industry,  has
entered a  stage  of  accelerated  transformation  and  up-
grades. This process has played an important role in the
economic  growth  of  most  cities  in  China  over  the  past
40  yr  (Chen  et  al.,  2018; Jiahuey  et  al.,  2019).  The
chemical industry  is  the  most  representative  manufac-
turing industry; it  is  an important pillar promoting eco-
nomic growth, while also being a major source of urban
pollution  and  environmental  damage  (Zhang  et  al.,
2009).  The  chemical  industry  concentration  area  is  an
industrial agglomeration  area  characterized  by  signific-
ant  negative  externalities  (López-Navarro  et  al.,  2018).
Therefore,  the  selection  and  transformation  of  land  of
areas with a high concentration of chemical industries is
an  important  component,  directly  reflective  of
regional/urban planning  decisions.  When  urban  expan-
sion  encircles  the  former  chemical  zone  on  the  city
fringes, industrial  and  urban-living  lands  are  inter-
twined, greatly promoting the ‘suburbanization’ and re-
location of  the old chemical  zone.  This  phenomenon is
very  common in  China’s  big  cities.  Understanding  this
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phenomenon and  its  underlying  mechanism  is  condu-
cive to understanding the development of Chinese cities
in transition. This article supplements existing literature
on industrial location and urban land-renewal research.

Based  on  corporate  data,  historical  documents,  field
surveys,  and  interviews,  this  research  provides  a  new
perspective for investigating the historical  development
and  transformation  of  old  industrial  areas.  Drawing  on
industrial location theory, urban land expansion and re-
newal  theory,  environmental  externalities,  and  political
economy,  this  paper  constructs  a  theoretical  analysis
framework  and  studies  cases  of  a  typical  old  chemical
industry area along the Yangtze River  in  Nanjing City,
China. The outcomes from this research may aid the un-
derstanding on  the  trajectory  and  logic  of  ‘New  Eco-
nomic Geography’ and ‘Urban Renewal’ in the context
of  China  and  other  developing  countries  or  transition
economies. 

2　Conceptual Framework

Many  theoretical  and  empirical  studies  have  explored
various  determinants  of  factory  site  selection,  location
changes,  and  industrial  land  conversion.  Broadly,  the
choice of location of an enterprise is impacted by three
factors, namely  regional  attributes,  government  inter-
vention, and enterprise attributes (Zheng and Shi, 2018).
In  classical  and  neoclassical  economic  models,  areas
with  the  lowest  production  costs  and  the  highest  profit
are  the  best  locations  for  manufacturing  companies
(Hayter,  1997).  The  new  economic  geographic  model
further emphasizes  the  impact  of  agglomeration  eco-
nomies  on  the  structural  adjustment  of  manufacturing.
Due to  the  effects  of  new  institutional  economics,  in-
creasing attention has been focused on the role of  gov-
ernment intervention in industrial development.

Natural advantages often explain the location of many
industries and their concentration in specific geographic
spaces  (López-Navarro  et  al.,  2018).  The  layout  along
the river has become a natural advantage for many com-
panies,  particularly during the early stages of industrial
layout. Transportation costs, financial capital,  land, and
labor  are  considered  the  main  location  factors
(Thompson  and  Miller,  1978).  The  accessibility  of
transportation and  infrastructure  has  an  important  im-
pact on urban development and corporate location selec-
tion (He et  al.,  2008; Zhao and Hu,  2019; Wang et  al.,

2020). In particular, when transportation costs are suffi-
ciently  low,  companies  that  produce  differentiated
products  tend  to  gather  in  large  cities.  This  geographic
concentration may  generate  positive  externalities,  at-
tracting a greater number of new businesses (Zheng and
Shi, 2018), and ultimately offering economic benefits to
the economic development of the region.

However, the high concentration of industries, partic-
ularly polluting industries, increases social and environ-
mental  costs,  leading  to  greater  negative  externalities
(Kyriakopoulou and Xepapadeas,  2013).  The impact  of
industrial environmental  pollution  on  the  health  of  cit-
izens  has  been  widely  documented  in  the  literature
(López-Navarro  et  al.,  2018).  Further,  these  industrial
gatherings also lead to an increase in land prices. Since
the land commercialization in 1988, the price and quant-
ity of land supply in China have become core factors af-
fecting the  layout  of  the  manufacturing industry  (He et
al.,  2007). High land rent  in  the  city  center  inhibits  in-
dustry,  while  low land rent  in  the  periphery  of  the  city
tends  to  attract  industry  (Zhang  et  al.,  2018).  Land
prices and pollution costs, which are important compon-
ents in the production costs of chemical companies, will
play  a  central  role.  External  environmental  and  social
costs may be incurred during industrial transfer, accom-
panied  by  a  series  of  economic  and  social  issues,  also
impacting  industrial  transfer.  Furthermore,  based  on
new  economic  geography  and  institutional  economics,
many factors will affect industrial transfer, including ag-
glomeration economy,  transportation  infrastructure,  hu-
man capital characteristics, taxation, and environmental
regulation. Changes in land use efficiency and structure
as a result of industrial transfer are of great significance
and a theoretical reference for urban renewal and devel-
opment (Chen et al., 2018; Mao et al., 2020).

