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Abstract

Using Barcelona and Shanghai as case studies, we examined the nature-based solutions (NBS) in
urban settings—specifically within cities experiencing post-industrialization and globalization.
Our specific research questions are: (1) What are the spatiotemporal changes in urban built-up
land and green space in Barcelona and Shanghai?(2) What are the relationships between
economic development, exemplified by post-industrialization, globalization, and urban green
space? Urban land use and green space change were evaluated using data derived from a variety
of sources, including satellite images, landscape matrix indicators, and a land conversion matrix.
The relationships between economic development, globalization, and environmental quality were
analyzed through partial least squares structural equation modeling based on secondary statistical
data. Both Barcelona and Shanghai have undergone rapid urbanization, with urban expansion in
Barcelona beginning in the 1960s—-1970s and in Shanghai in the last decade. While Barcelona’s
urban green space and green space per capita began declining between the 1950s and 1990s, they
increased slightly over the past two decades. Shanghai, however, has consistently and
significantly improved urban green space and green space per capita over the past six decades,
especially since the economic reform in 1978. Economic development has a direct and
significant influence on urban green space for both cities and post-industrialization had served as
the main driving force for urban landscape change in Barcelona and Shanghai. Based on
secondary statistical and qualitative data from on-site observations and interviews with local
experts, we highlighted the institution’srole in NBS planning. Furthermore, aspiration to
become a global or globalizing city motivated both cities to use NBS planning as a place-making
tool to attract global investment, which is reflected in various governing policies and
regulations.The cities’ effort to achieve a higher status in the global city hierarchy may have
contributed to the increase in total green space and urban green per capita. In addition, various
institutional shifts, such as land property rights in a market economy vs. a transitional economy,
may also have contributed to the differences in efficiency when expanding urban green space in
Barcelona and Shanghai.
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1. Introduction

Nature-based solutions (NBS) is defined by European Commission as “living solutions inspired
by, continuously supported by and using nature, which are designed to address various societal
challenges in a resource-efficient and adaptable manner and to provide simultaneously economic,
social, and environmental benefits” (European Commissions, 2015). Including actions in green
space planning, waterfront redevelopment, neighborhood redevelopment and more, NBS has
become a plausible concept to address the urban environmental challenges that arise as a city
rapidly urbanizes. The concept is popular among planning professionals and decision makers in
Europe (European Commission, 2015; Maes and Jacobs, 2015) and resonates in a number of
theories relating to urban development, such as Kuznets Environment Curve (Stern et al, 1996),
categories of environmental action taken by cities across different economic development levels
(Satterthwaite, 1997), and the urban environmental transition theory (McGranahan et al, 2001).
These theories distinguish one implication: NBS can only be pursued when a city reaches a
certain economic development level.

Enthusiastic social reformers and planners within Western European and North American cities
adopted the NBS framework during the industrial revolution (Le Gates, 2015). Exemplar
redevelopment followed, including Regent Park in London by John Nash, Paris by Baron
Haussmann, and the USA’s Urban Park Movement led by Frederick Law Olmsted in the 19th
century. Contemporary urban planning and design also emphasizes the importance of trees and
large, aesthetic open spaces to city streets and walkways (Jacobs, 1995; Gehl, 2010), as well as
its contributions to ecosystem functions and services, such as preserving biological diversity
(Ahern, 2013) and improving air and water quality (Chen et al, 2016). In Europe, urban planners
have continuously advocated that nature and climate factors, green views, and proximity and
accessibility to green spaces should be integrated into sustainable urban planning (e.g., Gehl,
2010; Ioja et al, 2014). In Spain, for example, the Green Infrastructure and NBS concepts
emerged as a new way to not only defend the value of ecosystems, but also mitigate climate and
landscape change. With an objective to build "the green city of the future", Vitoria-Gasteiz
promoted urban and peri-urban green spaces in northern Spain, which became the European
Green Capital in 2012. The initiatives aimed not only to promote and develop green spaces in
and around the city, but to also to enhance citizen participation during the development and
implementation. In Barcelona, landscape design and gardening are developed with an
understanding that “everybody should need 5 minutes walking till the nearest green area within
the city” (Espuche et al, 2008). Similar NBS examples have been increasingly reported both in
Europe and other regions (e.g., Artmann, 2014; Boone et al, 2009; Breuste et al, 2015; Chiesura,
2004; De Ridder et al, 2004; Kabisch et al, 2016; La Rosa, 2014; Niemel&, 2014; Rabinovitch
and Reitman, 2004; Wolch et al, 2014). Not only are large cities in industrialized nations
participating (e.g., New York, London, Tokyo, Paris, Barcelona), but also those in rapidly
industrializing nations (e.g., Shanghai, Sao Paulo, Mumbai).

Unfortunately, there are limited empirical studies on how NBS are associated with post-
industrialization and globalization, particularly from a comparative perspective (Fan P. et al,
2016; Gong et al, 2013; Tian et al, 2014; Zhou and Wang, 2011). There are a plethora of
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researches on various aspects related to NBS or on linkages between urbanization and economic
development. For instance, the importance of green space planning for sustainable cities has
been emphasized (Chen et al, 2015; Chiesura, 2014; loja, 2014, La Rosa, 2014; Maes and
Jacobs, 2015). Green space planning has proven effective in improving urban environmental
conditions, such as the urban heat island (Inostroza, 2014; Yue et al, 2012), air quality (Chen et
al, 2015), and climate mitigation and adaption (Kabisch et al, 2016). As urbanization is driven
by economic development, particularly post-industrialization and globalization, NBS policies
and planning are needed as cities move up the ladder of economic development and citizens
desire more urban amenities (Florida, 2005; McGranahan et al, 2001; Sassen, 1999;
Satterthwaite, 1997). Nevertheless, there has been a lack of serious effort to link all these aspects
together as an integrated analysis with drivers, patterns, and impacts centered around NBS and
urban green planning. It is necessary to provide insightful views of inter-linkages between post-
industrialization, globalization, and urban green space, and the impacts. This paper illustrates
such an attempt and contributes to literature by both theoretical advancement and methodological
contribution.

