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FOREWORD | Green Infrastructure as Ways and Walls
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Cities have arrived at a next moment for green infrastructure. With
unprecedented global urbanization and unprecedented global
ecological risk, cities are key players in securing our future. Seen
in this light, rethinking how our urban infrastructure functions is
a priority. Cities are at risk to be casualties; but they also may be
panaceas for the new ecological challenges. Innovative urban
strategies must of necessity focus on reinventing distribution and
consumption of resources such as water and energy, which have
been at the heart of city formation for millennia. Also crucial are
questions of social infrastructure related to communitas; to the kind
of public consensus that is needed to insure the success of new
concepts. Nanjing's greenway initiative is important for rethinking
the function of its ancient urban wall as new infrastructure. And this
study is a significant contribution to increased understanding of the
social norms required for the long-term success of an ambitious
project.

Linear urban green landscapes have a long history of deployment
in modernist urbanism. In European and American urban theory
the "green belt" has long been a prominent strategy, for example
as linkage strategy between parks or for assimilation of natural
features. The legacies of Frederick Law Olmsted in New York and
Ebenezer Howard in London evolved into prevalent 20th century
infrastructural concepts like Frederic J. Osborn's Greenbelt-Cities
(1946). As a common English-language term "greenway" appears
to date from the period of the 1960's and well-theorized by William H.
Whyte in 7he Last Landscape (1968). During the last half-century,
the term "greenway" evolved as the most ubiquitous concept
for urban green infrastructure. Greenways were tasked with
repurposing 19th century infrastructure such as unused rail cuts or
abandoned industrial waterfronts. The greenway under the rubric
of "parkway" would attempt to mitigate the hazards of 20th century
urban traffic-related incisions such as highways.
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Completed in the 1930's, the 3,500 kilometer long Appalachian
Trail on the East Coast is the most ambitious greenway landscape
in North America. Recent examples in China include the 2,372
kilometer greenway chain in Guangdong tying together industrial
sites along the Pearl River estuary. It is the longest in China and
addresses the repurposing question, especially as relates to
abandoned industrial sites. Eventually it will connect to greenways
in Hong Kong and Macau. Beijing has built 710 kilometers of
greenway with plans to build an additional 134 kilometers alongside
its aqueducts. Similarly Chengdu, the capital of Sichuan Province;
Wuhan, the capital of Hubei province; and several major cities in
the Yangtze River Delta started their greenway projects and have
reached their initial goals. Nanjing is far from alone in its greenway
initiative. Its distinction, however, is its merging with the Ming
Dynasty Wall and with an associated cultural dimension.

Little is left of old city walls anywhere. North American cities never
had walls. In Europe, the largest remaining fortification walls are
at Carcassonne (population 47,000) in France. Other "green wall"
examples on that scale include Lucca (population 84,000) in Italy
or Avila (population 58,000) in Spain. For larger cities in Europe,
the walls disappeared by the 20th Century including the outer wall
in Paris which was totally erased by 1929. By contrast Nanjing
(population 8.23 million) still enjoys a unique wall infrastructure,
at 25.1 kilometers length and within a vastly different context than
European counterparts. The only comparable infrastructure in
China is the Ming Dynasty Wall at Xi'an (population 8.47 million).
But climate differences between the two cities make a "green wall"
strategy realistic only at Nanjing. The strategy for "greening" at
Nanjing makes this study interesting, together with evaluation of the
best and highest re-use. In New York, which shares an equivalent
population as Nanjing, perhaps a 20th century equivalent is the
High Line elevated rail infrastructure, also recently repurposed as
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a park, although its origins are obviously far from Ming Dynasty
origins, and at 2.33 kilometers a far smaller scale. Yet there are

likely lessons to be shared from both initiatives.

Like the High Line, the Nanjing wall is closely intertwined with the
city's spatial and social fabric with heightened effectiveness as a
green infrastructure strategy. Social propinquity is important to next
generation green infrastructure, which must be integrated with new
forms of community stewardship. Therefore infrastructural context
must be understood at new levels of social granularity. A pioneering
aspect of this study has exactly to do with this question.