This  previous  research  has  contributed  to  the  theory
of  industrial  suburbanization,  industrial  agglomeration
area transformation,  and land renewal  in  the context  of
urban  transformation.  The  findings  from  this  research
have guiding significance in terms of understanding the
formation  mechanisms  and  transformation  and  renewal
of  chemical  industry  zones.  A  theoretical  analysis
framework  was  developed  by  combining  the  findings
from  previous  literature  (Fig.  1).  We  constructed  the
concept of the ‘life cycle’ evolution of the entire chem-
ical zone and chemical land.

The product life cycle theory explains the entire pro-
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cess of a new product from entering the market to being
eliminated  by  the  market  (Asl-Najafi  and  Yaghoubi,
2021).  It  is  generally  divided  into  four  stages,  namely
introduction, growth, maturity, and decline periods. The
chemical  industry  agglomeration  area  and  its  affiliated
products  conform  to  the  phase  characteristics  of  the
product life cycle theory, from the distribution of a few
enterprises to the development of large-scale agglomer-
ation, and then to relocation and exit.

(1) Introductory period: the original layout of chemic-
al  companies  is  shaped  by  accidental  factors,  location
factors, and policy factors.  The layout  during this  peri-
od is often in line with the industrial location theory. Es-
pecially,  riverside location is  the  most  preferred choice
for chemical companies because of convenient shipping
and  water  source  availability.  At  this  stage,  chemical
companies consider  safety and are often far  away from
the main urban and residential areas of the city.

(2)  Growth  period:  relying  on  the  existing  industrial

foundation and industrial chain, the early chemical zone
is more  likely  to  attract  upstream  and  downstream  in-
dustrial  clusters.  From  a  few  enterprises  to  large-scale
industrial  clusters,  the  development  of  chemical  parks
gradually  gains  advantages  in  scale.  However,  as  a
whole, at this stage, the industrial park is still located in
the suburbs; it does not have excessive negative impact
on the development of the city, so as to maintain its own
development advantages.

(3)  Maturity  period:  after  a  period  of  rapid  growth,
the  infrastructure,  supporting  industrial  facilities,  and
policy  services  of  the  chemical  concentration  area  are
fully developed. Externalities gradually become promin-
ent,  including  both  positive  and  negative  externalities.
Positive externalities are manifested in the cost  advant-
ages brought by industrial agglomeration to promote in-
dustrial  development  and  support  the  city’s  economy,
while negative  externalities  are  manifested  in  environ-
mental pollution, damage to residents’ health, life safety
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risks, and  poor  urban  landscape  caused  by  agglomera-
tion. The status of positive and negative externalities is
communicated  to  the  city’s decision  makers.  Simultan-
eously, the strengthening of various environmental regu-
lations also begins to increase the cost of production and
squeeze the growth space of the industry.

4) Decline period: with the strengthening of negative
externalities,  production  costs  gradually  increase.  With
the  acceleration  of  urban  development,  the  main  urban
and residential areas continue to expand, resulting in the
expansion of land use contradictions. At the same time,
with  the  gradual  shortage  of  land  in  the  main  urban
areas, the price of industrial land gradually becomes less
advantageous,  and  the  price  of  land  gradually  exerts
centrifugal force, and the trend of industrial suburbaniz-
ation  is  prominent.  Then,  with  the  combined  action  of
the government, market, enterprises, and the public, the
relocation and  closure  of  chemical  companies  are  pro-
moted, and  the  industrial  zone  gradually  declines.  Fi-
nally,  the  land  is  reorganized  and  redeveloped,  and  the
original suburban  professional  chemical  park  is  trans-
formed into commercial and residential land in the main
urban area.