A critical question to start is: How did cities implement the NBS concept in their urban
landscapes within the constraints of social and economic imperatives? To fill this knowledge
gap, this paper presents a comparative case study on NBS for cities experiencing post-
industrialization and globalization, using Barcelona and Shanghai as examples. Barcelona and
Shanghai are treated as the potential front-runner and follower cities, respectively, to mirror the
protocols of the Horizon 2020 program (European Commission, 2015). Barcelona is one of the
world’s leading green cities, which motivated our selection. Shanghai, a sister city of Barcelona,
is labeled as a “follower city” to demonstrate the implementations of NBS-like concepts in other
regions. The two represent industrialized vs. industrializing countries and market-based vs.
transitional economies. As a region with a strong market-based economy, major metropolises in
Western Europe led industrialization for most of the 20" century and started post-
industrialization in recent decades. London, Paris, Madrid, and Barcelona are the four largest
metropolitan areas in Western Europe. However, Barcelona was selected because it is not a
national capital. This allows the municipal government to have more control over urban land
change, and thus, NBS analysis becomes more convenient. Shanghai is a good choice to compare
with Barcelona because both cities have similar economic positions in their respective countries,
including the economic structure resulting from a transitioned society (i.e., industrial to post-
industrial), geographic and climate conditions, and impact from globalization. Both cities are
located in relatively wealthy regions and have been the most important economic growth engines
of their respective countries. They are also role models for other cities within their countries,
demonstrating how to restructure from an industrial to a post-industrial economy and allowing
the tertiary to become the dominant sector influencing economy. Geographically, they are both
located in the coastal area of a sub-tropical climate. Both have integrated the global economy
more successfully than the rest of their country, which is reflected byglobal trade volumes,
global financial flows, as well as international tourists. More importantly, both municipal
governments have committed to NBS in city planning and development, for which their
invaluable lessons can be learnedby other cities with similar endeavors. Although others have
conducted research on urbanization and green development in the case study city of Shanghai
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(Yue et al, 2012; Zhang, 2013; and Fan et al, 2017) and for Barcelona (Catalan et al, 2008;
Llausas and Roe, 2012; and Basnou et al, 2013), their analyses are at different spatial and
temporal scales, and thus difficult to compare. For example, Yue et al (2012) examined
Shanghai’s urban heat island in 2008 and how vegetation affected temperature and Fan et al
(2017) evaluated the accessibility of its urban parks for 2000 and 2010. Zhang (2013) also
reviewed the urban green development of Shanghai in the second half of the 20™ century, but
spatial analysis was excluded. For the city of Barcelona, Catalan et al (2008),Llausas and Roe
(2012), and Basnou et al (2013) studied urbanization, green infrastructure, and
urbanization/forestation, respectively, but all had focused on certain time periods that did not
extend to the most recent post-industrial decade. Catalan et al (2008) compared urban built-up
land from 1993 to that of 2000 and focused on the transformations from an extreme compact to a
polycentric urban form in Barcelona, but did not provide an analysis on urban green
space.Llausas and Roe (2012) theorized and discussed the potential green infrastructure planning
of the Catalonia region, in comparison with that ofnortheast England. Basnou et al (2013)
generated land use land cover change maps for Barcelona from 1956 to 2000 and found that
urbanization and forestation are the dominant pressures on biodiversity, followed by crop
abandonment and deforestation. In this study, however, the temporal scale for NBS is extended
as long as the data allowed, with spatial analysis spanning at least three decades. The spatial
analysis for urbanization and green space was conducted at a reasonable spatial resolution(e.g.,
30 m ofLandsat Thematic Mapper (Landsat TM) images).More importantly, previous research
did not link green space development with the driving factors of economic development,
particularly post-industrialization and globalization. By making these connectionsat the
municipal scale through quantitative modeling, our research can bring significant insights to
policy makers in Barcelona and Shanghai.

We aim at the following specific questions: (1) What are the spatiotemporal changes in urban
built-up land and green space in Barcelona and Shanghai?(2) What are the relationships between
economic development, exemplified by post-industrialization, globalization, and urban green
space? To answer these questions, we first evaluate the spatiotemporal changes in urban
landscapes within Barcelona and Shanghai from recent decades, with a focus on the green space.
We then examine the relationship between economic development, globalization, and urban
green space using structural equation modeling (SEM). We also highlight the underlying
institutional and socioeconomic driving forces for the NBS through a review of NBS strategies
and planning. Due to the insufficient data, our paper focuses on the spatiotemporal change of
green space and its driving forces. Green space planning constitutes one of the most important
elements of NBS and has been widely recognized as one criterion for an urban environment
(Chiesura, 2004; Nature England, 2010). Following our previous work on urban green spaces
(Fan et al, 2017), we define urban green spaces as public parks and other green spaces that are
accessible to the general public and managed by the local government.

2. Study area, data, and methods

2.1 Barcelona and Shanghai

Located in the northeast coast of the Iberian Peninsula, Barcelona is the second largest city in
Spain and serves as the economic trade center of the Mediterranean region (Fig. 1). Although the
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Gross Domestic Product (GDP) of Barcelona is much smaller than that of Shanghai, its GDP per
capita (GDPpc) ($50,800 in 2013) is much higher than that of Shanghai ($14,700 in 2013) (Fig.
2). The municipality of Barcelona constitutes the core of the Metropolitan Area of Barcelona
(MAB), with an area of 101.4 km? and a population of 1.6 million in 2014. The MAB, including
other municipalities, has >3.2 million inhabitants, making it one of the largest metropolitan areas
in terms of population in Europe (http://ec.europa.eu/eurostat; last updated in 2016). Projections
show that >5.1 million inhabitants will dwell in the MAB in 2050 (http://ec.europa.eu/eurostat).
The MAB is also the core region of economic activity in the Catalonia Autonomous Region,
owning 51% of the region’s GDP. For the land use study, we include not only the municipality
of Barcelona, but also the valley of the adjacent Llobregat River and part of the coastal mountain
ranges in the MAB. The area is representative for the MAB, as it includes the city, its
conurbation and the adjacent rural areas. Barcelona’s NBS effort can be divided into three
levels: municipal, metropolitan, and provincial levels. At the municipal level, the Barcelona City
Council developed the Green and Biodiversity Plan (2012-2020) as its NBS strategy
(http://ajuntament.barcelona.cat). Additional NBS strategies tackles the impacts of climate
change, such as the 0.5°C temperature increase and the 40% decrease in rainfall expected by
2020 in the Mediterranean region. At the metropolitan level (www.amb.cat), the public
administration responsible for territorial planning, urban planning and infrastructure
development of the MAB has delineated the hot and cold spots of biodiversity, green areas and
of ecosystem services and has established a framework to identify and mitigate future challenges
under the NBS concept (Basnou et al, 2014). At the provincial level, the Barcelona Provincial
Council has proposed various future strategies for NBS as well. Complex cartographic databases
on biodiversity, green infrastructure and ecosystem services are available at landscape scale
within the project SITXELL, the Territorial Information System for the Network of Open Areas
in the Province of Barcelona (http://www.sitxell.eu/en/projecte.asp).