Given the importance of cities in our changing ecological global
context, maximized co-benefits of next generation infrastructure is
essential for both efficiencies of maintenance and for encouraging
the cultural dimension of a new world outlook. Of course there are
obstacles given that greenways are space consumptive and require
inordinate maintenance not fully justified by the function; or even
justified in terms of land use. The heightened social dimension of
this study provides analytics for improved effectiveness of urban

greening strategies everywhere.

Most significantly this study deploys a new generation of data
analytics to become an essential part of the infrastructure
equation; through the deployment of remote (drone) surveillance
in combination with ground surveys. A remarkable level of
functional detail could be obtained and processed entailing
innovation in survey technique and analysis. The data involved
six typical segments along greenway, each of which was divided
into 20 to 30 fifty-meter "slices" across the entire range of public
access conditions. For data collection, more than 100 surveys
were completed, distributed over a representative range of time
of day and season. Data collected was inclusive of public space
characteristics and use conditions inside, outside, and on top of the
greenway walls. Data was decomposed into binary relationships
between elements as a first step in understanding commonalities
in public space function; positive attributes to be promulgated; and
possible functional remediation strategies. While the study period
was limited to a single year, it has developed techniques that
could be adapted for the continuous infrastructure monitoring that
will be more and more an essential for distributed infrastructural

maintenance in cities everywhere.
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Innovation in visualization of data was also an important
component of the study, such that the process and results can be
easily understood by the general public who are, after all, principal
stakeholders in insuring that Nanjing's walls fulfill their mandate
as next generation green infrastructure. As with urban dwellers
everywhere in the world, in Nanjing citizen interest and participation
in infrastructure planning, design, optimization and reconstruction
is an essential ingredient in meeting the challenges of global
ecological change.

For the Urban Design Lab (UDL) at the Earth Institute at Columbia
University in New York, this study is of particular interest. In
spirit and method it shares much with our own infrastructural
investigations. It is significant that this work has been initiated by
Prof. Conghui Zhou, who was Visiting Scholar at the Urban Design
Lab during the period 2010 -2011. He participated in on-going
UDL research on the remediation and repurposing of the Gowanus
Canal in Brooklyn; and in explorations of infrastructural innovation
for the Gulin New Town in Sichuan Province in China. This study
for Nanjing is a significant further exploration of shared concerns -
similar explorations by others in cities across the globe.

Richard Plunz
Professor of Architecture, Columbia University
Director, Urban Design Lab, The Earth Institute, Columbia University

(The author wishes to thank Yijia Zhou, Senior Research Assistant in the Columbia
Urban Design Lab, for her assistance in researching aspects of this text )
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As an official technical term, “greenway"” first appeared in a 1987
report issued by President's Commission on Americans Outdoors
but its planning concept can date back to parkway planning in the
United States (US) at the end of the 19th century and a series
of following relevant practices and explorations. After more than
100 years of development, the planning, design, and practice of
greenways has integrated relevant knowledge of multiple disciplines
including landscape architecture, urban and rural planning, ecology,
geography, recreation studies, and so on, and covers two spatial
categories including built environment and natural environment.
Compared to a greenway in a natural environment, the one in a built
environment is usually a very important carrier of an urban slow-
traffic system. It is more closely linked to residents’ daily life and in
high demand with regard to frequency and density of use. However,
relevant research on the planning and design of greenways in the
world relatively lags behind at present, and the technical reference
for targeted planning, design, and implementation are rather scanty.