The  theoretical  framework  integrates  product  life
cycle  theory  and  industrial  location  theory,  urban  land
expansion and  renewal  theory,  environmental  external-
ity, political economy, and other theories. The develop-
ment  of  the  chemical  zone  is  divided  into  four  stages,
describing the complete life cycle of the chemical zone
from formation, development, and prosperity to decline
and  extinction.  Second,  the  theory  introduces  the
concept of  positive  and  negative  externalities,  and  pro-
poses the game and contradictions from the perspective
of  agglomeration  to  promote  economic  growth,  hinder
the  development  of  the  main  urban  area,  and  influence
policy making and government decision-making. In par-
ticular, negative externalities are not obvious in general
industrial companies, but are most prominent in chemic-
al companies with high pollution and high risks.  Third,
the  impact  of  changes  in  the  scope  of  the  main  urban
area of the city is proposed. That is, in the early stage of
development, the  chemical  park  is  located  in  the  sub-
urbs,  and in the middle and late stages it  is  surrounded
by cities. This change in urban spatial form is often the
most  direct  cause  of  the  suburbanization  of  polluting
manufacturing  industries  because  the  location  of  city
suburbs  has  changed.  Finally,  the  theory  puts  forward

the hypothesis  of  land  conversion,  that  is,  the  conver-
sion of  industrial  land in  the  chemical  zone  to  residen-
tial and  commercial  land.  This  is  based  on  the  deriva-
tion of urban land conversion based on the land rent the-
ory and political  economy theory.  This  is  because only
the  generation  of  greater  comprehensive  value  (mainly
economic value) after the renewal of the land can effect-
ively make up for the capital vacancy caused by the re-
location  and  closure  of  a  large  number  of  enterprises.
This  is  also  an  effective  way to  explain  the  conversion
of the land value and the return of funds in the process
of urban industrial land renewal in developing countries. 

3　Data and Method
 

3.1　The case study area
The case study area,  the Yanziji  Area,  is  located in the
northeast of the main urban area of Nanjing (Fig. 2).  It
is an old chemical concentration area in Nanjing, known
as its chemical cradle (Xu and Shao, 2014), and is con-
sidered  to  present  a  very  good  Chinese  case  study  for
this research. The uniqueness of the evolution process of
the  Nanjing  Yanziji  Chemical  Concentration  Zone  is
manifested in three aspects. First, this chemical zone has
a long history and is one of the birthplaces and import-
ant gathering places for the modern inorganic chemical
industry in China. Its evolution and transformation pro-
cess  have  complete  and  long-time  clues.  Second,  this
chemical zone has a large number of foreign-funded en-
terprises, which can better reflect the changes in China’s
industrial policy and the drive of globalization policies,
and  link  localization  and  globalization  together.  Third,
this region has a unique geographical location in a typic-
al  urban-rural  transition  zone  and  along  the  Yangtze
River. It  not only reflects the transformation process of
China’s urbanization  and  industrialization,  but  also  re-
flects  China’s strategic  transformation  from  the  devel-
opment of the Yangtze River to its protection. 

3.2　Data sources and research interviews
The enterprise data in this study were sourced from the
China Industrial  Enterprises Database (http://microdata.
sozdata.com/). Historical data were sourced from histor-
ical documents,  such as the Nanjing City Planning An-
nals (Xi, 2008) and Nanjing Chemical Plant Annals (Ed-
itor’s Office of Nanjing Chemical Plant Records, 1997).
Remote sensing data were obtained from Google histor-
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ical  imagery  (http://www.bigemap.com/).  In  2016,  we
conducted interviews and field investigations in the case
study of  the  Yanziji  Area.  Interviewees  included  gov-
ernment  officials,  researchers  from  scientific  research
institutions, and residents of the chemical industry zone
(Table 1, Fig. 3). Through field research and interviews,

we selected  and  listed  the  interview records  of  4  inter-
viewees,  whose  represented  government  departments,
provincial  and  municipal  research  institutions,  and  the
public.  Interviews  were  face-to-face  and  generally
30–60  min  long.  The  interviewee’s  views  combined
with  quantitative  data  analysis  can  effectively  support
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Table 1    Profiles of interviewees interviewed on the development of Yanziji Chemical Industry Zone
 

Interviewee Title, Organization Date Contents

Interviewee#1
Official, Nanjing Chemical Industrial Park Ecological
Environment Bureau

Sep., 2016 Nanjing Chemical Industry Development Policy

Interviewee#2 Professor, Nanjing Institute of Environmental Science Nov., 2016 Transformation Process of Chemical Industry in Yanziji Area

Interviewee#3 Professor, Jiangsu Institute of Environmental Science Nov., 2016 Jiangsu Chemical Industry Development Policy

Interviewee#4 Resident, Yanziji Area, Nanjing Oct., 2016 Changes before and after relocation of chemical companies

 

a. Old factories and docks

d. Factories and towns were

being demolished

b. Shoreline resources and

factory chimneys

c. Chemical company relocated to

the suburbs

e. Industrial land was replaced by

residential land 

f. New residential buildings on a

former factory site

Fig. 3    Field investigation of the Yanziji Area along the Yangtze River
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the arguments and verify the theoretical framework. 