With a total population of 24 million in 2014 and an area of 6340.5 km?, Shanghai is the largest
city in China (Fig. 1). With only 1.8% population of the nation, it harnessed 3.7%, 10.8%, and
14%, of China’s GDP, trade, and foreign investment in 2014, respectively. This translates to a
GDP of $383 billion and a GDPpc of $15900 (Fig. 2). The urban built-up area first appeared
along the west bank of the Huangpu Rivers and has been expanding toward the Yangtze River in
the north, with current development along the shorelines (Fan et al 2017). With a subtropical
maritime monsoon climate, it has four distinct seasons. Shanghai’s NBS effort for green
infrastructure has focused on: (1) refurbishing old parks and creating new parks in the inner city
by relocating some dilapidated neighborhoods and the manufacturing facilities; (2) creating large
areas of forest parks outside the inner city, such as Shanghai Wild Zoo in Nanhui District (153
ha, 1995), the Century Park in Pudong District (140 ha, 2000), and five forest parks during
1985-2010; and (3) developing Chongming Island, a county of Shanghai and the third largest
island in China, as a model ecological island that preserves natural resources and environmental
quality for a circular and low carbon economy (Chen et al, 2008). For waterfront development,
the city has focused on converting industrial land into parks, natural wetlands, and combined
water areas for tourism and sport activities located mainly along the Suzhou River and Huangpu
River.


http://ec.europa.eu/eurostat
http://ajuntament.barcelona.cat/
http://www.amb.cat/
http://www.sitxell.eu/en/projecte.asp

2.2 Data and Analysis

Using multiple data sources, we analyzed the NBS efforts and their consequences for Barcelona
and Shanghai. Through Remote Sensing/Geographic Information Systems on satellite images,
we derived spatial land cover and land use data, including green space and water features. We
also used secondary statistical and qualitative data from in situ observations and interviews with
local experts, etc. Based on these data, we first evaluated the urban land expansion and compared
the speed and spatial configurations of urbanization for Barcelona (1950s—2010s) and Shanghai
(1980s-2010s), with the aid of several landscape matrix indicators. We calculated a land
conversion matrix to understand the major sources for creating urban green space. Urban built-up
expansions were then compared with green space dynamics to reveal the association of green
space to urban expansion. The complex relationship between economic development,
globalization, and environment quality was further explored through the partial least squares
structural equation modeling (PLS-SEM).

Land cover and changes

Urban built-up area was classified from Landsat TMimages for four periods (i.e., the 1980s,
1990s, 2000s, and 2010s) to examine spatiotemporal changes for both cities (Table 1). These
images were downloaded from the United States Geological Survey (USGS)
(https://www.usgs.gov/) Level-1 geo-referenced product, which were then converted to
reflectance using the calibration function built-in ENV1 4.8. For each image, we classified it
using ERDAS IMAGINE 9.3. First, we masked green vegetation using a normalized difference
vegetation index (NDVI) (Rouse et al, 1974) threshold and masked the water surface with the
modified normalized difference water index (MNDWI) threshold (Xu, 2007). The remaining
image was then classified as urban built-up and non-urban built-up through supervised
classifications. Post classification processes, including clumping, sieving, and combining classes
were conducted to eliminate patches that were smaller than six TM pixels and to group all pixels
into urban built-up and non-urban built-up area. Urban built-up area for Barcelona in 1956 was
also extracted from the Land Cover Map of Catalonia (www.creaf.uab.cat/mcsc) at 5-m
resolution. Without ground-truth references, it is difficult to accurately map the urban green land
and water surface from historical Landsat images at 30-m resolution. To assure the data quality,
we used higher resolution data to study spatial characteristics of urban green land and water
surface areas. For Shanghai, we manually interpreted urban land, farmland, green land and water
surface areas from the 5-m resolution Satellite Pour I’Observation de la Terre(SPOT) satellite
images in 2000 and 2010. For Barcelona, we used the Land Cover Map of Catalonia in 1956,
1993 and 2009, which were generated by photo-interpretation on black/white (1956) or color
ortho-photomaps (1993 and 2009) by the Cartographic Institute of Catalonia (Basnou et al,
2013). These land cover maps were originally in vector format with 20+ classes. They were
converted into raster format at 5-m resolution and reclassified into 4 classes (i.e., urban land,
farm land, green land, and water surface) to match Shanghai data. To examine the spatial
changes of green land and water surface areas, a selected subset of spatial metrics at both the
class level (e.g., green land and water surface) and the landscape level were computed using
FRGSTATS v4.2.1 (McGarigal et al, 2002) for 1993 and 2009 for Barcelona, and for 2000 and
2010 for Shanghai.



https://www.usgs.gov/
http://www.creaf.uab.cat/mcsc

Socioeconomic, population, and other statistical data and processing

To understand how NBS co-evolved with urban development, we collected data of demography,
economic development, and environment in Barcelona and Shanghai, including population,
immigrants, emigrants; GDP, GDPpc, percentages of primary, secondary, and tertiary industries
of GDP, foreign direct investment (FDI), and foreign residents; as well as total urban green space
(GREEN), and green space per capita (GREENpc). The major data sources are the Department
of Statistics, Barcelona City Council (www.barcelona.cat), Instituto Nacional de Estadistica of
Spain (http://www.ine.es), Statistical Institute of Catalonia (http://www.idescat.cat/en/),
Shanghai Statistical Yearbook, and China Statistical Yearbook. We have some data available
only for a larger geographic unit. For example, we only have the GDP of the Barcelona Province
for some years rather than for the city. In these cases, we estimated the data either based on the
previous year’s proportion or on the average of the previous and the following year’s proportion.
In addition to government statistics, we also collected the master plans, documents of green
space planning, relevant reports and news. We used the green space per capita data from
statistical yearbooks rather than from our own spatial analysis because the PLS-SEM model
needs yearly data that statistical yearbooks can provide, but our own analysis only generated
green space data of three years. Furthermore, our own spatial data on green space mainly
illustrates the spatial distribution for green space in connection with other spatial pattern of urban
built up, and their numeric values of green space from our own spatial analysis are similar to
those from the statistical books for these three years.