With the increasing aggravation of issues related to resources
and environment in urban development, urban land use has been
reduced to transforming from the extensive and inefficient way that
centers on extensions and increment to the intensive and highly
efficient one that focuses on intension and stock. In many countries
and regions that are economically developed but densely populated
in urban areas with a shortage of land resources, greenways in
a built environment have gradually emerged to serve as a link
to urban space, integrate urban resources, improve the quality
of urban areas, and drive urban renewal. In Tokyo, Japan, Olmo
Hidetoshi has proposed a “fibrillated” greenway construction plan,
which is aimed at overpopulation, resource shortage, environmental
degradation and other such problems in built-up areas, for the
purpose of completing a refined layout for the greenway through
adjusting and controlling as a whole the inherent space and
facilities in built-up areas including roads, historical relics, streets
and alleys, so as to achieve the desired result of spatial integration,
social services, and ecological improvement. Singapore has
maximized the integration of urban land use, existing facilities and
S0 on by constructing a multilevel greenway network in a highly
dense urban built environment, so as to improve connectivity and
land use efficiency inside a city.
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However, in terms of operation, it is not easy to maximize service
performance through feasible planning and design of greenways in
a built environment. On the one hand, due to its service functional
attribute of external connection, it is very hard to measure the
planning and construction intensity or land use efficiency of the
greenway through its own industrial and commercial land use
efficiency evaluation indicators including development, intensity
of unit land use, output efficiency of land economy, and so on.
On the other hand, apart from meeting feasible requirements of
its own structure, the planning and design of the greenway in a
built environment will also be influenced by external space and
environment including urban land use pattern, the structures of
road system and network of rivers, distribution of urban population
and so on, among which there are many influencing factors and
complex modes of action.

To this end, since 2013, the author has been conducting research
on the planning and regeneration of green infrastructure in
built environment, through scientific research projects including
funding from the National Science Foundation of China, the China
Postdoctoral Science Foundation, and other special funding. In
the research, one of the key components is the definition and
measurement of service performance of the greenway, influencing
factors of spatial distribution of the greenway, and its functions and
laws. Fortunately, in the process of research, the author has also
had the opportunity to take charge of presiding over the planning,
design, and research topics of central city greenways closely
related to this research, so as to put into use and test relevant
research results during the process of planning, design, and
practice in time. One of the important sectors is survey and analysis
of service performance of the Nanjing Ming Dynasty City Wall
Greenway, and the study on the characteristics of both its interior
and exterior spaces.

Relying on the convenience of being in Nanjing, our team focuses
on the Nanjing Ming Dynasty City Wall Greenway as its object
of study, which is located in the core area of downtown Nanjing
and rich in internal and external spatial characteristics, based on
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a preliminary survey of and review on multiple greenways in the
built environment of Nanjing. As samples of study and analysis,
our team selects six typical segments (1,000m-1,500m in length)
along the west and south lines of the Nanjing Ming Dynasty City
Wall Greenway, which have been completed and put into use,
and uses quantitative methods to put in order and describe the
service performance and interior and exterior spatial characteristics
of the greenway through multiple rounds of repeated use of user
information acquisition, problem analysis, information supplement,
etc. On this basis, our team conducts correlation analysis on the
service performance indicators and interior and exterior spatial
characteristics of the greenway, so as to attempt to find out
how interior and exterior spatial characteristics of the greenway
influence service performance, as well as the functions and laws of
the greenway, in the hope of making some useful explorations for
numerous relevant planning, design, and practice, which are or will
be carried out.

In terms of expression, this book relies on a visual, straightforward,
graphic method to exhibit study ideas, methods, processes,
and results. In addition to hoping that this book can become a
convenient bond through which relevant research personnel and
planning and design professionals exchange their respective ideas
and practices, the author also hopes that the study content and
results in this book can be easily perceived and understood by more
nonprofessionals, especially the public, by which their interests and
concerns towards the quality of urban public space could be partly
aroused and may be further attracted to throw themselves into, and
participate in the planning, design, optimization, and reconstruction
of urban public space like greenways so as to jointly promote the
city where we live to move in the direction of sustainability and
habitability.
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What is a greenway
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A greenway is a stable channel of connection built between
natural environments, which are torn to pieces due to rapid
urban expansion. It usually covers built environment and natural
environment. With recreation as its dominant function, it also has
a variety of functions including ecological protection, historical and
cultural resources protection, connection between urban and rural
areas, quality improvement of community life and so on.

In 1987, President’'s Commission on Americans Outdoors described
greenways for the first time, “We have a vision for allowing every
American easy access to the natural world- Greenways. Greenways
are fingers of green that reach out from and around and through
communities all across America, created by local action. They will
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