4　Results
 

4.1　 The  origin,  agglomeration,  and  externality  of
the old chemical zone
The  chemical  industry  in  the  Yanziji  Area  originated
from the Nanjing Factory of the original Central Chem-
ical Plant Preparatory Office established in 1936. At that
time, site selection was mainly based on the advantages
of access to the water resources from the Yangtze River,
the  water  transportation  conditions,  and  accidental
factors.  The  plant  was  renamed  as  Nanjing  Chemical
Plant in 1949. In the 1950s and 1970s,  a small  number
of state-owned chemical plants,  relying on the industri-
al foundation  and  national  policies,  were  gradually  de-
ployed  in  the  region.  Following  economic  reforms  in
China  and  its  openness  to  the  outside  world  in  1978,
private  enterprises  in  this  area  developed  rapidly,  and
many  upstream  and  downstream  enterprises  gathered
with  the  Nanjing  Chemical  Plant  as  the  core.  In  the
1990s, globalization also introduced capital investments
from Germany and other foreign countries to the region.
Chemical  companies continued to gather,  and chemical
industry  clusters  continued  to  grow.  Around  2000,  a
large number of chemical  enterprises were newly built,
and  the  industry  developed  rapidly  (Fig.  4).  This  area
gradually  became  a  well-known  chemical  base  in
Nanjing and more so throughout China, with more than
100 chemical companies during its most prolific period.
These were the first (the introduction stage) and second
(the  growth  stage)  stages  mentioned  in  the  theoretical
framework.  After  the  wave  of  reform  and  opening  up
and  globalization,  the  park  has  continued  to  grow  and
develop.  However,  in  the  third  stage  (mature  stage),
negative externalities began to appear.

The continuous  agglomeration  of  industries  contrib-
uted  significantly  to  the  regional  economy,  while  also
generating huge  negative  externalities.  First,  these  in-
dustries have impacted and damaged the regional envir-
onment. Due to their location upwind of Nanjing, indus-
trial  pollution  emissions  and  odors  have  a  significant
impact  on  the  city.  Additionally,  wastewater  discharge
from chemical plants pollutes the Yangtze River.

The Yanziji  Area of Nanjing has two main problems.
First,  chemical  companies  are  relatively  concentrated,
all  of  which  are  small  chemical  companies,  that  cause
serious  odor  pollution.  Second,  companies  do  not  rule
out sneak shots (Interviewee#1, 2016).

Second,  residential  and  industrial  land  in  this  area
was arranged alternately owing to the continuous expan-
sion  of  the  city.  This  introduced  huge  safety  risks,
whereby accidents caused by chemical companies were
frequent occurrences. The impact and risks of the chem-
ical industry on local residents have also been the focus
of the literature (Dakkoune et al., 2018; Chen and Ren-
iers, 2020).

There are many old residential  areas in Yanziji,  and
these  residential  areas  are  adjacent  to  the  industrial
area.  There  have  previously  been  explosions,  and  the
underground oil  pipe  exploded.  From  safety  to  the  en-
vironment, and to the image of the city, urban residents
are dissatisfied  as  shown  by  their  increasing  com-
plaints  and  environmental  disputes (Interviewee#2,
2016).

In the past,  we could smell  the pungent  smell  of  rot-
ten  eggs  even  with  the  windows  closed.  Sometimes  an
explosion occurs,  and the  glass  of  the  window is  shak-
ing (Interviewee#4, 2016). 