We interviewed local experts in urban development and green infrastructure planning in both
Barcelona and Shanghai to help to identify the appropriated data sources and possible drivers for
our study, and validate the result of our analysis. More importantly, they helped us to understand
the dynamics of NBS-relevant policies in the past century in both cities. The interviewees
provided us with the socioeconomic context, such as major driving forces of economic and the
critical social events, to understand the background for NBS planning in both cities. Based on
the interviews, we discussed the institutional role in NBS planning in Section 4.2, thus provide
further insights to our readers on NBS planning and local context.

PLS-SEM

SEM is a statistical method to analyze multiple relationships among variables (Grace, 2006). It
has been widely used in various disciplines due to the capacity of inclusion of both observable
and unobservable variables that represent underlying relationships in the model (Fan Y. et al,
2016; Hair et al, 2011). In this study, we employed PLS-SEM to quantify the impact of
economic development and globalization on urban environment (Figure 10). PLS-SEM is
enabled to estimate complicated causal relationships with latent variables. It is a variance-based
approach to minimize the error terms and maximize the explanatory power of the model (Hair et
al, 2013). While PLS-SEM works efficiently with small and non-normally distributed data
(Cassel et al, 1999), this technique cannot be applied to the circular relationships among latent
variables. Consequently, we developed the unidirectional path to conduct the analysis. The PLS-
SEM model reflects the relationship between economic development, globalization, and
GREENpc.


http://www.barcelona.cat/en/
http://www.ine.es/
http://www.idescat.cat/en/

Post-industrialization refers to the process where an industrialized economy transitions from the
production of goods to the provision of services, marked with features such as the relative
increase of importance of the service sector vis-a-vis the manufacturing sector and the increased
valuation of information, knowledge, and creativity (Touraine, 1971; Bell, 1976). Globalization
refers to the international integration process in various aspects, such as economic, cultural, and
political (Amin and Thrift, 1994; Levitt, 1983; IMF, 2000a; Robertson, 1992; Sassen, 1999).
Economic globalization, i.e., the international integration of the world production system,mainly
includes four aspects: global trade and product flows, global capital flows and foreign direct
investment, global migration and people movement, and global information/knowledge
flow/dissemination (IMF, 2000a).

Our underlying hypothesis is that economic development level can profoundly affect the urban
environmental condition since NBS can only be pursued when a city reaches a certain economic
development level (Satterthwaite, 1997; McGranahan et al, 2001). Further, in this increasingly
globalizing world, a city’s economic prospect is highly associated with its level of globalization
(Sassens, 2001; Hall, 2002; Yusuf and Wu, 2002). Therefore, our PLS-SEM has the following
structure: economic development and globalizations are two potential drivers for affecting urban
environment, measured by urban GREENpc. Economic development was modeled as a latent
variable based on the GDPpc and the proportions of the tertiary industry in GDP that measure the
degree of post-industrialization. While GDPpc has been widely acknowledged as the indicator
for level of economic development, post-industrialization (i.e., restructuring from manufacturing
oriented to service oriented economy) is also considered highly associated with the level of a
city’s economic development (Florida, 2005). Globalization was another latent variable modeled
by the trade variable (i.e., the proportion of export and import in GDP). For the environmental
condition, we directly used an observed variable GREENpc, which was calculated based on
population and the total urban green space (GREEN) from the city’s statistical yearbooks
(Barcelona City Council, 1996-2015; Shanghai Bureau of Statistics, 2000-2015). It is worth
mentioning that in our interviews with the local experts, several of them mentioned how
economic development, for instance, as reflected by post-industrialization and globalization, and
particularly in Shanghai, have played an important role in green space planning.

Due to limited data for Barcelona, especially for economic data prior to the 1990°s, we could not
develop the model to include globalization for the city. We attempted to use different proxy
variables (e.g., the number of foreign residents and tourists), but found that they poorly explained
the relationship in the model. Thus, for the Barcelona model, we only developed the hypothetical
latent variable of globalization and its paths along with other variables. The periods of the PLE-
SEM analysis are 1986-2014 for Barcelona and 1978-2014 for Shanghai.

3. Results

3.1 Spatio-temporal changes of urban built-up area and green space

Barcelona expanded its urban built-up area rather steadily, with the main expansion occurring
after the 1980s in the southwest and northwest along the Llobregat River Valley. The total urban
built-up area in the 1950s, 1980s, 1990s, 2000s, and 2010s was 62.5, 131.6, 145.7, 188.4, and
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233.3 km?, respectively. Shanghai has expanded its urban built-up area in all directions rapidly
from the old city core, with its total urban area doubling each decade (Fig. 3). The total urban
built-up area in the 1980s, 1990s, 2000s, and 2010s was 225.0, 553.5, 1599.5, and 2938.1 km?,
respectively. The spatial distribution of green land in Barcelona did not change much from 1993
to 2009. In Shanghai, however, it changed significantly, with more green patches emerging in
the urban core area (Fig. 4). In both cities, the patch density and the proportion of green land and
water surface areas increased (Table 2). The average size of green land patches increased as well,
but the average size of water surface decreased. The magnitude of the fraction of both green land
and water surface did not change significantly in both cities. The diversity and evenness of the
landscape decreased in Barcelona, but increased slightly in Shanghai.

3.2 Association of urban green with urbanization and other urban landscape change

GREEN and GREENpc remained relatively stable in Barcelona, whereas Shanghai increased
these figures significantly since the early 1990s (Fig. 5). Barcelona’s GREENpc started high at
18.03 m* in 1956, but decreased to 13.16 m*in 1977, 11.43 m? in 1993, and 6.2 m” in 1998
After 1998, it started to increase to 7.0 m? in 2014. In contrast, Shanghai’s average citizen only
possessed 0.4 m? of public green space at the beginning of economic reform in 1978, but this
figure rose to 12.4 m? in 2014— more than 30 times over the 36 years. While urban expansion
reflected by urban population increase has a clear association of economic development, its
relationship between urban population and GREENpc was not clear (Fig. 6). Urban population
size appeared to be closely related to GREENpc in Shanghai, but not in Barcelona.

While urban built-up land experienced some expansion, GREEN and water surface area were
kept almost the same, with farmland decreasing slightly from 1993 and 2009 (Table 3). Most
conversion to urban land was from farmland and GREEN, whereas most GREEN was converted
from farmland and urban built-up land in Barcelona. In Shanghai, urban built-up land and
GREEN increased substantially at the expense of farmland and water surface area from 2000 to
2010. Most urban spaces were converted from farmland, water surface area, and GREEN during
2000-2010, whereas most GREEN was converted from farmland, followed by urban built-up
land and water surface area.

3.3. Relationships among economic development, urban green space, and globalization
Economic development in Barcelona positively affected the GREENpc (Fig. 7). A path
coefficient of 0.528 implies that post-industrialization and economic growth promoted the
GREENpc. While the model is statistically robust (i.e., variance inflation factor > 0.2; average
variance extracted > 0.5), the R? of the path between economic development and GREENpc is
only 0.278, suggesting the limitedness of our current model for Barcelona. For Shanghai,
economic development has also strongly affected the GREENpc through a high path coefficient
of 0.827 (Fig. 7). More specifically, post-industrialization (backed by the tertiary industry) and
the level of economic development (i.e., GDPpc) have exerted great influence on the changes of
GREENpc. The low value of the path coefficient (< 0.2) of the PLS-SEM model indicated that
globalization did not directly affect GREENpc. However, globalization had an indirect effect on
GREENpc through economic development, as evidenced by the positive influence of economic
development (i.e., path coefficient of 0.729). The R* between economic development and
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GREENpc are 0.667 and 0.532, respectively, between globalization and economic development,
implying reasonable explanatory powers for the relationships. Moreover, high collinearity
statistics of latent variables (variance inflation factor > 0.2) and a high convergent validity
(average variance extracted > 0.5) indicate that our model for Shanghai is statistically robust.

4. Discussion

4.1 Urban green, post-industrialization, and globalization

Our findings on the influences of economic development on urban green spaces (Figs. 6 &7) are
consistent with previous studies that concluded that ‘as economic growth increased municipal
budgets and resources, local governments became more prone to preserve, restore, and create
additional public green spaces to improve the urban environmental quality’ (Chen and Hu, 2015;
Tian et al, 2014; Wolch et al, 2014). Here we emphasized that post-industrialization may play a
significant role in light of the fact that substantial conversion from urban built-up land to green
space has occurred for both cities. In Barcelona, while more than half of the agricultural land was
lost to urbanization in the last 60 years, new forests resulted from agricultural land abandonment
(Basnou et al, 2013; Parcerisas et al, 2012). Within the urban core of Barcelona, many vacant
spaces or bare lands have converted into community gardens, which was encouraged by the City
Council. For example, some parks on the seafront were created on old industrial lands. In
Shanghai, in addition to the dominant conversion of agricultural land use to green space (Fan et
al, 2017), most newly added public green space or redeveloped neighborhoods with refined
green infrastructure (e.g., luxury green) had been converted from industrial lands and/or
neighborhoods that were associated with industrial age when many residents were workers in
manufacturing sectors.

Though the Barcelona model in our study is limited in explaining the impact of globalization on
economy and GREENpc, there appeared indirect evidences demonstrating the results from other
research. According to Metaxas (2010), Barcelona’s urban economy and FDI have grown
simultaneously to a high level since the 1990s, indicating that a high level of globalization had
been achieved for the city while it also improved its green space. For example, the flagship event
of globalization for Barcelona, the Olympic Games in 1992, shifted strategic planning toward
urban regeneration and public spaces (Monclus, 2003). The non-significant relationship between
globalization and GREENpc in Shanghai may be due to the both positive and negative impact of
globalization on urban green in the context of Chinese land management. The land-based
development strategy in China involves the local government leasing land-use rights to private
developers. While globalization may have positively affected economic development and thus
lead to the increase of the urban green, the increasing financial and population flows due to
globalization can also exert high demands on lands -- placing pressure on local governments to
lease potential and existing green spaces in order to meet the global demand for land (Chen and
Hu, 2015; Cho and Choi, 2014; Hsiao and Liu, 2004). It should be noted that the methodology
(i.e., PLS-SEM)used to model the relationship between economic development and urban green
space can also be used by other researchersfor analyzing the linkages between the driving forces
and the outcomes of an NBS.

4.2 Institutional role in NBS planning
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By reviewing the NBS strategies in Barcelona and Shanghai from the 20" or 19" century and our
interviews with local experts, the cities” dynamic historical stages during urban development are
revealed (Table 4).The planning effort at each stage appeared to synchronize with the mandate of
socioeconomic development, thus indicating the important role of the institutions in NBS
planning. As industrialization began in the 19" century, Barcelona expanded its medieval city
core. A visionary urban planner, lldefons Cerda designed the Eixample District (1850s), which is
famous for its grid street layout and Catalan modernist architecture. The district remains the best
reflection of Barcelona’s unique urban landscape. However, the first space specifically designed
to be a public urban green space in Barcelona during the 19™ century was the Parc de la
Ciutadella (31 ha). It was not until the World Expo in 1929 that additional urban green space was
added with the creation of Montjuic Park at Montjuic Mountain (203 ha) -- one the largest green
areas in Barcelona. The three-year Spanish Civil War that started in 1936 had a profound
negative effect on the economic development of Barcelona. Nevertheless, due to the strong
industrial base and accumulated prosperity of the Catalufia region, Barcelona experienced an
urban boom from the 1950s till the 1980s. Particularly in the 1960s, it received a large inflow of
migrants from other poor regions of the country due to the agrarian crises. Barcelona witnessed
the revival of the tertiary sector and a stabilized population in the 1980s, but a decreased rate in
urban expansion. The continuous urban growth led to the expansion of the urban built-up area
and a subsequent decrease in total urban green space and GREENpc. The municipal government
started to take this issue seriously and created new green areas (e.g., the Metropolitan Park of
Collserola, the green belt of the city of 8000 ha under a special protection plan in 1987). The
Olympic Games in 1992 marked an important milestone for urban regeneration and tourism
revival for the city. Since 1992, the city’s NBS effort has been characterized by the ecologically
restored seafront and the many new parks covering old industrial land. Currently, NBS effort
focuses on promoting and increasing green space and biodiversity at various levels (city and
metropolitan area), including green corridors, urban gardens, living roofs, gardens on vacant
spaces, etc. At the metropolitan scale, the Besos and Llobregat Rivers had been ecologically
restored in the 2010s. However, the economic crises in Europe in 2008 seriously affected the
economy of Spain, with the unemployment rate significantly increasing in 2010 and residential
poverty rates increasing to 20% in 2011 across the MAB (www.amb.cat). These changes may
have negatively impacted NBS implementations. The city, however, has started to show a
recovering economic trend in recent years (www.ine.es). Barcelona’s shift towards decentralized
urban governance is resulting in an increased public engagement (Marshall, 2000), which may in
turn affect the increase of public green spaces.