4.2　Chemical industry zone transformation and land
conversion
In  response  to  the  increasing  negative  externalities,  the
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Fig. 4    Number of chemical enterprises established in the Yanziji Area
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Yanziji  Area  underwent  a  transformation  process.  In
2006,  Jiangsu  Province  and  Nanjing  City  successively
issued notices on special rectification plans for chemic-
al  production  enterprises.  These  policies  prohibited  the
development of new chemical companies in the Yanziji
Area  and  concurrently  formulated  relocation  plans  for
existing  companies.  Since  the  end  of  2007,  the  overall
relocation of Sinopec’s Nanjing Chemical Plant and the
Nanjing  Chemical  Fiber  Plant  signified  the  prelude  to
the  relocation,  demolition,  and  renovation  of  chemical
companies  in  the  Yanziji  Area.  In  2010,  the  Nanjing
Municipal Government issued a special policy, the ‘An-
nouncement on  Comprehensive  Remediation  of  Chem-
ical Production Enterprises in Yanziji Area’, prompting
chemical  companies  in  the  area  to  suspend  production
and accelerate remediation actions. From 2011 to 2012,
66  chemical  companies  in  the  region  were  shut  down
and  transferred.  The  main  direction  of  suburbanization
occurred  in  the  Nanjing  Chemical  Industry  Park,  north
of the city.

Some of the enterprises moved out from Yanziji, some
went to Nanjing Chemical Park, some went to Yancheng
and  Lianyungang,  and  some  went  to  Anhui  Province.
There were also some enterprise owners who were get-
ting old and their children were unwilling to take over.
They  have  received  government  compensation  (some
companies  have  received  tens  of  millions)  and  stopped

conducting their business (Interviewee#1, 2016).
In the  fourth  stage  (the  recession  stage),  the  enter-

prises in the chemical park entered recession and reloca-
tion,  and  new  business  formats  appeared.  The  regional
environmental  quality  improved significantly  following
the relocation of chemical companies. Yanziji New City
will  be  transformed  from  an  old  industrial  base  into  a
comprehensive service-oriented new urban area with an
ecological  and  livable  riverside.  The  demolition  of  old
concentrated  residential  areas  and  the  establishment  of
new  residential  communities  reflect  the  conversion  of
chemical land to residential land (Fig. 5).

In the past, no one wanted to live here (in the Yanziji
Area).  Housing  prices  were  very  low.  Now,  housing
prices are rising slowly.  Many people from other parts
of  Nanjing  and  outsiders  buy  houses  here
(Interviewee#4, 2016).

During  relocation  and  reconstruction,  the  case  study
area  mainly  relied  on  administrative  power  to  close  or
move companies  through  compulsory  orders  and  gov-
ernment  subsidies.  During  the  relocation  process,  large
chemical companies in the Nanjing Yanziji Area moved
into  Nanjing  Chemical  Park,  while  some  relatively
small  companies moved to northern Jiangsu and Anhui
(Fig.  6). Merchants  migrated  to  regions  that  could  in-
crease profitability through the use of spatially different
socioeconomic  frameworks  (Kapitsinis,  2018). The  un-

 

a. Industrial area with chemical firms in 2005 b. Enlarged view of chemical firm (NCF) in 2005

c. Residential area with community buildings in 2018 d. Enlarged view of community buildings in 2018
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Fig. 5    Conversion of industrial land into residential land in the Yanziji Area
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dertaking  grounds  outside  Nanjing  were  all  within  300
km. Prefectures and cities in Anhui Province were also
cities  close  to  Nanjing,  showing  obvious  geographic
proximity (Shen et al., 2019). The relocation process of
chemical  enterprises  depicted  the  characteristics  of  a
separate layout  of  corporate  headquarters  and  produc-
tion  bases  (Boyang  et  al.,  2014; Gao  et  al.,  2017).  For
example,  the  Nanjing  Ningkang  Chemical  Production
Base was moved to Huaian Hongze Salt Chemical Park,
although its headquarters are still in Nanjing. In terms of
the utilization of the transformed land, the land was re-
used for  real  estate  development  only because this  was
the  way  in  which  the  government  investment  in  the
transformation of  relocated  enterprises  could  be  re-
covered. This was also in line with the optimal results of
the multi-party  dynamics  between  government,  enter-
prises, and residents. It is also a classic model and case
of  old  chemical  transformation  and  urban  renewal  (Hu
et al., 2019; Zhang et al., 2019; Zhou et al., 2019). 

4.3　Historical stage  division  and  driving  mechan-
ism
The driving factors vary across different periods and can
be divided into  three  stages.  During the  first  stage (be-
fore  1980),  the  development  of  the  chemical  industry