Shanghai had no NBS-like planning at the municipality level prior to 1949, with GREENpc at
0.13 m2 During the socialist central planning period (1949-1978), building an industrialized and
production-oriented city was a higher priority than the residents’ wellbeing. This slowed the pace
of green space development in form of parks. NBS-like planning focused on converting some of
the dilapidated areas within the city core into urban parks (e.g., Yangpu Park, Changfeng Park,
and Xijiao Park in Yangpu District, Putuo District, and Changning District) and renovating the
Bund Riverside Green Boulevard and Zhaojiabang Green Boulevard. Over the 30 years, urban
public green space per capita reached 0.47 m? in 1978. Since then, the economic reform has been
driving rapid urban expansion in Shanghai, with NBS-like planning combining with urban
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development efforts, as reflected in the master plans of Shanghai for green space planning in
1986 and 1996. During 1978-1998, the city focused on developing a green belt on the outer ring
road and creating a green space network featured by the points, lines, and areas of green spaces.
As a result, several large green spaces were built along the outer ring road. After 1998, green
space planning took off as Shanghai planned its development strategy to place the tertiary sector
as the priority over the secondary sector. After approval of the 1999-2020 Master Plan by the
central government, Shanghai changed from the piecemeal approach of “inserting greenness in
city” to “green space planning”, proposing comprehensive networks of green belts, wedges,
corridors, parks, and forests. During this period, urban public green space per capita jumped
from 3.0 m? in 1998 to 8.8 m? in 2005, passing that of Barcelona and many other cities in the
developed countries. From 2005 to 2009, the city’s urban green space planning has been
tremendously affected as Shanghai fully embraced the opportunity of globalization. Ambition to
rebuild the city as an international financial center and shipping hub in East Asia arrived with the
opportunity to host the World Expo. NBS focused on building a high-quality environment to
attract global investment and elite professionals. It proposed spatial configurations connecting
green nucleus, belts, corridors, wedges, and networks. Prior to the World Expo opened in
Shanghai, the city converted prime locations along the Huangpu River in the city center from
manufacturing lands into green spaces, wetlands, and waterfronts along with other types of
systematic green infrastructure, including national forest parks in the outer suburbs. Since 20009,
as a regional center for global economics, finance, trade, and shipping, Shanghai has kept this
momentum of promoting green space. At this stage, the concept of an “ecological city” was
proposed to encourage urban sustainability and to institutionally streamline planning and land
management. As a result, the Bureau of Urban Planning and the Bureau of Land Management
merged for efficiency.

4.3 Barcelona and Shanghai in comparison

Shanghai has had a significantly higher rate in recent decades when comparing increasing
GREEN and GREENpc to Barcelona. This implies that Shanghai was more proactive than
Barcelona to implement NBS strategies in recent decades. The difference may be attributed to
different timing in achieving a certain level of global city status and the different institutions and
economies. Since the seminal work of Hall (1966), there have been numerous attempts to define
the hierarchy of the global city, or the world city systems, by location preferences of
multinational corporations’ headquarters (Hall, 1966; Hymer, 1972), by ranks as major financial
center (Reed, 1981), and by engagement with the internationalization, concentration, and
intensity of producer service (Sassen, 1991). It is widely acknowledged that New York, London,
and Tokyo are at the top level of global cities, but there exist divergent views on the second or
third tier cities in the hierarchy due to the different criteria used in evaluation. Beaverstock et al
(1999) categorized world cities based on four sub-sectors of corporate service provision:
accountancy, advertising, banking, and legal services. Their roster shows 10 Alpha, 24 Beta, and
15 Gamma world cities, with Barcelona and Shanghai falling into the Gamma world cities
category. While Barcelona has enjoyed a well-established reputation as a global city for several
centuries because of its rich economic, cultural, historic, and natural assets, Shanghai only joined
the global urban hierarchy in the past three decades -- despite facing intense competition from
other global cities in the region (e.g., Tokyo, Seoul, Hong Kong, and Singapore). The city is
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much more eager than Barcelona to boost its urban image by improving its urban environment to
match its rising economic power and new status as a globalizing city (Beaverstock et al, 1999;
Yusuf and Yu, 2002). Strong municipal financing for Shanghai’s NBS effort resulted from the
rapid economic growth of the city.

Another consideration when comparing the two cities is their institutional context, such as
different land property rights in a market economy vs. in a transitional economy. A transitional
economy is defined as an economy changing from a centrally planned economy to a free market
(Feige, 1994). Since the late 1970s, numerous countries in Asia and Eastern Europe have started
transitioning processes, characterized by liberalization, macroeconomic stabilization,
restructuring and privatization, and legal and institutional reforms; albeit at different times and
various degrees of implementation (IMF, 2000b; lanchovichina, 2007; Kubo, 2013). China has
become a transitional economy since its reform in 1979 and has been on the road for high
economic growth ever since. Institutional contexts have played a key role in differentiating the
efficiency of expanding urban green spaces in Barcelona and Shanghai. In most market
economies (e.g., Spain), lands are privately owned, suggesting that the municipal governments
have relatively limited power to acquire and convert private lands. In transitional economies
(e.g., China), all lands are essentially publicly owned, but can be leased to different individuals
or organizations. It is no surprise that the municipal government of Shanghai may have more
leverage than that of Barcelona in controlling land use (e.g., urban green land). Regardless,
ownership held by multiple public organizations may result in a conflicting interest in land use
and land use decisions. One caveat is that our data on GREENpc for Shanghai may be
overestimated. Due to data limitation, we used the official household registered population (e.g.,
14 million in 2014) to calculate GREENpc rather than its residential population (e.g., 24 million
in 2014), which was almost 70% more than its registered population. This significantly elevated
its value.

4.4 NBS, social equity, and limitations of the study

There are, however, several limitations of our studies. First, we did not study the connections to
social equity, as both cities expanded their urban green space. This leads to two major
uncertainties: (1) while both Barcelona and Shanghai had increased urban green space over time,
it is uncertain if all residents of both cities have equally benefited from the outcome; and (2) at
the local scale, NBS and the increasing green spaces usually do not equally benefit all residents.
When an NBS is implemented, high or middle-income residents gain easier access to natural
assets, while low-income or marginalized communities are relocated when their neighborhoods
are converted or simply lacking access to the green spaces (Fan et al, 2017; Chen and Hu, 2015).
Thus, green gentrification or green luxury spatial manifests at the local level. Some scholars thus
suggested that planning to be “just green enough”, such as using green spaces at schools or
converting polluted areas into urban green, can address social equity and avoid the trap of NBS
(Curran and Hamilton, 2012; Ioja et al, 2014; Wolch et al, 2014). Our recent study on public
urban green area accessibility in Shanghai (Fan et al, 2017) reveals that the urban periphery fell
behind the city average, regardless of improved accessibility to urban green spaces from 2000 to
2010 for all districts. We speculate that Barcelona could go either way. Under a strong public
hearing and a NBS to distribute greenery more evenly across its landscape, Barcelona created
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many small green spaces throughout the city in high and low densities (Catalan et al, 2008;
Llausas and Roe, 2012). This may contribute to resident accessibility. Due to unavailable data on
Barcelona, we could not compare the accessibility of public urban green spaces in Barcelona and
Shanghai.