was  mainly  due  to  the  industrial  foundation  of  the
Nanjing  chemical  plant  and  the  advantages  of  Nanjing
City.  During  the  second  stage,  in  the  1980s  and  the
1990s, upstream  and  downstream  production  compan-
ies began to gather to rapidly develop the economy. The
main rivers  included  industrial  foundation,  geographic-
al advantage of the proximity to the Yangtze River (e.g.,
abundant waterfront resources and convenient transport-
ation  of  raw materials)  and  foreign  investment.  During
the third stage, since the 21st century, the region has ex-
perienced major environmental problems, with frequent
safety  accidents  and hard feedback from residents.  The
expansion of the main urban area in the city caused the
chemical clusters originally located in the suburbs to in-
tersect  with  the  main  urban  area.  In  conjunction  with
this,  the  central  government  had  also  been  focusing
greater  attention  on  the  ecological  and  environmental
protection of the Yangtze riverside area,  whereby there
have  been  increasing  efforts  to  remediate  the  negative
impacts of the chemical industry at the provincial level.
This prompted the Nanjing municipal government to is-
sue  special  measures  to  relocate  and  remediate  the
chemical companies in the area. This action reflects the
changes in the driving force of the agglomeration-prolif-
eration (closure) of chemical companies and the conver-
sion of industrial zones in the region at different stages
(Fig. 7).

In  the  above  three  stages,  government  forces  played
an  important  role,  but  there  are  also  differences  and
characteristics  in  different  stages.  In  the  first  stage,  the
government mainly played the main management role of
the  planned  economy  and  vigorously  developed  state-
owned  chemical  enterprises.  With  China’s  reform  and
opening up  and  economic  system  reform,  the  govern-
ment played a role in attracting corporate investment in
the second and early stages of the third stage. In the lat-
ter  part  of  the  third  phase,  the  government  began  to
change its  role,  and  no  longer  welcomed  these  indus-
tries  that  polluted  the  environment  and were  unpopular
with  the  public,  and  began  to  issue  various  policies  to
drive  them away.  Among these  stages,  the  government
has  the  strongest  power  in  the  first  and  third  phases,
while  the  second  phase  is  precisely  where  the  market
plays a greater role and promotes industrial agglomera-
tion and development.

The  government  has  played  a  key  role,  mainly  by
compensating  enterprises  for  the  relocation  to  facilitate
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land reclamation for redevelopment.
The transformation  of  the  Yanziji  Area  is  closely  re-

lated to urban development. The transformation of Yan-
ziji  hopes  to  move  the  enterprises  away,  replace  the
land,  and  create  profits.  If  the  companies  move  to  the
north of the Yangtze River (Nanjing Chemical Park), the
cost of relocation must be subsidized for the companies.
The  land  there  may  be  free  of  charge,  while  the  land
here  is  handed  over.  After  the  land  is  taken  back,  it  is
leveled, repaired,  and  re-flowed  into  the  market.  Per-
haps  money  is  made  back  during  this  process (Inter-
viewee#2, 2016).

The  driving  force  underpinning  the  relocation  of
chemical  companies  in  the  Yanziji  Area  of  Nanjing
mainly includes  government  policies  (such  as  environ-
mental  regulations  and  industrial  policies),  the  public
image of the company, and development.

The company’s image must also be improved. Origin-
ally,  the  corporate  image  mixed  in  that  place  was
scattered,  dilapidated,  and  small  in  scale.  Companies
that  have moved from Yanziji  to  the  Chemical  Industry
Park are  considered  to  be  decent,  standardized  con-
struction companies (Interviewee#1, 2016).

The government  gave  full  consideration  to  environ-
mental  factors  when  making  decisions  in  addition  to
many other  factors,  including  urban  development,  urb-
an image, land replacement, and the livelihood of resid-
ents.  This  also  confirms  the  theoretical  hypothesis  that
government  decision-making  is  driven  by  the  game  of
positive and negative externalities,  environmental regu-

lations,  urban  development,  and  people’s  livelihoods,
and at the same time, it is also affected by the policies of
the central government.

The environment plays 50% of the role in the reloca-
tion  of  chemical  companies  in  the  Yanziji  Area,  while
the other half is comprehensive consideration from gov-
ernment, which is worthwhile. The relocation of Yanziji
has merit  from  the  perspective  of  environmental  plan-
ning and urban construction (Interviewee#2, 2016).

Jiangsu  Province  (including  Nanjing  City)  adopts  a
green development  level  assessment  to  assess  the  con-
struction of  ecological  civilizations,  which  has  stimu-
lated the enthusiasm of local governments to protect the
environment. However, we should not only consider en-
vironmental protection;  we also need to balance envir-
onmental  protection  and  economic  development (Inter-
viewee#3, 2016). 

5　Discussion
 

5.1　Historical stage and influence mechanisms
This study reveals  the combined effect  of  the land par-
cel and the entire ‘life cycle’ of the chemical industry it
carries, and its different influencing factors (Fig. 7). The
theoretical  framework  may  be  confirmed  based  on  the
increased  contradictions  of  externalities  at  a  certain
stage that  are  confronted  by  the  development  of  indus-
trial  parks;  this  means  that  the  contradictions  between
positive  and  negative  external  effects  have  increased.
The positive  external  effects  of  the  development  of  in-
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dustrial zones  include  the  economic  growth  experi-
enced by the city,  tax revenue for  the government,  and
the  provision of  employment.  Negative  external  effects
include  industrial  pollution  emissions,  environmental
and  safety  risks,  threats  to  the  health  of  residents,  and
complaints and dissatisfaction of residents due to the in-
dustrial zone being surrounded by the main urban area.
In  fact,  these  dynamics  have  always  existed,  playing
various  roles  in  different  periods  and  stages,  consistent
with  existing  research  findings  on  manufacturing  (Gao
et al., 2018).

Since  the  mid-1990s,  China’s  fiscal  decentralization
has transformed the government’s role in local econom-
ic development, having a significant impact on land al-
location  and  revenue  (Liu  et  al.,  2016). Local  govern-
ments accepted their new role in land supply and trans-
fer, with the dual goal of increasing revenue and attract-
ing  investment  (Yuan  et  al.,  2019).  In  particular,  since
2006,  the  central  government  in  China  carried  out  a
series of  land  market  reforms,  having  a  significant  im-
pact on the site selection decisions of companies and the
government’s attitude toward industrial land (Zheng and
Shi, 2018; Xie et al., 2018; Zhou et al., 2019). This land
policy also  directly  or  indirectly  affects  the  develop-
ment and transformation of the old chemical  zone.  The
reform policies  of  the  Nanjing  Yanziji  Area  had  com-
menced in 2006 (Fig. 7), and it may be deemed that they
have been  largely  affected  by  national-level  land  re-
form  and  the  global  financial  crisis  of  2007.  Studies
have shown  that  corporate  relocation  is  a  dynamic  af-
fected by broader potential forces, such as globalization
(Kapitsinis, 2018); this is also inseparable from land-use
efficiency  and  policies.  Related  research  shows  that
denser enterprise  clusters  and  preferential  policies  can-
not further  improve  the  land-use  efficiency  of  enter-
prises  in  industrial  zones  (Sun  et  al.,  2020).  Therefore,
when the old chemical zone develops to a certain stage,
internal  land  use  efficiency  also  becomes  an  important
negative external factor. This also confirms that the neg-
ative externalities  proposed  in  the  theoretical  frame-
work come into play in  the third period (maturity  peri-
od) (Fig. 1).

With  the  strengthening  of  environmental  protection
regulations,  the  traditional  manufacturing  industry  in
this  region  faces  severe  challenges.  At  the  same  time,
the  central  and  western  regions  and  underdeveloped
coastal areas show great potential,  providing good con-

ditions for  the  development  of  traditional  manufactur-
ing industries. The central and western regions offer in-
vestors  a  greater  choice  in  terms  of  production  factors,
such as  taxation,  land,  and  capital,  to  encourage  in-
vestors  to  transfer  industries  (Chen  et  al.,  2018).  The
spatial planning  and  control  policies  of  local  govern-
ments are  the  main  factors  affecting  the  suburbaniza-
tion  of  Chinese  urban  industries  (Zhang  et  al.,  2018).
The  interwoven  relationship  between  government  and
market  forces  has  been  increasingly  understood  in  the
literature. In this interwoven relationship,  local govern-
ments  play  a  leading  role,  while  market  forces  are  less
important  (Zhang et  al.,  2018). The findings  of  this  re-
search also fully verify the views in the existing literat-
ure and theoretical assumptions. 

5.2　Future development and policy implications
The case area was converted from industrial land to res-
idential and commercial land, changing the original urb-
an fringe area  to  the  core  area  of  the  city;  the  environ-
ment has also greatly improved. The transformation en-
compasses change from an old industrial base to a com-
prehensive service-oriented new urban area with an eco-
logical  and livable riverside.  The Nanjing Yanziji  Area
will  establish  a  scenic  belt  and  a  tourist  landscape  belt
along the  Yangtze  River,  and  a  high-quality  residential
life  and  leisure  belt.  The  field  investigation  found  that
following  the  renovation,  this  area  was  utilized  by
Nanjing  residents  for  walking,  leisure,  and  tourism.
Profits from  land  transactions  have  become  an  import-
ant source  of  government  revenue,  and  local  govern-
ments have shown a willingness to push up land prices
through  expropriation,  distribution,  or  transfer  of  their
monopoly  power  (Liu  and  Lin,  2014). Local  govern-
ments  can  transfer  land  to  developers  to  collect  land
transfer fees  and  invest  the  land  transfer  fees  in  infra-
structure  to  stimulate  economic  growth  (Yuan  et  al.,
2019; Ruan  et  al.,  2020).  Following  the  renovation  of
the  case  area,  there  have  also  been  increasing  housing
prices  in  these  areas,  and  land  value  has  undergone  a
fundamental change  from  industrial  output  to  residen-
tial services. This is in line with research on land value
gains and games (Gao and Chen, 2020).