Second, we did not consider social equity beyond the boundary of the respective cities. Critics
noted that the NBS is centrally located. Quite often, decision makers protect their local
environmental interest and ignore the external impact of their decisions, violating the
geographical equity -- a key principle to sustainable development (Beatley, 1991; Haughton,
1999). For example, cities in developed countries get greener as they relocate manufacturing
plants to developing countries. Under this context, the impact of post-industrialization of
Barcelona and Shanghai shall be also measured for other affected places. Future research should
incorporate the measurement of both the distant effects and external impacts of the local
decisions on NBS.

Finally, our study is imperfect because of the data and methods. While our PLS-SEM model
covers the most important and dramatic period of urban transformation and economic
development in Shanghai’s restructuring, it does not include the 1960s and 1970s for Barcelona,
thus limiting our study. Another limitation lies in the shortcoming of the PLS-SEM itself, as it
cannot be applied to the circular relationships among latent variables. Our underlying assumption
of the uni-directional between economic development and green space may be challenged
because some argue that urban green space, as a part of urban amenity, can help attract
knowledge-based professionals, further stimulating economic development in the city (Florida,
2005). Thus, economic development and urban green space may constitute a circular
relationship. Similar issues may exist for the uni-direction of globalization and urban green space
in the PLS-SEM model. However, we draw a conclusion with the uni-directional path model of
the PLS-SEM due to limited sample sizes. Other models (e.g., Covariance Based SEM equipped
with bi-directional paths) with large samples that can address the circular relationships between
latent variables shall be explored when more data are collected. Moreover, it was difficult to
provide solid evidence in terms of the efficacy of planning policies and major events (e.g., the
Olympic Games in Barcelona and the World Expo in Shanghai) in NBS implementation due to
the difficulty to quantify the policies into quantitative values PLS-SEM incorporation at this
stage. This is an important aspect for NBS studies, which should be addressed in future research.

5. Conclusions

Using Barcelona and Shanghai as case studies, we examinedthe NBS from urban settings in
cities experiencing post-industrialization and globalization. Both Barcelona and Shanghai had
undergone rapid urbanization, with urban expansion in Barcelona beginning in the 1960s-1970s
and Shanghai in the most recent decade. Urban green space and green space per capita for
Barcelona first declined from the 1950s to 1990s, and then slightly increased in the past two
decades. However, Shanghai had a significant improvement in both values in the past several
decades. Economic development has a direct and significant influence on urban green space for
both cities. The values of path coefficients in the PLS-SEM model between economic
development and green space per capita, and between economic development and percentage of
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the tertiary sector, both complimented the significant conversion from urban built-up land to
urban green land. This indicates that post-industrialization had served as the main driving force
for urban landscape change in Barcelona and Shanghai. Aspiration to become a global or
globalizing city for Barcelona and Shanghai has motivated both cities to use NBS planning as a
place-making tool to strengthen city image and attract global investment. This is reflected by
various governmental policies and regulations over the years and global events, such as the 1992
Olympic Games in Barcelona and the 2010 World Expo in Shanghai. The cities’ effort to achieve
a higher status in the global city hierarchy may have contributed to their speed and level of
increase in total green space and urban green per capita. In addition, the different institutional
contexts, such as land property rights in a market economy vs. a transitional economy, may also
contribute to the differences in efficiency when expanding urban green space in Barcelona and
Shanghai.
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Tables and Figures

Table 1.The acquisition time and path/row of Landsat images used for classifying urban built-up
land and calculating land surface temperate for Barcelona and Shanghai.

Barcelona(BCL) Shanghai(SHG)

Date  Path/Row Date Path/Row
Urban Built-up Area
1980s 1985/7/24 198/31 1984/5/16 118/38;118/39
1990s 1992/7/29 198/31 1990/12/4 118/38;118/39
2000s 2002/6/21 198/31 2000/5/21 118/38;118/39
2010s 2011/6/21 198/31 2011/5/20 118/38;118/39
Land Surface Temperature
1980s 1985/7/24 198/31 1984/5/16 180/38
1990s 1992/7/29 198/31 1994/5/5 180/38
2000s 2002/6/21 198/31 2000/5/21 180/38
2010s 2011/6/21 198/31 2011/5/20 180/38




Table 2. Landscape metrics of green spaces and water surface. GREEN indicates green coverage.

Barcelona (BCL) 1993 2010

GREEN Water Surface GREEN Water Surface
PLAND 45.74 0.42 46.07 0.56
AREA_MN 19.38 2.61 17.82 1.97
FDI 1.13 1.17 1.13 1.16
PD 2.35 0.16 2.58 0.28
SHDI 1.08 1.01
SHEI 0.67 0.63
Shanghai (SHG) 2000 2010

GREEN Water Surface GREEN Water Surface
PLAND 1.89 16.9 3.85 9.38
AREA_MN 0.91 1.18 1.45 2.79
FDI 1.06 1.07 1.06 1.07
PD 1.66 11.45 2.07 14.3
SHDI 1.05 1.07
SHEI 0.76 0.77

Note: SHDI (Shannon's diversity index) and SHEI (Shannon's evenness index) are landscape-
level metrics calculated based on four classes (built-up land, green land, farmland, and water
surface). PLAND (proportion of the landscape occupied by the patch type), AREA_MN (mean
area of all patches of a class in a hectare), FDI (fractal dimension index), and PD (patch density)
are class-level metrics that were calculated for green land and water surface separately.



Table 3. Land use and land cover conversion matrix (km?) for Barcelona (1993-2009, top)and
Shanghai (2000-2010, bottom). Note: The annual conversion rate for the corresponding periods
was included in parentheses (km?yr?). GREEN indicates total green coverage.