Over the past two decades, there has been a dramatic
increase in the expansion of industrial  land,  accompan-
ied by rapid economic growth and urbanization, as dis-
cussed in the Chinese literature, particularly in terms of
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political incentives, including the promotion of officials
(He et al., 2019). Thus, politicians and government offi-
cials are  no  longer  engaged  in  the  pure  pursuit  of  eco-
nomic growth, but are focusing on high-quality sustain-
able development that protects the environment and im-
proves  citizens’ quality  of  life.  Since  2018,  the  central
government  has  issued  strict  environmental  regulations
for the chemical industry of the Yangtze River. Nanjing
is one of the biggest cities along the Yangtze River, and
leads the implementation of national environmental reg-
ulations in terms of urban development and transforma-
tion  of  old  industrial  land.  The  city  will  also  guide  the
policy formulation and practices in other small-and me-
dium-sized  cities.  In  the  layout  of  polluting  industries
such  as  chemical  companies,  small  and  medium-sized
cities must fully consider the spatial distance and expan-
sion  direction  from  the  main  urban  area  of  the  city  to
avoid mutual interference after urban expansion. 

6　Conclusions

China’ significant urban and industrial transformation in
recent  years  offers  an  indispensable  and  valuable  case
for developing countries. This research uses a old chem-
ical industy area in megacity of China as an example to
study the transformation and adjustment of chemical in-
dustry concentration areas  in  urban areas.  Based on in-
dustrial  enterprise  data,  historical  document  data,  and
interview  surveys,  we  found  that  the  Yanziji  Chemical
Area  is  experiencing  industrial  suburbanization.  With
the expansion of urban areas, chemical companies have
gradually  moved  to  suburban  chemical  parks  or  other
surrounding small cities, and the original industrial land
has also been converted into residential and commercial
land.  The  entire  historical  process  of  the  old  industrial
area and the chemical industry it hosted was formed un-
der the combined effect of different influencing factors.
In  the  first  stage,  during  the  rise  and  prosperity  of  the
chemical industry zone, traditional factors played a role,
including geographic  location,  transportation,  industrial
agglomeration,  and  foreign  investment.  In  the  second
stage,  during  the  decline  and  transformation  period  of
the  chemical  industry  zone,  local  government  issued
strong, enforceable  policies  in  a  mandatory  and  effi-
cient manner during the process of determining the relo-
cation and  transformation  of  enterprises.  Market  parti-
cipation also played a role, reflected in the intervention

of  real  estate  capital  in  land  replacement.  The  findings
from this study demonstrate that the key to the suburb-
anization of  urban  pollution  industries  and  the  trans-
formation of old industrial areas is land planning, envir-
onmental  regulation,  and  industrial  control  policies  of
local  governments.  Traditional  and  emerging  forces
such as geographic location and land prices are in a sub-
ordinate position.

This research  contributes  to  the  literature  in  the  fol-
lowing ways. First, unlike existing research, research on
manufacturing suburbanization  and  industrial  land  re-
structuring focuses on the entire industrial sector of the
city.  This  research  enhances  the  understanding  of  the
development history and reconstruction of chemical in-
dustry  clusters  and  plots  within  megacities  at  a  finer
geographic scale. Particular emphasis was placed on the
dynamics  underpinning  the  forces  and  factors  in  this
process, which enriches the theory of urban renewal and
sectoral industrial location. Second, we proposed a con-
ceptual  framework  of  space  and  land  conversion  based
on the life cycle of the chemical industry and agglomer-
ation  areas,  with  special  attention  on  the  government’s
role. The empirical evidence of the study has well veri-
fied  the  hypothesis  and  theoretical  construction.  Third,
as a  supplement  to  research  on  industrial  suburbaniza-
tion and industrial land renewal, this research estimates
the  time  scale  at  approximately  100  yr.  This  helps  to
demonstrate the historical stages applicable to the form-
ation and change of industrial land and reveals the mu-
tual influence and correlation effects between the indus-
trial zone and the city. 
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