Barcelona (BCL) 1993
Urban (%) GREEN (%) Farm (%) Water (%)
Land land Surface
2009 Urban 186.4 76.8 27.29 11.3 285 118 0.28 0.1
Land (1.39) (1.78) (0.02)
GREEN 101 37 233.78 86.0 27.3 100 0.76 0.3
(0.63) (14.6) (0.05)
Farmland 285 4.0 8.17 114 60.15 84.2 0.26 0.4
(0.18) (3.76) (0.02)
Water 0.10 3.0 0.81 24.5 119 36.0 1.2 36.4
Surface (0.006) (0.05) (0.07)
Shanghai (SHG) 2000
2010 Urban 1,566.3 54.2 52.45 1.8 1,043.16 36.0 23254 8.0
Land (5.245) (104.32) (23.25)
GREEN 42,84 16.9 38.98 154 142.00 56.2 29.02 115
(4.28) (14.20) (2.90)
Farmland 46.51 1.7 29.36 1.1 2,382.07 850 342.88 12.2
(4.65) (2.94) (34.29)
Water 2951 4.8 3.33 0.5 7481 121  508.68 82.6
Surface (2.95) (0.33) (7.48)




Table 4. Major policy implementations of nature based solutions (NBS)and affected areas in
Barcelona and Shanghai. GREENpc indicates total green space per capita.

Period GREENpc
m? (year)

Main economic and planning context;
NBS characters and major spatial outcomes

Barcelona (BCL)

Before 1950

Industrialization since the nineteenth century. Ildefons Cerda designed
famous Eixample District in the 1850s;

At regional level, the spread of the Grape Phylloxera plague provoked
vineyards crash;

Parc de la Ciutadella was the only city park until 1929; Montjuic Park
created in 1929 for the World Expo;

Spanish Civil War (1936-1939) led to poor economic development

1950-1980 18.0 (1956) The city and its metropolitan area expanded quickly with migrant
13.2 (1977) populations from poorer areas of Spain; Rapid urban expansion led to
decrease in urban green land
1981-1992 Revival of the tertiary sector; Newly created green areas; Parc de
Collserola under special protection plan in 1987
1993-2012 11.4 (1993) Olympic Games in 1992, Barcelona experienced important urban
6.2 (1998) changes and touristic boom; Seafront/beach of the city restored; many
6.6 (2006) green areas created; the Air Quality Plan (2011-2015); Economic
6.8(2012) crises in Europe in 2008 also struckSpain; Increased unemployment
rate in 2010 and 20% poverty rate in 2011 in the MAB;
2013-present 7.0 (2014) A recovery trend in economy in recent years. NBS basis: Green and

Biodiversity Plan (2012-2020); NBS strategies focused on greenery
and biodiversity are promoted at various levels (city and metropolitan
area); Restoration of Besos and Llobregat Rivers; Actions battling air
pollution (i.e. “aday without cars”)

Shanghai (SHG)

Before 1949 0.1 (1949)

No systematic planning of NBS; 17 parks built at concession areas for
foreigners and upper-class; no public green space for lower class
residents

1949-1978 0.5 (1978)

Industrialization is a priority; urban green space grew at a low speed;
NBS focusing on inner city redevelopment and creating parks for
inner city districts, along the water way, and converting waterway into
a green corridor

1978-1998 3.0 (1998)

Economic reform started; NBS focused on green belt development on
the outer ring road and to create a green network with points, lines,
and areas

1998-2005 8.8 (2005)

Shanghai put tertiary sector as the priority for its economic structure;
NBS changed from piecemeal “insert greenness in city” strategy to
“green space planning”, proposed comprehensive networks of green
belt, wedge, corridor, park, and forest.

2005-2009 11.0 (2005)

Globalizing Shanghai; NBS focusing on a high-quality environment
to attract global investment and elite professionals, proposing spatial
patterns connecting green nucleus, belts, corridors, wedges, and
networks

2009 - 12.0 (2014)
present

Shanghai as a regional center for global economics, finance, trade,
and shipping; NBS focusing on ecological city and urban
sustainability; Institutional streamlining of planning and land
management to make NBS more efficient




Figure Captions

Figure 1. The locations of Barcelona, Spain and Shanghai, China. The administrative boundary
of Greater Barcelona ("Comarca™)and Shanghai are drawn with the same scale.

Figure 2.Changes in Barcelona (BCL) and Shanghai (SHG): (a) population; (b) immigration and
emigration; and (c) gross domestic production (GDP) and GDP per capita (GDPpc).

Figure 3. Spatial-temporal changeof urban built-up area (a) from the 1950s to 2010s in Barcelona
and(b) from the 1980s to 2010s in Shanghai.

Figure 4. Total green space (GREEN) in Barcelona (1993 & 2009) and Shanghai (2000 & 2010).
Note the scales are different for Barcelona and Shanghai for presentation purpose.

Figure 5. Changes of total urban greenspace (GREEN) and urban green space per capita
(GREENpC) in Barcelona (BCL) and Shanghai (SHG).

Figure 6. Empirical and modeled relationships between (a) population and economic
development and (b) urban green space per capita (GREENpc) and population in Barcelona and
Shanghai.

Figure 7. Partial least squared structural equation modeling (PLS-SEM) of economic
development, globalization, and GREENpc in Barcelona (1986-2014) and Shanghai (1978-
2014). The latent variables are labeled in circles and the measured variables are in squares. The
path coefficients, describing the relationship between variables, are located on the path.



Figure 1. The locations of Barcelona, Spain and Shanghai, China. The administrative boundary
of Greater Barcelona ("Comarca™) and Shanghai are drawn with the same scale.
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Figure 2. Changes in Barcelona (BCL) and Shanghai (SHG): (a) population; (b) immigration and
emigration; and (c) gross domestic production (GDP) and GDP per capita (GDPpc).
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Figure 3. Spatial-temporal changeof urban built-up area (a) from the 1950s to 2010s in Barcelona
and (b) from the 1980s to 2010s in Shanghai.
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Figure 4. Total green space (GREEN) in Barcelona (1993 & 2009) and Shanghai (2000 & 2010).
Note the scales are different for Barcelona and Shanghai for presentation purpose.
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Figure 5. Changes of total urban green space (GREEN) and urban green space per capita
(GREENpC) in Barcelona (BCL) and Shanghai (SHG).
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Figure 6. Empirical and modeled relationships between (a) population and economic
development and (b) urban green space per capita (GREENpc) and population in Barcelona and

Shanghai.
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Figure 7. Partial least squared structural equation modeling (PLS-SEM) of economic
development, globalization, and GREENpc in Barcelona (1986-2014) and Shanghai (1978-
2014). The latent variables are labeled in circles and the measured variables are in squares. The

path coefficients, describing the relationship between variables, are located on the path.
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